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Loi noi dau

Véi mong muén chia sé ciing ban doc méi quan tam vé Sinh hoc phan tir, mot linh viec
dang dwoc hoc tdp va nghién citu ¢ Viét Nam, ching t6i xudt ban cuén sach "Mt sé vin de
co ban ciia Sinh hoc phén ti¢" nham gidi thiéu nhitng qud trinh quan trong xday ra trong té
bao (trinh bay trong chuwong 1, 2, 4, 5, 6 va chwong 7) va mot so ky thudt co ban dwoc su
dung dé nghién ciru nhitng qud trinh dé (chwong 3). Nhitng qud trinh nay dwoc nghién ciru &
mite do phdn tir phan ndo lam sdng t6 sw giong va khdc nhau trong cdu triic ciia genome, cdu
triic ciia mot gen giita té bao prokaryot va eukaryot (chieong 1). Nhitng cdu triic do lién quan
dén cdc cach thirc kiém sodt hoat déng ciia cdc gen o giai dogn phién mad, sau phién ma va
dich ma dé tong hop protein (chwong 2). Qud trinh tong hop protein, nhirng bién déi cdu triic
protein va nhitng cdach thirc dé nhan biét va vdn chuyén protein ddc hiéu dén nhitng vi tri dich
khéc nhau trong té bao hodc tiét ra bén ngodi dwoc gidi thiéu trong chwong 4. Ngodi ra, chirc
ndng va hoat tinh ciia nhitng protein tham gia qud trinh truyén tin hiéu dwoc trinh bay trong
chwong 5; cia protein tham gia chu trinh té bao dwoc trinh bdy trong chwong 6 va nhing
protein tham gia kiém sodt biét hod, phdt trién, sinh truong va hinh thanh co thé dwoc gidi
thiéu trong chuong 7.

Pé c6 thé hoc duwoc nhitng kién thirc chuyén sdu trong linh vue sinh hoc phan tir, t6i xin
bay t6 long biét on sdu sdc t6i cdc thay, cdc ¢é trong Khoa Sinh hoc T "ruong Dai hoc To ong
hop Ha Noi (nay la Truong Pai hoc Khoa hoc Tw nhién, Pai hoc Quoc gia Ha Noi). Bong
thoi téi xin chdn thanh cam on Phé Gido sw Truwong Nam Hai va Gido su Nguyén Mong Hing
dd cé nhitng nhdn xét va gop ¥ quy bau cho cudn sdch.

Lan dau xudt ban, chdc chan cuon sach con co nhitng thiéu sot, toi rat mong nhdan dwoc
sw phé binh, gop y cua ban doc va dong nghiép.

Vi su cam on chan thanh!

Tac gia



Chuong 1

ADN VA GEN

1.1 Khai niém vé gen

Trai qua mdt thoi gian dai, cac khai niém va dinh nghia vé gen dan dan dugc hinh thanh
dua vao két qua thi nghiém, trude hét 1a cac thi nghiém di truyén cb dién. Pau tién, tir phép lai
giita cac cdy dau c6 nhiing tinh trang khac nhau va theo ddi sy di truyén ciia chung, Menden
da dua ra két luan mdi tinh trang duogc quyét dinh bdi cac allen ctia mét gen. Mot gen céd thé
¢6 nhiéu allen. Mirc d6 biéu hién cua tinh trang phu thudc vao su két hop giita hai allen. Pon
gian nhat 1a mot gen c6 2 allen (Aa). Khi d6 tinh trang c6 thé biéu hién & 3 muc do khac nhau:
troi (AA), ban troi (Aa), hoac lan (aa). Tlep theo do, vdi mot loat cac thi nghi¢m tién hanh
trén rudi gidm Drosophila, Morgan va cong sy da nhan thay mot sd tinh trang dugce quyét
dinh khong phai do cac alen ciia mot gen ma do nhiéu gen. Diéu quan trong hon nita, dwa vao
tan s trao doi chéo gitra hai nhiém sic thé tuong ddng trong qua trinh phan bao giam nhiém
(meiosis), Morgan c6 thé lap dugc ban do di truyén (genetic map) cho phép xac dinh vi tri cua
gen trén nhlem sdc thé. Hai gen cang gan nhau thi tan s6 trao doi chéo gitra chiing cang nho.
Trén thyc té, ban db di truyén cho biét vi tri ciia nhimg gen lién quan dén céc tinh trang hoic
cac dot bién ma khoang cach giita chiing dugc tinh bang tan s trao d6i chéo (cM). Tuy nhién,
trao ddi chéo khong xay ra nhu nhau & moi vi tri trén soi nhidm sic thé khién cho khoang
cach giita cac vi tri trén ban do di truyén khong phai lic ndo ciing ty 1& véi tan sb trao d6i
chéo.

Trudc nam 1940, vi tri cac gen trén nhiém séc thé duoc xem nhu cac hat cuom trong
mot chuoi. Trao doi chéo dugc xem la chi xdy ra gitra cac gen ma khong thé xdy ra trong
mot gen. Vi vay, tu két qua thi nghiém, cac nha di truyén da dua ra 3 dac tinh dé xac dinh
mot gen:

1. Gen qui dinh mdt tinh trang c6 thé quan sat duogc va chiém mét vi tri trén nhiém séc
the.

2. Gen dugc xem la don vi di truyén nho nhét co thé bi dot bién.

3. Gen dugc xem 1a don vi di truyén nhé nhat ma trao doi chéo khong thé xay ra trong
mot gen. Trao doi chéo dugc thuc hién gitra cadc gen tuong dong.

Tir nhitng dic tinh nay, 1 rang hai tinh trang khong gidng nhau c6 thé phan biét dugc thi
phai do it nhat hai gen khac nhau qui dinh. RS rang, khai niém vé gen ban dau nay chi cho
phép xac dinh moi tuong quan theo kiéu mot dot bién - mot tinh trang - mot gen.

Trong thuc té, viéc xac dinh tan sb trao doi chéo dé tim ra vi tri mot gen gap rat nhiéu
khé khin do phai sang loc cac ca thé dot bién tir sb luong ca thé rat 16n & cac thé hé con chau
qua cac phép lai khac nhau. Mit khac, bang phan tich trao ddi chéo, vi tri cac gen c6 thé duoc
xac dinh trén ban do di truyén nhung khong phan anh dugc chirc nang riéng biét cuia ching.
Nhuoc diém nay duoc khac phuc nh¢ thi nghiém bd trg chirc ning (complementation tests).
Vi du, khi két hop cac té bao nAm men Neurospora dang don bdi bi dot bién co cung mot biéu



hién 13 mat kha nang moc trén moi trudng thiéu histidine, cac nha di truyén nhan duoc mot sd
té bao ludng boi co thé phuc hoi kha nang sinh so6i trén moi truong khong co histidine. Két
qua phép lai gitta cac dong té bao dot blen cho phép xdc dinh tinh trang nay lién quan dén hai
gen khac nhau trong con duong sinh tong hop histidine. Dya vao tan s trao doi chéo, cac gen
nay co vi tri phan bd ¢ nhitng diém khac nhau trén ban d6 di truyén. Nhu vay, thi nghiém b6
trg churc ndng cho phép phan biét tirng gen trong nhdém gen cung qui dinh mét tinh trang.

Céc nghién ctru tiép theo do cac nha di truyén Clarence P. Oliver va Melvin M. Green
thuc hién trén rudi gidm da phat hién thay trao dbi chéo c6 thé xay ra ngay trong mot gen. Noi
cach khac, mot gen co thé chira nhidu dot bién khac nhau. Nha di truyén hoc Seymour Benzer
da xac dinh duoc 199 vi tri d6t bién trén gen rlIA & thuc khuén thé T4. Pac biét nhd vao viée
kham pha ra ciu traic ADN, Charles Yanofsky va cong su lan dau tién da dua ra bang chimg
1d rang vé trao d6i chéo xay ra giita cac nucleotide cia mot gen khi nghién ciru gen ma cho
enzym tong hop tryptophan & E.coli. Nho céc két qua dic biét quan trong trén ma khai niém
vé gen da dugc hoan thién hon. Luc nay gen dugc xem la mot doan nucleotide mang ma di
truyén cho céc acid amin ctia mot soi peptide. Tir khai niém ban dau cho rang mdi gen 1a mot
hat cudm ciia mot chudi (chudi dé chinh 1a nhidm sic thé trong genome) va trao ddi chéo
cling nhu dot bién chi xdy ra gitra cac hat cuom thi cac nha di truyén hoc da tim dugc méi lién
hé tuyén tinh gilta cac ma di tmyén bd ba cia mot gen voi trat tu acid amin trén soi
polypeptide.

A
Fromotes ADN
Phién m l
5 ARMm-1 37
5 LRMNm-2 30
Dich mé l
Protein 1
Protein 2
B
Promoter —= AT
Phién rd l
5 ‘ : ARMNm 3
i} Dichma
N S S— ..
: : Frotein 1
E g
‘ Protein 2
Hinh 1.1:

Hai protein dwgrc ma béi mot doan ADN duy nhét do diém bét dau (hodc két thic) qua trinh phién ma tdng
hop ARNm xay ra & cac vi tri khac nhau ngay trén doan ADN d6 tao ra cac sgi ARNm khac nhau (A) hoac
do diém khé&i dau dich ma tdng hop protein phan bd & cac vi tri khac nhau trén mét soi ARNm (B).

Tuy nhién, khai niém gen néu trén khong thé giai thich cho mot sé hién twong nhu sau:

a/ Hién tuong cac gen gbi 1én nhau (overlapping genes): trén mot doan ADN hai gen
khong | nam ké tiép nhau ma gen nay nam gbi dau 1én gen kia. Nhu thé, phdn ADN c6 2 gen
nam gbi 1én nhau chira ma di truyén cho cé hai gen. C6 thé xay ra céac trudng hop sau:



* Hai phan tt ARNm dugc phién ma tur cac vi tri bit dau hodc két thic khac nhau trén
mot doan ADN. Két qua 12 hai phan tr protein (dugc dich ma tir hai sgi ARNm) c6 chira mot
doan acid amin giéng hé nhau mic du hai protein d6 cac chirc ning khac nhau trong té bao
(Hinh 1.1A).

* Mot phan tt ARNm duoc phién ma tir mot doan ADN c6 thé dung 1am khuon dé tong
hop hai chudi polypeptide khac nhau do diém bat dau dich ma (start codon) phan bd 1éch
nhau (hién tugng léch khung doc). Hai protein niy c6 thé khac nhau hoan toan vé trinh tu acid
amin va chirc ning trong té bao (Hinh 1.1B).

b/ Mot doan ADN mang mi di truyén cua 2 gen nén dugc phién ma tong hop nén 2
loai ARNm khéc nhau. Diéu nay xay ra khi ma di truyén phan bd theo cac khung doc khac
nhau ngay trén doan ADN d6 (Hinh 1.2). Do d6, hai protein c6 thanh phan acid amin va
chtrc nang khac nhau hoan toan dugc téng hop. Mot dot bién x4y ra tai mot vi tri trén doan
ADN nay c6 thé gdy anh huong dén mot hoic ca hai gen. Piéu d6 giy kho khin cho viéc
xéc 1ap ban db tinh trang.

Pl —F2 — &DH

B T T T T T oy T Ty

Protein 1

Hinh 1.2:
Hai gen mé cho hai protein cing ndm trén mdt doan ADN do ma di truyén clia hai
gen nay phan bo theo cac khung doc khac nhau

¢/ Pbi voi sinh vét eukaryot, mot gen thudng bao gdm cac doan nucleotide chira ma di
truyén (exon) xen k& véi cac doan khong chira mé (intron). Cac exon va intron déu duoc
phién ma sang phan tr ARN (goi la phan tur tién than ARN thong tin- -ARNm). Sau do, cac
intron s& bi cat bo di, cac exon duoc ndi lai voi nhau theo dung tho tu dé tao ra _phén tur
ARNm hoan chinh. C6 thé xay ra trudng hop hodc 1a chi mot sd intron hodc 13 tat ca cac
intron déu bi loai di khoi phan tt ARNm. Mét khéc cé thé xay ra hodc tat ca cac exon hodc
chi mot sd exon dugc ndi voi nhau. Viée lua chon intron dé cit s& tao ra cac phan tt ARNm
khéc nhau mic du ching déu xuét phat tor mot loai ARNm tién than duoc phién ma tr mdt
khuén ADN (Hinh 1.3). Pay 1a hién tuong cit ndi intron-exon ludn phién (alternative
splicing).
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Hinh 1.3:

Qyé trinh Iwa chon, cét cac intron (I) va ndi cac exon (E) theo céac th tw khac nhau
dé tao ra cac phan t&* ARNm chi giong nhau & mét so exon (E1 va E3). Chung ma
cho hai chubi polypeptide cé chirc nang khac nhau trong té bao.

d/ Gen mi cho polyprotein: Polyprotein 1 san phdm dau tién cta viéc dich ma tir mot
phan tr ARNm, nhung sau d6 phén tir protein nay bi cit ra thanh cac doan peptide nho hon.
Phan tu polyprotein khong c6 hoat tinh. Chi c6 cac doan peptide méi c6 céc chic nang khac
nhau. Vi du, cdc hormon adrenocorticotropic (ACTH), lipotropic (LPHs), hormon kich hoat
melanocyte (MSHs) va enkephalin duogc tao ra tir mot phan tir proopiomelanocortin ban dau
(Hinh 1.4). Nhu vay trén thyc té, mot doan ADN sao chép ra mot loai ARNm nhung c6 nhiéu
loai protein dugc tao thanh.

e/ Mot sb gen khong mang thong tin di truyén cho protein: Mot didu rd rang rang céc
phan tir ARN ribosome (ARNr), ARN van chuyén (ARNt) déu duoc sao chép tir ADN
nhung ching khong dugc dich ma. Ngoai ra, trong nhan té bao eukaryot con tim thdy cac
phén tir ARNsn kich thuéc nhod (small nuclear RNA) dam nhiém rat nhiéu chirc ning khac
nhau nhu tham gia vao viéc bién doi phan tr ARNm (cét intron va ndi exon), kiém tra lai
thong tin di truyén trén ching (co ché doc sira ARNm), tic dong dén do bén virng cua
ARNm trong té bao chit hoic tham gia vao co ché bat hoat gen (ARNi-interference RNA -
tam dich 1a ARN nhiéu). Do d6, cidc doan ADN mai cho cac loai ARN nay phai dugc xéc
dinh nhu cc gen boi 18 dot bién trén chung déu c6 thé lién quan dén viéc xuit hién cac tinh
trang la.

Proopiornelanncortin

{ACTH (1-39) p-LFH (42-134) :

+IISH alIsH  CLIP +LFH p-endorphin
(1-13)  (18-3™ (42-101) (104-134
Hinh 1.4:

Phan t&r proopiomelanocortin dwgc phan cat dé tao ra cac hormon MSH, LPH,
CLIP va B-endorphin cé hoat tinh.

Tur cac khai niém vé gen duoc hinh thanh va thay d6i dan dé phu hop véi cac két qua thi
nghiém, sinh hoc phéan tir ngdy nay dinh nghia mot gen nhu sau: Gen la mét doan ADN cin
thiét cho sw tong hop mot polypeptide c6 hoat tinh hodc mét phin tiv ARN cin thiét cho
hoat dpng ciia té bao. Nhu vy, mot gen khong phai chi bao gdm vung chita ma di truyén
(codon region) ma con gbm cac doan ADN (cac ving ADN diéu khién (regulatory elements))
can thiét cho viéc phién ma (Hinh 1.5). Mit khac, c6 nhitng doan ADN c6 ciu trac hay trinh
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tu nucleotide rat gidng gen nhung chung khong dugc phién méa hodc khong biéu hién chuc
nang gi nén chung khong thé dugc xem la gen.

ﬂ I—r exonl emﬁ e X0 F,-

u Phién md téng hop ARN

¥ E— — -
u Cét ndi intron-exon (splicing)

5 ——
AFMm

Hinh 1.5:

CAu triic gen mé cho protein & t& bao nhan thuc (eukaryote gene). Vi tri nucleotide dau
tién dwoc phién ma sang phan t& ARN dwoc ky hiéu la +1. Nucleotide ndm truwéc vi tri
+1 dwoc ky hiéu —1 (khdng c6 vi tri 0). Cac nucleotide ndm trwdc vi tri ( +1) thudc viing
promoter. Cac intron nam xen k& cac exon. Intron bi loai khéi phan tir ARNm béi phan
&ng cat ndi intron-exon (spilicing). Chiéu phién ma dwoc chi bang mdi tén.

1.2  Genome (hé gen)

Genome chtra toan bo thong tin di truyén 1ap trinh dam bao hoat dong séng cho té bao.
Pa s6 genome vi khuan phan bd trén mot nhiém sic thé c6 kich thude nho va c6 dang vong
khép kin. Nguoc lai, phdn genome trong nhan té bao eukaryot thuong rat 16n va phan bd trén
cac nhiém sic thé dang thang. Thong tin di truyén khong chi nam trong trinh ty nucleotide
(genetic information) ma phu thude rat nhiéu vao ciu hinh khéng gian ciia nhiém sic thé (di
truyén ngoai sinh- epigenetic information). Trinh ty nucleotide cua toan by genome da duoc
xac dinh d6i v6i mot sO sinh vat mé hinh (model organisms) dai dién cho mo6i gio1 sinh vat
nhu vi khuan E.coli, nAm men, rudi gidm, giun tron, Arabidopsis va ngudi. Ban d6 ma khoang
cach gilra cac vi tri dugc tinh bang don vi nucleotide duoc xem 1a chinh x4c nhat. Ban dd nay
duoc goi 1a ban dd vat 1y (physical map). Ngoai ra con c6 mot s6 loai ban d6 khac. Vi du, ban
d6 di truyén (genetic map) cho biét mdi lién hé vé vi tri cia cac nhom gen véi nhau hay cua
cac chi thi (markers) trén nhiém sic thé. Cac chi thi nay c6 thé 1a hinh thai (biéu hién tinh
trang), su da dang cua protein (protein polymorphisms), da dang do dai cta cac doan gidi han
(restriction fragment length polymorphisms-RFLPs), da dang d¢ dai cac trinh ty don gian
(simple sequence length polymorphisms-SSLPs) va da dang cac doan ADN dugc khuyéch dai
ngau nhién (randomly amplified polymorphic DNA-RAPD). Khoanh cach giita cac vi tri trén
ban d6 di truyén duoc tinh bang cM (centiMorgan) dua vao tan s trao d6i chéo. Hai vi tri
cang gan nhau thi cang kho xay ra trao doi chéo giita chiing trong phén bao giam nhiém. Tuy
nhién, trao d6i chéo khong xay ra nhu nhau & moi vi tri trén nhidm sic thé nén don vi
centiMorgan khong phan anh chinh xac khoang cach giita cc vi tri trén ban dd di truyén. Két
hop giita ban do vat Iy va ban d6 di truyén cho biét chinh xac khoang cach giira cac gen (tinh
trang), giita cac chi thi phan tir lién quan dén nhing tinh trang can nghién ciru.

Genome khong phai don thuan 1a tap hop ciia cac gen. Genome cua vi khuén va sinh vat
eukaryot bac thap thudng khong 16n va cac gen phén bd sat nhau. Hau hét cac gen nay chi co
mot ban sao trong genome va rt it bi gian doan boi cac doan ADN khong chira ma di truyén
(intron). Nguoc lai, thanh phan ADN chira cac gen chi chlem mot ty 1é rat nho so vai toan bd
genome trong té bao ceukaryot bac cao. Cac gen trong té bao eukaryot bac cao thuong chira
nhiéu intron va phan bb xa nhau. Tir nhitng nim 70, bang cac thi nghiém gay bao hoa dot
bién, cac nha di truyén hoc c6 thé xac dinh duoc s gen nim trén mot doan nhiém sic thé.
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Ngay nay céc ky thuat phan tich ADN hién dai (cac phép lai Southern, northern,
microarray...), cho phép xac dinh ) gen hoat dong trong mot té bao. Vi du, & té bao ndm men
(sinh vét eukaryot bac thip) c6 khoang 4000 gen hoat dong, con té bao dong vat co via khoang
10.000 - 15.000 gen. Nhu vay, néu d6 dai trung binh ctia mot gen khoang 10000 bp thi tong
s6 chiéu dai céac gen hoat dong trong mot té bao ciing chi chiém 1-2% genome. Hay noi cach
khac chi mot phan rit nho genome mang thong tin di truyen can thiét cho hoat dong song ctia
té bao. So sanh kich thudc genome ctia mot sd loai gan nhau trong bac thang tién hoa (ttrc 1a
c6 do phuc tap loai twong ty nhu nhau) cling nhu genome cta nhirng loai cach xa nhau (tuc 1a
c6 tinh phirc tap khic nhau) cho thiy kich thuéc genome khong phai ludn ludn ty 1¢ voi tinh
phirc tap cua loai. Vi du, genome ctia ngudi c6 kich thude khoang 3,3x10° bp, trong khi dé
genome cac loai ludng cu dai trong tu ¢& 3,1x10° bp hoic cia thuc vat ¢ thé dat ¢én 10" bp.
C6 I€ nao loai ludng cu lai ¢6 tinh phirc tap nhu co thé chiing ta? Mit khac, ngay trong cung
mot loai chiing ta ciing nhan thdy sy mau thuan vé kich thude genome. Vi du, rudi song trong
nha (Musca domestica) cb genome c& 8,6x10° bp, 16n gip 6 1an kich thuéc genome rudi giam
(D.melanogaster) voi genome co 1 4x10 bp. Ngoai ra, kich thudc genome cua cac quan thé
ludng cu thay dbi tir 10° bp dén 10" bp (khac nhau gdp 100 1in). Vi sao ngay trong cing mot
loai kich thuéc genome lai bién thién nhiéu nhu vay ?

Két qua bude dau so sanh genome gilta cac loai sinh vat voi nhau cho phep rut ra ba déc
diém ndi bat. Thir nhat, cic gen phan bd khong theo qui luat trong genome. Thir hai, kich
thude genome thay d6i khong ty 1 v6i tinh phirc tap cua loai va cudi cung la s6 luong nhiém
sic thé ciing rat khac nhau ngay gitta nhitng loai rat gan nhau. Néu phan tich chi tiét d6i véi
mot gen nhat dinh thi vi tri cac intron, cac exon, cac doan ADN diéu khién hoat dong ctia gen
V.. deu 13 nhimg yéu to quan trong dé so sanh tim ra méi quan hé giita cac loai. Ngoai ra,
tong sd gen noi chung, s6 luong cac gen c6 nhidu ban sao trong genome, ty 1¢ cac loai ADN
1ap lai va thanh phan ctia chung cling nhu su di chuyén cta cac gen tir genome riéng biét ca
céc bao quan (ty thé, luc lap) sang genome trong nhin déu chiu anh hudng cua thoi gian, déu
phan anh qua trinh tién hoa cua cac loai. Mat khac, dé c6 duoc su so sanh chinh xac hon, toan
dién hon, cn xét dén cAu tric soi chromatin, cu hinh khong gian ba chiéu ctia nhiém sic thé
cling nhu cua toan by genome trong nhan.

1.2.1. Genome ciia té bao prokaryot (t& bao nhén so)

Genome trong té bao prokaryot khong 16n nén sb lwong genome ciia cac loai vi khuan
duoc xac dinh trinh tu ngdy cang nhiéu. Nho d6 cac thong tin dir liéu vé cdu trac hé gen
prokaryot, su phan bd cac gen, cach thirc kiém soat hoat dong ciing nhu chirc ning ciia chiing
ngay cang phong pht va trd nén rd rang.

Genome prokaryot c6 kich thudc nhé hon rat nhidu so véi genome eukaryot. Bén canh
nhiém sic thé chira phan 16n thong tin di truyén, t& bao prokaryot con c6 nhiéu loai plasmid.
Trudc day, plasmid dugc xem la nhiing phan tt ADN dang vong chtra cadc gen khong quan
trong. Vi dy, plasmid thuong mang gen lién quan dén tinh chéng chiu khang sinh. Do d9, té
bao van c6 thé ton tai ngay khi thiéu ving cac gen nay. Tuy nhién, khai niém plasmid dugc
mo rong ra khi thyc nghiém tim thdy mot s6 té bao prokaryot c6 chira phan tir ADN kich
thudc nho, ¢ dang thiang va mang cac gen twong ty nhu plasmid dang vong. Vi vay, plasmid
duoc hiéu 1a nhitng doan ADN kich thudc nho mang mot s6 gen khong quyét dinh su song
con cua té bao. Hon nita, mot loai plasmid doi khi duge tim thay trong cac loai té bao
prokaryot khac nhau. Mit khac, plasmid c6 kha ning bién nap tir loai té bao prokaryot niy
sang loai khac. Vi vay, mac du c6 chtra gen nhung plasmid duong nhu khong dugc xem la
mot phan cia genome.
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Hau hét genome prokaryot nho hon 5 Mb (5.000.000 nucleotide) va thuong dugce phan bd
trén mot nhiém sac the dang vong. Mot s té bao prokaryot c6 genome la phan tor ADN dang
thang. Pic biét, mot sb genome prokaryot la phén tir ARN hodc két hop ca hai loai ADN va
ARN. Ngoai ra, genome prokaryot c6 thé bao gdm cac gen phan bd trén cac doan thaing ADN
hoic trén ca hai loai phan tt ADN dang thiang va dang vong. Vi du, nhiém sic thé dang thang
dugc phat hién 1an dau tién & Borrelia burgdorferi vao ndm 1989. Nhiém sic thé nay dai 910
kb gdm 853 gen. Bén canh do, té bao Borrelia burgdorferi con co t6i 17 plasmid dang vong
va dang thang véi tong chiéu dai 1a 533 kb lién quan t6i 430 gen. Hau het cac gen phan b
trén plasmid khong quan trong, chi c6 mot s6 it gen can thiét cho qua trinh tong hop purine va
protein mang té bao. Do dé, trong tong so 17 plasmid, mot vai plasmid chira cadc gen nay dugc
xem 12 mot bd phan ciia genome trong té bao Borrelia burgdorferi.

Nhiing dan liéu thuc nghiém nhan duoc khi phan tich genome va cac plasmid & Borrelia
burgdorferi da gay tranh cai gitta cac nha sinh hoc khi so sanh genome Borrelia burgdorferi
v6i Treponema pallium. Theo phan loai, ddy 13 hai loai vi khuan c¢6 quan hé gin giii nhau.
Gidng nhu da sb cac té bao prokaryot khac, genome loai thir hai 1a mot phan tir ADN dang
vong c6 kich thude 1138 kb voi 1041 gen. Pidu tha vi 1a khong mot gen nao & Treponema
pallium twong déng véi cac gen phan bd trén plasmid cta loai thi nhat. Phai ching céc
plasmid vira duoc ty nhién bién nap vao Borrelia burgdorferi?

Genome prokaryot khong dong goi trong céu trac nucleosome (nhu genome eukaryot) va
khong dugc bao boc bdi mang nhan. Nhlern sdc thé dang vong co ciu tric khong gian giong
nhu nhing canh hoa cua bong hoa, mdi canh 1a mot doan ADN c6 cau tric siéu xoan
(supercoil). Cac canh khong déu nhu nhau va duge dinh vao 15i protein. Genome vi khuan co
khoang 40-50 canh. Cau trac kiéu bong hoa nay dugc goi 1a nucleoid (Hinh 1.6). CAu trac
nucleoid giup genome chi chiém mot thé tich rat nho trong té bao. Ngoai ra, ciu trac khong
gian nay ctia nhiém sic thé duoc duy tri nhd cac phan tir ARN kich thude nho tuong tac véi
protein. Do d6, ngay khi bi diit gdy, cau truc siéu xodn cia nhiém séic thé ciing chi mo ra mot
cach cuc bd & canh bi ton thuong chir khong xay ra trén toan bd genome. Hai enzym ADN
gyrase vi ADN topoisomerrase giit vai trd chinh cung phdi hop véi phic protein khac lam
nhiém vy déng géi ADN vi khuan. Thuc nghiém d3 phat hién dugc it nhét 4 protein tham gia
phtrc nay, trong d6 protein HU co6 chirc nang twong ty nhu histone ¢ té bao eukaryot. Mac du
c6 cau trac rat khac véi histone nhung HU ¢ dang tetramer tao thanh 15i duoc quan quanh bai
doan ADN khoédng 60 bp. Nhu vay, protein HU c6 chlrc nang tuong tu histone trong viéc qui
dinh nghiém ngit cdu tric khong gian ciia soi nhiém sic thé. Tuy nhién, ching ta chua xic
dinh dugc cac 161 nay c6 phan bd déu din hay chi tdp trung tai "nhi hoa" nucleoid.

30 p e f= 21 -
RNA t

Hinh 1.6:

M hinh cAu tric nucleoid & E.coli gém 40-50 vong siéu xodn két dinh
v&i 16i protein va sgi ARN. Khi c6 durt gay xay ra & mot vong siéu xoan,
nhiém sic thé chi m& xodn cuc bé & ving ndy (theo Snustad va
Simmons, 2000).
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Nam 1995, genome Haemophilus influenzae 1a genome dau tién dugc xac dinh toan bo
trinh tw. Dén nam 1998 d3 c6 hon 18 genome Vi khuan khéc duge doc hoan toan. Trong $6
nay, Mycoplasma genitalium c6 kich thudc nho nhit gom 580.070 bp va Mycobacterium
tuberculosis c6 kich thude 16n té1 4.411.529 bp.

E.coli duoc nghién ctru chi tiét nhat va duoc xem 1a ddi twong moé hinh cia di truyén, hoa
sinh va sinh hoc phan tir. Hé gen E.coli gdm 4.639.221 bp véi 4.288 trinh tir c6 cac dic tinh
cAu trac cua gen mé cho protein (putative protein coding sequences). Mot phan ba sb trinh tur
nay da dugc xac dinh 1a cic gen trong khi 38% chua biét duge chic niang. Céc trinh ty
nucleotide dugc gia dinh 14 gen nhung chua biét san pham protein ma chiing mé cho thi duoc
goi chung 1a khung doc mo (open reading frame-ORFs). Mot khung doc mo thuong bat dau
bdi bd ba ma di truyén cho methynonine (start codon) va két thiic boi mot trong sé ba ma
dirng tong hop protein (stop codon).

Mac du c6 kich thudc nhd hon nhleu s0 V61 genome eukaryot, nhung genome prokaryot
c6 mat d6 phan bd cac gen cao hon, so doan ADN khong chtra mé di truyén it hon. No6i cach
khac, khoang cach giita cac gen ngin hon. Vi du, khoang cach trung binh giita hai gen &
E.coli 1a 118 bp. Cac gen va ORFs chiém 87,8%; céc gen ma cho ARNs chiém 0,8%; con
thanh phan ADN ldp lai khong chira gen chi chiém c6 0,7%. Mat khic hau hét cac gen &
prokaryot déu ton tai don ban (single-copy gen) va cac gen khong c6 intron.

Két qua so sanh trinh tu nucleotide ctia toan bd genome E.coli v6i cac trinh ty ADN luu
trir trong ngén hang dir liéu cho phép phat hién 6 gen méi ma cho ARN, 12 gen lién quan dén
sinh tong hop va lap rap roi ciing nhu 2 gen ma cho cac enzym tham gia vao con duong phan
huy cac hop chét hiru co vong. RS rang viée so sanh trinh ty hé gen gitta E.coli va cac sinh vt
prokaryot khac dac biét c6 y nghia trong viéc xac dinh cac gen mdéi cling nhu chirc nidng cua
chung. Ngoai ra, khi so sanh s6 luong gen tham gia vao mot qua trinh sinh hoc & cac vi khuan
khac nhau cho phép danh gia sd luong gen tbi thiéu can thiét cho qua trinh d6. Vi du, qua
trinh trao d6i chat lién quan dén khoang 243 gen & E.coli, 112 gen & Haemophilus influenzae
nhung chi can dén 31 gen & Mycoplasma genitalium. Hon nita, viéc so sanh s luong gen
phan bd trong nhitng genome co kich thuéc nhod nhat nhu M.genitalium, M. pneumoniae cho
phép danh gia dugc s6 luong gen tbi thiu can thiét dé duy tri sy séng cho co thé don gian
nhat. M.genitalium c6 470 gen va M. pneumoniae c6 679 gen. So sanh cac gen va chirc nang
ctia chung ¢ hai loai vi khuan nay cho phép ude tinh s6 gen t6i thiéu can c6 dé duy tri sy sdng
1a 256 gen. Tuy nhién nho ky thuat di truyén phan tir gay dot bién dinh huong chinh xac ting
gen, thuc nghiém d3 tang dan sd luong gen can bi dot bién va nhan thay it nhat can c6 300
gen dé dam bao su séng cho vi sinh vat don gian nhéat. Ngoai ra, viéc so sanh cac gen gidng
va khac nhau giita cac vi khuan c6 quan hé gan giii trong tién hoa dic biét c6 y nghia dé xac
dinh nhitng gen riéng biét ctia tig loai, tirc 1 nhitng gen chi thi dung dé phan biét loai nay
v6i loai kia. Vi duy, trong s6 470 gen c6 & M.genitalium thi 350 gen ciing ton tai & Bacillus
subtilis. Nhu vay chi c6 120 gen tao nén su khac biét gitra hai loai vi khuén nay. Tuy nhién,
nhimg nghién ctru vé cach thirc hoat dong ctia cac gen riéng biét ndy, chirc ning cta ting san
pham protein ma gen ma cho ciing nhu cac qua trinh hoa sinh ma ching tham gia chua dua
dén két luan 16 rang vé vai tro ctia 120 gen dic thu cho M.genitalium.

1.2.2. Genome ciia té bao eukaryot (t&é bao nhin thuc)

Genome cua té bao eukaryot bao gdbm cac nhidm sic thé phan bd trong nhan va ADN
phan bo trong mdt s6 bao quan nhu luc lap, ty thé. Tuy nhién, do hau hét s6 lugng ADN ciing
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nhu cac gen tap trung chu yéu trong nhan nén ADN (nhiém sic thé) phan bé trong nhan duogc
cac nha sinh hoc quan tam rat nhiéu.

Céc nhiém séc thé 1a cac phan tir ADN lién két v6i protein, & dang thang. Khong c6 mdi
lién hé rang budc nao giita ba thong sd sinh hoc: s6 lugng nhiém sic thé, kich thudc genome
va tinh phtre tap cua loai. Vi du, ném men S.cerevisiae duge xem la sinh vat eukaryot bac thap
nhung lai ¢6 s6 lwong nhiém sic the nhiéu gap 4 1an rudi gidm D. melanogaster. Ngoai ra,
kich thuéc genome ky nhong 16n gap 30 lan h¢ gen ciia nguoi nhung s6 luong nhiém sdc thé
chi bang mot nira. Hon nita, mot sb nhlem sdc thé co kich thude rat nho (cac nhiém sac thé
mini) nhung c¢6 mat do phan bd cac gen rat cao. Vi du, hé gen cua ga gdm 39 nhiém sic thé,
trong d6 6 nhiém sic thé binh thuong chiém 66% ADN nhung chi c6 25% cac gen phan bd
trén 6 nhiém sic thé d6. Ba muoi ba nhiém sic thé con lai déu 1a nhiém sic thé mini chiém
1/3 ADN va c6 téi 75% céac gen. Nhitng so sanh 1y thii nay cho thay sy bi hiém giita tién hoa
va cau tric genome trong cac sinh vat khac nhau ma hién tai sinh hoc chua giai thich dugc.

Kich thu6c genome trong nhan eukaryot thay d6i tir 12 Mb (ndm men S.cerevisiae) dén
120.000 Mb (thue vat F.assyriaca). Genome bao gom thanh phan ADN khong 1ap lai va ADN
lap lai. Phan 16n cac gen phan bd trong thanh phan ADN khong lap lai va s6 lugng cua chung
tang cung voi tinh phire tap cua loai. Tuy nhién, diéu dic biét luu y 1a tinh phtic tap khong chi
phu thudc vao so luong gen ma con dugce xac dinh boi thanh phan ADN lip lai. Vi vay, khong
phai 1udn ludn ton tai méi twong quan ty 1¢ thuan gitta leh thude genome va tinh phuc tap
ctia loai. Vi du, kich thudc genome cua nguoi khoang 10° bp trong khi genome mét s loai
ludng cu hodc thuc vat c6 thé dat dén 10" bp. Genome cua nguoi da dugce gidi ma hoan toan
(2001) bao gém céc thanh phan ADN dugc trinh bay trén hinh 1.7.

1.3
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Cac loai ADN trong genome nguoi (theo Brown, 2001).

Cau tric s¢i nhiém sic trong té bao eukaryot
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Trong nhén té bao eukaryot, ADN lién két voi protein tao ra ciu tric goi 13 chromatin
(soi nhiém sic). Co thé phan biét cac protein nay lam hai nhom chinh: histone va non-histone.
Thanh phan protein non- -histone thay 601 giita cac md, tO chure, gilta cac loai. Moi loai protein
non-histone chi chiém maot sé luong rat nho so voi tong sd protein non-histone hogc voi bat
ky loai protein histone nao. Tuy nhién céc protein non-histone gilt mot vai tro rat quan trong
qui dinh ciu trac khong gian dac thu cua timg vung nhiém sic thé. Hoat dong cta nhiéu gen,
déc biét cac gen lién quan dén phat trién phoi, khong chi phu thude vao trinh ty nucleotide ma
con phu thude vao cau trac cua nhiém sic thé. T hong tin di truyén chira trong cdu triic khéng
gian ciia nhiém sdc thé dwoc goi la théng tin di truyén ngoai sinh (epigenetic information).

Str dung dung dich co lién két ion yéu, ¢6 thé tach ra khoi nhan té bao cac soi nhiém séc
& dang soi don, duong kinh khoang 30 nm, gdm cac hat nhoé gidng nhu chudi hat cudm
(duong kinh hat khoang 10 nm). Céc hat nho nay dugc goi 1a nucleosome. Ching khong phan
bb ddng déu & moi ving trén soi nhiém sic. Khi soi ADN bi cit bai nuclease, cac nucleosome
tach ra riéng biét. Mdi nucleosome gébm mot doan ADN dai 146 bp quén 2 vong quanh 161
protein chira 8 tleu phan cua 4 loai histone H2A, H2B, H3, H4. Phan dau NH, cta histone
khong nam trong cau trac nucleosome ma ton tai tu do. Poan ADN nam giita hai nucleosome
duoc goi 1a ADN nbi (linker DNA). Poan nay c6 kich thuéc khoang 50-70 bp. Protein histone
H1 lién két voi ADN linker nam gitra 6 nucleosome va déng goi chiing lai thanh mot cAu tric
déc biét goi 1a solenoid (glong nhu mot bong hoa 6 canh). Cac solenoid quan chong 1én nhau
thanh soi xodn. Nho cdu truc dic biét ¢ nén thé tich ADN chiém trong nhan giam di rat
nhiéu.

Soi ADN quéan quanh 131 histone trong c4u triic nucleosome va dugc dong goi trong cac
solenoid c6 do trat ty rat cao. Mot diéu thu vi duoc dit ra 1a cac cdu trac nay thay ddi nhu
thé nao khi mot doan ADN dugc st dung dé phién ma (tao ARNm) hodc dé stra chira khi
xay ra sai hong? Li€u khi d6 chung c6 bi pha v& tam thoi nhu trong qué trinh tai ban ADN
hay khong? Cac phan tu histone duoc giai phong hay van lién két v6i ADN? Giai dap
nhirng cau hoi nay c6 nhiéu két qua khac nhau cho thay viéc phién ma khong nhat thiét yéu
cdu pha v& cdu tric chromatin. Tuy nhién chic chin c6 xay ra nhirng thay dbi trong cac
tuong tac protein-ADN, histone-histone, histone-non histone. Piéu dic biét c6 y nghia 1a
viéc thém b6t cac nhom chire trén timg phan tir protein tham gia lién két tao nucleosome
khién cho cau trac nucleosome thay doi. L5i histone co thé khong bi phan rd thanh céc tiéu
phan nhung bi dich chuyén mot cach cuc bo trén soi nhidm sic boi cac protein diéu bién
chromatin (remodelling chromatin proteins). Cac protein nay giip cho viéc thao g& cuc bo
soi ADN khoi ciu trac nucleosome ma khong anh huong dén cac ving khac.

ADN dugc giai phong ra khoi nucleosome khong cé nghia chiing ¢ trang thai ty do, vi
nhu vay ADN rat dé bj phéa huy bdi cac tac nhan khéc nhau trong té bao, dic biét bai céc
nuclease. Liic d6 ADN thuong lién két véi cac protein dic hiéu (cac factor) can thiét cho sy
phién ma hodc cac phirc cin thiét cho qua trinh stra chita ADN. Thi nghiém cho théy khi cac
factor phién ma twong tic v6i ADN, ching c6 kha nang ngan can histone lién két voi ADN.
Piéu nay co thé 1y giai viéc ton tai nhitng ving tro véi nuclease nim xen cac vi tri nhay cam
trong mot gen. Khi protein bam vao ADN, ADN duoc bao vé khoi su phan cat clia enzym.

1.3.1. Histone trong ciu triic nucleosome
M3di nucleosome c¢6 146 bp ADN quin hai vong quanh 15i histone gom 8 tiéu don vi

2x[H3-H4] va 2x[H2A-H2B]. Céc histone clia 16i ¢6 cu tric tuong tu nhu nhau, gdm céc
doan peptide (domain) tan cung dau NH, (N-terminal), domain chung gitip histone gap khuc
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va phan tan cing COOH (C-terminal). Domain can cho histone gip khtic con lién quan dén
tuong tac gitta cac histone va gitra histone vdi ADN.

Céc nucleosome dugc gan voi nhau nhd histone H1. Protein nay lién két 161 histone véi
ADN ndi (ADN linker) nam gitra nucleosome. D¢ dai cua cdc ADN linker khong c6 dinh nhu
nhau. Histone H1 thi€t 1ap nén cau tric c6 trat tu cao cho s¢i nhiém sac.

Céc histone tham gia cu triic 16i déu c6 phan dau NH, nim & ngoai 15i, phan b tu do
theo cac hudng khac nhau (Hinh 3-GT). Chiéu dai ctia doan phan bd tu do thay d6i tir 16 dén
44 acid amin (H3-44; H2B-32; H4-26 va H2A-16 acid amin). Cac doan nay gilt vai tr0 quan
trong ddi véi su co dic cua soi nhidém sic. Nghién ciru dong hoc qua trinh thay d6i cAu hinh
ctia soi nhiém sic cho thiy né cé thé ton tai ¢ ba dang: khong co dic (unfolded), co dic & muc
do trung binh (moderately folded) va co dam dac (extensively foded). Doan tu do cia H3 va
H4 can thiét dé soi nhiém sic c6 mirc do co dic vira phai. Pic biét doan tu do cua H3 khong
the thay thé duoc. Do dai va vi tri ra khoi phan 15i ctia doan nay can thiét cho viéc hinh thanh
ciu tric khong gian cua soi nhiém sac Nhu véy cung voi histone HI, cac doan tu do cua bbn
loai histone trong ciu tric 16i déu can thiét dé duy tri cau tric khong gian ba chiéu cho
nucleosome, duy tri trang thai co dam déc cua sgi nhiém sic cling nhu tuong tac gilta cac soi
nhiém sic v6i nhau. Ngoai ra, chung con 14 céc vi tri twong tac vdi cac protein non-histone.

Sau khi duoc téng hop, ca bdn loai histone déu chiu cac bién ddi nhu ubiquitin hoa,
phosphoryl hod, glycosyl hod va dac bi¢t c6 y nghia 1a qué trinh methyl hod va acetyl hoa.
Hau hét cac bién d6i ndy xay ra & ving N-terminal. Qua trinh phosphoryl hoa va methyl hoa
c6 thé tac dong qua lai v6i nhau, anh hudng dén su co dic ciia nhiém sic thé khi budc vao
mitose. Riéng trudng hop ubiquitin hoa xay ra & phan dudi C-terminal cta histone, gitup cho
cAu trac nucleosome bj pha v& tam thoi trong qua trinh tai ban hodc tong hop ARN. Nhu vay,
céc bién d6i hoa hoc cua histone tic dong dén céu triic khong gian ciia nucleosome va hoat
dong cua gen, trude hét & qua trinh phién ma.

Céc histone trong cdu tric 11 bi acetyl hoa tai cac acid amin lysine ddc hi¢u phan b6 &
phan N-terminal. Ngoai trir histone H2A, cac histone 156i khac thudng c6 4 dén 5 vi tri ¢6 gin
nhom acetyl. Mot nucleosome c6 thé c6 ti 26 vi tri mang nhom acetyl. Acetyl hoa histone c6
mot vai tro quan trong, quyét dinh dén ciu tric cingoi nhiém sic. Nho d6 soi nhiém sic
khong co ddc, ADN duoc giai phong ra khoi nucleosome, sy tuong tac gilta cac nucleosome
bi pha huy, gdy thay doi lién két giita cac domain N-terminal cua histone véi cac protein non-
histone, hodc lién két gilta cac protein vo1 ADN. Nhimng bién d6i nay gdp phan hoat hod phan
ung tong hop ARN. Chi cén 46% trong téng sd 26 vi tri ddc biét bi acetyl hoa ciing du pha v
trat ty cau trac cia sgi nhiém sdc va tang cuong qua trinh sao chép ARN & cac gen.

Thong thuong acetyl hoa va khir acetyl ¢ histone li€n quan dén hoat hoa hay kim ham
hoat dong cuia gen. Mdi loai histone c6 thé duoc gin nhom acetyl ¢ nhiing vi tri déc hiéu boi
cac enzym riéng biét. Didu d6 giy ra nhimng tac dong khac nhau dén biéu hién ciia gen. Ngoai
ra, qué trinh acetyl hoa con 1am thay d6i cdu trac ciia phirc diéu bién chromatin (remodeling
chromatin complexes). Phitc ndy c6 chitc ning pha v& tam thoi cdu tric 161 histone hay dich
chuyén nucleosome trén sgi nhiém sic. Chiing thuong tuong tac voi vung N-terminal cua
histone. Khi ving nay c¢6 mang nhom acetyl, phic diéu bién chromatin c6 thé lam cho cac
histone H2A-H2B bi di Chuyen ra khdi cau truc 161 nucleosome. Nho do, cac promoter dugc
boc 1, cho phép qua trinh tong hop ARNm duge bat dau.

Pong hoc ciia phan tmg acetyl hoa va khir acetyl rat linh dong, phirc tap, phu thudc vao
hoat tinh cta cac enzym lién quan. Bién doi thuan nghich gitra hai dang acetyl hoa va khu
acetyl cua histone phu thudc vao hai loai enzym histone acetyl transferase (HAT) va histone
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deacetylase (HDAC) cung véi cac protein dong hoat hoa (coactivator) voi HAT hodc dong tre
ché (corepressor) voi HDAC. R® rang, hai qua trinh acetyl hod va khir acetyl c6 tac dung
nguoc nhau trong viéc lam thay d6i cdu tric soi nhiém sic va hoat dong cua cac gen. Cac
enzym deacetylase HDAC lam giam muc d6 acetyl hoa histone, din dén kim him qué trinh
phién ma. Nguoc lai, enzym acetyl transferase HAT tang cuong acetyl hoa kich thich qua
trinh phién ma. Mit khac, canh tranh gitta hai phan Uung acetyl hod va khir acetyl gitp sgi
nhiém sic thay doi ciu tric linh hoat, dap tng kip thoi véi ting cudng hodc kim ham hoat
dong cua gen.

O dong vat co xuong song, bbn loai histone H2A, H2B, H3 va H4 it thay dbi gitta cac
loai. Tuy nhién protein HI gom mot s6 dang dugc ky hiéu tir Hla dén Hle, H1t va H5. Vi tri
phan bé cua céc loai histone H1 nay chwa dugc xac dinh rd rang. Mit khac trong cac té bao
tinh trung, histone duoc thay thé boi protein protamine. Hon nita, histone c6 tinh kiém do cu
trac bac I cia ching c6 khoang 20-30% arginine va lysine. Pay la cac acid amin tich dién
duong (+). Nho vy thay doi dién tich cua histone lién quan chit ch& dén kha ning tuong tac
v6i ADN va d6 bén viing cila twong tac dé vi acid nucleic c6 dién tich am quyét dinh boi
nhom phosphate.

1.3.2. Methyl hoa ADN

Ban than ADN ciing chju céc bién d6i do gin thém cic nhom chirc khac nhau. Vi du,
hién tuong methyl hoa cytosine hodc adenine. Nhing thay d6i nay c6 tinh dac thu cho tung
ving nhiém sic thé, tic dong dén ciu trac khong gian cua soi nhiém sac va tham gia klem
soat hoat dong cua cic gen. Nhitng dic thi riéng cua timg ving nhiém sic thé duoc di truyén
cho thé hé sau. Sai léch trong cAu tric khong gian ctia soi nhiém sdc co thé 1am xuét hién tinh
trang mo1 ngay khi trinh ty nucleotide khong sai hong. Do do, phén tir ADN c6 chira hai dang
thong tin: thong tin di truyén (genetic information) quyét dinh béi trinh tur nucleotide va thong
tin ngoai sinh (epigenetic information) quyét dinh boi tinh phirc tap vé cau hinh khong gian
cua genome. Hién tuong methyl hod xdy ra véi ca ADN prokaryot va eukaryot. Su methyl
hoa ADN ¢ prokaryot dugc xem nhu 1a mot co ché bao vé hé gen, trong khi ¢ eukaryot
methyl hoa dong vai tro quan trong trong dang thong tin thir hai. D6 chinh la mét trong cac co
ché kiém soat hién tugng danh dau DNA (DNA imprinting), tac la tinh trang cta gen dugc
biéu hién phu thudc vao nguon gbc di truyén tir bd hay me. Can luu ¥ “DNA imprinting”
hoan toan khéc véi di truyén theo gidi tinh. Hién tuong danh ddu ADN s& dugc xem xét chi
tiét & phan sau.

Methyl hoa ADN c6 y nghia dic biét di voi hoat dong cua gen eukaryot, nhét 1a cic gen
trong qué trinh hinh thanh phat trién c4 thé. Phan Gmg methyl hoa xay ra ¢ nhing vi tri dic
hiéu. Khoang 2-7% ADN ¢ té bao dong vét bi methyl hoa. Hau hét nhém methyl dugc tim
thay & cytosine (C) phan b trong cap nucleotide CpG. Ty 1€ cytosine bi methyl hoa thay doi
rat khac nhau giita cac loai. Hau nhu khong phat hién dugc methyl- -cytosine ¢ ndm men
S.cerevisiae. Khoang 10% cytosine bi methyl hod & dong vat c6 xuong song va 30% & thuc
vat. Chi dén nim cudi cing cia thap ky 20 méi khing dinh duogc co hién tuong methyl hoa
ADN & Drosophila. Tuy nhién chi c6 khoang 0,4% toan bo hé gen rudi gidm bi methyl hoa.
Hon nira cytosine gian gbc methyl ndm trong ciu triic CpT va CpA chir khong phai trong trat
tu CpG (nhu dbi voi dong vat bac cao). Dac biét o thyc vat bac cao, hién phan tng methyl
hoa c6 thé xdy ra vdi cytosine trong moi ciu trac CpG, CpNpG va CpNpN, trong 6 N=A, T
hoac C.
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Khi dua cac gen bi methyl hoa hodc bi khir methyl vao genome té bao nhan (thi nghiém
chuyén gen) thi chi nhitng gen khong c6 nhém methyl méi hoat dong. Mit khac, ving ADN
khong c6 nhom methyl thuong trung véi vung cé céac vi tri nhay cam ADNase. Thyc nghiém
nhan thiy rat nhiéu gen khi dang phién ma tong hop ARN déu khong c6 nhém methyl & ving
chtra promoter va exon tht nhat (ddu 5'), mic du cic exon tiép sau va phia dau 3' c6 chira
nhom nay. R3 rang methyl hoa c6 tac dung ngin can gen hoat dong. Nguoc lai, néu khir nhom
nay thi gen lai duoc hoat hoa. Do d6 dé phan biét vi CpG bi methyl hod, cac cap CpG khong
¢ gbe methyl, 1ap di 13p lai nhiéu 1an ¢ phia trudc dau 5' ctua gen khoang 1-2 kb duoc goi 1a
cum CpG (CpG island). Khoang 56% cac gen trong genome ngudi duoc phan bd gan voi
cum CpG. Nhing gen hoat dong trong moi loai té bao (housekeeping genes) déu c6 cum CpG
khong bi methyl hoa. Tuy nhién, dbi vdi cac gen dic hiéu (chi hoat dong trong t6 chirc chuyén
bi¢t) thi phan tmg methyl hoa cum CpG cua chung duoc kiém soat chat ché. Cym nay khong
bi methyl hoa trong té bao can dén san pham cua gen nhung lai bji gin gbc methyl trong
nhing té bao ma gen khong biéu hién. Nhu vay dé mot gen hoat dong, ngoai viéc xudt hién
cac vi tri nhay cam voi nuclease gan promoter, ADN ¢ vung chtra gen can bj khir nhom
methyl. Khi dwa ADN d bi methyl hoa vao té bao, né tiép tuc bi methyl héa khong ngimg
qua mdi 1an nhan d6i ADN. Nguoc lai, néu dua ADN khong c6 nhoém methyl vao té bao,
chung khong bi methyl hoa sau mdi lan tai ban.

Phan Ung gan nhom methyl vao cytosine dugc xic tic bi cac enzym methyltransferase.
C6 thé phan biét cic enzym nay thanh 2 nhom. Nhom thtr nhat lam nhiém vu duy tri gdc
methyl & nhiing vi tri cytosine trén soi ADN vira duoc tong hop trong qua trinh tai ban ADN.
Viéc gin gbc methyl méi nay dwa vao nhém ™CpG trén sgi khudén. Chung duge goi chung 1a
cac enzym duy tri nhom methyl (maintenance methyltransferase). Nhom thtr hai gém céc
enzym xuc tadc phan ing gan goc methyl Vao vi tri cytosine trén phan tr ADN ma vi tri nay
trudc d6 khong c6 nhom methyl. Vi dy, gan nhom methyl vao cum CpG & promoter khi can
kim ham hoat dong cua gen. Ngoai ra, qua trinh methyl hoa cytosine trong trat tw CpNpG
hodc CpNpN doi hoi protein va cac phan tir ARN kich thuéc ngan (20-25 nucleotide) dé
nhan biét nhitng cytosine d6. Nho do, cAu trac soi nhidm sic cling nhu hoat dong cua gen bi
thay d6i. Enzym demethylase c6 thé dam nhan phan ung khir nhém methyl. Tuy nhién,
enzym ndy chua dugc tim thdy trong té bao dong vat. Két qua nghién ctru gan day (2002-
2005) cho thay mét s6 enzym tham gia sira chita ADN c6 lién quan dén viéc loai bo cytosine
mang nhém methyl. Liic d6, doan ADN chira ™C bj loai di va thay thé boi cytosine khong
mang nhom methyl.

1.4 Cac gen trong genome eukaryot

Mot trong nhitng sai khic co ban trong cdu tric gen giita sinh vat prokaryot va eukaryot
13 hién tuong gen bi gian doan (interupted gene). Hién tuong nay dugc kham phé 1an dau tién
nam 1977 va duogc tim thiy pho bién ¢ moi sinh vét eukaryot. Ky la 13 hién twong nay ciing
duoc phat hién & mot sd thuc khuan thé (bacteriophage). Khi so sanh trinh ty nucleotide trén
mot gen v6i phan tir ARNm dugc phién ma tir gen do, cac nha khoa hoc phat hién thiy gen c6
chtra nhitng doan khong mang ma di truyén. Nhimg doan nay khong tim thdy trong phan tir
ARNm dugc str dung lam khuén dé téng hop protein. Chung dugc goi la cac intron. Nhu vay
bén canh vi¢c chira nhitng doan mang ma di truyen (got 1a exon), da s6 cac gen eukaryot con
chra cac intron. Méac du khong chira ma di truyén va bi cét di khoi phan tt ARNm, dot bién
Xy ra & intron c6 thé ngin can phan tng n01 cac exon voi nhau, do d6 tao nén phan tt ARNm
sai hong khong st dung duoc dé dich ma téng hop protein.
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Khi phan tr ARN duoc phién mé tir mot gen, n6 phai trai qua qua trinh loai bo cac intron,
nbi cac exon véi nhau (phan tng splicing). Phan tng cit n01 nay xdy ra voi cac loai ARNm,
ARNr va ARNt. Dé tao ra phan tir ARN hoan thién, viéc cit intron, nbi cic exon tuan theo
nhitng qui luat nghiém ngit va chinh xac dé dam bao thu ty cua chung. Piéu thi vi 13 cac
exon ctia mdt phan tt ARNm duoc ndi v6i nhau. Hiém truong hop ndi cac exon ctia cac phan
tr ARNm khac nhau. Do cac intron khéng mang ma di truyén nén dot bién xay ra trén ching
thuong khong duoc biéu hién ¢ ciu trac ctia chudi polypeptide. Tuy nhién cac dot blen c6 thé
anh huong dén phan ung splicing khi chung xay ra ¢ cac vi tri can thiét dé cat ndi intron-
exon. Piéu dang luu ¥ v6i ADN cua ty thé va luc lap, intron ctia gen nay c6 thé 1a exon cua
gen khac va san phdm protein cta hai gen d6 co chirc nang hoan toan doc 1ap. Ngoai ra, mot
s6 gen duoc phién mi tao ra ARNm nhung chung khong dugc dich mi. Nhimg phan tir
ARNm niy van trai qua phan tng cit ndi intron-exon dé tao ra cac doan ARN ngan. Chiing
tiép tuc duoc phan huy thanh cac phan tor ARN kich thuéc nho 22-25 nucleotides (miRNAs:
micro RNAs). Cac phan tr miRNAs tham gia vao nhiéu qua trinh kiém soat hoat dong cua
mdt sO gen trong genome, chu yeu ¢ qua trinh sau phién ma. Trong co ché kiém soat nay,
miRNAs lam nhiém vu nhan biét ARNm cta mot sé gen khac dé phan hiy cic ARNm nay.
Pay 1a mot co ché kiém soat hoat dong cua gen sau phién ma duoc phat hién vao nhitng nim
cudi thap ky 20.

O sinh vét bac cao, cdc gen mi cho protein hay cac ARNt, ARNr hau nhu déu bi gian
doan. D6 dai trung binh cta exon khoang 200 bp trong khi cua intron c6 thé 16n hon 10 kb
hodc tham chi dat t6i 50-60 kb. Ngoai ra, hién tuong cac gen nam gbi 1én nhau (overlapping
genes) rat hiém xay ra & ADN nam trong nhan té bao eukaryot. Hién tuong nay hay gap trong
genome prokaryot va véi gen phén bd trong cac bao quan cua té bao cukaryot. Hon nira, mot
gen nay ¢ thé nam trong mot gen khac, tic 14 gen thir hai dugc phan b trong intron cua gen
thir nhat. Vi du, dién hinh cho trudng hop gen trong gen (genes-within-genes) & genome ciia
nguoi 1a gen ma cho neutrofibromatosis loai I. Intron 27 clia gen nay c6 chira 3 gen khac, mdi
gen d6 déu cd exon va intron riéng ctia minh (Hinh 1.8).

Gen mwA cho newrofhromatosis loa I

exon 26 intron 27 exon 28
N IEE 0
OGMP EVI2B EV12a

Hinh 1.8:

CAu tric gen trong gen & intron 27 cla gen ma cho neurofibromatosis.
Intron 27 c6 chira 3 gen nhd OGMP, EV12B va EV12A. Moi gen nay
deu co intron (I) va exon (phan sam mau).

C6 thé phan loai cac gen tuy theo ciu tric ctia gen hodc theo chirc ning ciia cac san phim
do chiing md hoa. Genome don bdi ¢ cac co thé da bao c6 khoang 1/4 dén 1/2 s6 gen ma cho
protein 1a cac gen don 1é (single copy gene), khong ton tai ban sao thtr hai. S6 gen con lai
thuong ton tai hai hodc nhiéu ban sao trong genome. Cac ban sao ciia mot gen khong bét budc
phai gidng nhau hoan toan do trong qué trinh tién hoa ching chiu nhiing dot bién nhu thém,
mat thay thé hodc chuyén doan cac nucleotide. Cac gen hinh thanh tir mot gen 6 tién dugc
xép vao mot ho gen (family genes). Cac gen trong cung mot ho co thé tap trung thanh mot
nhom (trén mot nhiém sic thé) hodc phan tin trong genome (trén cac nhiém sic thé khac
nhau). San pham cua céc thanh vién trong mot ho c6 chirc nang giéng hét nhau hodc c6 lién
quan dén nhau mic du cac gen nay thuong hoat dong ¢ nhitng thoi diém nhat dinh va trong
cac loai t& bao biét hoa khac nhau. Vi du, viéc tong hop cac protein globin (duoc ma bai cac
gen trong cting mot ho gen) xay ra & nhiing giai doan nhat dinh trong qua trinh phat trién phoi
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thai va & co thé truong thanh. Ngoai ra con c6 nhing trinh tu nucleotide giéng voi mot gen da
biét nhung trinh tu d6 khong dugc phién mé hodc khéng duge dich ma. Ching duoc goi la gia
gen (pseudogen). Mot s6 gen g6m nhiéu ban sao giéng hét nhau lap di lap lai lién tuc trén mot
vung nhiém sic thé (tandem repeat genes). Vi du, gen ma cho ARNr, ARN, histone vv... Nhu
vay, cac gen eukaryot c6 thé phan thanh céc loai chinh nhu sau: gen don 1¢, cac gen thudc mot
ho gen, gen 1ap di 1dp lai lién tuc va cac pseudogen.

1.4.1. Cac gen trong cung mogt ho gen

Cho dén nay, hau hét cic gen ma cho protein dugc nghién ctru & sinh vét eukaryot déu
khong phai la nhimg gen don lé. Khoang mot nira cac gen da biét trong genome dong vt co
xuong séng déu co cac ban sao giéng hét hodc twong tu (s6 ban copy c6 thé tir 2 dén 20).

Hién tuong ton tai nhiéu ban sao glong hodc tuong tu clia mot gen co thé gay ra do sai
léch trong trao ddi chéo giita hai nhlem sdc thé tuong ddng trong phin bao giam nhidém
(meiosis). Diéu d6 1am cho mot nhiém sic thé c6 sb lugng ban copy ting 1én trong khi nhiém
sdc thé kia co s6 luong giam di (Hinh 1.9).

Mhddrn sdn thé 1 |i

!| Nhifa sic thi 2

l Tran dai chéo

— Mhifrn sde thé 1

Wik sdc thé 2

Hinh 1.9:

Sai léch trong trao ddi chéo gitra hai nhiém séc thé (mbi nhiém sac thé co
hai ban sao gﬂa mét gen) khieén mét nhiem sac thé& chi mang mét ban sao
trong khi nhiém séc thé thtr hai mang ba ban sao.

San pham ciia cac thanh vién trong mot ho gen co chirc ning gidng nhau nhung thudng
duoc st dung ¢ nhitng thoi diém phat trién khac nhau hodc trong cac loai té€ bao bi¢t hoa khac
nhau. Trinh ty acid amin cta chiing chi tuong ty ma khong giong nhau hoan toan. Khi mot
thanh vién trong ho gen bi bat hoat, thanh vién khac c6 thé dugc hoat hod thay thé mac du
binh thuong thanh vién thir hai khong hoat dong cung vdi gen ban dau.

Cac gen globin 1a thi du dién hinh vé& mét ho gen (Hinh 1.10). O moi loai dong vat, cac
gen nay co cau trac tuong tu do chung c6 cung nguon gdc tir mot gen t6 tién. Té bao trong co
thé truong thanh co globin ton tai & dang tetramer gdm hai chudi polypeptide o va hai chudi
B. C4c gen ma cho cic chudi nay nam trén hai nhiém sdc thé khac nhau. Do d6 hoat dong cta
ching phai dugc phdi hop dong thot sao cho sO luong hai loai polypeptide duoc tao ra mot
cach twong dong V01 nhau vé mat sd luong. Té bao mau cua phdi ciing chira globin ¢ dang
tetramer nhung gdm hai chudi twong ty o va twong ty B. Cac gen ma cho chudi o va chudi
tuong tu o déu thuéc mot ho gen trong khi cac gen ma cho chudi B va chudi twong tu B thudc
ho gen khac. Ngoai ra, trong mdi ho con cé cic pseudogen (gen gia) va mot sd thanh vién
khac ma san phdm cua ching déi khi van dugc st dung.
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Ho gen globin a. (nhifm sic thé 16)
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Ho gen globin g (nhiém sic thé 11)

Hinh 1.10:

Ho gen globin o va p & ngudi tap trung thanh cac nhém trén hai nhiém
séc thé. Chung gdm cac gen ma cho globin va cac pseudogen (y). Cac
gen hoat dong theo trinh tw tr tréi sang phai phu hop véi qua trinh phat
trién tlr phoi dén co thé trwdng thanh.

Ho gen globin o chiém 28 kb trén nhiém sic thé 16, gdm cac gen &, al, a2 va 0. San
phém cua hai gen al, a2 giong hét nhau. Ho gen globin B chiém 50 kb trén nhiém sac the 11
gdém 5 gen hoat dong (¢, Gy, Ay, 8, B) va mot pseudogen Y. San pham cua hai gen vy chi khac
nhau duy nhat & mot acid amin tai vi tri 136 (Glicine va Alanine). Cac chudi polypeptide lién
két v6i nhau tao ra cac dang globin khong giéng nhau va dugc st dung ¢ nhiing giai doan
phat trién khéc nhau cua co thé (Bang 1.1).

Bang 1.1: . .

Cac dang globin thay ddi trong qua trinh phat trién & ngudi

Giai doan phat trién Hemoglobin

Mb phéi (8 tuan) €262, £2y2, ale2

Thai nhi (3-9 thang) a2y 2

Co thé tredng thanh (ttr khi sinh) | 42 §2 (~ 2%), a2 B 2 (~97%), 0272 (~1%)

Bén canh ho gen ma cho globin tép trung tai hai ving trén nhiém sic thé 11 va 16, ho
gen mé cho aldolase duoc xem 1a vi du dién hinh vé su phan bd rai rac cia mot ho gen trén
céc nhiém sic thé khac nhau. Ho gen nay gdm 5 gen thanh vién phan bd trén 5 nhidm séc thé
3,9, 10, 16 va 17. Mic du phan tan trong khip genome, cac gen nay c6 do twong dong rat cao
vé trinh ty nucleotide ciing nhu trinh tu acid amin tuong tmg.

1.4.2. Gen lap di lap lai lién tuc

Thong thuong cac thanh vién trong mot ho gen khong gidng nhau hoan toan. Su sai khac
gitta chiing dam bao tinh hoat dong dgc 1ap cua tung gen va dugc duy tri qua chon loc. Tuy
nhién cling c6 mot vai truong hop ca biét, s6 lugng cac thanh vién trong ho rat 16n va ching
gidng hét nhau, thuong tap hop thanh cac nhém phan b trén cac nhidm sic thé khac nhau.
M&i nhém c6 thé bao gdm tir hai cho dén hang trim gen, gen no ndi tiép gen kia. Viéc lap di
lap lai lién tiép cac ban sao cua mot gen trén mot doan ADN (trén mdt vung nhiém séc thé) co
thé nhdm muc dich dap Gng nhanh, du sb luong rat 16n san pham cua gen khi té bao yéu cau,
vi du nhu can dap ung kip thoi cac phan tir ARNr cho giai doan sinh truong nhanh (phoi)
hodc cac loai protein histone cho qué trinh tai ban ADN.

Gen mi cho ARNr: ARN ribosome chiém 80-90% tong s&6 ARN c6 trong té bao. S6 gen
mi cho chiing thay d6i tir 7 ¢ E.coli, 100-200 & eukaryot bac thip dén vai trim & dong vat bac
cao. Trong nhén té bao eukaryot, hdu hét cic gen mi cho ARNr tép trung thanh timg nhom
chiém mot ving trén nhiém sic thé (ving ADNr). ARNr gdm céac loai chinh ARNr-5S,
ARNTr-5.8S, ARNr-18S va ARNr-28S (tuong tmg v6i hai tiéu phan nho va 1én cia ribosome).
Phéan tir ARNr-5S duoc mi bdi gen riéng biét va duoc téng hop boi ARN polymerase III.
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Genome cua nguoi c6 chira khoang 2000 gen ma cho ARNr 5S. Tat ca cac gen nay déu tap
trung trén mot vung cua nhiém sac thé so 1. Ba loai ARNr 5.8S, 18S va 28S dugc tong hop tir
mdt gen bdi ARN polymerase I (Hinh 1.11).

Mot phan tu tién than ARNr duoc phién ma tir gen, sau d6 bi cit boi cac ribonuclease tao
thanh cac phan tirt ARNr 188, 5.8S va 28S. Poan nucleotide nam giita cac phan tir ARN nay
s& bi phan huy. Mdi mot nhém gen ma cho ARNr gdm nhiéu gen giéng hét nhau, khoang cach
gitta mdi gen thay ddi tuy theo loai, tham chi ngay trong cing mot loai. Genome & ngudi co
khoang 280 ban sao cua gen ma cho ba loai ARNr, tép trung thanh 5 vang (mdi ving c6 tur 50
- 70 ban copy), phén bo trén 5 nhiém sic thé 13, 14, 15, 21 va 22. O dong vat c6 va, mdi gen
thudong chiém 13kb, nim cach nhau khoang 30 kb. Khoang cach nay co vai tro trong khoi
ddng qua trinh tong hop ARNr hodc giup cho ARN polymerase d& dang bam vao promoter.

Ivliit dom vi phign mé tuomg img il mit phén tie tidn thin ARNy

[ 135 szs 225 | lhgs sgzs aes '

lll lll

Ving DN (ITS) nim giita cac gen wd cho cdc ARNr khac
nhan dwoe phién mé sang phin tr tién thin nhomg san d5 =8
bicat di.

Hinh 1.11:

Mot don vi phién ma (mét gen méa cho ARNr)

mang théng tin di truyén cho cac phan t&r ARNr 18S, 5.8S va 28S

Gen nay dugc l3p di Iap lai lién tuc. Khodng cach gitva cac gen thay déi tuy theo
tirng loai sinh vat.

Gen mi cho protein histone: Protein histone tham gia lién két voi ADN dé hinh thanh
cau truc nucleosome. C6 bon loai histone khac nhau. Histone H2A, H2B, H3 va H4 tuong tac
vo1 nhau tao cau truc 16i. Loi nay dugc quan quanh bdi doan ADN 146 bp tao thanh
nucleosome. Histone H1 lién két voi ADN linker nam giira cac nucleosome. Histone chiém
khoang 0,5-1% tong sO protein cia té bao eukaryot. Viéc tong hop protein ndy xay ra trong
suot 1/3 chu ky té bao (¢ pha S). Tuy nhién phén tr ARNm histone c¢6 thoi gian ban song
ngan (vai phut). C6 1€ vi ly do do, co rat nh1eu gen md cho histone (50-500) phan b thanh cac
nhom trén nhiém sic thé. Ching nam nbi tiép nhau, mdi nhom chiém khoang 5-6 kb (¢ dong
vat ¢c6 xuong song) (Hinh 1.12). Cling giong nhu nhom gen ma cho ARNTr, khoang cach gitra
cac gen trong cung mdt nhom va gitta cdc nhom thay doi gitra cac loai, tham chi ngay trong
tung ca the.

C6 thé phan biét cac gen ma cho histone thanh hai nhoém. Nhom thir nhit gdm céc gen
ma cho histone dung trong qua trinh tai ban ADN. Nhém gen nay khong c6 intron va phan tu
ARNm phién ma tir ching khong c6 dudi polyA. Pay la didu khac biét voi cac ARNm
eukaryot. Nhom gen thr hai gdm nhitng gen mé cho histone tham gia vao qua trinh bién d6i
céu trac khong gian ciia nhidm sic thé (lién quan dén thong tin di truyén ngoai sinh). Cac gen
thudc nhém nay cé chira intron va phan tir ARNm twong Gmg c6 gan dudi polyA.
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Hinh 1.12:

Ban db phan bb cac gen ma cho histone & Cau gai (A) va & Rudi gidm (B). Mdi
nhém dwoc 1&p di 1&p lai trén mot viing nhiém séc thé. Chiéu tdng hop ARNm cho
méi loai histone khéng gidng nhau (chiéu mii tén) chirng té ngay trong mét nhém,
cac gen hoat dong ddc lap nhau.

1.4.3. Pseudogen (gen gid)

Moi thanh vién trong mot ho gen déu c6 thé hoat dong tuy thudc trang thai té bao. Tuy
nhién c6 nhitng thanh vién ma khéng bao gi¢' phat hién dugc san pham ciia ching mic du
chung giéng hét hodc co trinh tu nucleotide twong déng rat cao véi cac thanh vién khac.
Nhiing gen d6 dugc goi 1a cac Pseudogen (tam dich 1a cac gen gia, thuong ky hi¢u 1a y).

Pseudogen khong tao duge san pham cubi cung la protein, mac du ching c6 thé duoc
phién ma tong hop ARNm. Céu tric pseudogen c6 thé chi gdm toan exon hodc gom céc exon
va intron hodc c¢o trinh ty nucleotide giong hét hay tuong tu cac gen hoat dong khac nhung
khong c¢6 promoter. Thuc nghiém cho thdy dot bién da xay ra ¢ cac pseudogen khién qua trinh
phién mé khong thé khoi dong duoc, hoac khién qua trinh tong hop ARNm dimg khong dung
chd, hodc ngin can phan mg cit ndi intron-exon tao phan tir ARNm. Tham chi ngay khi phan
tor ARNm duoc tao ra, n6 da chira cc tin hiu lam dimg qua trinh tong hop protein sém hon
can thiét.

Hau hét cac ho gen déu co cac pseudogen, mic du v6i s lwong rat nho. Cac gen nay ¢
thé xuat hién do sai léch trong trao dbi chéo gilra cac allen cua hai nhiém sic thé twong dong.
Theo thoi gian, cac dot bién thém, bot, chuyen doan hoic thay thé nucleotide ngay cang tich
tu trén cac pseudogen. Ngoai ra khong thé loai trir kha ning enzym reverse transcriptase tong
hop phan tt ADN trén khuén mau cic ARNm va cic ban sao ADN nay dugc ghép vao
genome. Do do, pseudogen thuong khong cd promoter, khong chira intron, khong c¢6 cac doan
nucleotide 5” va 3> nam trudc ma khoi ddu va nam sau ma két thuc phan Gng tong hop
protein. Hai doan trudc va sau nay dugc goi la doan khong dich ma (5° and 3’untranslated
regions).

1.5 Thanh phin ADN Lip lai trong genome eukaryot
1.5.1. ADN vé tinh (satelitte DNA) va ADN tiéu vé tinh (minisatelitte DNA)

Bén canh cac ho gen yé cac gen lap di lap lai lién tiép, genome trong té bao eukaryot con
chtra nhitng vung ADN gom cac oligonucleotide (thuong tir 5, 10 dén 150, 300 bp) dugc lap

di lap lai rat nhiéu 1an. Diéu d6 tao ra nhiing dic tinh vat i riéng biét ciia loai ADN nay. Dya
vao do nguoi ta c6 thé phan doan va tach chung ra khéi ADN genome. Ching dugc goi 1a céac
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ADN v¢ tinh (DNA satellite). Ty 16 ADN vé tinh thay doi giita cac loai chiém tir 10 dén 30%
hé gen.

Trong hau hét té bao dong vat c6 via, ADN vé tinh thudng tap trung xung quanh tim dong
(centromere) va ving cudi hai ddu nhiém séc thé (telomere). Sy phan bd ciia chung ¢ d6 co
vai tro nhat dinh trong qua trinh phén chia té bao va dam bao d¢ dai cua telomere qua cac lan
tai ban ADN. Khi cac nhidm sic thé phan ly vé hai cuc trong phén bao, cac protein déac hi¢u
bam dinh vao nhimg vi tri dic biét & tim dong dé kiém tra, diéu khién sy di chuyén d6. ADN
v¢ tinh gilr vai trd cua nhiing vi tri ddc biét nay. No6i chung chung khong dugc phién ma sang
phan tir ARN. Ngoai ra, ADN v¢ tinh ¢ tim dong duoc nhan ban cudi ciing trong qua trinh tai
ban nhiém sic thé. RAt c6 thé hién tuong 1ap di 1dp lai cia mot loai ADN tai tam dong nham
ngan can sy xuat hién tim tai ban tai vi tri ndy.

O con trung ADN vé tinh thuong bao gém cac doan nucleotide rat ngan (khoang 5-15
bp), con & dong vat c6 va thanh phan nay da dang hon va thuong phan bd thanh timg nhom
trén nhiém sic thé. O nguoi, co it nhét hon 10 loai ADN vé tinh. Mdi loai c¢6 thé chiém t6i
0,5-1% tong sd genome, twong duong khoang 107 bp. Dbi voi ting ca thé riéng biét, trong
mdi loai ADN vé tinh, cac doan oligonucleotide c6 thé 1ap lai hoan toan chinh x4c nhu nhau
hodc c6 thé xay ra su thay thé, loai bo hay thém vao mot vai nucleotide. Tuy nhién nhiing
bién d6i nay phu thudc timg ving trén nhiém séc thé. Chtre nang cua ADN v¢ tinh phan bb rai
rac trong genome chua duoc sang to. Nhimng ndm cu01 cua thap ky 20, sinh hoc hién dai da
ching minh dugc cac doan lap lai phan bd gan hodc nam ngay trong gen co vai trd kiém soat
hoat dong cua gen d6. Thong thuong cac doan ADN lap lai khong duge phién ma. Chung bi
bat hoat do cac cytosine va histone H3 bj methyl hod & lysine 9 nhung histone H4 bj khir
nhdm acetyl.

Khi cac oligonucleotide gdm khoang 25-50 bp duogc lap lai nhiéu lan chiém mot doan
ADN tir 1 dén 5 kb, tham chi dén 20 kb thi ching duoc goi 1a ADN tiéu vé tinh (minisatellite
DNA) hoac ADN lap lai ngau nhién da hinh VNTR (variable number tandem repeat). Tuong
tu nhu ADN vé tinh, viéc ton tai cia ADN tiéu vé tinh c6 lién quan dén ciu trac nhlem sac thé
boi vi loai ADN nay thuong bit gip ¢ telomere. Tuy nhién, chirc ning cia ADN tiéu vé tinh
phan bd rai rac trong genome chua duoc 1am séng to.

Ngoai ra khi s6 nucleotide rat it (1-4 bp) dugc 1ap lai nhiéu 1an thanh timg doan khoang
200 bp thi ching duoc goi 1a ADN vi vé tinh (microsatellite DNA). ADN vi v¢ tinh thuong
bao gom 1 dén 4 nucleotide lap lai khoang 10 dén 20 lan. S6 lugng loai ADN nay rét 16n
trong genome, vi vy chung duoc dung lam chi thi phén tir trong vi€c xdc dinh vi tri cua gen
trén ban d6. Vi du, trong genome ngudi, ADN vi vé tinh CA (CACACA...) lap di lap lai
chiém khoang 0,5% (15Mb), trong khi sy lap lai ciia mot nucleotide A (AAA...) ciing chiém
dén 0,3%.

Mic du chirc ning caa ADN vi vé tinh chua dugc biét nhung ching ¢6 mot cé mot y
nghia rat quan trong trong 1ap ban dd toan bd genome. Trong mdi mot quan thé, caic ADN
vi vé tinh tuong tu nhu nhau, tuy nhién s lan 13p lai cling nhu nhiing bién ddi trong mdi
loai phu thudc vao tung cé thé. Noi mot cach khac, mdi loai tiéu vé tinh ton tai trong moi
c4 thé cua quan thé, nhung s 1an ldp lai ciing nhu cac bién doi trong trinh tu nucleotide
lai ddc trung cho timg céa thé. Tinh chit nay duoc ap dung dé phan biét cac ca thé khac
nhau va phan tich quan hé huyét thong (k§ thuat DNA-fingerpring...).

1.5.2. Cac doan ADN c6 kha ning di chuyén
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Tan s6 trao d6i chéo giita cac ADN tiéu vé tinh 16n hon khoang 10 1an so véi trao d6i
chéo xay ra giita cac doan nhiém sic thé twong dong trong phan bao giam nhiém. D6 1a mot
trong nhitng nguyén nhan tao ra sy khac biét giita genome clia cac c4 thé trong mot loai.
Ngoai ra su da dang cta genome con do cac doan ADN c6 kha ning di chuyén (thuong duoc
goi la transposon).

Khi di chuyén, cac transposon gay ra viéc sap xép, to chirc lai genome cia ting ca thé
nhu tao cac doan ADN méi hodc thay d6i chirc nang hoat dong cua cac doan ADN ¢ vi tri
chung ghep vao va tach ra. Chung c6 thé di chuyén t6i vi tri bat ky va hoan toan khong yéu
cau moi quan hé nao gitta hai vi tri moi va cti. Khi tach ra khoi vi tri ci, transposon c6 thé
mang theo cac doan ADN phu can, giy su mét doan tai vi tri cii. Nguoc lai, khi ghép vao vi tri
m&i, chung gdy ra hién tuong thém doan hodc chuyén doan & vi tri méi. Do do, transposon
gidng nhu cac vector chuyén chd ADN tir noi nay sang noi khac trong mgt genome hodc tur
genome nay sang genome khac. Ngoai ra, trao 601 chéo gitra cdc transposon tuong ddng & hai
vi tri khac nhau trén mot hodc trén hai nhiém sic thé ciing tao ra nhitng bién doi twong ty.
Nhiing bién d6i d6 dan dén sap xép lai genome, tao tinh da dang gitra chung va tinh déc thu
riéng cua tung ca thé. Pic biét, sy thay d6i vi tri ctia cac transposon con c6 thé gay anh huong
dén hoat dong cua cac gen phan bd xung quanh ngay khi chung khong lam thay doi trat tu
nucleotide ¢ nhiing gen nay. Do do6 hoat dong cua cac gen lién quan den su di chuyén cua
transposons (thuong 1a cac gen nam trong fransposon) dugc kiém soat rat chit che. Co ché
kiém soat chu yéu thong qua bién d6i céu trac khong gian ving nhiém sic thé chia
transposon nhu methyl hoda ADN, methyl hod histone H3, deacetyl histone H4 vv....

Céch thuc di chuyén va ghép vao genome cia cac doan ADN dic biét nay tuan theo hai
cach lién quan dén dang trung gian ADN hoac ARN. Nhirng doan ADN nao ma sy di chuyén
cia chung gin lién voi dang trung gian ARN dugc goi la retroelement hoac ADN
retrotransposon. Viéc di chuyén cua retroelement xay ra twong tu v6i cach thirc xdm nhiém
cua virus ma genome cua ching 1a phan tr ARN (nhitng virus nay dugc goi la retrovirus).
Mot khi dd xdm nhiém vao té bao, ARN cua retrovirus duoc sao chép boi reverse
transcriptase tao ra ADN. Phan tir ADN nay s& duoc ghép vao genome cua té bao chii. Khi
virus sinh s6i, phan ADN d6 lai duoc dung dé phién ma tao ra cac phan tir ARN méi can thiét
cho vi¢c dong gobi tao virus maoi.

Trong s cac loai retroelement, can luu ¥ dén yéu t6 ERVs (endogenous retrovirus) va
céc retrotransposons. Chiing déu 1a nhimg doan ADN c6 kha nang di chuyén trong genome.
Tuy nhién ERVs c6 chung mot dic diém 1a hai dau duoc tan cing boi hai doan nucleotide 1ap
lai voi kich thudce lon (long terminal repeat-LTRs). LTRs gitr vai tro quyét dinh trong qua
trinh di chuyén. Ngoai ra, retrotransposons bao gdm cac yéu td LINEs (Long Interspersed
Nuclear Elements) hodac SINEs (Short Interspersed Nuclear Elements) 1a nhiing doan ldp lai
dai hodc ngan phan bd ri rac trén cac nhiém sac thé. Yéu t6 LINEs khong chira LTRs nhung
c6 mang gen ma cho reverse transcriptase trong khi SINEs khong c6 gen do nhung c6 kha
nang "vay muon" enzym ndy do céc retroelements khac tong hop. Trong genome ctia nguoi,
yéu t6 LINE-1 ¢6 t6i 3500 ban sao dai nguyén ven 6,1 kb va hang trim nghin ban sao c¢6 kich
thudc ngan hon. Bén canh d6 trinh ty Alu gdm hang triéu ban sao 1a vi du dién hinh cua yéu
t6 SINEs. Mic du phan tit ARN dugc tong hop tir Alu nhung san pham protein khong dugc
tao thanh. DU sao su ton tai cia cdc ARN ndy ciing 1am ting co hoi giap Alu ghép vao
genome.

Céc transposon ADN c6 kha ning thay d6i vi tri trong genome eukaryot khong qua dang
trung gian ARN chiém ty 1€ it hon so véi céc retroelement. Vi du, & genome ngudi, chi cé
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khoang 100 loai ADN transposon. Tuy nhién, ADN transposon c6 mét y nghia ddc biét quan
trong dbi voi sy da dang hoa _genome. Mot s6 transposon c¢6 mdt trong genome cua cac loai
sinh vat khac nhau. Vi du, yéu t6 mariner co chiéu dai 1250 bp duoc tim thdy & rudi gidm
Drosophila ciing nhu rat nhiéu dong vat khac, ké ca nguoi. Phai ching cac transposon nay ¢
thién chirc ty nhién trong tién hoa 1a chuyén chd gen giita cac genome khac nhau?

Céc transposon c6 chung dic diém 1a hai diu tan cing ctia mdi transposon ¢ chira hai
doan oligonucleotide 1ap lai nguoc chi€u (inverted repeats). Céac transposon c6 thé chia lam
hai loai dua vao kha nang di chuyén dgc 1ap hay phai phu thudc vao su c6 mat cta transposon
khac.

*Loai thir nhat gdm cac doan ADN c6 kha ning di chuyén doc 1ap. Chiing chira gen ma
cho cac protein diéu khién qua trinh dé, vi du enzym nhéan biét hai dau transposon dé cat
chung ra khoi vi tri cli va ghép vao vi tri mdi. Do dd, chung tach ra khoi vi tri cti, ghép vao vi
tri moi hoan toan doc 1ap. Nho kha ning nay, ching tao ra cac dot bién khong bén vimng.

*Loai thir hai gdm céc transposon khong c6 kha niang tu hoat dong, tic 1a chung khong
c¢6 kha ning di chuyén do khéng chira gen mé cho cac enzym can thiét. Viéc di chuyén cua
transposon ¢ loai nay phu thudc vao su c6 mat cua transposon c6 kha nang hoat dong doc
18p (transposon nhom 1) cung nhoém. Hai transposon c6 thé xép vao cung nhom khi ching
¢ cdu truc twong ddng voi nhau, dic biét 1a cac doan oligonucleotide phan bd ¢ hai dau
transposon. Pay 1a vi tri dé enzym nhén biét va cit ndi transposon & vi tri cii va méi. Khi
céc transposon loai ndy di chuyén, chung tao ra nhirng dot bién bén viing néu nhu trong thé
hé nbi tiép chung da phan ly doc 1ap (phan ly theo dinh luat Mendel) vdi transposon c¢é kha
nang hoat dong ddc 1ap cung nhom.

Cac transposon don gian nhat ¢ vi khuan duoc goi 1a doan gan IS (Insertion Sequences).
Chung c6 thé nam trén chromosome hodc trén cac plasmid. Dé dién ta viéc ghép cua IS vao vi
tri nao d6, ky hiéu hai 1an diu hai chdm duoc sir dung (::). Vi dy, A :: IS] md ta transposon
IS gin vao genome cua bacteriophage A. Transposons vi khuan khong giit mot chirc ning
nao trong té bao. Trinh tu nucleotide & mot dau IS thuong 1ap lai nhung nguge chidu so voi
dau kia. Hai trinh ty ¢ hai diu mot IS duoc goi 1a trinh ty ldp lai nguoc chiéu (inverted
repeat). Vi du, cAu trac ciia mot IS ¢o trinh tu nhu sau: GGTAT-X,-ATACC (trong do n la )
nucleotide ndm gitra hai dau l3p lai nguoc chiéu). Do d6 khi soi dtp IS tach thanh hai soi don
thi mdi soi ndy cé kha nang hinh thanh lién két bd sung tai hai dau cia IS tao ciu trac dang
vong (stem-loop) (Hinh 1.13).

I Broan 1p s ngmee chifn

Hinh 1.13: ,
Cau truc dang vong dugc tao ra do lién két tao cap bd sung gitra hai trinh tw
Iap lai ngwoc chiéu clia mét IS trén mot sei don ADN.

Ngoai cac IS, & vi khuén con c6 cac doan ADN c6 kha ning di chuyén véi kich thudc
dai hon, goi la transposon Tn. Cac Tn thuong phéan b6 trén plasmid (phan tor ADN dang
vong, kich thudc thuong khong 16n) va c6 kha nang ghep xen vao bat ky vi tri nao trong
genome. Chung thudng mang thong tin di truyén ma cho cac protein chéng chiu khang sinh.
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Gitta IS va Tn ¢6 mdi quan hé vé trinh tu cac nucleotide. Cac Tn thuong duoc gidi han ¢ hai
dau boi mot loai IS nao do.

Transposon Tn-2 (2600kp)
I51 Ving chira gen B™ i gen cdn cho
(750 bp) s di choryén I51

(750 bp)

Hinh 1.14:
Cau trdc cla transposon Tn-9.

Hinh 1.14 md ta cdu tric cta transposon Tn-9. Transposon ndy mang hai gen; mot ma
cho tinh chéng chiu chloramphenicol (R™) va gen kia mi cho protein can thiét cho sy di
chuyén. Hai dau ctia Tn-9 dugc gidi han boi IS-1 ma trinh ty nucleotide ctia IS nay sip xép
theo ciing mdt chiéu.

Mot s6 transposon chira gen mi cho cac enzym transposase 1am nhiém vu nhéan biét chudi
nucleotide 1ap lai nguoc chiéu (inverted repeat) dé cat transposon. ADN ctia vi tri méi bi cit
sao cho moi soi don léch nhau vai nucleotide (cét thanh dau so le). Transposon néi vao cac
dau cat, tao ra hai khoang trong (gaps). Khoang trbng dugc sira chira theo nguyén tic tao cap
b6 sung. Do d6 cac nucleotide cua dau so le & vi tri mo1 dugc sao chep thanh hai ban, moi ban
& mot dau va trinh ty sip xép cac nucleotide gidng nhau. Vi vdy ching duoc goi 1a lap lai
cung chiéu (direct repear) (Hinh 1.15). Chiéu dai cua ching thuong khoang 7-9 bp. Dya vao
su c6 mit ctia cac doan cung chiéu va nguoc chidu c6 thé xac dinh duoc vi tri transposon
ghép vao hodc chuyén di.

Chenomme Travsposon

‘——_—-‘-\ BT h—-"""-‘ 1234587 TE'S g
—, TLCOT — 1" 235 gy —_—Ta54321

\ Transposon chén wao genomme tai it /
BTGCRE

A, 1234567 7654321 TGO
AT ' 2745 67 7654321 Qv
LCGT W

Hoan thién +1 tri cd transposon
chén wio

AAAATCCA 1234567 e TS 4T ATGCA
SAAATLCET 12345 ET 7654321  TACGT

L Choiin racleotde " lip L ciing chifn * e b j
transposon ghép vwao.

¢

Hinh 1.15:

Mot transposon ¢6 hai dau tan cung gdm 7 nucleotide (1234567) lap lai nguoc chiéu, gén vao vi tri
¢o 5 nucleotide (ATGCA) trong genome. Sau khi ghép noi, doan ngén ATGCA duoc I3p lai nhung
sap xép theo cting mét chidu.

Qua trinh di chuyén ctia mot transposon tir vi tri cii (donor) sang vi tri méi (recipient) xay
ra theo hai co ché khac nhau: Co ché sao y ban chinh (transposon c6 mat & ca hai vi tri) va co
che tach ra khoi vi tri cli di chuyén dén vi tri méi. Trong co ché thur nhat, trinh ty nucleotide
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cua transposon duoc sao chép tir vi tri cho va duoc ghép vao vi tri nhan. Nhu vay moi lan di
chuyén thi sé luong ban sao dwoc ting 1én. Qua trinh nay lién quan dén hai loai enzym:
transposase (tic dong vao hai dau ban gdc transposon) va resolvase (tac dong 1én ban sao).
Trong co ché thtr hai, mot transposon co thé tach ra khoi vi tri cii va ghép vao vi tri moi. Nhu
vay s6 luong transposon khong thay d6i. Kiéu di chuyén nay chi doi hoi enzym transposase.
Khi transposon chuyén di, vi tri cii bi gdy. Né duoc ndi lai nhd co ché sira chita ADN trong té
bao.

O sinh vat eukaryot, cc transposon con dugc goi 1a yéu td kiém soat (controlling
elements). Ching dugc nghién ciru tir nhimng ndm 1940. Tuy nhién co ché hoat dong cua
chung & muc d phén tir chi méi duge sang to trong nhimng ndm gan day. Cac nghién ctru dién
hinh dugc tién hanh vé6i transposon & ngd va & rudi gidm Drosophila. Transposons di chuyén,
sap xép va khoi dong cac gen ¢ nhitng thoi diém dic trung cho qué trinh sinh trudng phat
trién ctia ca thé.

Hai loai transposon Ac va Ds dugc nghién ctru kha ky & ng6. Chung cung thudc vao mot
nhoém transposon, déu co hai trinh ty ldp lai nguoc chiéu gidng nhau. Di chuyén cua céc
transposon Ds phu thudc vao sy c6 mat cua Ac. Trinh tur nucleotide cua Ac gdm 4563 bp,
duoc gidi han hai dau boi 11 bp lap lai ngugce chleu tiép dén 8 bp lap lai cung chiéu cua
genome. Moi Ds déu c6 doan lap lai nguoc chiéu gidng nhau mic du chiéu dai ciia ching thay
d6i (Hinh 1.16).



29

11 bp 4563 bp 11 bp
Ar
Dis
J
o :
Trinh tir racleotide khdng tomg
dhing v Ac
Hinh 1.16:

Céu tric cla transposon Ac/Ds. Cac Ds c6 chiéu dai
khac nhau (do Ac bj d6t bien mat doan) hpéc co thé
chira doan ADN hoan toan khéng twong dong véi Ac,
hodc c6 thé ndm xen vao nhau. Tuy nhién tat ca cac
transposon nay déu dwoc gigi han b&i 11 bp l1ap lai
ngwoc chieu.

Cac transposon ¢ ngd thuong ghép vao gan cac gen, lam rdi loan hoat dong cua ching
din dén viéc xuat hién tinh trang méi nhung khong gy dot blen chét. Su di chuyén ciia
transposon ghép vao vi tri allen clia mot gen bat ky trén nhiém sac thé xay ra ¢ té bao soma s&
tac dong dén bi€u hién cua allen d6 trong qua trinh phat trién cua cay. Trai qua phan bao
nguyén nhiem (mitose), con chau cua t€ bao chira allen dot bien d6 sé c¢6 bic¢u hién tinh trang
mai (thuong quan sat duge ¢ hinh dang, mau sac cua hat ngd). Thay doi nay xdy ra trong qué
trinh phat trién soma dugc goi la "variegation" hay con goi la hién twong mosaic (xuat hién
cac dom).

O rudi gidm Drosophila melanogaster, yéu to P c¢6 kha ning di chuyén duoc phat hién
khi tién hanh lai gitra con duc dong P véi con cai dong M. HAu hét con lai bi bat duc, nhiém
sic thé bi dut giy, bi dot bién. Hién tugng rdi loan di truyén nay chi xay ra theo mot chiéu,
tac 1a phep lai gitra con cai dong P vdi con duc dong M van tao ra cac con lai binh thuong.
Hién tuong nay gy ra do genome cua cac ca thé thudc dong P c6 chira yéu t di chuyén P.
Yéu t6 dai nhat gdm c6 2907 bp o6 chira gen mé cho transposase. Piéu dang chu ¥ 1a mic du
¢6 chiéu dai khac nhau, cac yéu t6 P déu c6 mang céc trinh ty nhan biét boi transposase.

Quan sat quan thé rudi gidm trong thién nhién cho thay sb luong P thay ddi tir vai ban sao
dén 50 copy/genome. Hon nira, nhiing loai rudi gidm phat hién trude nam 1950 déu khong c6
P trong genome. Phai ching P chi méi xut hién trong genome ru01 trong nhirng nam cuodi thé
ky 20. Li€u sy c6 mat cua chung c6 phai do virus xam nhiém rudi giam gy nén? Hién tuong
tuong tu ciing dugc quan sat thdy & vi khuan bi nhlem thue khuan thé mang IS. Yéu t6 IS xuét
hién trong genome vi khuan thong qua qué trinh tiép hop (transduction).

Co ché kiém soat sy di chuyén cua P phu thudc vao yéu t6 ton tai trong té bao chat cua
trimg (di truyén theo me). Khi yéu td nay c6 mit thi chung kim ham sy di chuyén cuia P. Vi
vay, te bao trimg cua con cai dong P thy tinh v6i con duc dong M Van cho con lai binh thuong
do yéu t6 trong té bao trimg ngin can P chuyen chd. Tuy nhién, té bao trang dong M thy tinh
v6i con duc dong P cho phép P di chuyén gay ra nhimg rdi loan bat thudng trong cdu tric
genome. Diéu d6 khién con lai bi bt duc hodc xuét hién cac tinh trang la.

1.6 Tuwong tac ciia T-ADN véi genome thue vat
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Su di chuyén ADN tir genome vi khudn sang genome thuc vat dugc nghién ciru kha ky
dbi VOl tuong tac gitra Argobacterium tumefaciens hoac A.rhizogenes voi hau hét cac cay hai
14 mam Hién tuong di chuyen ADN nay gy nhing bién d6i ve mat di truyen biéu hién &
viéc xudt hién cac ndt san trén than cdy hodc moc rit nhiéu 16ng ré tai noi bi nhidm vi khuan.

Bénh xuat hién nét san hodc moc nhiéu ré trén than chi xay ra khi c6 mit Argobacteria.
Tuy nhién sau d6 bénh duoc duy tri khong phu thude su ton tai ctia vi khudn. Do 1a do mot s6
gen vi khuan di duoc chuyen vao genome cdy chu va hoat dong gy bénh. Cac gen vi khuan
c6 kha niang di chuyén va hoat dong trong té bao thyc vat nam trén plasmid Ti (Zumor
inducing) cla A.tumefaciens gay b¢nh nbt san hodc trén plasmid Ri (Root-hairs inducing) cua
A. rhzzogenes gdy bénh moc 16ng ré. Ciing glong nhu cac khéi u dong vat, cac té bao thuc vat
c6 ADN vi khuan ghép vao genome bj chuyen sang trang thai méi, & d6 su phat trién va biét
hoa ctia chung hoan toan khac voi cac té bao binh thuong. D6 1a do hoat dong cua cac gen vi
khuan (prokaryot) trong genome cua thuc vat (eukaryot). Binh thuong nhimg gen nay c6 mat
trong genome vi khuan nhung chung chi dugc bat md sau khi ghép vao genome thyc vat. Qua
trinh nay co tinh chit dic hiéu, tirc 14 mot loai vi khuan chi c6 kha ning gay ndt san trén mot
s6 loai cdy chi nay ma khong twong tac dugc véi cac loai cdy khéc.

Viéc tao ndt san hay thuc chat qua trinh chuyén gen tir vi khuan sang genome thyuc vat
dan dén bién doi trang thai sinh 1y cua t€ bao thyc vat doi hdi cac diéu kién sau:

a/ Phai c6 hoat dong cuia cac gen trén 3 vung chvA, chvB, pscA nam trén nhiem sac thé
cua vi khuan dé khoi dong viéc bam dinh vi khuan vao than cay.

b/ Plasmid Ti phai mang vung vir - ADN (ndm ngoai doan T- -ADN). Vung nay mang cac
gen can thiét cho viéc tach va van chuyen T-ADN tir vi khuén sang té bao thyc vat. Vi khuéan
x4m nhiém vao té bao ciy chu tai vi tri ton thuong trén than cay. Cay c6 vét thuong do su hu
hong ngau nhién ciia mang té bao thuc vat hodc do vi khuan tiét ra hdn hop nhitng chat duoc
mi boi cac gen vir. Hoat dong ctia cic gen nay dugc hoat hoa boi hop chit phenolic cua ciy
(vi du nhu acetosyringone, catechol, cac dan xuit cua chalcone...). Ngoai ra, su c6 mat cac
monosaccharides nhu glucose, arabinose trong méi truong cling khién cho nhom gen vir ctia
vi khuan nhay cam hon v&i cac hop chat phenolic do cay tiét ra. San pham ctia nhiing gen trén
ving vir con lién quan chii yéu dén viéc cat T-ADN ra khoi plasmid va van chuyén né vao té
bao chu. Bang céc thi nghiém bd sung chirc nang (complementation test), thuc nghiém da phat
hién it nhat c6 21 polypeptide san pham cua cac gen vir cling nhu xac dinh duoc chirc ning
ctia hau hét cac protein ndy trong qua trinh van chuyén T-ADN. Protein VirA déng vai tro
quan trong trong viéc qui dinh tinh ddc hi€u gitta cac loai cay chu voi Agrobacteria. Trong
thuc té, Agrobacteria khong c6 kha nang xdm nhap vao cdy mot 1a mam. C6 thé protein VirA
khong nhan biét dugc cac tin hiéu do cdy mot 14 mam tiét ra. Protein VirC1 nhan biét va
tuong tic véi cac nucleotide ndm & dau bén phai ctia T-ADN. Mic du hai diu T-ADN c¢6 trat
tu twong d6i gidng nhau (chi sai khac nhau 2 nucleotide trong tong sd 25 nucleotide can thiét
cho sy van chuyén T-ADN) nhung cic nucleotide ddu bén phai giir vai trd quyét dinh cat T-
ADN ra khoi plasmid. Dot bién & dau nay khién T-ADN khong duoc cét ra khoi plasmid
trong khi dot bién du bén trai hoan toan khong anh hudng dén qua trinh van chuyén T-ADN
tir t& bao vi khuan vao trong nhén té bao cdy chu. Piéu d6 cho thy viéc cit T-ADN duoc bat
dau ¢ phia bén phai va tién din sang bén trai. Piéu dic biét luu y 1a chi ¢6 mot soi don T-
ADN duoc cit ra va van chuyén sang té bao thuc vat. Soi don d6 duoc goi 1a soi T. Pau 5'
ctia soi T tuong tmg v&i dau bén phai cia doan T-ADN. Céc protein VirD1 va VirD2 lién
quan dén phan ung cit soi T ra khoi plasmid. Tiép theo d6, protein VirE2 tuong tac v6i sgi T
doc theo chiéu dai cia soi. Protein VirD2 giit vai trd quan trong trong qué trinh van chuyén.
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CAu trac VirD2 gém nhiéu ving c6 hoat tinh khac nhau, lién quan dén cac chirc niang nhu cit,
van chuyén s¢gi T. Bén canh viéc tham gia phan Gng cit soi T tai dau bén phai cua T-ADN,
protein VirD2 con lién két voi dau 5' cua soi nay tao thanh phirc. Nho d6 T-ADN duoc van
chuyén dudi dang phirc ra khoi té bao vi khuan va xam nhdp vao nhén té bao cdy chi. Bing
cac thi nghiém trén cdy chuyén gen, nguoi ta da phat hién dugc protein VirD2 c6 mit trong
nhan té bao thuc vit.

Van chuyén soi T ra khoi té bao vi khuan va ghép vao genome té bao cay chu la mot qua
trinh phtc tap, doi hoi su tham gia nhiéu protein. Trong s d6, operon virB nam trén vung vir
gilr mot vai tro dac biét. Operon nay dai 9,5 kb mé cho 11 proteins, da s6 1a cac protein tiét
hodc phan bd trén mang té bao. Ching bao gom ATPase (VirB11) va cac protein ky nudc tao
nén kénh dan trén mang. Cac nha nghién ctru cho rang mot trong cac protein dugc ma boi
operon ndy phin bd phia ngoai mang 1am nhiém vu twong tac v&i protein cia té bao thuc vat,
tao kénh dan dua T-ADN vao nhan té bao ciy chu.

¢/ Cac gen trén ving T-ADN dugc ghép viao genome té bao thuc vét giy bién doi trang
thai cac té bao nay. T-ADN la mot doan ADN c6 chiéu dai khoang 23 kb (tuy thudc véo timg
loai A.tumefaciens) nam trén plasmid Ti. Hai dau ctia doan ADN nay c6 chira 25 bp lap di lip
lai giéng nhau hoan toan chi sai khac nhau ¢ hai nucleotide (imperfect repeat sequence). Cac
nucleotide dau bén phai giit vai trd quan trong trong viéc cit T-ADN. Céc nucleotide dau bén
trai dong vai tro trong viéc ghép T-ADN vao genome ciy chu.

T-ADN gdm hai nhom gen. Nhém thir nhat gdm cac oncogen ma co ché hoat dong cua
ching khéc biét giita A.tumefaciens va A.rhizogenes. Diéu d6 dan dén sy hinh thanh cac ndt
san hodc bénh 1ong ré. Trong trudong hop xuit hién ndt sin, T-ADN mang ba oncogen ma
cho cac enzym tham gia vao phan mg tong hop cac hocmon sinh trudng auxin va cytokinin.
Chi khi T-ADN duoc ghép vao genome thyc vét, cac oncogen nam trén T-ADN méi hoat
dong mot cach tu dong. Do do té bao cay chil nao c6 T-ADN ghép vao hé gen 1ap tirc phat
trién khong binh thuong do rdi loan hocmon sinh truéng ma T-ADN ma cho. Not san Xudt
hién tai vi tri cAy bi nhiém A. tumefaciens 1a tip hop ctia cac té bao binh thudng va té bao bi
bién d6i hé gen.

Trong trudong hop véi bénh moc nhiéu l6ng ré, R-ADN cua A. rhizogenes c6 chura cac
oncogen ma san pham cua ching lam thay doi ngudng nhay cam cua té bao thyc vat d6i voi
noéng d6 hocmon c6 mat trong méi trudng. Tur d6 gay roi loan su phat trién cua céc té bao co
R-ADN ghép viao khién cho rat nhiéu ré xuét hién tai vi tri nhiém.

Nhom gen thir hai ¢6 mit trén doan T-ADN gbm cic gen ma cho cac enzym tham gia
tong hop nhimng phirc chat dinh dudng can thiét cho sinh truéng va phat trién cua vi khudn.
Céc phtrc chat nay duoc goi chung 14 opines. Vi khuan sir dung opines nhu nguén cacbon va
nito. Pac biét, khi T-ADN mang gen ma cho mét loai opine nao d6 thi ngay trén plasmid Ti,
nam & ngoai doan T-ADN, c6 cac gen tham gia qua trinh chuyén hoa loai opine nay, giup
cho vi khuan sinh truong va phat trién. Pidu dang luu ¥ 13 opine duoc téng hop lai tr¢ thanh
tin hi¢u kich thich hoat dong cua operon chura cac gen ddng hoa opine d6 nim trén plasmid
Ti. Vi opine 1a protein dugc mé boi cac gen vi khudn, sy c6 mit ctia chiing trong té bao thuc
vat duoc xem 1a chi thi dé phat hién su chuyén ghép thanh cong ctia T-ADN vao genome
thuc vat.

T-ADN duoc van chuyén vao trong nhan té bao chii va duoc ghép vao genome. Co thé
xudt hién nhiéu ban sao cua T-ADN trong mét genome. Dang vong cua T-ADN d61 khi dugc
tim thay trong té bao cdy chu. Pay 1a dang trung gian hay chi la sy lién két ngiu nhién gitra
hai dau trai va phai cuia T-ADN dang 13 van d& can lam sang t6. Khi dd ghép vao genome vit
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chu, céac gen trén doan T- ADN moi1 dugc hoat dong. Nhu vay dleu dang chu y la cac gen trén
T-ADN (prokaryot) chi hoat dong dudi su kiém soat ciia cac yéu td phién ma trong genome
eukaryot. N6i chung, mot gen duoc diéu khién bdi mot promoter.

Argobacterium c6 kha nang dua cac gen la vao genome thuc vat. Vi vay, chiing dugc st
dung nhu cac vector chuyén chd gen mot khi cic gen gay ndt san trén T-ADN bj thay thé boi
gen nghién ciru. Ngoai ra, promoter cia cac gen trén T-ADN déu la nhitng promoter hoat
dong manh trong té bao nhan. Vi vdy ching duogc sit dung lam promoter bédo cdo hoic
promoter diéu khién gen la trong k¥ thuat chuyén gen. K¥ thuat nay dugc ung dung rat rong
rai trong ndng nghiép. Vi du, dua cac gen chong chiu sdu bénh, gen chiu duoc mdi trudong
trong trot khic nghiét... vao cac cay trong qui hiém hodc cho ning suat cao.

1.7 ADN trong ty thé va luc lap

Déi voi té bao eukaryot, ADN khong chi phan b trong nhin ma con c6 mit o ty thé va luc
lap. Hau hét phan tir ADN trong cac bao quan ndy ¢ dang mach vong. Tuy nhién cting c6 mot s0
truong hop ADN trong bao quan c6 thé ton tai & ca hai dang mach vong va mach thang. Vi du,
phan tr ADN trong ty thé ctia Paramecium, Chlamydomonas va mot s6 loai nAm men luén luon
l1a soi ADN mach thang.

M3i té bao thudng chira nhiéu ty thé hogc luc lap. Hon nita, mdi bao quan ¢6 thé c6 nhiéu
phan tirt ADN. Do d6, s6 luong ADN ty thé (ADNmt) hoac ADN luc lap (ADNcp) c6 thé dat dén
hang nghin ban sao trong mot té bao. Vi du mdi t& bao ngudi c6 téi 8000 phan tir ADNmt, trong
d6 mot ty thé co khoang 10 phén tir. Té bao trimg cua dong vat co va cb chira t6i 10® ban sao
ctia ADNmt. Vi tao Chlamydomonas chira khoang 1000 phan tir ADN luc lap trong mot té bao.
Ngoai ra, kich thudc phan tir ADN & bao quan khong ty 18 véi tinh phirc tap ctia ca thé. Phan tir
ADNmt c6 thé thay d6i rat rong tir 16-17 kb & dong vat co xuong sdng dén 2500 kb & mot sb
thuce vat ¢6 hoa.

Do kich thudc nhé hon nhiéu so véi genome trong nhian nén ADN & cac bao quan chira
s6 luong gen it hon va cac gen phan bd sat nhau hon (khoang céch giita hai gen rat nho, thim
chi chi vai nucleotide). Phan tt ADNmt hay ADNcp chira nhitng gen ma cho protein thuc
hién chirc ning chuyén hod dic thu cua ty thé hay luc lap nhu céc protein tham gia chudi ho
hap. Ngoai ra, ADN trong ty thé va luc lap con chira gen ma cho ARNr, ARNt va protein
ribosome dung riéng cho bao quan.

1.7.1. ADN ty thé

Trinh ty nucleotide cuia phan tr ADNmt & mot s6 sinh vat da duoc xac dinh. Két qua nay
gitip ching ta hiéu rd hon cdu tric va trat tu sip xép cac gen trén phan tir ADN ciia bao quan.
O dong vat co xuong séng, ADN ty thé c6 kich thudc nhé gom cac gen khong co intron va
hau nhu khong c6 khoang trong gitra cac gen. Vi du, ADNmt cta ngudi gdm 16.659 bp tuong
g voi 37 gen, trong d6 22 gen mé cho cac phan tir ARNt, 13 gen ma cho cac polypeptide lién
quan dén phan ung oxy hoa khur. O ndm men, ADNmt c6 kich thudc 16n hon so vOi dong vat
(78.000 bp) do mdt s6 gen co intron va khoang cach gilra cac gen kha 16n. ADNmt nim men c6
it nhat 33 gen, trong s6 nay c6 2 gen mi cho ARNr, 23 gen mi cho ARNt, 1 gen ma cho protein
ribosome va 7 gen mé cho polypeptide tham gia phan ing oxy hoa khur. Bac biét, ADNmt cua
thuc vat co kich thude 16n nhat va cu tric phic tap da dang nhat. Trinh tv ADNmt cia
Marchantia polymorpha, thuc vat nguyén thuy khong c6 hé mao dan, da dugc xac dinh hoan
toan. Pay 1a phan tor mach vong c6 kich thudc 186 kb twong tng véi 94 khung doc mo (ORFs).
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Trong s6 94 ORFs nay, thuc nghiém mai xac dinh dugc mot ) gen ma ) luong intron cua mot
gen 1én dén 32. Pbi véi thuc vat c6 hé mach, ADNmt con 16n hon nhiéu. Vi du, & ngo hay dua
hau, ADNmt tuong tng v&i 570 kb va 300 kb. O céc loai thuc vat bac cao, cac gen c6 thé phan
bb & vi tri khac nhau trén phan tir ADNmt mic du san phim cta gen c6 ciing mét chirc ning
trong té bao.

1.7.2. ADN luc lap

Thuc vt ¢ ba loai luc lap khac nhau tuy thudc vao hop chat ma ching c6 nhu tinh bét,
céc sic to hodc cac chat béo. Ca ba loai nay déu c6 chira phan tt ADN (ADNcp) véi kich
thudc thay doi tir 85 dén 292 kb ¢ tao va 120 dén 160 kb & thuc vat bic cao. Dic biét & mot
s6 thuc vat nhu tao xanh Acetabularia, ADNcp 16n dén 2000 kb. Phan tir ADNcp ctia mot sb
thuc vat da dugc xac dinh trinh tuy nucleotide. Luc lap thudc 14 Nicotiana tobacum c6 ADNcp
gbém 155.844 bp twong tmg véi khoang 150 gen.

Sé lugng phan tt ADNcp trong mdi té bao phu thude vao s6 luc lap trong mot té bao va
s6 ADNcp trong mdi luc lap. Vi dy, t& bao tao don bao Chlamydomonas reinhardtii chi co
mot lyc lap chira khoang 100 phan tor ADNep. S6 gen phan bd trén ADNcp bao gdm gen ma
cho ARNr, ARN, protein ribosome va mot sd polypeptide tham gia phan tng quang hop, hap
thu nang luong anh sang mat troi.

1.8 Genomics

1.8.1 So sanh genome

Dua vao trinh tu nucleotide cia mot s6 genome dién hinh, cac nha sinh hoc ¢c6 thé phan
tich ciu tric, hoat dong va chuc nang cua cac gen, lam sang to dugc vai tro ciia ADN Iap lai,
ADN nam giira cac gen, ADN khong chira ma di truyén (cc ving 5’ va 3’ khong duoc dich
mi) va cac doan intron cia timg gen vv... Diéu dic biét co ¥ nghia 13 khi so sanh cac genome
v6i nhau, chiing ta c6 duoc nhimng hiéu biét tong quan vé hoat dong ciia genome & cac sinh
vat khac nhau, moi quan h¢ gitra chung, su da dang sinh hoc va mtc do tién hoa. Vi du, toan
bd trinh ty nucleotide cua genome Arabidopsis dugc xac dinh cudi ndm 2000 nhim muc dich
phat hién, phan 1ap cac gen quan trong cla cic cdy noéng nghiép dua vao su twong dong cua
chung véi cac gen cia Arabidopsis. Pay 1a thuc vat ddu tién c6 genome duoc xac dinh toan
b trinh tu do kich thuéc genome twong d6i nho (130-140 Mbp, nhé hon khoang 200 1an so
v6i cac thuc vat khac). Bo nhidm sic thé don boi ciia Arabidopsis gdm 5 nhiém séc thé. Ngoai
ra, Arabidopsis c6 vong doi ngan, d& trong va c6 thé moc quanh nim. Hinh dang ciy nho
chiém rat it dién tich nén hoan toan thich hop véi diéu kién nudi trong trong phong thi
nghi¢m.

Trinh ty nucleotide cua genome ¢ céc sinh vat mo hinh dugc dua vao cac loai ngan hang
ADN khéc nhau tuy thudc vao muc dich nghién ctru. Ba ngan hang dir li¢u chinh hi¢n nay luu
trit hau hét céc thong tin vé ADN la EMBL (thuoc Vién Tin hoc chau Au- European
Informatics Institude), GenBank (thugc Trung tam Cong nghé¢ Sinh hoc cua My-US National
Centre for Biotechnology) va DDBS (thudc Ngan hang dit liéu ADN cia Nhat-DNA Database
of Japan). Bén canh trinh ty toan bd hé gen, cac loai ADN khac nhu cDNA, ADN dich-ESTs
(Expressed Sequence Tags) vv... cung dugc luu gitt phuc vu cho viéc so sanh, phan tich va
xéac dinh chirc ning ctia genome, cia gen va san pham (protein hoic ARN) twong tng.



34

So sanh genome gitra cac loai sinh vét voi nhau cho phép rit ra ba dic diém ndi bat: Thi
nhit 1a s lwong nhiém sic thé rat khac nhau ngay giita nhitng loai rat gin nhau. Thir hai 13
cac gen thuong phan bd khong theo qui luat. Mot gen hodc mot ho gom nhiéu gen ma cho san
pham ciing chire ning c¢6 thé phan bd trén cac nhidm sic thé khac nhau, ndm thanh nhém hodc
rai rac trong genome. Vi du, su phan bd cua gen mi cho ARNr duoc trinh bay trén hinh 1.17.
Thir ba 1a kich thudc genome thay ddi khong hoan toan ty 18 v6i tinh phuc tap cta loai. Nhin
chung, kich thuéc genome thudng phan anh tinh phire tap cta loai. Tuy nhién, diéu d6 khong
dong nghia giita viéc tang s luong cac gen voi muc do tién hoa. Chi khi so sanh trinh tu toan
bd genome cua mot s6 sinh vét cling nhu hoat dong cua mot sO gen quan trong trong sinh
truong phat trién ma cac nha sinh hoc méi nhan thay tinh phtre tap lién quan chu yéu dén viéc
tang so luong cac doan ADN lap lai. Vi du, genome ciia mét so loai ludng cu hodc thuc vat cé
kich thuéc khoang 10" bp, trong d6 thanh phan ADN lap lai chiém hon 60-70%. Genome ciia
ngudi nhé hon, chi khoang 3x10° bp. Chéc chén rang chi riéng kich thudc genome khong thé
quyét dinh tinh phirc tap hay murc do tién hoa cua céc loai.
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Bén canh so sanh tong thé toan bd genome giita cac loai, viéc phén tich chi tiét ddi véi
mot gen nhit dinh con lién quan dén vi tri cdc intron, cac exon, cac doan ADN diéu khién
hoat dong cua gen. Day la nhing yéu to quan trong dé so sanh tim ra méi quan hé giita cac
loai. Ngoai ra, téng s gen noi chung, s6 luong cac gen c6 nhidu ban sao trong genome, ty 18
cac loai ADN lip lai va thanh phan cta ching ciing nhu su di chuyén cia cac gen tir ADN
riéng biét trong cac bao quan (ty thé, luc lap) sang genome trong nhan déu chiu anh hudng
cua thoi gian, tirc 1a déu phan anh qua trinh tién hoa cua cac loai. Mat khac, dé c6 duoc su so
sanh chinh x4c hon, toan dién hon, can xét dén ciu trac soi nhiém sic, ciu hinh khong gian ba
chiéu ctia nhiém sic thé ciing nhu cua toan bo genome phan b trong nhén.

1.8.2 Genome nguoi

Dy 4n xac dinh trinh ty genome ngudi (hé gen trong nhan) dugc dé cap dén tir nhiing
nam 1984-1988. Dy an duoc bit diu vao dau thap ky 90 véi sy tham gia cua hon 20 nhom
nghién ctru tir cac nude My, Nhat, Dirc, Anh, Phap va Trung qudc do t6 chic qudc t& Genome
Nguoi (Human Genome Organization-HUGO) va cong ty tu nhan Celera Inc. clng tién
hanh doc 1ap v6i nhau. Du an dugc trién khai v6i ba budc co ban: thtr nhat 1a 1ap ban do
cuia tat ca cac gen (khoang 70.000 dén 100.000 gen), tiép dén 1a xac dinh ban d6 vat Iy cua
24 nhiém sic thé & mirc d6 chi tiét nhat (ma cac k¥ thuat hién dai c6 thé dap tng duoc) va
cudi cung la doc trinh ty nucleotide cia toan bd genome.

Genome nguoi duge xem gdém c6 hai phan phan b trong nhan va trong ty thé. Phén tur
ADN ty thé c6 dang vong véi kich thude 16.569 bp. Kich thudc nay qué nhd, co thé coi la
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khong dang ké so v6i genome trong nhan. Tuy nhién, do ty thé khong co co ché sta chira
ADN nén cac dot bién (thém, mét hodc dao doan) thuong duoc tich liy trong phan tt ADN
cua bao quan nay. Mit khac, mSi té bao c6 khoang 800 ty thé, mdi ty thé c6 hon 10 phan tir
ADN. Cac phén tir nay khong gidng nhau do chira cac dot bién tao nén tinh da dang rat cao
ctia ADN ty thé gitra cac t& bao ngay trong mot co thé.

Cudi nim 2000, hon 96% trinh ty nucleotide ctia genome nguoi da dugc cong bo.
Genome ngudi co kich thudc khoang 3.2 x10° kb, tic 1a 3,2 Gb (Gigabase-don vi 16n nhat
ding do chiéu dai trén ban d6 vat 1y). Trong d6 khoang 2,95 Gb 1a ving chat nhiém sac
(euchromatin). Chi ¢6 1,1 dén 1,4% chira gen ma cho khoang 30.000-40.000 protein, trong d6
chi méi x4c dinh dugc 1/3, con lai 1a cac protein du doan (predicted protein). Genome nguoi
6 t6i 1,4 tridu chi thi SNPs. Thanh phan ADN lip lai (SINEs, LINEs, LTRs va transposon)
chiém gan mot nira genome (~43%). Tuy nhién hau hét cic transposon va LTRs déu ¢ trang
thai khong hoat dong.

1.8.3 Nghién ciru Genomics ¢ thue vat

S6 lwong cac gen va nhiing thong tin vé genome ciia rat nhidu loai sinh vat néi chung
cung nhu cua thyc vat noi riéng luu trir trong ngan hang gen tang nhanh khong ngung. Nhing
s0 liéu nay rat hitu ich trong dinh hudng nghién ciru nham lwya chon dwgc phwong phap thich
hop. Chung ta ciing nhau tim hiéu xem céc nha sinh hoc da sir Iy nhirng thong tin vé genome,
dic biét 1a cia cdy mé hinh Arabidopsis nhu thé nao trong huong nghién ctru genomics ddi
v64i thuc vat.

Trinh tu nucleotide cia genome Arabidopsis da dugc xac dinh hoan toan vao cubi nim
2000. Loai thuc vat nay rat gan voi cac cay ho cai (cai bép, sup lo, xu hao, ¢t cai vv...). bay
1a nhiing loai rau xanh rat phd bién trong doi song con ngudi. Mot trong nhiéu 1y do khién
cho genome Arabidopsis dugc chon dé xac dinh toan b trinh tu 1a do genome co kich thudc
tuong dbi nho (130 Mb) va chtra it ADN lap lai. Bén canh d6, du an doc trinh ty genome cay
laa da duoc thuc thi. Genome cua lta 16n gap 3,5 lan so véi Arabidopsis nhung ciing chi bang
20% genome cua ngd va 3% cua lua my. Diéu may mién 13 ciu tric genome cuia cac cay luong
thyc (loa, lta my, lua mién, ké, ngd ...) kha giéng nhau. Su khac nhau vé kich thude genome
cht yéu do thanh phan ADN lap lai. Khong phai genome cang 16n thi s6 lugng gen khac nhau
cang nhiéu. Do do, trat tu cac gen, chirc nang cua ching cing nhu cau trac genome cua
Arabidopsis va lua rat can thiét dé phén 1ap va didu khlen cac gen quan trong O cac cdy ¢
quan hé gan gii voi ching. Nhing két qua nay ddc biét can thiét cho chon loc, tao m&i ngudn
giong cay nong nghiép co tinh trang mong muon.

Cung v6i genome cua Arabidopsis va laa, hon 127.000 cac trinh tu biéu hién hay con goi
1a ADN dich- ESTs c6 ngudn gdc tir thuc vét duoc luu trit trong ngan hang dit liéu cho phép
so sanh cac gen gitra cac loai thuc vat v6i nhau. Két qua cho thy hau hét cac gen da biét &
thuc vét bac cao déu c6 mirc do tuong déng rat 1én. Do do, tir trinh tu nucleotide c6 thé suy
doan dugc chirc ning cua gen va nguoc lai. Khi biét mot gen bat ky ¢ mot loai co thé phan lap
dugc gen c6 chirc nang twong tu ¢ loai khac. Vi dy, cac nha sinh hoc da tién hanh so sanh
mirc d gidng nhau cua 64 protein duoc chon ngdu nhién tir lta va Arabidopsis. Chirc nang
clia cac protein ndy ciing nhu trinh ty nucleotide ctia gen mi cho ching da biét. Bé tranh hién
tugng so sanh cac thanh vién trong cung mot ho gen, cac gen dugc chon déu 1a nhimng gen chi
c6 mot ban sao trong genome. Két qua cho thiy sé gen co d6 twong dong 70- 80% chiém ty 18
cao nhat. Diéu nay c6 nghia, mic du lua va Arabidopsis khong co6 quan hé gan giii v6i nhau
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nhung khong vi thé ma cac gen cua chung phai khac nhau. Nguoc lai, da s6 cac gen c6 ciu
trac va chirc nang giéng nhau déu ton tai & ca hai loai nay (Hinh 1.18).
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Hinh 1.18: \
So sanh mirc d6 twong dong protein gitba Arabidopsis va lua.

Thuc vét ¢6 hoa dugce xem 1a xuét hién va trai qua tién hoa tur khoang 150 triéu nam. Bén
canh nhiing nét tuong dong vé mat di truyén, cac dac diém vé sinh truong phat trién rat phong
phu, da dang gitta cac lodi va ngay trong cing mot loai. Tuy nhién, két qua so sanh genome
ctia lta va Arabidopsis (khong gan nhau) cho thdy su khac biét giita chung khong phai do sd
gen dac hiéu cho tirng loai ma phu thudc rat nhiéu dén cach thire kiém soat hoat dong ctia mot
gen hodc cic thanh vién trong cing mot ho gen. Céc két qua nghién ctru khac ciing dua ra
nhan xét sy da dang gitra thuc vat chu yéu do thay ddi trinh tu nucleotide & cac vung ADN
diéu khién (cis-regulatory sequence) va cac loai ADN lap lai.

Dbi véi cac gidng trong cting mot loai, thay ddi rat nho trong ciu tric ciia mot gen hoic
cach thire kiém soat biéu hién cta néd thuong dan dén nhting su khac biét rt ro vé tinh trang.
Piéu nay dugc minh hoa béi vi du dién hinh véi cac gen lién quan dén bién ddi cac acid béo.
Thuc vat bac cao c6 hon 200 loai acid béo khac nhau, thuong dugce du trit trong hat. Chi xét
dén céu trac bac mot, cac acid béo nay khac nhau boi s6 lién két doi, lién két ba, s nhom OH,
epoxi vv... Tuy nhién, nhiing sai khac dé déu duoc tao ra boi mot sb enzym thudc ho gen chu
khong phai do 200 gen khac nhau. Chung ta da biét tr mot gen, c6 thé c6 nhidu phéan tir
ARNm khic nhau nho co ché cit ndi exon-intron luan phién (alternative splicing). Chi can
thay doi 4 acid amin dii khién cho dasaterase chuyen thanh hydroxylase. RS rang viéc hinh
thanh cac hop chit hoa hoc mai khong nhat thiét can phai xuat hién gen méi ma cho chung.
Ngoai ra, ching ta da biét cac thanh vién trong ho gen mé cho cytochrome P450s dam nhan
mot loat chirc ning khac nhau lién quan dén sinh téng hop polysaccharide, kinase,
phosphatase, cac factor diéu khién gen ... Nhu vy, dé str dung c6 hiéu qua céac dir liéu trong
ngan hang, trudc tién can xac dinh mot chirc ning cy thé can nghién ciru trong s cac chirc
nang ma mdt gen don ban hodc cac gen trong mot ho gen ddm nhan.

Khai thac thong tin trong ngan hang dir li¢u tao nén mot huéng mai, dugc goi la phylo-
genomics (tam dich 1a phat sinh genome) trong nghién ctru phat sinh ching loai. Cac nha sinh
hoc dua vao cac thong tin da biét dé phan tich nguon gbc clia mot gen can quan tam, phan tich
nguyén nhan cua sy da dang bién d6i vé trinh ty nucleotide hodc acid amin (san pham protein)
cta chinh gen do6 ton tai trong cac sinh vét khac nhau. Hon nira, c6 thé tién hanh phan tich
murc d6 twong dong vé ADN hay san pham protein ctia gen d6 voi cac gen khac. Tir day co
thé xac dinh chirc nang dic thu cia gen nay.

Nhitng két qua dat duoc trong nghién ctru phylo-genomics cho thay khoang 54% cac gen
& thuc vat bac cao c6 thé phan thanh cac nhom c6 chirc nang khac nhau. Khoang 13% céac gen
ctia Arabidopsis 1ién quan dén cac yéu té diéu khién gen va con dudng truyén tin hiéu. Phan
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tich 389 gen da biét hodc ORFs nim trén mot doan 1,9 Mb trong genome Arabidopsis cling co
thé Xep chung vao cac nhom c6 chirc nang khac nhau lién quan dén cac con duong chuyén
hoa, dén tong hop nang luong, truyén tin hiéu, sinh truong va phén chia té bao. Tuy nhién,
mic du co thé biét san pham ctia gen nhung vai tro cu thé ciia nd trong sinh truong phat trién
dbi voi timg ca thé lai rat khé xac dinh 1 rang. Dé khic phuc dugc yéu diém do, can su hd tro
mat thiét cua céac ky thuat khac nhu béy gen, dot bién di tmyén... Vi du khi dua mdt doan
ADN c¢6 trinh ty nucleotide di biét vao genome c6 thé tao ra cac dong dot bién khac nhau.
Can ctr vao trinh tu nucleotide hai bén vi tri ghép (x4c dinh nho phan tmg invert-PCR hodc
TAIL-PCR) c6 thé xac dinh duoc gen bi bt hoat. Dua vao biéu hién cua tinh trang méi, cé
thé biét duoc dong hoc biéu hién cua gen d6 & cac thoi diém va giai doan khac nhau.

Mot kho khan nita ma phylo-genomics gap phai 1a sy 1ap lai cua cac gen xdy ra kha phd
bién trong genome. Genome Arabidopsis c6 nhiéu gen lap lai nam sat nhau, do d6 khi gy dot
bién boi cac tac nhan hoa 1y, hiu nhu khong thé tao duge dong dot bién kép nhd trao doi
chéo. Pidu nay rat can biét khi xac dinh dot bién lién quan dén mot hay nhiéu gen ciing nhu
han ché hién tugng cac gen cung chirc ning bo tro 1an nhau khi mot gen bi bét hoat. Chinh ki
thuat sir dung COs (phirc ADN/ARN) da phan nao khéc phuc dugc kho khan nay. Phie duoc
thiét ké c6 mang ma dimg tong hop protein dé gy dot bién diém & doan gen bao thu trong
moi thanh vién cua ho gen (hodc cac gen lap lai). Ngoai ra, phuong phap sir dung so1 dip
ARN gy bat hoat (gene silencing) cling to ra c6 nhiéu vu diém trong viéc kim ham hoat dong
ctia gen. Hon nita, khi bi nhidm virus, thuc vét c6 kha ning nhan biét va kim ham sy nhan ban
ctia ARN virus (virus-induced gene silencing). Néu nhu bi nhiém bai virus tai to hop c6 mang
gen la trong ddng véi gen cua chinh thuc vat, cdy chu s& ting cudng bat hoat ludn ca gen
trong genome cua minh.
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Chuong 2
HOAT PONG CUA GEN TRONG TE BAO

Gen mang thong tin di truyén ma cho san pham can thiét cho sy séng cia té bao. Mot gen
duoc xem 1a hoat dong khi théng tin d6 duoc st dung dé tao ra san pham cudi cung 1a protein
hay phan tir ARN. Piéu dang ghi nhd 1a thong tin chi dugc phién ma va dich ma theo mot
chiéu tir ADN sang ARN dén protein. Khong xay ra hién twong thong tin truyén tir ADN sang
thang protein hodc tir protein nguoc trd lai acid nucleic. Viéc trao d6i thong tin giita cac dang
acid nucleic (gitta ADN va ARN) c6 thé xdy ra thuan nghich. Vi du, ADN — ARN (phién
ma xudi trt ADN sang ARN), ARN — ADN (phién ma ngugc tr ARN sang ADN - reverse
transcription), ADN — ADN (tai ban ADN), ARN — ARN (nhan ban ARN bdi ARN
polymerase dya trén khuén ARN).

Hoat dong cua gen ma cho protein gdm hai giai doan chinh 13 tong hop ARNm va tong
hop protein. Xen gitra ching gom nhleu giai doan trung gian c6 nhiém vu sang loc va dleu
bién thong tin tir gen den san pham cudi cung. Pau tién, mot gen bat dau hoat dong khi ciu
trac cia nd trong nhiém sic thé duoc thay doi (khtr methyl ¢ cytosine, bién d6i mot so lién két
0 histone, tro nén nhay cam vdi nuclease, c6 su sap x€p lai cac doan ADN vv...). Day la giai
doan thay d6i & muc d6 ADN. T1ep do la giai doan tong hop ARNm (hinh thanh cac phire
hoat hoa qua trinh phién ma, kiém tra viéc bat dau va két thuc tong hop ARNm vv..), giai
doan bién do6i phan tr ARNm (RNA processing-chi xay ra ¢ té bao ceukaryot), van chuyén
ARNm ra ngoai té bao chat (RNA export), kiém tra thong tin di truyén trén phan tr ARNm
(editing RNAs) va quyét dinh tinh bén viing ciia n6 (RNA turnover). Cudi cung 1a tong hop
protein (protein synthesis), bién ddi ching thanh cac san phdm c6 hoat tinh (protein
modification), van chuyén va phan bd protein dén cac vi tri khac nhau (protein targeting)
cling nhu qui dinh thoi gian ton tai cia ching trong té bao (protein turnover). Bét ky giai
doan nao ciing dugc kiém soat chat chd bai nhiéu co ché khac nhau. Tat ca déu nhim muc
dich dam bao mot cach nghiém ngit, chinh x4c sd lwong san phim cua timg gen theo dung
yéu cau cua té bao. Trong mdi té bao, cac co ché diéu khién co thé xay ra chung véi nhiéu gen
(global regulation) hay riéng biét cho ting gen (specific regulation); c6 thé 1a tich cuc
(positive control) hay tiéu cuc (negative control), c6 thé 13 ty diéu bién (autoregulation) hoic
kiém soat phan hoi (feedback regulation). S phoi hop dicu hoa giita céc co ché thuong khac
nhau ¢ cac té bao prokaryot va eukaryot (phy thudc vao cdu tric té bao khong nhan hoic co
nhan, céu trac khong gian cua nhiém séc thé, ciu trac cac gen thanh operon, vi tri ciia gen
trong genome, cau truc cac intron trong mot gen vv...).

Chung ta da biét tir chuong 1, ADN trong té bao eukaryot duoc dong goi trong ciu tric
nucleosome. CAu triic d6 sé& bi thay ddi cuc bo tai vung ADN chun bi dugc phién ma. Vi du,
tai vung chuin bi phién ma, mot sb cytosine & dau 5’ cua gen bi khir nhom methyl, cac acid
amin lysine ctia histone H3 ¢6 su thay d6i mtrc d6 methyl hoa, histone H4 bi acetyl hoa vv...
Nhimng thay d6i d6 khién mot promoter tré nén nhay cam véi DNase. Vi vdy, promoter duoc
xem 1a dang ton tai & trang thai sdn sang hoat dong khi n6 khong bi methyl hoa va dé dang bi
phan cat bai DNase. Chung ta nhan thdy ciu trac khong gian, thong qua cau trac nucleosome,
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trg thanh yéu t6 dau tién kiém soat mot gen chuyén tir trang thai bat hoat (silent state) sang
trang thai san sang cho khoi dong phién ma (active state).

Tuy nhién, khoi dong phién mé c6 thé xay ra duoc hay khong con phu thudc vao nhiéu
yéu t khac nita. Vi du, khéi dong & cac gen chiu sy kiém soat tich cuc (positive control) con
phu thudc vao su c6 mat cua cac protein hoat hoa. Protein hoat hod thuong lién két véi protein
khac, goi 14 chat cam ung (inducer) tao thanh phirc. Phitc ndy (activator+inducer) c6 kha
ning tuong tic véi ADN hodc véi ARN polymerase. Nho d6, cau tric cuc bd ciia ADN thay
ddi, hodc 4i luc lién két cia ARN polymerase v&i promoter tang, tao diéu kién thuan loi dé
khéi dong phién ma. Nhu vdy hoat dong cua gen bi kiém soat theo co ché tich cuc sé& ting
hodc giam phu thudc vao su c6 mat hodc thiéu Véng cac activator va inducer (vi du dién
hinh 1a hoat dong cua operon ara). Nguoc lai, co ché kiém soat tiéu cuc lién quan dén
protein ¢ ché (repressor). Repressor ciing thudng lién két voi protein khac, goi 1a co-
repressor dé tao phirc. Phtc nay tuong tac véi ADN hoidc v6i ARN polymerase dé ngin can
khoi dong phién ma. Do do, hoat dong ctia gen bi kiém soat theo co ché tiéu cuc s& duoc bat
m¢ hoac dong phu thudc vao su thiéu Véng repressor hoac cd mat cla repressor va co-
repressor (vi du dién hinh 13 hoat dong ctia operon lac).

Ca hai co ché kiém soat tiéu cuc va tich cuc c6 thé két hop cung nhau dé diéu bién biéu
hién cua gen. Céc protein hoat hoa va tic ché c6 thé canh tranh tuong tac dé diéu bién mot
cach linh dong biéu hién cua gen. Mot s6 gen thuong biéu hién lién tuc nhung chi & mic do
tbi thiéu trong té bao. Cac gen nay dé dang ting cudng hoat dong khi xuit hién cac yéu to
hoat hoa nhu activator va inducer. Vi dy, hoat dong ctua mét s0 gen mi cho enzym ting manh
khi xuét hién co chat Nhimg gen ndy duoc goi 1a "inducible gene" (gen co thé hoat hoa).
Nguoc lai, mot s6 gen thuong biéu hién & mirc @6 manh. Chung dé dang bi kim ham khi xuat
hién protein tre ché-repressor. Vi du, hoat dong cta nhimg gen tham gia téng hop tryptophan
trong té bao E.coli bi giam khi bd sung tryptophan vao moi trudng. Nhirng gen nay duoc goi
13 "repressible gene" (gen c6 thé bi kim ham). O day, chung ta hinh dung dugc su phbi hop,
su canh tranh giita cac co ché kiém soat nham thay d6i mirc do biéu hién ciia gen mot cach rat
linh dong.

Céc co ché chung diéu khién hoat dong cua gen dugc nghién ctru kha chi tiét & giai doan
bat dau tong hop ARNm. Tuy nhién, chiing ta nhan thy ching déu cé thé thuc thi d6i véi bat
ky giai doan nao trong sudt qua trinh chuyén ddi thong tin tir ADN dén protein. Trong té bao
eukaryot, cac gen chiu diéu khién theo co ché tich cuc chiém wu thé Hoat dong cua nhiing
gen nay thuong kho xay ra néu nhu thiéu activator. Nguoc lai, trong té bao prokaryot, cac gen
thuong bi kiém soat boi cac protein trc ché repressor. Pa sd cac gen prokaryot hoat dong
manh nén chung can cac repressor dé kim ham murc d6 biéu hién cua gen.

Trong_ hau hét cac sinh vat, phan tt ADN c6 chirc ning quan trong nhat 1a luu trir thong
tin di truyén con cic phan tir ARN dam nhiém nhiéu nhiém vy khac nhau trong té bao. SO
lvong ARNm mang ma di truyén dé tong hop protein chiém ty 18 rat it so v6i tat ca cac loai
ARN khac c6 mit trong té bao (Hinh 2.1).

Nhiing phan tr ARN chi dugc phién ma nhung khong dich ma (khong dung 1am khudn
dé téng hop protein) dugc goi chung 1a ARN khong mang mi (non coding ARNs). Thuc cht
day la nhimg phén tir ARN khong chtra cac ma bé ba twong ung cho acid amin. Tuy nhién,
thong tin di truyén trén nhiing phan tir nay can thiét cho rat nhiéu phan tmg chirc nang cua té
bao. Chung tham gia tryc tiép vao qua trinh tai ban ADN (0 telomere), lam thay dbi trinh tu
nucleotide, thay ddi vi tri cac doan ADN trén nhiém séc thé ciing nhu thiét 1ap cau trac khong
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gian cua ADN ¢ cac vung di nhiém séc (heterochromatin formation). Do d6, ARN tac dong
tryc tiép dén phan tor ADN mang ma di truyén. Ngoai ra, ARN tham gia cac co che klem soat
qua trinh phién mi (nhu bit ddu sy phién ma), kiém soat sau phién ma nhu cit ndi intron-
exon (splicing), doc sta ARNm (RNA editing), phan cit ARNm (posttranscriptional gene
silencing), kim ham hoat dong ctia cac gen nhdy (transposon silencing) vv...

ARN téng s
(100%:)
AR o cho AFMN Ehéng md cho
protein (2-5%) protein (98-95%)

N 1 1

P\;RNm BB tién BRIt tien
tifn thin thin thin AFMsno ARMtm
L J v
l l l ARHNen LERMac
ARMNm ARNr ARt
Hinh 2.1:

Céc loai ARNs cé mét trong té bao sinh vat. ARNsn (small nuclear RNA): ARN
kich thwé'c nhé trong nhan. ARNsno (small nucleolar RNA): ARN kich thwéc nhé
trong hach nhan. ARNsc (small cytoplasmic RNA): ARN kich thwéc nhé trong té
bao chat. ARNtm (transfer-messenger RNA): ARN twong tw ARNt c6 kha néng
twong tac véi ARNm (theo Brown, 2001).

Diéu dic biét can luu v ddi véi cac loai ARN c6 mat trong té bao (dugc goi chung la
ARN tong sd) 1a chiing thay doi vé s6 lugng va chung loai tuy thudc vao su biét hoa va trang
thai cua té bao. Su tong hop cic ARN méi ludn xdy ra cung voi sy phan huy cac ARN ci.
Tuy nhién, so lugng cua tung loai ARN cling nhu s6 loai phan tor ARN tao ra thuong khong
gidng véi s6 luong va s loai ARN bi phan huy. Diéu nay thé hién rat 15 v6i cac loai ARNm.
Trong qua trinh té bao phat trién, biét hoa hodc tra 10 cac tin hiéu tir bén ngoai, mot s6 gen cd
thé duoc bat mo trong khi mot s6 khac bi bat hoat; mot sb gen co thé tang muc do phién ma
trong khi cac gen khac giam. Tap hop tit ca cac phan tt ARNm c6 mit trong té bao dugc goi
chung 14 transcriptome. Transcriptome s& qui dinh céc loai protein can cé trong té bao. Tap
hop tat ca cac protein s& dugc goi chung 1a proteome. Nhu vay, transcriptome s& thay do6i
trong qua trinh té bao sinh trudng va biét hod, trong cic phan (mg ma té bao tra 16i tin hidu
khac nhau tir bén ngoai. Su thay ddi cta transcriptome s& twong tmg véi thay dbi cia
proteome. Du bién d6i mot cach lién tuc, nhung khong bao gid transcriptome chi gdm céc
phan tr ARNm moi. Trong phan bao, té bao con déu nhan mot phan transcriptome tir té bao
me ngay khi cac ARNm d6 chua can sir dung dé dich ma. Vi du, trong bao tir vi khuan hozc
trong té bao trung, trong cac hat thuc vat déu chtra transcriptome & dang du trir chua duoc
dich ma sang proteome. Khi trimg thu tinh, khi hat ndy mam... transcriptome s& duoc giai ma
thanh proteome tuong ing.

Phan ung téng hop ARNm dugc thuc hién nhd enzym ARN polymerase dya trén
khuén mau 14 soi don ADN. S¢i don dung lam khuén dé tong hop ARNm duoc goi 1a soi
khuoén (template strand). Trinh tu nucleotide trén sgi ADN don bd sung véi soi khudn
glong hét phan tr ARNm. Soi d6 duoc goi 13 soi mang ma di truyén (coding strand). Phan
g tong hop ARNm c6 thé chia lam 4 giai doan nhu sau:
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1. Nhén biét khuén mau: Cac phirc protein can thiét khoi dong qué trinh tong hop
ARNm ciia mdt gen s& bam vao nhimg trinh tu dic biét (co thé phan b phia trudc
hodc phia sau, hoac ngay trong gen) va enzym ARN polymerase bam vao promoter.
Soi kép ADN mo xo4n tai vi tri promoter, giai phong soi khuén ¢ dang tu do.

2. ARN polymerase bat dau phan ung tong hop ARN. Pau tién, enzym tong hop céc
soi ARN rat ngin chi khoang 2-9 ribonucleotide. Sau d6, enzym moi téng hop phan
tor ARNm. Céc ribonucleotide ctia soi ARNm tao lién két bd sung véi soi khuon.

3. ARN polymerase chuyén dong doc theo phan tir ADN va sgi ARNm dai dan do cac
nucleotide dugc thém vao dau 3' ciia soi ARN. Lién két ADN/ARN xay ra tai ving
ADN mé xodan. Khi ARN polymerase chuyén dong qua, lién két d6 bi pha v&; hai
soi don ADN phuc hoi thanh dang kép, soi ARNm tach ra dudi dang soi don.

4.  ARN polyn}erase cung vai protein phu trg nhian biét duoc vi tri dic hiéu dé két thuc
phan tng tong hgp ARN. ARN polymerase tach ra khoi sgi ADN; s¢i ARN tach ra
khoi phttc enzym va ADN khudn.

2.1 Kiém soat hoat dong cua gen khi phién ma

Trong té bao prokaryot, chi c6 mot loai ARN polymerase xtic tac cho phan tmg tong hop
cac loai ARNr, ARNt vi ARNm. Mot té bao E.coli ¢ khoang 7000 phan tir ARN
polymerase, trong dé khoéng 2000 dén 5000 phén tor luon & trang thai hoat dong. Phén tur
ARN polymerase cta té bao prokaryot gom hai phan phan 161 tetramere (o2B') va yeu t6 G.
Céu trac 15i khong thay doi nhu:ng c¢6 nhiéu loai yéu t6 . Phan 15i c6 kha ning tong hop
ARN trén moi khuén ADN, con yéu t6 o cho phép phan tng x4y ra chinh x4c tai promoter. O
vi khuan, mot sb gen nhu cac gen ma cho ARN ribosome (ARNr), ARN vén chuyen (ARNY),
protein tao b may ribosome, cac enzym ARN va ADN polymerase thuong hoat dong lién tuc
(constitutive expression). Ching duoc goi la cac gen “housekeeping” (tam dich la gen quan
gia). Hau hét cic gen ma cho protein trong té bao prokaryot c6 kha nang dap mg rat nhanh
nhimg tac dong thay doi ctia méi truong bén ngoai. Hoat dong ctia mot gen thudng duoc kiém
soat & 5 muc do ké tiép nhau: phién ma tao ARNm, bién d6i phan tr ARNm (thay d6i ciu
tric, thay doi nucleotide....), thoi gian ton tai cia ARNm, dich mé va cudi cing 1a bién d6i sau
dich ma (bién ddi cdu trac phén tir protein dé chuyén tor dang khong hoat tinh sang c6 hoat
tinh). Tuy nhién, ¢ prokaryot, kiém soat ¢ giai doan dau tién (giai doan phién ma) gitr vai tro
chu yéu dbi v6i hoat dong cua gen.

Té bao prokaryot khong c¢6 nhén, do do phan tir ARNm vira dugc phién ma trén khudn
ADN vira dugc sir dung dé dich ma tong hop protein. Nhu vdy, ca hai qua trinh phién ma va
dich m3 xay ra dong thoi. Pay 1a diéu khac biét véi té bao eukaryot, & d6 ARNm dugc tong
hop trong nhén, trai qua cac bién ddi, duoc van chuyén ra ngoai té bao chat ¢é dung lam
khuon tong hop protein.

Nhu da trinh bay trong chuong 1, cau trac ctia mot gen gom hai phan chinh: phan mang
cac ma di truyén va phan chira cac nucleotlde lién quan dén chtrc ning diéu khién phién ma di
truyén sang soi ARN. Vi tri nucleotide du tién phién ma sang ARN duogc ky hiéu 1a +1. Vi
qui dinh nay, cac nucleotide nam trong phan diéu khién (¢ ving 5° phia trudc vi tri +1) s&
duoc ky hiéu 1a vi tri (-).

Promoter ciia cac gen vi khudn ma cho protein thudng bao gém cac nucleotide & vi tri -10
va -35. ARN polymerase nhan biét va tuong tac vdi vi tri -35, sau do vi tri -10 bi mé xoan dé
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bt dau phién ma. Két qua nghién ciru trinh ty nucleotide cuia hon 100 promoter ¢ vi khuan
cho phép xac dinh dugc tinh bdo toan ctia doan nucleotide tai vi tri -10 va -35 nhu sau: (Cdc
chir so chi % xudt hién cua base trong promoter)

Vitri -10: Tgo Ags Tas Ago Aso Tos

Vitri -35: Tgo Tss Grg Ags Csa Ass

Soilép ADN dwoc dinh diu phong xa P2 &
mit diu elia mit sei don

& L
P

=20 -30

Ehéng cd AR polymerase — T Ca 4B polymerase

“\-._‘_\_\‘ ‘__-"'-f
Xit 1§ véri tac nhin hoa hoe bé giy
ADN tai céc vi tri A
g0 [— 20 [—
30
A B

Hinh 2.2:

Thi nghiém “footprint" cho phép phat hién vj tri bam ctia ARN polymerase

trén moét doan ADN. SQ sanh hai két qua dién di cho thay enzym bam vao

vi tri -30 nén khong xuat hién vach -30 & (B).

Diéu nén luu ¥ la mot sO gen khong co céu tric promoter dién hinh hodc qua trinh phién

mi doi hoi mot sd protein khac tham gia cing ARN polymerase. Ngoai ra, cac gen hoat dong
¢ nhiing diéu kién khac nhau doi hoi ARN polymerase lién két v6i cac yéu té khac nhau. Vi
du, té bao vi khuan chi c6 mot loai ARN polymerase phlen ma cho cac gen khac nhau. Khi
nhiét d6 méi trudong ting cao, ARN polymerase ctia vi khuan s& chi lién két véi yéu t6 osq de
nhan biét promoter ctia cic gen hoat dong khi nhiét do tang bét thuong (cac gen chiu sdc
nhiét). Té bao eukaryot c6 nhiéu loai ARN polymerase, trong d6 ARN polymerase III nhan
biét promoter ctia gen ma cho cic phan tir ARN van chuyén (ARNt) va phan tir 55 ARN
ribosome (ARNr). Promoter ctia nhitng gen nay nam phia sau vi tri +1 (tirc 12 ndm trong phan
mang ma di truyén).

Vi tri promoter nam trén mot doan ADN c6 thé xac dinh b?mg thuc nghiém thong qua
phuong phép "footprints" (tam dich 14 in diu van) dua vao nguyén tic: ARN polymerase bam
vao promoter va bdo vé no khoi tac dung phan hiy ctia DNase hodc céc tdc nhan hoa hoc.
Trong phuong phép ndy, dau tién ADN duoc xir Iy v6i tac nhan hoa hoc hodc voi DNase, sau
d6 dugc dién di trén gen acrylamide. Ving promoter dugc bao vé sé& xuat hién nhu khoang
tréng (footprints) (Hinh 2.2).

2.1.1 Kiém soat khéi diu phién ma

Céc gen vi khudn thudng tap hop thanh nhém va duoc didu khién boi mot promoter. Cau
tric ndy goi 1a operon. Nhu vay, phién mi trén cac gen nam trong mot operon duoc kiém tra,
diéu khién dong bo theo nguyén tic: hodc 1a khong c6 gen nao hodc 1a tit ca cac gen cing
dugc phién ma sang ARNm. Phan tt ARNm phién ma tir mdt operon dugc goi la ARNm -
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polycistronic. Tuy nhién, théng tin di truyén ctia mdi gen niam trén phan ttr ARNm -
polymstromc dugc dich ma mot cach hoan toan doc 1ap. Phan tr ARNm - polycistronic mang
cac vi tri dé ribosome bam vao va tach ra twong Gng voi timg gen nam trong operon. Toc do
tong hop cac protein trén mot phan tr ARNm polycistronic hoan toan khac nhau. Nhu thé,
mac du cung duge phién méd nhung san pham protein cta ting gen nam trong mdt operon
dugc tong hop mot cach doc 1ap véi sd luong khac nhau va tai thoi diém khéac nhau.

Qua trinh khoi dau phién ma trong té bao prokaryot thuong dugc kiém soat chil yéu boi
hai co ché khac nhau: co ché tiéu cuc va co ché tich cuc. Trong co che thir nhit, hoat dong
ctia gen bi kim ham do protein wrc ché tuong tac véi vi tri ddc hiéu nam gan promoter. Vi tri
nay dugc goi 1a operator (vi tri irc ché). Khi repressor bam vao operator, ARN polymerase
cling nhu cic protein hoat hoa khac khong thé dich chuyén hodc tuong tic voi soi ADN
khuén. Do d6 qua trinh phién mi tong hop ARNm bi kim ham, sé luong phan tt ARNm bj
giam. Nguoc voi co ché tidu cuc, hoat dong ctia gen chiu sy kiém soat theo co ché tich cuc
chi bat dau khi c6 mat cua protein hoat hod. Chung tuong tac véi cac vi tri ddc hi€u & viung
ADN diéu khién khién cho cdu trac ADN tai promoter thay d6i. Nhd d6 ARN polymerase dé
dang nhan biét duoc céac vi tri can thiét dé khoi dong qué trinh tong hop ARNm.

2.1.1.1 Co ché kiém soat tiéu cuc

Operon lac & E.coli 1a operon dau tién dugc phat hién va nghién ctru kha chi tiét tir nim
1961 boi Jacob va Monod. Hoat dong ctia operon nay dugc kiém soét theo co ché tiéu cuc.
Operon lac gdbm 3 gen cau trac: lacZ, lacY va lacA. San phiam cia cac gen nay giup té bao
tiép nhan va chuyén hoa p-galactosides. Gen lacY mé cho enzym 1am nhiém vu van chuyén B-
galactosides vao té bao; gen lacA ma cho enzym chuyén nhom acetyl tir acetyl-CoA vao p-
galactosides va gen lacZ ma cho enzym chuyén B-galactosides thanh cac duong. Cau tric va
co ché kiém soat tiéu cuc ddi voi hoat dong cua operon /ac dugc trinh bay trén hinh 2.3.

Qua trinh phién ma trén lac operon dugc kiém soat boi protein e ché Lacl . Protein nay
1a san phdm cua gen lacl ndm canh operon lac. Gen lacl dugc goi 1a gen didu khién vi san
pham ctia nd lam nhiém vy kiém soat hoat dong ctia gen (nhom gen) khéc. Protein Lacl chi co
hoat tinh khi ton tai & dang tetramer.

Khi ton tai & dang tetramere, protein Lacl c6 2 vi tri twong tac. Vi tri tho nhét tuong tac
v6i doan nucleotide thudc ving promoter cia operon /ac. Poan nay chinh 1a operator (O). Vi
tri tht hai ¢ thé tuong tac vOi co chét B-galactosides, hodc cac chat co ciu trac hod hoc
tuong ty co chat, hoic mot sd phan tir dic biét nhu isopropyl-thiogalactoside (IPTG). Thuc
nghiém nhan thiy hoat déng cuia operon lac tang rat manh khi c6 mat cua nhimng chat c6 kha
nang twong tac v6i vi tri thir hai trén protein Lacl. Cac chét co dac tinh kich thich hoat dong
ctia cac gen duoc goi chung 13 chat cam ung. Khi khong c6 chat cam Gmg trong moi trudng,
qué trinh phién ma trén operon lac bi kim ham do protein Lacl bam vao operator. Tuy nhién
khi c¢6 mat chat cam tng, protein Lacl twong tac voi chit cam Gmg nén bi thay ddi ciu tric
khong gian. Do d6, mot khi dd twong tic v6i chit cam mg thi protein Lacl khong con kha
nang bam vao vi tri tc ché nita. Lic nay khoi dong phién ma trén operon lac khong con bi
kim ham nén s6 luong phan tir ARNm ting nhanh.
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Hinh 2.3:

CAu trtc operon lac & vi khuén E.coli. Hoat ddng clia operon lac dwoc kiém soat theo co ché
tiéu cwe. (A): Khi khong c6 chét kich thich, protein Lacl bam vao operator clia operon lac
ngdn can ARN polymerase bat dau tdng hop ARNm. (B): Khi c6 chat cam &ng xuét hién,
chat cdm trng twong tac véi Lacl 1am thay ddi cAu tric cua protein trc ché khién protein (rc
ché khéng bam dwoc vao operator. ARN polymerase bam dwoc vao ving promoter dé& téng
hop ARNm.

2.1.1.2 Kiém soat theo co ché tich cue

Hoat dong cta operon ara trong genome vi khuan lai duoc kiém soét theo co ché nguoc
v6i co ché tiéu cuc. Piéu nay thé hién & chd operon ara chi hoat dong khi c6 mit ciia protein
hoat ho4. Mot gen hodc operon hoat dong manh hon khi c6 mat ctua protein hoat hoa dugc
xem 12 chiu su kiém soat theo co' ché tich cwc. Operon ara gdm c6 3 gen: gen A mi cho
isomerase, gen B ma cho kinase va gen D ma cho epimerase (Hinh 2.4). Cic enzym niy can
thiét cho phan ung chuyén hoa arabinose thanh xylulose-5-phosphate. Khi méi trudng cé
arabinose, hoat dong cua operon ara tang manh tuong tu nhu lactose kich thich hoat dong cua
operon lac. Tuy nhién, khi xuat hién co chat arabinose, hoat dong cua operon ara con doi hoi
su ¢ mit clia protein hoat hoa AraC. AraC dugc mé béi gen araC (nam gan operon ara).
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Hinh 2.4:

Hoat ddng clia operon ara dugc diéu khién theo co ché tich cuwc béi protein hoat hoa AraC.
(A): Khi méi trrong khéng cé dudng arabinose, AraC bam vao cac vi tri O1, Oz va |4 tao lién
két gitrva Oz va |4 gay uon cong soi ADN. Operon ara bi kim ham, lwgng ARNm tao ra rat it.
(B) : Khi c6 mat arabinose, phan tir dwong nay sé twong tac voi protein hoat hoa AraC.
Phtrc chat bam vao 4 vi tri 04, Oz, liva lo. Twong tac clia phirc chéat gitra Oqva O kich thich
hoat déng clia gen araC. Ngoai ra, twong tac cia phirc chat gitva l1va I khién hoat dong
clia operon ara tang lén rat nhiéu. (theo Lodish va cs., 2000).

Khi méi trudng khong co arabinose, AraC bam vao 3 vi tri Oy, O, va Ij, ndm phia trudc
sat véi promoter cua operon ara. Hon nira, cac phan tir AraC bam vao hai vi tri O, I; ¢6 thé
tuong tac véi nhau (twong tac protein-protein) gdy udn cong soi ADN. Lic nay operon ara
khong hoat dong. Khi moi truong c6 arabinose, protein hoat hod AraC tuong tac voi phan tu
duong, do do6 bi thay doi cau hinh. Lic nay phuc chat AraC va duong bam vao 4 vi tri Oy,
0., val,. Tiep do, AraC & hai vi tri O;va O, tuong tac voi nhau lam cho hoat dong cua
gen araC tang 1én. Mét khac, phuc chat do6 khi gan vao I, va I, gay hoat hoa operon ara.
Qua trinh tong hop ARNm trén operon nay dugc khoi dong.

Diéu dang luu y 1a protein AraC tu diéu khién hoat dong ciia chinh gen tao ra né (gen
araC) bang viéc tuong tac voi cac vi tri O va O,. Khéac voi protein e ché Lacl chi co tac
dung diéu khién tiéu cuc ddi véi operon lac, protein hoat hoa AraC kiém soat hoat dong cua
ca operon ara va gen araC theo hai co ché tiy thudc vao vi tri lién két ctia né v6i ADN.
Trong khi protein AraC chi ¢6 kha ning kiém soat theo co ché tich cuc v6i gen araC thi vai
tro ctia chung ddi v6i operon ara thay doi tiry thudc vao vi tri twong tac véi ADN va tuong tac
giita chung v6i nhau. Hai co ché tiéu cyc va tich cyc xay ra hoan toan di lap nhau. Sy khac
biét gitta chung dugc mo ta trén hinh 2.5: cac gen chiu su diéu khién theo co ché tiéu cuc bi
{rc ché khi ¢6 mit cua repressor. Nguoc lai, cac gen chiu kiém soat theo co ché tich cuc chi
hoat dong khi c6 mat activator.
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Hinh 2.5:

So sanh hai co ché diéu khién tiéu cuc (A) va diéu khién tich cuc (B). Mac du tham gia kiém
soat qua trinh tong hgp ARNm theo chiéu huéng ngwoc nhau, hai co ché nay co thé hoat
doéng doc lap hodc phdi hop cung nhau dé diéu bién mic dd biéu hién ctia gen mét cach linh
dong (theo Lewin, 1993).

Céc protein trc ché ngoai viéc bam vao ADN dé ngin can ARN polymerase khoi dong
viéc phién ma, chung con c6 thé tuong tac véi nhau dé thyce thi chiic nang kim ham ¢ muc do
toi1 da hodc chung bam vao ARNm dé ngén can ribosome thuc hién viéc tong hop protein. Khi
c6 nhi€u repressor cung phoi hop hoat dong, chiing duoc goi chung 1a cac co-repressor.

Can clr vao mirc d6 hoat dong khi c6 mit cac phan tir protein diéu khién dé biét dugc gen
do dugc kich thich hodc bi kim ham. Ngoai ra tuong tac gitra cac protein diéu khién co thé
gdy dong hoac mo gen. Vi du, mét protein cam ng gay mat hoat tinh cuia protein tc ché hoic
phuc hoi hoat tinh cua protein hoat hoa déu din dén khoi dong gen. Nguoc lai, biéu hién cua
gen bi kim hidm khi cic co-repressor kich thich hoat tinh cta protein rc ché, hodc gy mat
hoat tinh protein hoat hoa. Nhiing diéu nay duoc trinh bay trén hinh 2.6.
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Hinh 2.6:

Cac co ché kiém tra hoat dong cua gen thay ddi mot cach linh hoat nhdm
&rc ché hodc hoat hoa gen. Phéi hop gitra cac co ché nay dam bao murc d6
biéu hién cla gen rét linh déng, dap (rng yéu ciu cla té bao (theo Lewin,
1993).

2.1.1.3 Kiém soat theo co ché suy giam (attenuation control)

Operon tryptophan gdm 5 gen mi cho cac enzym lién quan dén viée tong hop tryptophan.
Khi méi trudong thiéu acid amin nay, hoat dong cia operon ting gip 10 lan. Nhu vay, su c6
mat cua tryptophan trong mdi truong kim ham operon #ryptophan. Tuy nhién, tryptophan
khong phai la tac nhan gy uc ché biéu hién cua operon. Chiing giit vai trd ciia chat dong trc
ché khi tuong tac véi repressor dé ngan can hoat dong cua operon fryptophan. Nhu vay,
operon nay dugc diéu khién theo co ché tiéu cuc do chinh san phdm cudi cung cuia operon.
Co ché kiém soat dic biét nay duoc goi 13 s ché phéin hoi (feedback inhibition). Ngoai ra,
operon tryptophan con chiu su kiém soat ngay khi phién ma di bat dau theo co ché suy
giam trinh bay trén hinh 2.7.

Phan tich trinh tu nucleotide trén phan tt ARNm polycistronic cia operon tryptophan
cho thdy doan nucleotide gém 160 base nam truéc diém dich md dau tién (mi cho
Methyonine) dong vai tro diéu khién qua trinh phién ma tao ARNm trén operon tryptophan.
Doan nay dugc goi 1a doan giy suy giam "attenuator" c6 chira 4 chudi nucleotide ngan co
trinh ty tuong ddéng nhung nguoc chiéu. Do d6 4 chudi nay c6 thé lién két tao cip voi nhau,
tao cAu truc "hairpin” (goi 1a c@p toc). Tuy nhién, do mirc d twong dong khac nhau nén khi
xay ra lién két tao cip giita chiing thi tinh bén cia ting cap khac nhau. Tuy thugc vao su co
mat cua tryptophan trong méi trudng ma xay ra nhiing kiéu lién két tao cap gitra hai chudi tao
ra cac cau tric cdp toc khac nhau. Nho do, su tong hop cac enzym can thiét cho phan tng tao
ra tryptophan duoc kiém soat phtt hop v6i sy doi hoi cua té bao ddi véi loai acid amin nay.
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R L

Hinh 2.7
Céu truc bac hai cta phén tir ARNm phiém mé tir operon tryptophan. CAu tric nay gity vai tro
kiém soat phién méa suy giam khieén phan t&r ARNm khong hoan chinh (do phién méa bi ket
thuc s&m). Tuy nhién kiém soat phién mé& suy giam phu thudc vao sw co6 mat cta Tryptophan
trong moi trwdng. (A)- Khi méi trwdng thira Tryptophan. (B)- Méi trwdng thi€u Tryptophan.
(C)- Khéng ¢ sy tbng hop enzym.

Chudi nucleotide 1 trén doan suy giam "attenuator" c6 chtra cac ma di truyén cua
tryptophan (Trp). Khi méi trudng c6 nhiéu Trp, cac ARNt van chuyén Trp cho ribosome
dich ma trén chudi 1 nay d& dang tim thay Trp trong té bao. Do d6 ribosome vuot qua chudi
1 nhanh va bao trum Ién chuéi 2. Luc nay chi c6 chudi 3 va 4 lién két v6i nhau tao ciu trac
cap toc gay tin hiéu nging tong hop phan tr ARNm. Luu y rang & vi khuan qua trinh phién
mi bai ARN polymerase xay ra dong thoi véi qua trinh dich ma boi ribosome. Céu triic cap
toc trén phan tr ARNm 1a mot trong nhitng yéu cau can c6 dé ARN polymerase nhan biét vi
tri dimg qua trinh phién ma. Nguoc lai, khi méi truong thiéu Trp, cac ARNt khé tim thay
Trp, do d6 ribosome phai chd doi 1au & chudi 1. Lic nay chudi 2 ty do va lién két v6i chudi
3. Tuy nhién, cdu triic cip toc ndy con cach xa vi tri bam ciia ARN polymerase nén khong
anh huéng dén viéc tong hop ARNm. Nho d6 phan tir ARNm cua operon tryptophan duoc
tao ra mot cach tron ven.

2.1.1.4 Qua trinh di hod lién quan dén diéu khién tich cuc

Glucose 1a mot trong cac duong can thiét cho t& bao vi khuan phat trién. N6 duoc té bao
str dung truc tiép, nhanh chong va don gian nhit khong yéu cau tong hop mai bat ky enzym
nao. Khi glucose cuing vdi mot s6 dudong khac nhu lactose, arabinose ciing c6 mit trong moi
truong, t& bao chi str dung glucose va kim ham hoat dong cta cac operon lién quan dén
chuyén hoa cic loai duong khac. Hién tugng nay dugc goi 1a trc ché qua trinh di hoa
(catabolite repression).

Céc nha hoa hoc phat hién rang khi vi khuén thiéu glucose, chung s& ting cuong tong
hop nucleotide cyclic adenosine-3,5'-monophosphate (cAMP). S luong cAMP ting 1én
gidng nhu tin hiéu bao dong vé nguy co chuyén hoa. Hon nira, khi b6 sung cAMP vao moi
truong co chira glucose va cac duong khac thi hoat dong cua cac operon lién quan dén
chuyén hoa cac duong nay khong bi tc ché ma nguoc lai dugce hoat hod. Nhu vdy cAMP
dong vai tro quan trong bat md hoat dong cua mot sd gen ngay khi chung dang & trang thai
bi kim ham.

Nghién ctru cac té bao vi khuin dot bién khoéng c6 kha nang sir dung bat ctr loai dudng
nao ngoai glucose, cac nha khoa hoc phat hién rang ching khong tong hop dugc cAMP

trong diéu kién moi trudng thiéu glucose. N6i cach khéc, cac té bao nay chiu dot bién & gen
mi cho enzym tong hop cAMP (adenylate cyclase). Ngoai ra mot s t& bao khac c6 kha
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ning tong hop cAMP nhung van khéng tong hop duoc enzym can thiét dé chuyen hoa cac
loai dudng khac glucose. Nhu vdy phai ton tai mot protein tuong tac vdi cAMP dé hoat hoa
cac operon.

Thuc nghiém da phan lap dugc protein ndy va goi la protein hoat hoa qua trinh di hoa
(Catabolite Activator Protein- CAP). Trong thi nghiém tong hop ARNm invitro ddi voi
operon lac, s6 lugng ARNm tang rat nhiéu khi thém cAMP va CAP vao phan tng. Néu chi
thém mot trong hai chat d6, sé lugng ARNm chi chiém 5% so voi khi ¢6 mit ca hai. Nhu
vay ngoai viéc bi diéu khién theo co ché tiéu cuc boi protein Lacl, operon lac con chiu su
kiém soat theo co ché tich cuc nhd phitc chit cAMP-CAP. Phirc ndy tuong tac voi promoter
gy udn cong soi ADN, boc 16 vi tri bam cho ARN polymerase (Hinh 2.8).

Khoéng phai chi tham gia kiém soat hoat dong ctia operon lac, protein CAP con déng vai
tro protein hoat hoa trong qua trinh tong hop ARNm cua nhiéu operon khac, vi du nhu véi
operon ara, galactose... Nhu vay operon ara can hai protein hoat hoa khac nhau (AraC va
CAP) dé dat duge mirc d6 hoat dong cuc dai. Vi thi du vé operon ara, chung ta da théy tinh
phtic tap dan chéo nhau cua cac co ché kiém soat hoat dong ciia gen (operon).

a/ Mol metvng ob Zlucose (cAMPE it), Khing cé lactose
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Hinh 2.8:

Kiém tra hoat ddng ctia operon lac b&i hai protein Lacl va CAP.

(a) Néu méi trwong khéng cé lactose, ARNm-lac khéng dwoc tdng hop ngay khi cé hodc
khéng co6 glucose vi Lacl bam vao operator.

(b) Khi c6 lactose, Lacl khéng bam dwoc vao operator nhwng do cé glucose nén cAMP
khong dwoc tdng hop dan dén phirc chat cAMP-CAP khéng duoc tao thanh. Do d6 hoat
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déng cutia operon yéu.

(c) Khi méi trong khéng c6 glucose nhung co lactose, operon dugc hoat hoa theo ca
hai co ché, do d6 lwgng ARNm-lac dwoc tbng hop dat cuc dai (theo Alberts va cs.,
2002).

2.1.2 Kiém soat két thic phién ma

Qua trinh tong hop ARNm duoc dimg lai khi ARN polymerase gip tin hiéu két thuc
(termination signals). Tai vi tri c6 tin hiéu két thuc, lién két giira 3 yéu to (soi ADN khuon,
soi ARNm va ARN polymerase) kém bén ving. OE coli, tin hiéu nay c6 thé 1a cau trac dic
biét ctia phan tir ARN do trinh ty nucleotide nam phan cudi cia gen qui dinh.

ﬂ
ATH

et
Tao céu tris cip xtc'u: gifta hai doan
lap lai ngoe chiéu

Bioan ngin Un ndi tiép cdu tric
cdp toc lam phin tr ARMm ra
khid1 khudn.

3 "—\-—v..‘,v,,..._.. ¥
[ AR A

Hinh 2.9:

Két thac phan &ng tdng hop ARNm nhé cu tric dac biét "hairpin”. C4u trdc nay tao
ra do lién két gitra cac chubi nucleotide 18p lai nguwoc chiéu "inverted repeat" va dwoc
ndi tiép bdi chubi U. Enzym ARN polymerase bj dirng lai va roi khdi khuén tai vi tri
d&c hiéu nay. Phan t» ARNm duwoc tdng hop hoan chinh.

5

Phién ma ¢ khoang 50% cac gen vi khuén thuong két thiic & vi tri sgi khuén ADN co
doan nucleotide 1ap lai nguoc chleu giau G va C. Cac nucleotide lap lai nguoc chiéu c6 thé
lién két voi nhau theo nguyén tac bo sung tao cdu triic cip téc. Cau tric ndy lam ARN
polymerase dimg hodc chuyén dong cham (thoi gian dung khoang 60 gidy). Tuy nhién dé lam
enzym tach ra khoi khuén ADN, tiép theo ciu truc cap toc la cac nucleotide A nbi nhau lién
tiép. Lién két A-U giira ARN va ADN 1a cac lién két yéu nén cin it ning lugng dé bé giy
chung (Hinh 2.9).

Bén canh cdu trac cip toc, phién ma ctia mot sd phan tt ARNm duogc két thuc véi sy
tham gia ctia protein Rho c6 hoat tinh helicase. Protein nay gitip ARN polymerase két thuc
tong hop ARN tai vi tri chinh xac. Do d6 cac phan tir ARNm c6 kich thudc nhu nhau. Trong
truong hop nay, vi tri két thic ciing thudng chtra cau trac cip toc nhung sau d6 khong co
chudi nucleotide A. Co ché két thuc phién mi bang protein Rho dén nay con chua duoc xac
dinh mdt cach rd rang. Tuy nhién, rat ¢ thé hoat tinh helicase cua protein Rho cat dut lién
két gitta ADN/ARN khién ARN polymerase dimg tong hop ARN (Hinh 2.10).
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Hinh 2.10:
Co ché hoat déng cﬁa’protein Rho. Protein Rho nhan biét vj tri dac hiéu trén ADN va
lam ngtrng phan rng tong hop ARNm. Nh& dé, cac phan t&r ARNm déu co kich thuédc
chinh xac nhw nhau.

Tin hiéu két thiic phién ma c6 thé bi bo qua mot khi c¢é cac tin hiéu chéng két thuc
(antitermination). Luc d6, ARN polymerase tiép tuc tong hop kéo dai sgi ARNm cho dén khi
gip tin hiéu két thuc khac. Pay thuc su 1a mot hinh thirc kiém soat dé bat md (c6 phién ma)
hodc dong (khong phién ma nita) dbi voi cac gen nam phia cudi operon. Tin hiéu chdng phién
mi 14 protein (vi du nhu protein N & thyc khuan thé) c6 kha ning lién két véi ARN
polymerase, giup enzym vugt qua tin hiéu két thuc hodc ngin can hoat tinh cua protein Rho.
Hién tuong chong két thac phién mi duge nghién ctru kha chi tiét dbi voi hoat dong cua cac
gen & thuc khudn thé (L). Ngay sau khi vira xdm nhiém vao té bao vi khuan E.coli, genome
thuc khuan thé ton tai & dang vong tron. Phién ma cac gen cua phage A dugc bat dau tai hai
promoter Pp va Pr (nﬁm sat canh nhau) boi chinh ARN polymerase vi khuan. Soi ARNm
phién ma tr Pr dugc dich ma sang protein Cro can thiét dé thuc khuan thé xac dinh hinh thirc
x4m nhiém sinh tan hay tiém tan. Soi ARNm phién ma tir P dugc dich ma sang protein N.
Day la protein chong két thiic phién ma tai hai vi tri két thuc nam ngay sau gen mé cho Cro va
N. Nho d6, ARN polymerase vi khuan tiép tuc phién mi cac gen ké tiép trén genome thyc
khuan thé.

2.1.3 Cac protein diéu khién (regulatory proteins)

Céc protein diéu khién tham gia kiém soat hoat dong cua gen. Nhiing protein nay c6 thé
tuong tac voi chinh ADN hodc tuong tac véi cac enzym ARN polymerase hodc tuong tac voi
nhau. Vi viy, protein diéu khién thudng c6 nhiéu domain qui dinh chtrc ning khac nhau. Hau
hét cac protein diéu khién duoc nghién ctru ki ¢ chirc nang hoat hoa hodc trc ché qua trinh
phién ma va sau phién mi. Mot domain thuong gdm nhiéu doan peptide nam khong canh
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nhau trén soi polypeptide. Nho cdu triic khong gian cua protein ma nhimg doan nay duogc
phan bd canh nhau tao nén trung tdm qui dinh hoat tinh dac thu. Mot protein co thé c6 nhiéu
domain. Vi du, protein hoat hoa gen c6 thé c6 cac domain khac nhau, mdi domain cé vai trd
dac hiéu dam bao tuong tac vdi ARN polymerase, véi ADN, hodc véi cac protein khac.

Ngoai ra, mot sb protein diéu khién duoc tong hop dudi dang khong hoat dong. Vi du,
khi t& bao vi khudn moc trén méi trudng thiéu nito, cac operon ntr (nitrogen-regulated
operons) duoc kich thich dé tong hop khoang 20-25 proteins khac nhau. Nhitng protein nay
cho phép té bao sdng duoc trong diéu kién thiéu nito. Promoter ctia cic operon ntr dugc nhan
biét boi ARN polymerasse chira yéu t6 o54. Do dé viée téng hop yéu t6 nay lién quan dén
hoat dong cua cac operon ntr. Ngoai ra ching con duoc diéu khién boi protein NRI. Protein
nay bam vao ADN nam trudc vi tri +1. Gen ma cho NR1 hoat dong lién tuc gidng nhu gen
lacl, do d6 NR1 luén c6 mat trong té bao ¢ moi thoi diém. Tuy nhién khi moi truong du nito,
NR1 ton tai & dang khong hoat dong. Khi thiéu nito, NR1 duoc hoat hoa. Qua trinh chuyén
d6i dugc mo ta trén hinh 2.11.

ATP ADP

MR 1-Pi(dang hoat ddng)

¥

ME 1-Pi ME1 (dang khung hoat ding)

Nﬁz-/};i_\m
Hinh 2.11:

Chu trinh chuyén déi gitra hai dang hoat dong va dang khdéng hoat
déng cua phan ti NR1 nher NR2 kinase va P2-phosphatase. Trong té
bao eukaryot, cac enzym kinase va phosphatase c6 vai tro rat quan
trong trong qua trinh chuyén trang thai ctia cac protein didu khién ti
dang khéng hoat dong sang dang hoat ddng va nguworc lai.

v

Dé nghién ctru tuong tac giira protein va acid nucleic, ngoai phuong phap diu van "DNA
footprint" kha pho bi€n, mot s6 ky thudt khac hay dugc st dung nhu xac dinh bang dién di
cham (gel retardation assay), test thit kha nang bao v¢€ bién d6i (modification protection
assay) ...

* Phwong phdap ""DNA footprint” cho phép xac dinh chinh x4c cac nucleotide duogc
protein bao vé che chan khoi tic dung phan huy cia ADNase (Hinh 2.12). Nho d6 khi dién di
trén gel acrylamide, cic doan ADN tuong tng véi vi tri twong tac khong xuat hién trén gel,
tao ra nhitng vét trong "footprint". Phuong phap nay twong tu nhu k¥ thuit xac dinh vi tri
tuong tac ctia ARN polymerase trén soi ADN khudn trong qua trinh tong hop ARN.
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* Phwong phdp xdc dinh bdang dién di cham (gel retardation assay) cho phép xac dinh
phuc ADN hoac ARN lién két véi protein khi so sanh tde do di dong cia ADN hodc ARN tu
do véi phitc ADN-protein hoic ARN-protein dudi tac dung cia dién truong khong doi. Do
tuong tac voi protein nén phirc chuyén dong cham (vi vay goi 1a gel retardation). Tiép sau do,
protein lién két véi ADN hoidc ARN c6 thé dugc xac dinh bang cac khang thé. Khi c6 mat
khang thé, téc do di dong cua phirc khang thé- protein-ADN cang bi cham hon. Poan
nucleotide tai vi tri twong tac cling dugc xac dinh chinh xac khi st dung cac oligonucleotide
canh tranh (competitor oligonucleotide). Néu chudi oligonucleotide canh tranh cé trinh ty bo
sung v6i cac base trén sgi ADN hodc ARN, chudi s& canh tranh véi protein trong phan ting
lién két véi ADN hay ARN. Do d6, protein khong thé lién két véi ADN hoidc ARN nita. Trén
gel khong quan sat dugc nhitng bang di dong cham (Hinh 2.13).

ADIN protein

Ty

Bang dién di twomg fmg vii phide
+  ADH-protein chuyén ddng chim

Bang dign di img véi ADN tr do
4 Lhimg lién kit wdi protein

Hinh 2.13:

Phuong phap xac dinh bang dién di chdm cho phép phan biét doan
ADN ty do va phirc ADN- protein. Khi c6 lién két v&i protein, bidng ADN
chuyé&n dong trén gel cham hon so véi bing ADN ty do khong lién két.

2.2 Kiém soat sau phién ma

2.2.1 Kim him dich mi lién quan dén ciu tric ving 5'UTR ciia phan tir ARNm
Phan tor ARNm c6 cac vung 5' khong dich ma (5 UTR — 5° (_]ngrqnslated Region) ném

phia truéc ma khoi dong (AUG) va vung 3’ khong dich ma (3° UTR) nam sau ma dimg. Dau

5' khong dich ma co thé tao cdu trac cip toc ngan can ribosome khoi dong dich ma. Ngoai ra,
phan 5> UTR c6 thé 1a vi tri tuong tac cia mot sd protein repressor. Khi d6 ribosome khong
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thé dich chuyén trén soi ARNm khién cho qué trinh dich ma bi kim ham hoan toan. RS rang
trong trudng hop nay, ARNm van dugc tong hop mot cach binh thudng nhung protein khong
duoc tao ra. Co ché diéu khién qua trinh dich ma do protein tuong tac véi dau 5' cia ARNm
dugc goi 1a "kiém soat dich ma tiéu cuc" (negative translational control).

O té bao eukaryot, kiém soat dich ma tiéu cuc duoc phat hi¢n d6i voi phan g tong hop
ferritin - protein 1am nhiém vu tao phuc voi cac nguyén tir sat. Khi méi trudng khong c6 sit,
cac phén tir ARNm ferritin bi aconitase (protein repressor) bam vao dau 5', do do khong co
protein ferritin dugc téng hop trong té bao. Khi co sit trong moi truO’ng, aconitase lién két vi
st va roi khoi ARNm ferritin. Lic nay ferritin duoc tong hop véi s6 lugng 16n gap 100 1an so
v6i lic ban dau.

2.2.2 Do dai ciia dudi polyA anh hwéng téi do bén virng ciia phan tir ARNm
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Hinh 2.14:

D0 dai dudi polyA anh hudng dén do bén virng va qua trinh dich mé trén phan to
ARNmM. Budi polyA cé thé dwgc thém vao hodc cat ngan di, nhwng d6 dai cta no
khéng duoc it hon 30 nucleotide A.

Phan tng gin dudi polyA (~200 nucleotide A) vao cac phan tor ARNm eukaryot xay ra
trong nhan té bao. Mot khi di chuyén ra ngoai té bao chat, du6i nay bi cit ngan dan. Tuy
nhién trong thuc té, khong phat hién dugc dudi polyA nao ngin hon 30 nucleotide A. Do d6
dudi polyA ngin nhat dé phan tir ARNm khong bi phan hay c6 thé 1a 30 nucleotide A. Pic
biét, d& dam bao d6 bén vimg cua dudi, cac nucleotide A con duoc thém vao. Noi cach khac,
viéc thay d6i do dai dudi polyA dugc kiém tra rat chat ché (Hinh 2.14).

2.2.3 Do bén ving ciia ARNm

Trong té bao vi khuan, cac phan tir ARNm thudng bi phan hity rat nhanh. Thoi gian ban
huy cua chung thay doi tir 3-5 phut ngay khi c¢6 hodc khong c6 cac chat cam tng trong moi
truong. Do do6 khi té bao vi khuan moc va phan chia trong khoang thoi gian 20-30 phut, cac
ARNm can dugc tai tao moi 5-10 lan trong mdi 1an phan chia. Khi t& bao yéu cau mot s6
enzym, ARNm can thiét dé tong hop cac enzym d6 dugc phién ma nhanh chong. Khi té bao
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khoéng con nhu ciu, qua trinh phién ma dirng rit nhanh va cac phan tr ARNm lap tirc bi phan
huy.

Enzym nuclease chiu trach nhiém phan hity ARNm dén nay van chua dugc xac dinh o
rang. Di véi mot s6 ARNm polycistronic ciia cac operon nhu lac hoic trp, chiing bi phéan cit
boi endonuclease tao ra cac monocistronic twong Umg voi timg gen trong operon. Khoang
cach gitra cac monocistronic khong chira ma di truyén, do d6 khong dwoc che chin bai
ribosome nén chiing dé bj cit boi endonuclease.

Cac ARNm prokaryot dugc tong hop cing nhu bi phan huy rat nhanh, do d6 vi khuan cé
thé thich tng nhanh nhay véi nhiing thay doi cia mdi truong. Nguoc lai, cac ARNm eukaryot
kha bén vitng. Vi du ARNm mia cho B-globin c6 thdi gian ban hiy khoang hon 10h. Tuy
nhién ciing c6 nhiing loai ARNm ¢6 thoi gian ban huy chi 30 phat hodc it hon. Thuong do 1a
nhimg ARNm ma cho céc protein 1am nhiém vu diéu khién hoat dong cua gen.

Céc phan tt ARNm eukaryot kém bén do chung mang céc doan nucleotide dac biét tai
dau 3' kich thich sy phan hay ARNm. Thuc nghiém cho thiy khi doan nucleotide giau A va U
& vung 3' khong dich mi cia phin tr ARNm kém bén dugc ghép vao mot s ARNm bén
vitng khac, thi nhitng phan ttr ndy tré nén kém bén do dudi polyA bi cit ngan nhanh. Nhu vy
doan nucleotide giau AU kich thich sy phan huy ARNm thong qua viéc giam do dai dudi
polyA. Ngoai ra, mot s6 ARNm co chira vi tri ddc hiéu & dau 3' dugc nhan biét boi
endonuclease.

2.2.4 ARN anti-sense

Thong thuong, cac protein gitr vai tro chu dao kiém soat qua trinh phién mé cting nhu
dich md. Tuy nhi€n hoat dong cua mot s6 gen lai duoc diéu khién bai cac ARNs. Ciing glong
nhu cac protein diéu khién, cic ARNs lam nhiém vu kiém soat hoat dong ciia gen dugc tong
hop mét cach doc 1ap va tuong tac voi cac vi tri déc hi¢u (cac doan nucleotide). Xét truong
hop cu thé vé vai tro diéu khién sau phién ma cua ARNs do6i Vo1 viée téng hop protein OmpF
& té bao vi khuan E.coli. Protein OmpF nam phia ngoai mang té bao lam nhiém vu nhén biét
nhing thay doi vé ap suit tham thau trong méi truong. Khi ap suét ting thi gen diéu khién
micF hoat dong manh hon. San pham cua gen micF 1a phan tit ARN 174 bases, c¢6 thé tao cip
theo nguyén tic bd sung voi vi tri nhan biét cta ribosome trén phan tir ARNm cuia gen ompF.
Nhu vay phan tir ARNm ctia micF 1am nhiém vu ngin can viéc tong hop protein OmpF. Cac
phan tir ARN c6 chirc nang tuong tu micF dugc goi la ARN-antisense (Hinh 2.15).

— misF ompF ——

5,—.’3’ 3 - 5°
LBENm-micF LRNwm-ompF
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Hinh 2.15:

Phan t&¢ ARN-antisense-micF kiém soat dich ma cia phan to
ARNm -ompF. Phan t& dap ARN/ARN tao thanh khién ribosome
khong tdng hop dwoc protein OmpF.
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2.2.5 Phan ung doc sira ARNm - "RNA editing"

Phan tmg doc sira ARNm 1am thay ddi trinh tu nucleotide ctia phan tit ARNm. Phan tng
nay xdy ra trong té bao chat. Cac nucleotide ctia mot s6 phan tir ARNm bj loai bo hodc bi thay
thé, mot s6 nucleotide khac duoc thém vao. Nhu vay trinh t nucleotide trén phan tir ARNm
khac voi gen (ADN) ma tir d6 phén tir ARNm dugc phién ma. Phan ing nay duoc phat hién
dau tién d6i voi ARNm ma cho protein ¢ ty thé cia trypanosome. Cac phan tir ARNm nay
mang thém mot vai nucleotide U khac voi trinh ty trén gen ADN.

Céc nghién ciru tiép theo cho thiy phan tir ARNm trong ty thé ciia té bao thuc vat hau
nhu déu trai qua phan ung "RNA editing". Tuy nhién d6i voi cic ARNm nay, chi cé su thay
thé nucleotide C b?mg U ma khong c¢6 hién tuong thém vao hodc loai bo cac nucleotide khac.
Trinh ty céc acid amin & protein c6 thé thay ddi dén 10% hodc hon nita so v6i protein dugc
ma bdi phan tt ARNm chua trai qua phan tng nay.

—
E— gen apo-5 (4563 hp) —
lPhién d sang ARHm
C 37
ABMm
RMNA editing / *}1 mi
(i)
T Protein 512 K Dial
5 > 3 { cd frong gan va rudl)

ARMm w mi
Protein 250 KDal

fehi cd frong rudf)

Hinh 2.16: ‘ )
Thay dbi théng tin di truyen trén phan t&r ARNm cua gen apo-B béi co che
"ARN editing". Chiéu dai phéan t&r ARNm khong ddi nhwng nucleotide U
thay thé C tao ra mot ma dirng téng hop protein.

O dong vat, cac phan tirt ARNm it trai qua phan Gmg "RNA editing". Truong hop dau tién
dugc phat hién doi voi gen apolipoprotein B (apo-B) dai 4503 bp, 1a gen don ban trong
genome nguoi (Hinh 2.16). Tur gen nay hai loai phan tt ARNm dugc tong hop. Chung chi
khac nhau boi mot nucleotide C bi thay thé boi U. Do d6 lam xuét higén mot ma ding phén
ung tong hop protein. Protein ngan tuong tmg véi loai ARNm nay c6 trong luong phan tir 250
KDal va chi ton tai ¢ trong rudt. Phan tr protein 512 KDal tuong trng véi ARNm khong bi
doc sura ton tai ¢ ca gan va rudt.

Phan tmg "RNA editing" dugc thuc hién nho cac phan tir ARN dai khoang 40 - 80 base.
Cac ARN nay goi la ARN phu tro, ky hi¢u 1a ARNg (guide RNA). Chung dugc tong hop doc
1ap v6i nhau. Pau 5' cta ching c6 thé tao lién ket v6i ARNm can sira d6i, con dau 3' mang
dudi polyU. Cac nucleotide U dugc chuyén tryc tiép tir dudi nay sang ARNm. Qua trinh doc
sira dién ra tir ddu 3' va tiép tuc vé dau 5' cia ARNm. C6 thé c6 nhiéu ARNg tham gia sira d6i
mot phan tr ARNm.
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2.3  Kiém soat ¢ giai doan dich ma va sau dich ma

Két qua nghién ctru hoat dong ctia operon lac va operon ara duoc xem la nhiing thi du
kinh dién cho cach thirc kiém soat tiéu cyc va tich cuc ¢ giai doan phién ma. Ngoai ra, qua
trinh phién ma cua cac gen & genome thuc khudn thé Lamda sau khi xAm nhiém vao té bao
E.coli i minh hoa rd rang cho sy phdi hop giita hai co ché kiém soat tiéu cuc va tich cuc
cung voi mot s6 co ché khac nhu tu diéu khién, kiém soét phan hdi tiéu cuc... D6i véi té bao
prokaryot, cac phan tir ARNm polycistronic thuong mang thong tin di truyén cua nhidu gen.
Céc gen trén cung mdt operon dugc phién ma dong thoi. Tuy nhién san pham cia cac gen nay
khong duoc tong hop véi sb lwong nhu nhau. Vi du, khi moc trén méi truong chi chira
lactose, mot t& bao E.coli c6 khoang 3000 phan tir P-galactosidase, 1500 phan tr f-
galactoside permease va 600 phén tir 3-galactoside transacetylase. Nhu vay operon lac chira 3
gen va san pham cua timg gen 1a khac nhau, mic du chi c6 mot loai ARNm duoc téng hop.
R rang rang, qua trinh dich ma trén phan tir ARNm polycistronic dugc kiém soat chit ché.

Qua trinh tong hop cac protein ribosome & E.coli dugc xem 13 thi dy minh hoa rd rang
cho co ché kiém soat sau phién ma (Hinh 2.17). Ribosome E.coli gdm 3 phan tir ARNr va 52
chudi polypeptide. Chiing duoc tao ra mot cach dong b véi nhau, khong cé sy thiéu hay thira
bat ctr thanh phan ndo nhim tranh ling phi ning lwong. Hau hét cac gen ma cho protein
ribosome nam thanh nhém trong cdu tric operon. Vi du, operon chtra gen mé cho protein S10
(protein s6 10 trong tiéu don vi nho ribosome) gdbm 11 gen, tit ca cing mi cho protein
ribosome.

Trong s6 d6, gen rplD ma cho protein L4 & tiéu don vi 16n ribosome 1am nhiém vu kiém
soat tiéu cuc qud trinh dich ma trén ARNm polycistronic cua operon. Binh thuong, khi co
ARNr ty do trong té bao, L4 twong tic voi ARNr tham gia hinh thanh ribosome. Tuy nhién
khi vang mit ARNr, L4 tuong tac voi dau 5' cia ARNm polycistronic va ngin can phan (mg
tong hop protein.

Ngin can qua trinh dich ma bdi mot trong s6 cac protein c6 ma di truyén trén phan tir
ARNm polycistronic xay ra kha pho bién ¢ té bao prokaryot. Co ché nay dugc goi la diéu
khién tiéu cuc phan hdi (negative autogenous regulation) hodc ty diéu khién tidu cuc
(negative self-regulation). Khi san pham cua gen thudc cac thanh phan ciu tric ¢ bao quan,
co ché tu diéu khién thuong xay ra boi cac phén tir dang don phan (monomer) c6 mat tu do
trong té bao.
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a. Hoat dimg ciia operon ndi cho S10 & & coli khicé ARNT twdo trong & hio
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h. Protein L4 ngin can dich mé khi khing cé ARNT o do trong ié hao
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Hinh 2.17:

CAu tric va kiém soat dich ma trén operon ma cho protein S10 & E.coli. Operon nay
gdm c6 11 gen ma cho cac protein ribosome. Protein L4 clia operon lam nhiém vy
kiém soat dich ma trén phan t&r ARNm polycistronic. Khi t& bao c6 ARNr tw do, 11
protein dwoc tdng hop ddng bd dam bao cho qua trinh hinh thanh ribosome. Tuy
nhién, khi thiéu vang ARNr, L4 twong tac véi dau 5' cia ARNm, ngan can khéng cho
qua trinh dich ma xay ra (theo Lodish va cs., 2000).

Hoat dong cua mot s6 gen ma cho cac enzym lién quan dén mdt chu trinh chuyén hoa
sinh tong hop trong té bao thuong duoc kiém soat boi san pham cubi cung. Mot khi san pham
cudi cing dugc cung cap diy du thi chung thudng quay lai e ché hoat dong ctia cac gen ma
cho cac protein hoat dong trudc trong chu trinh do. Pay chinh la su kim ham phan h01
(feedback inhibition). Nho' do, san pham cubi cung ludn duoc duy tri & ndéng do t6i wu ma té
bao yéu cau. Trong co ché kiém soat nay, san pham cudi cing thudng c6 kha ning tuwong tac
vGi cac san pham hoat dong trude nd. Nhu vay, san pham trung gian (thuong la cac enzym)
c6 chira dong thoi hai vi tri lién két vOi co chét va voi san pham cudi. Tuong tac voi san pham
cudi khién cho enzym bi bién ddi cAu hinh, do d6 ai luc lién két cua enzym voi co chét bi
giam. Nhu vdy mic du san pham trung gian duoc téng hop, nhung ching khong thuc hién
dugc chuc nang cia minh.

Bén canh trc ché phan hdi, hoat dong ctia mat ) gen ma cho enzym duoc kiém soat theo
con dudng hoat hoa phan hoi (feedback activation). Cau triic ctia cac enzym thyc hién chirc
nang ndy thudng c6 cac vi tri trong tac voi vai co chat hodc mot sd phan tir trong luong nho.
Ngoai ra, mdt enzym con cé thé tham gia ca hai co ché diéu khién wc ché va hoat hoa phan
hoi. Vi dy, enzym glutamine synthetase xtc tic cho phan tng cudi cliing trong qua trinh sinh
tong hop acid amin glutamine. Enzym nay c6 cdu trac da phan (multimer) lién quan dén ca
hai co ché kiém soét sau dich ma ctia 16 san phdm trung gian trong qué trinh tong hop acid
amin glutamine & ca t& bao nhan so va té bao nhan chuan. Glutamine synthetase thuc hién
chuc ning diéu khién thong qua viéc bién doi cau hinh khong gian ciia cac san pham khién
chung khong c6 hoat tinh.

Trong té bao prokaryot, qua trinh phién mé, dich ma va phan hiy ARNm thuong bat dau
ngay khi ARNm chua dugc tong hop xong. Nhu vy, tai bat ky thoi diém nao, mdi phan tir
ARNm c¢6 thé chiu su kiém soat ctia ca 3 qua trinh trén. Ca 3 qu4 trinh c6 thé xay ra mot cach
déng thoi trén mat phan tr ARNm. Dac biét tde do di chuyén cua ribosome ciing nhu mirc d
phén hiy x4y ra & nhiing vung dac bi¢t cia ARNm la khac nhau ngay trén mét phan tir
ARNm polycistronic. Ngoai ra, phan tr ARNtm (transfer-messenger RNA) tuong tac voi
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ARNm c¢6 kha nang danh ddu cac protein bi téng hop sai bang viéc gin doan peptide ngin
vao cac phan tur nay dé sau do chiing bi phan huy.

2.4  Bién doi phan tir ARNm trong té bao eukaryot

Trong té bao eukaryot, qua trinh phién mi phu thudc vao timg loai promoter ciing nhu
timg loai enzym ARN polymerase. Cac ARNr dugc tong hop nhd ARN polymerase I, ARNm
duoc tong hop béi ARN polymerase II va cac ARNt va 5S ARNr dugc phién ma nhd ARN
polymerase III. Promoter cho cac ARN polymerase I va II thudng nam trude ving chira ma di
truyén trong khi mot sé promoter cho ARN polymerase III nim phia sau diém bit dau phién
ma (te 1a promoter cia ARN polymerase Il nam ngay trong vung chira ma di truyén). Cing
voi cac ARN polymerase, phan tng tong hop ARN trong té bao eukaryot chi thyc hién dugc
khi ¢ sy tham gia ctia nhiéu protein khéc. Chung tao thuan loi dé enzym khoi dong phién ma
tai promoter cta cic gen eukaryot. Pay 1a diéu khac biét giita qua trinh phién ma & té bao
prokaryot va eukaryot. Promoter & prokaryot thuong kim ham boi protein trc ché, vi thé
ching dugc xem la promoter manh. Nguoc lai, promoter ¢ eukaryot thuong doi héi phai co
cac protein hoat hoa; chiing dugc xem 1a promoter yéu.

+1 LDH
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Hinh 2.18:

Ky thuat xac dinh vj tri +1 s dung S1 nuclease. Doan
ADN chtra vi tri +1 dwogc lai v&i phan t&r ARNm. Phan t&
lai dang kép nay dwoc xt ly voi S1 nuclease dé phan hay
phan nucleotide khong lai. Sau do6, phén t&r lai dwgc dién
di cung vo&i mau xac dinh trinh tw cta doan ADN ban dau.
Trén Hinh 2.12 cho thay nucleotide A chinh la vi tri dau
tién dwoc phién ma sang phan t&r ARNm.

Dé xéac dinh vi tri +1, trc 14 nucleotide dau tién dwoc phién md sang phan tir ARNm,
ching ta c6 thé ap dung k¥ thuat "S1 nuclease mapping" (xac dinh vi tri +1 boi S1 nuclease).
Pau tién, doan ADN (sang loc tr genome) c¢6 chtra phan 5' cua gen dugce lai voi ARNm cua
chinh gen d6. Ti€p theo, phan nucleotide ADN hoac ARNm khong lai véi nhau ma & dang soi
don s€ bi phan huy bdi S1 nuclease. Chi c6 phan tir lai dang kép dugc dién di trén gel
acrylamide cung véi phan ung xac dinh trinh ty ctia chinh doan ADN ban dau. Nho do, vi tri
nucleotide dau tién +1 dugc xac dinh chinh xac (Hinh 2.18).

Qua trinh tong hop ARNm eukaryot xay ra nho ARN polymerase II. Tuy nhién enzym

nay khong ty bt dau phan tmg ma doi hoi sy phdi hop ciia nhiéu yéu t6 phién ma. Nho tuong
tac vd1 ARN polymerase 11 hodc véi ADN & promoter hay & céac vi tri khac ngoai promoter,
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cac yéu td nay giup enzym nhan biét dé dang céac vi tri bao toan trén promoter dé bit dau qua
trinh phién ma.

Cho dén nay vi tri dimg chinh xac qua trinh tong hop ARNm trong té bao eukaryot van
chua dugc xac dinh. Tuy nhién véi hau hét cac gen mi cho protein, phan tng dugc dimg lai
sau khi ARN polymerase II vuot qua vi tri dac bi€t AATAAA (goi la vi tri polyA) khoang 0,5
dén 2 kb. Trong thi nghiém invitro, viéc loai bo vi tri polyA hodc gay cac dot bién tai d6 déu
khién cho phan tr ARNm duoc tong hop rat dai do enzym khong xac dinh duoc vi tri ding.
Co ché kiém soat dimg tong hop ARNm khi ARN polymerase II di qua vi tri polyA van chua
sang to. Nhitng két qua thyc nghiém budc dau cho thdy day 1a vi tri lién két cua phirc gom
protein CPSF (Cleavage and Polyadenylation Specificity Factor) va protein CstF (Cleavage
Stimulation Factor). Phan COOH cua tiéu don vi 16n nhat ciia ARN polymerase II can thiét
cho viéc thém dudi polyA. Do d6, viéc két thuc phién mi va thém dudi c6 thé xdy ra dong
thoi trong nhan té bao eukaryot (Hinh 2.19).

Sau khi duoc phién ma, phan tir tién thin ARNm eukaryot phai trai qua ba thay ddi co
ban trudc khi dugc dung lam khudn dé tong hop protein. Trudc hét ARNm duoc gin dudi
polyA vao dau 3', gan "mii" Gm7 vao dau 5' (¢ vi tri 2' ctia duong ribose) va cat ndi intron-
exon thanh phan tt ARNm hoan chinh. Phan tng methyl hoa tao ciu tric mii gitip cho
ribosome nhan biét dugc phan tir ARNm va bam véao né. Cau trac mii con gitip bao vé dau 5’
ciia ARNm khong bi phén cit bai exonuclease.

Promoter Witrpoly & Drirng téng hop ARMm

(TATA) BATHS L
CPSE + CPEF + . C}
C'stF CstF CPSF + LM palyruerase 11
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4RHm _/_/_/“ 3
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5 ! ]
5 Sl BRNm i3 hroee
tong hop xong
Hinh 2.19:

Phéi hop gitra vi tri polyA (AATAAA) va phrc protein trong qué trinh téng
hop ARNm. Phirc CPSF va CstF lién két v&i ARN polymerase Il. Dén vj tri
polyA, factor bi phan ly khdi enzym khién enzym khong thé tiép tuc téng
hop ARNm. Bdng thoi Poly(A) transferase thém dudi polyA vao dau 3’ cla
ARNmM.

Sau khi c6 dudi polyA va mi Gm7, ARNm phai trai qua qua trinh cat bo cac intron trudc
khi dugc van chuyen ra ngoai té bao chat. Khoang 30-40 nucleotide nam & bién gidi gitra
intron va exon rat quan trong dé phan tng cit intron xay ra chinh xac. Dot bién cac nucleotide
nam & trung tim intron khéng anh huéng dén phan tng nay. Dic biét trong cu tric ciia mdi
intron, hai nucleotide ddu tién GU ¢ dau 5' va hai nucleotide AG tin cung ¢ dau 3' giit vai tro
quyét dinh. Chung duoc bao toan & moi intron va 1a vi tri nhan biét dé cét intron ra khoi phan
tir tién than ARNm.

2.4.1 Phan trng cat intron va noi exon

Phéan Gng cét intron va ndi hai exon véi nhau duoc thuc hién theo cac budc co ban nhu
sau (Hinh 2.20):
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+ Cit tai bién gi6i exon-intron & dau 5' ctia phan tir tién thin ARNm, dau 5' clia exon
duoc gidi phong.

+ Nucleotide 5'pG & dau intron vira bi cét lién két v6i 2'OH cua adenine nam cach dau
kia (phia 3') khoang 25 base. Lién két nay khién cho intron c6 cau triic vong.

+ Cat tai bién gioi intron-exon ¢ dau 3' cia phan tt ARNm. Intron dugc loai ra va hai
exon dugc noi voi nhau.

Phéan Gng cit bo intron doi hoi su tham gia cia mot s6 phan tir snARNSs kich thude nho
(small nuclear RNA). Chung lién két véi protein tao thanh phirc ribonucleoprotein (snRNPs).
Mot snRNP thudng chira mot phan tir ARN va khoang 10 protein khac nhau. Mot s6 protein
ddc hiéu cho timg loai snRNP, mét sd khac _chung cho cac snRNPs. Phan tir snARN cua
snRNP c6 kha ning tao lién két theo nguyén tac bo sung voi cac doan nucleotide & vung bién
gidi 5' hodc 3' giira exon va intron. Mot s6 snARNs co thé lién két v6i intron hodc véi cac
snARN khéc. Nhitng lién két nay giit vai trd quan trong trong phan tng loai bo intron.

Vi tritao céutnic vong (hratich point)
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Hinh 2.20:

Phan (rng loai bé intron ra khéi phan tr ARNm. Sau khi bién gi6i gitra exon-intron &
dau 5' b| cét,‘ céu\trUc vong cua intron du:cyc tao ra cjo lién két 5'-2' gilra G cula d?u 5'
voi A nam gan dau 3' cla intron. Viéc cat tai noi tiep giap gitra intron-exon & dau 3'
cling nhw viéc noi hai exon v&i nhau xay ra dong thoi.

Thuc nghiém da tim ra it nht c6 6 phan tir snARN ki higu tir U1 dén U6 tuong (ing v6i 6
snRNPs. Phan tir snARN Ul lién két v6i 15-20 nucleotide tai noi tiép giap 5' exon-intron,
snARN U2 lién két véi khoang 20 nucleotide tai doan chira A (vi tri tao cau truc vong cua
intron), con snARN U5 lién két v6i cac nucleotide tai ving bién 3' intron-exon. Ngoai ra cac
snARN U4, U6 c6 kha nang tuong tac voi nhau va tuong tac voi U2, US. Moi tuong tac gitra
cac snRNP déu lam thay d6i cau tric khong gian ciia phan tir ARNm, mang cac dau ndi cta
exon lai gan nhau, tao cu trac dang vong cua intron, xtc tac cho phan tmg cit bo intron va
nodi exon voi nhau (Hinh 2.21).
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Hinh 2.21:
Twong tac gitra cac snRNP tao spliceosome va hoat dong cuia chung trong
phan (rng loai intron, ndi cac exon v&i nhau.

Trong thyc t&, moi snRNP va céc protein tham gia phan (g cit bo intron tao nén mot
cau trac co6 theé quan sat dudi kinh hién vi dién tir goi 1a cac spliceosome. Chung c¢6 kich thudc
tuong tu nhu ribosome, bao gom cac lién két ARN-ARN, ARN-protein va protein-protein.
Mot s6 protein cua spliceosome la cac enzym helicase phan giai ATP, gidi phong nang lugng
lam thay d6i cau tric khong gian can thiét cua phan tt ARNm.

2.4.2 Ciac intron c6 kha ning tw cit ra khoéi phan tirt ARNm-Phin ing self-
splicing

Trén day chung ta da xét phan mg cat bo intron, nbi hai exon v6i nhau tao phén tir
ARNm hoan chinh nho xtc tac cua cac snRNPs va protein (trong ciu trac spliceosome).
Ngoai ra, mjt s6 phan tir tién thin ARNm ¢ ty thé hodc luc lap c6 kha ning loai bo cac intron
ma khong can sy tham gia cua cac snRNP hodgc protein. Noi cach khac, cac intron nay co thé
tu cit ra khoi cac phan tir tién than ARNm va cic exon dugc ndi v6i nhau. Ching duoc chia
lam hai nhém khac nhau, tuy thude vao cach thic xdy ra phan tng.
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Hinh 2.22:

Phan &ng self-splicing cGa cac intron nhém I. Phan (rng nay chi doi héi sw tham
gia cla Gon. Trong qua trinh ty cét intron, phosphodiester dwgc chuyén tir
phan t& dwdng nay sang phan t& dwdng khac (phan (rng transesterification).

Intron nhém I: Phan tng cét intron nhom I chi yéu cau phan tir tién thin ARNm (c6 chira
intron) va nucleotide G ¢6 nhom OH & vi tri 3'. Sy ¢6 mdt cua guanosine nay dan dén viéc cat
tai bién gioi 5' exon-intron, dong thoi G dugc gin vao dau intron vira dugc giai phong (bang
viéc chuyén lién két phosphate tir duong nay sang duong khac ma khong anh hudng dén lién
két phosphodiester). Dau tu do 3'OH cua exon s€ twong tac voi noi tiép gidp 3' intron-exon.
Tiép theo hai exon dugc ndi véi nhau va intron ton tai & dang ciu triic vong. Cau tric nay sau
d6 s& chuyén sang dang thang (Hinh 2.22).

Intron nhém II: Cac intron thugc nhém nay cling c¢6 kha nang tu cit ra khoi phén tir tién
than ARNm. Ching c6 chira GU & déu 5' va co ché tu cat xay ra tuong tu phan tmg doi hoi

xuc tac cua snRNPs (Hinh 2.23)
ﬂo: ph

pGPi/ EENE

//"—\\-
JEENE
5 '/—

UpGpip
I e
s[ B2 |¢[ B2 |z C//

Hinh 2.23:

Phan trng self-splicing clia cac intron nhém 1. Nhém 2'OH ctia A ndm gan
3' intron-exon twong tac véi dau 3' cia exon 1. Noi tiép giap 5' exon-intron
bi bé gay tao ciu trdc vong cho intron. Tiép theo phan (ng ndi hai exon
v&i nhau, intron dwoc gidi phéng ra dwéi dang vong.

Tuy nhién, trong phan tng tu cit nay khéng hé co su tham gia cta bat ky factor nao ngoai
ban than phan ti tién than ARNm. DPic¢u dang luu y, cac intron nhém II ¢6 cau truc khdng gian
rat phtrc tap. Cac doan nucleotide trong intron c6 thé twong tac tao cdp véi nhau. Sy thay doi
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cAu tric nay 1am cho phan tr ARNm c6 kha ning ty xtc tac cho phan tng cit bo mot doan
nucleotide ctia chinh no6. Nhu vay chinh cau tric khong gian phuc tap cua intron nhom II
dong vai tro cia cac snRNPs trong spliceosome.

2.4.3 Phan ing trans-splicing ndi hai exon ciia hai phan tir ARNm

Phéan g nay khong doi hoi cac snARN hodc cac protein. Chinh phan tt ARN cho exon
thir nhit dong vai tro ctia cac snRNP. Mit khac phan tir ARN nay c¢6 kha nidng nhan biét vi tri
5' exon-intron ¢ phan tir ARN thir hai. Nhu vay cac ARN tham gia phan rng trans-splicing tu
xuc tic cho phan tng. Phan tng ndy xay ra véi hau hét ARNm cua trypanosome, giun tron
hoic lyc lap trong té bao thuc vat (Hinh 2.24).
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Hinh 2.24:

Phan (rng trans-splicing tao phan t&r ARNm ma cho protein photosystem A
(psaA). Genome cua luc lap & dang vong, dai khoang 300 kb chira 3 exon
ctia ARNm (rng véi protein nay. Exon1 dwoc phién mé nguoc chidu voi
exon2 va exon3. Ba exon nay dwoc phién ma mét cach déc lap va dwoc
ndi v&i nhau thanh phan t&r ARNm hoan chinh. Phan &ng nay cé thé xay
ra trong invitro.

2.4.4 Céu tric chung ciia phin tir ARNm

Ngoai phan mg ct intron ndi exon, phan trt ARNm eukaryot con chiu cac bién doi ¢ dau
5'va 3'. Pau 5' cia ARNm c6 7-methylguanylate (m7G) lién két véi nucleotide dau tién cua
ARNm. Mii m7G nay déng vai tro gitp ribosome nhan biét ARNm trong qua trinh tong hop
polypeptide. Pau 3' cia ARNm c6 dudi polyA dugc xem la co6 vai trd trong vi€c véan chuyén
ARNm tir trong nhan ra ngoai té bao chat. Mot phan tir ARNm eukaryot hoan chinh chi chira
exon, mang mii Gm7 & dau 5', dudi polyA & dau 3'. Phan tr ARNm c6 chira ving 5' khong
dich ma (5’ UTR) va ving 3' khong dich ma (3’UTR). Phan 5’UTR nam truéc mi bat dau
téng hop peptide"start codon" con phan 3°UTR nam sau ma dimg tong hop protein "stop
codon" (Hinh 2.25). Cac ving nay lién quan dén kiém soét tinh bén viing cia ARNm ciing
nhu kiém soat qua trinh dich ma trén sgi ARNm. Ving 5' khong dich ma thuong chira cac
doan oligonucleotide cé thé twong tac v6i cac protein dic biét hodc c6 thé tao cau tric bac hai
(tao cac lién két bd sung giita chung). Nhimng twong tic d6 ngin can ribosome di chuyén trén
ARNm. Mit khéc, ving 3' UTR cia mot s6 ARNm c¢6 cac vi tri nhan biét boi endonuclease
hodc chira cac doan nucleotide dac biét (giau AU) kich thich sy phan hity ARNm.
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Hinh 2.25:
Qua trinh phién méa va dich m&. Gen chtra cac exon (E) va cac intron (1) dwoc phién
mé& sang phan t¢ ARNm tién than. Qua trinh bién d6i ARNm thanh phan t& hoan hinh
dé s dung lam khuén dich ma trong qua trinh tdng hop protein.

Phén tir ARNm eukaryot kha bén viing. Thoi gian ban séng ciing nhu kha nang dung 1am
khuon dich ma phu thudc phan nao vao do dai dudi polyA. Trong thuc té, khong phat hién
duoc phan tt ARNm c6 dudi polyA ngin hon 30A. Do dai ciia dudi lién quan dén tinh bén
virng cuia ARNm nén viéc thém hodc bdt cac nucleotide A vao dudi duoc kiém soat rat chit
ché (can luu y dudi polyA dugc gin vao ARNm ngay sau khi phién ma ¢ trong nhan. Tuy
nhién thay d6i do dai ctia dudi co thé xay ra trong té bao chat). Dic biét trong qua trinh phat
trién mod phoi, rat nhidu loai ARNm duge phién ma tir cac gen cia me va dugce du trir trong té
bao trimg. Chung thudng c6 dudi polyA rat ngin (10-30 A) nén khong dugc dich ma. Chi sau
khi trimg thy tinh, cic ARNm nay dugc thém dudi polyA va tré thanh khuon dé tong hop
protein.
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Chuong 3

KY THUAT ADN TAI TO HQP

Bit dau tir nhitng ndm 1970 tr¢ di, cac phuong phap nghién ctru, phan tich ADN va gen
dugc phat trién manh mé&. Nho nhiing k¥ thuat hién dai, goi chung la ky thuat tach dong va tai
t6 hop, mot gen bat ky c6 thé dugc phén 1ap va dugc tach ra khoi genome. Gen nay dugce bién
ddi theo y mudn va dugc dua tro lai té bao nudi cdy. Tuy kho khin phirc tap hon, gen mang
dot b1en dugc dua vao té bao sinh duc. Chung hoat dong trong genome ctia ca thé va duoc di
truyén cho cac thé hé sau.

Ky thuat tach dong lién quan dén viéc tao ra phan tir ADN tai t6 hop tir cac doan ADN ¢6
ngudn gdc khac nhau. Dé cit va ndi cac doan ADN véi nhau, hay néi cach khac dé co thé thao
tac voi cac doan ADN, nhét thiét phai st dung cic enzym gidi han (restriction endo-
nucleases) va ADN ligase. Vi du, mot doan ADN c6 chtra gen duoc cit ra tir genome nguoi
va dugc ghép vao plasmid tao thanh phan tt ADN tai t6 hop. Phan tir nay duoc dua trd lai
té bao vi khudn. Sau 24 gio nudi cdy, khoang 10'? phan tir ADN giéng hét phan tir ban dau
dugc tao ra. Do do, sb lugng doan ADN mang gen cua nguodi cling dugc nhan ban 1én theo.
Luc nay doan ADN d6 xem nhu da dugc tach dong va cac plasmid mang ADN la dugc goi
1a vector tach dong (cloning vector).

Céac doan ADN dua vao vector co thé xuit phat tir cac ngudn khac nhau. Ngudn so cip
(primary source) co thé 1a ADN tach chiét tryc tiép tir genome hoic 1ay tr ngén hang ADNc.
Nguén thtr cip (secondary source) thuong la doan ADN phan lap tur ngudn so cip duoc cat
thanh cac doan nhé hon tiép tuc dua vao cac loai vector khac (subcloning).

Thong thuong, dé tach duoc mot gen bt ky tir genome can phai biét trudc mot doan
ADN lién quan dén gen d6 (hodc nam gan n6). Poan nay dugc sir dung nhu mdi hay con gol
1a dau do (probe) dé tim ra gen can nghién ctru. Khi san pham cta gen di biét, c6 thé Xuat
phat tir protein dé suy dién trinh tu nucleotide ma cho n6. 6 1a nhiing thong tin du tién can
thiét giup cho nghién cru ARNm va ADN (gen) twong ng véi protein.

Van dé dat ra 1am thé nao tach duge mot gen riéng bi¢t ra khoi genome? Lam thé nao xéc
dinh dugc phan tir ARNm tuong tmg v6i mot gen? Khi di c¢6 gen, chung ta c6 thé tong hop
dugc protein invitro va invivo hay khong? Mit khac chung ta c6 thé diéu khién hoat dong cua
gen sau khi di thay doi (gay dot bién) trinh tu nucleotide hay khong? Trong co thé, da sb cac
gen hoat dong mdt cach chuyén biét, tirc 1a chung thuong biéu hién & mot sb hoac tham chi
trong mot loai té bao biét hoa ¢ nhimng thoi diém nhat dinh, vi mirc d6 biéu hién khac nhau.
Lam thé nao dé tim ra dugc cac gen d6 va biét dugc chirc ning cua _ching? Ngoai ra c6 nhirng
can bénh do dot bién gen gy ra (bénh di truyén) nhung san pham cua gen chua xac dinh
dugc. Lam thé nao dé phan lap dugc gen va tim ra nhimg bién d6i & mic 46 ADN lién quan
dén bénh? vv... Tét ca nhitng van dé néu trén da va dang dugc sinh hoc phén tir giai quyét,
dac biét nho 4p dung cac k¥ thuat tach dong va tai to hgp ADN.

3.1  Phan cit, phan ly ADN
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Ngay nay, chung ta c6 thé d& dang cit genome cua té bao eukaryot gdm céac phan tur
ADN co kich thude rat 16n (khoang 10° d@én 10" nucleotide) thanh cac doan ADN c6 kich
thuéc theo y mudn nho cac enzym gidi han (restriction enzymes hodc restriction
endonucleases). V1 tri cit c6 thé nam cach xa hoic ngay tai vi tri nhan biét. Cac enzym
nhan biét va cit ngay tai mot vi tri dugc st dung nhiéu trong k¥ thuat ADN tai to hop.
Chung nhan biét cac vi tri diac hiéu gém 4 dén 8 nucleotide trén phan td ADN va cit cac
phén tir ndy thanh cdc doan khac nhau. Hién nay cac hang thuong mai da gigi thiéu gan
600 enzym gidi han dugc san xuit theo cong nghé ADN tai to hop. Chung dugc tim ra va
tach chiét chu yéu tir vi khuén.

(T [T B £ Gta |la |IT T o
Cla A |ITT 9 clT T b & d
Hpal EcaRI

Hinh 3.1:

Phan tir ADN bj ct bdi enzym gi6i han. Cac enzym nay nhan blet trinh tw
sap xép clia 4 nucleotide va cat ADN & cac vi tri nay. Mot sb enzym cét
ADN thanh cac doan c6 d4u bang (cac dag "Blunt ends") nhw Hpal. Ngoai
ra con c6 cac enzym cat ADN tao ra cac dau dinh hay con goi la dau so le
(cac dau "Cohensive ends") nhw EcoRI.

Céac doan ADN c6 kich thude khac nhau dugc phan ly bang phuong phap dién di trén gel
agarose (dién di ngang) hoac gel polyacrylamide (dién di ding). Phan tot ADN tich di¢n am
nén chung chuyén dong tir cuc 4m sang cuc duong trong dién truong mot chidu. Cac phan tir
ADN c¢6 kich thude 16n (~ 10°-107 bp) dugce phan ly bang dién di trén truong xung day
"pulsed-field". Nhitng doan dai tir 200 bp dén 10.000 bp dugc phan ly trén gel agarose hoic
acrylamide v6i ndng d6 khac nhau. Nong do gel 16n phu hop véi cac doan ADN ngén. Vi du,
nhimg doan ADN ngin 200 bp sai khac nhau khong qua 10 bp c6 thé phan biét trén gel
agarose 4%. Tuy nhién, nong do agarose khong thé tang cao do gel gion, d& giy va c6 dién tro
lon. Vi vay, gel polyacrylamide c6 uu thé hon so voi gel agarose trong viéc ‘phéan ly cac
doan ADN ngan, c6 s luong nucleotide chénh 1éch nhau it, mdc du khau chuan bi va thoi
gian dién di véi gel polyacrylamide lau hon. Gel polyacrylamide c6 kha nang phan giai
nhitng doan ADN hon kém nhau mét nucleotide (phuong phép xéc dinh trinh tu nucleotide).
Sau khi dién di, cac doan ADN trén gel co thé quan sat dugc dudi tia tir ngoai khi chiing
dugce nhudém véi ethidium bromide (EtBr) hodc c¢6 thé quan sat bang mat thudng khi nhuom
bac hay duoc danh diu bang cic chit phat mau khac nhau. Ngoai ra, ADN con dugc phat
hién bang viéc gin phong xa (P*2, H hodc S*°). Phuong phap danh dau phong xa rt nhay,
cho phép phat hién luong ADN rat nho (c& ng).

3.2 DPua cac doan ADN vao vector

Vector dugc st dung dé luu giit va chuyén cho ADN vao cac té bao nhan. Ching co thé
ton tai trong t& bao vi sinh vat (vi du plasmid trong té bao vi khuan) hodc trong té bao
eukaryot (vector YAC trong té bao nAm men). Ngoai ra, vector duoc thiét ké c6 kha ning ton
tai & trong cac loai t& bao prokaryot va eukaryot (vector con thoi). Vi vay, viéc lua chon va
thiét ké vector phu thudc vao muc dich nghién ctru.
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3.2.1 Cac vector sir dung trong ky thuat tach dong

Tuy thudc vao kich thudce ctia cic doan ADN can luu gilt ma chon céc vector khéac nhau.
Pho bién nhét 1a cc plasmid, genome cuia bacteriophage (goi tat 1a phage hay A), cosmid, cac
vector BAC, YAC. Cac plasmid dung lam vector thuong c6 kich thudc nho, do d6 chung
khong mang dugc cac doan ADN co6 kich thude 16n (<7 kb). Tuy nhién vector nhan tao YAC
6 thé mang duoc doan ADN cd 1 Mb.

EcoRl SomHL 2wl Sail Fal Sphl  SindlO

et W st W rete W e R P

G!.A.TTCG(!&TCC TC*AGAGT&A.CC TGCAGGC*A.TGCM% C*’I
CTTAAGCC TASSAGA TC TCAGC TEEACE TOCGTACT TICGAA

vi wa da difm

TAm Bi kbong zinh

ban ORI

Hinh 3.2: ) .

Cac yéu to co ban va cau tric vj tri da diém tach dong cta vector. Vi
tri cat cta cac enzyme gi¢i han duoc ky hiéu b&i cac mii tén. Cac
enzyme nay c6 nguon goc twr vi sinh vat. EcoRI-Escherichia coli
RY13, BamHI-Bacillus amyloliquefaciens H, Xbal-Xanthomonas
badrii, Sall-Streptomyces albus, Pstl-Providencia stuartii, Sphl-
Streptomyces phacochromogenes va Hindlll-Haemophilus influenzae
Rg.

CAu tao ctia vector st dung trong k¥ thuat tich dong thuong c6 chira 3 yéu té co ban: tht
nhat, tdm tai ban ADN (origin of replication) cho phép vector tai ban trong t€ bao nhan. Thu
hai, chi thi chon loc (selectable marker gene) hay con goi la gen chi thi, thuong 1a gene qui
dinh kha ndng chong chiu khang sinh. Nho ¢6 gen nay ma ching ta ¢ theé sang loc dugc
nhitng t€ bao mang phan tir ADN tai t0 hop. Cudi cung la vi tri gan doan ADN la vao (vi tri
da diém tach dong-polycloning site) (Hinh 3.2).

Plasmid 1a nhimg phéan tir ADN dang vong, t6n tai trong t& bao vi khuan va nim ngoai
nhiém sic thé. Plasmid c6 kich thudc thay dbi trong khoang 1 kb dén vai tram kb. Trong tu
nhién, plasmid c6 thé tai ban dong thoi véi nhidm sic thé hodc c¢6 kha ning tai ban doc lap.
Thong thuong, cac plasmid tai ban doc 1ap thuong c6 kich thude nho va co s6 lugng ban sao
16n trong mot t& bao vi khuan. Plasmid thuong mang nhimg gen chdng chiu khang sinh, vi
vay nhimg gen d6 duoc sir dung nhu cac chi thi (marker) dé chon loc té bao chtra plasmid.
Plasmid dau tién duoc st dung trong k§y thuat tach dong 13 pSC101 chi c6 mdt gen chi thi qui
dinh tinh chéng chiu tetracyline (fef’) va mot vi tri EcoRI duy nhat dé ghép ADN la vao. Ngay
nay, co rat nhiéu loai plasmid khac nhau mang hai hoac nhiéu gen chi thi va vi tri da diém
tach dong gém nhiéu vi tri nhan biét cua cac enzyme gidi han. Pac biét, vi tri da diém cua
plasmid thuong duoc thiét ké nim trong mot gen chi thi. Khi doan ADN xen vao tai mét trong
cac dlem nay, chung gy bat hoat gen chi thi. Do d¢, té 'bao nhan plasmid gin ADN la s&
khong téng hop dugce san pham cua gen chi thi. Su thleu vang san pham cua gen chi thi c6 thé
lién quan dén su chuyén mau cua moi truong nudi ciy. Vi thé, dya vao mau sic, chung ta
chon loc duge té bao nhan plasmid gan ADN la. Vi du, cac plasmid pUC c6 vi tri da diém
nam trong trinh tu cua gen chi thi ma cho B-galactosidase. Khi pUC ¢ gin ADN la, enzym
khong duge tong hop. Néu chiing ta cho vao méi trudng nudi cdy co chét cia enzym, co chat
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khéng bi chuyén hoa nén té bao nhan pUC gin ADN la s& c6 mau tring. Nguoc lai, nhitng :[é
bao nhan pUC c6 gen chi thi nguyén ven, ching sé c6 mau xanh tao ra do co chat bi chuyén
hod bdi B-galactosidase.

Céc plasmid kich thuéc nhé c6 sb ban copy nhiéu hay dugc str dung trong cac ki thuat
ADN thong thuong. Chiing thich hop véi cac doan ADN khong dai qua 7 kb. Khi doan ADN
co kich thudc 16n hon, trai qua mot sb 1an nhan ban, doan nay bi ngén dan hodc bi loai khoi
plasmid do té bao c6 xu huéng dao thai ADN khong céan thiét.

Bacteriophage (vector thuc khuan thé): Hau hét cac vector thuc khuan thé duoc thiét
ké dua vao nhiém sic thé cua thuc khuan thé A. Nhiém sic thé thyc khuan thé A gom 48.502
bp mi cho 46 gen. Khi xam nhiém vao té bao vi khuan, nhiém sac thé A ton tai & dang vong
do lién két cta cac vi tri cos & hai dau cua phéan tir ADN thang. ADN cua phage dugc "dong
g6i" trong vo protein. Khi "déng go6i", kich thudc nhiém sic thé A khong can phai chinh xac
ma c6 thé thay doi nhung khong nhiéu qua 5% hodc it hon 25%. Str dung tinh chét tu nhién
nay, doan ADN la dugc thém vao nhiém sic thé ciia phage. Liic ndy nhidm sic thé A trd
thanh vector. Cac vector phage mang ADN la dugc cho xam nhiém té bao vi khuin. Chiing
tai ban va gy trang thai sinh tan (pha huy céac té bao chu) va giai phong ra cac phage moi.
Bing hinh thitrc d6, ADN la dugc nhan 1én cing véi nhiém sic thé phage.

CAu trac va chirc niang cua tit ca cac gen phan bd trén nhiém sic thé A di duoc xac dinh
hoan toan. Cac gen lién quan dén trang thai tiém tan chiém khoang 1/3 nhiém sic thé A
(khoang 15 kb). Chiing c¢6 thé bi loai di ma khong 1am anh hudng dén hoat dong ciia nhiing
gen gdy trang thai sinh tan. Vi thé chung duogc thay thé bai ADN la. Do d6 d6 dai cia ADN
dua vao nhiém séc thé A ¢ thé dat dén 15 kb. Khi nhidm vao té bao chu (té bao vi khuan), cac
vector phage mang ADN mat kha ning ton tai & trang thai tiém tan. Chung tai ban va giy
trang thai sinh tan, giai phong ra nhiéu thé phage méi.

Cosmid: Nhiém sic thé A chuyén tir dang thang sang dang vong nhd céc vi tri cos ¢ hai
dau cua sgi ADN th'fmg. Do doé trong thi nghi¢m in-vitro, mot phan tot ADN c6 kich thudc
thich hop mang vi tri cos ndy co thé dugc "dong g(’)i trong vo protein Cosmid la céc plasmid
mang cac vi tri cos va duoc "dong goi" in-vitro gidng nhu thuc khuan thé A. Khi cac phage
mang cosmid nay xam nhap vao té bao vi khuan, cosmid s& chuyén thanh dang vong va ton
tai nhu plasmid trong té bao nhan. Tuy nhién phage chira vector cosmid khong con kha ning
xam nhiém té bao vi khuan vi khong mang nhitng gen can thiét cho qué trinh nay. Vi vay,
cosmid dugc dua vao té bao chii nho cac phage phu tro. Cosmid c6 thé mang cac ADN la dai
khoang 35 dén 45 kb. Ngoai ra, con co loai vector Fosmid mang tdm tai ban cua plasmid F
(E.coli) va cac trinh tu cos cta cosmid. Tuy nhién. do tinh chat ctia tm tai ban nén fosmid co
sd lugng ban sao it trong té bao E.coli. Viéc sir dung vector Fosmid giup han ché phan nao
nhitng sai s6t xay ra voi ADN la xdy ra trong qua trinh vector tai ban.

Vector bacteriophage P1: twong tu nhu vector thiét ké tir nhiém sic thé lambda A,
vector P1 duoc thiét ké dua vao viéc loai bo nhitng doan ADN khong can thiét trong nhiém
sdc thé thuc khudn thé P1. Do genome P1 16n hon genome cua lamda A, vector P1 c6 kha
nang nhin doan ADN la dai t6i 125 kb. Ngoai ra, khi két hop céc déc tinh cua vector P1 va
vector BAC, loai vector PAC (P1-derived Artificial Chromosome) dugc thiét ké phu hop voi
cac doan ADN khoang 300 kb.

7 Vector BAC (Bacterial Artificial Chromosomes): dugc thiét k& nhan tao co nhitng uu
diém cua vector YAC, tire la ¢6 kha nang chira cac doan ADN kich thudc lon ¢ 10° bp. Tuy
nhién, do khong phurc tap nhu YAC nén thao tdc voi BAC c6 phan don gian hon. BAC c6 thé
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tai ban dé dang trong E.coli giéng nhu plasmid. Nhitng nam cubi thap ky 20, vector BAC
dang dan dan thay thé¢ YAC trong cac nghién ctru v6i doan ADN kich thude 16n nhu viée xay
dung ngan hang, xac dinh ban d6 cua toan bo nhiem sac the...

Vector YAC (Yeast Artifical Chromosome): Pay 1a vector dugc thiét ké nhan tao dyua
vao cdu trac cta nhiém sic thé ndm men. Vector ndy c6 chira gen chi thi, vi tri da diém tach
dong, trinh tu nucleotide cua tam tai ban ARS (Autonomously Replicating Sequence), tim
dong va telomere (trinh tyu dau mut nhiém sic the) Nhu vay, thuc chit YAC 1a nhiém sic the
mini ciia té bao ndm men. Thong thuong, san pham ctia gen chi thi trén vector YAC giup té
bao nhén c6 kha ning bd khuyét sy thiéu hut mot chit nao d6 trong moéi trudng. Vi du, vector
YAC mang gen chi thi URA" gitp té bao khuyét dudng URA" moc duoc trén moi truong thiéu
uracil. Vector YAC c6 thé mang ADN la dai t&i 1 Mb (10° bp).

3.2.2 Dwa ADN vao vector

bé dua mot doan ADN vao vector, phan tng ndi giita vector v6i doan ADN d6 gilr vai
tro quyet dinh. Hai dau ndi cua vector va ADN thuong lién két v6i nhau theo nguyén tic tao
cip bd sung. Mot sé phuong phap hay sir dung nhu sau:

* Str dung cac homopolymer: Cac homopolymer c6 thé lién két v6i nhau theo nguyén
tic tao cap bod sung. Chung dugc nbi vao cac dau cua vector va doan ADN. Vi dy, oligo
(polyT) duoc ndi vao dau 3' cuia ADN la trong khi oligo (polyA) duoc ndi vao dau 3' cua
vector. Do dai cac oligo thuong khoang tir 10 d&én 40 nucleotide. Enzym terminal transferase
c6 kha nang thém mot loai nucleotide vao cac dau cit cua vector hodc ADN. Sau dé duoc gén
thém céc polyA, poly T, vector va doan ADN la dugc ndi voi nhau nho lién két bo sung giita
A/T va nho ADN ligase (Hinh 3.3).

* C4t ADN la va vector biang enzym giéi han tao dau bang (blunt ends). Chung dwoc ndi
v6i nhau boi T4 ADN ligase. Enzym nay c6 kha niang ndi hai doan ADN c¢6 dau bang voi
nhau. Phuong phap nay khong doi hoi cac nucleotide tao cip bd sung & cac dau cat. Tuy
nhién, ADN la d3 dua vao vector co thé khong léy ra nguyén ven do vi tri nhan biét boi
enzym gi6i han ban dau bi thay doi.

HWector wa ADM la duwrcc cat bglu‘g enzym gitti hao

a* 57 e a°
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Hinh 3.3: Enzym terminal transferase thém cac du6i homopolymer vao cac
d3u cla vector va ADN la. Chung duoc ndi véi nhau tao phan t tai td hop
ADN nho ligase.
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* Cit ADN va vector boi mot loai enzym gidi han tao cac dau so le (cohensive ends). Sau
do chl'mg dugc ndi v6i nhau boi enzym ligase. Uu diém cua phuong phap nay 1a ding chinh
enzym gi6i han d6 lay lai duoc doan ADN tir vector chira chung sau khi vector nay dugc nhan
lén trong té bao. Tuy nhién trong phan tng nbi cac dau cit v6i nhau, ¢ thé chinh hai dau cua
vector duoc nbi lai, hoic hai hay nhiéu doan ADN ndi v6i nhau trude khi ghép vao vector. Dé
tranh nhiing nhugc diém do, vector (6 dang thfmg) hodc doan ADN sau khi bi cit boi enzym
gidi han, duoc xir Iy véi phosphatase dé loai nhém P ra khoi dau 5' (Hinh 3.4).

Cht vestar I:ngln\g enzym gidti hao

F
oH
—
F Ligaze
H

Wentor ector trf 13id3og ban Jau
Pl:l.DE.E\l:lEI.‘EEG

Che TAu chlra adido
#7 mit obim P28 duds
ClH \_\A L:I':L-'a-: phils oht 0 cl:fhé
alfa chita ADM clate
LI.SEE.': bao ohin

OH F Phin 1 ADN 10110 hyp

Hinh 3.4:
S dung phosphatase khtr nhém phosphat (P) & dau 5’ cla vector dé tranh
sy tao lai dang vong cla vector khong chira ADN la.
* Phwong phap sir dung linker: Mot sb oligonucleotide dugc tong hop nhén tao c6 chira
vi trf nhan biét cua cac enzym gidi han dugc goi 1a cac linker. Poan ADN la c6 dau bfmg co
thé duoc ndi voi linker truée khi dua vao vector. Thong thudng, enzym c6 vi tri nhan biét
trong linker s& duoc sir dung dé cit vector (Hinh 3.5).

* Phwong phap sir dung linker ddi: Phuong phap nay thuong duge sir dung trong qua
trinh x4y dung ngan hang ADNc. Cac budc chi tiét dwoc mo ta trén hinh 3.7. Phan tir ADNc
dugc téng hop tir khuén ARNm va duoc ndi véi linker S (co vi tri nhan biét cia enzym S).
Pau cong "loop" duoc tao ra do tinh chit cia enzym phién mi nguoc reverse transcriptase sé
bi cat boi S1 nuclease va dugc sira lai thanh dau bang nhd ADN polymerase. Sau d6 dau bang
nay dugc ndi véi linker R (chtra vi tri nhan biét cua enzym gidi han R). Poan ADN tiép tuc
duoc xtr 1y v6i hai enzym S va R tao ra cic dau so le. Vector cling bi cat boi hai enzym S va
R. Bang k¥ thuat nay, c6 thé diéu khién duogc chiéu ghép ADN vao vector.
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Hinh 3.5:

St dung linker d& dwa ADN vao vector. Enzym T4 ADN ligase ndi cac linker
c6 chlra vj tri nhan biét cta enzym E1 vao hai dau doan ADN la. Sau dé
dung chinh enzym nay d& cit ADN va cét vector. Chi cé cac doan ADN
mang vi tri nhan biét ctia E1 dwoc gén vao vector nhr ADN ligase.

3.3 Ngan hang ADN

Genome (hay gon goi 1a hé gen) & té bao eukaryot c6 kich thudc rat 16n. Diéu d6 khién
chung ta gap nhiéu kho khin trong thao tac thuc nghiém khi chung ta thuong lam viéc trén
mét gen nhat dinh. Vi vay, ching ta co thé tach chiét ADN tong sd, sau d6 dung enzym gioi
han cét thanh cac doan va luu giit tat ca cac doan trong ngan hang. Khi can nghién ciru mot
gen nao do, chung ta chi viéc chon gen nay tr ngén hang. Mot cach chi tiét hon, ching ta
c6 thé xay dung ngan hang cua tung nhlem sdc thé hodc ngan hang chi cung cip thong tin
c6 mat trong cac sgi ARNm cia mot t6 chuc té bao biét hoa. Nhu vay thong tin di truyén
ciia mot d6i tugng sinh vat bat ky c6 thé duoc cat giir trong cac loai ngan hang khac nhau,
tuy thudc vao muc dich st dung.

3.3.1 Ngan hang cac ADNc (cDNA library)

Tap hop tat ca cac phan tir ARNm tach chiét tir mot t6 chirc ¢6 thé dai dién cho tit ca cac
gen hoat dong trong t6 chtrc d6. Cac ARNm chi chita exon nén ngin hon nhiéu so véi cac gen
tuong ng. Vi vay, thay cho viéc thao tac trén gen (ADN), chung ta khai thac tr ARNm mot
s0 thong tin vé céu tric, chirc ning ciia gen, ctia san pham protein ma gen méi cho. Tuy nhién,
ARNm rit dé bién tinh nén thao tic véi chung khong thuan loi.

Pé khic phuc nhuoc diém nay, chung ta s dung enzym phién mi nguoc reverse
transcriptase dé sao chép chinh xac thong tin tir soi ARNm sang ADN. Enym nay tong hop
soi don ADN bd sung dua vao soi khuon ARNm. Soi kép ARN/ADN duogc xtr Iy v6i kiém
hoic ribonuclease H (phan hity soi khuén ARN) chuyén thanh sgi don ADNc (complementary
DNA). Tiép sau d6, ADN polymerase I tong hop soi don ADNc thir hai dé co duoc soi doi
ADNCc hoan chinh. Phan t&r ADN b6 sung dang soi doi dugc goi la ADNc. Cac bude cu thé
cua qua trinh tao ADNc dugc mo ta trén hinh 3.6.

Tap hop tit ca cac ADNc tuong ung véi moi ARNm ctia mot loai mo duge dua vao
vector. Moi vector nhan mot phan t&t ADNc. Tap hop tat ca cac vector chira ADNc dugc
chuyén vao t€ bao nhan. Tap hop tat ca cac t€ bao nhan chira day du ADNc cua mdt loai mo
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tao thanh ngan hang ADNc cua loai m6 dé. Liic nay mdi ADNc trong ngan hang thuong dugce
goi 1a mot dong (mot clone). Pé sang loc bat ky mot clone ADNc tir ngan hang, can phai c6
moi (dau do) dic hiéu ddi véi ADNc nay. Vi du, chung ta c6 thé chon dugc ADNc tng voi
mot doan polypeptide néu chiing ta biét trinh tu acid amin. Dya vao trinh ty acid amin ching
ta suy ra trinh tu cac nucleotide twong tng dya vao ma di truyén bo ba. Poan nucleotide nay
dugc téng hop nhan tao va st dung nhu mdi dé sang loc ADNc ung véi polypeptide d6. K§
thuat sang loc s€ dugc mo ta chi tiét & phﬁn sau.

ARNm

57 AAAAAAA T
l Séu mEIi.Dli.SDT
5 g5 izt ARAARAA T
TTTTTTIT 5°
Feverme tmoacriptaas ltléln.‘g btpacri ADI bd auog
R ARRRRAR 3T
5 A

Phi huy afi ARNm l
37 TTTTTITIT 5°

ADN polymerazse 1 tau‘g hopali Jui ADM:

{ AARAARAA X
TTTTTTIT 5°

ALH ligaze 1 adi linker chita ~i s 3

LW . =
( TITTTTTT

51 nucleaze l cht Jhu béu‘g alfi JuicDMNA

APARAARAR
TTTTTTTT s is |

ADH ligaze l abi linker chifa | ws

S
AAPARAR
|F‘F‘| 'ITI'ITI'ITlSSR |

l Ctvitibaicomm S va R
VN NN Y
[ 1] T

Pwa ADNc vao veclor d6 cal vO) hadenzym S va R

Hinh 3.6:

Téng hop ADNc tir ARNm. Enzym reverse transcriptase tdng hop sgi don ADNc trén
khuén ARNm (st dung moi oligoT tao cdp bo sung v&i dudi polyA). Soi don ARNm bj
phan hay trong dieu kién kiem hoac bdi ribonuclease H. Sgi ADNc thty hai duoc tong hop
trén khuén ADNc th&r nhat nh& ADN polymerase |. Phan t&r ADNc (dang soi kép) co cac
dau bang dwoc ndi véi hai loai linker S va R. Do do khi dwa vao vector, ADNc duoc gite
dung chieu.

Cac vector nhan ADNc dugc dua vao té bao nhan. Qua trinh nay dugc goi la bién nap
(transformation). Té bao c6 kha ning nhan vector dugc goi 1a t& bao kha bién (competent
cells). Té bao di nhan vector dugc goi 13 thé bién nap (transformants). Tap hop tat ca cac té
bao chira vector tao thanh mét ngan hang ADNc dai dién cho t6 chirc mo dung tach chiét
ARNm. Dbi v6i mot sb phan tr ARNm chi xut hién véi sd lugng khong 16n, chung thudong
duoc lam giau trudce khi tong hop ADNc. Phuong phap lai loai tru (subtractive hybridization)
hay dugc sur dung dé phat hién cac loai ARNm dac hi€u chi dugc tong hop trong mot loai mo
nhat dinh. Phuong phép nay lan dau tién dugc ung dung dé xac dinh ADNc tuong ung vdi cac
protein thu thé (receptor) chi xuat hién trén bé mat t€ bao lympho T ma khong c6 ¢ lympho B
(Hinh 3.7).
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Hinh 3.7:

Phuwong phap lai loai trir dwoc siv dung dé 1am sach nhirng phan t&r ADNc twong
ng v&i ARNm chi xuét hién & té bao lympho T (khong c6 & lympho B). Phwong
phap nay cho phép lam giau nhi*ng phan tlr dac hiéu khac biét gitra hai loai té bao.

Pau tién, ARNm tach tir t& bao lympho T dugc ding dé tong hop cac ADNc. Sau d6
cac ADNc (voi sb lugng 16m) duge lai véi ARNm tach tir té bao lympho B sao cho moi ADNc
tuong tng véi ARNm xuét hién & ca hai loai t& bao déu bi lai véi nhau; chi con lai ADNc
tuong ing voi ARNm riéng biét ctia lympho T. Sau phan tng lai, sin pham dugc di qua cot
loc dé tach riéng nhitng phan tr ADNc ¢ dang soi don. Tiép theo, chung dugc dung dé tong
hop ADNc dang s¢i kép va xay dung ngin hang ADNc. Ngan hanh nay dac hi¢u cho riéng
loai té bao lympho T vi chi chita thong tin danh riéng cho loai té bao nay. Nhimng ngan hang
ADNCc chuyén biét nhu thé rat thuan loi khi can xéac dinh hoat dong khac nhau cua gen gitra
hai loai té bao.

Cac ADNc c6 thé duoc dua vao vector c6 mang sdn promoter, théng thuong 1a nhiing
promoter manh dé tao ra s6 luong ARNm 1én. Nhimng vector nay dugc goi 1a vector biéu hién
gen (expression vector). Duéi su didu khién cua promoter, ADNc duoc phién mi tao ra
ARNm. Pic diém cua nhimg sgi ARNm nay la khong chira intron. Do d6, khi dua vector biéu
hién chira ADNc vao té bao prokaryot, protein tmg véi ADNc ¢o thé dugc tong hop trong cac
thé bién nap. Nhu véy, khi dua vector biéu hién gen mang mot ADNc hoan chinh vao té bao
kha bién thi san pham twong mg ctia ADNc ¢6 thé dugc tong hop véi s lugng 10n trong mot
thoi gian ngan. Ngoai ra, vector biéu hién c6 thé mang doan nucleotide ma cho mét protein
danh dau, vi du nhu protein phat huynh quang (Green Fluoresence Protein- GFP). Poan
nucleotide nay nam sau promoter va s& ndi voi ADNc. Nhu vay, promoter s& kiém soat biéu
hién cua protein dung hop (fusion protein) gdm doan peptide danh dau ndi véi protein ma boi
ADNCc. Nho su phat huynh quang ctia GFP ma c6 thé biét duoc ham lugng protein sy phan bd
va chirc nang cua no trong té bao sdng.

3.3.2 Ngan hang ADN genome (genomic DNA library)

Mot phan tir ADNc chi chira cac exon ctia mot gen, trong khi gen cua té bao eukaryot
thuong gdm cac intron. Vi vay, ngoai viéc xay dung ngan hang ADNc (tuong Gng véi vung
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mang mi di truyén), cic nha sinh hoc con x4y dung ngan hang chira cac gen hoan chinh.
Piéu d6 giup ho nghién ctru sdu hon hoat dong ciia cac gen, vi du nhu nghién ctru ving
ADN diéu khién, cac ADN ting cuong (enhancer), nghién ctru vai tro cua cac intron ddi voi
diéu hoa hoat dong cua gen vv...

A Bira wao vector coamid (cbc Joan ADH dai khodng 50 kb)

——
amf/mmwm
_

BE. Elfa vio vestor BAC (soc Jodn ADH dii khodng 100 kb)

YAaC 1

e i W

FPhape

Z. X3y ditog ngdn bang theo céu topc contig

Hinh 3.8: .

Xay dwng cac loai ngén hang ADN genome cla cung mét doi twong.
Cac clone nam goi jén nhau tao’diéu kién thuan loi cho viéc phan lap
gen, xac dinh ban do genome. Cau trdc mét contig gom cac dong twong
(ng v&i nhitng phan doan nhé cat ra tv mot doan ADN Ion hon. Cac
ngan hang dwéi dang contig dac biét can thiét cho viéc xac dinh gidi ma
toan b6 genome.

Pé dua toan bd cic gen ctia genome vao mot ngan hang, trude hét genome phai bi cat boi
enzym gidi han thanh cdc doan ADN c6 kich thudc thich hop véi loai vector s€ nhén chung.
V61 mot genome c6 kich thude nhat dinh, dé thu dugc doan ADN dai can chon enzym nhan
biét s0 nucleotide 16n (8 nucleotide). Nguogc lai, dé thu dugc cac doan ADN ngan thi nén chon
enzym nhén biét s6 nucleotide it (4-6 nucleotide). SO doan ADN trong truong hop thir nhat s&
it hon so voi truong hop thir hai. Ngoai ra, can luu y khong phai dé dang nhan dugc mét gen
nguyén ven nam gon trén mot doan ADN. Trong thyc té, mot gen bi cit thanh cac doan ADN
do vi tri nhan biét ciia enzym nam ngay trong gen. Dé han ché kha nang d6, thu thuat cua
phan tng cat ADN 1a can phai khong che thoi gian cling nhu néng dg cua enzym sao cho
phan tng cit chi xdy ra tung phan dé moi vi tri nhan biét khong bi cit dong thoi. Do d6, phan
ing cit xay ra c6 tinh ngiu nhién voi tat ca cac vi tri nhan biét ctia enzym. Nho d6 mot gen cd
thé dugc bao toan ngay khi né chira vi tri cit trong gen. Sau phan tmg, cac doan ADN duoc
dua vao vector thich hgp. Vector cling dugc cdt bang chinh enzym st dung cat ADN genome.
Tap hop cuia moi vector chira ADN genome dugc dua vao t€ bao nhan va tao thanh ngan hang
ADN genome.

M&i vector cua ngan hang dugc goi 1a mot dong (clone). DPdi voi mot ca thé, st dung céc
loai vector khac nhau, cé thé xay dung dugc cac ngin hang ADN genome chia cac doan
ADN dai ngan khac nhau (Hinh 3.8). Tuy nhién cac ngan hang nay khong hé c6 sy khac biét
vé thong tin di truyén. Nho stir dung dong thoi nhiéu loai ngan hang, viéc lap ban d6 di truyén,
ban dd nhiém sic thé, nghién ctru cdu trac va chic ning mot gen trd nén dé dang. Nguoc lai,
mdi co thé c6 nhiéu loai ngan hang ADNc dic trung cho loai mé t6 chirc dung dé tach chiét
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ARNm. Tét ca cac ngan hang ADNc chi chtra ving exon cua cac gen. Nhu vay, su khac nhau
chu yéu giira hai loai ngan hang ADN genome va ADNc 1a ¢ thanh phan ADN. Bén canh do,
s6 luong dong (clone) ciing nhu kich thudc cac doan ADN trong ngan hang ADNc nho hon
nhiéu so v&i ngan hang ADN genome.

3.4 Sang loc mot dong tir ngadn hang ADN

Pé dam bao chon duoc mot dong can nghién ctru tir ngan hang, chiing ta can tinh toan sb
dong can thiét 13y ra tir ngan hang dung vao viéc sang loc. Vi du, genome rudi gidm c6 kich
thude khoang 10° kb dugc cét ra thanh cac doan trung binh 40 kb. Ngan hang chta cac doan
ADN nay cin c6 it nhat N =11.513 dong dé dam bao mot doan ADN bét ky s& c6 mit trong
ngan hang véi sac xuit P = 99%. S§ N dugc tinh theo cong thirc sau:

=In (1-P)/In (1-1/n) = In (1-0,99)/ In [1-(40/100 000)]

Trong d6: n 1a s6 doan ADN cit ra tor genome. N 1a s6 dong can 13y tir ngén hang dé dam
bao sang loc dugc mot dong voi xac suat P. Nhu vay, dé sang loc mot dong tir ngan hang
genome rudi glam viéc dau tién 1a chung ta phai ly tir ngan hang it nhat 13 11.513 dong (Pay
1a 11.513 khuan lac hodc 1a 11.513 transformants nén dé dang dém duoc khi pha lodng nudi
ciy trén moi truong).

Sang loc mot dong trong sb hang tridu dong tir ngan hang ADN cta sinh vét bac cao doi
hoi nhiéu thao tac va thoi gian. Sang loc nhitng gen ma cho enzym (amylase, protease...) hay
gen qui dinh tinh chéng chiu (khang lai khang sinh, doc dugc...) hodc gen khuyét dudng co
thé thuc hién dé dang hon dua vao hoat tinh enzym, kha ning moc trén méi truong cd doc
dugc hodc bo khuyét chic ning. Qua trinh sang loc nhitng gen nay dugc goi chung 1a chon
loc di truyén (genetic selection).

Sang loc gen chdng chiu khang sinh duge xem 1a truong hop dién hinh cta chon loc di
truyén. Vi dy, gen khang lai peniciline dugc sang loc dé dang tir ngan hang ADN genome clia
Salmonella typhimurium khi cac vector ctia ngan hang duoc bién nap vao té bao nhan E.coli.
Nhiing té bao nay dugc trai trén moi trudng co chira peniciline. Duy nhat dong té bao nhan
vector mang gen pen’ ¢6 kha ning tao khuén lac trén moi truong nay.

Ngoai ra, cac gen tham gia mot s6 con duong chuyén hoa trong té bao ciing c6 thé sang
loc dé dang theo cach thirc chon loc di truyén. Vi du, mudn chon dugc cac gen mi cho
enzyme tham gia sinh téng hop histidine ¢ S.cerevisiae thi 6 thé x@y dung ngén hang ADN
genome nim men gom cac vector tai to hop dugc bién nap vao té bao E. coli khuyét dudng
khong c6 kha ning tong hop duoc acid amin ndy. Qua trinh sang loc chi tuyén chon dong té
bao tao khuan lac trén méi truong khong c6 histidine.

Khi phwong phéap chon loc di truyén khong thich hop trong tuyén chon, ky thuat lai acid
nucleic dua vao su tao cdp gilia cac trinh tu tuong déng va k¥ thuat mién dich dua vao tuong
tac khang nguyén-khang thé c6 mot vai trd quan trong dé sang loc dugce gen hoic ADNc cia
gen can nghién ciru.

3.4.1 Phwong phap sang loc chung

Khi 4p dung k¥ thuét lai acid nucleic dé 1dy duoc mot dong (mot doan ADN) tir ngén
hang (ADN genome hodac ADNc), nhét thiét phai c6 dau do (probe) dac hi¢u. D6 la mot doan
ADN co¢ trinh tu nucleotide giong hét hodc co do tuong ddng cao v6i mot phan bat ky cua
doan ADN can tim. Néu can sang loc mot gen ma san pham protein cua gen da biét, dau do co
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thé duoc tong hop nhan tao dua vao trinh tw acid amin cta protein. Do tinh cht thoai hoa cua
ma di truyén nén ching ta khong nhén dugc trinh ty nucleotide chinh xac. Piéu nay khong
anh huong nhiéu t6i két qua sang loc do phép lai chi doi hoi d6 twong déng nhat dinh giita
dau do va ADN can tim.

Mang
Vi trd cla quan lac
chita diing (AT} clin
tam dwore xde dink
Bitming ln dia l, Lairng voi dé @
: dii gan phing x3

chira cdec quin lac

Chu}fén oo quan 1 \
lonmang .

Hinh 3.9:

Sang loc quén lac mang dong cén tim tir ngan hang. Mang chira cac quan lac duoc
goi la cac replica. Chung dwoc x ly voi kiem va nhiét do trwéce khi lai voi dau do gan
phéng xa hoac phat huynh quang. Sau khi lai, vi tri quan lac lai v&i dau do dwoc phat
hién trén phim tw ghi phéng xa hoac dwa vao tin hiéu phat mau.

Phuong phap pho bién duoc ap dung trude day dé sang loc (screening) mot dong tir
ngan hang duoc mo ta trén hinh 3.9. SO lugng N té bao vi khuan (mang plasmid) hoac cac
phage (mang vector A hay cosmid) ctia ngan hang duoc nudi cdy trén cac dia petri, moc
thanh cac quén lac. Pat 1én trén bé mat mdi dia mot mang sao cho cac quén lac duoc chuyén
tir dia sang mang (thuong 1a mang nilon c6 ai luc lién két cao véi ADN). Xir Iy mang voi
kiém dé pha v& té bao, gdy bién tinh ADN va c6 dinh chung trén mang. Sau d6 cac mang
duoc 0 v6i dau do dic hiéu. Pau do nay duge danh ddu phong xa hodc hod hoc. Pau do s&
lai v6i ADN c6 trinh ty bd sung véi chinh né. Vi tri ciia quan lac mang dong lai s& duoc
phat hién va duoc tach ra khoi cac quan lac khac. St dung déu do danh dau phong xa cho
phep xac dinh nhanh, nhay, chinh xac dong mong mudn trong s6 hang triéu dong. Qua trinh
nay thuong dugc 1ap lai 3 lan vé6i cac diéu kién lai thay doi dé tang kha ning sang loc, loai
trir cac dong lai nhidu do dau do c6 kha ning lai véi ca cac doan ADN c6 trinh tu twong
ddng voi dau do.

Ngoai ra néu khang thé da biét, co the stt dung k¥ thuat mién dich dé sang loc gen
(ADNc) mi cho khang nguyén. Luc d6 can st dung ngan hang ADNc chura cac vector biéu
hién gen (expression vector). Khang nguyén dugc téng hop tir dong mang ADNc mi cho
khang nguyén d6. Khang thé duoc danh dau (bang phong xa hodc hoa hoc) 1am dau do. Pau
do lai véi khang nguyén va vi tri dong té bao dugc phat hién. Mot khi dong ADNc duoc
phan 1ap, c6 thé st dung n6 lam dau do dé sang loc tiép gen tuwong g trong ngan hang
ADN genome. Hién nay, dé sang loc mot hay nhiéu dong trong cing mot lan, ky thuat PCR
hodc microarray c6 rat nhiéu wu diém, cho phép chon duge cic dong mong mudn mét cach
nhanh chéng va chinh xéc.

3.4.2 Phwong phap sang loc phan biét "differential screening"
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Phuong phap sang loc phan biét phu hop v6i muc dich phan 1ap cac ADNc xuét phat tir
ARNm déc hi¢u cho tung loai m6 hodc khi cac ARNm chi xudt hién trong tung giai doan phat
trién co thé. Phuong phap nay cho phép xac dinh duge cac dong giong nhau trong hai hay
nhiéu loai ngan hang ADNc. Pong thoi, cac dong dic hiéu cho timg loai mé ciing duoc phan
biét 1d rang. Cac budc cu thé cua phuong phap sang loc phan biét duoc mé ta trén hinh 3.10.
Céc dong té bao ctia mot ngan hang dugc trai trén dia petri. Sau d6 cac quan lac dugc chuyén
sang hai mang. Mdi mang duoc lai véi dau do phong xa khac nhau. Pau do thir nhét bao gobm
ciac ADNc tuong ung voi ARNm cia loai moé A. Pau do thtr hai gdm ciac ADNc tng véi
ARNm cua loai mé B. So sanh sy c6 mat hodac do dam nhat cia cac vét lai trén phim ty ghi
phong xa co thé x4c dinh duoc cdc ARNm chi xuét hién trong mot hodc trong ca hai loai mo.

Lilang Maog

@Dét coc mang hiru@
\dTichL}‘a quén lac‘/

Mang chifa
quéulac
Lai witi d8u dii la Laiw&fi ddudil &
ADMc cla mu A Soaonh v trd coc quau Las ADN: cllamu B

lai tei'n 2 mAng

ADMs J&c hiducl . l

ADHc tdtog l¥og v&i ARMm ADMe d3c hifuwcla

muy A
ci ¥ ¢ bai lodimu mu E

Hinh 3.10:

Phwong phép sang loc phan biét. Lan lwot dat hai mang 1&n trén mét moi
dia petri mang cac quan lac clia ngan hang ADNc sao cho vj tri clia cac
quan lac trén hai mang gibng hét nhau. Sau d6 méi mang duwoc lai voi
dau do phéng xa khac nhau. DAu do thir nhat bao gébm cac ADNc twong
rng v&i ARNm cua loai md A. Dau do tht hai gdm cac ADNc (ng Vo
ARNmM cua loai m6 B. So sanh sw c6 mat hoac do dam nhat cla cac vét
lai (trén phim tw ghi phéng xa hodc mau phat ra) cé thé xac dinh dwoc
cac ARNm chi xuét hién trong mot hodc trong ca hai loai mé. Nho do,
phéan 1ap dwoc cac dong ADNc dac hiéu can nghién ctru.

3.4.3 Phwong phap di dgc nhiém sic thé “chromosome walking”

Dua vao két qua phén tich cac dot bién di truyén hodc cac phép lai nucleotide, vi tri
mot gen co thé dugc xac dinh trén nhiém sic thé (ban dd nhiém sic thé), mic du san pham
ciia gen nay chua biét. Van dé dit ra 1a can phan lap va xac dinh dugc chirc ning cia gen
ma do.

Mot khi da biét ban dd nhidm sic thé va mot doan ADN nam canh gen can nghién ctu,
gen d6 c6 thé phan lap dugc tir ngan hang ADN genome nho phuong phap "di doc nhidm sic

hé" (Hinh 3.11). Phuong phap nay dwa vao qua trinh chon loc tir ngén hang ADN genome
cac dong chira cac doan ADN nam gbi 1én nhau; phén tich doc theo ching dé dén duoc gen
can nghién ctru. Mic du trinh tu ciing nhu san pham ctia gen chua biét nhung dua vao cac
doan ADN di biét phan bd trén cung nhiém sic thé va khong xa voi gen can nghién ciru,
chung ta c6 thé tach duoc gen nay tir ngdn hang ADN genome.
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Hinh 3.11:

Phwong phap di doc nhiém séc thé duoc siv dung dé chon loc cac dong ADN nam géi
Ién nhau theo mét trat tw nhat dinh. Cac dong nay bao phd mét ving nhiém sac thé
chtra gen can nghién ctu. Bé bwdc nhanh, ngén hang genome can chtra cac dong co
kich thuoc Ion. Chi mét doan ngan ADN & dau cac dong dwoc dung lam dau do. Cac
dau do nay khéng giong nhau va khdng chira ADN lap lai.

Pau tién, doan ADN da biét dugc dung lam dau do dé sang loc ngan hang ADN
genome (Hinh 3.11). Mot dau ctia doan ADN lai voi dau do duogc cat ra va st dung lam dau
do thu hai dé tiép tuc sang loc doan ADN khéc lai véi n6d. Két qua thu duge doan ADN thir
hai nam goi 1én doan thur nhat. Poan thr hai ADN duogc tinh sach va mot dau cua n6é (nam
ve phia c6 gen can tim) lai dugc cat ra va dung lam dau do tiép theo dé sang loc ngan hang
chon tiép doan ADN thir ba nam g6i Ién doan thir hai. Qua trinh duoc 1ap di 1ap lai nhicu lan
cho den khi thu dugc doan ADN chira gen can tim. Vi phuong phap nay, ching ta c6 thé di
doc vé hai phia trén nhiém sic thé xuat phat tir doan ADN di biét trude tir ban dau (doan
ADN ding 1am dau do tha nhat).

Tuy nhién khi ap dung phuong phap nay, can luu ¥ dén su ton tai cua cac trinh tu
nucleotide 1ap di 1ap lai trong genome. Néu cac dau do co chira doan lap lai thi khong thé
tién duoc trén nhiém sic thé vi dau do s& lai voi nhidu doan ADN nim rai rac trong
genome. Cac doan nay déu cé chua trinh tuy 13p lai tvong dong voi dau do. Do d6 két qua
sang loc thu dugc cac doan ADN khong nam géi 1én nhau. Vi vay, dau do sir dung dé di tur
doan nay sang doan khac nhét thiét phai 1a duy nhat. Ngay nay k¥ thuat nay duoc thay thé
bang cac phuong phap khac nhanh va it cong stc hon nhu PCR hoic “potision cloning” -
tam dich 1a tach dong theo vi tri (dwa vao vi tri trén ban dé).

Khi str dung ky thuat PCR dé tim ra cac doan ADN nam géi 1én nhau, céac cap mdi duge
thiét ké dua vao trinh tu nucleotide ciia doan ADN di biét ban dau. Phan ung PCR dugc thuc
hién doc 1ap voi cac vector ctia ngan hang. Vector nao cho san pham PCR sé& chira doan ADN
nam géi 1én doan ADN d3 biét. Poan ADN md&i duge phan lap va dau cudi cta no lai duge
xéc dinh trinh ty dé dua vao d6 thiét ké cac cip moi tiép theo.

Mic du két hop vai phan ung PCR, trong thuc té tién do di trén nhiém sic thé thuc hién
rat chdm va mét nhiéu cong sirc dé sap xép 15-20 doan ADN vao mdt contig (gdm cac doan
ADN nam g01 1én nhau - Hinh 3.8). Phuong phap tach dong theo vi tri da khic phuc phan nao
nhimg yéu diém trén. Nguyén tic ciia phuwong phap nay 1a xuat phat tor mot vi tri da dugc xac
dinh trén ban d nhidm sic thé. Vi tri d6 chi cach xa gen can phan lap mot vai Mb. Nhu vay
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tach dong theo vi tri can phai két hop cac loai ban d6 véi nhau nhu ban do vi tri enzym gidi
han, ban do chi thi ADN microsattelitte vv... dé tim ra vi tri lam mdc cling nhu x4c dinh chinh
xac khoang cach dén gen can tim.

3.4.4 Nhay budéc trén nhiém sic thé “jumping on chromosome”

Phuong phap di doc nhiém sic thé khong thich hop véi nhirng doan nhiém sic thé dai
hon 1000 kb. Pé khic phuc kho khan do, hai dau ctia mot doan ADN genome c6 kich
thudc rat 16n duge ndi véi mot doan ADN da biét tao thanh phan tir dang vong khép kin
(Hinh 3.12).
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Hinh 3.12:

Phwong phap nhay buéc trén nhiém séc thé. ADN genome dwoc cat bang
enzym c6 it vi tri nhan biét trong genome. Do d6 thu dwoc nhitng doan ADN
rat I6n. Phan trng ligase xay ra trong didu kién co lgi cho viéc tao phan ttr dang
vong (ndng d6 vector>> ndng d5 ADN). Phan tir ADN tai t& hogp mang hai doan
ADN ndm & hai diu cla doan ADN I6n. Hai doan nay rat xa nhau trong
genome.

Tiép theo phan tir nay bi cat boi enzym gidi han ma doan ADN d3 biét khong chira vi tri
nhéan biét cua enzym ndy. Nhu vay, hai dau cua doan ADN genome va doan ADN da biét
cing nam trén mot phan tr ADN méi. Phan tir nay duoc dua vao vector va hai dau ciia doan
ADN genome ltc ndy nim gan nhau trong cung mét vector (voi kich thude thich hop do viée
tron enzym giéi han) mic du trong thuc té chiing rat xa nhau.

Khi hai dau cta mot doan ADN rat 16n ném trong cung mot vector, néu da biét mot dau
nay thi dé dang tim dugc dau kia ma khong can di doc nhiém sic thé (khong can tim cac doan
nam gbi 1én nhau, bao phu 1én ca vung ADN 16n). Ngan hang chura cac dau cua nhitng doan
ADN I6n cit ra tir genome cho phép ap dung k¥ thuat nhay budc, tién xa va nhanh trén nhiém
sac the.

3.5 Céc phuong phap lai

Nguyén tic ctia phuong phép lai acid nucleic 13 dwa vao phan tng tao ra phan tir lai nho
lién két bd sung gitra hai sgi don ADN hodc hai sgi don ARN hay ADN/ARN. biéu kién cua
phan tng lai phu thudc chil yéu vao nhiét d6 va nong d6 mudi trong dém. Thong thuong, soi
don lam du do duge danh ddu bang phong xa (P*?) hodc bang cac chat phat huynh quang. Do
do, soi dich lai voi dau do duoc phat hién nho phim c¢6 d6 nhay véi phong xa hodc cac ki
thuat nhudm mau. Méc du gia thanh cao nhung dam bdo an toan cho nguoi st dung nén céc
chat danh dau khong phong xa ngay cang chiém uu thé trong cac phong thi nghiém hién dai.
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Phuong phép lai ADN véi dau do duoc sir dung cha yéu dé phan biét mot doan ADN
trong s cac doan khac ma kich thudc ciia ching khong 16n. Vi dy, sau khi phan 1ap duoc mot
doan ADN (mot dong) tir ngan hang, chiing ta dung ky thuét lai dé dinh vi chinh x4c gen phan
b trén doan ADN d6, xac dinh ciu triic cua gen (phan bd cia exon, intron). Ngoai ra, lai
ADN genome (cat bang cac enzym gidi han) v&i dau do dic hiéu ciia mot gen cho phép danh
gia s6 ban copy ciia gen do trong genome. Phep lai gitta ARNm voi dau do cho phép xac dinh
kich thu6c phan tr ARNm, dinh lugng s6 ban phién ma (transcripts) va xac dinh hoat dong
clia gen & cac to chue biét hoa.

3.5.1 Phwong phap Southern blots

Phuong phép lai Southern blots do Edward Southern phat minh nham phén biét mot doan
ADN nhét dinh trong s6 cac doan khac bi cit boi enzym gidi han. Co thé goi doan ADN can
tim 1a doan ADN dich. Phuong phap nay doi hoi dau do dic hiéu lai véi ADN dich. Pau do
c6 thé 14 ADN hodc ARN va c6 trinh ty nucleotide twong dong cao véi ADN dich.

Pau tién ADN bi cit boi enzym gi6i han thanh cac doan c6 thé phan ly trén gel
agarose. Sau do cac soi kép ADN (trén gel) bi bién tinh (do xr 1y v6i kiém) va duoc chuyén
sang mot mang (thudng 1a mang nylon hodc nitrocellulosse). Budc chuyén nay duoc goi 1a ky
thuat blotting. Blotting c6 thé thyc hién bang cach thdm thdu mao din (doi hoi nhidu thoi
gian-thuong tién hanh qua dém) (Hinh 3.13A), hodc str dung may hut chan khong (chi hét
khoang vai gi¢). Sau d6 mang chira ADN duogc xur 1y nhiét (thudng 2h ¢ 80°C) hodc dugc
chiéu tia tr ngoai (vai phat) dé c¢b dinh ADN trén mang. Mang nay duoc lai véi dau do dic
hiéu d3 danh diu, thuong béng phong xa p* (hodc cac chét phat mau). Vi tri cia doan ADN
lai v6i dau do duogc xac dinh nho phim hodc hoa chat dic biét (Hinh 3.13B). Phuong phap nay
rat nhay cho phép phat hién dugc doan ADN xuét hién mot lan (don ban) trong genome
(~1/10° khi chi dung 5 pg ADN genome.
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Hinh 3.13:

(A)-Blotting chuy&n ADN tir gel agarose sang mang béng phwong phap
thdm thdu mao dan. Sau khi chuy&n, mang chira ADN giéng hét nhw
trén gel. Mang dwoc x(& Iy nhiét hodc chiéu tia UV dé& cé dinh ADN. (B)-
Ky thuat Southern blot st dung d& phat hién doan ADN mong muén.

Lai Southern dugc ap dung dé phat hién s luong ban sao ciia mdt gen trong genome;
phat hién thay dbi trat tu sip xép cua cac doan ADN, su c¢6 mit cta cac doan ADN la, su thay
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ddi vi tri cua céc transposon; phan bi¢t mot gen trong ho gen, xac dinh céc intron, exon cua
mot gen vv.... Khi stir dung cac chi thi phan tir (marker ADN) khac nhau lam dau do, chung ta
c6 thé phan biét dugc cac loai, cac loai dong hinh, cac ca theé dudi loai.

3.5.2 Phwong phap northern blots

Cac bude cua phuong phap nay tuong tu nhu Southern blots nhung & ddy ARNs dugc lai
v6i dau do ADN hodc ARN. Phuong phap nay duoc ap dung de xac dinh s6 lugng cling nhu
kich thudc cac phan trt ARNm c6 trong té bao. Pau tién ARN tong s6 dugc tach chiét khoi té
bao. Sau do, ARN duoc chuyen sang mang va dugc lai voi dau do dic hiéu. Pau do co thé 1a
ARN hoic ADNe. Kich thudc ciing nhu s6 luong ARNm lai v6i dau do dugc phat hién dua
vao vi tri cta bang lai va do dam nhat cua né. Nho phuong phap nay, c6 thé so sanh sé luong
ARNm ctia mot gen hoat dong binh thudng va khi bi dot bién ciing nhu nghién ctru muc do
hoat dong cua mot gen & cac td chire biét hoa khac nhau hay chiu cac tac dong bén ngoai.

Déi véi nhirng gen ma 5O lugng ARNm duogc tong hop it, trude khi tién hanh lai
northern, c6 thé lam giau ARNm bang vi¢c tach riéng ching ra khoi cac loai ARN khac.
Khi cho ARN tong s qua cot gan polyT, cic ARNm mang dudi polyA s& dugc giir lai
trén cot trong khi cdc ARN khac bi loai. Rura cot bang dung dich thich hop dé thu ARNm.

Trong nhitng nam dau thé ky 21, ky thuat lai northern dugc str dung dé phat hién cac
phén tir ARNSsn kich thuée nho (vai chyc nucleotide). Nhimg phan tir nay dong vai tro quan
trong trong qua trinh hinh thanh cau trac di nhiém sic (heterochromatin formation), trong
kiém soat bat hoat gen (gene silencing). Tuy nhién, do kich thudc rat ngin, nén cac ARNsn
phéai dugc tach khoi cac loai ARN kich thude 1on. Sau d6, ARNsn dugc phan ly trén gel
poyacrylamide va dugc chuyén sang mang nho may. Déc biét dau do sau khi danh dau ciing
phai dugc phan cat thanh cac doan ngan. Moi bude tiép theo twong tw nhur v6i lai Southern.

3.5.3 Ky thuit lai in-situ

Phat trién tir phép lai Southern blots, k¥ thuat lai in situ st dung cac ddu do danh dau
(doan nucleotide hodc khang thé) dé lai vdi ADN, ARN hodc véi protein ¢ ngay trong té bao
ma khong can tach chiét chung. Cac dau do oligonucleotide thuong duoc danh dau bang
phuong phap hoa hoc (chat phat huynh quang) thay cho viéc danh dau bang phong xa. Chung
dugc téng hop tir cac nucleotide mang nhimng lién két hod hoc dic biét. Cac dau do sau khi lai
duoc phat hién nho cac protein khac nhan biét cac lién két hoa hoc nay.

Su phan b cac phan tir ARNm trong té bao dugc phat hién nhd phan tng lai insitu. Khi
nghién ctru véi ARN, nhiém sac thé khong t ¢ pH cao, do d6 chung gilr nguyén ¢ trang thai
so1 doi va khong lai dugc voi moi. Nho phuong phap nay ma cac bleu hién cua gen 6 mirc do
phién ma c6 thé quan sat duoc trong té bao. Vi du, V61 mo phoi rudi gidm Drosophila, cac té
bao ¢ nhimng vi tri khac nhau trong qué trinh phat trién ca thé dugc phat hién nho dua vao kiéu
cach hoat dong cua cac gen lién quan.

3.5.4 Dicu kién phan tng lai
Khi thay ddi nhiét d6 hodc thanh phan, ndng d6 cac chét trong dung dich cta phan tng
lai, ttrc 1a thay doi tinh chat ché nghiém ngét ctia di€u kién lai, kha nang lai gitra cac soi don

ADN/ADN, ADN/ARN va ARN/ARN tao thanh sgi kép ¢6 thé thay doi tir mirc d¢ trinh ty
nucleotide kha tuong dong voi nhau dén yéu cau ching phai hoan toan tuyét doi tao cap bo
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sung. Do d6 o diéu kién nghiém ngat cta phan tng, co thé xac dinh dugc mot gen dot bién
trong s6 cac thanh vién ctia mot ho gen. Khi diéu kién phan ng lai cho phép lai giita cac soi
twong dong thi co thé phat hién cac gen trong mot ho gen néu mot thanh vién trong mot ho
gen di biét va dugc dung 1am dau do (Hinh 3.14).
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Hinh 3.15:
Thay dbi diéu kién lai trong phan ng Southern sé& thu dwoc cac két qua
erwéc nhau. Trong diéu kién Iﬂ\éc 'nAghiéxt, d?u do chi Ia‘hi vc’ri\dulng dxoar) ta,q céllp
bo sung chinh xac. Trong diéu kién dé dang hon, dau do cé the lai voi cac
doan twong dong.

Hon 3000 bénh di truyén ¢ nguoi do dot bién xay ra & nhiing gen chi ton tai mot ban
sao duy nhit trong genome (don boi). Nhitng dot bién nay thuong & trang thai lan va chi biéu
hién khi ca hai allen ctia gen déu bi dot bién. Vi du, bénh thiéu mau hong ciu hinh ludi liém
xay ra boi thay dbi cuia mot nucleotide duy nhat (GAG — GTG) & gen mi cho chudi B globin.
Dé chan doan thai nhi mang hai allen dot blen clia gen ndy (mot nhan tir bd, mot nhan tir me),
hai chudi oligonucleotide (~20 base) dugc tong hop nhan tao. Oligo thir nhat tmg v6i gen binh
thuong, oligo thir hai ing v6i doan gen mang dot bién. Nhu vay hai dau do nay chi sai khac
nhau mot nucleotide. Trong diéu kién lai rdt nghiém ngit, cic oligo chi lai v&i doan
nucleotide twong tmg khi cac lién két bod sung chinh xéac tuyét ddi. Do d6 khi ADN téach ra tir
té bao ctia bao thai (amniocentesis) lai v6i dau do 14 hai oligo trong phép lai Southern, dang
binh thuong va dang dot bién ciia gen mé cho P globin c¢6 thé phan biét dugc. Thai nhi mang
hai allen khiém khuyét thi ADN tach ra chi lai véi mot loai oligo twong tng véi doan dot
bién.

Trong qua trinh tién hoa, mot gen mdi co thé dugc tao ra do td hop nhiéu phén khac nhau
ctia cac gen, hodc do thay d6i dan dan tir mot gen ban dau. Hau hét cac gen trong mot ho gen
¢6 chire nang lién quan dén nhau va thuong phan bé rai rac trong genome. Khi mot thanh vién
trong ho da dugc phan lap, cac gen khéc trong ho dugc xac dinh nho phép lai Southern thuc
hién trong diéu kién kém chét ché (ddu do chinh 13 thanh vién d3 biét). Lac dé cac soi don
ADN khong hoan toan b sung v6i dau do van lai dugce v6i né (Hinh 3.14). Phuong phap lai
nay dugc sir dung rat hiru ich trong nghién ctru sinh hoc phén tir. Vi du, toan bd cac gen ma
cho protein tuong tac voi ADN lam nhiém vu diéu khién hoat dong cua gen trong phat trién
mo phdi ¢ rudi gidm Drosophila dwoc phat hién nho phép lai & dleu kién khong ngat nghéo.
St dung cac doan nucleotide cua cac gen c6 ngudn gde tir rudi gidm 1am dau do, cac ho gen
tuong tu ¢ genome ngudi va chudt dugc phat hi€n nho chinh k¥ thuat lai.

3.6 RFLP trong nghién ctru genome va lap ban dod gen
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Ban do genome co6 thé duoc xac dinh theo hai cach khac nhau: ban do vat Iy va ban dd
lién két di truyen (physical map va genetic linkage map). Don vi do khoang cach (gitra cac
gen) trén ban dd vat 1y dugc tinh bang s6 luong cac nucleotide. Nguoc lai, ban db lién két di
truyén dugc xdy dung dua vao cach thic di truyén cac tinh trang. Ban d6 lién két di truyén
dua vio tan s cung di truyén cta hai hay nhiéu tinh trang trong cac phép lai. Cac tinh trang
nay dugc st dung nhu céc chi thi (marker) di tmyén. Mbi mot marker 13 mot vi tri trén ban
dd. Pon vi do khoang cach giita 2 vi tri trén ban d6 di truyén 13 centiMorgan (tinh theo tan sd
trao doi chéo gitra 2 vi tri d6). Khi ¢ su thay ddi trén ban do genome, néu sy thay ddi xut
hién rat it va dot ngot thi xem nhu xay ra dot bién. Khi thay doi xay ra phd bién theo tién hoa
thi duoc goi 1a da dang (polymorphism).
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Hinh 3.16:

Tinh da dang cac doan ADN bij cat bdi enzym gi&i han

(A) Hau hét cac ca thé trong quan thé cé doan nhiém sac thé bi enzym gi¢i han E1 cét tai 3
vi tri tao hai doan ADN. M6t trong hai doan nay dwgc phat hién nh& phwong phap Southern
blots st dung dau do RFLP

(B) Khi c6 sy thay dbi ciia nucleotide tai mét vi tri cat, enzym khéng nhan biét dwoc vi tri d6
nira, nén chi cit & hai vi tri kia tao mét doan ADN dai (IGc nay dwoc xem nhw mot RFLP)

C) Khi xay ra dot bién thém doan, doan ADN bj cét dai hon. Loai RFLP nay thwong phd bién
& nhi*ng viing nhiém séc thé chiva cac doan ngan nucleotide Ip di 13p lai nhw GTGTGT... S6
l&n 13p lai thay di rat nhidu trong quan thé. Tai mét vang nhét dinh, sé 1an 13p lai dac trwng
cho tirng ca thé. D6 1a cac minisatellite, microsatellite hodc con goi la cac VNTR (variable
number of tandem repeat) (theo Alberts & cs., 2002).

Thong thudng, ban db lién két di truyén duge xac dinh nhd biéu hién cua cac dot bién
nhu mau mét, nhém mau. Gan day, cic phuong phap tai to hgp ADN sir dung cac marker di
truyén moi - cac doan ADN c6 d6 dai khac nhau giira cac ca thé binh thudng, dé lap ban do di
truyén. Pic diém cua cac doan ADN nay 1a su sai khac giita chung khong hé c6 biéu hién tinh
trang. Tuy nhién, thay d6i nho giita chiing c6 thé 1am thay d6i vi tri nhan biét ctia enzym gidi
han. Vi duy, thay ddi mot nucleotide c6 thé lam mat vi tri nhan biét, do d6 khi cét bai enzym
thi thu duoc cac doan ADN dai ngin khac nhau (Hinh 3.15). Tuong tu, sy thém bt cac
nucleotide vao mot ving ADN bt ky co thé khong gay ra thay ddi tinh trang nhung lam thay
dbi kich thudc ctia cac doan ADN bj cét ra tir ving d6. Su sai khac nay duogc goi 1a tinh da
dang cia cic doan ADN bi cit bai enzym gioi han, viét tat 1a RFLP (Restriction Fragment
Length Polymorphism).
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Hinh 3.16:

Ky thuat Southern blots dwgc st dung dé phat hién mét RFLP. Sy khac nhau cua
moét vung trén nhieém sac thé sb 3 di truyen tir cha va me co thé phan biét dwa vao
két quéa clia phép lai. RFLP dwgc st dung rat hibu hiéu trong phan tich quan hé huyét
thong.

Khi mot RELP rat phd bién trong quan thé, su khac nhau gitta hai ca thé c6 thé xac dinh
dugc nho RFLP d6. Cac RFLP thuong chtra cac doan ADN ngan, 1dp di ldp lai, c6 chiéu dai
khéc nhau do so0 lan ldp lai thay doi (tir 4 dén 40 lan). Sy khéac nhau vé kich thudc cua cac
doan ADN ma mét ca thé duoc thira huong tir cha va me co thé phat hién dé dang nho phep
lai Southern. Pau do lai phai tao lién két b xung véi mot chudi nucleotide nam trong cac

doan ADN d6 (Hinh 3.16).

Khi hai marker di truyén nam trén hai nhiém sic thé khac nhau, xac suat dé mot ca thé
nhan dugc hai marker nay chi chiém 50% (khi hai nhiém sdc thé cung di vé mot cuc trong
phan bao giam nhiém). Ngay véi hai marker ndm & hai phia ctia mot nhiém sic thé (d6i dién
nhau qua tim dong), xac suat phan ly ciia ching kha cao do xay ra trao d6i chéo trong phan
bao giam nhiém. Cac marker cang gan nhau trén mot nhiém sic thé, xac sut dé ching cing
dugc truyén cho mét ca thé con chau cang 16n.

Thong thuong dé phan 1ap duoc gen lién quan dén bénh di truyen c6 thé dung cac marker
RFLP dé x4c dinh vi tri ctia gen d6 dua vao pha hé lon gom nhiéu ngudi. Sang loc cac ca thé
ma RFLP va tinh trang dugc thé hién dong thoi. R4t nhidu gen gay bénh & nguoi da duoc tim
ra bang phuong phap st dung RFLP, nhd d6 cac protein twong Gng dugc phén tich rd rang
(Hinh 3.17).
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St dung marker RFLP dé phan tich ban db di truyén. M6t tinh trang dac biét (bénh) & ngudi
duwoc di truyén sang thé hé sau cung véi marker RFLP. Néu dai da sé cac ca thé bj bénh
d&u c6 mang marker nay thi gen gay bénh va marker RFLP cé mdi quan hé lién két ndm gan
nhau trén ciing mét nhiém sac thé (P& dam bao dd tin cay, tinh cing di truyén phai dwoc
kiém tra trén sb lwong I&n ca thé). Can lwu y dén hién twong trao ddi chéo trong phan bao
gidm nhi&m khi tao t& bao sinh duc (trirng hodc tinh tring). Lic nay marker RFLP sé& phan ly
khéng cung nhiém sic thé véi gen gay bénh (trwéng hop sb 6) (theo Alberts & cs., 2002).

Trén hinh 3.17 mé td mot marker RFLP nam gin mot gen gy bénh. Khi marker nam
cang gan gen thi cang dé phat hién duoc gen d6. Dé phat hién mot gen bat ky dua vao RFLP
thi phai biét duoc vi tri cia cidc marker RFLP trén nhiém séc thé chira gen do. Vi tri ctia tat ca
cac marker RFLP (s6 luong dén hang nghin) tao thanh ban d6 RFLP ciia genome. Trén ban do
nay, khoang cach gitra hai marker khoang 10° bp (twong duong véi ~0,1 cM). O khoang cach
nay chiing cting di truyén cho con chéu véi xac suat 99%.

Dua vao ban dd RFLP, khi mot tinh trang cung duoc di truyén v6o1 mot marker RFLP thi
vi tri cua gen qui dinh tinh trang d6 c6 thé xac dinh duoc dé dang. Nho do, viéc sang loc cac
clone ADN tuwong tng tir ngan hang genome va phan lap duoc gen lién quan dén tinh trang
tré nén thuc thi.

3.7  Phan tng PCR (Polymerase Chain Reaction)

Mot doan ADN bét ky c6 thé duoc nhan 1én nhanh chéng hang ty 1dn ma khong can dwa
vao té bao vi khuan. Piéu d6 xay ra trong phan ung tong hop in-vitro sit dung ADN
polymerase va cac oligonucleotide (cac méi primers). D6 chinh 1a két qua tuyét voi ciia phan
ung PCR, tam dich Ia chu01 phan ung tong hop. K¥ thuat PCR dugc Kary Mullis tim ra da
gitip cac nghién ctru vé ADN noi riéng, vé sinh hoc phén tir néi chung dat dugc nhitng thanh
tyu dang kinh ngac. Nho phan tmg nay, mot doan ADN ¢ mot ving bat ky trong genome
dugc khuéch dai 1én rat nhiéu 1an khi trinh tu nucleotide & hai diu doan ADN d6 da biét. Dua
vao trinh ty do, cac cap oligonucleotide dugc téng hop nhan tao, mdi oligo tao lién két bd
sung v6i timg soi don. Ching dugc str dung 1am mdi dé tong hop ADN invitro nhd enzym
ADN polymerase. Dic biét phan ing PCR chi doi hoi mot lugng ADN 1am khuén ban déu rat
nho (c¢& 107 pg).

_ Mot phan ung PCR gom nhiéu chu ky (Hinh 3.18). Mbi chu ky phan tmg doi hoi ba bude.
Pau tién, ADN khuon dugc xu Iy nhiét do dé tach thanh hai sgi don. Budc tiép theo, nhiét do
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giam xudng cho phep cac moi (sd luong rat 16n) lién két tao cap bd sung véi hai sgi don ADN
khuén (Do 5O luong mdi 16n nén lién két gitta mdi va ADN khudn xay ra chlem uu thé so véi
lién két phuc hoi gitta hai soi don). Trong budc thir ba, hdn hop ADN va méi duoc U véi
enzym Taq polymerase va bon loai deoxyribonucleotide triphosphate. Poan ADN niam giita
hai méi dugc tong hop. Khi cac chu ky dugc lap lai, cac doan ADN vira dugc tong hop & cac
chu ky trude tro thanh khudn méu cho chu ky sau. S6 lugng phan tr ADN tao ra tang gap doi
sau mdi chu ky. Chi sau vai chu ky dau, san pham tao ra chu yéu la cac doan ADN c6 kich
thudc bang dung khoang cach gitra hai mdi. S6 chu ky lap lai trong mdi phan ung PCR
thuong 1a khong qua 60 va mdi chu ky thuong kéo dai khoang 5 phut.
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Hinh 3.18:

Phan (rng PCR. Ba chu ky d4u ti&én clia phan (rng dwgc md ta trén hinh vé. T hai sgi don
ADN bién tinh, sau 3 chu ky thu duwoc 16 sgi don, trong dé 8 sgi cé kich thwéc dung bang
khodng cach gitra hai méi oligo. Sau mét sé chu ky, sé lwong soi ADN c6 kich thwéc duy
nhét chiém wu thé tuyét dbi trong phan &ng.

N = (2"-2n).x
n: S6 chu ky; 2n: S6 s¢i ¢6 chiéu dai khong xac dinh

x: SO soi khudn ban ddu ; N: S6 s¢i tong hop dwoe trong phan wng.
3.7.1 Cic yéu t6 anh hwéng dén phan img PCR

* Cac mdi oligonucleotide: Ty 16 GC & cac mdi thudng chiém khoang 40-75%. Khoang
cach giita hai moi thuong khong dai qua 3 kb. Cac mdi khong duge tao cdu trac bac hai do
lién két giita cac nucleotide ngay trong mot moi. PO dai ciia mdi (s6 nucleotide) tir 15 dén
khong quéa 30. Nhitng moi dai hodc ngan hon anh hudng dén kha niang bét cip chinh xac voi
ADN khudn hodc nhan ban khong dic hiéu. ADN duoc tong hop khi dau 3' ciia moi da lién
két véi khudn mac do dau 5' ¢ thé tu do. Do d6 dau 5' ctia mdi ¢6 thé duoc gén thém linker
hodc doan nucleotide diéu khién (promoter). Nong d6 mdi khoang 0,1 pM dén 1 pM. Nong
do thuong dugc xéc dinh dua vao gid tri OD do ¢ 260 nm.

* Lién két gitta moi va ADN khuon: Mdi gin vao soi khuon ADN nhd lién két tao cip bd
sung gitra ching. Lién két nay phu thudc thoi gian, nhiét d6, ndng d6 méi ciing nhu ndng do
so1 khuon. Khi néng dd mdi rat 16n so véi néng dé khuon, thoi gian u mdi véi soi khudn
khong can thiét qua lau. Nhiét 46 ¢ giai doan nay phu thudc chiéu dai ciia mdi va ham luong
GC. Khi oligo mdi gom 12 dén 15 base, nhiét do i khoang 40-45°C.

Nhiét d6 72°C thich hop cho phan tng tong hop ADN bang Taq polymerase (1a ADN
polymerase ¢ hoat tinh & nhiét do cao). Luc ndy can luu y cic mdi ngan thuong bi bién tinh
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tach ra khoi sgi khudn. Ngoai ra, trong truong hop modi dugc tong hop xuét phat tir trinh tu
acid amin thi lién ket gitta m61 voi ADN khuén khong hoan toan b6 sung do tinh chat thoai
hoa ctia ma di truyén. Do d6, mdi loai nay dé dang tach ra khoi soi khuén ¢ nhiét do tong hop
ADN 72°C. Vi vdy trong truong hop nay, thoi gian gan moi c6 thé keo dai hon so voi moi co
trinh tu chinh 13y tir doan cAn nhan ban vi Taq polymerase c6 thé tong hgp ADN & nhiét do
gén mdi. Sau d6 méi ting nhiét do 1én 72°C. RS rang nhiét do va thoi gian ¢ giai doan gén
moi ddc bi€t quan trong; nhiét do qua cao gay bién tinh, nhiét do qua thap tao ra cac lién két
khong dic hiéu (mdi c6 thé bam vao vi tri bat ky c6 do twong dong chtr khéng dam bao chinh
xéc). Ngoai ra khi ADN khuon chiém ty 18 rat nho (vi du mot doan ADN trong genome), thoi
gian can thiét dé mdi tim dung vi tri lién két ddc hiéu va tao cip véi khudn thuong khoang 2
phut trong mot s6 chu ky dau tién. Didu dang luu y khi chi vai nucleotide & dau 3' ciia mdi da
lién két v6i khuon thi Taq polymerase s& kéo dai soi mdi thanh sgi ADN méi bat chip moi
chua lién két hoan toan véi khuén ¢ dau 5.

* Nong d6 mot sé ion ciing nhu bdn loai nucleotide NTPs trong moi truong déu anh
huéng dén phan tng PCR. Vi duy, ion Mg kich thich phan tmg téng hop ADN trong khi
muén nhan dugc doan ADN dai can loai bo hoan toan KC1 khoi moi truong. ADN khuon cé
thé 1a ADN genome tach ra tir té bao, ADN tir cac ngan hang genome hoic ADNc, cic ADN
bat ky; ARN tong s6 hoic ARNm. Nong d6 ADN khudn thuong < ng véi ADNc, hodc <pg
v6oi ADN genome.

3.7.2 Mot s6 dang ciia phan tng PCR

* PCR 10ong (Nested-PCR): San pham ADN ciia phan tmg PCR thir nhat dugc sir dung
1am khuon cho phan tmg PCR thir hai v6i khoang cach (tinh bang bp) gitra hai méi lan sau
ngén hon 1an truge. Cach tién hanh nhu vay nham lam tang tinh dac hiu, chinh xac cho san
pham can nhan ban. Cac doan ADN khéng dic hiéu c6 thé duoc tao ra trong 1an PCR thir nhat
nhung r’ét kho tré thanh khuon trong 1dn PCR thir hai do céc san pham dic hi¢u chiém uu thé
tuyét doi.

* PCR phirc (Multiplex PCR): Phuong phép nay str dung nhiéu cip mdi trong mot phan
tmg PCR dé thu duogc cung mot lic cac bang dic hiéu cho ting cip. Nho d6 giam dugc thoi
gian thi nghiém cling nhu han ché viéc nhiém mau do thao tac. Vi du, bénh teo co Duchenne
(DMD) géy ra do thiéu hut cac doan ADN ¢ gen tuong ung. Gen nay dai khoang 2000 kb
gom 70 exon (kich thudce trung binh cta intron khoang 35 kb). Su mat doan chu yéu xay ra &
hai vi tri trén gen (cac vi tri nhay cam dot blen) Str dung cac cip moi dic hiu cua ting exon
trong cling mot phan g PCR phirc, ¢ thé phat hién duge 80-90% bénh nhan teo co do mat
doan.

* PCR déo (Inverse-PCR): Dung phuong phap nay e _phan 1ap nhiing phan nim trudc
hodc sau mot doan ADN da biét. Tir d6 phén tich dugc chudi nucleotide nam trudc hoic sau
cua mot gen. PAu tién ADN genome duoc cit boi enzym gidi han tao ra cic doan ADN khéc
nhau. Sau d6, cac doan ADN duoc ndi lai thanh dang vong va st dung nhu ADN khuén cho
phan tmg PCR véi hai oligo xuat phét tir phan ADN d4 biét. Phuong phap nay twong ty nhur
phuong phap di trén nhiém sic thé. N6 duoc tng dung dé xac dinh promoter hodc cac doan
nucleotide 1am nhiém vu diéu khién hoat dong cua gen.

* PCR nguoc (Reversed-PCR): Phan mg nay nham nghién ctru sé luong ARNm, lam
gidu cac ARNm hiém trong té bao. Pau tién ARN tdng s6 hoic ARNm duoc dung lam khudn
dé tong hop ADNc nhd enzym reverse transcriptase. Sau d6 cac soi don ADNc duoc tong hop
thanh soi kép nho Taq polymerase. ADNc dang s¢i kép dugce sir dung lam khudn trong phan
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tmg PCR. Céc oligo trong phan tng ndy thudng bat ngudn tir cac exon dé dé dang phéan biét
cac doan ADN chira intron tao ra do nhiém ADN genome v&i cac doan nhan 1én tr ARNm
(ADNc). Chi can 1 pg ARN tdng s6 (~10° té bao) du dé nhan ban phan tt ARNm hiém (1-10
copies/té bao).

* PCR tai to hop: duoc ap dung dé xdy dung phan tir ADN tai t6 hop, dua vao hodc bo
di hoac thay thé cac nucleotide trong mot doan ADN. K¥ thuadt nay dugc mo ta cu thé trong
hinh 3.19.
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Hinh 3.19:
Két hop cac phan (ng PCR dé thay thé cac nucleotide trong mét doan ADN da biét. M&i thiét ké mang cac
nucleotide thay thé. Ky thuat nay cho phép gay dét bién tai vi tri mong muon trén mot doan ADN (gen).

* Nhan ngiu nhién cic doan ADN bang PCR (RAPD-PCR) (Random Amplified
Polymorphic DNA-PCR): Dya vao cac minisatellite hodc cic microsatellite (VNTRs) da biét
dé tim duoc cac doan nucleotide ndm trude va sau cac VNTR nay. Chang duoc dung lam moi
trong phan tmg PCR. San pham thu duoc 1 nhitng bang ADN c¢6 kich thudc khac nhau. Phan
tmg ¢6 thé dung mot mdi riéng biét. Phuong phap nay hay duoc sir dung dé xay dung ciy
phan loai.

3.8 K¥ thudt gen

Chung ta di ciing nhau thiét ké mot phan tir ADN tai t6 hop. Pon gian nhét khi phan tir
d6 bao gém vector va mot doan ADN la. Trén thyc té, ching ta c6 thé ghép hai hodc nhiéu
doan ADN c6 ngudn gbc khac nhau (tir cac loai khac nhau) hodc xuét phat tir cac gen khac
nhau ciia ciing mot co thé rdi dua chung vao ciing mot vector. Bang cach d6 chung ta co thé
thu duoc phan tir ADN c6 chudi nucleotide theo y mudn ma khong nhat thiét phai téng hop
chung bang con dudng nhan tao (Hinh 3. 20). Phan tir ADN tai t6 hop gilr vai tro déc biét
quan trong trong viéc san xuit protein dung hop (fusion protein), bién ddi ciu trac protein
thong qua viéc thay thé trinh tu gen, trong nghién ctru cac domain, cac ving ¢ chirc ning
khac nhau trén phan tir protein vv...

3.8.1 Nghién ctru vai tro ciia ADN diéu khién, chirc ning ciia gen hodc protein
Phién ma tir mot gen duoc kiém soat bai ving ADN diéu khién (promoter, enhancer ....)
va phu thudc vao cac tin hiu trong tung loai t€ bao ¢ cac di€u kién khac nhau. Cac doan

ADN tang cudng (enhancer) c6 thé phan bd ngay trong gen (vung intron) hodc ¢ phia trude
hodc sau gen hang nghin nucleotide va cing nhau phdi hop hoat dong. Véi mot gen bat ky,
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cic doan ADN diéu khién c6 thé xac dinh duge khi ghép doan ADN nam trude hodc sau gen
doé voi mot gen da biét ma cho mot protein ddc hiéu. Gen da biét duoc goi la gen bao céo
(reporter gene). San pham cua gen bao cao duoc goi 1 protein bao cao (reporter protein).
Gen bao cao hay duge ding mi cho san pham 13 enzym hay chat phat mau. Do d6 protein béo
cdo dé dang phat hién nho phan Gng enzym hodc nhudém té bao. Khi dua phan tir ADN tai to
hop xay dung theo cach thic nay vao té bao, gen bao cao co thé ghép vao vi tri bat ky. Néu vi
tri d6 nam sau mot promoter thi ching ta co thé xac dinh dugc thoi gian, mic d6 hoat dong
cling nhu cac co ché kiém soat ciia promoter thong qua hoat dong ciia gen bao cdo, tirc 1a
thong qua thoi gian va murc do biéu hién ciia protein béo cao.
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Hinh 3.20:

Néi cac doan ADN véi nhau bang phwong phap st dung dudi 5'. Trong phan (rng
PCR khi d&u 3' bam vao ADN khudn, Taq polymerase tdng hop soi ADN méi ngay
khi ddu 5' chuwa tao cép véi ADN khuén. SG dung tinh chat nay, mét chubi
oligonucleotide ¢ chiva vi tri c&t clia enzym gidi han E dwgc thém vao dau 5' cla
modi, do d6 moi san pham PCR tao ra déu cé vi tri nhan biét clia enzym E. Cét san
phdm PCR v&i enzym nay tao dau dinh. Cac san phdm PCR dwoc ndi véi nhau
nhd AND ligase. Phuwong phap nay dwoc st dung dé dwa cac doan ADN vao
vector.

Khi cac phan tir ARNm cta mot gen di biét dugc tong hop rat it trong té bao, viéc tach
va tinh sach ching rat kho khan. Dé khic phuc nhuoc diém do, phan tir ADN tai to hop duogc
xdy dung gdm gen da biét ndi v6i promoter virus. Cac promoter nay thuong hoat dong manh.
Promoter nay dugc nhan biét boi ARN polymerase cua virus. Phan tor ADN tai t6 hop duogc
vOi enzym va 4 loai ribonucleoside triphosphate dé tong hop invitro cac phan tt ARNm v6i
s6 luong mong mudn. Nhitng promoter di biét dwoc dung dé nghién ctru chirc ning cta gen
ghép véi nd dugce goi chung 1a promoter bao cao (reporter promoter).

bé nghién ciru chirc nang, cAu truc protein twong tng voi mot gen da biét, phuwong phap
ding vector biéu hién (expression vector) hay con goi la phuong phap biéu hién gen dugc ap
dung dé thu duoc sé luong 16n ARNm va protein trong té bao soéng (Hinh 3. 21). Vector nay
mang promoter hoat dong manh nam gan vi tri ghép gen. Khi dua vector vao té bao song (té
bao vi khuén, virus, nAm men, t& bao dong, thuc vat), ARNm twong tmg v6i gen trong vector
cling nhu protein dugc téng hop véi s6 luong 16m. Dé tranh hién tuong protein la gay anh
huong téi su phat trlen cua té bao, trong thuc té thuong st dung cac té bao nhay cam nhiét do.
Phuong phép nay rat c¢6 hiéu qua trong viéc san xuat vaccine hodc bat ky protein nio vai sd
luong 16n.
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Hinh 3.21:

Sé lwong 16n protein duoc tao ra nhé tach dong (cloning) doan ADN chtra ma di truy&n
vao vector hoat dong. Vector’néy mang promoter hoat ddng manh, do d6 so lwong ARNm
va protein twong ng dwoc tdbng hop nhiéu.

Protein thuong c6 mot doan peptide phan b & phan dau (NH, hodic COOH) 1am nhiém
vu ¢b dinh protein ¢ vi tri thich hop trong té bao hodc dam bao dd bén viing cua n6 sau khi
téng hop. Pé nghién ctru vai tro cua doan nay, nd thuong dugce nbi véi protein bao céo da bi
cit bo phan tuong ung. Py 14 phan tir protein hop nhat hay con goi la protein dung hop. K¥
thuat tai t6 hop ADN cho phép xay dung phan tr ADN gdm nhitng doan nucleotide khac
nhau cua mgt gen ghép vdi gen bao céo. Tur do san pham protein dung hop cho phép xac
dinh chirc nang cua cac doan quan trong trong chudi polypeptide c6 lién quan dén van
chuyen, ¢ dinh hoic lién quan dén hoat tinh cua protein.
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Hinh 3.22:

Hai ky thuat khac nhau cho phép phan tich cAu tric va chirc ndng cda protein X

(A) Theo dbi chirc nang mai xuét hién do ghép protein bao cao véi mot doan cla
protein X can nghién ctu

(B) Nhirng thay dbi do dot bién co6 thé so sanh dwoc gitra protein binh thwdng va
protein d6t bién nhd quan sat "epitope” gén vao ching.

Khéng phai moi phan quan trong cua mot protein déu co thé ghép duogc véi protein bao
c4o. Vi du, dé van chuyén protein tr Golgi dén lisosome, cac doan peptide lién quan dén tin
hiéu van chuyén cua protein ndy ndm xa nhau trén phan tir protein va phai duoc gip lai theo
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mot cau trac ddc biét khién ching tré nén gan nhau. Dé nghién ctru vai tro cua cac doan nay,
ky thuat dich epitope "epitope tagging" dugc sir dung. Toan bd protein can nghién ciru duge
ghép véi mot doan peptide ngan 8-12 acid amin. Doan nay phat hién dé dang nho khang thé.
Vi tri, chitc ning ciling nhu sy di chuyén trong té bao cua protein lai dugc theo ddi nho khang
thé, do d6 moi anh huong do thay thé bat ky acid amin nao trong protein déu co thé xac dinh
duoc (Hinh 3.22).

3.8.2 Thay thé hoic giy ddt bién gen

Genome trong té bao vi khuan va mot sd eukaryot bac thap thuong ton tai & dang don
bdi. Thuc nghiém cho thiy d6i véi nhimg co thé nay, co thé thay thé mot gen binh thudng
(dang hoat dong) bang gen dot bién nho hién tuong trao doi chéo twong ddng. Hién tugng nay
xay ra voi tan s6 khong qua nho (Hinh 3.23A).

Gen X bdoh thitirog tron ohifm afc thé

LT

Gren X dit bién
A B
Iy
] I e
Cren X binh thitimg hi thay Genome chifa ¢ gen X binh
thé b gen dot bhidn thurirng wa gen Jat bidn

Hinh 3.23:

Thay thé hozc b sung gen vao genome

(A) Déi vai vi khuén hodc cac co thé don bao eukaryot bac thap, gen dot bién thay
thé gen binh thuwdng nhe trao ddi chéo gitra hai chudi nucleotide twong dong

(B) & co thé eukaryot bac cao, gen dot bién thudng dwoc ghép vao nhiém sic thé,
do d6 genome mang ca gen dét bién va gen binh thuong.

Thong thudng, cac gen dot bién duoc chon sao cho san phim cua chung nhay cam véi
nhi¢t do, tuc la gen chi hoat dong & mdt nhi¢t do thich hop. Khi chuyén sang nhi¢t d6 cao hon
hoic thfip hon, chiing sé bi tic ché hoan toan. Loai té bao nhay cdm véi nhiét do dugc str dung
rat rong rii trong nghién ctru chirc ning, vai trd cua protein.

Dbi v6i sinh vat cukaryot bac cao nhu dong vat co vii, genome thuong ton tai & dang
ludng boi (cac cip nhidm sic thé twong dong). Qua trinh thay thé gen xay ra rat hiém véi
nhimg 1y do chwa dugc 1am sang t6. Tuy nhién khi dua mot gen dot bién vao té bao, gen nay
thuong duoc ghép vao mét vi tri bat ky trong genome. Do d6 bén canh gen binh thuong, mot
ban sao cua gen cliing ton tai trong genome nhung ¢ dang dot bién (Hinh 3.23B).

Thyc nghiém hay s dung phuong phap tao sgi ARNm nguoc nghia (ARNm-antisense)
gdy kim hdm hoan toan hoat dong cua gen binh thuong. Ching ta b1et rang khi phién ma, soi
kép ADN mé xodn, mot trong hai sgi don dugc dung 1am khuén dé tong hop ARNm. Néu gen
dua vao té bao duoc chon sao cho né co trinh tir nucleotide chinh xac nhu soi don bb sung voi
so1 khuodn thi viéc sao chép thyc hién trén gen do sé€ tao ra nhitng phan tr ARN c6 kha nang
lai v6i phan tir ARNm ctia gen binh thudng. Do d6 qua trinh tong hop protein bi trc ché hoan
toan (Hinh 3.24).
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Hinh 3.24:

B4t hoat gen bang phan t&r ARNm-antisense

Phan t&r ARNm-antisense cé trinh tw nucleotide bd sung véi phan tir
ARNm binh thuwdng (ARNm sense)

Hai phan t&r nay lién két tao phan t&r dang kép, ngan can qua trinh téng
hop protein trén phan t&r ARNm sense.

Ngoai ra c6 thé dua cac phan tt ADN hodc ARN ngén duoc téng hop nhén tao (bang
phuong phap hoa hoc hodc enzym) vao té bao sdng dé tao phan tir lai v6i gen hodc véi
ARNm ctia gen can nghién ctru. Do d6, qua trinh phién ma hodc tong hop protein trén nhiing
ARNm nay bi kim ham hoan toan. Tuy nhién trong thyc té, viéc lai giita ARNm-antisense va
ARNm-sense khong phai luén luén thyc hién duoc dé dang. Pé khiac phuc diéu do, cac
nghién ctru thuong duoc tién hanh trén protein.

Trong té bao, protein thudng c6 hoat tinh khi ¢ dang phirc chat do lién két gilra hai hodc
nhiéu chudi polypeptide. Néu nhu protein gitr vai tro quan trong trong hoat dong song cua té
bao, viéc gy mét hoat tinh ctia né s& dan dén té bao bi chét. Do d6 dé co thé quan sat duogc
tinh trang thi cdc gen mang dot bién chi hoat dong trong nhiing diéu kién nhét dinh. Vi du, st
dung cac té bao nhay cam nhiét do, khi chuyén chung sang nhiét d6 khong thich hop cac gen
d6t bién mai hoat dong (cung véi gen binh thudng) tao phéan tir protein khong ¢ hoat tinh.
Nho d6 vai tro, chire nang cua protein dugce xac dinh.

3.8.3 Gay mat hoic ting cwong chirc ning ciia gen

Mot trong nhimg phuong phap diéu bién hoat dong cua gen thong thuong nhét 13 4 ap dung
hién tugng trao ddi chéo gitra hai trinh ty tuong ddng dé gay bat hoat. Pay la nguyén tac cla
k¥ thuat “loss of function” (tam dich la gay mat chire nang). Chung ta da biét day da va chinh
xéc trinh tr nucleotide ctia gen. Do d6, chi can thiét ké doan ADN la c6 hai dau tan cung 1a
hai chudi nucleotide ctia gen. Pua doan ADN d6 vao té bao. Trao d6i chéo xay ra giira hai
dau doan ADN la va gen c6 mit trong genome khién cho trinh tu nguyén ven cta gen bi gian
doan boi ADN la. Luc d6 gen bi dot bién nén khong thé xdy ra phan ung téng hop protein
(Hinh 3.25). Thiéu hut san pham cta gen thuong dan dén sy xuét hién tinh trang méi.
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Hinh 3.25: ) . .
Gay dét bien bat hoat gen bang trao dbi chéo twong dong.
Vector chuyén ch& doan ADN la cé hai trinh tw nucleotide cia
gen da biét. Trao d6i chéo xay ra gilra gen nguyén ven trong
genome V@i cac trinh ty tvong déng trén doan ADN la. Luc do
gen bi gian doan béi ADN la va bi bat hoat.

K¥ thuat trén thuc sy don gian ddi voi co thé don bao (nhu vi sinh vat hoac nam men).
Tuy nhién véi co thé da bao, chung ta khong mong mudn chi mét t€ bao don 1é ma toan bo
cac té bao trong co thé déu mang gen dot bien. BE thod man yéu cau do, vector chuyén chd
gen dot bién c6 thé dugc vi tiém vao nhan cua trimg vua thu tinh trude khi hai nhan don boi
(cua tinh trung va tring) chua két hop thanh nhan ludng bdi. Sau do, trimg thu tinh dugc dua
tro lai da con. Ngay trong giai doan t¢ bao trimg bat dau phan cat, ADN la dugc ghep vao
nhlem sdc thé cua genome ludng boi theo co ché trao d01 chéo tuong dong Mot ty 18 rat nho
cac té bao dau tién cua phoi co chira gen dot bién. Cac té bao do co thé bi¢t hoa thanh dong té
bao sinh duc. Ngoai ra c6 thé tién hanh k¥ thuat gy dot bién gen truc tiép trén t& bao mam
ph6i (Embryonic Stem cell - ES cell). T€ bao ES mang gen dot bién dugc cay trd lai phoi ¢
giai doan soém. Cac t€ bao mam chua biét hoa nén ching c6 tiém nang phat trién thanh bat cur
loai t€ bao nao trong qua trinh sinh truong phat trién, tirc 1a chung co6 kha nang biét hoa thanh
dong te bao sinh duc. Nhu vay, dong vat phat trién tir phoi bi cy ES chira an tiém ning mang
dong té bao sinh duc c6 gen dot bién.

Nhiing thi nghiém tao dong vat chuyén gen thuong dugc tién hanh trén chudt nhat.
Chudt sinh ra tir phoi cdy ES hoic tir trang bi vi tiém duoc goi 1a thé hé Go. Chung c6 su
pha tron gitta cac té bao binh thudng va cac té bao chuyén gen. Thé hé Go giao phdi voi
nhau sé& sinh ra chudt thuan chang (thé hé G1) dbi voi gen dot bién. Diéu nay co nghia tat
ca té bao trong ca thé d6 déu mang gen bat hoat. Chung dugc goi chung 1a chudt “knock-
out” (tam dich 1a chudt bi danh bat gen). Tuy nhién, chudt knock-out chi c¢6 y nghia dac
biét quan trong khi nghién ctru cac gen néu bi bét hoat ciing khong gay chét.
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Cren ching chin khang sinh ghép wao genome. Chon 1oc t& bao chuyén gen cf khd ning
sfing trong mii truitng b sung khang sinh A& dimg trong buritc thik hai.
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Mhifm afc thé mang gen B bi A6t bifn

Gen dot hién B duoc ghép vie genome. Chon loc cic 16 hio chuyén gen
nhay cam vivi khang sinh.

Hinh3.26:
Ky thuét thay thé gen theo hai bwoc
Pau tién gen chi thj (chéng chiu khang sinh) duoc ghép vao nhiém sac thé nho trao
ddi chéo twong ddng. Chon loc cac t& bao song trong méi treong co khang sinh.
Gen dét bién hoac gen co promoter manh thay thé cho gen chi thj nho trao déi chéo
gitra trinh tw twong dong o
Sau cung la chon cac té bao nhay cadm véi khang sinh dé cay vao mé phdi (theo
Brown, 2000)

Dot bién 1am mat chirc ning ctia gen dua vao trao ddi chéo giita cac trinh tu twong dong,
thuong 1a trinh tu ¢ ving chira ma di truyén. Tuy nhién, c6 thé tac dong dén hoat dong cua
gen theo chiéu hudng nguoc lai, tirc la tang mirc d6 bi€u hién cua gen. K§ thuat nay dugc goi
1a “gain of function” (tam dich la tang cuong chirc nang) lién quan chi yéu dén ving ADN
diéu khién (promoter). Luc nay, ving ADN chtra mi di truyén (can bao toan nguyén ven)
dugc 1ap ghép véi promoter manh va sau d6 dugc dua vao vector dudi dang nhiéu ban sao.
Vector duge dua vao té bao ES va chon loc sao cho mdi té bao ES c6 thé co tdi 40-200 copy
cua gen can nghién ctru. Hoat dong qua muc binh thuong cua nhiing ban sao nay thuong gay

1di loan cac qua trinh sinh hoc trong té bao nén dan t6i su biéu hién tinh trang méi.

Xac sudt dé vector (ADN la) ghép vao genome nho trao doi chéo giira hai trinh tu
nucleotide tuong déng thuong rat nho. Vi vay dé chon loc duge nhiing té bao bi mat hodc
dugc ting cudng chirc ning, gen chi thi (thudng 1a nhitng gen qui dinh tinh chéng chiu khang
sinh) dugc dua vao genome cling voi gen nghién ctru. Co thé tién hanh k¥ thuat chuyén gen
theo hai budc (Hinh 3.26). Budc déu tién l1a chuyén gen chi thi va chon lgc cac té bao c6 kha
nang soéng trong méi trudng cd khang sinh. Tiép dén 1a chuyén gen dot bién hodc ghép gen
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v6i promoter manh. Luc ndy can chon loc cac té bao nhay cam véi khang sinh do gen nghién
ctru da thay thé cho gen chi thi.

3.8.4 Gen bao cao “reporter gene”

K¥ thuat lam mat hodc ting cudng chic ning cho phép nghién ctru vai trd cia mot gen
khi chi biét trinh ty nucleotide. Ngoai ra, c6 thé cin ctr vao thoi diém promoter dugc hoat hoa
dé xéac dinh su hoat dong theo thoi gian va khong gian cta gen. Ttr do biét duogc tinh dac hiéu
clia gen trong timg giai doan sinh truong va biét hoa té bao. Mot promoter duoc xem 1a hoat
dong khi xuat hién cac phan tr ARNm hodc san pham protein tuong tng v&i ving ma di
truyén ném sau promoter. Do d6, promoter can nghién ctru thudng duogc ghép voi ving chia
mi di truyén cho protein c¢6 kha ning ‘phat huynh quang hodc tham gia phan ung tao mau.
Nho vy thoi diém ciing nhu vi tri xudt hién protein trong cac t6 chitc mo co thé phat hién
duoc mot cach dé dang. Ving ADN tuong tmg v6i ma di truyén cua protein dd biét duge goi
1a gen béo cao. O day, reporter gene dugc dich 1a gen bao cao dé tranh sy nham 13n v6i khai
niém gen chon loc hodc gen chi thi (marker gene). Mot s6 gen béo cao thuong gip nhu cac
gen ma cho [-galactosidase (lacZ), P-glucuronidase (uidA), luciferase (lux), Green
Fluorescent Protein (GFP). Ngoai ra, c6 thé ghép mot phﬁn cua gen bao cdo voi vung chira ma
di truyen cho mét protein nao do (tao nén protein tai t6 ‘hop) de nghién clru sy phan b ciing
nhu vai trd cta protein nay dén hoat dong séng trong té bao. San pham cua cac gen bao cao
nhu lacZ hodc uidA chi quan sat thay khi str 1y t& bao hodc mo chuyén gen véi mot sé hoa
chat. Do d6, cac té bao déu bi chét. Tuy nhién, protein GFP s& phat mau khi chiéu anh sang
xanh hodc tia tir ngoai yéu ma khong can bét ¢t sy hd tro nao khac. Do d6, c6 thé phat hién té
bao mang gen ma cho GFP mdt cach dé dang ma khéng gy ton thuong chung. Can cir vao
thoi diém, vi tri xuat hién GFP ciing nhu cuong d6 phat sang co the theo ddi sy tong hop,
phén bb va di chuyén cua protein tai t6 hop trong té bao hoic mo song. Bing cach gly dot
bién ting nucleotide ciia gen ma cho GFP, k¥ thuat ADN tai to hop da tao ra cac bién thé
khac nhau ciia protein GFP phat ra cac mau khac nhau, véi cuong d6 manh gap hang chuc lan
so voi cac dang GFP tdn tai trong tu nhién.

3.8.5 Bién ddi genome thurc vat

Khi thuc vat bi ton thuong, cac té bao da biét hoa budc vao phan chia lam tang sb lugng
té bao. Pidu dic biét 1a du da biét hoa, nhiing té bao thuc vat van co kha nang phan chia tao ra
cac loai té bao khac nhau. Tham chi & mot sb loai cay, té bao biét hoa van c6 kha nang phat
trién thanh cay hoan chinh cho cac giao tu. Tinh chit dic biét nay cua té bao thuc vat duoc
tmg dung d¢é tai tao ciy hoan chinh tir cac té bao nudi cdy.

Khi nuéi cdy nhimg phan nhé ctia mé thyuc vat trong méi truong day du dinh dudng va cac
chét diéu hoa sinh truong, rat nhiéu té bao bi kich thich phan chia lién tuc mot cach vo td chire
tao ra sO lugng 16n céc té bao khong biét hoa goi 1a mé seo (callus). Khi diéu chinh ndng d¢ cac
chat trong moi truong thich hop, ngon va ré cay xudt hién tir callus. Dbi voi nhidu loai thyc vat,
khi tach céc té bao callus ro1 nhau va nudi cay trong méi truong vo trung, tir mot té bao riéng 1
6 thé phat trién thanh cay con hoan chinh. Bang cac ky thuat hién dai, ADN la dugc dua vao
genome té bao thuc vat. Nudi cay cac t& bao d6 s& nhan dugc cdy chuyén gen hoan chinh. Thyc
té thuong st dung Agrobacteria nhu 13 vector chuyén chd gen vao genome thuc vat (Hinh
3.27).
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Argobacterium . -
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Hinh 3.27:

S dung plasmld tai td hop van chuyén gen vao genome té& bao thyc vat.
DBoan T-ADN culia plasmid Ti dwoc bién doi, bo bot nhwng gen nam gilra hai
dau trai va phai, ddng thdi nhan thém gen can chuyén. Khi Argobacterlum
xam nhiém té bao thuwc vat, doan T-ADN mang gen la dwoc chuyen vao

genome thwc vat.

97

Ut viét cta thyc vat chuyén gen tao ra nhimng budc tién nhanh trong chon gidng, két hop
cac tinh trang di truyén c6 loi cua cac loai khac nhau trong mot ca thé. Thuc vat chuyén gen
dap ung nhu cau xa hoi vé nang suit va hidu qua. Tuy nhién, tac dong cua thuc vat chuyén

gen dbi voi can bang sinh thai, méi trudng dang con 1a van dé tranh cai.
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Chuong 4

TONG HQP VA VAN CHUYEN PROTEIN

Genome chira moi thong tin di truyén va luu trir cic chuong trinh can thiét dé té bao sinh
truong, duy tri va phat trién. Protein chlem hon mot nura trong luong kho cua té bao. Su ton
tai, d6i méi cua chung gitr vai tro quyét dinh nhat dé duy tri sy song cing nhu dam bao sinh
truong va phat trién cua co thé. Toan bo protein trong té bao dugc ma boi cac gen thudce
genome duoc goi chung 1a proteome. Trong mot t& bao dong vat, sd protein khac nhau dao
dong trong khoang 10.000-20.000 loai, trong tmg véi chimg 10 ty (10') phan tr. SO gen ma
cho proteome chi twong tmg v6i phan ADN mang ma di truyén, do dé chi dai dién cho mot
phan ma khéng phai toan b genome. Hon nira, tir mot gen c6 thé c6 nhiéu san pham protein.

Hoat dong ciia mdt gen dugc nhin nhén nhu mét qua trinh gOm hai giai doan: phién ma
va dich ma. Trong cac chuong trude, ching ta da xét dén cac budc chuan bi dugc hoan thién
& trong nhan té bao va cac co ché kiém soat & giai doan thur nhit dé tao ra san phim ARNm.
Céc phan tr ARNm duoc van chuyén ra ngoai té bao chat dé dich mi téng hop proteome. Qua
trinh nay duoc thyuc hién boi b may Ribosome véi su tham gia cia ARNt. Sau khi duoc tong
hop, protein bi bién di trong qua trinh van chuyén dén nhimg vi tri khac nhau tuy thudc vao
chic nang cua chung. Vi du, cac enzym dugc van chuyén V€ lysome, protein diéu hoa hoat
dong gen dugc dua vao nhan vv... Co thé xem hoan thién céu trac bac I (trat ty acid amin) la
budc cudi cung lién quan dén hoat dong ciia mot gen. Tuy nhién, hoat tinh ciia protein hoan
toan phy thugc vao cAu trac khong gian béc hai, bac ba va bac bén. Ciu trac bac hai lién quan
dén cau hinh khong gian cuc bo tung phan cua chu01 peptide. CAu trac bac ba phan anh cau
hinh khong gian ba chiéu ctia toan bo chudi va ciu triic bac bon dic trung cho cdu hinh khong
gian khi cic chudi polypeptide twong tic véi nhau tao ra protein cé hoat tinh. Phan tir protein
c6 thé chuyén tir cau hinh khong gian ndy sang cdu hinh khong gian kia gin lién vé6i cac hoat
tinh khac nhau cua ching.

Bang 4.1:
Cac phan tir cAu thanh nén Ribosome & prokaryot va eukaryot
Prokaryot Eukaryot
Ribosome ARNr S6 lvgng ARNr S6 lwgng
protein protein
Tiéu don vi nhd 16S 21 18S 33
Tiéu don vi lén 58, 23S 31 5S; 5.8S; 28S | 49

Qua4 trinh tong hop protein doi hoi su c6 mat cua 3 loai ARN. Ngoai sy da dang cua
ARNm, 3 dén 5 loai phan tr ARNr (ARN ribosome) khac nhau két hop véi protein dé tao
thanh ciu trac Ribosome (Bang 4.1). Té bao c6 khoang 35-60 phan tir ARNt (ARN van
chuyén) giit chitc ning “adaptor” chuyén doi ma di truyén trén ARNm sang acid amin. Mdi
acid amin dugc mi boi ba nucleotide (md bd ba). Mdi ma bd ba trén ARNm duge doc bai ddi
mi (anticodon) nam trén phan tir ARNt. Khi hai ma nay khép nhau, ribosome chuyén mot
acid amin tor ARNt sang soi peptide. Viéc gén chinh xac acid amin vao ARNt duoc thuc hién
nhd cic enzym aminoacyl-tRNA synthetase. Cé thé c6 nhiéu ribosome dong thoi dich ma trén
mét sgi ARNm tao nén ciu triic polyribosome.

4.1 Vai tro cia ARN van chuyén (ARNt) trong tong hop protein
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Phan tir ARNt c6 kich thuéc nho (70 dén 90 nucleotide), 1am nhiém vu van chuyén
acid amin tuong ung véi ma di truyén trén soi ARNm. Mot s6 phan tir ARNt ¢ cing kha
ning van chuyén mot acid amin. Vi vay, dé chuyén ché 21 acid amin, trong té bao
prokaryot va eukaryot c6 35 va 60 phan tor ARNt khic nhau. Acid amin tho 21 1a
selenocysteine. Pay 1a acid amin hiém gip, c6 cdu trac twong tu nhu cysteine nhung
selenium thay thé cho sulfur. Hau hét cac acid amin ctua protein co su bién d6i (thém, bot,
thay thé cdc nhom chuc...) sau khi chudi polypeptide dd tong hop. Tuy nhién,
selenocysteine dugc tao ra nho bién d6i xay ra 0 serine, sau d6 dugc nhén biét boi ARNt
ddc hiéu dé ghép vao chudi peptide. Ma di truyén ctia selenocysteine 13 UGA, mic du day
cling 12 ma dung tong hop ddi véi hau hét cac protein. Cac phan tt ARNm ma cho cac
protein c6 chira selenocysteine thudng c6 cau tric khong gian dic biét khién cho bd may
tong hop protein nhan biét ma UGA khong phai 1a ma ding.

Phén tir ARNt duoc phién mi bai ARN polymerase I va c6 chira intron. Piéu dang luu ¥,
intron cia ARNt c6 kha nang tu cit (intron thugc nhom I). Chirc nang cua mot ARNt phu
thudc rat nhiéu vao cau trac khong gian ba chiéu - tirc 12 phu thudc vao tuong tac tao cap gitra
cac nucleotide b6 sung, hay tham chi khong bd sung, dé tao nén sy gap khuc chinh xac cua
phan tir. Pa s6 cac phén tor ARNt thudng c6 cau trac gdém cac thuy hinh "la nhép" va cac
nucleotide thuong bi bién ddi (gin thém cic nhom chirc) sau khi duge phién ma tir gen. Chinh
nhing bién d6i nay gitp cho sy hinh thanh lién két giira cac nucleotide khong bo sung dic
trung cho ARNt.

arninoacyl-RI At
syrthetase

T\ A

acid anu'n\\“-h- arcid arin~ & IWF Tbamd amin~ & Bt
—_—

arninoacyl-RI At /
syrthetase arninoacyl-BI Lt

syrthetase

Hinh 4.1:

Qua trinh gén acid amin vao ARNt thong qua 2 buéc

The nhét: acid amin dwoc hoat hoa tao phirc trung gian acid amin~AMP. Phtrc nay
gitr twong tac véi enzym dé& chuyén sang bwéc gén acid amin vao ARNt

C4a hai buéec nay dwoce xuc tac béi enzym aminoacyl-tRNA synthetase.

Mbi ARNt ¢6 hai vi tri dic hiéu: phia dau 5' ¢o trinh ty "anticodon" 14 vi tri tuong tac voi
ma bd ba trén phan tor ARNm, con dau 3’ 1a vi tri lién két voi nhom carboxyl (COOH) cua
acid amin tuong tmg v6i md bd ba d6. Lién két nay dugc thuc hién qua 2 bude nho xuc tac
clia enzym aminoacyl-ARNt synthetase (Hinh 4.1). Bu6c thir nhit 13 hoat hoa acid amin,
budc tiép theo 1a gén né vao ARNt dic hiéu cho acid amin d6. Phan tir ARNt c6 thé chon
dung acid amin ddc hiéu ma né cin van chuyén trong sd cac acid amin khac cing ton tai trong
té bao chat? D6 1a nho hoat tinh ctia aminoacyl-ARNt synthetase. Mot acid amin s& twong (mg
v6i mot enzym riéng biét. Enzym xuc tac cho phan tng hoat hod acid amin bang viéc st dung
ning luong ctia ATP dé tao ra phuc acid amin~AMP. Phirc nay gin véi enzym cho dén khi
tim dugc ARNt dac hi¢u. Enzym sé chuyén acid amin tir phirc sang dau 3' cua ARNL.

Phén tir ARNt mang acid amin di vao ribosome, d6i ma trén ARNt tuong tac v6i ma trén
ARNm va acid amin dugc chuyén sang chuoi peptide. Bang con duong hod hoc, co thé thay
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thé acid amin ding bang acid amin sai trong phuc acid amin-ARNt. Vi duy, cysteyl- -ARNt™”®

(ARNt mang cysteine ¢ trang thai hoat hod) c6 thé thay thé thanh alanyl- ARNtCys Trong phan
ung tong hop protein in vitro, alanine (acid amin sai) dugc chuyén tir phtrc alanyl-ARNt<®
vao chudi peptide, méc du d6i ma trén ARNt™® tuong ing vo1 mé bd ba cho cysteine trén
ARNm. Piéu d6 cho thay tinh chinh xac cua qua trinh tong hop protein phu thudc vao cac
phan tir ARNt.

Mic du khéng ton tai mi thoai hod cho methyonine nhung c6 hai loai ARNt™. Trong té

bao vi khuin hodc trong cac bao quan nhu ty thé, luc lap, acid amin dau tién cua chudi
polypeptide luon luén la methyonine bi formyl hod tai nhém amin. Nhu vay, initiator
RNAt* nhan biét methyonine bi formyl hoa va dua nd vao vi tri du tién ciia chudi peptide.
Phén tir RNAtY® binh thuong nhan biét cic md AUG cho methyonine ndm trong chudi. Tuy
nhién, trong té bao eukaryot, methionine dau tién khong bi formyl hod. Do do, hai loai
ARNt™ nay chi khac nhau & céu trac khong gian.

4.2  Tong hop protein & bd may Ribosome

Ribosome bao gdbm ARNTr twong tac véi cac protein (Bang 4.1). Mot s protein ribosome
giit vai tro tao ciu trac khung cho bd may téng hop protein. Chinh cac ARNr quyét dinh hoat
tinh ctia cac phan mg xay ra trong ribosome, con protein trong cu tric ribosome c6 tinh chat
phu trg, thic ddy cac phan tng do.

Ribosome mang céc vi tri tuong tac dac biét: ba vi tri cho ARNt va mét vi tri cho ARNm.
Vi tri P (peptidyl-RNAt-binding site) lién két voi mot phan tir ARNt ma phan tir nay duogc
gan voi chudi polypeptide dang dugc tong hop. Vi tri A (amynoacyl-RNAt-binding site) 1a
noi tuong tac cia phan tr ARNt thtr hai vira mang mot acid amin vao. Vi tri E (exit site) 1a
noi ARNt da 1am xong nhiém vu, chuan bi dugc giai phong khoi ribosome. Cac ARNt nay chi
duoc gilt chit & cac vi tri P hodc A mét khi anticodon cta chiing tao cip bd sung voi cac
codon trén phan tr ARNm.

Qua trinh tong hgp protein ¢ ribosome dugc chia lam 3 giai doan: bat dau tong hop chudi
peptide, kéo dai va két thic chudi peptide. Pau tién, tiéu phan ribosome nho bam vao ARNm
v6i su hd tro cua cac yéu t6 khoi dong (initiation Jactors-1Fs). O vi khuan, tuong tac giira tleu
phan nho 30S ribosome/ARNm phu thudc vao su tao cap bo sung giira trinh tw nucleotide gan
dau 3’ ctia 16S ARNTr va trinh ty phan b phia trude ma bo ba ciia acid amin dau tién (trinh ty
Shine-Dalgarno) trén ARNm. Dau 5' cia phan tr ARNm c6 thé mang nhidu mi codon cua
methyonine nam canh nhau. _Tuy nhién chi c6 mot trong sé d6 s& 1a ma bt dau chudi peptide.
Chinh mét vai nucleotide nam ngay sau ma nay s& quyet dinh su lgya chon chinh xac. Poan
Shine-Dalgarno (UAAGGAGG) thuong nam trudc ma dau tién ung v6i Methyonine khoang 7
dén 13 nucleotide. Trong té bao eukaryot, nhd vao cau tric mii "G ¢ dau 5' cua phéan tir
ARNm ma tiéu don vi ribosome nho tim dugc phan tir ARNm. Mot sd protein lién két v6i mil
nay, tiép dén cac yéu t6 khoi dong lién két voi nhitng protein d6 tao thanh phirc voi ARNm.
Thong qua phirc ndy ma tiéu phan ribosome nho 40S tuong tac véi ARNm va bat dau do tim
mi AUG ciia methyonine. Cac yéu té khoi dong sé& tach ra khi tiéu phan nho tim thdy ma
AUG va tiéu phan nho sau d6 s& hop nhét véi tiéu phan 16n ribosome tao ra bd may tong hop
hoan chinh. Phan tr ARNt déc biét (initiator tRNA) mang acid amin dau tién (methyonine) 1a
phan tir duy nhat c6 kha nang gan vao vi tri P ma khong di qua vi tri A. Nhu vdy moi chudi
polypeptide déu duogc bat dau bang methyonine. Liic ndy, ma bd ba cho acid amin thir hai trén
phan tt ARNm nam vao vi tri A san sang lién két v6i d6i ma trén ARNt mang acid amin thi
hai. Chudi peptide dugc kéo dai (Hinh 4.2).
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Giai doan kéo dai chudi polypeptide vé co ban la glong nhau & té bao prokaryot va
cukaryot. Giai doan nay doi hoi sy tham gia cua cac yeu t6 kéo dai chudi peptlde (elongation
factors - EFs). Co thé xem giai doan kéo dai gdm nhiéu chu ky lap lai, mdi chu ky c6 ba budc
co ban nhu sau:

Hinh 4.2:
Quéa trinh téng hop protein.
Padu tien ARNt mang
Methyonine vao vi tri P trén
tiéu don vi nhé Ribosome. Sau
do, tidu don vi nhd twong tac
véi va dich chuyén trén soi
Met-A42 m ARNt-A43m ARNm dén vj tri ma AUG dau
S o E— tién. Tiéu don vi I&n ribosome
ViE gy ol VA & tao phlrc véi tiéu don vi
o i M ARN nhé tao thanh bd may
™ ribosome hoan chinh dé tdng

i hop chudi peptide.

Budc 1: Phitc aminoacyl-ARNt twong tic véi vi tri A. Ba nucleotide cua anticodon
(trén ARNt) tao cdp bd sung vi ba nucleotide cia codon trén phan tr ARNm.

Budc 2: Pau carboxyl cua chu01 polypeptide dang gin véi phan tor ARNt 6 vi tri P duge
tach ra va chuyén sang tao cau ndi peptide v6i acid amin lién két v6i phan tir ARNt & vi tri A.
Day 14 phan tmg chii chdt dugc xtc tac boi enzym peptidyl transferase véi sy tham gia ciia
cac ARNr thudc tiéu don vi 16n cua ribosome. Luc ndy ARNt & vi tri P dugc giai phong ra &
dang tu do, khong lién két voi acid amin. Phan tir ARNt ndy dugc chuyén sang vi tri E dé sau
do giai phong ra khoi ribosome.

Budc 3: Phitc ARNt-chudi polypeptide & vi tri A dugc chuyén sang vi tri P. Ribosome
dich chuyén di chinh xac mét codon doc theo phan tir ARNm. Budc nay doi hoi su tham gia
ctia yéu t& EF-G c6 hoat tinh thiy phan GTP. Phan tng thém 1 acid amin vao chudi peptide
chi hét 0,05 gidy & E.coli. Do d6, chudi peptide gdbm 300 acid amin dwgc tong hop trong
khoang 15 giay.

Qua trinh tong hop chudi peptide két thic khi mot trong 3 ma ding (UAA, UAG, UGA)
trén phan tir ARNm c6 mit & vi tri A. Cac ma ndy dugc nhan biét boi cac yéu té dimg tong
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hop (RFs-release factor). Khi nhan biét ma ding, cac RFs c6 mit ¢ vi tri A s& thay doi hoat
tinh cta peptydyl transferase khién enzym thém phéan tir H,O vao dau COOH cua chudi
peptide. Chudi peptide tach khoi phan tir ARNt & vi tri P; soi ARNm roi khéi ribosome; hai
tiéu phan ribosome tach rdi nhau.

Mot sgi ARNm c6 thé duoc dich ma dong thoi bai nhiéu ribosome. Vi du, trén soi
ARNm ma cho peptide fibroin (protein ¢ trong stra ¢6 trong luong phén tir 200 KDa) c6 t61
50-80 ribosome dong thoi dich ma. Qua trinh tong hop protein tiéu t6n nang luong hon bat ctr
phan tng sinh hoa nao xay ra trong té bao. it nhat ¢6 bdn phén tir cao nang bi phan huy dé tao
ra mot cau ndi peptide: hai phan tor dung dé gan acid amin vao ARNt, phan tir thir ba ding
trong budc thir nhat va phan tir thir tw dung trong budc thir ba. Mit khac mot phan tir ARNm
c6 thé mang thong tin cho ba khung doc khac nhau (twong tmg voi ba chudi polypeptide khac
nhau), cho nén viéc chon chinh xac khung doc khi bat dau phan mg téng hop protein rat quan
trong.

4.3  Van chuyén protein

Phan 16n protein ¢ té bao vi khuan khong bi bién doi sau khi dugc tong hop. Chiing thyc
hién ngay chirc nang cua minh ¢ bén trong hodc dugc tiét ra bén ngoai té bao. Té bao tiét
protein ra ngoai nham dap u:ng yéu cau vé chit dinh dudng, truyén tin bao vé hodc duy tri
vét li¢u tao cau trac bén ngoai mang té bao. Nhiing protein c6 chirc nang, hoat tinh ¢ bén
ngoai té bao dugc goi chung 1a protein tiét. Cach thirc dua protein tiét ra ngoai mang té bao
duoc goi 1a cac con duong tiét. Tuy thudc ciu tric mang ma protein dugc vén chuyén qua
mang theo nhing cach thire khac nhau. Vi du, ¢ té bao vi khuan Gram duong, protein tiét
duoc van chuyén vuot qua mang té bao chat dé ra ngoai. Tuy nhién, & té bao vi khuan gram
am, protein tiét phai di qua mang trong, 16p phan cach giita hai mang va cubi cung di qua
mang ngoai.

Khong gidng nhu protein & vi khuan, hau hét protein cia té bao eukaryot sau khi duoc
tong hop con trai qua nhitng bién doi nhu glycosyl hoa, acetyl hod, gin thém cic nhom
phospho, gdc sulfat... trén con dudng van chuyén dén dich. Nhitng bién doi nay duogc thuc
hién chu yéu ¢ mang ludi noi chat va bd may Golgi.

Hau hét cac protein di vao mang ludi ndi chit ER (Endoplasmic Reticulum) ngay khi
chung dang duogc tong hop. Vi thé trén bé mat ciia ER ludn ¢ nhiéu ribosome bam vao khién
cho bé mat ER trd nén “san sui” khong tron. Do d6 nhimg ving ER c6 ribosome bam vio
dugc goi 1a ER hat, con ving khong c6 ribosome la ER tron. Vung ER tron con duge goi la
vung ER Chuyen tiép (transitional ER) vi day 1a noi hinh thanh cac tai van chuyén protein va
lipid di tir ER dén Golgi. Trong mdt s6 loai té bao nhu té bao gan, ving ER tron chiém phan
16n mang ludi ndi chét tap trung cac enzym tham gia chuyén ho4, tong hop lipoprotein va cac
enzym xuc tac phan ung khur doc cac chat hoa tan trong lipid. Chung ta cén luu y rang
ribosome ton tai ty do trong t& bao chit vin tham gia tong hop protein. Khong co su khac
nhau giita cac ribosome tu do va ribosome bam trén ER. Moi ribosome déu bt dau tong hop
mot chudi peptide bat ky & trong té bao chat. Chinh tin hiéu van chuyén dén ER nam & dau
NH, chudi peptide s& dua ribosome dén bé mit ER. Do nhiéu ribosome cing tham gia tong
hop peptide trén mot sgi ARNm nén soi d6 ludn gin v6i bé mat ER. Tir mang luéi ER, cac
protein di dén Golgi va tiép tuc dugc dwa dén cac vi tri khac nhau nhu cac bao quan hodc tiét
ra khoi té bao (Hinh 4.3).
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Bé mit té F/
Hinh 4.3:

Cac con dwong van chuyén protein tir ER dén cac vi tri dich khac
nhau va tir bé mat té bao dén mang Ivdi ndi chat ER di qua cac
bwéc trung gian & tdi ndi bao s&m va tdi ndi bao mudn.

Trén dudng van chuyén, protein chiu nhimg bién ddi vé ciu triic khong gian va thanh
phan hoa hoc tuy thudc vao dich can dén. Can chu ¥ rang cac protein c6 dich phan bd trong
nhan hodc ty thé, lap thé s& duoc tong hop boi ribosome tu do trong té bao chat. Nhiing
protein d6 dugc tong hop tron ven va c6 ciu truc khong gian hoan chinh & ngoai té bao chat,
sau d6 mai duogc van chuyén dén dich.

4.3.1 Vin chuyén vao mang lu6i ndi chit

Con dudng van chuyén protein tir mang 1uéi noi chét ER sang Golgi va di vé cac dich
khac nhau (cac bao quan ¢ trong hodc bén ngoai té bao) duoc goi 1a con dudng tiét
(secretory pathway). Bit chap vi trf phan bé cudi cing khac nhau, cac protein di vao ER
nho tin hiéu din nam ¢ dau NH,. Tin hi€u nay dugc goi la tin hi¢u bat dau van chuyén
(start-transfer signal). Phan tng tong hop chudi peptide duoc bat diu nho cac ribosome tu
do trong té bao chit. Tuy nhién, khi dau NH, ciia soi peptide c6 chtra tin hi¢u van chuyén ra
khoi ribosome, tin hiéu dugc nhan biét boi phirc SRP (Signal Recognition Particle). Lién
két giira tin hiéu va SRP lam dimg tam thot phan tng téng hop protein, giip ribosome ¢6
thoi gian dén bé mat ER. Chudi peptide ndm tiép sau tin hiéu van chuyén duoc dua vao
khoang trong ctua ER.

Tin hi¢u van chuyén 1a doan peptide khoang 30 acid amin trong d6 c6 6 dén 12 acid amin
ky nuéc thuong nam canh nhau. Boan ky nudc gitr vai troé quan trong dbi voi tuong tac gitra
tin hiéu bit dau van chuyén va thu cam tuong ing nam trén mang ER. Néu gay dot bién loai
b6 vai acid amin trong doan ky nudc hodc thay thé ching bang céc acid amin khac nham gay
bién ddi dién tich thi protein khong dugc van chuyen vao trong ER. Vai tro cua tin hi€u van
chuyén duoc minh chimg biang thi nghiém tong hop protein in vitro véi sy ¢6 mit cua
microsome. Microsome 1a nhitng phan ER tao ra do ER bi dut gdy khi té bao bi nghién dong
thé. Cac phan ER nho c6 kha ning tao thanh cac tiéu phan dang tron (dudng kinh ~100-200
nm). Khi khong c6 microsome, phan tir protein tong hop invitro c6 doan peptide mang tin
hiéu van chuyén. Néu cho thém protease vao moi trudng thi protein bi phan huy. Tuy nhién
khi b6 sung microsome vao méi truong trude khi protein duoc bat dau téng hop thi & bén
trong microsome xuat hién phéan tir protein khong con mang tin hiéu van chuyén. Do do,
protein khong bi phan hiy néu bo sung thém protease. Nhu vay, tin hiéu van chuyén giap
protein di qua mang ER vao khoang trong. Tin hiéu nay bi cat khoi protein va bi phan huy
thanh céc acid amin boi peptidase va protease co6 trong khoang ER (Hinh 4.4).
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Hinh 4.4:

Ribosome bam vao mang |wdi ndi chat (ER) nhd thu cdm SRP ndm & trén mang

Thu ca@m twong tac véi phivc SRP. Phirc SRP gém 6 chudi peptide va mot phan to
ARN (c6 kha nang tao cép véi ARNr). SRP c6 hai vi tri lién két véi tin hiéu dan va
Ribosome. SRP ton tai trong t& bao chét lien két véi doan peptide (d&u NH>) do
Ribosome tdng hop. Sau khi SRP da tao phirc véi Ribosome va protein, SRP twong
tac v&i thu cdm cda no trén mang ER (theo Alberts & cs., 2002).

K¥ thuat ADN tai to hop di thiét ké cac phén tir protein mang dau NH, bat ky nhung dam
bao do dai va tinh ky nudc thi chung déu cé thé di qua mang ER dé vao khoang bén trong.
Thuc nghi¢m xé4c dinh dugc qua trinh van chuyén vao khoang ER dugc bat dau khi doan
peptide ra khoi ribosome c6 chiéu dai khoang 70 acid amin. Nhu vay, qua trinh téng hop va
van chuyén v6i hau hét cac protein c6 chiéu dai 16n hon 100 acid amin s& xay ra mot cach
dong thoi. Pau NH, duge dwa vao trong mang ludi ndi chat ngay khi soi peptide chua dugc
tong hop xong.

Phirc SPR nhan biét mot cach dic hiéu tin hidu van chuyén. Phirc nay gdm cé 6 protein
khac nhau va mot phan tir ARN (~300 nucleotide) c6 trinh tu bd sung v6i ARNr. Khi tin hiéu
van chuyén xuat hién va chudi peptide dang tong hop co du do dai nhét dinh thi SPR tuong
tac v6i tin hiéu, voi ribosome va véi thu thé nam trén mang ER. Tuong tac d6 gitip ribosome
dudng nhu bi dinh sat trén bé mat ER. Thu thé ciia SRP duogc goi 1a "docking protein" gdom
hai chudi polypeptide o (ndm trén mang ER) va B (ndm xuyén qua mang ER). Thi nghiém
tong hop protein in vitro cho thdy khi khong c6 microsome thi phirc SRP s& gy ngimg qué
trinh tong hop _protein khi dau NH, ra khoi ribosome. Nhu véy, SRP khong chi lam nhiém vu
mang vac chudi peptide dang dugc ribosome tong hop dén bé mat ER ma con c6 chirc nang
ngin can qué trinh tong hop protein hoan chinh néu nhu thiéu vang ER. Nhu vy, phac SRP
c6 ba domain qui dinh ba chirc nang khic nhau: tuong tac véi tin hi¢u trén protein, tuong tac
v6i docking protein va tuwong tic v6i ribosome lam dimng tam thoi qua trinh tong hop protein.

Ribosome tiép tuc tong hop protein sau khi SRP d lién két voi thy thé cla riéng no trén
mang ER. Sau do, SRP tach khoi ribosome va chudi peptide duoc chuyen sang phirc protein
nam trong cau trac mang ER. Phirc nay duoc goi la translocator gom 3-4 tiéu phan khac
nhau; mdi tiéu phan gém 3 protein nim xuyén qua mang ER. Thuc chét translocator 1a phuc
tao cau triic kénh cho phép polypeptide di xuyén qua mang. Binh thuong khi khong co chudi
polypeptide can dua vao ER thi translocator s& dong. Translocator nhén biét tin hiéu van
chuyén trén chudi peptide va s€ mo ra cho phep chudi polypeptide dugc dua dan vao trong
khoang ER. Trong sudt qua trinh dua chudi peptide vao ER, ribosome nidm sat translocator bit
kin sao cho khong c6 bat ctr thanh phan nao & bén trong khoang ER, dic biét 1a cac cation
Ca™, lot ra ngoai. Protein tham gia phtc translocator phan bé trén mang ER duoc xac dinh
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bang thi nghiém tong hop protein in vitro (Hinh 4.5). Thi nghiém duoc tién hanh vé&i phan tir
ARNm c6 mang mi di truyén cho lysin phan b6 & doan giita cia ARNm. Ma nay sé& duoc doc
boi phan tir ARNt dic biét lam nhiém vu van chuyén lysin ¢6 gan thém chét danh du. Do do,
chudi peptide duoc tong hop c¢6 mang lysin danh ddu. Khi chudi duoc van chuyén di qua
translocator, chat danh dau c6 kha ning twong tac véi mang ER nén chudi peptide khong vao
dugc trong khoang ER ma bi giit lai & translocator (do chat danh ddu twong tic véi mang tai
vi tri chudi peptide di qua). Nho d6 xac dinh dugc cac protein tham gia cdu trac phuc
translocator. Mgt trong cac protein cua translocator la Sec61p. Protein nay dong kénh khi
khong c6 protein di qua. Khi c6 mit ribosome, Sec6lp tuong tic voi tiéu phan 16n cua
ribosome, do d6 soi peptide dugc di qua trong khi ribosome bit chat kénh khong cho cac phan
tr khac tu do di qua.

TE BAC CHAT

\_.\ ARNm Ribosome

Ming ER.

+

3

EHOANG TEONGEER
Hinh 4.5: B B
Cau truc cua translocon tao kénh dan cho phép chudi polypeptide
dwoc van chuy&n qua mang ER vao trong khoang khi dang dwoc
ribosome tdng hop (theo Lodish va cs., 2000).

Khong phai moi protein van chuyén vao ER trong khi dang dugc tong hop. Mot sb
protein, vi du nhu cac protein c6 khdi lugng phéan tir nho, dugc tong hop trong té bao chat.
Sau do, chung dugc dwa vao ER thong qua translocator. O vi khuén, protein Se4 ATPase
tham gia cau tric cua translocator. Protein nay phan bd & mit ngoai ER, tiép xuc vai té bao
chat. Mbi khi mét phan tor ATP bi phén huy, mét phan ciia protein SecA s& day soi peptide
vira duoc tong hop vao 156. DPbi véi mot sb protein kich thude nho, chung thuong duoc tong
hop tron ven bdi cac ribosome phan bd ty do trong té bao chat. Khi d6, cac protein chaperon
ton tai san trong té bao chét s& lién két voi doan peptide ra khoi ribosome. Nho do chudi
peptide khong ¢ ciu trac gip khic va dugc van chuyén vao trong khoang ER. Nhu vy,
cac protein co ciu truc khong gian khong thé di qua translocator dé vao khoang trong ER.

Van chuyén phan tir protein dang tong hop vao khoang ER gifip protein khong & trang
thai ty do trong té bao chat. Phai chiang dy 1a mot co ché bao dam an toan cho té bao chét,
ngan can khong cho cic protein tiét hodc cac enzym ton tai & dang ty do trong té bao chit,
tranh pha hity cac thanh phan noi bao. V&i mot s6 té bao dac biét lam nhiém vy tiét hydrolase,
té bao chét chira cac chat rc ché hydrolase dé bao vé té bao khong bi phan huy boi cac enzym
nay.

4.3.2 Van chuyén protein ciu triic mang (membrane proteins)
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Céc protein tham gia hinh thanh ciu trac mang chit nguyén sinh hay mang cac bao quan
dugc tong hop va van chuyén ddng thoi vao ER. Tuy nhién, ching khong duoc giai phong
vao khoang trong ER ma van gitr lai trén mang ER. Chiéu phén cyc cua nhitng protein nay ¢
trén mang ER, tic 1a vi tri cac dau NH;" va COO’ & trong khoang ER ‘hay ngoai té bao chat,
gidng hét nhu sy phan cuyc tai vi tri trén mang dich (mang dich c6 thé 1a mang nguyén sinh
chat hay mang cuia cac bao quan). Trong qua trinh van chuyén tir ER dén vi tri dich, tinh phan
cuc cua protein mang khong thay doi. Nhu vay, su phan cuc cta protein thudc cau tric mang
dugc hinh thanh ngay khi chiing dang dugc tong hop trén ER.

Chung ta hay xét truong hop don gian nhit 13 sy van chuyén cua protein mang ma ching
chi nam xuyén qua mang mot lan Trong truong hop nay, mét s6 protein, vi du nhu
glycophorin trén mang té bao hong cau hay thy thé cua insulin, c6 phan dau COO nam trong
té bao chat con phan dau NH;" nam phia ngoai mang. Tuy nhién, mot sd protein khac, vi du
nhu thu thé cua transferrin, phan cuc nguoc lai; chung co dau COO™ nam phia ngoai mang con
phan d¢au NH;" nam phia trong té bao chat. i véi truong hop thir nhat, chudi peptide c6 hai
tin higu dc bigt: tin hi¢u van chuyén qua ER nhu d& mé ta phan trén va tin hi¢u thir hai gom
khoang 20-25 acid amin ky nudc tao nén cdu tric xoan o. Trong qua trinh chudi peptlde vua
dang tong hop vira di vao khoang ER, tin hi¢u ER bi cit khoi chudi peptide, giai phong dau
NH;" vao trong khoang ER. Chudi pepitde tiép tuc duoc dua vao khoang cho dén khi tin hiéu
thtr hai di qua translocator thi bi gitr lai.

Do d6 doan pepitde nam tiép sau tin hiéu th&r hai (chira ddu COO") khong duoc dua vao
khoang nita. Tin hi¢u thtr hai bi giir ¢ translocator cho dén khi tong hop chudi peptide két
thuc. Pau COO™ cta chudi ndm bén ngoai té bao chat. Sau do, tin hiéu thir hai s& di chuyén ra
khoi translocator (ddy 1a phirc protein) va nim xen vao 1ép phospholipid cia mang ER. Luc
nay chudi peptide duoc ¢ dinh tai mang nhd tin hiéu thtr hai xuyén qua 16p phospholipid. Tin
hiéu thtr hai nay dwoc goi 1a tin hiéu dimg van chuyén (stop-transfer signal). Tuy nhién n6
con ¢ chire ning gin gitr chudi peptide xuyén qua mang (membrane-anchor signal) (Hinh

4.6).
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Hinh 4.6:

Van chuyén protein mang

Cac protein thugc cau tric mang dwoc gitr lai & mang ER nho
tin hiéu dirng nam sau tin hiéu van chuyén (A), hodc nhd mot
tin hiéu d?m nhan dong thoi hai chire nang van chuyén va dirng
van chuyén (B va C). DéU’NH:; bi dwa vao trong khoang ER (B)
hay phan bo phia ngoai té bao chat (C) phu thuéc vao sy phéan
cwe clia cac acid amin nam phia trwedc va sau tin hiéu.

Dbi v6i protein mang c6 ddu COO™ nam bén ngoai mang va dau NH3 nam phia trong té
bao chit, vi du nhu thy thé cua transferrin, chung dugc van chuyén va cb dinh tai mang khi
dang duoc tong hop. Tuy nhién, nhitng protein nay chi c6 mot tin hiéu, tin hiéu nay dong thoi
dam nhiém ca hai chirc nang: chirc nang véan chuyén ER va chirc nang c6 dinh tai ER. Diéu
can luu § ¥ lac nay tin hi€u khong phai 1a doan peptide nam ngay phia dau NH;". Do d6, chudi
peptide nam phia trude tin hiéu duoc tong hop tu do trong té bao chit. Khi doan tin hiéu duoc
tong hop di ra khoi ribosome, ndé dugc nhan biét boi phirc SPR dic hiéu va chudi peptide
duoc dua dén sat mang ER nhu dd moé ta & muc 4.3.1. Tin hi€u di vao translocator va doan
peptide nam phia sau tin hi¢u di vao trong khoang ER. Tin hi€u dugc gitr lai tai translocator
cho dén khi tong hop chuodi peptide két thiic, phan dau COO™ dugc gidi phong vao trong
khoang. Sau do, tin hi€u s€ di chuyén ra khoi phirc protein cta translocator va xuyén vao 16p
phospholipid ctia mang. Luc ndy, chudi peptide nim xuyén qua mang c6 dau NH;" nam ngoai
te bao chat va dau COO™ phan bo phia trong mang.

Khi chudi peptide 1a protein cdu tric mang cia bao quan khac va chi xuyén qua mang
mot 1an thi chinh doan acid amin phan b qua mang c6 thé dam nhan dong thoi cac chirc ning
van chuyén, dimg va giir chudi d6 trén mang ER. Gia st chudi nay c6 ¢au NH;" phan bd bén
ngoai bao quan (tic 1a dau NH;" nam trong té bao chat) thi ddu COO" s& bi dua vao trong
khoang ER va tai chira peptide nay hinh thanh tir mang ER sao cho ddu NH;" s& nam phia
ngoai tai tiét. Sau do, thi tiét s& di dén bo may Golgi va cudi cing protein mang dugc dwa dén
vi tri dich. Tui tiét ché protein tiét s& tiép hop voi rnélng bao quan va dam bao giir ding chiéu
phén cyc bén trong hay bén ngoai cua hai dau NH3 va COO". Néu chudi peptide 1a proteln
cAu trac mang nguyén sinh chit va c6 du NH;" phén bd bén ngoai mang, thi dau NH3 cua
chudi nay bi dua vao khoang trong ER. Sau d6, tai tiét dugc hinh thanh c6 ddu NH;" nam phia
trong tdi. RS rang, sy phan bo cua cac dau NH;" va COO'™ trén mang ER da dugc qui dinh phu
hop v&i sy phan bd & vi tri dich cubi cung (Hinh 4.6).

Mot s6 protein thugc cau trac mang, vi du nhu protein tao céu trac bom ion, kénh van
chuyén ion, c6 thé nam xuyén qua mang nhiéu 1an. Phan dau NH;" cia nhiing protein nay
thuong chira hai tin hiéu van chuyen (start transfer signal) va tin hi¢u dung van chuyén (stop
transfer signal) ndi tiép nhau. Tiép theo tin hiéu dimg dau tién 14 cac tin hi¢u giir (membrane-
anchor signal) va tin hiéu dimg khac nam ké tlep nhau. S6 tin hiéu tuong ing voi so lan
xuyén qua mang cua protein. Nhitng tin hiéu nay déu 1a nhitng doan peptide c6 cdu tric xoin
o va ky nudc.

Déi voi nhitng protein ¢6 vi tri phan bd & bén trong khoang ER, chung dugc giir lai sau
khi duoc dua vao ER nho tin hiéu dic biét gdbm 4 acid amin KDEL (Lys-Asp-Glu-Leu). Sau
khi duoc téng hop va van chuyén vao khoang, ching duoc giir lai nh¢ tin hiéu nay. Tin hi¢u
do dugc goi 1a tin hi€u so hiru "retention signal"; tin hi€u nay thuong nam ¢ dau carboxyl cua
phan tir protein. Tin hiéu KDEL dugc nhan biét boi thy cam nim trén mang ER. Déi khi,
chung duoc tim thiy trén nang van chuyén lam nhiém vu giit lai cic protein mang tin hiéu
KDEL. C6 thé xay ra truong hop vi mét Iy do nao d6 ma cac protein nay bi dong goi nham
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vao nang thay cho viéc ¢ lai trong khoang ER. Luc d6 té bao sira chira sai sot bang cach bat
gilr cac protein co tin hiéu KDEL va dua chung quay tr¢ lai ER.

Mot trong nhitng protein quan trong duoc giilr lai trong khoang ER 1a disulfide isomerase
(PDI) c6 chirc nang xtc tac phan tng oxi hoa nhém SH cua acid amin cystein dé tao ciu
disulfide S-S. Hau hét cac cystein & doan protein phan bd phia ngoai mang té bao déu co lién
két cau disulfide. Tuy nhién, phan protein phan b trong té bao chat khong c6 cau disulfide.
Bén canh PDI, protein chaperon BiP ciing duoc giit lai trong khoang ER. Giéng nhu céc
chaperon khéac, BiP nhan biét nhimng protein gip khic sai hodc nhiing tiéu phan tu do ciia mot
phtic protein. Nhimng tiéu phan nay vi mot 1y do nao d6 chua duoc tao thanh phirc multimere.
BiP s& lién két v6i nhitng protein sai hong vé mit cdu tric nay dé giit chung lai trong ER.
Ngoai ra, BiP con c¢6 hoat tinh phan hity ATP gitp cho céac protein cé thé gap khuc khi ching
duoc van chuyén vao ER.

4.4 Bién ddi sau dich ma va Kiém tra chat lhrong protein trong khoang ER

Vao trong khoang ER, cac protein duoc gip khuc tao ciu tric khong gian riéng biét va
chinh xdc cua tung protein. Qua trinh nay lién quan dén viéc tao cac cau ndi disunfide, gap
khuc chudi polypeptide va lap rap cac monomer voi nhau dé tao phan tir protein multimer.
Ngodi ra, mot sd proprotein ¢ thé con dugc phan cat thanh cac chu01 nho ngay trong khoang
ER. Tuy nhién qua trinh nay khong phé bién & ER ma xdy ra chu yéu trong Golgi. Moi phan
tur protein khong gap khiic hodc c6 sai sot trong viéc gap khuc hay bi sai hong khi lap rap tao
multimer déu bi giit lai trong ER. Tham chi vi 1y do nao do ma chung van duoc chuyén tir ER
dén Golgi thi chiing lai bi phat hién tai Golgi va dua tré vé ER. Cac protein sai hong sé& bi day
ra khoi ER théng qua kénh translocon va bi phan hiy trong té bao chat. Nhiing protein bi ddy
ra ngoai té bao chat thuong duoc gan véi ubiquinin va sau d6 bi phan huy boi protease. Cac
protease thuong phan bd ngay phia ngoai mang ER dé sin sang thuc hién nhiém vu ctia minh.

4.4.1 Tao cau lién két disulfide (S-S) va cudn gap trong khoang ER

Cac cau ndi disunfide c6 vai trd quyét dinh trong viéc thiét 1ap ciu triic bac ba va bac
bdn cua phan tir protein. Pac biét lién két S-S giita hai cysteine giir vai trd quan trong dam
bao cau trac thich hop cing nhu hoat tinh cua cac enzym va hocmon. Do do, bén trong
khoang ER, phan tmg tao cau disunfide duoc thuc hién trudc khi hoan thién cAu tric khong
gian cho protein. Cau disunfide co thé dugc hinh thanh trén chudi peptide dang van chuyén
vao khoang ER. Nguoc lai, cac protein duoc tong hop tu do trong té bao chét hodc trén ving
ER tron thudng khong c6 cau disunfide. Chung phai phu thudc vao nhiéu mdi tuong tac voi
cac protein khac dé thiét 1ap cdu trac khong gian ctia minh.

Enzym disulfide isomerase (PDI) phan b trong khoang ER va xuc tac cho phan tmg oxy
hoa nhom SH tao cau disunfide giira hai cystein cta cing mot chudi peptide hoic gitra cac
chudi khac nhau. Mot protein c6 thé co nhiéu cau disulfide. Vi duy, chudi nhe immunoglobin
Ig c6 hai cau S-S. Khi chudi nay dang dugc téng hop va van chuyén vao khoang ER, cau S-S
dugc thiét 1ap cho hai cystein nam gan dau NH; ngay khi cystein thir ba chua dugce gan vao
chudi Ig. Piéu d6 dam bao cho su tao cAu S-S chinh x4c. Mot sb cau disulfide duoc hinh
thanh mot cach ngau nhién khién cho ciu trac khong gian ctia protein bi sai léch. Trong
truong hop nay, PDI s€ chinh stra lai nhiing cau S-S khéng dung. Bén canh phan tng tao céu
noi S-S, chudi peptide dugc gip cudn theo mot trat tu déc thu riéng cua peptide d6. Chinh ciu
S-S gitp cho viéc gap khuc dugc chinh xdc. Mot sd protein khic cia ER nhu cac enzym
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peptidyl-prolyl isomerase thuc day su quay quanh cau lién két peptidyl-prolyl ctua doan
peptide chua gip khuc, gitp ching gip khuc dé dang hon.

4.4.2 Hinh thanh ciu tric multimer tir cic chudi peptide

Céc protein c¢6 cdu tric multimer dugc hinh thanh ngay trong khoang ER. Nghién ctru su
bién d6i cau hinh cua protein Hemagglutinin HA (protein cau tric vo virus gay bénh cam) tir
dang monomer sang trimer xdy ra bén trong ER cua té bao chii nhiém virus 13 vi du dién hinh
cho qua trinh hinh thanh cau tric khong gian thich hop dbi voi timg protein. Bang viéc st
dung cac khang thé khac nhau, mdi loai chi c6 kha nang tuong tic dac hi¢u voi HA & dang
monomer hodc dang trimer, ngudi ta ¢6 thé nhan biét duoc cdu trac cia ting phan tt HA ¢
trong khoang ER. Két qua thi nghiém cho thiy phan tir HA chuyén tir dang monomer sang
trimer trong khoang thoi gian 7 phut. Ngay sau d6, cic cau disulfide trén mdi soi duoc tao
thanh va ba soi tuong tac voi nhau tao phan tir HA dang trimer hoan chinh. Dang nay duoc
van chuyén tiép dén Golgi. Khi chudi peptide mang cac dot bién mat, thém hodc thay thé acid
amin, moi dang monomer ciing nhu trimer ¢ cdu trac khong thich hop déu bi giir lai trong
ER.

Céc protein vao trong khoang con duoc sira chita cau trac khong gian sai 1éch hodc ciu
trac polymer khong thich hop nhd cac chaperone (BiP) va mot sb enzym phan bé trong khoang
ER. Tuong ty nhu trudng hop HA, két qua nghién ciru protein ol-antiprotease do té bao gan
tiét vao mau nham trc ché hoat tinh enzym elastase cho thay, khi o1- antiprotease co glutamate
& vi tri 342 bi thay thé bang lysine thi chudi peptide nay khong c6 cau hinh thich hop. Do do,
chung bi gitr lai trong ER ma khong duogc tiép tuc van chuyen dé tiét ra ngoai. Lic do té bao
gan bi truong phdng 1én boi mang ludi ER ctia no chira day protein ol-antiprotease ¢ dang
cAu trac sai léch. Su tich iy cac protein co ciu trac khong dung s& hoat hoa gen mi cho
nhitng protein lam nhiém vu stra chira sai héng nhu chaperon peptidyl-prolyl isomerase va
disunfide isomerase... Mot khi té bao gan khong cung cap du al-antiprotease, clastase van co
hoat tinh. Enym nay s¢ phan huy mang luoi hép thu oxy ¢ ph01 Vi vy, bénh nhan méc bénh
di truyen Caucasian voi cac tri¢u chung kho tho, td chuc ph01 bi thoai hoa boi elastase. Bénh
di truyén nay do dot bién 1am cho al-antiprotease khong cé cau tric thich hop dé duoc tiét ra
ngoai.

Sau khi da co cau tric khong gian hoan thién, protein dugc dong goi trong céc tai dé van
chuyén dén Golgi. Mot s6 protein cé thé dugc gan thém cac nhoém dudng trude khi bi dua tiép
dén Golgi. Tuy nhién phan tng dudng hoa tiép tuc xay ra & Golgi.

4.4.3 Qua trinh duwong hoa protein

Sau khi di vao trong ER, cac phan tir protein bi duong hoa dé dé dang phén loai trong
qua trinh van chuyén dén timg dich. Chudi oligosaccharide lién két véi nhom amin cua acid
amin asparagine thong qua N-acetylglucosamine (GlcNAc). Do lién két véi nhém amin, chudi
oligo duogc goi 1a N-oligosaccharide. Chudi N-oligosaccharide gom 14 gbc dudng
(Glc)s3(Man)o(GlecNAc),, trong dé Gle-Glucose; Man-Mannose; GlcNAc-Gluco-N acetyl
glucosamine. Acid amin Asparagine bi duong hoa thuong c6 vi tri Asparagine-X-
Serine/Threonine, trong d6 X 1a acid amin bat ky. Ba acid amin Asn-X-Ser/Thr & vi tri duong
hoa duoc goi 13 sequon. Khong phai moi sequon déu duoc gin oligosaccharide. Do d6, cac
acid amin bén canh sequon hodc ban than ciu trac khong gian cua protein c6 lién quan dén
qua trinh dudng hoa nay. Ngoai ra, chudi oligosaccharide c6 thé lién két véi nhom hydroxyl
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ciia acid amin serine hodc threonine thong qua N-acetylgalactosamine (GalNac). Chudi nay
ciing c6 thé lién két véi nhom hydroxyl cua acid amin hydroxylysine thong qua galactose. Do
lién két v6i nhom hydroxyl nén chudi nay dugc goi 1a O-oligosaccharide. Tuy nhién, rat it
protein bi duong hoa & nhém hydroxyl va phan tmg nay, néu cé, thuong xay ra & Golgi.

Chudi N-oligosaccharide gom 14 nhom dudng dugc giir & bén trong khoang ER nhd lién
két vai dolichol. Khi phan tir protein di vao khoang ER, ca chudi dudng dugc chuyén sang
protein. Phan tng duoc thuc hién nhd enzym oligosaccharyl transferase gan & phia trong
méang ER. Enzym chuyén oligosaccharide (Glc)z(Man)o(GlcNAc), sang chudi peptide ngay
khi dang duoc van chuyén vao khoang. Tuy nhién ngay sau d6, glycoprotein lai chiu bién d6i
tiép. Chung bi cit bot di ba gde duong (Gle)s boi 3 enzym khac nhau. Luc do oligosaccharide
trén chudi polypeptide chi con lai (Man)s(GleNAc),. Duong nhu ba gbe duong nay c6 vai tro
danh dau nhitng chudi N-oligo d4 dugc hoan chinh. Sau khi loai bo 3 goc duong, phan tir
protein dugc chuyén sang cis-Golgi.

4.5 Van chuyén tir mang lu6i ndi chat dén Golgi va Lysosome

Sau khi d& hoan thién cau triic khong gian thich hop va tré thanh glycoprotein nho gan
oligosaccharide vao asparagine ¢ sequon, cac protein trong khoang mang luéi néi chat ER s&
dugc van chuyén dén Golgi nhd cac nang tai c6 ngudn gde tir mot sb ving dic biét trén mang
ER.

O trong Golgi, chudi oligosaccharide tiép tuc chiu nhitng bién doi tiy thudc vao timg loai
protein. Ngoai ra, phan ing dudng hoa c6 thé xay ra véi cac acid amin serine, threonine. Ca
hai qua trinh duong hoa va khir duong xay ra & ER va Golgi ciia té bao eukaryot ma khong co
trong té bao prokaryot. Rat co thé sy c6 mit cta oligosaccharide giup cho céc protein tranh
dugc tac dung cua cac protease trong khi sy khir cac duong khac nhau chuan bi cho protein
dugc van chuyén c6 chon loc vé cac vi tri cua riéng minh.

Tur Golgi, protein dugc van chuyen chon loc dén cac dich khac nhau trong té bao nhu mot
s6 bao quan, mang té bao hoic duoc tiét ra ngoai. Vi du, dé van chuyén cic enzym vé
lysosome, cac enzym nay phai dugc phosphoryl hoa tai phan tir dwong Mannose trong chudi
oligosaccharide. Nho dé, ching dugc "danh ddu" & mannose 6 phosphate (M6P). Vi vay, cac
enzym dugc phan biét v6i cac protein khac va dugc nhan biét boi thu the dac hiéu nam trén
mang frans ctua Golgi. Thy thé twong tic voi nhom M6P va "dong gbi" cac enzym vao trong
nang tai. Nang nay tach ra khoi mang phia trans-Golgi noi c6 pH=7 dam bao duy tri duoc
tuong tac giita thy thé voi M6P. Tiép dén nang chira enzym hinh thanh tir trans-Golgi dugc
dung hop v61 nang mudn (late endosome) c6 pH khoang 5,5. 0 trong nang muon, cac enzym
tach khoi thu thé, nhom phosphate bi khir khoi duong mannose nham ngin can thu thé twong
tac trd lai voi enzym. Cac enzym dugc tu do trong nang mudn va dung hop vao lysosome,
giai phéng cac enzym vao bén trong (noi c6 pH=5).

Su thiéu vang mot vai enzym trong lysosome la nguyén nhan gay nén mot s6 bénh di
truyén. Gen ma cho cic enzym nay hoan toan khong bi dot bién. Tuy nhién, enzym khoéng c6
mat ¢ lysosome la do thiéu sot trong qua trinh sang loc nhan dién ching dé van chuyén Ve

lysosome. Vi du, néu khong duoc phosphoryl hoa & M6P thi cac enzym s& khong dugc dua vé
lysosome mac du ching c6 mat trong Golgi.

4.6 Van chuyén tir Golgi dén bé mit té bao: Con dwdng tiét ngoai bao
(exocytosis)
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Trong té bao vi khuan, cac protein phan bd trén mang hodc can phai tiét ra ngoai thudng
dugc tong hop dudi dang preprotein véi tin hiéu van chuyén nam 0 dau NH>. Tin hiéu nay
dugc goi la "leader peptide", thuong khong qua 25 acid amin. C6 rat nhiéu phan tir protein
chaperone bam trén chudi polypeptide dang duoc tong hop. Chaperon lam nhiém vu gitr cho
protein khong bi gap khuc dong thoi tham gia vao van chuyén, tiét protein ra ngoai té bao.
Leader peptide bi cit khoi protein khi né dugc van chuyén dén dich.

Dbi véi té bao eukaryot, cac thu thé, cac protein cau triic mang té bao, cac proteoglycan,
glycoprotein ciing nhu mét sd protein khac lam nhiém vu truyén tin hiéu giita cac té bao duoc
véan chuyén theo con dudng tiét ngoai bao (exocytosis). Co hai con duong van chuyén hay con
goi 12 hai con dudng tiét protein khac nhau:

— Van chuyén lién tuc (ti€t lién tuc): chu yeu xdy ra vdi cac protein cau truc.

— Vian chuyén chon loc: thuong xdy ra voi cac protein hoa tan, mot s& hormon, céac
chat dan truyén than kinh hodc cac enzym. Thong thudng, cac protein ndy chi dugce
téng hop hodc giai phong ra khoi cac nang tiét khi té bao c6 yéu cau.

Dbi véi cac te bao biét hoa lam nhiém vu tiét, cac chat thuong duoc tong hop va tich trix
trong cac nang tiét (secretory vesicle). Po 1a nhiing nang déc biét dugc bao phu 16p clathrin &
phia ngoai. Cac protein chira trong nang tiét duoc goi 1a protein tiét. Nong do protein tiét
trong nang rat dam dac (co thé tang gap 200 lan so voi nong do trong Golgi). Nho do té bao
c6 thé tiét ra mot so luong 16n ngay khi co thé yéu cau. Mot nang tiét chon loc ¢6 the chira
nhiéu loai protein tiét voi nong do khac nhau. Cac nang tiét s&¢ dung hop véi mang té bao va
nha cac chat tiét ra ngoai.

Bén canh nang phu clathrin 1am nhiém vu véan chuyén protein tir frans-Golgi hodc tir
mang té bao dén nang mudn, thyc nghiém con phét hién duoc it nhét hai loai nang phu khac
lam nhiém vu chuyén cho protein gitta cac bao quan. Nang phu COPI van chuyén protein
giita cac nép gap cua thé Golgi theo hudng ngugc chiéu tir frans vé cis va tir cis-Golgi quay
tro lai mang ludi ndi chat ER. Nang phit COPII van chuyén protein tir ER di cis -Golgi.

Khi vira tong hop, da sb protein tiét déu ¢ dang khong c6 hoat tinh do ching mang céac
doan peptide khong can thiét & cac ddu COOH va NH, (nén goi 1a cac pre-protein) hoic do
chung dugce tong hop dudi dang polyprotein (goi chung 1a cic pro-protein), sau do dugc
phan cit tao ra cac phén tir ¢6 hoat tinh. Chiing chi c¢6 hoat tinh khi c6 mat trong nang tiét hay
tham chi chi khi da tlet ra khoi té bao. Piéu nay tao diéu kién thuan loi cho van chuyén cac
protein co kich thude rat ngian. & dang polyprotein (cac doan peptide gidng hét nhau dugc lap
di 1ap lai lién tuc) chung dugc nhan biét va dong goi dé dang hon vao cic nang tiét. Mit khac
day c6 18 ciing 14 bién phap bao dam an toan cho té bao tranh tic dung ctia cic enzym. Chiing
chi c¢6 hoat tinh khi dugc cat giit trong nang hodc duoc tiét ra khoi té bao.
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Chuong 5

TRUYEN TiN HIEU TE BAO

O co thé da bao, cac tin hi¢u dugc truyén di giira cac té bao ciing nhu ngay trong mot té
bao. Tin hiéu truyén gilta cac té bao cho phép chung cing ph01 hop hoat dong, giir can bang
cho co thé thanh mot khdi thong nhat. Cac tin hiéu giup ting té bao xac dinh duogc vi tri cling
nhu chtrc nang chuyén biét cua chung. Pidu d6 dam bao té bao chi budc vao phan chia khi
cac té bao bén canh can dén. Vi bat ctr 1y do gi khién cho sy phdi hop hoat dong giira ching bi
sai léch, té bao s& phan chia khong tuan theo su kiém soat chung va diéu do co thé dan dén
xuét hién ung thu giét chét co thé.

Céc k¥ thuat hién dai cho phép nghién ctru qua trinh truyén tin hiéu trong mot té€ bao hoic
giita chung v6i nhau. Mdi té bao eukaryot déu c6 mot hé thdng truyén tin hiéu phirc tap nhung
cuc ky hoan hao, bao gém cac protein lam nhiém vu truyén va tra 101 tin hi¢u. Pac bi¢t quan
trong 1a cac thy thé phan bd trén bé mat mang té bao va bén trong té bao (trong té bao chat va
nhan), cac protein kinase, cac phosphatase, protein Gs vv... O té bao dong vat, tin hiéu gui di
duéi nhiéu dang khac nhau nhu cdc phan tir protein, doan nhd peptide, cac acid amin, cac
nucleotide, cac dan xuét cua axit béo, cac steroid, tham chi cac chat khi nhu oxit nito, cac
monoxit cacbon... Tin hiéu ban dau kich hoat mdt loat cac phan ung truyén tin ndi tiép hoac
xay ra déng thoi vai nhau. Moi tin hiéu dau tién duoc goi chung 1a ligand. Céc thy thé nhén
biét ligand rat nhay cam, ching tuong tac voi ligand ¢ nhing néng d6 rat nho (thuong < 10
M). Ngay sau khi t1ep nhan tin hi€u, mot loat cac phan ung truyen tin hiéu xay ra dan den thay
do6i hoat dong cua té bao nham tra 15i tin hiéu. Trong mot s trudng hop khi thy thé ndm bén
trong té bao, cac ligand phai du nho va c6 tinh ky nuéc moi 6 kha nang khuéch tan vuot qua
mang vao té bao chat va tuong tac voi thu thé. Trong mdi twong tac thy thé-ligand, vai tro chu
yéu cta ligand 13 1am thay ddi cdu hinh cua thy thé théng qua lién két. Su thay d6i cAu hinh
nay giéng nhu tin hiéu thong bao cho té bao can ¢ phan tmg ddi vai ligand.

Trong co thé da bao, mdt t& bao bat ky ludn tiép xuc véi hang trim tin hiéu khac nhau.
Céc tin hiéu nay co thé 1a chit hoa tan, hodc bam vao chit nén hodc bam trén bé mat cac té
bao 1an can. Chung c6 thé két hop v6i nhau cung hoat dong diéu bién phan tmg tra 16i tin
hiéu. Do d6 mdi té bao déu c6 mot chuong trinh riéng biét dé chon loc cac tin hiéu va phan
g dép lai chiing. Cac té bao khac nhau sé tra 101 khac nhau d6i véi cing mot tin hiéu.

Té bao thuong phai tra 101 cho tép hop cua nhiéu chir khong phai tung tin hiéu riéng 1¢.
Cau tra loi la két qua cua mot chudi cac phan Gmg lam thay d6i hoat dong cua té bao; quyét
dinh té bao song hay chét, budc vao phéan chia hay ton tai ¢ trang thai tinh. Dac biét c6 nhing
protein trong hé thong truyén tin hiéu cé kha nang phan tich va xur 1y tin hiéu dan dén nhiing
hiéu tmg sinh hoc thich tmg gitip té bao giit dugc trang thai can bang.

Diéu dang luu y 1a cac thu thé nhan biét hormon rat khé xac dinh va tinh sach vi ndng do
ctia chiing rat nho trong té bao. SO luong thy thé ddc hidu cho mot hormon thuong dao dong
tr 10.000 den 20.000 phan tur trén be mit té bao, tirc 1a chi chiém khoang 10 tong sO protein
c6 trong té bao hodc c¢& 10 téng s protein trén bé mat mang. Trong thuc té, sy xuat hién cia
thu thé va ham luong cua chung duoc phét hién va xac dinh nhd thi nghiém chuic ning dua
vao tinh chat lién két dac hiéu giira chung véi cic hormon gin phong xa hodc chat phat mau.
Céac hormon nay van gitr duoc hoat tinh tuy duoc danh dau bang cac cach khac nhau.
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Céc thy thé hormon nam trén be mat thuong dugc xac dinh bang phuong phap danh dau
ai lyc "affinity labeling". Hormon gan phong xa bam vao thu thé duoc xtir 1y bang cac chat
hoa hoc dé tao lién két cong hoa tri giira hormon va thu thé ctia né. Nho do, lién két nay bén
vitng ngay khi c6 mit cac chit khir hodc cac chat gay bién tinh duoc str dung dé tach thu thé
ra khoi bé mit té bao.

R4t nhiéu thy thé phan bd trén bé mat duge tach ra khoi mang té bao ma van gilr dugc
hoat tinh nho sic ky danh dau 4i lyc. Tuy nhién, c¢6 nhiing trudng hop khi sé luong thu thé
qua nho thi khong thé tinh sach bang phuong phap nay. Ky thuat tach dong va tai t6 hop
ADN cho phép khic phuc nhuge diém trén. Hinh 5.1 minh hoa phuong phap tach dong biéu
hién (expression cloning), cho phép thu dugc s6 luong 16n thu thé ciia hormon ma khéng
can phai tinh sach chung tir protein tong so.

A. Bwa cDNAs vio vecior hidu hién gen

S O

B. Bifn nap vector tii 10 ho'p vio 1 hio nhin

Tich déng dwoe 18 hio mang ADNc mi cho thy thé

Hinh 5.1:

Phuong phap tach dong biéu hién xac dinh cac ADNc hiém, ma cho thu thé bé mat
te be}o. ADNc dwa vao vector biég hién mang promoter hpat doéng manh. Cac vector
ta’i) to hc_vpldu’cyc dua v@o d(‘)ng té bao dot bién khéng tong hop duoc thu thé. Ihu
thé chi xuat hién trén bé mat té bao nao nhan vector chira ADNc ma cho thu thé va
c6 kha nang lién két v&i ligand.

Trong phuong phap nay, hormon (ligand) chi bam vao té bao mang ADNc mé cho thu
thé. Hormon thuong dwgc danh diu phat huynh quang, nhd d6 phat hién dé dang. Trong co
thé, hau hét hormon 14 nhimg phan tir nho, 6 thé hoa tan trong lipid hogc trong nudc. Mot 5O
it hormon hoa tan trong lipit c6 thu thé nim ngoai mang té bao. Rat nhidu hormon hoa tan
trong lipid co6 thu thé nam trong t¢ bao chat. Chung phai khuéch tan qua mang nguyén sinh
chat dé tuong tac véi thy thé. Nguoc lai, hiu hét hormon hoa tan trong nude co thu thé phan
b trén mit ngoai cua té bao do hormon khéng co6 thé khuéch tan qua mang té bao.

Cac ligand do té bao tiét ra dwoc dan truyén di theo nhiéu cach khac nhau. Tin hiéu c6 thé
chi truyén dén cac té bao nam ngay trong mot khu vuc ciing voi té bao gui tin hi¢u. Qua trinh
nay dugc goi 13 paracrine (Hinh 5.2A). Pic diém cua cach truyén nay la tin hiéu khoéng duoc
khuech tan di xa. Ching bi phan huy boi cac enzym ndm ngoai té bao hodc bi giit lai trong
chat nén giita cac té bao.
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Cic 18 hao dich

Té hio phit tin hiéu
(A) B

Hinh 5.2: . )

Hai con dwang truyén tin hiéu thong qua cac phan tr tiét

(A)- Truyén tin hiéu paracrine .

(B)- Truyeén tin hiéu thong qua hé mach dan. Sy khac nhau gitra ching
thé hién & téc dd truyén ciing nhuw tinh d&c hiéu cta t& bao nhan.

Trong co thé da bao, dé phdi hop nhip nhang hoat dong giita cac té bao nim cach xa
nhau, c6 nhiing té bao chuyén hoa gitr vai tro dac biét trong viéc truyen tin hi¢u di toan co thé.
Do 1a cac t€ bao than kinh (cac noron) voi nhitng axon. Khi ti€p nhén tin hi¢u tir moi truong
hodc tir cac té bao than kinh khac, noron guri cdc xung dién doc theo soi axon dén xi nap ndm
tan cung soi axon do. Xi ndp nhén xung di¢n va tiét ra cac tin hi€u hod hoc dac biét goi 1a cac
chat dan truyén than kinh (neurotransmiter). Chat nay dugc giri dén t€ bao nhén rat nhanh va
dac hi¢u. Cach thic truyén tin hi€u qua cac t€ bao than kinh dugc dé cap ky trong giao trinh
than kinh.

Bén canh té bao than kinh, con c6 cac té bao dic biét lam nhiém vu gui cac tin hiéu di
kiém soat hoat dong cua co thé, dam bao su phéi hop can bﬁng nhip nhang cho mét thyc thé
théng nhat. D6 1a cac té bao ndi tiét. Ching tiét ra hormon giri vao mach mau (¢ dong vat)
hodc vao nhya cay (¢ thyc vat), nho dé tin hi¢u dugce truyén di khép co thé (Hinh 5.2B). Tuy
nhién tin hiéu do té bao tiét gui vao h¢ mach dugc truyén di cham hon so véi té bao than
kinh. Nguoc lai, cac hormon tlet lai c6 tdc dung ngay khi nong dd cua chung rat thap (<10°
¥ M) trong khi cac chit dan truyén thin kinh c6 hoat tinh & ndng d6 khoang 10™ M.

5.1  Thu thé trén bé mit té bao

C6 nhiéu loai thyu thé khac nhau. Trong chwong nay chung ta chi ¥ dén cac thu thé
protein nam trén bé mat t€ bao va cach thirc chung tham gia chuoi cac phan ung truyén tin
hi¢u. Hau hét ligand tuong tac voi thu thé trén bé mat t€ bao déu la protein hoa tan trong
nudc.

Céc protein thu thé trén bé mat duoc xép vao 4 loai dua vao co ché truyén tin hiéu: thu
thé ndi voi kénh truyén ion, thu thé ndi voi protein G, thy thé ndi voi tyrosine kinase va thu
thé ndi voi enzym (Hinh 5.3). Tuy nhién, hoat dong cua ching xay ra theo cung mét phuong
thtre: Sau khi tlep nhan tin hiéu (bén ngoai mang té bao), thy thé truyen tin hiéu cho cac chat
trung gian. Diéu d6 giy nén sy thay do6i nong do cua mot s6 chat truyén tin hiéu trung gian
(néu chung 13 enzym), hodc lam thay d6i cdu trac ciia chat truyén tin hiéu (néu nhu ching 1a
tyrosine kinase), hodc lam thay doi tinh thAm ion ctua mang té bao (néu ching thudc kénh dan
ion)... Dén lugt minh, cic chét truyén trung gian s¢ lam thay d6i hoat dong cua cac protein
ddc hiéu khac. Cubi cung tin hiéu dugce chuyén vao nhan, thuong duéi dang cac yéu to phién
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ma, kiém soat mirc d6 biéu hién cua gen. Nhu vay, tor mot tin hiéu ban dau, mot loat thay doi
xay ra giup t& bao tra 10i tin hiéu nhanh, nhay va chinh xAc.

a) Thu thé ndi véi kénh ion: Céc tin hiéu duoc nhan biét boi thy thé ndi v6i kénh ion
thudng 1a cac chit dan truyén than kinh. Do d6 cac thu thé loai nay thuong nim trén té bao
than kinh. Chat dan truyén than kinh m¢ hodc dong tam thoi cac kénh ion théng qua viéc
tuong tac voi cac protein thu thé nam ngay trén kénh nay.

. Tin higu
A. Thu thé ndivivi lénhion

/1\
D0 vy

Tam i qua méang

B. Thu the noi vivi protein G

Protein & (khémg hoat dong)  Tin hidu
+

. ke
:‘i_l—'i—I_E—* Rgl_pE _""i_,;l-_E*':

Thuthe (R} Enzym (E) Protein G"(hoat Jingd  Enmym ET od hoat tinh

C. Thu the noi vivi enzym D. Thy thé ndi vivi tyrosine kinase
Thuy thé (enzym)
)
FTF ? ?
e iy
FFi e =)E
Enzym oo hogt tinh Tryrosine kinase

Hinh 5.3: o . .

Bon loai thu t’hé nam trén bé mat té bao nhén cac tin hiéu t bén ngoai

A-Thu thé noi voi kénh ion thudng phan bo ngay trén kénh

B-Thu thé ndi vai protein G hoat hoa protein nay (G*). G” hoat hod enzym xuc tac phan (ng
tao chat truyén trung gian

C-Thu thé noi vai tyrosine kinase hoat hoa kinase. Enzym kinase phosphoryl hoa tyrosine
clia thu thé. Chat trung gian twong tac voi tyrosine bi phosphoryl hoa va tiép tuc truyén tin
hiéu

D-Thu thé ndi v&i enzym x(c tac cho phan (rng truyén tin hiéu trung gian (theo Alberts & cs.,
2002).

b) Thu thé ndi voi protein G: Sau khi nhan duoc tin hiu, cac thu thé loai nay seé truyén
tiép tin hiéu cho cac chat trung gian khac théng qua protein G (&rimeric GTP binding
regulatory protein). Cau trac va hoat tinh cua protein G duoc néu  trong phan 4.2. Moi thy thé
nodi véi protein G cod ciu tric kha glong nhau va chung déu nam vit qua mang 7 lan.

¢) Thu thé ndi voi enzym: Khi nhén tin hiéu, cac thu thé loai nay hoac hoat dong gidng
enzym hogc két hop cung enzym. Hau hét ching chi vét qua mang té ‘bao mot 1an va co vi tri
lién két voi tin hidu & bén ngoai mang, con vi tri ¢ hoat tinh enzym nam bén trong mang. Céc
thy thé loai nay khong gidng nhau va chii yéu 1a cac kinase hodc protein két hop véi kinase.

d) Thu thé nbi voi tyrosine kinase: Tuong tac giita thu thé véi ligand dan dén viéc tao
dimer cua thu thé. Sy thay doi cau triic cta thu thé s€ hoat hod tyrosine kinase nam trong té
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bao chat. Enzym ndy gin gbc phosphat vao tyrosine cta thu thé. Chat trung gian lién két voi
tyrosine c6 goc phosphat va tiép tuc bi phosphoryl hoa bdi cac kinase khac hodc bdi chinh
minh. Nho do tin hiu tiép tuc truyén di.

(B)
-
(4)
L)
| LTP
ATP /( LTP l(‘ LDP
LDP

Frotein ¥ Protein 2

Protein =

|

Tin hifu truyén di o

Hinh 5.4: .

Phoi hop cac tin hiéu trong con duong truyén tin hiéu

A - Hai tin hiéu dan dén phan (ng phosphoryl héa protein X & cac vj tri khac nhau. Chi khi
ca hai vj tri trén X dwgc gan goc phosphate thi X méi co hoat tinh. Nhw vay bat budc phai
€6 dong thoi hai tin hiéu thi protein X mai chuyén trang thai hoat déng

B - Hai tin hiéu hoat hoa ddng thdi hai protein Y va Z dé tao ra phirc c6 hoat tinh.

Chudi cac phan tng phosphoryl hoa bat ddu bang thu thé ndi tyrosine kinase dugc thuc
hién chu yéu bdi cac kinase serine/threonine hoac tyrosine (Hinh 5.4). Pay 1a cac enzym dic
biét, xtic tdc cho phan img gan nhém phosphate vao cac acid amin serine, threonine (it hon)
hodc tyrosine phan bo trén phan tir protein. Cac nha nghién ctru da udc tinh c6 khoang 1%
gen cua co theé ngudi ma cho kinase. Mot t€ bao dong vat co6 va chira khoang 100 loai enzym
kinase khac nhau chu y¢€u la serine/threonine kinase. Mac du so protein bi phosphoryl hoa boi
tyrosine kinase chi chiém 0,1% tong sO protein trong té bao, tyrosine kinase dong vai tro then
chot trong hé thong truyén tin hiéu.

Tin hiéu thu nhén boi hai loai thy thé ndi voi protein G va ndi tyrosine kinase thuong
duoc truyen qua mot sd chat chuyén tai trung gian va cudi cung la dén cac yéu t6 phién ma.
Céc yéu t6 do s& dleu bién mirc d¢ biéu hién ciia gen sao cho té bao c6 phan ng tuong thich
v6i tin hiéu. Mot sO protein dugc biét hoa chi hoat dong trong cac hé théng truyén tin hiéu.
Chtng thuong ton tai ¢ hai trang thai: khong hoat tinh (trudc khi nhdn tin hiéu) va c6 hoat
tinh (sau khi nhan tin hiéu). Khi nhan tin hiéu chiing chuyén sang trang thai hoat dong. Vi du,
phan ng phosphoryl hoa va mirc d§ phosphoryl hod (nhdn mt hoac nhiéu nhém phosphate)
xay ra voi tyrosine kinase lién quan mat thiét dén biéu hién hoat tinh cta protein nay. O trang
thai hoat dong ching truyén tin hiéu di bang cach gay phosphoryl hoa cac protein tiép theo,
tao nén chudi cac phan ung phosphoryl hod. Sau d6 chung tr¢ ve trang thai khong hoat dong
nho phan ung khir nhom phosphate. Déi voi, thy thé lién két véi GTP, chung truyén tin hidu
cho cac phan tir trung gian va tré vé dang khong ¢ hoat tinh khi lién két véi GDP. Nhu vay,
chirc ndng nhan biét va truyén tin hiéu cua ca hai loai thu thé déu phu thudc vao su thay doi
ciu hinh cta ching thong qua phan tng phosphoryl hoa hoic nho twong tac véi GTP/GDP
(Hinh 5.5).
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A Tin hiéu truyén dén B. Tin hiéu trugen dén
ATE
(=0 T
ADE ne
Tin higu truyén di Tin higu truyén di
Hinh 5.5:

Hai co ché chi dao truyén tin hiéu trong t& bao. Péi véi ca hai trwong hop,
protein truy&n tin hiéu dwoc hoat hod béi phan (rng phosphoryl hoa (hodc khir
gbc phosphate). (A): Truyén tin hiéu théng qua cac protein kinase. (B): Truyén
tin hiéu thong qua protein G.

5.2 Thu thé ndi véi protein G

Hon 100 thu thé ndi véi protein G duoc phat hién & dong vat cé vu, phén 16n nho k¥
thuat tach dong tuong dong (homology cloning) dua vao phan tng lai ¢ diéu kién khong
qua nghiém ngét gitra m61 ADNc da biét va ADN cua ddi tugng can nghién ctiru. Ngoai ra
cac thu the con duoc tim thiy nho ky thuat tich dong biéu hién dya vao cac tin hiu Xuat
hién khi t& bao bi kich thich. Trong phuong phap nay, mé c6 chua thu thé can nghién ctru
dugc sir dung dé tach ARNm va tong hgp ADNc, xdy dung ngan hang ADNc trong vector
biéu hién gen (vector co chira promoter). Sau do, cac dong cua ngén hang dugc dua vao
tring ech Xenopus de tong hop nén cac protein tuwong Gmg voi ADNe. Nhing protein la
duoc gan vao mang té bao va dugc phat hién nho cac protein duge danh diu c6 kha ning
lién két v6i ching.

5.2.1 Protein G

Protein G (trimeric GTP binding protein) ¢6 hoat tinh phan huy GTP (Hinh 5.6). Chung
ludn phdi hop hoat dong cung voi cac thy thé nam trén be mat té bao tao thanh mot cap truyén
tin hiéu. Tin hiu dugc truyén qua protein G vao trong té bao thong qua cic enzym hodc cac
kénh ion trén mang nguyén sinh chat. Protein G khac véi monomeric GTPase & trong té bao
eukaryot. Monomeric GTPase tham gia kiém soat cdc phan ung sinh hoc va van chuyén tai
tiét. Tuy nhién, protein G ciing c6 hoat tinh GTPase. N6 & trang thai hoat dong khi lién két
v6i GTP nhung bi mét hoat tinh khi lién két véi GDP. Khi chua c6 tin hiéu, cac thy thé khong
tuong tac véi protein G.

Dong thoi lac d6 ban than protein G & trang thai lién két voi GDP (tic 1a ¢ dang khong
hoat tinh). Khi thy thé nhan tin hiéu, cau tric khong gian cta thy thé bi thay doi. Phirc thy thé
- ligand s& tuong tac voi protein G khién GDP bi tach ra va GTP thay vao dé. Lap tirc protein
G tuong tac v6i chét trung gian tiép theo (enzym hodc protein). Lién két giira protein G va
chat nhan tin hiéu tiép theo khién cho GTP bi phan huy thanh GDP boi chinh hoat tinh
GTPase cua protein G. Phan tng phan hiy GTP khién protein G tach roi khoi chat trung gian.
Protein G tr& vé trang thai ban dau (mang GDP). Chét trung gian truyén tin higu di.
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Hinh 5.6:

Mo hinh hoat déng cla protein G trong qua trinh truyér] tin hiéu

Prptein G duy tri & trang thai hoat hoa mét khi ligand van bam vao thu

thé. Vi vay

Protein G gém ba chudi polypeptide khac nhau: o, B va y. Chudi a (as) co hoat tinh

GTPase. Chudi nay s& lién két voi GTP va thity phan GTP gay hoat hoa adenylyl cyclase.
Chudi B va y tao phirc Py giir cho protein G bam trén bé mait té bao bén phia té bao chat. Khi
GDP lién két v6i chudi o, protein G khong c6 hoat tinh. Khi GDP bj thay thé boi GTP, chudi
o tach ra khoi phirc va lién két voi adenylyl cyclase. Enzym nay dugc hoat hoa va dén lugt n6
xuc tac cho phan tmg tao cAMP. Nhu vay, protein G phan ra thanh cac tiéu don vi o va By khi
duoc hoat hoa.

C6 thé c6 nhiéu loai thu thé ndi protein G nhung tat ca chi nhan biét mot loai tin hiéu.
Nguoc lai, c6 thé co nhiéu thu thé ndi protein G, chiing nhan biét cac tin hiéu khac nhau. Hon
nira, tir protein G, mdi tin hiéu c6 thé duge truyén theo con duong riéng biét khién té bao co
cau tra 101 dic hiéu véi ting loai tin hiéu. Hau hét cac thu thé ndi protein G hoat hoa cho mot
chudi cac phan tng lam thay doi néng do cua mot hodc vai phan tir nho trong té bao. Nhing
phan tr nay lam nhiém vu trung chuyen va duge goi chung 1a cac chat truyén tin hiéu trung
gian (hodc con goi 1a cac t1n hiéu thtr cdp). Hai trong so cac chat trung gian hay gap nhit trong
té bao 1a cAMP va ion Ca™. Nong do cua chung bién ddi do nhiéu tin hiéu khac nhau, trong
d6 hau hét 1a tin hidu nhan biét boi cac thy thé ndi protein G.

S& di té bao tra 10i rat nhanh, nhay d6i v6i sy bién dong vé liéu luong cua céc tin higu
bén ngoai 1a do hoat tinh thuan nghich cua adenylyl cyclase Diéu nay xay ra nho chudi as chi
ton tai ¢ trang thai hoat dong trong thoi gian rat ngan. Khi as lién két voi adenylyl cyclase,
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hoat tinh GTPase cuia chudi as dugc kich thich lam cho GTP bi phan hay thanh GDP rat
nhanh. Chudi as tach khoi adelylyl cyclase. Luc ndy ca as va adelylyl cyclase bi mat hoat
tinh. Chudi as lién két tro lai v6i phirc Py tao thanh phan tir protein G ¢ dang khong hoat
dong. Trong té bao dong vat, co it nhat 6 loai déng phan adenylyl cyclase déu phan bd trén
mang t& bao phdi hop vdi cac thu thé nhan nhimng tin hiéu khac nhau. Viéc chuyén doi trang
thai tir hoat hoa sang khong c6 hoat tinh ctia nhimg enzym nay déu phu thudc vao protein G.
Pic biét trén mang té bao than kinh, enzym nay dugc hoat hoa boi ion Ca™ nim trong phirc
v6i calmodulin.

5.2.2 Hoat hoa hoic trc ché cAMPase thong qua protein G

T nam 1959, phan tr AMP dang vong ky hi¢u la cAMP (cyclic adenosine-3',5'-
monophosphate cAMP) dugc xac dinh nhu 1a chat truyén tin hiéu trung gian trong té bao. T
do dén nay, thuc nghiém nhén thay cAMP tham gia vao nhiéu qua trinh sinh hod khac nhau
trong té bao prokaryot cling nhu té bao dong vat. Nong d6 cuia cAMP trong té bao eukaryot
nho hon 10 M. Khi bi kich thich, nong d6 nay tang gap 5 lan trong mot gidy. Piéu d6 doi hoi
phan tmg tong hop cAMP phai xay ra rat nhanh, ddng thoi phai duoc dimg tirc thoi khi khong
con tin hiéu kich thich. Phan tr cAMP duoc tong hop tir ATP nhd enzym adenylyl cyclase
(Hinh 5.7). Mat khac, cAMP bi phan hay lién tuc nhd cAMP- phosphodiesterase. Nhiéu tin
hiéu bén ngoai tham gia kiém soat nong 46 cAMP thong qua viéc diéu bién hoat tinh cua
adenylyl cyclase hon 1a thay d6i hoat tinh cia cAMP-phosphodiesterase. Trong mot loai té
bao nhat dinh, moi tin hiéu gy hoat hoa adenylyl cyclase thuong c6 chung hiéu tng. Vi du,
trong céac té bao md it nhét c6 4 loai hormon hoat hoa adenylyl cyclase ciing dan dén viéc ting
cuong chuyén hoa triglyceride (dang du trit ctia chat béo) thanh acid beo. Cac thy thé cho
nhimg hormon nay hoat dong khi lién ket voi protein G. Ca thé mac bénh suy giam di truyen
trong viéc tong hop protein G thuong rdi loan chuyén hoa, phat trién xwong va phat trién tri
ndo bét binh thuong.

Thi nghiém minh hoa 1o nhét vé su tao cap cung hoat dong gitra thu thé va adenylyl
cyclase 13 cac thu thé PB-adrenergic (lién quan dén hoat dong cua adrenaline va
noradrenaline). Khi co thé hoat dong lién tuc hodc chiu su cang théng, cac md doi hoi bd

sung glucose va acid beo. Cac nguyén liéu nay duoc té bao gan va cac té bao du trir chat béo
(lipolysis) cung cip vao mau rat nhanh khi cac tin hiéu adrenaline va noradrenaline twong tac
v6i thy thé B-adrenergic ndm trén bé mit cac té bao nay Ngodi ra, lién két cua adrenaline voi
thu thé B-adrenergic & cac té bao co tim 1am ting tan sd co bop tim, ddn dén ting lwong mau
di toi cac md. Lién két giira adrenaline v&i thu thé ¢ té bao co tron cua rudt gdy co gidn co.
Adrenaline con c6 kha nang lién két voi thu thé a-adrenergic khién cac dong mach co that lai,
ngin can mau luu théng dén cac ving 1an can (noi khong co twong tac gitta adrenaline va thu
thé). Nhing tac dung khac nhau ctia hormon adrenaline déu nhim muc dich cudi cing 1a bd
sung nang luong cho cac ctr dong nhanh cta co trong nhitng hoat dong cang thang ma co thé
dang chiu dung.
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Hinh 5.7:

CAu tric cla adennyI cyclase gdm 2 tiéu phan phan bé trong

mang té bao, méi tiéu phan gdm 6 doan o helix. Hai trung tam

hoat dong ctia enzym nam phia trong té bao chét s& phan hay
co chat khi enzym nhan tin hiéu truyén tir protein G.

Khi adrenaline lién két voi thu thé p-adrenergic, n6 hoat hod adenylyl cyclase. Tuy nhién,
khi adrenaline lién két voi on-adrenergic, né e ché enzym. Diéu do cho thay cac protein G
khéc nhau c6 tac dung khac nhau (Hinh 5.8).

Ngoii té hao
o a Tin hifn
Tin hicu Adenyly] (i chid
klcl;}w:h Protein Gz cylase Frotein E}i

Tome R :
' GBY Gos  Tapaschat OO OFY

g:ér:n:a.\isbroteirj G thgm gia hoat hoa (protein Gs) ho&c trc ché (protein Gi) enzym adenylyl
cyclasq. Cac tiéu phén,GBy Ia nhw nhau trong céac loai protein nay. Chung chi khac nhau &
tieu phan Ga va thu thé ma chung twong tac (theo Alberts & cs., 2002).

Adenylyl cyclase c6 thé duoc hoat hoa hodc bi trc ché thong qua cac protein G khac nhau.
Trong phan tng hoat hoa, thu thé p-adrenergic clng tao cap hoat dong voi Gs. Trong phan
u’ng {rc ché, thu thé tao cip voi protein Gi. Protein Gi ¢6 cdu trac twong tu Gs chi khac ¢ tiéu
phan ai. Vi du, twong tac giira adenosine va prostaglandin véi thu thé cua ching s& kich hoat
protein Gi. Luc do, tiéu phan Gai tuong tic véi GTP va tach khoi protein Gi. Phirc Gai-GTP
tric ché (chir khong phai 1a hoat hod) adenylyl cyclase khién nong d6 cAMP giam xudng.
Ngoai ra, khong phai chi riéng Gai ma ca GBy ciing 6 tac dung we ché adenylyl cyclase. Tiéu
phan Gai trc ché theo con dudng gian tiép trong khi phitc GBy e ché theo hai cach: hoic 1a
phirc Gy lién két véi enzym hodc lién két v6i bat ky tiéu phan as tu do co trong té bao, do do
han ché chung hoat hoa enzym. Ngoai ra protein Gi con kich thich viéc mé kénh K trén
mang té bao. Nhu vay céac protein G rat linh hoat trong viéc tmyén tin hi¢u, thuc hién nhiém
vu trung gian giita thu thé va céac tin hiéu thir cdp trong té bao. O céc thi nghiém da tién hanh,
hoic tiéu phan Go. hodc phirc GBy hodc ca hai déu tham gia phan tng. Tuy nhién, phirc GBy
lam ting hoat tinh cia mot s6 dang adenylyl cyclase chi sau khi enzym d3 duoc hoat hoa bai
tiéu phan Gas.
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5.3  Protein kinase phu thugc cAMP (cAPK hoic Kkinase A)

Trong céc té bao dong vat, chic ning cha yéu cia cAMP 1a hoat hoa enzym kinase.
Nhiing enzym nay dugc goi chung la cAPK (cAMP-dependent protein kinase), hodc protein
kinase A. Cac cAPK xuc tic cho phan tmg chuyén nhom phosphate tan cing tir ATP sang
acid amin serine hodc threonine cua protein dic hi¢u. Khi bi phosphoryl ho4, hoat tinh cia
protein bi thay ddi (tir trang thai hoat dong sang trang thai bt hoat hodc ngugc lai). Protein
kinase A duoc tim thay trong moi té bao dong vat va dugc xem nhu lién quan dén hau hét cac
chire nang cua cAMP. Co chét cua kinase A da dang, phu thudc vao ting loai té bao. Diéu do
giai thich vi sao tac dung cia cAMP ciing thay ddi theo timg loai té bao.

O trang thai khong hoat dong, kinase A 1a phirc tetramer gom hai tiéu phan c6 hoat tinh
enzym va hai tiéu phan kiém soat viéc lién két voi cAMP. Lién két gitra hai tiéu phan nay véi
cAMP 1am thay ddi ciu triic khong gian cua hai tiéu phan kia, khién ching tach khoi phirc hé
(4 tiéu phan). Lac d6 hai tiéu phan c6 hoat tinh enzym dugc hoat hoa tham gia xtic tac cho
phan tng phosphoryl hoé protein dac hi¢u (Hinh 5.9).

Tifuphan e tée
cANP

R

Py, — it
L
Tifuphan difu khién

Kinase A khiing hoai tinh Kinase A cé hoat tinh (iruyén iin hiéu di)

Hinh 5.9:

Hoat hoé kinase A b&i cAMP. Enzym kinase A cé cAu tric tetramer. Lién két gitta cAMP v&i hai tidu phan didu
khién lam thay déi cAu tric khdng gian ctia kinase A, khién hai tidu phan cé hoat tinh enzym tach ra va dwoc hoat
hoa. Méi tiéu phan didu khi&n c6 hai vj tri lién két véi cAMP. Khi ca hai vi tri déu lién két véi cAMP thi hai tiéu
phan kia m&i tach ra va xuc tac cho phan (rng phosphoryl hoa. Cé it nhat hai loai kinase A trong t& bao dong vat
c6 vu. Loai thtr nhét tdn tai chd yéu trong té bao chat. Loai thi hai, dinh vao mang sinh chét, mang nhan va cac
soi vi dng (microtubulin) nhé hai tiéu phén diéu khién. D6i v&i ca hai loai kinase A, khi cac tiéu phan cé hoat tinh
duoc hoat hoa, ching co the di chuyén vao nhan gay phosphoryl hoa cac protein diéu khién hoat dong ctia gen
trong khi hai tiéu phan kia van tén tai trong té bao chét.

Phan tig phosphoryl hoa xay ra nho vai tro trung gian cia cAMP duoc phat hién lan dau
tién khi nghién ctru qua trinh trao ddi glycogen trong té bao co xuong. Glycogen la dang du
trir ctia glucose. Ca hai qua trinh tong hop va phén huy glycogen dugce kiém soat bai
adrenaline. Khi dong vat bi danh hodc gap bat ky t6n thuong nao, tuyen adrenaline tlet
hormon vao mau gy tin hiéu bao dong dén cac to churc khac trong co thé. Adrenaline tuan
hoan trong mau, kich thich cac té bao co phan giai glycogen thanh glucose, ddng thoi gay
ngung qua trinh tong hop glycogen. Glucose bi oxy hoa tao ATP cung céap cho co. Bing cach
nay, adrenaline chuan bi cho té bao co tham gla hoat dong cang thang Hoat tinh cua
adrenaline dugc thé hién khi no lién két v6i thy thé B-adrenergic ¢ trén bé mit té bao co, giy
ra su ting nong d6 cAMP trong té bao chat. Liic d6 cAMP s& hoat hoa kinase A va enzym nay
phosphoryl hod hai enzym khac (Hinh 5.10).
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Hinh 5.10:

Phan t& cAMP kich thich chuyé&n hoa glycogen thanh glucose trong t& bao co. Nho lién két véi cAMP, kinase A
dwoc hoat hod, xtc tac cho phan (ng phosphoryl hoa va dan dén hoat hoa hai enzym phosphorylase kinase va
glycogen phosphorylase. Nhé d6, glycogen phan gidi thanh glucose. Kinase A tryc tiép va gian tlep lam tang qua
trinh phosphoryl hoa enzym glycogen synthase. Do bi phosphoryl hod, glycogen synthase bj mét hoat tinh, dan
dén e ché tdng hop glycogen (theo Alberts & cs., 2002).

Nhu vay, su ting nong d6 cAMP dan dén mot loat phan tng vira kich thich chuyén hoa
glycogen thanh glucose vira trc che qué trinh chuyén glucose thanh glycogen dam bao cho
nong do glucose dat cyc dai trong té bao. Tong hop va phan hay glycogen phu thudc néng do
cAMP xdy ra chii yéu & t& bao gan va co, noi du trit glycogen. Tuy nhién, cAMP con tham
gia truyén tin khi c6 mat ciia mot sé6 hormon. Vi du, trong té bao tao md, ndong dd6 cAMP ting
cao s¢ kich hoat lipase thong qua cAPK, do d6 téng hop acid beo dugc tang cuong. Mot cach
tuong ty, trong té bao budng trimg, cAMP ting khién cho cAPK kich thich phan tmg tong
hop 2 hormon estradiol va progesterone. Ngoai ra, cac cAPK trong té bao than kinh tham gia
diéu bién hoat dong cua cac kénh ion lién quan dén viéc hinh thanh tri nhé trong qua trinh
phat trién va biét hoa. Cac enzym cAPK thuong dugc cb dinh tai mot ving trong té bao nho
protein lién két voi cAPK. Nhitng protein ndy thudng co hai phan, mot phan lién két véi
cAPK, phﬁn kia c¢6 dinh lai tai mot vi tri tuong tu nhu céi “mo neo” dé giltt cAPK khong
khuéch tan trong té bao cht.

Trong mot s6 té bao dong vit, néng do cAMP tang s€ kich thich hoat dong cua mot $6
gen dic biét. Vi du, trong té bao tiét hormon somatostatin, nong d6 cAMP dat dén muic nhat
dinh s& bat m¢ gen ma cho hormon nay. Qué trinh hoat hod gen ma cho somatostatin dugc
thuc hién nhu sau: Gen c6 chita mot doan ADN ngén, goi 13 ving CRE (cAMP response
element) 13 vi tri twong tac ciia protein diéu khién, goi la protein CREB (CRE-binding
protein). Tuy nhién protein CREB ¢ dang bi phosphoryl hoa méi lién két dugc véi CRE. Khi bi
phosphoryl hoa béi kinase A, protein CREB lién két v6i ving CRE, hoat hod gen ma cho
hormon. Tt vi du cu thé cta kinase A, chung ta thdy mot chudi cac phan Gmg phosphoryl hoa
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cling nhu khir phosphoryl xay ra ké tlep nhau. Trong chudi phan tng nay, két qua cia moi mot
phan tng 13 su hoat hoa hodc {rc ché protein dic hiéu nho san phdm cta phan Gng xay ra
trude do.

Chudi cac phan tmg day chuyén thuong dugc diéu khién boi ndong d6 clia mot loai phan
tur ban dau, vi du bat dau boi cAMP. Mit khéc, cac phan tng c6 thé xay ra thuan nghich khi
noéng d6 cAMP thay doi. Hon nira, chudi cac phan tng con cho phep khuéch dai tin hiéu nho
bé ban dau (6 néng do rat nho). Vi du, ndng do ctia adrenaline can thiét trong mau dé kich
thich phan tmg phan giai glycogen khoang 107" M. Tuong tmg v6i luong adrenaline rat it
nay, nong 46 cAMP khoang 10° M. Sau ba phan tng lién tiép xay ra, ndng do glucose ting
50% (Hinh 5.11). Ty 1¢ nong do giira ba loai enzym kinase, glycogen phosphorylase kinase va
glycogen phosphorylase dat dugc sau chudi phan ung 1a 1: 10 : 240. Nhu vay tac dung hoat
hoé cua adrenaline va cAMP di duoc khuéch dai 1én rat nhiéu 1an.

Hoat tinh ctia cAMP chi ¢6 tac dung tam thdi. Té bao nhat dinh phai khtr gbc phosphate
cua nhiing protein da bi phosphoryl hod béi kinase A. Nhin chung, phan tng khur phosphate
cho nhiing protein bi phosphoryl hoéd ¢ cac acid amin serine hodc threonine dugc xuc tdc nho
céc enzym serine/threonine phosphatase. Cac enzym nay duge xép vao 4 nhom: I; IIA; IIB va
IIC. Enzym nhém I gitr vai trd quan trong trong phan tng tra 1oi dbi voi thay doi nong do
cAMP. Enzym nhém ITA xtc tac cho rat nhiéu phan tng khir nhom phosphate do cac enzym
kinase serine/threonine gy ra. N¢ giit vai trd quan trong trong kiém soat chu trinh té bao.
Enzym nhom IIB dugc hoat hod nho Ca'? va xuit hién nhiéu trong nao.

Adrenaline (1071 W)

oI

A A A
. Adenylyl cyclase
Tir hign Khmech dai

Tin hign khnéch dai ‘/l \

Sﬁnphﬁm
Hinh 5.11: , ,
Truyén va khuéch dai tin hiéu tlr bén ngoai té bao qua thu thé néi protein G
Phan tlr adrenaline twong tac véi thu thé lam nong d6 cAMP tang va hoat hoa cac
enzym trong chudi cac phan rng day truyén. Nho vay tin hiéu dwgc khuéch dai.

Hoat tinh cta bat ky protein nao lién quan dén phan tng phosphoryl ho4 déu phy thudc
vao sy can bang gitra hoat tinh cua kinase va phosphatase. Phosphatase I khir phosphate &
nhitng protein bi phosphoryl hod boi kinase A. Vi dy, hoat tinh cua CREB bi ttc ché do enzym
nhém I khtr nhém phosphate, vi vay hoat dong ctiia gen di¢u khién boi CREB bi ngung do
CERB mat kha nang lién két véi CRE. Trong céac t€ bao co bi kich thich bdi adrenaline, hoat
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tinh cua phosphatase I bi giam do protein trc ché. Khi kinase A xtc tac phan Gng phosphoryl
hoa dbi voi protein trc ché, protein nay lién két v6i phosphatase I va lam enzym mat hoat tinh

(Hinh 5.12).
cAPE (dang khing
hioat tinh)
cAWP \ l
o cAPE (dang o hoat
tinh)
l Protein e ché
ATP ADP phospha-taze &
_\&_i'., dang hioat ﬂ,jng
Protein the ché phospha-tase
Ehdng hogt tinh
O ]
Phosphatase I cd hoat tinh Phosphatase Ihi (e ché
Hinh 5.12:

Vai tro diéu khién ciia phosphatase | trong phén &ng tao glycogen théng qua cAMP
Phosphatase | bj (rc ché bi cAMP (trai ngwoc véi phan (ng phosphoryl hoa duoc
hoat hoa b&i cAMP). cAMP hoat hoa kinase A (cAPK) gay phosphoryl hoa protein trc
ché phosphatase. Nh&» d6, protein (rc ché c6 hoat tinh va dén lwot né kim ham hoat
doéng cla phosphatase I.

5.4  Thu thé tyrosine Kinase va cac protein Ras

HAu hét thu thé tyrosine kinase nhin biét cac factor tang truong va biét hod té bao. Vi du,
thu thé cua factor ting truong xuat phat tir tiéu ciu (PDGF-platelet derived growth factor), tir
soi nguyén bao fibroblast (FGFs-fibroblast growth factor), tir t€ bao bicu bi (EGF-epidermal
growth factor) vv... Tuong tac gilra tin hi¢u ban dau (ligand) voi thy thé tyrosine kinase
(RTKs) din dén phan g phosphoryl hoa acid amin tyrosine va tiép sau d6 1a mot loat cac
phan mg phosphoryl hoa khéc trong chudi truyén tin hiéu. Chung ta ciing xem xét cach thirc
hoat dong ctia nhitng thy thé nay va nhimg protein nhén tin hiéu tir ching dé tiép tuc truyén
tin.

5.4.1 Thu thé tyrosine kinase (RTKSs)

Tét ca cac thy thé RTKs déu gdm hai phan. Phan thi nhat phan bd trén bé mat té bao lam
nhiém vu tuong tac dac hiéu voi tin hi¢u (ligand). Phan thir hai nam trong té bao chat co hoat
tinh tyrosine kinase. Phan thr hai nay xtc tac phan 1'1’ng phan hiy ATP thanh ADP va gin gdc
phosphate vao tyrosine. Hai phan cia RTKs duoc ndi v6i nhau bdi doan peptide helix o ky
nude. Cau tric ciia mot s6 loai thy thé tyrosine kinase dyoc trinh bay trén hinh 5.13.
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Hinh 5.13:

Céc thy thé tyrosine kinase

Chirc nang clia ving giau cystein va vung twong tw immunoglobulin chwa dwoc xac
dinh. EGF — yéu t0 tang trwéng biéu bi (epidermal growth factor); NGF — yeu to
tang trwdng than kinh (nerve growth factor); FGF — yéu t6 tang trwdng nguyén bao
(fibroblast growth factor).

Hau hét thy thé RTKSs ton tai & dang monomer khi chwa c6 tin hi¢u. Tuong tac véi ligand
lam thay d6i cau tric cua thu thé khién chudi don monomer RTKs chuyen sang cAu tric
dimer. Tiép d6, cu truc dimer khién trung tim xtic tac ctia phan nam trong té bao chat chuyen
sang trang thai co hoat tinh kinase. Hoat tinh kinase ctia chudi monomer nay s& gan goc
phosphate vao tyrosine cia chuoi monomer kia. Nhu thé, moi chudi don RTK s€ chi ¢6 hoat
tinh kinase doi véi tyrosine cua soi don kia sau khi hai sgi d6 twong tac voi nhau tao cau trac
dimer. Pay la phan ung tu phosphoryl hoa.

Ligand

Y

Mgoii 16 hio

) ATP
Trung tar hogt dong
c0 hoat tinh kinase
ADE
P P
Té hio chat

Hinh 5.14:

hay d6i cAu tric cta thu thé tyrosine kinase truwdc va sau khi twong tac véi tin hiéu dau tién (ligand).
Thu thé (dang monomer) twong tac voi ligand sé tao dimer. Hoat tinh kinase ctia mbi s@i monomer
sé phan hiy ATP va gan goc phosphate vao tyrosine trén sgi monomer kia. Day la phan ng tw
phosphoryl hoa.

Yéu t6 tang truong EGF (yéu t6 kich thich cac té bao biéu bi ciing nhu mot s té bao khac
budc vao phan chia) dugc nhan biét boi thu thé tyrosine kinase. Thu thé cia EGF nam xuyén
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qua mang. Phan thu thé ndm ngoai té bao lién két voi EGF nén ciu trac khoéng gian cua phan
nam ngoai té bao bi thay d6i cho phép chung tao lién ket dimer. Chuyen d6i tir monomer sang
dimer da hoat hoa phan c6 hoat tinh tyrosine kinase nam phia trong té bao chat. Phan tng
dimer ho4 1a co ché chung dé hoat hoa thu thé tyrosine kinase (Hinh 5.14). Mot khi da hoat
hoa, thu thé xtic tac phan tng tu phosphoryl hoa chéo nhau. Géc phosphate duoc chuyén tir
ATP sang acid amin tyrosine dac biét cua chinh thu thé hodc ctia mot sd protein khac thudc
con duong dan truyén tin hiéu.

Ngoai ra, tin hiéu c6 thé & dang dimer nhu tin hiéu nhan biét boi thu thé tang trudng cod
ngudn gdc tir tiéu cau PDGF. Khi tin hiéu lién két v6i thu thé, hai phan tir thu thé twong tac
véi nhau va gay phosphoryl hod 1an nhau (Hinh 5.15).

Tin higu (direr)

Thu thé

ATP ‘. { ATP
ADP .) e ° K ADP

Hinh 5.15: o ) )

Yéu to tang trwdng c6 nguon goc tidu cau (PDGF —platelet drived growth factor) ton tai &
dang dimer gom hai vi tri lién két v&i thu thé. Do d6 twong tac cla yéu to PDGF v&i thy
thé dan dén viép tao dimer giffla hgi thy thé v&i nhau va khéi dong qua trinh truyén tin
hiéu vao trong té bao. M6t s6 yeu to tang trwdng khac cling hoat dong ¢ dang dimer thuc
day dimer hoa clia hai phan tt thu thé tyrosine v&i nhau.

Co ché truyén tin hiéu bat dau tir cac thu thé cua EGF, PDGF, FGF da dugc nghién ctiu
kha ky. Trong tung trudng hop, tyrosine cua thy thé bi phosphoryl hoa tr¢ thanh vi tri c6 ai
luc lién két cao ddi véi cac protein 1am nhiém vu truyén tin hiéu. Lién két giita mdi protein
Vo1 cac vi tri tyrosine (bi phosphoryl hod) khac nhau trén thu thé phu thudc vao cac doan
polypeptide nam xung quanh vi tri d6. Nho twong tic véi thu thé tai vi tri ddc hiéu, nhiéu
protein c6 kha nang tu phosphoryl hod céc tyrosine cta riéng minh. Nhu vay, nhitng protein
nay s€ co6 hoat tinh kinase chi khi tuong tac véi kinase da bi phosphoryl hoa trudc dé. RS rang
phan tng tu phosphoryl hoa tyrosine gitt vai tro chinh trong con dudng truyén tin hiéu,
chuyén cac thanh vién sang trang thai hoat dong, dam bao tin hi¢u dugc truyén vao sau trong
te bao. Cac thu thé tyrosine kinase khac nhau thudong tuong tac vdi td hgp cac protein khac
nhau, do d6 hoat hoa cac phan ung tra 161 khac nhau.

Xét truong hop thu thé cho insulin va yéu té ting truong twong ty insulin
IGF1(Insulin like Growth Factor-1). Cac thu thé nay ¢ dang tetramer, do do6 khi lién két
v6i tin hiéu, cdu tric cua thy thé bi thay d6i nhung khong xay ra hién tuong dimer hod.
Mat khac khi c6 insulin bam vao, thu thé tu phosphoryl hoa tai ving c6 hoat tinh kinase
(phan ndm phia trong mang té bao). Ving nay tiép tuc gdy phosphoryl hoa cac tyrosine cua
protein khac. Cac tyrosine nay 1a vi tri lién két va hoat hoa céac protein trong con duong dan
truyén tin hiéu.

Protein co tyrosine bj phosphoryl hoa duwgc nhan biét boi cac protein khac co chira doan
peptide dac hi¢u goi 1a ving SH2. Rat nhiéu protein lién két vdi tyrosine c6 gan nhom
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phosphat déu c6 ciu trac kha bao toan tai hai ving goi 1a SH2 va SH3 (Src homology regions
2 & 3-tén goi bat ngudn tlr cac ving 2 va 3 cua protein Src). Nhiing protein ¢6 hai ving SH2
va SH3 con duoc goi 1a protein twong hop (adaptor protein). Ving SH2 nhan biét cac
tyrosine di bi phosphoryl hoa, do d6 nhing protein c6 chira ving nay déu c6 kha ning lién
két v6i thu thé tyrosine kinase hodc cac protein bi phosphoryl hoa & tyrosine (Hinh 5.16).
Vung SH3 cua protein twong hop twong tac voi cac doan peptide giau proline. Nhu véy, tuong
tac & vung SH3 gy nén nhiing thay d6i cau trac can thiét dam bao cho twong tac dic hiéu
gitra vung SH2 va tyrosine c6 gan goc phosphat.

Tin hidu
| I
<: P Ty 751

I %I — F Tyr 771

P Tyr 1009
l <: P Tyr 1021
SH2 SH3

Hinh 5.16:

Twong tac gitra protein truyén tin hiéu mang viing SH2, SH3 véi thy thé ctia PDGF

Thu thé c6 chiva 5 acid amin tyrosine c6 kha nang tw phosphoryl hod. Day 14 vi tri lién két
v&i 3 protein dac hiéu (phia bén trai hinh vé&) c6 mang cac vung SH2 va SH3. Ngoai ra thu
thé ctia PDGF con co hai tyrosine khac ndm séat phia trong mang nguyén sinh chét ciing
¢6 kha nang tw phosphoryl hoa

Chung tré& thanh vj tri twong tac véi tyrosine kinase khong phai 1a thu thé. Cac chi sé chi
vi tri cla tyrosine trong chubi peptide. C4c vi tri lién két dwoc xac dinh nhé k§ thuat tai td
hop ADN khi gay dot bién tirng tyrosine.

5.4.2 Protein Ras va chudi cac phan &ng truyén tin hiéu hoat hoa béi thu thé
tyrosine kinase

Cac protein Ras nim trong nhom monomer GTPase; chung c6 hoat tinh tuong tu tiéu
phan Gos ciia protein G. Protein Ras ton tai & hai trang thai khac nhau phu thudc vao cau triic
khong gian: trang thai hoat dong khi lién két vi GTP va trang thai bat hoat khi lién két voi
GDP. Protein Ras thity phan GTP cham hon it nhat 100 ldn so véi tiéu phan Gas clia protein
G. O phia trong mang té bao, nong d6 GTP ludn cao hon nong dd6 GDP gip 10 lan. Vi vy,
khi Ras lién két v6i GTP, no s& duy tri trang thai hoat dong néu nhu khong c6 cac protein
khac kiém soat. Trong té bao c6 hai nhom protein truyén tin hiéu kiém soat hoat dong ctia Ras
thong qua diéu khién qué trinh chuyén trang thai cia protein nay gitta dang hoat dong va bat
hoat. Dé trc ché hoat tinh ctia Ras, cac protein kiém soat s& hoat hoa GTPase. Nhiing protein
nay duoc goi 1a cac protein GAPs (GTPase-activating protein). Hoat dong ciia GAPs dan dén
ty 16 GTP bam vao Ras bi phan hily ting, do d6 Ras nhanh chong chuyén sang trang thai
khong hoat dong. Tuy nhién hoat dong ctia GAPs lai bj rc ché boi cac protein giai phong
guanine (guanine nucleotide releasing proteins GNRPs). GNRPs thiic ddy phan ung thay thé
GDP bang GTP, do d6 chung lai hoat hoa Ras (Hinh 5.17).
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Truyén tin hiéu &

Hinh 5.17:

Kiém soat hoat déng cla protein Ras

Céc protein hoat hoa (GAPs) lam mét hoat tinh ctia Ras bang viéc kich thich phan &ng thay
phan GTP lién két véi Ras. Cac protein GNRPs hoat hod Ras théng qua phan (ng thay thé
GDP bang GTP. Do nong d6 GTP trong té bao chét cao hon 10 Ian nong d6 GDP, Ras luén
ludn co xu thé duy tri lién két véi GTP. O’ ddng vat co v, hai loai protein GAPs duwoc phat hién
la p120 P va neurofibromin

Hoat déng ctia chiing phu thudc vao tirng loai t& bao nham duy tri Ras & trang thai khéng hoat
déng.

Ras tham gia vao con dudng truyén tin hiéu tir thy thé tyrosine kinase. Tuy nhién, Ras
khong lién két tryc tlep v6i thy thé; Ras nhén tin hi¢u thong qua protein twong hop. Nhimng thi
nghiém nuoi cay té bao c6 bo xung yéu té EGF da lam sang to hoat dong cua Ras trong
chu01 truyén tin tir thy thé tyrosine kinase. Pau tién, yéu té6 EGF duoc thy thé tyrosin kinase
tiép nhan. Tiép dén, cac tyrosine cua thu thé tu phosphoryl hoa. Nhing tyrosine nay sé& lién
két voi ving SH2 ctia protein GRB2. Pén lugt minh, GRB2 lién két v6i protein Sos va hoat
hoa protein nay. Chirc niang cia Sos la thay thé GDP cua Ras bang GTP. Cudi cung Ras
phan hiy GTP dé truyén tin hi¢u di (Hinh 5.18).

i 1l

SH3 5HZ
GHB2

Hinh 5.18 :

Protein Ras tiép nhan tin hiéu tir thu thé tyrosine kinase théng qua hai protein tuong hop GRB2
va Sos. Vung SH2 cua GRB2 twong tac véi tyrosine bi phosphyl hoa cda thu thé. Vang SH3 clia
GRB2 twong tac voi Sos. Sos hoat hoa Ras khién GDP bj thay thé béi GTP; GTP bi phan huy
dé tiép tuc truyéen tin hiéu.

Cung voi cac protein Rho va Rac, Ras tham gia truyén tin hiéu tir thu thé trén mit té bao
dén he thong mang ludi soi actin. Ching phdi hop hoat dong cung véi cac protein Rab lién
quan dén diéu khién van chuyén cac nang trong té bao. Gidng nhu hau hét cac monomer
GTPase, protein Ras dugc gitr chiat mot dau vao phia trong mang sinh chét. Chirc nang cua
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chung la truyén tin hiéu tir thu thé tyrosine kinase trén bé mit té bao vao dén nhan dé hoat hoa
cac gen lién quan dén tang trudng hodc biét hoa té bao. Khi hoat dong cua Ras bi uc ché, té
bao khong tra 10i véi cac kich thich ciia bén ngoai. Tuy nhién khi protein Ras bi dot bién
khién Ras lién tuc ton tai & trang thai c6 hoat tinh hodc dugc téng hop qua nhiéu s& khién té
bao ting trudng va phat trién khong ngimg, ngay khi khong cé tin hiéu bén ngoai. Trong thuc
té, cac protein Ras dugc phat hién khi chung hoat dong qua manh do gen ma cho Ras bi dot
bién. Luc d6 té bao khong chiu su kiém soat ctia qué trinh phan bao va biét hoa, chung sinh
s0i khong ngimg dan dén phat trién ung thu. Khoang 30% ung thu ¢ nguoi 1 do dot bién xay
ra O gen ras.

5.5  Tin hiéu thir cAp Ca** trong chudi truyén tin hiéu

Chung ta d3 biét phan tir protein G trung chuyén tin hiéu tir thu thé dén adenylyl cyclase
dan dén thay d6i ndng d6 cAMP trong té bao. Chiing ta s& xét dén vai tro khac cia protein G
trong viéc phéi hop hoat dong gitra thy thé véi enzym phospholipase C. Enzym nay lam thay
d6i nong do i lon Ca™ trong té bao chat, khoi dong chudi cac phan tng truyén tin hiéu khac
nhau. Ton Ca™ 1a tin hiéu thir cp duoc té bao sir dung rong rai hon cAMP trong qua trinh
truyén tin hiéu.

Mzodi té ban [Ca*®) = 107 M

Ctat et
A B
A e
ATP
Nat

Trong 18 bao chat [Ca™] = 1071

Hinh 5.19:

Klem soat nong do Ca* trong té bao chét. So do biéu di&n mot sé phwong thirc co ban dam bao duy tri néng do
Ca™ trong té bao chét & ndng do thap (A): Ca'? dwoc bom ra ngoai t& bao bang bom trao di Na va Ca hoac
bang bom Ca'? -ATPase. (B): Ca*? dwoc bom tir t& bao chat vao mang lwdi noi chat ER hoac vao ty thé. Ngoai
ra trong t& bao chat con tén tai cac phan ter khac nhau lien két véi Ca*? lam giam nong do Ca*?é trang thai ty do.
lon Ca™ dwoc bom vao ty thé chi khi ndng d6 Ca*? & té bao chét rat cao gay nguy hiém cho té bao.

Nong d6 Ca™* ty do trong té bao chat cua bat ky t& bao nao ciing luén duge kiém soat
chit ché khong qua <107 M, trong khi & ngoai té bao va & mang ludi ndi chat ER ndng do
Ca'? cao hon rat nhiéu (10'3 M). Vi vay, gradient néng do ion Ca' luédn ton tai theo chiéu tir
ngoai vao trong té bao hoic tir khoang trong ER ra ngoai té bao chat. Khi chua c6 tin hiéu, té
bao thue thi cac co ché kiém soat dé dam bao sy chénh 1éch néng dd nay. Khi c6 tin hiéu,
kénh truyén ion Ca™ mé ra, cac ion ndy tran vao trong t& bao chit lam ndéng d6 Ca™ & do ting
vot 1én gy hoat ho4 céc protein lién quan dén Ca™

C6 nhiéu co ché khac nhau dé duy tri ndng d6 ion Ca™ & murc rat thip trong té bao chat.
Moi té bao eukaryot déu c6 phirc Ca™ - ATPase trén mang nodi chit, str dung ning luong do
thity phan ATP dé bom Ca'™ ra khoi t& bao. Mot sb té bao nhu té bao co, té bao than kinh con
¢6 bom trao d6i Ca™ va Na”. Bom nay chi bom Ca** ra khoi té bao khi nong do Ca™ & trong
té bao vuot qua 10 14n ndng do cho phép. Ngoai ra trén mang ER ciing c6 bom Ca™. Khi té
bao ¢ trang thai tinh, né)ng do Ca™ khoang 107 M, con khi té bao hoat dong néng dd nay co
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thé dat dén 5x10° M. Khi té bao tén thuong khong cé kha ning bom Ca™ ndng do Ca™ co
thé ting dén mirc gdy nguy hiém cho té bao (10™ M). Luc nay ngay ci bom Ca' trén mang ty
thé cling hoat dong, sir dung ning lugng cua cic phan tng truyén dién tir dé bom Ca™ ra khoi
té bao chat. Cac con dudng thai Ca™ duoc mo ta trén hinh 5.19.

5.5.1 Inositol phospholipid

Rét nhléu hormon khi twong tac véi thu thé trén bé mat té bao gy nén sy ting nong do
Ca" trong té bao chat, tham chi ngay ca khi ion Ca"? khong c6 mit trong moi truong xung
quanh O céc té bao gan, té bao m& va mot s6 té bao khéc, thuc nghiém da phat hién rang ion
Ca'™? xuét hién trong t& bao chat do dugc giai phong ra tir mang ludi ndi chat ER hodc tir mot
s6 nang trong té bao chir khéng phai tir moi truong bén ngoai vao. Cau hoi dit ra 1a lam thé
nao dé khi co tuong tac gitra hormon va thu thé trén bé mat té bao, tin hiéu duge truyén dén
ER va tr 6 ion Ca’™ duge bom ra té bao chat?

Cho dén diu nim 1980, thi nghiém da chi ra rang ndng d6 Ca™ trong té bao chit ting 1én
lién quan dén phan tng phosphoryl hoa phan tir phosphatidylinositol (PI) tao nén inositol
phospholipid. Phospholipid PI ndgm ¢ mang sinh chat vé phia t& bao chat. Hai dang inositol
phospholipid hay gip nhat trong hé théng din truyén tin hiéu 1a PI 4-phosphate (PIP) va PI
4,5-bisphosphate (PIP2). Khi c6 tin hi€u bén ngoai guri dén, thu thé dugc hoat hoa. Thong qua
protein G (goi 13 Gq), tin hiéu giri dén enzym phosphalipase C-B. Enzym nay duogc hoat hoa,
xuc tac phan ung phan cit PIP2 thanh hai san pham: 1,2-diacylglycerol (duoc giit lai trén
mang) va inositol 1,4,5-triphosphate (IP3) tan trong nuéc. Ca hai san pham trén déu tham gia
vao hai nhanh truyén tin hiéu khac nhau.

Mic du con dudng truyén tin hiéu thong qua inositol phospholipid chua dugc nghién ciu
chi tiét nhu v6i cAMP, it nhat c6 khoang hon 25 thu thé phan b6 trén bé mat t€ bao noi vaoi
protein Gq tham gia vao con dudng truyen tin hi¢u thong qua inositol phospholipid.

5.5.2 Inositol triphosphate (IP3) va sw vin chuyén Ca+2 ra khéi ER

Inositol triphosphate IP3 1a san pham cuia phan tng phan hiy PIP2. Day 14 nhiing phan tir
kich thudc nho tan trong nudc va khuéch tan rat nhanh vao té bao chat. O do, IP3 lién két voi
cac kénh dic biét ¢ trén mang ER (IP3-gated Ca™?). Kénh nay dugc didu khién boi co ché
phan hdi tich cuc. Khi Ca*? ra khoi kénh, n6 tuong tac tr¢ lai véi kénh khién kénh dugc mé
rong hon. Do d6 s6 ion Ca™ dugc giai phong ra khoi ER tang 1én rat nhanh. Ton Ca™ dugc
giai phong ra rat nhanh va dot ngot theo kiéu "tat ca hodc khong c6 gi" (all-or-none).

Khi luong Ca™ ting 1én trong té bao chat, enzym ddc hiéu gay phosphoryl hoa IP3 ciing
duoc hoat hoa. Do d6 mot s6 IP3 bi phosphoryl hoé tao IP4. Chat nay giup cho té bao duy tri
phan (g tra 10i tin hiéu duoc 1au va cham hon. Pong thoi IP4 kich thich viéc tich liiy Ca™
trong té bao chit bang viéc ldy Ca™ tir ngoai vao. Nhu vay, ndng d6 Ca™ trong té bao chit c6
thé ting bang hai con dudng: chuyén Ca™ tir ER ra va ldy Ca™ tir ngoai té bao vao.

Sau khi tra 1 tin hiéu bén ngoai, t& bao phan tng lai su ting ndng dd Ca™ theo hai co
ché. Ca hai déu nham muyc dich giam s6 luong ion Ca™ trong té bao chat trg lai ndng do ban
dau. Trong co ché tht nhét, IP3 nhanh chong bi khir nhom phosphate (chuyén sang dang
khong hoat dong) boi enzym phosphatase dédc hi¢u. Do do, qua trinh giai phong Ca™ ra khoi
ER b1 ngirng. Vi co ché thir hai, ion Ca™ nhanh chéng dugc bom ra khoi té bao bang bom
Ca"-ATPase.
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Cung v6i IP3 1am thay ddi ndng do Ca'™ trong té& bao con c6 san phdm khac cua PIP2 1a
diacylglycerol. Mot trong nhiing vai trd quan trong ma diacylglycerol ddm nhiém trong qua
trinh truyén tin hiéu 1a hoat hoa protein kinase serine/threonine. Enzym duoc hoat hoa boi
diacylglycerol dugc goi chung 14 kinase C (hodc PKC) do hoat tinh cua n6 phu thudc vao
Ca™. Khi ndng do Ca™ trong té bao chit ting 1én do tac dung cua IP3, protein kinase C bién
dbi cau tric gitp n6 di chuyén trong té bao chat dén sat mang sinh chat. O d6 né duoc hoat
ho4 bi ion Ca™ va diacylglycerol.

O dong vat co v, c6 it nhat 8 dang kinase C khac nhau. Ching giy phosphoryl hoa
protein tai cac acid amin serine hodc threonine ddc hiéu. Co chat cua kinase C rat khic nhau,
phu thudc vao tung loai té bao. N@)ng d6 kinase C cao nhét dugc tim théy trong ndo, & do
chung phosphoryl hoa cac kénh ion trong té bao than kinh dan dén thay dbi tinh chét cua
mang sinh chét va kich thich mang nay.

Tin higu
ﬁ Fhospholipase C-p Diacylglyeerol

phiothol ester <:> EE,S‘F'ELDEFI :

Ca?ionophore ——  Ca™? ra Khii ER.
Hinh 5.20: .
Hai nhanh truyén tin hiéu cla inositol phospholipid
Thu thé lién két v6i protein G (Gq) gay hoat hoa phospholipase C-p. Enzym nay cét PIP2 tao
IP3 va diacylglycerol. San phdm the hai lai hoat hoa kinase C. Hai enzym phospholipase C-f8
va kinase C tan trong nwéc. Khi di chuyén dén sat mat trong clla mang nguyén sinh chat, hai
enzym nay ma&i béc 16 hoat tinh ctia minh.

Trong rat nhiéu té bao, hoat dong cia kinase C 1am tang qué trinh phién ma ctia mot sb
gen dac biét. Cac gen c6 thé dugc hoat hoa theo hai con duong khac nhau. Trong con duong
thir nhat, kinase C hoat hod cac protein kinase trong chudi cac phan ing phosphoryl hoa, dan
dén hoat hoa cac protein di€u khién gen. Trong con dudng thir hai, hoat dong cua kinase C
gdy phosphoryl hoa protein trc ché, nho d6 cac protein diéu khién duoc giai phong ra & dang
tu do trong té bao chat, di chuyén vao nhan va bat md cac gen dic hiéu.

Cac con duong truyén tin hiéu cua inositol phospholipid dugc mo ta trén hinh 5.20. Mot
s6 chit khi duoc bo sung vao méi truong nudi cay té bao co6 thé khoi dong cac con duong do
Vi du, IP3 c6 hoat tinh khi c6 mat cua phirc Ca™*-inophore, chét nay cho phép ndng do Ca™
ting 1én trong t& bao chit. Ngoai ra phorbolester ciing gdy ra nhiing tac dung tuong tu
diacylglycerol. Chit nay lién két véi kinase C va hoat hoa enzym.

Trong cac té bao, cic co ché truyén tin hiéu dugc két hop cing nhau dé tao ra phan ting
t61 wu nhét cho té bao. Vi dy, dé kich thich cac t& bao nudi cdy budc vao phén chia, ca hai
chat Ca™-inophore va chét hoat hoa kinase C déu duoc thém vao mdi truong nudi cdy. Néu
chi thém mot trong hai chét nay thi té bao khéng phan chia.



132

5.5.3 Calmodulin- protein tao phirc véi Ca+2 & trong té bao

Nong d6 Ca™ trong té bao chit ludn phai nho hon 107 M va khéng bao gid vuot qua
5x10° M ngay khi cac kénh din truyén Ca™ mo. Chinh vi vay dé ting cuong kha ning kiém
soat néng d6 Ca™, trong té bao chat con ton tai cac protein lién két dac hidu va c6 ai lyc cao
v6i Ca™, dam bao cho sy tang noéng d6 Ca™ chi xay ra trong khoang th01 gian ngan, chinh
X4c. Trong cac te bao eukaryot, protein tuong tac ddc hiéu véi Ca™ hay gip nhat la
calmodulin. M6t té bao dong vat co khoang 10’ phan tur calmodulin, twong duong voi 1%
tong sO protein c6 trong té bao. Calmodulin co6 nhiéu chirc nang khac nhau, c6 thé lién két véi
Ca™ hodc lam trung gian cho mdt s phan mg sinh hoc. Phan tir calmodulin 1& mét chudi
polypeptid gdm 150 acid amin ¢6 4 vi tri ddc hiéu twong tac v6i Ca™. CAu truc khong gian
ctia Calmodulin thay d6i khi né lién két v6i Ca™

Phtc chat Ca™/calmodulin khong c6 hoat tinh enzym. Phirc nay lam nhiém vu kiém so4t
hoat tinh cta protein lién két v6i chung. Thong thudng phirc Ca™*/calmodulin tuong tac véi
nhing protein giit vai tro van chuyén cac chit qua mang. Khi ndng do Ca™ trong té bao ting
cao vi bt ky mot 1y do gi thi bom Ca™ dugc kich thich boi phitc Ca™/calmodulin dé bom
Ca'? ra khoi té bao. Bén canh d6, hoat tinh ctia mot sb kinase hoan toan phu thudc vao phuc
Ca'*/calmodulin. Vi thé hoat dong chinh cua phtrc 1a hoat hod nhitng kinase dic biét nay.
Chung dugc goi chung 1a CaM-kinase (Ca"/calmodulin-dependent protein kinase).

Protein CaM-kinase xuc tac cho phan ing phosphoryl hoa acid amin serine/threonine cua
mot s6 protein dac hi¢u. Cing gidng nhu truong hop ciia cAMP, su ting nbng d6 Ca™ tu do
trong t& bao chat phu thudc vao protein dic hiéu ma nhimg protein nay bi kiém soét boi CaM-
kinase. Dac biét, CaM-kinase II c6 mat trong moi té bao dong vat va nhiéu nhét & cac té bao
than kinh. Tai d6 CaM-kinase II chiém 2% tong sb protein tip trung & cac synape. Khi synape
hoat dong, dong ion Ca™ vuot qua kénh dién thé Ca™ (volgate-gated Ca™ channels) vao bén
trong té bao, kich thich té bao tiét ra cic chat dan truyén than kinh. Dong ion Ca*™ nay sé& hoat
hoa CaM-kinasell. Pén lugt minh, CaM-kinasell phosphoryl hoa tyrosine hydroxylase khién
enzym nay co hoat tinh. Day 1a enzym kiém soat tong hop cac chét dan truyen than kinh. Nho
d6, qua trinh tiét va tong hop cac chat dan truyén duoc kich thich khi té bao than kinh & trang
thai hoat hoa do ndng do Ca" tang.

Pic diém ndi bat cua cac CaM-kinase 1a chung co thé hoat dong nhu cac ph?m tir nho:
chung chuyén sang trang thai hoat dong khi c6 mat ciia phirc Ca™/calmodulin va gitr dwoc
hoat tinh ngay khi ndng do Ca™ giam. P6 1a do sau khi bj hoat hod b&i phic
Ca"?/calmodulin, CaM-kinase phosphoryl hoa cac protein khic va co kha ning tu
phosphoryl hoa chinh n6. Nhu vay CaM-kinase ty hoat hod minh. O trang thai tu hoat hoa,
enzym CaM-kinase giit dugc hoat tinh ngay khi khong c6 Ca™. Nho d6 thoi gian hoat dong
ctia enzym duoc kéo dai cho dén khi phosphatase 4p ddo khién enzym mat tac dung (Hinh
5.21).
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Hinh 5.21:

Hoat déng clia CaM-kinase. Phan t&¢ enzym gdm 12 tiéu don vi. Khi khéng cé phirc Ca*?/calmodulin, enzym
khéng c6 hoat tinh do viing qui dinh hoat tinh lién két véi ving tre ché. Khi phirc Ca*¥/calmodulin twong tac voi
enzym, c4u tric khéng gian cla enzym thay ddi, enzym tw phosphoryl hoa viing tre ché, giai phc’ng vung c6 hoat
tinh. Tw phosphoryl hoa cho phép kéo dai hoat tinh enzym theo hai cach: Thir nhét, gitr phirc Ca*™/calmodulin
khong tach ra khdi enzym cho dén khi néng do Ca*? trong té bao giam v& ndng do cho phep (it nhét trong 10
giéyz). Thi hai, enzym duoc duy tri & trang thai hoat hoa khong phu thudc ndng d6 Ca™ ngay ca khi phirc
Ca"“/calmodulin tach ra khdi enzym. Hoat tinh duy tri cho dén khi phan (rng phosphatase ap dao dwoc phan (rng
phosphoryl hoa. Kinase CaMIl déng vai trd quan trong trong hoat dong than kinh. Chuét bj dot bién mét trong cac
protein cGa khau dan truyén tin hiéu mé ta trén hinh dé&u mét tri nhé vé vi tri khdng gian (theo Alberts & cs, 2002).

5.6  Khuéch dai céc tin hiéu bén ngoai té bao

Thong thuong khi ndng d6 tin hiéu thay doi, tra 10i cua té bao ciing thay dbi theo mot
cach gan nhu tuyén tinh. Vi dy, phan tng cta té bao véi su thay d6i nong d6 hormon xay ra
c6 tinh chat déng bién. D6 1a do mdi thu thé chi trong tac voi mot phan tir hormon va hoat
dong cua cac gen lién quan 1a doc 1ap voi nhau. Khi ndng d6 hormon ting, ndng do phirc
hormon-thu thé ciing ting theo mot cach tuyén tinh. Do do, sd phtrc chit bam vao ADN dé
hoat hoa gen ciing tang theo twong tu. Két qua 1a tra 15i cua té bao voi hormon ting ty 18
thuan hoic khong dbi.

Tuy nhién, trong mot s6 trudng hop, tra 10i cia té bao thuong xay ra dot ngot khi ndng do
tin hiéu ting dan. O ndng d6 nho hon ngudng nhét dinh, té bao khong phat hién duoc. Nhung
khi néng do vuot qua ngudng, phan Gmg co thé dat ngay gia tri cuc dai. Vi sao nong do tin
hiéu ting dan dan nhung tra 10i cua té bao xay ra rat dot ngodt, gan giéng nhu cach thic "tat ca
hay khong c6 gi"?

Mot trong nhitng yéu cau dé phan g tuan theo cach thirc trén 13 can c6 hai hay nhiéu
phan tir (hodc mdt phirc chit) twong tac véi cac dai phan tr dé kich thich phan tng tra 1.
Vi dy, trong mot sé phan ung tra 10i kich thich ctia hormon steroid, khong phai chi mot
phtre thy thé -hormon ma phai ¢6 hai phuc tré 1én cung twong tic véi ADN dé hoat hoa mot
gen. Do d6 khi ndong d6 hormon vira ting, gen bi hoat hod rat dot ngot va dat ngudng hoat
dong cuc dai. Co ché hoat hoa kinase A va calmodulin xdy ra mot cach tuong tu. Nhiéu ion
Ca™ cung twong tic véi calmodulin dé gy thay ddi cu trac khong gian cua protein nay
khién no bi hoat hoa rat nhanh. Nhu vay, khi néng do Ca' tu do tang 10 lan thi hoat tinh
ctia calmodulin tang 50 lan.

Phan {mg tra 10i ctia t& bao ciing xay ra theo cach thirc dot ngdt khi tin hiéu hoat hoa
enzym thur nhat, dong thoi trc ché enzym thtr hai, ma hai enzym nay xuc tac cho hai phan ung
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¢ chirc nang nguoc nhau cua cung mot qua trinh truyén tin hiéu. Vi du, mot tin hiéu dong
thot lién quan dén hai phan Gng: phan ng thir nhat gdy phosphoryl hoa nhung phan ung thir
hai lai khir gbc phosphate. Chang han nhu trong té bao co xuong, viéc ting nong d6 cAMP
vira hoat hoa phosphorylase kinase vira wc ché phosphatase. Do d6 phan tng phan giai
glycogen xay ra nhanh, d6t ngot so vai viée ting nong do chat kich thich ban dau.

Véi mot s6 vi du dién hinh vé cach thuc tmyén tin hi¢u, chiing ta da hinh dung dugc ph'?ln
nao hé thdng cac kénh din truyén dan xen vao nhau, kiém soat qua lai d6i voi nhau. Cac thy
thé nbi voi protein G co thé gy hoat hoa hodc giy mat hoat tinh mot cach gian tiép cac
enzym bam trén mang sinh chat hodc trén cac kénh dan truyén ion. Mot sé thu thé khac dam
nhan chirc nang hoat hoa hodc tre ché adenylyl cyclase lam thay d6i nong do cua chat dan
truyén tin hiéu trung gian cAMP trong té bao. Mot sb thu thé lién quan dén hoat hoa
phospholipase C-f. Enzym nay thuy phan PIP2 (phosphatidylinositol bisphosphate) tao ra hai
chat truyén tin hiéu trung gian 1a IP3 (inositol trisphosphate)va dlacylglycerol Vai tro cua
IP3 lam tang ndng dd Ca '~ trong té bao chat bang viéc kich thich giai phong Ca™ tir ER. Con
diacylglycerol duoc giit lai trén mang sinh chat lam nhiém vu hoat hoa kinase C. Cac enzym
kinase A, kinase C va kinase CaM gay phosphoryl hoa céac protein dac hi€u ¢ cac acid amin
serine hodc threonine, lam thay ddi hoat tinh cua cac protein nay. M&i loai té bao chira cac
protein dac hi¢u dac trung cho loai té bao do. Chung dam béo cho té bao tra 161 chinh xé4c véi
tung kich thich.

Tin hiéu thuong duoc khuéch dai 1én rat nhiéu 1an, do d6 phan tng tra 161 cua té bao ¢
thé xay ra rit nhanh va dat ngudng cuc dai. Tuy nhién, phan tmg d6 két thuc rit nhanh ngay
khi ngtrg kich thich bén ngoai. P6 1a do ban than phan tir protein G c¢6 kha nang tu thuy phan
GTP ciing nhu phan tir IP bi khir gdc phosphate boi phosphatase rat nhanh vv... Viéc thay d6i
trang thai lién tuc cua céc tin hiéu thir cép trong té bao dam bao ndéng d6 cua chang dap tmg
v6i kich thich bén ngoai ma khong can phai tong hop mai.

Khi mot tin hi¢u bén ngoai té bao tuong tac voi thu thé, thu thé co6 thé hoat hoa déng thoi
nhiéu phén tir protein Gs. Mot phan tir Gs lai ¢6 thé hoat hoa nhiéu phan tir adenylyl cyclase.
M&i phan tir Gs 6 thé ton tai vai gidy ¢ trang thai hoat hoa trudc khi né thuy phan GTP tro vé
trang thai bat hoat. Thoi gian nay ciing di cho phan tir adenylyl cyclase twong tac v6i Gs dang
& trang thai hoat hoa va xuc tac tao ra sd luong 16n cAMP tir ATP (Hinh 5.22).

Mot co ché khuéch dai tin hidu tuong ty xay ra trong con dudng truyén tin hiéu inositol-
phospholipid. Nong dé tin hiéu bén ngoai té bao c¢& 107" M du dé kich thich tao ra ndng do
10 M ciia cac tin hiéu thtr cip nhu cAMP hodc Ca™. Céc tin hiéu thir cip nay c6 chirc ning
hoat hoa cac enzym dic hiéu hoic cac kénh dan truyén jon. Khi té bao chi tiép nhan mot phan
tr tin hiéu bén ngoai, hang tram phan tir khac trong té bao c¢6 thé bi thay doi cau tric, hoat
tinh hoac néng do...
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Hinh 5.22:

Chudi phan (rng khuéch dai tin hiéu dwoc kich thich boi mét tin higu ban dau. Buoc khuéch dai dau tién
doi héi phan te tin hiéu phai twong tac véi thu thé trong thoi gian du dé phire nay hoat hoa cac phan ti

Gs. Trong mét so tredng hop khac, ligand phai tach ra khoi phirc rat nhanh dé cho qua trinh khuéch dai
bat dau xay ra (theo Alberts & cs., 2002).

Vi bat ky chudi truyén va khuéch dai tin hiéu xay ra nhanh va nhay thi déu phai dam
bdo su quay vé trang thai can bang cua tung phan Ung trong chuoi khi ngung tin hiéu kich
thich. Vi vay trong té bao ludn ton tai co ché rat hiéu luc dam bao viéc phan huy cAMP, giam
nong d6 Ca' trong té bao chit ciing nhu giy mat hoat tinh cua nhitng enzym hodc protein
truyén tin hi¢u trung gian da bi hoat hoa trudc do6. Co ché nay khong chi ngung phan ung tra
101 tin hiéu ma con phai 1ap lai rat nhanh trang thai tinh gidng nhu trudce khi bi kich thich. Noéi
chung, khi phan ung tra 161 voi kich thich x4y ra nhanh thi co ché gitp t€ bao quay lai trang
thai tinh cling dugc thuc hi¢én mot cach mau chong tuong tu.

5.7  Truyén tin hi¢u qua cac thu thé ndi véi enzym trén bé mit té bao

Ciing gidng nhu cac thu thé ndi véi protein G, thy thé ndi voi enzym thuong 1a cac protein
xuyén mang (trans-membrane protein). Nhitng thu thé ndy c6 phan nhan biét tin hiéu nam &
phia ngoai mang. Tuy nhién, phan nam phia trong mang khong lién két voi protein G ma no co
hoat tinh enzym hodc tuong tac truc tiép véi enzym.

C6 5 loai thu thé ndi véi enzym: 1/ Thy thé guanylyl cyclase xuc tac cho phan ung tao
c¢GMP trong té bao chat. 2/ Thu thé kinase tyrosine gdy phosphoryl hoa cac acid amin
tyrosine dic hiéu cua cic protein dan truyén tin hiéu trung gian. 3/ Thu thé phdi hop cung
kinase tyrosine. 4/ Thu thé phosphatase tyrosine chuyén nhoém phosphate khoi acid amin
tyrosine cta protein ddc hiéu. 5/ Thu thé serine/threonine kinase gdy phosphoryl hoa céc
acid amin serine hodc threonine cia mot sb protein. Chung ta lan lugt xét timg loai thu thé
trén.

5.7.1 Thu thé guanylyl cyclase

~ Cac thu thé guanylyl cyclase sir dung cGMP nhu tin hiéu trung gian tuong tu nhu cac thu
thé noi voi protein G su dung cAMP. Tuy nhién, thu thé vira nhéan biét tin hi¢u dong thoi dong
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val tro cua enzym xuc tac phan ung téng hop cGMP. Vi du dién hinh cho hoat dong cua thu
thé loai nay la tuong tac gitra thu thé v6i tin hiéu ANPs (atrial natriuretic peptides) dugc tiét
ra tlr cac té bao co trong tAm nhi cta tim khi huyét ap ting. Két qua cudi ciing cua tuong tc
nay la ion Na” va H,O duoc thai ra khoi té bao co tron. Thanh mach méu gian ra, nho do
huyét 4p giam. Phan thu thé ndm ngoai mang té bao co vi tri lién két véi ANPs con phan nam
trong c6 hoat tinh guanylyl cyclase. Khi ANPs lién két voi thy thé, tin hiéu duoc truyén vao
bén trong té bao va phan thu thé ¢ hoat tinh enzym xtic tac phan tng tong hop cGMP. Cac
phan tr cGMP l4p tirc hoat hoa cac protein kinase phu thuoc cGMP (goi chung la cac G-
kinase). Béng cach nay tin hiéu duogc truyén vao trong té bao. Trong thuc té, cac tin hiéu
guanylyl cyclase it gap trong cac nghién ciru hoat dong va chirc nang cua té bao.

5.7.2 Cac oncogene va tin hiéu din truyén tir thu thé tyrosine kinase

O dong vat bac cao, té bao chi budc vao phan chia khi ching dugc kich thich bdi cac
factor ting truong do cac té bao khéc tiét ra. Tuy nhién dbi véi cac té bao ung thu, chung phan
chia lién tuc ngay khi khéng c6 cac tin hiéu bén ngoai. Nhu vdy, ching khong chiu su kiém
so4t chung clia qua trinh sinh truong. Mot trong nhitng nguyén nhan dan dén sy mat kha ning
kiém soat 1a do dot bién xay ra & nhitng gen mé cho protein tham gia con dudng dan truyén
tin hi€u (vi du cac protein Ras, Src...). Nhitng gen khi hoat dong bét thuong dan dén rdi loan
qua trinh phat trién, gdy ung thu duoc goi 1a cac oncogen.

Bét ky mot dot bién nao lién quan dén viéc tao ra san pham protein c6 hoat tinh khong
binh thudng trong con dudng dan truyén tin hiéu déu c6 thé khoi dong qua trinh hinh thanh
khdi u. Té bao binh thuong trd thanh té bao ung thu s& phan chia lién tuc ma khong yéu cau
cac tin hiéu bén ngoai gui dén. Vi du, oncogen erbB mai cho thu thé cia factor EGF c6 ving
qui dinh hoat tinh tyrosine kinase ludn ludn & trang thai hoat hoa. Té bao mang oncogen nay
s& phan chia lién tuc. N6i chung, su phan chia v6 t6 chirc thudng do té bao mang oncogen mi
cho protein diéu khién ma protein nay ludn ludn c6 hoat tinh. Ngoai ra, mdt s6 hormon kich
thich té bao budc vao phan chia khi lién két v6i thu thé ndi véi protein G hon 1a véi thu thé
tyrosine kinase.

5.7.3 Protein MAP Kkinase

Qua trinh phosphoryl hoa tyrosine ¢ Ras khién protein nay dugc hoat hoa rat nhanh.
Tyrosine bi khur goc phosphate nhd enzym dac hi€u tyrosine phosphatase va Ras bi mat hoat
tinh khi GTP (lién két véi Ras) bi phan huy thanh GDP. B¢ kich thich té bao sinh soi hodc
biét hod, nhat thiét cac tin hiéu ban dau phai tao nén chudi cac phan Gng xay ra lién tiép dé
truyén tin hiéu vao trong nhan. Hé thdng truyén tin hiéu lién quan dén mot loat phan tng
phosphoryl hoé serine/threonine. Phan ing xay ra trudc s€ hoat hoa phan ing sau va ching
déu xay ra 1au hon phan tmg phosphoryl hoa tyrosine. Mot nhoém protein serine/threonine
kinase gdm it nhat 5 thanh vién déng vai tro dic biét quan trong trong chudi phan tng truyén
tin hi¢u. D¢ 1a cac protein kinase kich thich qua trinh phan bao mitose, dugc goi la cac protein
MAP (Mitose Activator Proteins) hay 1a MAP kinase.

Hoat tinh kinase cua MAP chi dat cuc dai khi cd hai acid amin threonine va tyrosine cta
né cung bi phosphoryl hod. Hai acid amin nay chi cach nhau bdi 1 acid amin. Kinase xuc tac
cho ca hai phan tmg phosphoryl hoé trén MAP kinase dugc goi 1a MAP kinase-kinase. Viéc
yéu cau ca hai acid amin cting dugc phosphoryl hoa dam bao cho MAP kinase ludn dugc gitr
& trang thai khong hoat dong trir khi bi hoat hoa bai chinh MAP kinase-kinase (luu y rang
MAP kinase khong c6 kha nang tu phosphoryl hoda ma n6 c6 hoat tinh kinase chi khi ca hai
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acid amin bi phosphoryl hoa bo1i MAP kinase-kinase). Ban than MAP kinase-kinase c6 hoat
tinh khi cac serine/threonine ctia nd dugc gan gdc phosphate. Phan img d6 dugc xuc tac boi
MAP kinase-kinase-kinase. Pén lugt minh, MAP kinase-kinase-kinase duoc hoat hoa c6 1&
nho tuong tac voi protein Ras (Hinh 5.23).

Maing 8 hio

MAP-kmase-
kirase-kmase

Hinh 5.23:
ATP Chubi cac phan (rng day
chuyén phosphoryl hoa
ADP serine/threonine dwoc
hoat hoa b@i protein Ras
hodc kinase C. Tin hiéu
o' MAP- o dwoc nhan biét dau tién

nhe thu thé tyrosine

kinase N
kinase va dugc truyén
théng qua Ras. (MAP

ATFE kinase-kinase-kinase con
dwoc goi la Raf khi tin
ADF hiéu truyén tir thu thé ndi
protein G qua kinase C)
Phosphoryl ho4 cic protein khic (theo Alberts & cs., 2002).

Mot khi MAP kinase hoat dong, né truyén tin hiéu di nho phosphoryl héa cac protein
khac nhau gém céc kinase hodc cac protein diéu khién. Thong thuong, qua trinh phién ma cua
mot sd gen xdy ra sau vai phut khi c6 mat cac factor ting trudng. Phirc hop cac protein gitr vai
trd quan trong trong hoat hod cac gen khi chung lién két voi ADN dic hiéu. Khi duoc hoat
hoa, MAP kinase di chuyén tir t& bao chit vao nhan va phosphoryl hoa céac protein ctia phuc
hop dé. Luc do phttc mai c6 kha ndng tuong tac véi ADN va bat mé cac gen.

5.8  Tyrosine kinase phoi hop véi thu thé. Thu thé Tyrosine phosphatase

C6 nhiéu thy thé trén bé mat té bao, vi du nhu cac thy thé dic hiéu cho khang nguyén trén
té bao lympho B va T, khong phai 1a protein ctia kénh ion ciing khong phai 1a thu thé ndi voi
protein G. Hon nita ching khéng c6 viing mang hoat tinh kinase. Chting hoat dong nho phi
hop v&i cac tyrosine kinase. Khi thu thé lién két voi ligand, 1ap tirc tin hiéu dugc truyén dén
tyrosine kinase va cic enzym nay s& phosphoryl hod cac protein khac dé truyén tiép tin hiéu
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di. Nhitng tyrosine kinase két hop cung thu thé duoc nghién ctru nhiéu nhit 13 nhém Src hoic
Janus.

Nhom tyrosine kinase Src gom it nhét 8 protein khac nhau nhung chung déu chira ving
SH2, SH3 va ching déu nim & phia trong mang té bao chat. Chiing dugc c6 dinh vao mang
nhd tuong tac v6i chudi lipid va tuong tac vai thy thé. Mdi protein trong nhom cé thé lién két
v6i nhiéu loai thu thé khac nhau. C6 thé 1 thy thé tyrosine kinase hodc cac thu thé khong phai
1a tyrosine kinase. Do d6 tin hiéu bat dau tir cac thu thé nay c6 thé thong qua Src dugc truyén
di theo nhiéu con duong khéac nhau.

Nhu trén da néu, tyrosine bi phosphoryl hoa lap tire lai bi khur gbc phosphate rat nhanh
nho tyrosine phosphatase. Cac enzym nay chi khu gbe phosphate ¢ tyrosine cua mot 5O
protein. Tinh dac hi€u d6 dam bao nong d¢ tyrosine mang goc phosphate trong té bao rat nho.
Nhu vdy, cidc enzym nay ¢ vai tro rat quan trong trong cac con duong truyen tin hi¢u. Bén
canh d, tyrosine phosphatase con dong vai tro thu thé vai mot sé ligand dic biét.

Mot vi du dién hinh cho thu thé tyrosine phosphatase 14 protein CD45 dugc tim thay trén bé
mit bach cau gitr vai trd chu yéu trong qué trinh hoat hoa cac lympho B va T bai cac khang
nguyén. CD45 1a mdt glucoprotein nam xuyén qua mang, ving c6 hoat tinh tyrosine
phosphatase ndm phia trong mang. Khi CD45 lién két véi cac khang thé (bén ngoai mang té
bao), ving ¢ hoat tinh dugc hoat hoa, xtic tic cho phan tmg chuyén nhom phosphate khoi
tyrosine clia mot sb protein dic hiéu, thuong 1 cac kinase. Nho d6, nhimg protein nay co hoat
tinh tiép tuc gay phosphoryl hoa, truyén tin hiéu vao trong té bao.
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Chuong 6

CHU TRINH VA PHAN CHIA TE BAO

Hau hét cac té bao eukaryot deu trai qua qua trinh phén chia ma két qua 14 cac nhiém sac
thé duoc nhan doi va phan ly vé hai té bao con gidng hét nhau. Pay la mot qua trinh gém
nhiéu giai doan, tit ca déu dugc kiém soat rt chit ché, dam bao sy phét trién chinh xac va
dong bo trong mot co thé da bao hoan chinh. Hau hét cac sai l1éch khong tuan tha su kiém soat
déu dan dén hién tuong té bao chét hodc phat trién thanh ung thu.

Su phéi hop cac k¥ thuat sinh hod, di truyén va dic biét 1a ADN tai t6 hop di cho phép
nghién ctru chu trinh té bao & cac doi tugng sinh vat khac nhau va rat ra dugc nhitng nét dac
trung chung cho moi té bao eukaryot. Dic biét két qua nghién ctru di xac dinh duoc cac phic
protein lam nhiém vy kiém soat hai giai doan chinh cta chu trinh phan bao 1a tai ban ADN
(pha S) va phan chia t& bao (pha M). Trong chuong nay, ching ta quan tam dén cac thi
nghiém, cac ky thuét dugc ap dung aé nghién citu tim hiéu ban chét va hoat tinh ciia cac phurc
protein. Tir d6 chung ta hiéu dugc co ché kiém soat chung chu trinh phan bao ¢ té bao
eukaryot.

6.1  Nhitng dic tinh co ban ciia chu trinh té bao

Chu trinh té bao 13 qua trinh té bao sinh san bang viéc nhan d6i moi vat chat chira trong te
bao va phén chia thanh hai té bao méi. Pdi vai sinh vat don bao nhu vi khuan; nim men, m01
chu trinh té bao déu tao thém co thé méi. Sinh vat da bao doi hoi rat nhiéu 1an phan chia té
bao dé tao nén co thé hoan chinh. Ngoai ra, sy phan bao van luén Xay ra trong co thé trudng
thanh dé d6i méi hoic thay thé cac té bao bi t6n thuong hogc bi chét (do tac dong bén ngoai
hay do chinh chuong trinh gay chét té bao duoc 1ap trinh sin trong bd may di truyén). Mdi
mot gidy, co thé chiing ta tao ra hang triéu té bao méi dé duy tri trang thai can bang Vi mot 1y
do nao 6, vi du nhu co thé bi chiéu xa manh, phén chia té bao bi ngimg s& dan dén tir vong
trong vai ngay.

Chu trinh té biao xay ra ¢ bat ctr sinh vat nao ciing doi hoi sy nhan do1 nhiém sic thé va
cac bao quan. Cac qua trinh xay ra trong nhan (nhan d6i ADN) va trong té bao cht (tao cac
bao quan méi) phdi hop chit ché nhip nhang trong su6t mot chu trinh. Co ché nao va yéu td gi
quyét dinh diéu do?

Truge day cac hién tuong lién quan dén chu trinh phan chia t& bao nhu nhan d6i ADN, di
chuyén cac nhiém sac thé vé hai cuc phan bao di duoc nghién ctru kha ky vé mit té bao hoc.
Trong nhitng nim gan day, cac nha khoa hoc quan tim dén hé théng kiém soat chu trinh té
bao (cell-cycle control system). Két qua phan tich cac protein tham gia h¢ thong nay cho thay
ching dugc bao toan trong qua trinh tién hod. Mot thanh phan cia hé thong kiém soat & nim
men c¢6 thé thuc hién chire nang cua minh mot cach hoan hao trong cac co thé khac nhu &
ngudi va nguoc lai. Ching ta xem xét dén hé thong kiém soat chu trinh té bao va su phdi hop
gitra cac phan tng sinh hoc dé thuc hién sy kiém soat do.

Chu trinh té bao ¢ sinh vat eukaryot duoc xem gdm 4 giai doan hay con goi 4 pha (Hinh
6.1). Ba giai doan G1, S va G2 dugc goi chung 1a gian ky (interphase). Trong pha G1 ngay
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sau pha M (mitose), té bao hoan thién kich thudce riéng dé dam bao moi diéu kién can thiét
tiép tuc pha S (nhan d6i ADN). O pha G2 sau pha S, t€ bao kiém tra qua trinh nhan doi ADN,
dam bdo qua trinh d6 xay ra khong c6 bat ky mot sai s6t nao. Sau d6 t€ bao méi chuyén sang
pha M.

M
G2 Go

Gl

Hinh 6.1:

Chu trinh té bao eukaryot gém 4 pha M, G1, S va G2. Té bao
phat trién trong giai doan gian ky (gém cac pha G1, S, G2) va
phan chia trong pha M.

Chu trinh té bao xay ra nhanh hay cham phuy thudc vao timg loai té bao ngay trong mot co
thé. O dong vat c¢6 vu, véi nhitng mo sinh trudng nhanh, toan by chu trinh phan bao chi xay ra
trong khodng 12 dén 24 gio. Pac biét chu trinh phan bao xay ra rat nhanh & giai doan phat
trién phdi som (khoang 8 dén 60 phut). Luc d6 hai pha G1 va G2 hau nhu khong xay ra va
toan bd chu trinh té bao chi c¢6 hai pha S va M. Khi khong c6 nhu cau phén chia lién tyc, &
bao ngung lai ¢ pha G1 va sau d6 bude sang mot trang thai dac biét goi 1a Go. O pha Go, té
bao gilt nguyén trang thai trong vai ngay, vai tudn, vai nam tham chi trong sudt ca thoi gian
song.

Chu trinh té bao c6 nhiing diém then chét - goi 1a cac diém kiém tra (checkpoints) quyét
dinh sy chuyén tiép giita cac pha. Toan b chu trinh dugc diéu khién boi trung tdm kiém soat.
Trung tAm c6 nhiém vy xr 1y tin hiéu dién bién trong timg pha giri vé. Tai cac diém kiém tra,
tin hiéu phan hdi tir pha trude d6 sé duoc trung tdm phéan tich dé quyét dinh té bao co chuyén
sang pha tiép theo hay khong. Chung ta can phan biét sy khac nhau gitra cac thanh phan chi
chét tham gia trung tim kiém soat v&i toan bd nguyén liéu can thiét ciu thanh nén bd may dé
thue thi cdc giai doan co ban cua chu trinh. Vi dy, cac phte cua trung tam kiém soat c6
chtrc nang diéu hanh dién bién cua pha S s& khac vdi cac enzym, céc protein tham gia qua
trinh tai ban ADN ¢ giai doan nay. Piéu nay twong tu nhu trong mot doanh nghiép c6 phan:
hoi dong quan tri kiém soat chung hoat dong cua ban giam ddc; ban giam dbc diéu hanh cu
thé cac muc tiéu do hoi dong quan tri dé ra.

He¢ thng kiém soat bao gdm mot sd _protein gilr vai tro trong yeu trong timg pha va phéi
hop giita cac pha, dic biét & cac diém kiém tra. Nhiém vu cua he thong kiém soat 1a dam bao
tinh chinh x4c cta qua trinh nhan d6i ADN, phan ly nhiém sic thé vé hai cyc va hinh thanh
hoan hao hai té bao con. Khi tiép nhan cac tin hiéu khong binh thuong (tir cac dién bién trong
qua trinh phan bao hodc tir méi trudng bén ngoai), hé thong kiém soat c6 thé diéu khién chu
ky phéan bao chdm hogc dung lai ¢ mot diém kiém tra. Diém ding trong pha G1 dugc goi la
diém bat dau "Start" (& nAm men) hodc don gian goi 1a diém kiém tra G1. Khi hé thong kiém
soat vurgt qua diém G1, chu trinh phan bao chuyén sang pha S. Ttwong tu nhu & pha G1, khi
hé thdng vuot qua diém kiém tra G2, chu trinh phan bao duoc phép budc vao pha M (Hinh
6.2).
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Hinh 6.2:

Cac tin hiéu moi treong va tin hiéu phan hdi tr cac dién bién xay ra trong qua trinh phan chia cho phép te bao
vuot qua cac diém kiém tra G1 va G2. Tai cac diém G1 va G2, hé théng kiém soat phan tich cac diéu kién can va
da trwée khi cho phép té& bao chuyén sang pha tiép theo.

Céc thi nghiém dau tién dwa vao hién twong dung hop cac té bao dong vat nudi cay da
cho phép xac dinh cac yéu td quan trong ciia hé thong kiém soat. Té bao nudi cdy & cac pha
khac nhau c6 thé dung hop voi nhau tao té bao méi. Vi du, té bao ¢ gian ky c6 thé dung hop
v6i té bao & pha M. Luc d6 trong té bao dung hop, nhiém sic thé tir t& bao ¢ gian ky tro nén
co déc lai, mang nhan bao boc xung quanh bi v&. Hién tuong nay xay ra tuong ty nhu nhan té
bao chuan bi budc vao phan chia. Nhu vay trong té bao chat co ton tai yéu t6 gdy ra nhiing
bién dong trén. Mot loat cac thi nghiém dung hop té bao & cac pha khac nhau, két hop véi
nghién ctru chu trinh phan bao & nAm men va k¥ thuat phan tich nodn bao tring éch da phat
hién ra céc phirc protein ctia hé théng kiém soat phan bao.

Hé théng kiém soat phan bao hoat dong dua vao phirc di dimer (heterodimer) gém hai ho
protein gitt vai tro chu dao. P6 1a cac protein kinase phu thudc cyclin (cyclin-dependent
protein kinase), viét tat 1a Cdk va nhom protein cyclin. Cdk hoat hoa chudi cac phan tmg nhd
kha nang phosphoryl hoa protein dac hiu tai cac acid amin serine/threonine. Tuy nhién kha
ning nay ciia Cdk dugc kiém soat boi cyclin. Mdi Cdk c6 thé lién két voi nhiéu cyclin khac
nhau dé tao thanh phtc Cdk-cyclin c6 hoat tinh kinase dac hiéu, tic la quyét dinh protein
riéng bict s€ bi phosphoryl hod boi phirc. RO rang ba su kién: tao phitc Cdk-cyclin; hoat hoa
phtc va phén rd phirc 1 nhitng budc chuyén rat quan trong diéu khién toan bo chu trinh phan
bao.

Cac két qua nghién ctru cho thiy hé thong kiém soat gin lién v6i su hinh thanh va hoat
hoéd phuc Cdk-cyclin ¢ ba giai doan: pha G1 (phttc G1Cdk), pha S (phuc SCdk) va pha M
(phirc MCdk). Khi té bao duoc kich thich chuan bi tai ban ADN thi phirc G1Cdk hoat dong
nham hoat hoa cac yéu t6 phién ma (transcription factor) dbi vai nhu’ng gen ma cho céc
enzym can cho tai ban ADN va céac protein can cho tao phtrc SCdk. Khi méi duoc hinh thanh,
cac phirc SCdk dugc giit & dang khong co hoat tinh béi cac protein trc ché. Chi dén cudi pha
G1, protein trc ché bi phan huy, phic SCdk dugc giai phong dé hoat ho4 té bao budc sang pha
S. M6t cach tuong tu, phire MCdk duoc tong hop trong pha S va trong pha G2, nhung chung
chi c6 hoat tinh sau khi toan bo nhiém sic thé da tai ban tron ven. Cac phire MCdk thuc day
qua trinh co dac cua nhiém sic thé, phd v& mang nhan, xuat hién tim dong, thoi vo sic va sap
xép cac nhiém sic thé & mit phang xich dao. Chi khi hoat tinh ctia phtitc MCdk bj giam thi
nhiém sic thé méi gidn ra, mang nhan xuét hién xung quanh hai nhan con va té bao phan chia
thanh hai té bao méi.
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Dién bién mot chu trinh té bao dugc thuc hién theo ding trat tu tir G1 sang pha S, dén
G2 va két thuc boi giai doan phén bao Mitosis. Tlen trinh nay chi x4y ra theo mot chleu
ma khong thé dao nguogc lai. O co thé bac cao, yéu td ngoai bao (mitogen) kich thich té
bao bt dau chu trinh phan chia bang viéc tong hop va hoat hoé cac phirc G1Cdk.

Céc protein cyclin c6 thé phan 1am hai nhém chinh: cac cyclin lién két voi Cdk trong pha
G2 dé té bao budc vao mitose (nén goi 1a mitose cyclin) va cac cyclin lién két véi Cdk trong
pha G1 dé chu trinh chuyén sang pha S (nén con goi 1a G/ cyclin) (Hinh 6.3). Nhimg nghién
cuu dau tién trén nAm men cho thiy mot nhém protein Cdk tham gia hé thong klem soat chu
trinh t& bao & ca hai diém kiém tra G1 va G2. Tuy nhién ¢ dong vat c6 vii, mdi diém kiém
tra dugc kiém soat boi it nhat mot nhom Cdk riéng biét. Hoat tinh ctia Cdk gép phan quyét
dinh té bao ton tai & mot pha nhat dinh hoic chuyén pha. Vi mét 1y do nao d6 ma nhém Cdk
phu trach & mot diém kiém tra dugc hoat hoa thi té bao budc sang pha tiép theo bat chip céac
nguyén liéu can thiét (protein, ADN...) d hoan thién pha d6 c6 day du hay khong.

Phon o

T

Vi t5 MEF

T

Phike Cdkioyelin

Ivlitase cytﬁnﬁ —
. \

Chu trénh # bOo

Cdk

.
31 cyelin
Phike Cdbkicyelin
NAgn du) ADN

Hinh 6.3:

Cac thanh phan co ban (Cdk va cac loai cyclin) clia hé théng kiém
soat chu trinh phan bao. Hoat tinh ctia Cdk phu thudc vao sw co
mat cla cyclin (theo Alberts & cs., 2002).

O té bao dong vat c6 vu, hoat dong cua he théng kiém soat & diém G2 duoc nghién ctu
kha chi tiét. Thyc nghiém nhéan thiy ndng d6 mitose cyclin ting dan trong pha G2. Cyclin nay
lién két voi Cdk tao phtrc duoc goi 1a yéu td khoi dong phan bao MPF (Mitosis Promoting
Factor). Tuy nhién, phirc MPF ¢ dang khong hoat tinh. Phirc chuyén sang dang hoat dong khi
bi phosphoryl hoa tai mot s6 vi tri ddc hiéu. Mot khi xuét hién phic MPF & dang hoat dong,
noéng dd MPF c¢6 hoat tinh tang nhay vot. Sy thay d6i dot ngot ham luvgng MPF lién quan dén
co ché diéu khién phan héi tich cuc (positive feedback mechanism). Diéu nay co nghia, su
xuét hién cac enzym kinase hodc phosphatase (dugc hoat hoa boi dang hoat dong cua MPF)
s€ thuc déy sur chuyén trang thai cua MPF. Do d6, khi xuét hién dang hoat dong MPF thi
luong enzym dugc hoat hoa tang khién cho lugng MPF chuyén tir dang khong hoat tinh sang
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dang hoat dong ciing ting theo. No6i cach khac, cang c6 nhiéu MPF ¢ trang thai hoat dong thi
luong enzym c6 hoat tinh giy hoat hoa MPF cang ting. Khi ndng d6 MPF dang hoat dong dat
dén mot gia trj ngudng, mot loat cac phan tng sinh hoc xay ra khién té bao budc sang pha M.
Khi chu trinh té bao ¢ bién gidi giita metaphase va anaphase, MPF bi mat hoat tinh d6t ngot
do mitose cyclin bi khir gc phosphate. Lap tirc té bao ra khoi pha M. Nhu vay, phan (mg
chuyen gitta hai trang thai hoat dong va khong hoat dong cua phurc cycline-Cdk trong hé
thong kiém soat twong “ing voi chuyén pha trong chu trinh té bao. Co ché hoat dong ctia hé
thong klem soat tai diém G1 chua duoc nghién ctru ky nhu ¢ diém G2. Tuy nhién, nhiing
nguyén tic chinh déu duoc tuan thi & ca hai diém nay. Diéu dang luu ¥ 1a cac phan Ung xay
ra sau cac diém kiém tra G1 (trong pha S) va G2 (trong pha M) hoan toan khac nhau.

6.2  Chu trinh té bao & giai doan phat trién phoi som

Pé budc vao phan chia, té bao phai phat trién dat kich thuéc nhat dinh, sd luong ADN
cling nhu moi thanh phan khac trong té bao chat phai dwoc nhan d6i. Thoi gian hoan thién
moi cong tac chuan bi ndy 1au hay nhanh phu thudc vao méi trudng xung quanh. Do d6 cac co
ché kiém soat chu trinh té bao phai dam bdo sao cho moi chi tiéu can thiét duoc thuc hién tron
ven, chinh xac theo dung trat tu trudce khi té bao bude vao phan chia tao thanh hai té bao con.

Trudng hop dic biét té bao phan chia khong trai qua da bon pha G1, S, G2 va M xay ra &
giai doan phat trién phoi sém. Luc d6 té bao phan chia lién tuc ma khong tudn tha qui dinh
chit ché cia cac co ché kiém soat. Trong giai doan ndy phan bao xay ra nhanh va hau nhu
khong dimg lai & cac diém kiém tra G1 va G2. Thuc chat chu trinh té bao luc nay chi thuc
hién nhiém vu co ban nhét 14 nhan doi genome va phan ly ching vé hai té bao con. Chung ta
hay xét xem yéu td nao giit vai tro quan trong trong hé théng kiém soat chu trinh té bao d6i
v6i phét trién phdi ciing nhu hoat dong ctia chiing lién quan nhu thé nao dén cac giai doan dic
thu cua phan bao.

Cac két qua dat dugc kha chi tiét khi nghién ctru sy phat trién ciia trimg éch sau thu tinh.
Trang éch 1a mot té bao khong 16 hinh cau, dudng kinh dat t6i vai mm va chira luong té bao
chat nhiéu gép 100.000 1an so vi cac té bao binh thudng trong co thé. Nodn bao phai trai qua
phan bao giam nhidm dé phat trién thanh trimg chin (trimg c6 kha ning thy tinh). Nhu ching
ta da biét, nodn bao ech dung lai & pha G2 hay con g01 1a prophase cua giam nhiém (meiosis
). Biém dimg nay nam trudc pha M va tuong mg vdi diém kiém tra G2 trong chu trinh phéan
bao thong thuong. Dé phat trién thanh trimg chin, hormon sé& tic dong vao nodn bao khién né
vuot qua diém dimg G2 dé budc vao phan chia (meiosis II). Lic d6 trang chin (Hinh 6.4). Sau
khi thy tinh, té bao trimg phan cit lién tuc ma khong phat trién vé kich thudc tao hang nghin
té bao mdi ngay cang nho. Lan phan cat dau tién kéo dai khoang 90 phit, tiép theo 1a 11 lan
phan cit (30 phat /lan) tao 4096 t& bao méi (2'%) trong vong khoang 7 gid. Trong mdi 1an
phan cit, pha M chiém 15 phit va pha S chiém 15 phut, con hai pha G1 va G2 khong xay ra.

K thuat phan tich nodn bao éch (xenopus oocyte assay technique) cho phép lay té bao chét
cua trung chin chua thu tinh tiém vao noan bao. Lap tirc noan bao khong dung ¢ pha G2 ma
chuyén sang pha M va phat trién thanh trimg chin. RS rang khong can kich thich bai hormon
progesteron ma van tao duoc trimg chin. Nhu véy, phén chia té bao trimg éch trong giai doan
dau tién duoc kiém soat boi co ché phu thudc vao té bao chat. Phuong phap nay cho phép xac
dinh duogc tac nhan ton tai trong té bao chat cia trang chin déng vai tro quyet dinh té bao
chuyén sang pha M. Tac nhan nay duoc goi 1a tac nhan kich chin do né quyét dinh su thanh
thuc cua noan bao thanh trirng chin (maturation promoting factor).
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Hinh 6.4:

Sy _hoat hoa trirng éch Xenopus. X ly v&i hormon progesteron khién nodn bao thwe hién gidm

nhiém th(r nhat va phat trien thanh trieng chin. Thu tinh gidp tring nay hoan thanh 1an gidm nhiem

thr hai va bwée vao chu trinh phan chia dau tién cta phdi (theo Alberts & cs., 2002).

Nghién ctru dién bién xay ra tir khi tring chin dén thy tinh va budc vao phan cit cho thy

tac nhan kich chin c6 hoat tinh manh khi nodn bao chuyén tir G2 sang metaphase (meiosis I)
va tir meiosis I sang meiosis II. Hoat tinh nay giam ngay khi tring vira thu tinh nhung sau do
lai ting manh khi trimg thu tinh budc vao lan phéan cit dau tién, bat dau qua trinh phat trién
phoi. Trai qua 12 1an phén cat lién tiép, hoat tinh ciia tic nhan kich chin bién d6i theo chu ky
ma cyc dai ing véi thoi diém té bao bude vao phan bao (Hinh 6.5).

Hoai tinh Progesteromns Thu tink

MFF

Molnbin & G2 Meiosis [ Meiosis II Phincétl Phincit2
Phii trai qua phiin hao nguyén nhifm
Hinh 6.5: . ;
Hoat tinh MPF dao déng theo giam nhiém (meiosis) va nguyén nhiém (mitosis) trong noan
bao va hop tr bat dau bwédc vao phan cat.

Vai tro cua tac nhan kich chin dugc phat hién dau tién khi nghién ctru qua trinh phat trién
trang éch sau thu tinh. Nhimng thi nghiém tiép sau d6 tién hanh véi cac té bao phan chia
nguyén nhidm & céc loai sinh vat khac nhau di khang dinh tam quan trong cua yéu tb ton tai
trong té bao chat tham gia kiém soét chu trinh té bao. Vi du, thi nghiém véi cac té bao dong
vat nudi cay bi xur 1y voi colchicine (chét trc che phan bao, ngan can sy hinh thanh céc sgi thoi
v0 sic) cho thay té bao chat chlet ra tir nhiing té bao bi xur 1y ¢o tac dung lam cho noan bao tré
thanh tring chin. Nhu vay, yéu tb thuce day phan chia nguyén nhlem (mitosis promoting
factor-MPF) & té& bao soma nu6i cdy ciing c¢6 hoat tinh tuong tu yéu t6 khoi dong chin
(maturation promoting factor) & t& bao nodn. Ngoai ra, cting voi phén tich nodn bao, ki thuat
dung hop té bao cho phép mot té bao & pha M dugce dung hop véi té bao ¢ giai doan gian ky.
Nho d6 nhén té bao & giai doan gian ky duoc dua vao té bao chét cua té bao khac & pha M.
Két qua cho thiy nhan budc vao giai doan tai ban va t& bao phan chia. Nhu vy tac nhan ton
tai trong t& bao chat da kich thich qua trinh phan bao. N6i cach khéac thi mitosis promoting
factor c6 mit trong té bao chit c6 kha ning thiic day té bao soma chuyén tir giai doan gian ky
sang pha M, ttrc 1a kich thich té bao budc vao phan chia nguyén nhiém. Tap hop cac két qua
nghién ctru cho phép dua dén két luan maturation promoting factor ciing chinh 1a mitosis
promoting factor. Piéu thi vi 13 ca hai khai niém nay c6 clng cach viét tat 1a MPF.
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Hinh 6.6: o
Hai tiéu phan hinh thanh nén yéu t& MPF: Cdk va
cyclin.

Két qua tinh sanh va phén tich hoat tinh cho thay MPF la phirc c6 hoat tinh kinase gay
phosphoryl hoa ¢ acid amin serine/threonine cuia mot so protein dac biét. Phirc MPF gom hai
tiéu phan: tiéu phan c6 hoat tinh enzym chinh 13 protein kinase phu thudc cyclin va tiéu phan
mitose-cyclin kiém soat hoat tinh kinase (Hinh 6.6). Phitc MPF c6 hoat tinh cuc dai trong pha
M va cuc tiéu & gian ky dbi véi moi té bao eukaryot tu ndm men dén dong vat c6 vu. Vi vay,
diéu dang quan tam trudc hét 1a biét duoc thoi diém xudt hién va vai tro cu thé ciia mitose
cyclin trong viéc kiém soat hoat tinh ciia phirc MPF.

6.3  Protein cyclin

Protein cyclin lién quan dén pha M trong qua trinh phan bao dugc tinh sach lan déu tién
tur phoi cau gai (sea urchin embryo). Trung cau gai vura thy tinh dugc 4 v6i acid amin danh
dau dong vi phong xa. Protein tong s0 duoc tach ch1et & cac thoi diém cach déu nhau (10
phut) tinh tir khi bt dau 4. Pién di déng thoi cac mau d6 c6 thé phat hién duoc nhiing protein
méi va dién bién ndng d6 cua ching trong giai doan phét trién phdi sém. Trong sé nhiing
protein nay chi c6 mot protein c6 nong do bién ddi theo chu trinh phan chia té bao: nong do
cuc dai khi bat dau pha M va dot ngdt giam xudng cuc tiéu trong giai doan anaphase. Protein
dac biét nay dugc goi la cyclin B.

K¥ thuét tach dong va tai t6 hop ADN da phan 1ap dugc ADNc tuong ing voi gen ma
cho cyclin B ¢ cau gai. Poan ADNc nay dugc dung 1am dau do dé lai Southern v6i ngan hang
ADNCc cua trimg éch. Nho d6 di phan lap duoc dong ADNc mé cho cyclin B cua Xenopus.
Khi dwa ADNc nay vao vector biéu hién thi thu dugc protein. Pua protein vao tho dé tao
khang thé. Piéu thi vi la khang thé nay tuong tac voi MPF tach chiét tir trimg éch trong phép
lai Western. Nhu vay, cyclin B chinh la tiéu phan cua phirc MPF. Vay thi cyclinB kiém soat
hoat tinh cia MPF nhu thé nao?

Thyc nghiém tién hanh thit trimg &ch 1am hai phan ngay sau khi trimg vira thy tinh chua
budc vao lan phan cat thir nhat: mot phén c6 nhan va phan kia chira té bao chat. Phan c6 nhan
s t1ep tuc phén cit lién tuc tao ra cac té bao nho dan trong khi phan tht hai cing trai qua cac
bién dong co tinh chu ky. Dleu nay cing dugc quan sat thay rat 18 ¢ trimg cau gai sau khi thy
tinh bi ldy nhan di nhung van tiép tuc phan cat lién tiép tao cac t& bao nho hon va tat ca ching
déu khong c6 nhan. Nhu vy, yéu td thuc diy phan bao ton tai trong té bao chat va hoat tinh
ctia n6 khong phu thudc vao nhan (ADN). Vay thi yéu t6 nay dugc du trir trong trimg trudc
khi thy tinh hay 1 duoc tong hop méi trong giai doan phat trién phoi sém?

Phan tich dich chiét tur tring &ch chua thuy tinh, thuc nghiém phat hién dugc protein non-
histone, histone, cic enzym lién quan dén tai ban ADN va moi thanh phan can thiét dé téng
hop protein nhu ribosome, ARNm. Vi té bao c¢6 thé phan chia khi khéng ¢ nhan, tirc 14 t& bao
c6 thé khong sir dung dén cac thanh phan can thiét cho tai ban ADN. Vay thi té bao c6 sur
dung cac thanh phan lién quan dén qua trinh tong hop protein khi phan chia hay khong?
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Thi nghiém @ nhiém sic thé cua tinh trung (n) ¢ pha gian ky voi dich chiét tir trimg éch
chua thy tinh cho phép quan sat mot loat dién bién xdy ra voi bo nhiém sic thé don boi. Pau
tién, mang nhan hinh thanh xung quanh nhiém sic thé tao thanh nhan don boi. Tiép dén,
nhiém sac thé co dic lai, mang nhan bi v ra va ADN tinh tring tai ban thanh ludng boi (2n).
Sau d0, tat ca cyclin B trong dich chlet dot ngdt bi phan huy twong ty nhu té bao & giai doan
anaphase (mitose). Liic nay nhiém sac thé gian ra va mang nhan lai xuat hién. Ca qué trinh
nay duoc lap lai déu dan véi chu ky khoang 20 phat. Cudi mdi chu ky, cyclin B bi phan huy.
Vao dau chu ky tiép theo, lugng cyclin B ting dan do dugc tong hop mdi tir ARNm tuwong
mg da du trir sin trong trang. Khi ham luong cyclin B dat dén gid tri cuc dai thi nhiém sic
thé bat dau co ddc, mang nhan dit giy vv... RS rang té bao di thuc hién phan Gng tong hop
m&i protein tir ARNm dé cung cip cyclin B can thiét cho phan chia. Sy ting ham luong
cyclin B ty 1€ v6i sy tang hoat tinh cua MPF. Khi str dung cycloheximide, chat tc ché qua
trinh tong hop protein thi cyclin B khong duoc tao thanh. Dong thoi cling khong phat hién
dugc hoat tinh cia MPF va khong quan sat duge hién tugng nhidm sic thé co dic ciing nhu
mang nhan bi dut giy. Ngoai ra, khi xtr Iy dich chiét tir tring chua thy tinh v6i RNase ¢ nong
d6 thap nham phan hiy toan bd6 ARNm ma khong 1am anh huéng dén ARNr va ARNt (hai
loai ARN nay chi bi phan hily boi RNase nong d6 cao), thi mang nhan van xuat hién bao
quanh nhiém sic thé tinh tring va ADN van dugc tai ban. Tuy nhién, sau dé cac dién bién
tuong ty nhu phéan chia té bao khong lip lai nita. Néu bd sung thém ARNm ma cho cyclin B
vao thi cac chu ky bién dong tudn hoan véi thoi gian 20 phut lai dién ra. Két qua nay chimng t6
chi c6 mot loai ARNm duy nhat ¢6 mat trong thi nghiém (ARNm cyclin B), dugc dung lam
khudén dé tong hop cyclin B. O cudi phan bao mitose, cyclin B bi bién tinh thong qua
ubiquitin, tirc 14 cyclin B ¢6 mang doan peptide twong tac v6i ubiquitin tao tin hiéu nhan biét
cho protease. Néu trong thi nghiém trén, bd sung ARNm cyclin B ¢6 mang d6t bién ¢ phan
mi cho tin hiéu nhan biét sao cho cyclin B khong bi gian ubiqutin, thi cyclinB khong bi phan
huay boi protease va quan sat thdy nhiém sic thé khong gidn ra va mang nhan khong xuat hién.
R rang, cyclin B dugc tong hop mdi (de novo) ¢ vai trd quyét dinh hoat tinh cia MPF. Ham
luong cyclin B nhiéu hay it kéo theo sy ting hay giam hoat tinh ciia MPE. Nhu vay cyclin B
quyét dinh hoat tinh ciia MPF va kiém soat moi dién bién xay ra ngay sau khi tring thu tinh.

Nhiing két quéd thu dugc véi cac té bao dong vat khac da tim dugc it nhét ba loai cyclin
¢6 chire nang twong tu cyclin B ¢ trimg éch. Chung duoc goi chung 13 mitose cyclin. Sy tong
hop cac cyclin nay ciing quan trong nhu sy phan hay chung dé té bao budc vao hodc ra khoi
pha M. Thong thuong, cyclin bi phan huy dot ngdt & bude chuyén tiép gitta metaphase va
anaphase. Khi cyclin bi dot bién sao cho n6 van con kha ning kich thich hoat dong cia MPF
nhung khéng bi phan hiy do thiéu doan peptide ddc hiéu dé tuong tac véi ubiquitin thi té bao
budc vao pha M nhung khong thé chuyén tir pha M sang G1. RS rang, hoat hoa phirc MPF dé
budc vao pha M doi hoi téng hop cyclin nhung bat hoat phitc MPF dé budc sang pha G1 lai
yéu cau phan huy cyclin. Cyclin 14 thanh phan quan trong ciia MPF c6 mit trong moi té bao
eukaryot. C6 nhiéu loai protein cyclin duoc ma béi cac gen trong ciing mot ho gen.

Pé diéu khién té bao budc vao pha M, phirc MPF gy ra nhiéu thay ddi nhu nhidm sic
thé co dic lai, mang nhan bi pha v& va két cau khung té bao phai dugc to chtc lai dé tao thoi
phan bao. Tét ca nhimng thay ddi nay phu thudc vao hoat tinh kinase ctia MPF gy phosphoryl
hoa mot sd thanh phan co ban tao nén cau trac té bao. Vi du, cau tric nhan bi pha v& khi
protein lamin ctia nhan bi phan ra. Phan Gng nay dugc xuc tdc boi MPF gay phosphoryl hoé
serine cua lamina. Khi lamina khong c6 cac serine dac biét nay (do gen ma cho lamin bi dot
bién), chiing s& khéng bi phan huy khi té bao & mitose, mic di mang nhan dut gy tao ra cac
nang va cac dién bién trong pha M van xay ra binh thudng.
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Protein histone H1 c6 chirc ning "dong goi" ADN thanh cdu tric nucleosome ciing bi
phosphoryl hoa boi MPF. Co I€ phan tmg nay dan dén viéc nhiém séc thé co dam lai. Ngoai ra
MPF con gay phosphoryl hoa mét s6 protein tuong tac véi soi vi 6ng microtubule (dung dé
tao thoi phan bao). O nim men, Cdk con duge goi 1a Cde (cell-division-cycle). Ca hai thanh
phan mitose cyclin va Cdc2 kinase cia MPF déu c6 thé lién két v6i tam dong. C6 thé mitose
cyclin nhéan biét dugc cac thanh phan cia tim dong va gitup cho Cdc2 lién két ding vi tri.

Cyclin B va cac cyclin chirc nang tuong ty nhu cyclin B bi phan huy ¢ phase mudn
anaphase khi cac nhiém sic tir d3 tach nhau ra va duoc kéo vé hai cuc. Phia diu NH, ctia hau
hét cyclin nay déu c6 doan peptide nhan biét boi ubiquitin. Poan nay duoc goi 13 hop phan
huy (destruction box). Nong d6 cyclin B giam khién té bao nhanh chong ra khoi pha M.

6.4 Nam men va hé théng kiém soat chu trinh té bao

Nhitng thi nghiém tién hanh trén trimg éch 1am sang to vai tro cia cyclin B trong phtic
MPF. Tuy nhién cyclin chi 13 tiéu phan lam nhiém vu diéu khién con hoat tinh cta phuc do
tiéu phén protein kinase dam nhiém. Nhing thi nghiém nghién ciru ban chét cac kinase va sy
thay d6i hoat tinh cua ching trong chu trinh té bao, ddc biét & pha S va M dugc tién hanh trén
nam men nay chdi S.cerevisiae va nAm phan chia S.pombe. Té bao S. cerevisiae dang hinh cau,
sinh san bang phuong thirc nay chdi. Té bao con hinh thanh nho hon té bao me, do d6 chung
phai ting truong dé dat dén kich thudc nhat dinh truéc khi tiép tuc phan chia. Té bao
S.pombe c6 dang hinh que voi chidu dai tang dan trong qua trinh phat trién. Khi budc vao
phan chia, té bao s& phan chia 1am hai phan c6 kich thudc nhu nhau. Dung hop té bao va
phén tich nodn bao la cac ky thuét chinh dugc ap dung dé nghién cliru dbi voi trang éch,
trong khi nghién ctru & ndm men lién quan dén nhing k¥ thuat di truyén nham sang loc va
phén tich cac dang dot bién khong c6 kha ning vuot qua cac diém kiém tra trong chu trinh
te bao.

Khac voi cac té bao & giai doan phat trién phoi sém, té bao ndm men ciing giéng nhu da
s6 céac té bao trong co thé eukaryot deu phai phat trién dat kich thuéc nhat dinh méi budc vao
phan bao mitose. Thoi gian té bao ton tai & giai doan glan ky chiém phan 16n chu trinh te bao.
Pic biét ¢ hai pha G1 va G2, kiém soat chu trinh té bao phai dam bao dong bo giira téc do
phat trién va thoi gian thuc hién mot chu trinh phan bao. Hé thong kiém soat s& kiém tra kich
thude té bao tai mot sb vi tri dic biét (size check point) thuong phan bd ¢ hai pha G1 va G2.
Chu trinh t& bao s& bi gitr lai tai nhiing diém nay dé té bao dat kich thudc t6i han hodc
genome duoc tai ban hoan chinh. Kiém tra & diém G1 quyét dinh ADN c6 dugc tai ban hay
khong. Tuong tuy nhu thé, kiém tra & diém G2 cho phép té bao budc vao phéan chia. Tty thudc
vao ting loai té bao va diéu kién maéi truong ma xu hudng giir té bao ¢ diém G1 chiém uvu thé
hon & diém G2 hoic nguoc lai. Co ché kiém tra tai diém G1 va diém G2 duoc sang té nho ap
dung cac k¥ thuat di truyén phan tr & ndm ndy chdi S.cerevisiae va nam phén chia S.pombe.

bpé nghién ctru chu trinh té bao va cac co ché kiém soat phan bao, nam men dugc chon
lam d6i tuong dién hinh dé tim ra cac dot bién gen ma cho cc san pham tham gia hé thong
kiém soat ciing nhu bd may phan bao. Khi mot gen thudc hé théng kiém soat phan bao bi dot
bién, té bao khong thé thuc hién tron ven mot chu trinh phan bao nén sb luong té bao khong
tang. Do do, dé co thé chon va duy tri dugc cac té bao nay, cac dot bién chi dugc biéu hién
trong nhimg diéu kién dic biét. Hau hét d6 1a nhitng dot bién nhay cam nhiét do
(temperature-sensitive mutant). Ching chi biéu hién tinh trang dot bién khi nhiét do cao
(restrictive condition), con & nhiét 6 thip (permissive condition) thi té bao van phan chia va
phat trién binh thudng.
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Chu yéu cac nghién ctru & nAm phan chia S.pombe tip trung vao hai dang dot bién nhay
cam nhiét 6. Dang thir nhat gf)m nhitng gen ma khi bi dot bién s& 1am cho té bao dimg lai &
tai mot diém trong chu trinh té bao. Chung duoc goi chung la cac gen cdc (cell-division-
cycle). Dang thir hai gom nhitng gen ma khi bi dot blen s& cho phép té bao vuot qua cac diém
kiém tra kich thudc dé budc vao phan bao. Nhu vay té bao sé phan chia ngay khi kich thudc
con chua dat yéu cau binh thuong. Cac gen nay dugc goi chung 1a wee (theo tiéng Scotlen co
nghia la nho). Hai nhom gen cdc va wee c6 chirc nang trai ngugc nhau: dot bién gen cdc khién
té bao khong qua dugc diém kiém tra trong khi dot bién gen wee giip té bao vuot qua mot
cach dé dang. Vi vy, cac gen cde thuc day té bao vuot qua cac diém kiém tra con cic gen
wee kim ham qué trinh nay.

Piém kiém tra kich thuéc té bao nAm men nam trong pha G2 (diém budc vao mitose)
tuong tu nhu diém kiém tra G2 tai d6 MPF dugc hoat hoa trong chu trinh phan bao & giai
doan phat trién sém cua phoi Xenopus. O ndm men S. pombe, tiéu phan c6 hoat tinh kinase
tuong ty nhu Cdk ciia MPF. Tiéu phan nay dugc mi bdi gen cdc2. Protein Cdc2 giit vai trd
quyét dinh nhat, thuc day té bao ndm men budc vao mitose. Khi Cdc2 bi mat hoat tinh thi
khong xay ra qua trinh phan bao. Tuy nhién, khi Cdc2 khong bi kiém soat bai cyclin khién
no6 ludn ¢ trang thai hoat dong thi té bao phan chia lién tuc. Gen cdc2 dugc tach dong tir S.
pombe c6 kha niang phuc hoi kiéu hinh hoang dai (wild type) cho dang dot bién cdc2” trong
thi nghiém bd sung chirc nang. Hon nira, cic gen tuong dong v0i cde2 phan 1ap dugce tir mot
s6 sinh vat eukaryot khac ciing c¢6 kha nang phuc hoi té bao ndm men bi dot bién cdc2”. Khi
chuyén gen tuwong dong voi cde2 phan 1ap tir ngudi vao té biao ndm men bi dot bién gen
cdc2” thi cac té bao nay lai song sot va phan chia nhu té bao binh thuong. Nhu vay hoat
dong cua cac yéu tb klem soat phan bao rat gidng nhau gitra nam men va dong vat c6 xuong
song. RS rang ¢ ca ndm men va dong vit c6 xuong song, viéc té bao budc vao phén chia
hoan toan phu thudc vao céc kinase va cyclin. Diéu nay ching t6 co ché kiém soat té bao
budc vao pha M dugc bao toan trong tién hoa dbi vai moi té bao eukaryot.

Protein Cdc2 c6 hoat tinh kinase. Hoat dong cua protein Cde2 dugc kiém soat bai ba
protein khac (mé boi cac gen weel, cdcl3 va cdc25). Trong s6 do, protein Cdcl3 c6 d tuong
dong cao voi mitose cyclin, vi du nhu cyclin B cua Xenopus. Thue nghiém_da chimng to rang
Cdc2 va Cdc13 1a hai tiéu phan ctia MPF ¢ ndm men S.pombe.

Phén tich cac dot bién cdc” va wee” khac cho thiy hoat tinh cta phitc MPF (Cdc2-Cdc13)
O S.pombe con phu thudc vao mat ) protein kinase khéc. Vi duy, khi Cdc2 tuong tac voi
Cdc13, Cde2 trd thanh co chét cho hai protein kinase Weel va MO15. Hai protein nay diéu
khién hoat tinh kinase cta chinh Cdc2. Kinase MO15 gin nhém phosphate vao threonine
(acid amin 161) ndm trén phan tir Cdc2. Chi khi bi phosphoryl hoa & vi tri nay thi phirc MPF
ma&i c6 hoat tinh cuc dai. Ngugc lai, kinase Weel gén nhom phosphate vao tyrosine (acid
amin 15) trén Cdc2 gdy wc ché hoat tinh kinase cia Cdc2 va ngin can phic Cdc2-Cdcl3
chuyén sang trang thai hoat dong, ngay khi vi tri 161 di bi phosphoryl hoa. Piéu nay c6 nghia
khi bi phosphoryl hod ¢ hai vi tri 15 va 161 thi phitc MPF s€ ludn trang thai khong c6 hoat
tinh. Chinh protein Cdc25 (¢ nam) lam nhiém vu khir gbc phosphate & tyrosine, giup cho
phtic ¢ hoat tinh thiic day té bao budc vao phan chia. Nhiing thay doi cdu hinh khong gian
cta Cdc2 dugc mo ta trong Hinh 6.7.
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Hinh 6.7:

Hoat tinh cia MPF. Twong tac v&i cyclin cho phép Cdc2 bi phosphoryl hoa b&i Wee 1
va MO15. MPF & dang khong hoat tinh khi bi phosphoryl hoa b&i Wee1. MPF chuyén
sang dang hoat ddng nho kinase Qd025. bén lwgt minh, cac phan t& MPF c6 hoat tinh
sé gay hoat hoa Cdc25 va &rc ché Wee1, nho dé ching tadng cwong hoat dong cua
chinh minh (theo Alberts & cs., 2002).

D6i voi ndm nay choi S.cerevisiae, té bao s& vuot qua diém kiém tra G1 dé chuyén sang
pha S mot khi thoa méin ba diéu kién: dam bao kich thudc té bio, moi trudng ¢ dii cac chat
dinh dudng va té bao c6 kha nang budc vao sinh san hiru tinh. Cac gen khi dot bién lam té bao
khong thé budc sang pha S ngay khi c6 du ba diéu kién ciling dugc goi 1a gen cde. Diéu dang
Iuu ¥ 1a cac gen khong dot bién & S. pombe duge ky higu bang chir thuong in nghiéng (cdc2)
nhung & S.cerevisiae thi dugc viét bang chit hoa in nghiéng (CDC28). Gen CDC28 c6 dd
tuong dong rat cao véi cdc2. Dicu 1y thu 14 cdc2 quyét dinh té bao S.pombe vuot qua diém
kiém tra G2 chuyén sang pha M, thi CDC28 quyét dinh té bao S.cerevisiae vugt qua diém
kiém tra G1 (start) dé chuyén sang pha S. Dot bién cdc2” khién té bao S. pombe dimg lai & G2
trong khi dot bién CDC28 khién té bao S.cerevisiae dimg lai & G1. Tuy nhién thi nghiém bod
sung chirc nang (complementary test) cho thiy san pham ciia cdc2 va CDC28 c6 thé thay thé
cho nhau, tic 1a CDC28 giup té bao S.pombe mang gen dot bién cdc2 phan chia binh thudng
va nguoc lai. Hé thong kiém soat trong hai loai té bao nay déu chi c6 mot protein kinase phu
thudc cyclin (cdc2 hoac CDC28). Mic du c6 thé thay thé cho nhau nhung mdi kinase c6 tac
dong khac nhau trong chu trinh phan bao ddi voi timg loai té bao nAm men. Dbi véi S pombe,
hé théng kiém soat phan bao bat dau sir dung kinase Cdc2 tai diém G2 con & S.cerevisiae
trung tAm kiém soat diéu hanh Cdc28 tai diém G1. Do d6 khi chuyén céc té bao dot bién nhay
cam nhiét d6 tir diéu kién nhiét do cho phép sang nhiét do cao, trung tim kiém soat & hai loai
té bao nAm men chiu tac dong & céc giai doan khac nhau. Vi vay, su thiéu hut kinase Cdc2 va
Cdc28 duoc biéu hién & cac pha khac nhau trong chu trinh phin bao. Nhu vay hai loai kinase
nay déu can thiét dé té bao budc vao pha S va pha M & S.pombe hoic S.cerevisiae.

Pé ¢6 thé diéu khién chu trinh té bao ¢ ca hai diém kiém tra G1 va G2, protein Cdc28
tuong tac véi cac cyclin khac nhau. O pha G1, Cdc28 twong tic véi ba loai cyclin (G1 cyclin),
duoc goi 1a Clnl, Cln2, Cln3, tao nén phic c6 chirc ning kich thich nhiém sic thé nhan doi
(té bao budc vao pha S). Thi nghiém danh bét gen (gene knockout) cho thay S.cerevisiae van
c¢6 thé moc trén moi truong giau dinh dudng khi chi mang mot trong ba gen CLN. Dot bién
CLN3 khién té bao ton tai & pha G1 lau hon vai gio, tirc 1a budc vao pha S cham hon so véi
binh thuong. Néu ca ba gen bi dot bién thi té bao chét. O giai doan G2, Cdc28 lién két voi cac
mitose cyclin (CIb1, CIb2 ...) tao phirc MPF thiic dy té bao vao mitose. Cac phuc ciia Cdc28
v6i mdi loai cyclin déu c6 kha ning phosphoryl hoa céc protein khac nhau. Nhu vay, hoat tinh
riéng bi¢t cua Cdc2 & hai diém kiém tra phu thudc vao loai cyclin ma né lién két.

Mot chu trinh phan bao gdm bdn giai doan phai dugc hoan thanh trudc khi té bao budc
sang chu trinh mé&i. Cac co ché kiém soat phan hoi (feedback control) ¢ nhiém vu dimg chu
ky phan bao & mot sd vi tri dé té bao hoan thanh giai doan trudc rdi méi chuyén sang giai
doan sau. Khi sur dung céc chit hoé hoc tc ché nhan ddi ADN hodc khi giy tdn thuong ADN,
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co ché phan hoi s& ngin can té bao phan chia. Piéu d6 dam bao an toan cho cac thé hé té bao
tiép theo nhan duoc thong tin di truyén chinh xac, nguyén ven. Thuc nghiém cho thiy cac co
ché phan héi tiéu cuc giit vai tro chinh so v&i phan hoi tich cuc. Pidu nay c6 nghia tin hiéu
phan hdi gay ngimg hé théng kiém soat phan bao hon la chuyén té bao sang giai doan mdi.

6.5 Kiém soat phan bao ¢ dong vt

Héu hét nhimg nghién ctru h¢ théng kiém soat phan bao & dong vat dugc thyc hién dbi
v6i té bao nudi cdy. Khi thiéu cac factor kich thich sinh trudng (mitogen), té bao dimng lai ¢
pha Go. Néu bé sung céac factor nay vao mdi truong, te bao s& chuyén sang pha S sau khoang
14-16h va hoan thanh tai ban ADN sau 6-8h. Sau d6 té bao s& phan chia. Twong ty nhu & nAm
men, chu trinh phan bao ¢ dong vat cling tdn tai cac diém kiém soat G1, G2. Néu chuyén tur
moi truong ddy du sang méi trudng khong co chat kich thich khi té bao & trude diém kiém tra
G1 thi chung khong phén chia. Tuy nhién néu di vuot qua diém G1 thi mic du ton tai trong
moi trudng thiéu mitogen, té bao van thyc hién tron ven mot chu trinh phan bao.

Gidng nhu ndm men, chu trinh phan bao cua té bao dong vét bac cao cing duoc diéu
khién béi cac kinase tao phirc voi cyclin. Nong do cua cac kinase dugc gitr n dinh nhung
ndng d6 cac cyclin thay doi rat phirc tap & cac diém khac nhau trong chu trinh. Ngoai ra, khac
v6i ndm men chi c6 mot loai Cdc, t& bao dong vat co nhiéu loai kinase phu thuge cyclin
(cyclin dependent kinase Cdk), vi du nhu protein tuong dong Cdk2 tham gia h¢ thong klem
soat phan bao. Trong khi phtrc gitta Cdc2 va cyclin B thic day té bao dong vat co Xuong song
budc vao mitose thi phuc giita Cdk2 va cyclin E thac ddy té bao vuot qua diém kiém tra G1
con phuc giita Cdk2 va cyclin A can thiét dé hoat hod bo mdy tai ban ADN (budc vio pha S).

Té bao ndm men (co thé don bao) chi can mot loai kinase Cdk dé kiém soat phan bao.
Nguoc lai trong co thé da bao, chu trinh phéan bao doi héi su kiém soat rat chat ché nghiém
nghit vi sy tham gia ctia nhiéu loai Cdk (Cdk1, Cdk2, Cdk3...) va cyclin khac nhau (A, B, D,
E...). Protein Cdkl duoc phan lap dau tién ¢ nguoi, c6 do tuong dong cao véi Cde2 & S.
pombe. Kinase Cdk1 c6 thé bd sung chirc ning cho té bao dot bién cdc2”. Tiép dén, protein
Cdk2 ciia ngudi dugce tim thay nhd kha ning phuc hdi chirc nang cho Cdc28 cua S.cerevisiae.
O co thé truong thanh, da sb cac té bao khong phan chia va giit nguyén & mot trang thai nhat
dinh dé thuc hién chirc nang biét hoa cua td chirc ma chung cAu tao nén. Néu nhu diéu kién
cac chat dinh dudng day du c6 thé thuc diy cac té bao vi khuan, ndm phat trién sinh san, thi
trong co thé da bao, khong phai ngudn dinh dudng ma chinh céac tin hiéu giri di giita cac té
bao dong vai tro quan trong. Phan 16n céc tin hiéu nay 1a cac yéu td kich thich ting trudng
(growth factor) dugc nhan biét boi cac thu thé nam trén bé mat té bao. N@)ng do cua chung rat
nho chi khoang 10 dén 10" M. Twong tac dic hiéu giira tin hiéu va thy thé co tac dung thuc
day té bao budc vao phan chia. Nhu vay khac voi nAm men c6 chu trinh phan bao dugc kiém
soat chu yéu boi cac co ché phan hdi tiéu cuc, phan chia té bao trong co thé da bao duogc diéu
khién chu yéu béi cac co ché kiém soat tich cuc. Vay thi ban chét cua céc tin hiéu diéu khién
tich cuc 1a gi? Co ché nao dé chung tic dong dén phat trién va phan chia té bao?

Yéu té ting truong dau tién dugc phan 1ap co ngudn goc tir tiéu cau (cac manh té bao
tuan hoan trong mau giup mau déng cuc tai Vet thuong). Ching dugc goi la PDGF (platelet-
derived growth factor). Khi mau dong, cac tiéu ciu twong tac v4i nhau tiét ra cac chat dy trix
trong cdc nang tiét cua chung, trong d6 c6 PDGF. Factor nay dong vai tro quan trong kich
thich té bao phan chia trong sudt thoi gian phuc hdi vét thuong.

PDGF chi 1a mot trong s6 khoang 50 protein di biét c6 hoat tinh cta factor kich thich
tang truong. Moi loai t€ bao bi€t hod thuc hién cac chirc nang chuyén biét s€ co cac thu thé



151

déc hiéu voi cac factor khac nhau. Tuy nhién, PDGF c6 kha nang kich thich dbi véi nhiéu loai
té bao nhu t& bao than kinh, té bao co tron, cac nguyén bao soi (fibroblast) ... trong khi factor
erythropoietin chi kich thich duy nhét cac té bao tién hong ciu budc vao phan chia.

Khi factor kich thich tang truong twong tac voi thu thé nam trén be mat té bao thi phan
thu thé nam phia trong mang te bao s€ xuc tac cho chudi phan ing truyen tin hi¢u. Tinh phtc
tap ciia cac phan ung dan tmyen tin hiéu trong té bao dugc thé hién ¢ chd mot tin hiéu trung
gian c6 thé khoi dong cho nhiéu phan Gmg xay ra dong thot. Moi phan ung nay lai gay ra cac
phan tng tiép theo khac nhau. Nhu vay, hé thong dan truyén mot tin hiéu ban dau tao ra nhiéu
tin hi€u trung gian dan xen nhau va c6 tac dong qua lai vdi nhau.

Khi c6 mit factor kich thich tang truéng, té bao chuyén tir Go sang phan chia. C6 thé sap
sép nhitng gen bi hoat hoa bdi mitogen thanh hai nhom. Nhom thir nhat gém céac gen tra 1oi
tin hiéu som (early-response genes). Chiing dugc hoat hoa sau khi c6 tin hiéu khoang 15 phut
va khong doi hoi su tong hop protein. D6 1a do cac factor phién ma cua nhimg gen nay da t6n
tai san trong té bao & trang thai Go. Tuy nhién chung phai dugc bién dbi, vi du nhu bi
phosphoryl hoa, dé chuyén sang dang c6 hoat tinh. Mot s6 gen thudc nhom thir nhat ma cho
factor phién ma ddi véi gen thudc nhém thir hai. Vi vay, hoat dong cua cac gen tra 161 cham
(delayed-response genes) thudc nhom hai phu thudc vao qua trinh tong hop protein. Nhom
thir hai thuong hoat hoa sau khi 6 tin hiéu khoang 1h. Nhu vdy, san pham cua gen tra 161 som
hoat hoa gen tra 10i cham, trong d6 c6 cac gen mi cho protein tham gia hé thong kiém soat
phan bao nhu Cdk2, Cdk4, Cdké va cyclin D, cyclin E. M0t trong nhiing factor phién ma lién
quan chit ch& dén giai doan té bao chuyén tir G1 sang pha S 1a E2Fs.

E2F la factor phién ma ctia nhitng gen ma cho mét s Cdk, cyclin; cac protein tham gia
tong hop deoxyribonucleotide va tai ban ADN. Hoat tinh ctia factor ndy duoc kiém soat nho
tuong tac voi cac protein Rb, p107 va p130. Hon nita, khi twong tac v6i Rb, E2F chuyén tir
dang c6 hoat tinh kich thich sang dang c6 chuc nang kim ham phién ma do (Rb - E2F) lién
két v&i phirc khir acetyl cho histone (khtr nhom acetyl c6 lién quan dén hién twong co dic
nhiém sic thé). Vé phan minh, kha ning twong tic caa Rb phu thudc vao kinase. Mot khi Rb
bi phosphoryl hoa, E2F c6 thé ton tai & dang tu do dé thyuc hién chuc nang khdi dong phién
ma. Nho d6 ma té bao budc vao tai ban ADN.

Trong mot s trudng hop ADN bi ton thuong, té bao dimg lai & cac pha G1 hodc G2.
Dimng lai & G1 nhdm ngin can viéc tai ban ADN chira cac sai hong. Dung lai & G2 gitp té bao
sira chira cac dirt gy ADN trude khi phan ly vé cac té bao con trong pha M. Co ché dimg té
bao ¢ hai pha nay lién quan dén protein p53 va mot s6 protein e ché khéi u khac (fumor-
supressor protein).

Trong té bao binh thuong, protein p53 rat khong bén. Vi thé luong p53 rat kho dat dén
ngudng dé khoi dong phién ma dbi véi mot sb gen, vi du nhu gen ma cho p21°"*. Pay la
protein c6 kha ning tuong tic va kim ham hoat tinh ctia hau hét cac phirc Cdk-cyclin. Do do,
khi ham luong protein p53 it, p21" khéng dugc téng hop. Tuy nhién, khi ADN bi tén
thuong, p53 trd nén bén ving (do tac dong cua co ché chua 13). Lac d6 gen ma cho p21°7
dugc hoat hod va san pham ciia gen nay kim ham hoat tinh ctia cac phirc Cdk-cyclin khién té
bao bi dung lai & cac diém G1 hodc G2 cho dén khi ADN duoc sira chira phuc hdi nguyén
ven. Néu nhu ADN bi ton thuong qué ning hodc cic co ché sira chita ADN khong khic phuc
duoc sai hong thi p53 tham gia thiic day té bao chét theo chuong trinh da dugc 1ap sin trong
genome (chét theo chuong trinh-apoptosis). Chwong trinh tyr chét dugc bat mo o tac dung
loai trir té bao mang ADN t6n thuong budc vao phan chia, ngin can viéc khuéch dai cac sai
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hong. Nhu vy, apoptosis 1am giam thiéu kha ning té bao mang ADN tn thuong phat trién
thanh ung thu.

6.6  Vai tro cia soi vi 6ng tubulin trong phan bao

Phén bao nguyén nhiém duoc bit dau bang viéc nhidm sic thé co dam dic lai trong nhan
va thoi phan bao xuat hién ¢ ngoai nhan (giai doan prophase). Thoi phan bao bao gém chu
yéu cac soi vi ong microtubule lam nhiém vu day trung thé (centrosome) ra xa nhau va kéo
cac nhidm sic thé vé hai cyc. Mot loat dlen bién lién quan dén viéc hinh thanh va lién két soi
thoi voi tam dong, kéo nhiém sic thé vé mit phing xich dao va t1ep do day chung vé céc cuc
vv... phu thudc rat nhidu vao dong hoc cac phan tmg xay ra ¢ hai du soi vi ong.

Soi vi ong microtubules c6 ciu trac dang ong gom 13 soi nho két hop lai, mdi sgi dugc
c4u tao tir cac phan tir tubulin. Mi phan tir tubulin gdm hai tiéu phan (heterodimer) o-tubulin
va S-tubulin. Do tinh da dang cua cac tiéu don vi @ va S-tubulin nén c6 nhiéu loai tubulin.
Céc soi vi ong rat mém déo nhung bén, phan bd thanh mang luéi trong té bao. Chung dam
nhan nhiéu chirc ning khic nhau nhu gop phan tao nén khung té bao; tham gia van chuyén
cac nang, cac phirc protein va dic biét trong qua trinh phan bao. Soi vi dng c6 tinh phan cuc
phu thudc vao dong hoc qua trinh polymer va khir polymer ¢ hai dau cua soi. Mot dau cua soi
[goi 1 ddu (H)] co thé dai ra rat nhanh nho phan img polymer hoa vdi tbe do gap ba lan dau
kia [goi 14 dau (-)]. Tuy nhién soi vi ng c6 kha nang ngan lai dot ngot do mat di cac phan tur
tubulin. Chinh hoat tinh phan hay GTP cua tiéu phan [B-tubulin quyét dinh tinh khong ben cua
so1. Tuong tac gitta S-tubulin v61 GTP can thiét dé phan tir tubulin & dang di hop tir gan dugc
vao hai dau cua sgi microtubules (qua trinh polymer hoa), trong khi phan hity GTP céan thiét
dé pha v& lién két giita cac tubulin va tach ching ra khoi soi (khtr polymer). Hon nita, phan
g polymer gin phirc tubulin-GTP vao cac dau xay ra nhanh hon phan tmg phan hiy GTP
— GDP khi khtr polymer. Ngoai ra ai luc tuong tac gitra cac tubulin mang GTP 16n hon gitra
tubulin mang GDP. Nhu vay, chénh léch nong d6 GTP va GDP ciing nhu tdc do polymer va
khir polymer anh hudng rat 16n dén dong hoc cua soi vi dng microtubules.

Sau khi da gén vao soi microtubules, tiéu don vi a-tubulin chiu bién do6i acetyl hoa & céac
acid amin lysine d6ng thoi loai bo tyrosine & dau carboxyl (post-translational modification).
Céc bién dbi nay khong xay ra véi cac phan tir tubulin tu do chua polymer hoa. Phan img
acetyl hoa va khur tyrosine lién quan dén kha ning lién két ciia microtubules vi mot sb
protein dé ting d6 bén ving cua soi cling nhu tao thudn loi cho twong tac véi cac thanh phan
khac trong té bao. Nhiing protein ndy duoc goi chung 1a MAPs (Microtubule-Associated
Proteins).

C6 thé phan loai cic MAPs thanh hai nhém tily thudc vao trong lugng phan tir. Nhom
HMW (High Molecular Weight) va Tau proteins. CAu tric cta cac protein trong ca hai nhom
déu gdm hai domain; mot domain lién két v6i microtubules va domain kia tuong tac voi cac
thanh phan khac. Khi cac MAPs lién két voi dau soi microtubules, chiing s& ngin can qua
trinh khir polymer, do d6 giit cho soi dugc bén vitng. Ngoai ra can phai luu ¥ dén cac MAPs
¢6 kha ning st dung niang luong phan huy ATP d& di chuyén doc theo soi microtubules.
Nhiing protein MAPs dac biét d6 dugc goi chung la microtubule motor.

Phan bao nguyén nhlem _phai dam bao tuyét d6i moi thanh phan c6 trong té bao dugc
phan chia nhu nhau vé hai té bao con. Do cic bao quan nhu ty thé, luc lap va ngay ca the
Golgi, mang ludi ER khong c6 kha néng ty hinh thanh tir cac nguyén liéu riéng biét trong té
bao chit, cho nén cic bao quan nay khong thé xuét hién trong cac t& bao con néu nhu ching
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khong dugc di truyén tr té bao me dudi dang dac biét. Trong mot té bao, da sd bao quan
thudng ton tai hai hay nhiéu copy. Do do trong té bao con, cac bao quan do dugc duy tri nho
nhan doi tir mot bao quan ban dau. Pic biét ddi voi Golgi va ER, cac t6 chirc nay bi dut gay
thanh cac phan nho trong phan bao va chung dugc kéo vé hai t& bao con nhd cac soi vi 6ng
cua thoi phan bao.

Soi vi ong tham gia qua trinh phan bao dugc chia lam ba loai. S¢i cuc (polar
microtubules) c¢6 cac diu tan cung gip nhau & mit phang xich dao 1am nhiém vu ddy cac cuc
xa nhau. Soi lién két v6i kinetochore (kinetochore microtubules)- phirc protein dic biét tuong
tac voi tim dong, 1am nhiém vu diéu khién su chuyén dong cta nhidm sic thé trong phan bao.
Loai thir ba 13 soi sao hay con goi 14 soi trung thé astral microtubules do chung xuét phét tir
trung thé, huéng ra moi phia va thuong ngin hon hai loai soi kia, gitr vai trd ting cudng luc
day phan chia hai cuc (Hinh 6.8).

Ngay khi mang nhén con nguyén ven trong giai doan prophase, mot s6 soi vi 6ng da xuat
hién ¢ trung thé va gip nhau tai mat phang xich dao. Mot s6 protein microtubule motor 1am
nhiém vu lién két cac sgi microtubules v&i nhau tai dau (+) cua soi, tao luc day va kéo cac
cuc xa nhau. Cac soi microtubules lién tuc polymer hod dai ra va dong thoi bi khir polymer
ngan lai. Ty 18 giira toc dd polymer va khir polymer khong c6 mot gia tri nhat dinh ma thay
d6i phu thudc vao timg giai doan ctia phan bao. Co ché phan tir ciia dong hoc bién ddi soi
microtubules chua 1d rang mic du ¢ lién quan dén MPF trong phan tng phosphoryl hoé va
khir phosphoryl mét sb protein lién két v6i soi microtubules.

C&p nhifm sic thé

S0izan E
S0isan
Trung (i //’/_

| T .
Frotein motor S lign két kinetochore

Hinh 6.8: . .
Ba loai sgi vi Ong cau tao nén thoi phan cwc trong phan bao mitosis.

Budc vao phan bao nguyén nhidm, mdi soi nhidm sic thé duoc nhan d6i tao hai nhidém
sic tir (sister chromatid) dinh nhau ¢ tdm dong. MJi bén tim dong déu c6 phuc protein tuong
tac véi ADN & ving do tao nén cau tric kinetochore. Chinh dau (+) ciia soi vi 6ng sé lién ket
v6i kinetochore thong qua cac protein "motor" dé diéu khién sy chuyén dong ctia nhiém sic
thé, day nhiém sic tir xa nhau va dua ching vé cac cuc d6i dién. Ngay khi di tuong tac véi
kinetochore, ddu (+) ctia microtubules van tiép tuc polymer hoa va depolymer (ttrc 12 van dai
thém va ngan bét do thém vao va dong thoi mét di cac tiéu phan tubulin).
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Chuong 7

SINH TRUONG VA PHAT TRIEN

Qua trinh sinh truong phat trién & dong vat co thé dugc xem nhu bat dau tir sy thu tinh
clia trimg méc du truée d6 moi budce chuan bi da phai hoan tat dé qua trinh d6 dugc thyc hién
mot cach hoan hao. Vi du, mot sé gen ctua me duoc phién ma va dich ma. Tuy nhién, nhiing
san pham nay hoan toan dugc dy trir trong tring nhu ngudn dinh dudng va tap hop cac yéu t6
kiém soat phat trién cua hop tir ngay khi trimg vira thy tinh. Sau khi thy tinh, hop tir trai qua
cac giai doan phat trién phoi nang, phdi da va hinh thanh cac b phan cua mét co thé hoan
chinh. O giai doan phoi nang, hau hét cac té bao chua biét hoa. Tuy nhién, budc sang giai
doan phoi da, phoi thai bét dau hinh thanh véi 3 16p té bao: ndi bi, trung bi va ngoai bi. Tur 3
16p té bao nay, cac té bao di c6 sd phan khac nhau, chung phat trién biét hoa theo nhung
chuong trinh khac nhau tao thanh cac by phan riéng biét cia mét co thé hoan chinh.

That tha vi khi tir mot té bao trimg ban dau, mot co thé da bao véi nhiéu loai té bao biét
hoé khéc nhau duge hinh thanh. O mue d6 phan tu, sy khac biét gitra cac loai té bao duogc
xem nhu phy thudc vao cac cach thirc hoat dong ctia gen va twong tac giita cic san pham cua
chung. Hoat dong cua gen lién quan chii yéu dén cac protein. Chung c6 thé 1am thay ddi céu
tric ctia doan ADN chtra promoter, khoi dong qua trinh sao chép thong tin, diéu khién hoat
dong cua cac enhancer hodc tic ché cac factor phién ma.

Qua trinh diéu khién bat mé hoic déng cac gen do protein ddm nhiém dan dén viéc hinh
thanh céc bo phan ctia mot co thé hoan chinh duoc nghién ciru kha k¥ trén dbi tuong rudi giam
D.melanogaster va giun tron C.elegans. Sau khi thu tinh, mot loat dién bién xay ra trong trimg
rudi gidm, bat dau tir sy phan bd khong dong nhét cua cac cht trong té bao chat dan dén murc
d6 biéu hién khac nhau ctia cic gen thay di theo thoi gian va khong gian. Diéu d6 khién cho
cac phan cuc bd phan bd bén trong trimg c6 nhiing dic tinh riéng biét. O bat ky giai doan nio
trong qua trinh phat trién, viéc dong hoic mo mot gen déu lién quan dén hoat dong cua cac
gen khac trong giai doan trude d6. Noi mot cach khac, mot protein didu khién nay s& kiém tra
hoat dong ctia gen mi cho protein diéu khién khac. Nhu vdy, trong giai doan mé phéi, hoat
dong ctia gen xdy ra & mot thoi diém nhat dinh giit vai tro chil dao trong biét hod phat trién.

Nghién ctru sinh truong phat trién 0 dong vat thuong dua vao phén tich di truyén doi héi
cac dbi tuong thoa man nhimg yéu cau nhu s6 lugng ca thé nhidu, vong doi ngan, dé dang
thu nhén dugc cac thé dot bién trong tu nhién ciing nhu bang k¥ thuat chuyén gen vv... Rudi
glam Drosophila melanogaster va giun tron Caenorhabditis elegans dap ung duoc nhiing yéu
cau trén nén dugc str dung nhu nhiing sinh vat mé hinh dé nghién ciru vé hoat dong cua gen
trong qua trinh phat trién, dac biét & giai doan phoi som. Hé gen cua hai d6i twong mo hinh
nay khong 16n (170.000 kb ¢ rudi giam, 80.000 kb & giun tron), tao thuan loi cho viéc phan
1ap céc gen lién quan. Mot khi da biét trinh tuy nucleotide ctia mot gen ddc hiu, hoat dong cua
gen nay theo thoi gian va phy thudc vao to chitc md chuyén hoa dugc xac dinh nho cac ky
thuat lai acid nucleic hodc tao khang thé. Tat ca nhiing phuong phap sinh hoc hién dai da gitp
chung ta hiéu duoc thoi diém va vi tri ma cac gen bat dau hoat dong trong qua trinh phat trién
phoi. Ngoai ra, cac gen phan lap duoc tir hai d6i twong mé hinh nay c6 thé duoc dung dé tao
ra cac ca thé chuyén gen. Tir 46, chirc ning dic thu ciia gen ciling nhu cac qua trinh sinh hoc
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lién quan dén san pham cua gen dugc hiéu mot cach day da hon. Co thé noi nhirng nghién ciru
trén giun tron va rudi gidm giup cic nha sinh hoc ¢6 nhing hiéu biét chi tiét va tong thé vé
cac cach thire kiém soat sinh truong phat trién. Trong khi nhitng gen ¢6 vai trd quyét dinh qua
trinh phat trién ¢ rudi gidm 1 nhitng gen mé cho protein tham gia vao bién d6i ARN thi ¢
giun tron lai 1a nhiig gen ma cho céac yéu to diéu khlen phién ma. Tuy nhién, cach thirc kiém
soat xac dinh gidi tinh ¢ giun tron va rudi gidm gidng nhau: gioi tinh dugc xac dinh phu thuge
vao ty 1¢ gitta s6 lugng nhiém sic thé gidi tinh X va sd luong nhiém sic thé thuong Khi ty 1¢
nay bang hodc 16n hon 1 (> 1), phdi phat trién thanh con cai. Khi ty 1& nay bang hodc nhé hon
0,5 (< 0,5) thi phoi phat trién thanh con duc.

Giun tron C.elegans duoc cac nha di truyén hoc quan tdm rat mudn (1960) so voi rudi
glam Drosophila (1909). Giun tron c6 thé nudi trong dia petri voi ngudn thirc an chinh 14 vi
khuan E.coli. Trong diéu kién moi truong dinh dudng day du, vong doi cia giun tron chi
trong khoang 3 ngay. Dac biét, C.elegans 1a dong vat ludng tinh; trimg va tinh trung sinh ra tr
mot ca thé c6 kha nang tu thy tinh phat trién thanh mét co thé méi. Vi thé dé dang chon loc
dugc cac dot bién 13n dang dong hop tir. Ngoai ra, co thé giun tron trong subt nén co thé nhin
thdy cac té bao va theo ddi duge s6 phén cua ching trong qua trinh phat trién tir trimg thuy
tinh. Pha hé cta tit ca cac té bao tao ra trong sudt qué trinh tir tring thu tinh dén co thé truong
thanh da duoc xac dinh véi giun tron khién cho C.elegans trd nén mé hinh 1y tuéng trong
nghién ctru sinh truéng phat trién.

Rudi gidm Drosophila ¢6 toan bo chu trinh sdng chi kéo dai 9 dén 10 ngay. Trimg rudi
gidm sau thy tinh phéan chia rat nhanh tao thanh cac té bao khong c6 mang. Vi vy, giai doan
dau ngay sau thy tinh c6 thé xem trimg 1a mot té bao c6 rat nhiéu nhan gidong nhau. Trang thai
nay cua tring dugc goi 1a hSn bao. Sau 9 lan phan chia nguyén nhiém, tong s6 512 nhan di
chuyen trong té bao chat vé phia mang té bao trimg va tiép tuc phén chia thém 4 lan nita. T1ep
dén tat ca cac nhan nay deu dugc bao boc boi mang tao thanh cac té bao riéng biét. Nhitng té
bao ndy nam sat mang té bao tramg (phia té bao chit) tao thanh 16p don bao (goi 1a 16p bi
phoi) trén bé mit cua phoi. Phoi rudi gidm con phai trai qua mot loat bién d6i hinh thai tir 4u
tring, nhong dén co thé truong thanh.

7.1  Kiém soat xac dinh giéi tinh

O giun tron C.elegans, giun duc chi c6 mot nhiém sic thé X, giun cai ¢6 2 nhiém sic thé
XX. Cach thire x4c dinh gi6i tinh & C.elegans lién quan it nhat dén san pham ctia 10 gen khac
nhau. Dot bién & cac gen ndy giy nén nhirng 1éch lac trong phat trién gidi tinh. Vi du, dot bién
gdy mat chie nang (loss-of-function) 6 gen her-1 (hemaphrodite-1) khién phoi XO (chi ¢o
mot nhlem sdc thé X) phat trién thanh ca thé ludng tinh. Trong phoi XX, protein nay khong
dugc tong hop. Tuy nhién, trong phoi XO, protein HER-1 ¢6 chiic ning cua protein dleu
khién (regulatory protein) gdy kim him hoat dong ctia mot loat gen lién quan dén phat trién
gidi tinh cai. Nhu vay gen her-I ma cho protein can thiét dé phoi XO phat trién thanh giun
duc. S6 lwong nhiém sac thé X va sd luong nhiém sac thé thuong (ky hi€u la A) c6 mét trong
hop tir phai duoc xac dinh chinh x4c vi ty s6 X/A gitra hai 80 luong do quyét dinh biét hoa
gioi tinh cua phdi. Viée xdc dinh chinh xac s6 luong nhiém sic thé gi61 tinh phuy thudc vao
cac yéu tb tir sb (numerator elements) va viéc xac dinh chinh xac s6 luong nhlem sdc thé
thuong phu thuge cac yéu tb mau s6 (denominator elements). Mot s6 yéu to tir s6 da duoc
phat hién nhung sy ton tai ctia yéu t6 mau sé chua duoc ching minh bang thyc nghiém.

O rudi giam Drosophila, tuong ty nhu ¢ giun tron C.elegans, qua trinh xac dinh gidi tinh
cling doi hoi phai xac dinh ty s giita s6 lwong nhiém sic thé X va s luong nhiém sic thé
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thuong (A). Thong tin ty s6 X/A s& chuyen dbi thanh cac tin hiéu dé hoat hoa cac nhom gen
khac nhau lién quan dén hinhthanh cac biéu hién dic thu cia ting gioi. S6 lugng nhiém sic
thé X va s6 luong nhiém sac thé thuong dugc xac dinh ¢ giai doan rat som cua phoi. Trong
giai doan phoi som, mot s6 protein dugc ma boi cac gen phan b trén nhiém sic thé X va mot
s6 khac dugc mé boi cac gen nam trén nhiém sic thé thudng. Cac protein cta phdi twong tac
voi nhau va tuong tac voi protein dugc du trir trong té bao chit cua trl'mg S6 luong protein do
gen nim trén nhiém sic thé X trong phdi XX s& nhiéu gap 2 1an so véi phdi XY. Do do, su
chénh Iéch nong do san pham cua cac gen lién két nhiém sac thé X so véi cac gen trén nhiém
sdc thé thudng cho phép “dém” chinh xac sé luong nhiém sic thé XX. Do ¢ sb luong nhiéu
hon nén protein ctia gen trén nhidm sic thé X trong phoi XX dé dang tuong tac véi protein du
trit san trong té bao chat clia trimg. Tuong tic nay s& dan dén khoi dong nhimg gen quyét dinh
phat trién giGi tinh (Hinh 7.1). Nhu vy, nhimg protein ma boi gen lién két gidi tinh dam nhan
chirc nang cua yéu t6 tir s& (numerator elements). Ngugc lai, nhitng protein ma boi gen trén
nhlem sac thé thuong dam nhan chic nang cua yéu t6 mau sd. Ty sb giita nong do yéu to tir
s6 va nong do yéu t6 mau so ty 18 véi ty s6 X/A. Do do, gidi tinh duoc quyét dinh phu thudc
vao chénh 1éch noéng d6 san pham clia cic gen nam trén nhidm sic the X véi san pham cac
gen trén nhiém sic thé thuong. (Can nhic lai 1a cic gen nay hoat dong rat sém trong giai doan
phat trién ctia phoi).

Mot khi ty s6 X/A dugc xac dinh, gia tri cta ty sd s& chuyén doi thanh tin hiéu diéu khién
hoat dong ciia gen Sx/ (Sex-lethal gene) tai promoter Pg. Gen Sx/ nam trén nhiém sac thé X.
Protein SXL cua gen Sx/ chi dugc phat hién trong giai doan sém ¢ phdi XX. Sau do, phién ma
tor Pg duogc thay thé boi promoter Py;. Diéu dic biét thu vi 1a promoter Pg cling hoat dong &
phéi XY. Tuy nhién, qua trinh bién doi (cit ndi exon-intron) cia phan tr ARNm phién ma tir
Pwm chi dugce thuc hién hoan hao khi c6 mét cua protein SXL (nhéc lai 1a protein nay dugc dich
mi tir ARN ctia promoter P trong phdi XX). Trong phoi XY, co ché cit ndi luan phién khi
khong c6 mit protein SXL bi léch lac 1am xuét hién ma dimg (stop codon) khong dung chd
trén phan tt ARNm. Nhu vay, sy vang mit cua protein SXL tuwong ng véi ca 2 promoter
khién cho phéi phat trién thanh rudi duec.
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Hinh 7.1:

Ty s6 gira s6 lwgng nhiém sac thé gidi tinh X va s6 lwgng nhiém sac thé thuong quyét dinh
hoat déng ctia gen Sxl; protein SXL kiém soat cac gen can thiét cho xac dinh gidi tinh cta
phoi Drosophila (theo Snustad, 2000).
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Trong phdi XX, protein SXL dam nhén chirc ning cua protein kiém soat theo co ché tich
cuc qua trinh bién do6i phén tir tién than ARNm. Diéu nay ¢ nghia, sy c¢6 mit cia SXL cho
phép s6 luong protein SXL tang 1én nho cit n6i luan phién chinh xac. Nhu vay, protein SXL
kiém soét tich cuc hoat dong ctia chinh gen Sx/. Ngoai ra, SXL con kiém soat sau phién ma ddi
v6i ARNm cua gen tra (tranformer gene). Cac phan tir ARNm tién than phién ma tir gen tra
dugc cat ndi luan phién. Trong phdi XY, cit ndi luan phién cua tra- ARN tao ra md dung
ngay trong exon thir hai. Trong phdi XX, sy c6 mat cua SXL giup ra-ARNm cat ndi dung dé
tiép tuc dich mi tao protein TRA. Nhu vy, su ¢ mit ctia protein SXL cho phép xuit hién
protein TRA trong phoi XX.
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Hinh 7.2:

Kiém soat xac dinh gioi tinh & phai rui gidm Drosophila. Protein SXL ctia gen SxI bat mé chubi cac
buwdc kiem soat hoat dong cua cac gen xac dinh gigi tinh thong qua kiém soat cat noi luén phién
cac phan tt tien than ARNm (theo Snustad, 2000).

Protein TRA, dén luot minh, phdi hop véi protein TRA2 (ma béi gen nam trén nhiém sac
thé thuong) dé kiém soat hoat dong cia gen dsx (doublesex gene). Gen dsx ma cho 2 loai
protein DSX; chiing dugc dich ma tir 2 loai phan tt ARNm khac nhau tao ra do cit ndi luan
phién tir mot dsx-ARNm tién than ban dau. Trong phdi XX co mit protein TRA, TRA tac
dong dén cat ndi luan phién cta dsx-ARNm. Do d6, loai protein DSX cua phoi XX c6 chic
ning kim hdm hoat dong ciia nhitng gen can thiét cho phéi phat trién thanh con dyc. Trong
phoi XY khong c6 protein TRA, dsx-ARNm khac voi dsx-ARNm trong phdéi XX. Loai
protein DSX c¢6 trong phdi XY c6 chiic ndng kim him hoat dong cua nhitng gen can thiét cho
phéi phat trién thanh con cai. Nhu vdy, 2 protein DSX xuét phét tir mot gen dsx. Tuy nhién,
mdi loai DSX quyét dinh con duong phat trién gi6i tinh duy nhat cho phoi. Tir sy lya chon
nay, hang loat cac gen s& biéu hién khac nhau giira phoi XX va phoi XY trong qué trinh biét
hoa phat trién gidi tinh (Hinh 7.2).

Trong giai doan sdm cua phat trién phéi, hoat dong clia cac gen trén nhiém sic thé X sé
dugc kiém soét theo cach thire diéu tiét xuit lidu (dosage compensation). Vi du, & giun tron
C.elegans, phtic protein chi xuat hién trong té bao phdi c6 hai nhiém sic thé XX va tuong tac
vOi chung dé kim ham hoat dong cta cic gen trén nhiém sdc thé X. Pidu do dam bao didu tiét
duoc lidu luong protein ctia nhitng gen nay trong té bao c6 2 XX (giun cai) gidng nhu trong té
bao chi co6 mot X (giun duc). Nguoc lai giun tron, trong té bao rudi duc (XO) Drosophila c6
phtic protein twong tac véi mot nhiém sic thé X dé ting liéu xuit hoat dong ctia nhitng gen
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nam trén nhiém sic thé X. Nhu vay trong té bao phdi Drosophila ¢6 hai nhidm sic thé XX,
khong xay ra hién tuong bét hoat mot nhiém séc thé X nhu & dong vat bac cao. Céc gen trén 2
nhiém sic thé XX déu hoat dong nhung mirc do biéu hién duoc kiém soat theo co ché kim
ham. Trong céc t& bao phodi Drosophila chi ¢ mot nhidm sic thé X thi hoat dong ciia cac gen
trén nhiém séc thé nay dugc kich hoat ting liéu xuat. Piéu d6 dam bao sb lugng protein trong
phoi XX tuong tu nhu trong ph6i XO (Hinh 7.3).

Diéu tiét xuat liéu & Drosophila ddi hoi it nhat san pham cua 4 gen khac nhau, goi chung
la nhitng gen msl (male-specific lethal genes). Trong phoi duc, phirc protein MSL bam trén
nhiém sic thé X duoc xac dinh nho k¥ thuét lai st dung khang khang thé ddi voi MSL. Dot
bién & nhitng gen nay khién phoi duc bi chét do nhidm sic thé X duy nhat cta phdi khong
duoc kich hoat. Trong sé 4 protein MSL, protein MLE (san pham cua gen mle-maleless) c6
hoat tinh helicase gy m¢ xoan chudi kép ADN. Diéu nay goly nhiém sic thé X duy nhat
trong phoéi duc mo xoan dé cac gen tang cuong hoat dong. Piéu dic biét 1a phirc MSL ¢6 lién
két vdi ARN dé tuong tac véi nhidm sic thé X. Hai gen roX7 va roX2 nam trén nhidm sic thé
X (RNA on the chromosome X) phién ma tao roX/-ARN va roX2-ARN. Hai loai ARN nay
khong duoc dich ma mic di chung déu trai qua bién doi thém dudi poly A va cit ndi exon-
intron. Chung phan b trén nhiém sic thé X cung véi phirc MSL. Hoat dong ctia 2 gen mé cho
roX-ARNs chiu kiém soat tiéu cuc ctia protein SXL. Hai gen nay chi phién ma khi gen sx/
khong hoat dong. Nhu vay, cac phan tir 7oX-ARNs chi xuat hién trong phoi XY.

Khi phdi XX c6 dot bién trén ca 2 allen cua gen sx/, ph6i khong phat trién thanh rudi duc
nhu dy doan ma phdi bi chét. Tuy nhién, phoi chet khong phai do r6i loan trong qua trinh
chuyén di gio1 tinh (do gen sx/ dot bién) ma do rdi loan gy ra trong diéu tiét lidu xuat cua
nhiing gen nam trén nhidm sic thé X trong phoi XX. Trong phdi dong hop tir dot bién Sx7, cac
gen trén hai nhidm sic thé XX khong duoc kim him nén dan dén sy qua liéu cac san pham cua
nhiing gen d6. Diéu nay khién cho phdi chét. Nhu vay, bén canh nhiém vy kiém soat biéu hién
clia cac gen trong qua trinh xac dinh gi6i tinh, protein SXL con diéu tiét liéu suét ctia chinh cac
gen nam trén nhiém sic thé X.

giun cdi hode

Lurfing tinh (XX} giun dure (X0) mdi cdi (XX rudi due (X¥3
Ca hai XE bi Nh.lEm!c thé X
Kkirn hiira durcre kich hoat
Hinh 7.3:

Co ché diéu tiét liéu suat déi véi hoat dong clia cac gen nam trén nhiém sac thé X & giun
tron va rudi giam. Hai cach thirc dieu tiét xay ra ngwoc nhau doi voi hai loai dong vat nay va
khac v&i cach thire bat hoat moét nhiém sac thé X & dong vat cé va.

7.2 Phat trién & rudi giam Drosophila

O ruf)i gidm Drosophila, trimg dugc hinh thanh tir noan bao. Mot noédn bao co6 moi lién hé
v6i 15 té bao nudi (nurse cell) thong qua cac cau ndi té bao chat (Hinh 7. 4). Nho d6 ma cac
chat dinh dudng va ARNm tong hop trong té bao nudi duoc van chuyén sang noin bao.
Nhirng nguyén liéu nay can thiét cho nodn bao phat trién thanh trimg ciing nhu dbi véi su
phat trién ctia mé phoi ¢ giai doan dau.
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T bio rmdi

Hinh 7.4: . . )

Cac té bao r]u()i pc“)i,vc'vi nhaq va noi \{c'yi mot cuwe cﬂg té bao trirng
thdng qua cau ndi té bao chat. Cac té bao nang la té bao soma
trong khi té bao trirng va cac té bao nudi xuat phat tir t&€ bao sinh
duc.

Hau hét cac gen lién quan dén qua trinh phat trién ctia Drosophila dugc phat hién nho cac
dot bién gay chét ¢ giai doan phat trién phoi sém hoac khién cho mét bd phan co thé phat
trién khong binh thuong. Tu cac két qua nghién ctru di truyén phan tir, thuc nghiém da phan
loai céc dot bien thanh ba nhom chinh tuy theo hoat dong cua ching cling nhu chirc nang san
pham tuong tmg. Mot s6 dac diém chung cua tirng nhém dot bién nhu sau:

1. Dot bién xay ra v6i cac gen cd ngudn gdc tir me (maternal genes). Cac gen nay hoat
dong trong giai doan phat trién trimg & trong co thé me. bot bién trén nhiing gen nay
khong gy anh huong dén doi sdng binh thuong ctia rudi me, nhung lai ¢ bicu hién
tinh trang & thé hé con. Chiing c6 thé hoat dong trudc hodc sau khi trimg chin.

2. Dot bién & cac gen tao dbt (gaps genes). Cac gen nay hoat dong sau khi trimg da
thu tinh. Dot bién trén ching 1am thay ddi s6 lwong hodc tinh phan cuc cua cac ddt.

3. Dot bién xay ra & cac gen chon loc (selector genes) hay con goi 13 gen homeotic
(homeotic genes). Cac dot bién nay khong lam thay doi sb lugng, kich thudc hoic
tinh phan cuc cua cac d6t. Cac gen homeotic qui dinh nhitng dic tinh riéng biét cua
timg d6t. Do d6, nhimg dot bién xay ra lam cho mot phan cua co thé mang nhiing
tinh trang ctia phan khac. Vi du dot nguc biéu hién cac dic tinh cta ddt bung; chan
hodc canh c6 thé xuit hién & ph?m dau vv...

Céac gen ciia moi nhom hoat dong ndi tiép nhau dé hoan thién céc tinh chét riéng c6 tinh
déac thu ngay cang cao cua cac phan trong phdi. Cac gen 6 nguon goc tor me phan dinh cac
vung trong trimg. Trong mdi ving, san pham cua cac gen co ngudn goc tir me phan bd khac
nhau. Pidu d6 din dén sy hoat hod khac nhau cua cac gen phan a6t trong vung. Nho' d6 ma
cac d6t duoc hinh thanh. Trong mdi ddt, cac gen homeotic s& hoat dong dé xac dinh cac tinh
chét dic thu cua ddt, tire 1a hinh thanh cac co quan co vi tri phan bd nhét dinh tai ddt do.

7.3 Hoat ddng cilia cic gen c6 ngudn goc tir me trong qua trinh hinh thanh truc diu-
dubi va truc lung-bung

Déi v6i dong vat, co thé ludn c6 hai truc nham phan biét phan dau véi phan dudi va phan
lung voi phén bung. Ca hai truc nay dugc hinh thanh rat som, tham chi & mot sd loai co thé
duogc dinh hinh ngay truéc khi trimg thy tinh. Trén d6i tugng rudi giém Drosophila, qua trinh
hinh thanh hai truc ddu-dudi va lung- bung duoc nghién ctru kha chi tiét dya vao cac loai dot
bién anh huong dén giai doan phat trién rat sém ciia phoi.

Phén tich tong thé cac dot bién lién quan den giai doan phat trién dau tién cua phoi rudi
gidm cho phép xac dinh bdn nhom gen ¢6 ngudn gdc tir me tham gia kiém soat qua trinh hinh
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thanh cac truc dau dudi, lung bung cua phoi. Dé hiéu 16 & murc d6 phan tir nhimng co che lién
quan den san pham cua gen c6 ngudn gdc tir me, sinh hoc hién dai déc biét la di truyén phan
ttr d tién hanh phan 1ap gen, xdc dinh hoat dong cua gen ¢ mirc do tong hop ARNm, xac dinh
su phan b clia san pham twong tmg tai cic phan khac nhau & phoi cling nhu tac dong cua san
pham dén chirc nang cua cac protein khac. Thuc nghiém nhén thdy cac gen c6 ngudn gdc tir
me giit vai tro rat quan trong trong giai dogn phat trién phoi som. Dot bién xay ra ¢ nhiing gen
nay khong lam xuat hién tinh trang mé&i d6i vi me ma chi biéu hién ¢ thé hé sau. Trimg cua
nhitng con me mang dot bién & cac gen d6 thuong bi hong, phdi bi chét trong qua trinh phat
trién.

Cac gen co ngudn gdc tir me hoat dong trude khi tring duge thy tinh. San pham cua
chung c6 thé duoc sir dung ngay hodc dugc du trir trong trimg dudi dang ARNm hodc protein.
Ngay trong trimg da xudt hién gradient cua cic protein hoic ARNm phén bd theo hai tryc
dau-dudi va lung-bung. Céac gradient chiu trich nhiém hinh thanh truc dau-dudi xuat hién
trudc, con gradient chiu trach nhiém truc lung-bung xuét hién cham hon.

Céc gen c6 ngudn gbc tir me duge chia lam bon nhém khac nhau: nhém gen lung-bung
(dorsoventral-group genes), nhom gen hai ving tan cung dau va dudi (terminal-group genes),
nhém gen phan dau bao gdm dau va nguc rudi gidm (anterior-group genes) va nhém gen
phan duoi (posterior-group genes). Mobi nhom gom nhimg gen cung quyét dinh chung cho
mot cach thire phat trién cta timg vung. Trong moi ving, cac dién bién cuc bd xay ra dau tién,
c6 thé & ngoai hodc trong tring. Piéu d6 dan dén phan ving ciia cac tin hiéu & trong tring.
Tiép dén, su phan bd cuc bo clia cac protein co thé dan dén hinh thanh mot cau trac riéng biét
tai vung do. Noi mot cach khac thi tai mSi vung, ndng do protein dic hiéu dat ngudng nhat
dinh s& quyét dinh s6 phan phéat trién cua ving d6. Nhing protein nay dugc goi la
morphogen (tam dich la protein ma liéu). O giai doan dau tién phat trién phdi, sy hinh thanh
ving dau-dudi va vung lung-bung duoc quyét dinh boi sy phan bd cuc bd cua gan 30
morphogen. Thuc nghiém di tim dugc hon 30 gen lién quan dén sinh tong hop, van chuyén
va phan bd cac morphogen. Sy phan ving xay ra hoan toan doc 14p voi nhau.

7.3.1. Nhom gen quyét dinh phat trién ctia phan dau va nguc 4u thé (anterior-group
genes)

Khi choc thung mot 16 nho tai dau trude cia trimg (noi tiép giap voi cac té bao nudi) dé
té bao chét cta phan do thoat ra ngoai, phoi s€ phat trién khong c6 dau. Néu lay té bao chit ¢
phan sau cua trang b6 sung vao phan dau thi phoi phat trién s& c6 hai dudi (ma khong co dau).
Néu lay té bao chat ciia phan dau tiém vao vi tri khac trén trimg, tai d6 cau trac dau s€ hinh
thanh. Céac két qua nay ching té rang phan dau du thé dugc quyét dinh boi cac chat nam tai
mot cuc cua trimg. Di truyén phan tir d3 tim duoc nhitng con me bi dot bién & gen bicoid s&
dé tring phat trién thanh phoi khong c6 dau. Néu ldy té bao chat & cuc trude cua trimg binh
thuong tiém vao trimg ciia con me dot bién thi phdi cua trimg d6 lai phat trién c6 dau. Nhu
vay chinh san pham cta gen bicoid dy trit & cuc trudc cla trimg giit vai tro kiém tra qua trinh
phat trién phan dau au thé.

Két qua phép lai insitu cho thdy ARNm ctia gen bicoid duoc tong hop trong cac té bao
nudi va dua vao té bao trimg theo cau ndi té bao chat. Chiing dugc giir lai & cuc trude do phan
khong dich ma & dau 3' twong tac véi cac thanh phan ciia khung té bao tai cuc d6. Cac phan tir
ARNm nay chi dugc sir dung dé tong hop protein Bicoid sau khi tring thu tinh. Nong do
protein Bicoid 16n nhat tai cuc trudc va giam dan vé phia dudi. Gradient nong d¢ thay doi khi
genome cua con me dugc ghép thém cic ban sao cua gen bicoid. Do sb ban sao cia gen
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bicoid trong co thé me ting, nong dd ARNm cling nhu protein Bicoid trong tring cling tang.
Diéu nay dan dén phoi phat trién c6 phan dau rong 1an 4t ra phia sau. Nhu vay protein Bicoid
12 mot morphogen. Phan dau cia phdi duoc qui dinh do su chénh léch ndng do cua
morphogen nay. Protein Bicoid bam vao promoter ciia mot s6 gen va hoat hoa ching. Mot
trong nhitng gen nay 1a gen hunchback.

Hoat dong cia hunchback phu thudc néng do protein Bicoid. Gen hunchback chi bat mé
khi nong d6 Bicoid dat mot gia tri nhat dinh va hoat dong manh hay yéu phu thudc vao sd
luong gen bicoid, tirc sb luong protein Bicoid c6 nhiéu hay it. Promoter ctia gen hunchback
chutra 3 vi tri ¢6 ai luc lién két cao va 3 vi tri ¢6 ai luc yéu dbi véi protein Bicoid. Rudi gidm
chuyén gen mang gen bao céo (reporter gene) gan véi promoter hunchback bi loai bo cac vi
tri ¢ ai luc lién két khac nhau da chimg to6 mirc do twong tac cta Bicoid v6i nhitng vi tri d6 sé
quyét dinh mutrc d6 hoat dong ctia gen hunchback. Do 6, gradient ndong d6 Bicoid s& tng véi
mirc d6 biéu hién khac nhau cta gen hunchback theo khong gian. Mit khac ¢ ngay ciing mot
ndng do Bicoid, do cac vi tri & ving ADN diéu khién cua gen hunchback c6 ai luc twong tac
khac nhau véi Bicoid nén sy canh tranh lién két ciing anh huong dén hoat dong cua gen nay.
N6i mét cach khac, sy khac nhau vé sé lugng morphogen tham gia khoi dong cac gen dugc
chuyén thanh sy khac nhau vé ban chét, ciu tric té bio trong giai doan phat trién phoi (Hinh
7.6).

Piéu dang luu ¥ 1a cac phan tt ARNm-hunchback duogc tao ra tir hai ngudén. Ngudn thir
nhit tir qua trinh phién ma trén gen hunchback dugc kiém soat boi nong do Bicoid. Cac phan
tt ARNm nay phan b cuc bo & vung dau cua phoi. Nguon thir hai c6 sin trong té bao chat
cua triung, chung dugc van chuyén tir cac t& bao nudi sang té bao trimg va phan bd dong déu
trong té bao chat. Miac du cac ARNm- hunchback tix ‘ngudn thir hai c6 mat ¢ moi vung trong
trimg nhung protein trong (mg Hunchback khong xuit hién 6 phan duoi cta phoi. Bo 1a do su
mat cua protein Nanos. Gen mé cho protein nay c6 ngudn gdc tir me, tic 1a ARNm- nanos
duogc du trit san trong trirng. Cling giong nhu hau hét ARNm ctia céc gen ¢ ngudn gdc tir me
khac, ARNm-nanos phan bd cuc bo & phia cudi ciia phdi. Do d6, xuét hién gradient protein
Nanos theo chiéu nguoc lai véi gradient protein Bicoid. Hon nita, chirc ning cta hai protein
nay ciing ngugc nhau. Trong khi Bicoid hoat ho4 thi Nanos kim ham hoat dong cua gen
hunchback. Protein Nanos ngan can qud trinh dich ma tir cdc phan tot ARNm- hunchback c6
mit & ving dudi. Hai protein Bicoid va Nanos déu tham gia kiém soat hoat dong cua
hunchback. Tuy nhién can luu ¥, Bicoid 1a factor phién ma trong khi Nanos tic dong dén qua
trinh dich ma.

Niing dé | Gen hunchback  —»
Hunchbhack Ll:.
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Hinh 7.6:

Gradient ndng do ctia hai protein Bicoid va Hunchback theo truc truéc sau ctia phoi
Drosophila. Protein Bicoid hoat hoa gen hunchback thong qua twong tac voi cac vi tri dac hiéu
nam trong ving didu khién clia gen hunchback. Cac twong tac nay c6 ai lwc khac nhau twong
(rng v&i biéu hién & mirc do khac nhau ciia hunchback.

Mot loat cac protein khac dugc tong hop tir cac gen ¢ ngudn gde tir me tham gia vao giai
doan phat trién dau tién cua phoi rudi giam. Vi du, gen pumilio mi cho protein ¢ chirc ning
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tuong tu Nanos, ttrc 1a kim hdm qua trinh tong hop Hunchback. Kha ning kim hdm ctia Nanos
va Pumilio phu thudc vao ving 3' khong dich ma trén phéan tt ARNm- hunchback bao gém ca
dudi polyA. Thuc nghiém quan sat thiy & phdi rudi gidm binh thudng, dudi polyA duoc dai
thém trudc khi phan tt ARNm- hunchback duge dich ma. Protein Nanos kich thich phan Ung
cit ngan dudi polyA khién viéc dich ma trén ARNm- hunchback bi tic ché.

7.3.2. Nhém gen qui dinh phat trién phan dudi (posterior-group genes)

Két qua cac thi nghiém di truyén cho thiy dot bién & mot s6 gen c6 ngudn gde tir me din
dén viéc phoi phat trién khong c6 phan dudi va khong co cac té bao sinh duc. Tién hanh cac
thi nghiém tuong tw nhu dé lam véi cuc trude cua trang (thay té bao chat ¢ cuc sau cua tring
binh thuong vao trimg bi dot bién hoac tiém té bao chit ndy vao mot vi tri bat ky... ) déu khoi
phuc dugc cAu trac phan dudi cta du thé. Thuc nghiém da tim ra protein Nanos dong vai tro
morphogen trong viéc hinh thanh cdu triic dudi. Gen nanos hoat dong trong té bao nudi va
ARNm cta n6 duoc van chuyén qua cau ndi té bao chat dén cuc sau cua trimg. Chung dugc
gilt & cuc sau nho phan khong dich mi ¢ dau 3'. C6 1& phan nay dugc nhan biét va twong tac
v6i san pham cta mot gen hoat dong trude nanos va ciing phan bd cuc bd ¢ cuc sau.

Qua trinh hinh thanh cac té bao sinh duc, cung voi cac gen can thiét cho viéc thiét lap cdu
tric phan dudi con doi hoi mot sé gen c6 ngudn gdc tir me ma san pham cia chang duoc tich
lily tai cuc sau cua trimg. Gen oskar déng vai trd then chdt trong viéc hinh thanh té bao sinh
duc. Khi gen nay bj dot bién, phoi phat trién khong co té bao sinh duc. ARNm va protein
Oskar tap trung ¢ cuc sau. Ching xdm nhdp vao mot s6 té bao & cuc nay va quyét dinh s6
phén cua chung phat trién thanh té bao sinh duc. Pua ARNm cila gen oskar vao cuc dau, cac
té bao sinh duc xuét hién & cuc nay.

7.3.3. Nhém gen qui dinh phat trién truc lung-bung (dorsoventral-group genes)

San pham cua nhom gen nay diéu khién sy hinh thanh truc lung-bung tir khi trimg thy
tinh dén giai doan xuat hién cac té bao phoi bi (blastoderm). Dot bién & bat ky gen nao trong
nhom déu dan dén hién tuong phoi phat trién khong c6 cau tric bung. Tai vi tri cua phan bung
xuat hién cdu trac lung. Cac dot bién kiéu nay déu dugc khic phuc khi dua té bao chat cia
phoi phat trién binh thudng vao phdi phét trién tir trimg ctia con me chtra cac gen dot bién
thudc nhoém truc lung bung.

Pau tién cac nha di truyén da ding tac nhan hoa hoc giy dot bién timg nhidm sic thé cua
rudi gidm. R4t nhiéu gen mang dot bién va tinh trang lién quan da dugc phat hién. Trong sd
d6, gen dorsal dugc xem dong vai tro quyét dinh dén viéc hinh thanh truc lung bung. Protein
Dorsal dugc tong hop tir me va duy trit trong té bao chit cua trimg. Pén giai doan phoi bi,
Dorsal di chuyén vao trong nhan cta nhimg té bao phan bd ¢ ving bung. Lic d6 Dorsal bat
m¢ hoat dong cua hai gen twist va snail, dong thoi kim ham gen zerknullt va decapentaplegic.
Nho 6, cac té bao vung bung s& bi¢t hoa thanh trung bi. Dién bién hoat dong ctia bén gen
trén trong cac té bao phan bd & ving lung xay ra nguoc lai. Do protein Dorsal khong di
chuyén vao nhan cac té bao phan bd ving lung nén trong cac té bao nay hai gen zerknullt va
decapentaplegic hoat ddng con hai gen twist va snail bi kim ham hoan toan. Cac té bao nay s&
biét hod thanh biéu bi.

Diéu déng quan tdm 13 vi sao chi xay ra sy di chuyén vi tri ctia Dorsal trong té bao ving
bung? Tin hiéu quyét dinh sy chuyén chd phat di tir bén trong trimg hay cac té bao nudi?
Thuc nghiém di cho thiy tuwong tic giita hai protein Toll va Spatzle nim trén bé mit tring,
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noi tiép giap vdi vung bung cua phoi 1a du hiéu khoi dong sy di chuyén cua Dorsal. Protein
Toll phan b6 dong déu trén bé mit phia trong mang nguyén sinh bao phu phéi. Protein Spatzle
phan bé trong cac khoang gitta mang nguyén sinh va mang noén hoang (Hinh 7.7).

Protease md boi gen easter chi phan cit Spatzle phan bd & ving bung phoi thanh
polypeptide c6 kha néng tuong tac v6i Toll. Phirc Toll- Spatzle dugc nhén biét boi Dorsal
khién cho protein nay di chuyén vao nhan. Vi sao protease Easter chi c6 hoat tinh véi Spatzle
& ving bung? Phai ching gen easter chi dugc hoat hoa & ving niy hay ban than san pham cua
gen da dugc du trit ¢ do va dugc hoat hod mdt cach cuc bd?

Hoat dong cta cac gen thudc nhom truc lung-bung lién quan dén céc tin hiéu duoc trao
doi giira t& bao trimg va cac t& bao nudi. Tuong tac & mirc do phan tir giita cac tin hiéu nay
chua duoc hoan toan sang t6. Tuy nhién sau khi thu tinh, két qua tuong tac gdy nén su di
chuyén ctia nhan te bao tring tir cuc dudi vé phia ving lung cta phdi. Didu nay din dén su
biét hoa ciia céc té bao nudi ving lung va ving bung. Nhd d6, protein Spatzle phan bd & ving
bung dugc nhin biét va bi phan cit bai protease Easter.

Protein Toll duoc ma bai gen foll dong vai trd quyét dinh trong viéc phan truc lung-bung.
Moi d6t bién & gen foll déu gay rdi loan trong qua trinh hinh thanh truc nay. Cac gen khac lién
quan dén qua trinh phan truc déu chi tham gia diéu hoa hoat dong cua protein Toll ma khong
mot gen nao thay thé duoc no trong viée khoi dong qua trinh. Piéu dang luu ¥ 1a protein Toll
phan bd dong déu trong té bao chit cua tring. Do protein Spatzle chi bi phan cit ¢ phan dudi
(phia bung) ctia t& bao trimg nén céc tin hiéu (cac peptide tao ra tir Spatzle) hoic bi receptor
Toll twong tac rat nhanh hoic khong c6 kha ning khuyéch tan nén ching chi hoat hoa duogc
cac phan tir Toll phan b6 & phan dudi. Sau khi Toll twong tac voi Spatzle, mot loat cac phan
g truyén tin hiéu xay ra trong trimg: Toll —>Tube — Pelle — Cartus — Dorsal. Chirc ning
cua protein Tube chua dugc xac dinh trong khi Toll dong vai tro thu cdm con Pelle c6 hoat
tinh kinase. Protein Toll hoat hoa gen fube; san phim gen fube hoat hoa gen pelle. Protein
Pelle c6 chirc ning kinase phan huy phirc chit Cartus-Dorsal, nho d6 Dorsal duoc giai phong
& dang tu do. Tir té bao chat, Dorsall di chuyén vao nhén, hoat hoa cac gen c6 lién quan dén
phat trién ciu tric bung.

P]:ﬁn ].I.I'ng

Ildng nodn hodng

Ilang t8 bin chit

protein Toll

protein Spatzle

Hhdn cd protein Dorsal

Phan hing

Hinh 7.7:
Hinh anh cét ngang phai rudi gidm Drosophila cho biét vi tri phan bd va twong tac gitra protein Toll va
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Spatzle kh&i dau qua trinh hinh thanh truc lwng-bung & phéi Drosophila. Twong tac nay xay ra cuc bo

& vung bung cta phoi trong khoang gitka mang nguyén sinh va mang noén hoang bao quanh phdi. Két

thac ctia qua trinh nay la protein Dorsal dwoc di chuyén vao trong nhan gay hoat hoa hodc trc ché cac

gen twist, snail, zerknullt va decapentaplegic. Hoat dong clia cac gen nay lién quan dén sw hinh thanh

truc lwng-bung (theo Snustad, 2000).

Protein Dorsal phan bd dong déu trong té bao chét ciia trimg. Sau khi cac nhan di chuyén
dén bé mit phoi tao phoi bi thi cac té bao nam phia lung c6 Dorsal phan bd ¢ té bao chat con
céc té bao nam phia bung c6 Dorsal phan b trong nhan. Tuy nhién, ddu tién Dorsal khong di
chuyén dugc vao nhan do twong tac voi Cartus. Chi khi nhén tin hiéu tir Toll, protein Pelle
moi c6 hoat tinh kinase gay phosphoryl hoa Cartus khién Dorsal dugc giai phong ra & dang tu
do. Luc d6 Dorsal méi di chuyén vao nhan. Chiu su kiém soat cua Dorsal, cac gen twist va
snail, zerknullt va decapentaplegic dugc hoat hoa hodc kim ham tuy thugc vao nong do cua
protein nay. Cac té bao phia bung co6 ndng do Dorsal _trong nhan cao nhat giy hoat hod cac
gen phat trién céu trac bung. Cac té bao phia lung c6 ndng d6 Dorsal trong nhan thap nhét cho
phep cac gen phat trién cau trac lung hoat dong (ttre 1a cac gen nay bi e ché ¢ ndng do cao
ctia Dorsal). O ving giira, nong d6 Dorsal du cao dé gdy urc ché mot s6 gen nhung lai qua thap
dé bat md cac gen khac. Diéu d6 dan dén sy phat trién dic hiéu cia ngoai bi.

7.3.4. Nhom gen qui dinh phat trién cac cAu tric tin cing ciia 4u thé (terminal-group
genes)

Phan ciu tric dic biét nim tan cing & cac dau khong phan d6t ciia phdi (ciu tric acron &
phan dau, ciu trac felson & phan dudi) dugc qui dinh boi hoat dong ctia mot sé gen. Hoat
dong cua nhom gen nay ciing tuong tw nhu nhom gen phén tryc lung-bung. Sau khi tring thu
tinh, protein Torso duoc tong hop tir ARNm du trit trong té bao trimg. Protein nay nhan cac
tin hiéu ¢ cac cuc cua phoi va tré nén hoat hoa, mo dau cho cac phan tng truyén tin hiéu
khac. Cac protein Tarless, Huckebein dugc tong hop tor caic ARNm du trit & cac cuc, chiung
tham gia diéu khién bat mé cac gen c6 lién quan dén cau triic ciia cac cuc tan cling.

Nhu vay cac co ché hoat dong khac nhau ctia cic gen c6 ngudn gde tir me dan dén hinh
thanh céc tryc lung-bung va dau -dudi cua phoi. Pay 1a nhitng budc dau tién trong qua trinh
phit trién md phdi dé xéc dinh huéng va cau triic khong gian ciia phoi. Déi voi truc dau-duoi,
phan bo cuc bd cia ARNm, con d6i véi truc lung-bung phan b cuc bo cia protein, dong vai
tro quyét dinh. Cac ARNm va protein nay déu 1a san pham cia cac gen c6 ngudn gdc tir me.
Sau khi da phan tryc, hoat dong tlep theo cia cac gen thudc hé gen ludng bdi (zygote) s€
quyét dinh su hinh thanh ciu tric d6t ciing nhu cac dic tinh riéng biét cua timg dbt.

Céc gen c6 ngudn gbc tir me duoc phién ma tir co thé me va ARNm tuong tmg duge du
trir trong trimg. Ngoai ra, chiing con duge hoat hoa tir hé gen ludng boi cua phéi (ca thé con).
Vi du, gen hunchback c6 ARNm Xuét phat tir hai nguon. San pham cua gen co ngudn goc tir
me ciing v6i mot s6 gen trong hé gen ludng boi tham gia kiém soat cac gen phan dét (gap
genes).

7.4  Hoat dong cta cac gen trong hé gen luwdng boi (phoi)

O rudi giam truéng thanh, ngoai phan dau, co thé cau tao gom 3 dbt nguc va 8 dét bung.
Moi d6t co thé chia lam 2 tiéu phan, goi 14 tiéu phan trudc va sau (a va p). O giai doan phat
trién phoi va u tring ciing xdy ra sy tao dot. Thuc nghiém quan sat duoc 14 d6t va nhan thay
mdi d6t & phoi s& ing v6i hai tiéu phan cta 2 dbt ¢ co thé trudng thanh. Mdi dbt & phoi gdm
tiéu phan sau (p) cta d6t nay va tiéu phan trudc (a) cua dét lién ké ¢ co thé truong thanh
(Hinh 7.8). Vi vy cac ddt cua phdi duoc goi 1a phan dbt. C6 thé quan sat dugc cac phan dot
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nay sau khi phoi phat triép dugc 6h. Tuy nhién, sau 9h thi phan dbt bién m{it. Bién gioi gitta
hai phan dot tr¢ thanh phan gitra cia dot mdi. Phan dot tha tu s€ ung vai ti€u phan P cua dot
nguc T1 va tiéu phan A cua dot nguc T2 (Hinh 7.8).

Khi phoi phéan chia dén 1an thir 11, cdc gen ctia hé gen hop tir (phoi) bit dau hoat dong.
Hoat dong khac nhau cua cac gen nay gitra cac vung hodc ngay trong mot Vung khién cho cac
san pham ciia chung ciing phan b6 khac nhau. Cac gen phan ddt "gap genes" hoat dong chia
phoi thanh nhiing ving 16n, trong d6 xay ra su phéi hop da dang cua céc protein nham diéu
khién sur biét hoa cua cac viung. Diéu d6 quyét dinh s6 phan ctia mdi viing s& phat trién thanh
mot s6 ddt riéng biét. Tuy nhién dinh ménh nay chi dugc hoan thién nho hoat dong cia cac
gen tao cap dot, cac gen phan cuc ddt.

Au thé rudi gidm ciing nhu co thé truong thanh ciu tao gdm cac d6t. Qua trinh hinh thanh
cac dét lién quan dén hoat dong cua khoang 30 gen. Dot bién & mot gen bat ky déu anh hudng
dén so luong cac dbt hodc cdu tao cia ting dot. Cac gen phan dbt hoat dong sau cac gen c6
ngudn goc tir me. Céc gen nay déu thudc hé gen ludng boi clia phoi. Chung dugc chia lam 4
nhom: nhém gen tao dét, nhom gen cdp dot, nhém gen phin cwe dot va nhom gen chon lpc.
Viéc phan nhom phuy thudc vao biéu hién tinh trang khi gen bi dot bién va thoi diém ciing nhu
vi tri ma gen hoat dong (Hinh 7.9). Chung thuong bat mé sau 2 gid trung dugc thy tinh, trude
khi hinh thanh céc té bao trong phoi.

Vimg eie dau FHOI Ving cipe dudi
Clée GOt (3 oor thé 12 1% AT A2 BE A4 A5 AB A7 A
fripdng think) ¥ aplapa Bafa dapapa pa Aapa A

Fhén dim Ph%nngl._,r'c Phgln'bl._,lng

C'éc phén ddit

. a4 2 31 4] 5|6 |78 9011 1213 [14
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Hinh 7.8:

Vi tri twong (rng clia cac phan dbt xuét hién trén phoi sau 6h phat trién va cac dét xuét hién
sau 9h. Ngoai phan dau, cac dot ngwc gom T1-T3 va cac dot bung gom A1-A8 (theo Lodish
& cs., 2000).

Phan 16n san pham cua cac gen c6 ngudn gde tir me va clia mot sd gen phan ddt dong vai
trd yéu td phién ma ddi voi nhom gen phan dot. Nhimg yéu t6 nay cung lic dam nhan hai
chtre ning vira hoat hoa mot s6 gen phan dbt nay dong thoi vira kim ham mot sé gen khac. Do
d6 ndng d6 ngudng cua mot factor cling nhu ty 1& nhat dinh giita factor hoat hod va factor trc
ché s& quyét dinh mirc 6 biéu hién cua ting gen phan dbt. Vi du ndng do protein Hunchback,
san pham cua gen phan d6t dau tién ma cao thi qua trinh phién ma ciia gen kruppel bi kim
ham nhung néu nho dudi mot ngudng nhat dinh thi hoat dong cua gen nay lai duoc hoat hoa.
Nhu véy nong d6 ngudng cua Hunchback quyet dinh ranh gi6i xuét hién cua protein Kruppel.
Gradient néng d6 Hunchback giam dan tir diu dén dudi cta phéi. Do do, ndéng do Kruppel s&
tang dan theo chiéu d6. Mot cach tuong tur, Kruppel khi dat dén ngudng nao d6 s& quyét dinh
hoat dong cuia nhitng gen phan dét khac tiép theo.
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Hinh 7.9:

Vung hoat déng clia cac gen hunchback va kruppel. Hai gen nay ma cho
protein diéu khi&n. Chiing hoat déng & cac phan dét phan dau va nguc (dwa
vao s phan bd clia ARNm tai nhitng phan dbt nay trong phéi). Tuy nhién, cac
protein Hunchback va Kruppel lai anh huwéng dén biét hoa phat trién cta
nhirng d6t ndm sau cac dot ¢ hai gen nay phién ma. Sy phéi hop clia cac
protein diéu khién kiém soat sw biét hoa khac nhau ctia cac ving trong phoi
(theo Lodish & cs., 2000).

7.3.5. Cac gen tao dot "gap"

Dot bién ¢ nhitng gen nay gay thiéu hut mot hodc mot sb d6t nam canh nhau. Céc gen
hunchback, kruppel dugc xem 13 nhirg gen tao dot do dot bién & nhitng gen nay lam cho
cac ddt phan dudi khong duoc tao thanh. Dot bién don 1é thuong khong gy tac dong
nghiém trong dén viéc xuit hién cac dot phan dudi nhung dot bién & ca hai gen bicoid va
kruppel khién cho phoi khong c6 toan bd cac ddt ving dudi.

7.3.6. Céc gen cip dot "pair-rule”

Dot bién ¢ chiing gy thiéu hut cac d6t chin hoic 1¢ 1am cho s dbt giam di mot nira. San
pham ciia mdi gen tao cip dbt s& xuat hién trong 7 ddt chin hodc 7 ddt 1¢. Trong mdi dbt, gen
duoc kiém soat bai cac yéu td hoat hoa va kim ham mot cach doc 1ap v&i nhau. Hau hét cac
factor phién ma nay 13 san phdm cta gen c6 ngudn gdc tir me hodc gen tao d6t hoat dong
truge do.

Hoat dong cua gen eve tao ddt chin s6 2 duge xem 1a vi du vé su phéi hop kiém soat cua
cac factor ma boi gen bicoid va cac gen tao d6t hunchback, kruppel va giant. Cac protein nay
tuong tac v6i nhitng vi tri dac hiéu nam trudc promoter gen eve. Bicoid va Hunchback kich
thich hoat dong cua eve trong pham vi rong nhung Kruppel va Giant lai kim ham eve trong
khoang hep xung quanh ranh gidi gitra hai tiéu phan truéc va sau. Gradient nong do mdi
factor diéu khién nay bién d6i theo qui luat dic thu riéng cho timg protein (Hinh 7.10). Vi
vay, ching kiém soat chat ch& ranh gidi giira cac tiéu phan cua ting dot.
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Giant Esre 2

Phén d0t

Hinh 7.10:

Bién d6i ndng do protein Eve cling nhw cac factor hoat hoa Bicoid,
Hunchback va yéu té kim ham Giant trong qua trinh kiém soat hoat dong
cla gen eve. Phéi hop gitra cac protein xac dinh chinh xac ranh gi¢i gitra
céac tidu phan trwdc va sau cia dbt thir hai. Mot cach twong tw, sw xuat hién
cla cac dét khac dwoc quyét dinh do td hop cac factor dwgc ma bdi gen co
ngudn gbc tir me va gen phan dét.

7.3.7. Cac gen phin cuwe dét

Gen phan cyc ddt qui dinh trat tu cic ving ngay trong mot dbt. Day 1a nhitng gen ma khi
bi d6t bién thudong khong 1am thay doi sé lwong dot nhung mot phan nao d6 cua ddt s& bi loai
b6 va thay thé boi phﬁn con lai cua a6t & vi tri déi xung (hinh anh guong). Vi du, dot bién trén
gen gooseberry khién cho tiéu phan sau cua mdi d6t khong dugc hinh thanh. Thay vao do6 1a
cAu tric cia tiéu phan trudc nhung sap xép theo kiéu hinh anh guong.

Hoat dong ctia cac gen phan dot xdy ra tuong ty nhu cic gen c6 ngudn gdc tir me, tic 1a
san pham ctia gen ndy s& bat m& cac gen tiép theo hodc trc ché cac gen hoat dong trude do.
Nhu vay, cac gen phén d6t hoat dong theo khong gian va thoi gian. Hoat dong cua cdc gen
phén d6t s& phan chia phoi thanh nhitng phan nho dan doc theo truc dau-dudi. Trong moi
phan nho, hoat dong cta cac gen chon loc s& qui dinh cac dic tinh riéng biét ctia timg phan.

7.5  Cac gen chon lgc

Cac gen lién quan dén su hinh thanh cac dbt & phoi rudi giém duogc diéu khién theo cach
thirc sao cho san pham ciia mot sd gen hoat dong trudc s& quyet dinh muc do biéu hién cua
cac gen tiép theo. Nho do, timg nhom té bao s& co chung s6 phan quyet dinh sy phan vung
doc theo truc dau du6i. Tuy nhién, trong mdi ving, diéu gi khién cac té bao _biét hoa khac
nhau dé tao nén cdu tric dic thu riéng cia ~vung d6? Noi cach khac vi sao mdi co quan chi
phan bd tai mot vung nhit dinh trén co thé? Liéu ching ta c6 thé gay anh huong den hoat
dong cua cac gen dé thay 601 vi tri cta ting bo phén dugc hay khong? Vi du, 6 rudi gidm, ¢
thé gay dot bién dé mét xuat hién ¢ ving bung hodc chan xuét hién & ving dau hay khong?

Bang ki thuat giy dot bién va sang loc cac ca thé co su sai 1éch vé vi tri cia mot bd phan
trén co thé, di truyén hoc phén tir da xac dinh dugc nhom gen déac biét goi chung la gen chon
loc (selector genes). Day 1a nhimg gen hoat dong lién tuc tir giai doan phat trién phéi dén co
thé trudong thanh voi chirc ning dam bao va duy tri tinh dic thu cta timg ving doc theo cac
truc dau dudi, lung bung trong subt qua trinh sinh trudng va phat trién. Pau tién nhiing gen
nay duoc goi la gen homeotic do dot bién & nhiing gen ndy gy nén sy sai léch vi tri cua mot
sO bo phén trén co thé. Tuy nhién, tong hop két qua nghién ctru trén nhing gen lién quan dén
su duy tri tinh biét hoa dac thu ctua té bao tai mdi ving ma ching duoc goi 1 gen chon loc.
Khac voi cac nhém gen c6 ngudn gde tir me hay gen phan d6t chi hoat dong nhét thoi, cac gen
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chon loc mot khi da bat mo thi phai hoat dong lién tuc. Nhu vay hoat dong ctia cac gen chon
loc nham x4c dinh cau tric cia cac phan co thé khac nhau doc theo cac truc trong suot thoi
gian cé the ton tai.

Céc gen chon loc cung hoat dong hoac hoat dong sau cac gen phan cuc ddt. Dot bién xay
ra & nhitng gen nay lam cho mét phan ciia co thé biéu hién cac tinh trang ciia phan khéac hoic
cac b phén cua débt nay lai xuét hién & d6t khac. Vi du, chan moc & dau hodc xuét hién hai
cap canh giéng hét nhau. Can luu ¥ rang khi cdc gen chon loc bi dét bién hodc hoat déng ciia
ching xay ra khong ding thoi diém hodc ¢ vi tri khéng thich hop, chi c6 vi tri cac bg phan bi
sai léch chir khéng hé tao ra bé phdn méi. Pinh ménh phat trién cua cac té bao duoc qui dinh
boi cac gen hoat dong trudc céc gen chon loc, tuy nhién dinh ménh nay s€ khong dugc thuc
hién tron ven khi hoat dong cua cac gen chon loc xdy ra khong dang vi tri. Phan 16n cac gen
nay mi cho cac protein diéu khién (lién két v6i ADN tai cac enhancer hodc promoter).
Chting 1am nhiém vy bat mé cac gen ¢ nhitng mirc 46 khac nhau. Do d6, mot dot bién xay
ra d6i v&i mot gen chon loc khong chi giy bat hoat gen d6 ma con thay ddi hoat dong cua
cac gen chon loc khéc.

Cho dén nay, 8 gen chon loc dugc phat hién ¢ rudi gidm va ching dugc xép vao 2 nhom
Bithorax (BX-C) va Antennapedia (ANT-C) cung phan b trén nhiém séc thé s6 3, cach nhau
khoang 10 ¢M. Nhom Antennapedia c¢6 5 gen (lab, pb, Dfd, Scr, Antp) kiém tra sy sai khac
giita cac d6t dau va d6t nguc (tir phan ddt 1-5) con nhom Bithorax c6 3 gen (Ubx, abdA,
AbdB) lam nhiém vu kiém tra sy khac nhau gilra cac dot bung va dot nguc (phan dot 5-14).
Dot bién & nhimg gen nay thuong biéu hién tinh trang & céu tric biéu bi, hé co, than kinh doc
theo truc dau dudi. Tat ca 8 gen déu c6 tinh chat chung 1a ving khong chira ma di truyen
(intron) rat 16n. Nhimg ving ndy c6 vai trd rat ‘quan trong trong kiém soat muc do biéu hién
ctia gen theo thoi gian va khong gian doc truc dau dudi.

Nhiing gen chon loc ¢6 vai tro tuong tu BX-C va ANT-C da duoc phat hién ¢ dong vat co
vi. Tuy nhién, ching phan b rai rac thanh bén nhom trén cac nhiém sic thé khac nhau. Tat ca
nhitng gen ndy ¢ dong vat déu duoc goi chung 1a nhom gen Hox. Riéng dbi v6i rudi gidm thi
cac gen Hox (thudc hai nhom BX-C va ANT-X) con dugc goi la gen Hom. Nhin chung cac gen
Hox déu c6 cung nhitng dic diém sau:

+ Ving ADN diéu khién cta gen Hox chira mot doan ADN dai khoang 180 bp c6 tinh
chat bao toan. Poan nay dugc goi 1a homeo box. Homeo box ma cho doan amino axit (khoang
60 a.a) c6 kha nang tuong tdc véi ADN. Poan amino axit nay dugc goi la homeo domain.

+ Cac exon ctiia mdt gen thuong nam xa nhau, phan cach boi cac doan ADN dai khong
chira ma di truyén nhung dong vai tro diéu khién hoat dong ctia gen.

+ Céac gen trong mdi nhém nam doc nhiém sic thé theo mot thir tu nhat dinh, chinh xac
nhu trinh tu hoat dong cta ching doc theo chleu dai co thé tir dau dén dudi. Cac gen nay dugc
hoat hoa ndi tiép nhau nhd cac tin hiéu truyén doc nhiém sic thé, phu hop voi chi din vé
khodang cach giita cac phan ctia co thé (tinh theo truc dau-dudi).



169

A Cau tr¥c clia nhiun BX-C trén nhifm =8c thé =0 3

BX-C (300 kb)
‘........ T P P Y T P Y R R B R Y B R P Y .b.

ALdR
S S S S S

T T
B. Hoat ding theo khing gian ela cic gen chon 1o thude nhém A3 C
| Tl |T2 rr3 |.¢\1 .+2 A|3 Alr-l a:f A% m| AS‘ A9| | Bt

| 4‘5 |6 |i‘ F% 5} ID| 11‘ 12| 13‘14| |Phﬁndufut

] e

Hinh 7.11:

CAu trac cta cac gen chon loc thuéc nhém BX-C. (A). Cac exon dugc ky hiéu bdi cac den
dam. Céc intron kich thwéc Ién déng vai tro rat quan trong trong kiém soéat hoat dong cla
gen theo khong gian va thoi gian. (B). Mec do biéu hién (ARNm/protein) ctia cac gen thudc
nhom BX-C trong cac phan dot 4 dén 14. Cac vung dam chi mirc do bidu hién cao cta gen
trong trng vung doc theo truc dau dudi (theo Alberts & cs., 2002).

Nghién ctru chi tiét vai tro ciia cac gen Hox thudc nhom BX-C cho thay thir tw hoat dong
cua 3 gen tuan theo trat ty sap x€p trén nhiem sac thé. San pham cua ching phan bo doc theo
truc dau duoi cling tuan theo qui luat nghiém ngit. Hoan toan khong c¢6 sy phan bo dong déu
ma ton tai sy chénh 1éch nong dg protein cua 3 gen ¢ gitra cac phan dot (Hinh 7.11).

Khi ca 3 gen ctia nhom BX-C bi dot bién thi phoi bi chét. Phan tich 16p biéu bi cua phoi
chét phat hién thiy toan bod cic phan dot 5 dén 13 déu gidng hét phan dot 4. Noi cach khac,
ddt bién toan bo nhém BX-C khién cho cac phan dbt 5-13 khong dugc tao thanh. Nhu vay,
nhém Bithorax chi ¢6 3 gen nhung chiu trach nhiém vé su sai khac gitra 10 phan dét. D6 c6
thé 1a két qua cia phan tng bién doi phan tir ARNm (cit intron theo cac trat ty khac nhau)
dan dén nhiéu loai phan tr ARNm dugc téng hop tir mot gen. Mt khac rat nhiéu dot bién
dugc tim thay phan b6 trén nhimng doan ADN khong chira ma di truyén. Trat tu cac dot bién
nay trén nhiém sic thé ciing tuong ng voi trinh ty sap xép cua cac vung co thé ma chung c6
anh huong. Diéu nay cho thdy su khac biét giita cac ving ciia co thé khong chi do san pham
ctia cac gen Hox quyét dinh ma con phu thude cac doan ADN khong chira mé di truyén (céc
intron). Noi cach khac, vi tri cta té bao chi cé ¥ nghia trong phat trién phdi nhd hoat dong ciia
cac gen Hox ciing nhu cach thie diéu khién hoat dong cta chung.

Hién nay van dé dang duoc cac nha nghién ctru sinh hoc quan tim dén chinh 1a x4c dinh
co ché nao giup cac gen Hox nhé duoc vi tri hoat dong cua chung. Co ché dleu khién phan hoi
c6 thé co lién quan. Thyc nghiém da ching minh dugc san pham ctia mot sb gen Hox hoat
hoa phan Ung tong hop ARNm trén gen cua chinh n6. Vi du, gen dfd trong nhom
Antennapedia c6 nhiéu vi tri lién két voi chinh protein Dfd. Sy lién két nay dii dé duy tri hoat
dong cua gen. Ngoai ra, nhom gen polycom gdm cac gen can thiét dé kim ham hoat dong cta
cac gen Hom. Bét ky mot gen nao do6 trong nhém nay bi dot bién, cac gen Hom s& hoat dong,
méi dau ¢ muc d6 binh thuong va ding vi tri, nhung sau d6 chiing hoat dong khéng chiu diéu
khién va hoat dong trén moi ving ciia phdi. Protein Polycom bam vao chromatin ciia gen
Hom lam thay ddi ciu trac chromatin. Do d6 sy bién dang chromatin ¢ thé gitip cho gen
Hom nh¢ dugc vi tri hoat dong ctia minh.
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Dung doan homeo box ciia cic gen Hom & rudi giam lam mdi cho cac phép lai Southern
voi ADN genome tach ra tur cac loai dong vat khac nhau, két qua cho thdy cac gen Hox déu
ton tai trong genome éch, chudt va nguoi. Dic biét cac gen nay déu hoat dong trong qua trinh
phat trién phoi. Khi dua cac gen hox bi dot bién cia chudt vao phoi rudi gidm, chung giy ra
su phat trién bira bai gidng nhu khi cac gen Hom cua rudi bi dot bién. Cac gen Hox ¢ dong vat
ciing déu hoat dong theo thoi gian va khong gian tuong ng voi trinh ty sap xép cua chung
trén nhiém sic thé va theo trat tu nhat dinh tir dau dén chan. Tuy nhién gilta cac gen Hox va
gen Hom c6 sy khac nhau: Cac gen Hox thuong nhé khong qua dai va s6 luong gen trong moi
nhém nhiéu hon. C6 thé ton tai nhiéu ban sao ctia mot gen Hox hodc nhiéu ban sao cia cac
nhom gen trong genome, do d6 kho phat hién dugc nhitg dot bién biéu hién ra tinh trang.

Cung v6i cac gen BX-C va ANT-C, di truyén phan tir di phat hién hang loat cac gen
homeotic khac c6 lién quan dén su hinh thanh cia timg co quan rleng biét phan bo 0 tung
vung nhét dinh trén co thé. Vi du dién hinh 1a gen eyeless qui dinh vi tri cia mat ¢ rudi giam.
San pham cua gen nay c chira homeo domain. Protein ma boi eyeless dong vai tro yéu t6
phién ma lién quan dén biéu hién cta rat nhiéu gen khac qui dinh sy hinh thanh mat ¢ ding vi
tri. Thuc nghiém di tao ra rudi gidm chuyén gen mang gen eyeless chiu sy diéu khién cua
promoter la ma promoter nay chi hoat dong trong mé khoéng lién quan den vi¢c hinh thanh
miét. San pham clia gen eyeless xuat hién khong dung vi tri khién cho mat c6 thé xuit hién ¢
chan, canh hodc ving nguc. Nhitng mét dic biét nay c6 thé nhan biét anh sang nhu mét binh
thuong khac. Pong vat c6 via co chira gen tuong dong véi gen eyeless clia rudi giam. Vi du
gen tuong dong & chudt dugc goi 1a gen Small eye do @6t bién ¢ gen nay khién mat chudt bi
nho lai. Lap lai thi nghiém chuyen gen Small eye cua chudt vao rudi gidm (tuong tu thi
nghiém néu trén) thi rudi gidm chuyén gen ciing c6 mat xuat hién sai léch vi tri. RS rang gen
Small eye ¢ chudt la gen homeotic va mé cho protein chira homeo domain. Gen Small eye
cling ¢ chire nang qui dinh viée hinh thanh mat dang vi tri. Tuy nhién, rudi glam mang gen
Small eye lai c6 thém mat rudi chir khong phai mat chudt. Nhu vy san pham cua hai gen
Small eye va gen eyeless ¢ chirc nang twong tu nhu nhau, tirc 12 ¢6 kha ning diéu khién mot
loat gen khac cua rudi giam dé dan dén két qua cudi cung 13 mat xuét hién & vi tri méi. Vi vay
nhat dinh mat rudi chir khong thé 1a méat chudt dugc hinh thanh. Gen twong dong véi hai gen
Small eye va gen eyeless da dugc phat hién ¢ nguoi. Dot bién & gen nay khién trong den cia
mit bi nho hodc mat han.

Két qua nghién ciru cia di truyén phan tir trong nhiing ndm cubi thé ky 20 trén ddi tugng
mo hinh Drosophila da lam sang to phan ndo qua trinh phat trién cua trimg sau thu tinh. Hoat
dong ké tiép nhau theo mot trat ty nghiém ngdt cua cac gen co ngudn gbc tir me, gen tao dét,
gen chon loc da quyét dinh viéc hinh thanh céc tryc cua co thé, sy phan ving phan dét, sy biét
hoa cta céac té bao, su xuét hién cic co quan trong timg vung... Dac biét sy twong dong cua
cac gen homeotic duoc tim thay & rudi giam cung nhu dong vét c6 va va con nguoi. Phai
chang nhiing gen nay déu c6 chung ngudn goc tir mot gen ban dau. Trai qua thoi gian tién
hod, chiing van phan nao bb tro cho nhau dé thuc hién mot chirc ning cy thé trong sinh truong
va phat trién?
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GIAI NGHIA THUAT NGU CHUYEN DUNG

e activator: protein hoat hoa. Protein twong tic véi ADN lam ting téc do khoi dong
phién ma ¢ promoter.

e allele: Mot trong nhiéu dang ctia gen phan bd trén nhiém sac thé twong dong. Mot gen
c0O 2 hodc nhiéu allen (da allen).

e allele-specific oilgonucleotide (ASO) hybridization: Lai x4c dinh mot trong hai dang
so1 don cua mdt phan tr ADN kép bang oligonucleotide.

e allosteric transition: Sy thay ddi cAu trac bac 3 hodc bac 4 cua protein do tuong tac voi
phan tir trong lugng nho. Tuong tac nay lam thay do6i hoat tinh cua protein.

e alpha () helix: Cau trtic bac 2 ctia phan tir protein tao nén do mot doan peptide cudn
xoan nho lién két gitta nhém carboxyl va amin.

e amphipathic: Phéan tir hodc cau triic bao gdm hai phan ky nudc va ua nude.

e annealing: gin moi. Tuong tac ciia doan oligonucleotide voi khuon ADN hodc ARN.

e antibody: Khang thé. La phan tir protein tuong tac v6i khang nguyén tai mot vi tri ddc
hi¢u va kich thich co thé loai bo khang nguyén dé bang cac co ché khac nhau.

e anticodon: doi ma. La trinh tu 3 acid nucleic trén phan tir ARNt tao cip b sung voi
mot ma di truyén bd ba trén phan trt ARNm. Lién két bé xung cho phép acid amin do ARNt
van chuyén dugc gan vao chudi peptide dang dugc tong hop.

e antigen: Khang nguyén. Bit ctr phan tir nao khi xdm nhap vao co thé c6 kha ning kich
thich su tao ra khang thé va tuong tac dac hiéu vadi khang thé dugce goi la khang nguyén.

e antisense ARN: Phan tir ARN ddi nghia. Phan tir ndy c6 trinh ty bd sung véi trinh tu
ARN khéc, thuong 1a ARNm dé han ché su tao ra ARN do6 hodc ngan can qué trinh dich ma
trén ARNm.

e apoptosis: chét theo chuong trinh. Qua trinh giy chét t& bao theo chwong trinh duoc
ma trong h¢ gen v4i nhitng bi€u hién hinh thai dac thu riéng.

* autonomously replicating sequence (ARS): Tam tai ban (¢ nam men). Trinh tuy ADN
trén nhiém sic thé dam bao kha nang tai ban cho nhiém sic thé do.

* bacterial artificial chromosome (BAC): Vector tach dong c6 kha nang nhan doan ADN
kich thudc 16n, dugc thiét ké dua vao plasmid F cua vi khuan E.coli.

e bacteriophage (phage): Virus c6 kha ning xam nhép vao té bao vi khuén.

e basal promoter: tdm promoter. Vi tri nam trong promoter eukaryot, tai d6 phirc khoi
dong phién ma bat dau hinh thanh.

* base exsision repair: sta chira loai base. Co ché sira chita ADN trong d6 base sai hong
loai bo va thay thé mai.

* base pair: cap base. Hai nucleotide bo sung vOi nhau boi lién két cau hydrogen. Khi
duogc viét tat “bp” c6 nghia 1a don vi chiéu dai ngan nhat ctia phan tor ADN kép.
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~® blund end: dau bang. Pau tan cung cua soi kép ADN két thuc bang hai nucleotide lién
két b sung vdi nhau.
e ADNc (complementary DNA): phan tir ADN b sung dugc phién ma tr ARNm bang
enzym phién ma ngugc. ADNc khong chira intron, chi gdom exon so vdi ADN (gen) ¢ trong
hé gen (genome).

e centromere: tam déng La doan nhi®m sic thé tai d6 hai nhidm sic tir dinh vao nhau
trong phan bao nguyén nh1em Tam dong la vi tri de phuc protein kinetochore bam vao va
tuong tac voi cac soi thoi vo sic kéo nhiém sic thé vé cac cuc.

e chaperone: tn goi protein c6 kha nang hodc ngan can sy cudn gip sai ciia protein
dich hoac tao thuan loi cho protein dich gap cudn chinh xac.

e chaperonin: phuc protein trg gitp viéc gap khic tao cdu trac khong gian cta nhing
protein khac.

& checkpoint: vi tri (diém) trong‘chu trinh té: bao tai do su chuyén gi&/a 2 phase duogc
quyét dinh phu thude vao sy dép tng day du céc dicu kién can c6 cho phase tiep theo.

e chimera: co thé c6 chtra hai hay nhiéu loai té bao c6 ngudn gbc di truyén khac nhau.

o chromatin: nhiém sic chit, bao gdm ADN, histone va protein rrlonhi§tone’ phan bd
trong nhén t€ bao eukaryot. Trong giai doan phan bao ¢ metaphase, chat nhiém sac co déc
thanh nhiém sdc the.

e chromatin-remodeling: Ndiéu ’bién chat nhiém sic. Qua trinh 1am thay ddi cdu truc va vi
tri ciia nucleosome trén soi nhiém sac.

& chromosome walking: di trén nh%ém SéC‘ thé. Ky thuat cho phép xac dinh thar tu sap
x€p cua cac doan ADN trén nhiém sac thé voi diéu kién cac doan nay phai nam goi 1én nhau.

e cis-acting: tac dong noi sinh. Thuong dung dé chi doan ADN kiém so4t hoat dong cua
gen nam trén cung mot nhiém sac the. O té bao prokaryot, yéu to tac dong ndi sinh thuong nam
gan gen bi kiém soat. Tuy nhién, ¢ t€ bao eukaryot, cis-acting c6 thé phan bo rat xa gen.

e clone: thuong dé chi mot nhom té bao chira ciing mot loai phan tir ADN tai to hop.

* cloning vector: phan tr ADN c6 kha nang mang doan ADN la va c6 kha nang tai ban
trong t€ bao nhan phan tir do.

e competent: Thudng dung cho cac té bao vi khuan c6 kha ning nhan phan tir ADN la.

e consensus sequence: trinh ty bao thu. Boan ADN c6 trinh tu twong dong cao nhung
khong giong nhau hoan toan va qui dinh mét chirc nang dac biét .

e constitutive heterochromatin: di nhiém sic thé bén. Ving nhidm sic thé ¢6 cau triic co
dac bén virng.

_® constitutive gene: gen ludn lubn ¢ trang thai hoat dong trong moi loai té bao cua co
the.

e contig: tip hop ctia nhitng doan ADN nam gdi 1én nhau.

* cotransformation: dong lgién nap. Hai hay nhiéu gen cting nam trén mot phan tir ADN
duoc bién nap vao té bao vi khuan.

e crossing over: Trao C}éi cheo. Qua trinh trao dbi vat chat di truyén giita hai nhiém séc
the xdy ra do dut gay, trao d6i va ndi lai voi nhau.

* CpG island: dao CpG. Doan ADN giau CG nam trudc gen eukaryot. Hau hét cic gen
hoat dong déu c6 dao CpG khong bi methyl hoa & cytosine.
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e degenerate: Thoai hoa. Thudng dung dé chi trinh ty nucleotide mi cho cac acid amin
khi nhiing acid amin nay dugc ma béi hai (hodc nhi€éu hon) ma bo ba.

e degradosome: Phtic enzym c6 chirc niang phan hiy ARNm & vi khuan.

e delayed-onset mutation: dot bién cham. Nhiing d6t bién nay chi c6 anh hudng & giai
doan mudn trong thoi gian song cua co thé.

e de novo methylation: thém cac gdc methyl vao cytosine ma trude d6 khong bi methyl
hoa.

e DNA fingerprint: Cac bang lai nhan dugc tur phép lai ADN Southern blotting gitra
hé gen cta doi tugng sinh vat voi dau do dac hicu.

e DNA photolyase: Enzym phat hién duoc & vi khudn va thyuc vét c6 kha ning sir dung
nang lugng anh sang trong phan g sua chita ADN.

e DNA shuffling: k¥ thuét phat trién dya trén phan tng PCR dé tao nén nhimg phan tir
ADN tai t6 hop c6 chic nang sinh hoc hoan thién hon. Vi du nhu tao nén gen ma cho protein
c6 pho hoat dong rong hon va c6 hoat tinh cao hon enzym ton tai trong tu nhién.

e domain shuffling: k¥ thuat tao gen méi. K¥ thuat nay sip xép ndi cac doan ADN cia
mot hodc nhi€u gen véi nhau; moi doan mang ma di truyén ciia mgt vung chirc ning cia
mot hodc cac protein khac nhau.

e dosage compensation: hiéu qua cia mdt gen ting hodc giam phy thudc vao sé luong
ban sao cua gen do trong genome.

e dot-blot hybridization: k¥ thuat lai giita dau do ADN hodc ARN véi ADN hoic ARN
v6i nhitng nong do da biét co dinh trén mang.

e embryonic stem (ES) cell: t& bio toan ning c6 ngudn gbc tir phoi thai.

e endocytosis: nhap ndi bao. Qua trinh thu nhan vat chat tir bén ngoai té bao nhd nhing
tai c6 ngudn goc tir mang té bao.

e cendogenous retrovirus (ERV): hé gen cua retrovirus ¢ dang hoat dong hodc khong
hoat dong ghép xen trong nhiém sic thé cua té bao chu.

e cnhancer: Poan tang cudong, lam nhiém vu kiém soat hoat dong cua gen va co thé phan
bo cach xa gen. Poan nay rat hiém ¢ hé gen prokaryot.

e cpisome: plasmid c6 kha ning chén ghép vao nhidm sic thé cia té bao nhan.

e cpitope: Quyét dinh khang nguyén. La phan dic biét thudc phan tir khang nguyén
tuong tac véi khang thé.

e cuchromatin: cht nhiém sic thuc. La nhirng doan it co dac cua chit nhiém séc trong
giai doan gian ky. Chat nhiém sac thyc chira hau hét cac gen ¢ trang thai phién ma.

e exocytosis: Xuét ngoai bao. Qua trinh tiét xudt cac chat ra bén ngoai té bao nhd cac tai
tiét dung hop véi mang té bao.

e exon: La nhiing phan ciia mot gen c¢6 mit trong phan tir ARN hoan chinh. Nhitng phan
tor ARN d6 ton tai trong t€ bao chat, bao gom ARNm, ARNr va ARNt.

e cexpressed sequence tag (EST): trinh tu xuat phat tit ADNc dugc dung dé xac dinh
nhanh cac gen trong h¢ gen.

e expression cloning: Ky thuat ADN tai t6 hop duoc sir dung dé phan 1ap ADNc hodc
doan ADN cua hé gen (genome) dua vao cac dac tinh chirc nang cua protein dugc ma boi
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ADNCc hoidc doan ADN d6 ma khéng can phai tinh sach protein nay. Ky thuat ADN téi to hop
tao ra sO luong 16n protein nho tdich dong ADNc hay gen tuong ung véi protein do.

e expression vector: Nhitng plasmid hoac genome virus chuyén chd gen hodc ADNc vao
té bao nhan thich hop. Protein do ADNc hodc gen ma cho dugc tong hgp trong t€ bao nhan.

e facultative heterochromatin: ving di nhiém sic khong bén. Cau trac di nhiém sic
thuong xuat hién & mot s6 gen khong hoat dong trong mot so té bao hoac & mot so thoi diém
cua chu trinh t€ bao.

e fluorescent in situ hybridization (FISH): k¥ thudt lai huynh quang giita cic diu
(marker) gan huynh quang va nhiém sic thé dé xac dinh vi tri ctia chi thi trén nhiém sac thé.

e F plasmid: yéu té giéi tinh F kiém soat chuyén gen bang con duong tiép hop giira vi
khuan.

e footprinting: ddu vén tay. K¥ thuat xac dinh trinh ty ADN hodc ARN twong tic voi
protein. Phan tir acid nucleic da danh dau (bang phong xa hoac bang chat phat huynh quang)
bi cat véi nuclease khi thi€u hodc khi c6 mét cua protein. Khi c6 mat protein, doan nucleotide
tuong tac véi protein dugc bdo vé nén khong bi cat bdi nuclease. So sanh sy xuat hién céc
bang cat trong hai truong hop cho phép xac dinh dugc trinh tu nucleotide tuong tac voi
protein.

e frameshifting: chuyén khung doc. Su di chuyén c6 kiém soat cta ribosome tir mot
khung doc nay sang khung doc khéc ¢ vi tri phan bo trong gen.

e fusion protein: protein dung hop. Protein tao nén do su dung hop cua hai polypeptide
hodc hai hay nhiéu phan cta céc chuodi polyppetide dugc ma bdi cac gen khac nhau.

e G protein: Céc protein ¢ ciu trac trimer (gom 3 tiéu don vi) c6 kha nang lién két va
phan hity GTP. G protein tham gia con dudng truyén tin hiéu trong té bao.

e gain-of-function mutation: dot bién tao tinh trang moi.

o gel retardation analysis: k¥ thudt x4ac dinh vi tri tuong tac cta protein voi ADN dua
vao d6 di dong cua ADN va phirc ADN-protein trén gel dién di.

e gene: Pon vi mang thong tin di truyén. O mirc d6 phan tir, gen 1a doan ADN bao
gdm ca exon, intron va doan nucleotide lam nhiém vu kiém soat phién ma, can thiét dé tao

ra san pham chuc ning cho hoat dong séng cua té bao. Vi vay, gen ma cho protein va cac
phan tor ARN.

e gene control: Cac co ché kiém soat hoat dong ciia gen, bao gom giai doan phién ma,
sau phién ma, dich ma va sau dich ma.

e gene convesion: Chuyén hoan gen. Hién tuong céc allen ctia mot gen chuyén hoan cho
nhau trong qué trinh trao ddi chéo & phan bao giam nhiém.

e gene expression: Biéu hién cua gen. Qua trinh chuyén dbi thong tin di truyén tir gen
thanh tinh trang.

e genes-within-genes: gen trong gen. Khai niém dung dé chi hién tuong gen thr hai nam
trong intron ctia gen thir nhat.

e genetic code: Ma by ba nucleotide trén ADN hodc ARN ma cho mét acid amin cua
phan tir protein.

* genome: HE gen. Téng s thong tin di truyén (ADN hodc ARN) c6 mit trong té bao
hodc co thé.

e genomic DNA: H¢ gen & dudi dang ADN.
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* genotype: Kleu gen. Khai niém dung cho allen ciia mét gen hodc rong hon la toan bd
cac két ciu di truyén ctia mot té bao hodc mot co thé.

e germ cell: Té bao mam (thuong chi dong té bao sinh duc). Day 14 loai té bao phat trién
thanh giao ttr.

e germ line: Dong té bao mam. Khai niém nay con dugc ding chi vat chat di truyén tir
thé hé trudc sang thé hé sau théng qua giao tir.

» growth factor: Phan tir polypeptide (ton tai & bén ngoai té bao) ‘tuong tac voi thy thé
trén bé mat té bao gay ra chudi phan tmg truyén tin hiéu vao bén trong té bao, dan dén sy ting
sinh, biét hoa té bao.

e guide RNA: Poan ARN ngén tham gia doc stra ARNm béng viéc xac dinh vi tri trén
ARNm tai d6 mot hodc vai nucleotide dugc thém vao 1am thay doi trat ty ma di truyén trén
ARNmMm so v4i ma trén ADN.

e hetechromatin: Vung nhiém séc thé tai d6 nhiém sic thé co dic va cac gen thuong &
trang thai khong hoat dong trong giai doan gian ky.

e heteroduplex: Sgi kép ADN c6 chira cac nucleotide khong tao cip bo sung véi nhau.

e heterokaryon: Té bao c6 tir hai nhan trd 1én, tao ra do dung hop cua hai hay nhiéu té
bao khéac nhau.

e heterozygous: Di hop tir. Té bao ludng bodi hodc co thé co hai allen khac nhau ciia mot
gen.

e homeobox: Trinh tu ADN bao thi mad cho mdt doan oligopeptide goi la
homeodomain, ctia protein kiém soat phién mi. Poan niy twong tac véi ADN gilip protein
thuc hién chic nang ctia chiung. Gen ma cho nhiing protein c6 vung homeodomain dugc goi
1a “homeotic gene”.

e homeosis: Su bién d6i moét bo phan co thé thanh bo phan khac gay ra do dot bién hoic
do rbi loan hoat dong ctia mot sd gen quan trong cho biét hoa phat trién phéi thai.

* homology: Sy tuong dong vé trinh ty nucleotide hogc acid amin hodc cAu tric ciia mot
bd phan b1eu hlen cung chung ngudn gbc ban dau. Can luu ¥, analogy cling phan anh sy
turong déng vé cdu tric hodc chirc ndng nhimg khong c6 su lién quan trong tién hoa.

~* homozygous: DPong hop tir. Té bao ludng bdi hodc co thé co hai allen ciia mot gen
giong hét nhau.

* Hox complex: Nhom cac gen chon loc twong ddng v6i nhau. Cac gen nay quyét dinh
su hinh thanh céc b phan khéac nhau cua co thé.

e hybridization: Sy két hop cta 2 soi don nucleic bo xung véi nhau dé tao ra phan tir
kép. Su két hop d6 co thé xay ra gitra 2 sgi don ADN, giita sgi don ADN va ARN hodc gitra 2
soi ARN.

e hybridoma: Dong té bao lai ton tai V1nh clru va tao ra khang thé don dong. Dong té
bao bay dugc tao ra nhd sy dung hop giita té bao lympho B binh thuong va té bao u tiy.

e intron: Nhiing phan cta soi ARN dau tién vira duoc phién ma tr ADN s€ bi loai bo
do6i trong qua trinh bién doi phan tirt ARN d6 thanh phan tir c6 chirc nang sinh hoc.

e intein: Poan ngin trén soi polypeptide bi cit di sau khi dich ma két thuc. Pay 1a mot
cach thirc bién d6i sau dich ma d¢ c6 dugc phan tir protein c¢6 hoat tinh.

e isoform: Nhitng protein c6 hoat tinh gidng nhau mic du ching c6 su khac nhau vé trat
tu acid amin.

175



176

e karyotype: S6 luong, kich thudc, hinh déng ciia toan bd cac nhiém sic thé trong té bao
nhan thuc ¢ giai doan metaphase.

e kinase: Enzym chuyén nhém phosphate cudi cling cia ATP sang co chét. Kinase dong
vai tro dac biét quan trong trong ki€m soat hoat tinh cua cac protein trong té bao.

o kilobase pair: 1000 cap base (1000 bp).

e kinetochore: Cau trac protein ba 16p phan bd tai tim dong, tai d6 soi thoi vo sic bam
vao dé kéo nhlem sic tor vé cac cyc. Kinetochore dong vai tro rat quan trong trong viée di
chuyén nhiém sic thé vé hai cuc trong anaphase.

e knockin gene: Ky thuat trong d6 trinh tu ma hoa cta gen nay bi thay thé béi trinh ty
cua gen khéc.

e knockout gene: Ky thuat gdy bat hoat gen mot cach chon loc bang cach thay thé gen
binh thuong cta co thé boi gen dot bién.

e label: K¥ thuat danh ddu mot phan tir bang chit phat quang hodc bang dong vi phong
xa. Nho d6 c6 thé xac dinh vi tri hodc dé tinh sach phan tor hodc dé theo doi qué trinh di
chuyén cua né trong chuoi cac phan tng hoa hoc.

e leaky mutation: dot bién tac dong mot phan dén tinh trang.

e Ligand: kich thé. Phan tir thuong cé trong luong nho, twong tac dic hiéu véi thu thé
hodc dai phan tir tao nén phtrc. Phirc nay khoi dong chudi cac phan ung khién té bao tra 161
lai sy ¢c6 mat cua kich thé.

e LINE: trinh ty nucleotide 1ap lai phan bd rai rac trong h¢ gen, thuong céd hoat tinh
transposase.

e linker DNA: ADN nam giita hai nucleosome, twong tac véi histone H1.

e locus: Vi tri ctia gen trén nhiém sic thé. Moi allen cia mdt gen déu phan bd tai mot
locus.

e LTR element: doan ADN Idp lai tan cung bdi trinh ty 1dp lai dai (long terminal
repeats).

e maintenance methylation: methyl hoa bao toan. Duy tri gbc methyl trén soi ADN vira
duogc tai ban dua vao goc methyl san cé trén sgi khuon.

e MAP kinase: Enzym c6 hoat tinh chuyén gdc phosphat tir phan tir ATP véao co chét
(hoat tinh kinase) trong chuoi phan ung té bao tra 161 kich thich doi vdi cac yéu to kich thich
sinh trudng.

. mapplng Xac dinh vi tri nhan biét ctia cac enzym gidi han (restriction map) hoic xac
dinh trat tu sap Xep cua cac gen (genetic mapping) hodc vi tri chinh xac cua cac gen (physical
mapping) trén nhiém sic thé.

e maternal-effect gene: gen co ngudn gdc tir me. Nhitng gen nay duoc phat hién ¢ rudi
giam Drosophila. ARNm cua nhiing gen nay dugc tich Iily trong trung va dugc dich ma trong
giai doan phat trién sém cua phoi.

e metastasis: Di cin. Su di chuyén cta céc té bao 4c tinh tir vi tri phat sinh ban dau dén
vi tri mdi va phat trién vo to chuec tai do.

e microsatellite DNA: ADN vi v€ tinh. Trinh tu gém 1-4 nucleotide 1ap lai lién tuc trén
nhiém sac thé. ADN vi vé tinh con dugc goi 1a trinh tu don gidn 13p lai lién tuc (STR-simple
tandem repeats).
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e minisatellite DNA: ADN tiéu vé tinh. Trinh ty gdm vai chuc nucleotide 1p lai lién tuc
trén nhiém sdc thé. Loai ADN nay con dugc goi 1a trinh tu thay doi va lap lai lién tuc (VNTR-
variable number of tandem repeats).

e mitosis-promoting factor (MPF): yéu t6 khéi dong phan bao. MPF 1a protein di ludng
cuc gom cyclin va kinase phu thudc cyclin (Cdk), thuc day su co dac nhiém sac thé, pha vo
mang nhan, bat t&¢ bao budc vao phan chia. Mitosis-promoting factor con dugc goi la
maturation-promoting factor (y€u to khdi dong chin).

e mitogen: tac nhan kich thich té bao budc vao chu ky phan chia.

e mobile DNA element: Poan ADN khong c6 mét vi tri ¢d dinh trén nhiém sic thé trong
t€ bao cia moi ca thé trong mat loai.

e monoclonal antibody: khang thé don dong dugc tao ra tir cac té bao xuét phat tir mot
te bao B ban dau. Khang thé don dong c6 tinh dac hiéu véi chi mot khang nguyén.

e morphogen: Mi luong. Phan tir can thiép dén dic tinh cua té bao trong phat trién biét
hoéa (giai doan phdi thai) tuy thudc vao nong do cua phan tu do.

e motif: Thudng ding dé chi cu trac khong gian cuc bd clia protein ma cau trac d6 lién
quan dén mot chlrc nang.

e motor protein: Nhom enzym phan huy ATP dé truot trén vi soi myosin hodc trén vi
ong dynein va kinesin.

e multigene family: nhom cac gen, nim canh nhau hodc phan bé rai rac trén nhiém sic
thé, co trinh ty nucleotide twong ty véi nhau.

e mutagen: tac nhan (hod hodc 1y) gay dot bién.

e nonhomologous end-joining (NHEJ): Co ché stra chita phan tor ADN khi ca hai soi
don déu bi dut gay ton thuong.

e northern blotting: Ky thuét xac dinh phan tir ARN dic hiéu tir cic ARN khac bang
vi¢c lai dau do danh dau (labeled probe) voi cac ARN.

e nucleolus: hach nhan. CAu trac nim trong nhan té bao eukaryot tai do6 ARNr dugc
phién ma va bién doi dé ket hop véi protein tao ra ti€u phan ribosome.

e nucleosome: cau triic gom 146 bp ADN quén quanh 13i protein histone, tao nén cu
hinh khong gian ctia soi nhiém sic.

J ohgonucleotlde directed mutagenesis dot bién dinh vi. Ky thuat giy dot bién gen
bang viéc thay thé mot (mot s6) nucleotide cua gen bang nhitng nucleotide theo ¥y muon,
thong qua sir dung oligo tong hop nhan tao c6 chira sin cac nucleotide mong mudn nay.

e oncogene: Gen gay ung thu. San pham cua gen gdy ung thu c6 tac dung bién doi té
bao lanh thanh ung thu: Hau hét cac gen gay ung thu xudt phat tir cac gen tién ung thu (proto-
oncogene). Cac gen tién ung thu mé cho cac yéu td kiém soat ting sinh hodc phan chia té bao.
Khi bi dot bién, phan 16n gen tién ung thu tré thanh gen gay ung thu.

e operator: Diém kiém soat tiéu cuc cua gen vi khuan hodc virus Piém nay thuong la
trinh ty ngan cac nucleotide phan bo ngay trudc vung ma di truyén ciia mot gen. Pay 1a vi tri
tuong tac véi protein trc che ngan can khdi dau phién ma cia gen.

e operon: Tap hop cac gen nam canh nhau dugc kiém soat boi mot promoter, do do
operon dugc phién ma tao nén mot phan tur polycistronic ARNm. Cau trac operon chi gép ¢ vi
khuén.
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e origin of replication: Vi tri trén trinh ty ADN tai d6 qua trinh tai ban ADN duoc bat
dau khoi dong.

e PEST sequences: trinh tyr acid amin gy anh huéng dén d6 phan huy cta protein chira
trinh tu PEST do.

e polymerase chain reaction (PCR): phan Ung trung hop nhan ban ADN. K¥ thuat cho
phép nhan ban nhan ban dic hiéu mot doan ADN trong sb tap hop rat nhiéu doan khac nhau.

e phage (thuc khuan thé phage): Virus xdm nhiém vi khuan va c6 thé gay chét té bao vi
khuén.

e phage display: k¥ thuat cho phép xac dinh cac protein c6 kha nang tuong tac voi nhau.

e phenotype: kiéu hinh (tinh trang). Cac dic tinh c6 thé quan sat dugc cua té bao hoic
co thé twong tmg véi mot kiéu gen.

e pheromone: Tin hiéu truyén tin, 1 nhimng phan tir kich thudc nhé phat di tir mot ca thé
1am thay doi tap tinh hodc hoat dong ctia gen & c4 thé khac cing loai.

e pinocytosis: Nhap tai bao. Hién tugng cac tai trong t& bao chit thu nhan khong dic
hiéu cac giot long tir bén ngoai té bao vao.

* plaque assay: Ky thuat cho phep xac dinh 5O luong cac thé virus xam nhiém trong mau
vat bang viéc nuodi ciy cac ndong do pha lodng ctia mau vt trén bé mat té bao chu cia virus va
tinh dém cac vét tan do virus gay ra.

e plasmid: Phan tir ADN kich thudc nho, dang vong nam ngoai nhiém sic thé, co kha
ning tu tai ban trong té bao. Plasmid thuong ding lam vector tach dong trong k¥ thuat ADN
tai t6 hop.

e point mutation: dot bién diém. Thay thé hodc thém bdt mot nucleotide 1am thay ddi
hoat dong cua gen ¢ mirc d6 phién ma (néu dot bién & vung diéu khién cua gen), hodc lam

Xuét hién ma dung tong hop (stop codon) hodc 1am thay ddi khung doc md (ORF) néu dot
bién ndm & viing mang ma di truyén ciia gen.

e polyadenylation: thém dudi polyA vao dau 3’ cia phan tir ARNm eukaryot.

e polyadenylation editing: thém dudi polyA tao nén ma dung tong hop protein trén phan
tr ARNm trong ty thé dong vat. Day dugc xem la co ché doc sira ARNm bang viéc thém dudi
polyA vao dau 3’ cua phan tr ARNm két thuc 1a U hoac UA.

e positional cloning: Xéc dinh vi tri va phan 1ap gen dot bién dua vao lién két di truyén
va cac chi thi phan to ADN.

e pre-ARNm: ban phién mad ARNm so cap. Phién ban duogc bién d6i thanh ARNm dung
lam khuon dé€ dich ma.

_® primary transcript: ban phién ma so cAp. Ban phién ma nay con trai qua qua trinh bién
doi dé c6 chuc nang hoat tinh sinh hoc dac trung cho ting loai phan tir ARN.

e primer: mdi. Poan nucleotide I}gél‘l ch@:a ph()m OH tu do ¢ dau tan cung 3°, co trinh tu
bd sung véi sgi khuon don va 1a noi bat dau dé tong hop s¢i maoi.

e primosome: phuc protein tham gia tai ban ADN.

e probe: dau do. Poan ADN hoic ARN gan dong vi phong xa hodc chit phat quang,
dung d¢€ phat hién trinh ty nucleotide twong dong v6i doan d6. Pau do thuong dung trong cac
phép lai acid nucleic.

e promoter: Diém khoi ddu phién ma.
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e proofreading: chinh sira. Khai niém nay hay dung trong tai ban ADN dé chi hoat tinh
exonuclease 3’ 5’ cua ADN polymerase loai bo cac nucleotide khong tao cap véi khudn
nhung bi gan nhdm vao soi dang téng hop.

e prophage: chi trang thai tiém tan cta genome thyuc khudn thé khi genome nay ghép vao
nhiém séc thé té bao chu.

e proteome: tap hop tt ca cac protein co mit trong té bao.

e pseudogene: gen gia. Mot gen khong c6 chure nang sinh hoc.

e RACE (Rapid Amplification of ADNc ends): Ky thuat PCR nhan ban phan dau cia
phén tir ADNCc.

e Ras protein: Phin tir monomer tuong tac véi GTP, phan b trong té bao chat,
tham gia vao con duong truyén tin hiéu sau khi dugc hoat hoa bai lién két gitra kich
thé va thy thé trén bé mit té bao.

e reading frame: khung doc. Trinh tu nucleotide gdm boi sé cua 3 nucleotide (ma bd ba)
trén phan tdt ARNm, tinh tir vi tri bat dau dich ma (start codon) dén vi tri dimg téng hop
protein. Mot s6 phan tir ARNm c6 thé tmg vé6i 2 khung doc khac nhau.

e receptor: thu thé. Bat ctr phan tir protein nao tuong tic dic hiéu véi kich thé ¢ bén
ngoai té bao va khoi dong chudi phan tmg bén trong té bao tra 10i kich thé.

e recombinant DNA: ADN tai t6 hop. Phan tir ADN duoc tao ra do su ghép ndi ciia cac
doan ADN c6 ngudn goc khac nhau. Ky thuat tao phan tr ADN tai t6 hop thudng dua vao
viéc cat ADN c6 ngudn gbc khac nhau bang enzym gi6i han va ndi chung bang enzym ligase.

e recombination: tai to hop. Qua trinh trao ddi cac doan nucleotide giita hai phan tur
ADN hoic nhiém sic thé tao ra mot t6 hop moi.

e repetitive DNA: trinh ty ADN lap lai nhiéu hon hai 1an trong mdt gen hodc trong h¢
gen (genome).

e replication origin: tim sao chép (tdm tai ban): Trinh tu nucleotide duy nhat tai d6 sao
chép ADN dugc bat ddu. Trén mot nhiém sic thé eukaryot c6 nhiéu tAm sao chép nhung mot
nhiém séc thé prokaryot chi c6 mot.

e replicon: ving ADN dugc sao chép tir mot tam sao chép.

e reporter gene: gen bao cdo. Dya vao tinh trang da biét cia gen béo cao dé phan tich cac
doan nucleotide kiém soét hoat dong cua gen nay.

e restriction enzyme: enzym gidi han. Ching nhan biét trinh tu nucleotide dic hiéu va
cit phan tir ADN soi kép thanh cac doan.

e restriction fragment length polymorphism (RFLP): Pa dang cac doan ADN dugc cit
boi enzym gidi han do sy da dang v& vi tri nhan biét cua enzym.

e retrotransposon: Poan ADN cé kha ning di chuyén trong genome thong qua dang
trung gian la ARN nho qua trinh phién ma nguoc.

e retrovirus: Virus xdm nhiém té bao eukaryot c6 genome 1a ARN. Téi ban genome ciia
retrovirus trai qua budc phién ma ngugc tao ADN. ADN nay duoc ghép vao nhidm sic thé té
bao chu. Tai do, ADN duogc phién ma tao ARN genome va ARNm dé dich ma téng hop
protein cua virus.

e reverse transcriptase. Enzym phién ma nguoc c6 hoat tinh tong hop sgi ADN tir soi
don ARN.

e Rho-dependent terminator: Vi tri két thic phién ma trén ARNm & prokaryot, tai d6 su
két thac phu thudc vao protein Rho.
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e ribozym: Phan tr hoac mot doan ARN c6 hoat tinh xtic tdc phan Ung.

e RNA-depedent RNA polymerase: enzym phién mi tong hop soi ARN trén khudn
ARN.

e RNA editing: doc sira ARN. Trinh tu nucleotide trén phan tir ARNm bj thay dbi.

e RNA splicing: cit intron, nbi exon.

o satellite DNA: ADN v¢ tinh. Nhiing trinh tu nucleotide 1dp lai tao thanh c4c bang v¢
tinh trong ly tam theo gradient.

e sccretory vesicle: tai tiét. Nhitng bao quan nho chira cac chat duoc tiét ra ngoai té bao.

e selfish DNA: DNA khéng co bt cir chtic ning gi trong té bao.

e sequence tagged site (STS): Trinh tir nucleotide duy nhit trong genome.

e shotgun approach: cach thirc xac dinh trinh tu cia mét phan tr ADN bang viéc xac
dinh trinh tu c4dc phan doan khi phan tir d6 bi cat dat mot cach ngau nhién.

e silencer sequence: trinh ty nucleotide khoi1 dong sy co dac cuc bo & sqi‘nhiém sdc thé,
ngan can protein ki€ém soat phién ma twong tac véi vung diéu khién cia gen nam cach do vai
tram bp.

e simple-sequence DNA: doan nucleotide ngan 1ap lai lién tiép, thuong phan bd & tim
dong (centromere) va dau muat nhiém sac thé (telomere).

 southern blotting: ky thuét xac dinh phan tir ADN tir nhirng doan ADN khac bang viéc
lai dau do danh dau (labeled probe) voi nhitng ADN do6.

* spliceosome: phirc ribonucleoprotein bam vao phén tir pre-ARNm dé thyuc hién phan
ung cit ndi intron-exon.

e stem cell: t& bao gbc. Té bao cd ‘Eiém ning phan chia tao thanh nhimg dong té bao biét
hoa khéac nhau trong sinh trudng phat trién.

e TATA box: hop TATA. Poan nucleotide bdo thu ¢ promoter eukaryot tai do phtrc
khéi dong phién ma tuong tadc vai promoter hodc véi nhau.

e trans-acting: tac dong ngoai sinh. Thuang dung dé chi san pham ctia mot gen khi san

pham d6 c6 kha ning khuech tan trong té bao gay tac ~dong dén hoat dong cua mot sd gen
khac trén ciing mot nhidm séc thé hodc trén cac nhiém sic thé.

e transcription unit: don vi phién ma. Poan ADN duoc gidi han bdi diém khoi dau va
diém két thuc phién ma cho mot sgi ARN. Soi ARN nay c6 thé con trai qua qua trinh bién doi
thanh cac phan tr ARN churc nang.

e transfection: chuyén nhiém. Qua trinh chuyén gen hoat dong vao té bao nudi ciy dé
nghién curu tac dong cua gen do.

e transformation: bién nap. Qua trinh dura ADN la vao té bao nham gy bién d6i hé gen
cua té bao mdt cach bén virng va dugc truyén cho thé hé sau.

e transgene: Gen dugc tach dong va duoc chuyén vao hé gen ctia té bao dong thuc vat,
tai d6 gen la ton tai bén viing va dugc di truyén cho thé h¢ tiép sau.

e transgenic: dong thuc vat chuyén gen.
e transposon: ADN di chuyén. Poan ADN c6 kha ning di chuyén trong hé gen.

e vector (dung trong gidi han sinh hoc phan tir): tic nhdn mang ADN dé chuyén vao té
bao hodc co thé.
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~® Western blotting: K§ thuat cho phép xac dinh protein dac hiéu bang khang thé danh
dau.
e wild type: dang binh thudng, ton tai trong ty nhién khong mang bit ky dot bién. Khai

niém nay dugc dung cho mot phan tir, t€ bao hodac mot co thé. Poi voi co the, co thé goi la
loai dai.
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