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Loi néi dau

Ké tir ic Oswald T. Avery, MacLeod va McCarty (Pai hoc Standford
USA; 1944) chitng minh DNA la vt chat mang théng tin di truyén va dac
biét la, tir ngay James Watson va Francis Crick kham phd ra cdu tric
phdn tir DNA - 25/4/1953 dén nay, Hoa sinh hoc va Sinh hoc phan tur da
phat trién véi mét toc do hét sirc nhanh chéng. Nhitng thanh tiru moi noi
tiép nhau ra doi, ddng ké 1a sir hodn thanh viéc giai ma di truyén boi hai
nhom nghién ciru cua Marshall Nirenberg va Gobind Khorana vao thang
6 nam 1966 va sy ra doi ciia K§ thuat Di truyén vao giita thdp nién 1970
la hai sw kién néi bdt nhat ké tir sau khi sinh hoc phdn tir ra doi. Ké dé, s
thanh cong cua Dy an Bo gene Nguoi (Human Genome Project = HGP)
vao thang 4 nam 2003 dwoc xem la mot trong nhwng ky cong tham hiém vi
dai nhat cua lodi ngwoi. Lan dau tién con nguwoi cé thé doc dwoc mét cdch
day i toan bg trinh tir 3.164.700.000 cdp base trong bg gene ciia minh.
Tdt ca nhitng su kién néi bdt nay minh chimg mét diéu rang: Sw phat trién
cung voi nhitng thanh tyu dat dwoc cua linh vuc nghién cuu nucleic acid
va sinh hoc phan twr noi chung trong thoi gian qua qua la vo cung to lon!

bé gop phdn doi méi néi dung gio trinh Nucleic Acid theo huéng cdp
nhdt kién thirc ciing nhw phirong phép day va hoc bg mon, chung toi da
tham curu nhzeu tai liéu khdc nhau va co gdng bién soan gido trinh trén
tinh than ay Chiing téi hy vong rang gido trinh nay sé dap g dwoc phan
nao nhu cau hoc tdp cia sinh vién trong boi canh déi méi gido duc hién
nay.

Néi dung gido trinh gom sdu chieong bao quat cdc kién thirc co ban vé
nucleic acid. Chwong 1 dé cdp dén Lich sir va phirong phdp nghién ciru
nucleic acid; cac chuong 2, 3 va 4 tap trung chu yéu vao cdc khia canh
cdu tric ciia cde nucleotide, polynucleotide, cac phan tir DNA va RNA;
con cdc chwong 5 va 6 di sdu vao co ché ciia cdc qud trinh sinh tong hop
nucleotide, DNA, RNA va protein. Mdt khdc, dé dam bdo tinh toan dién va
tinh h¢ thong ciia gido trinh (trong khudn khé da dinh), cdc kién thire dai
cuong vé co so phan tir cua dot bién va tdi t6 hop DNA ciing dwoc trinh
bay & cudi chwong 5 nhw la mdt bién doi thiét yéu, mang tinh bién chimg
ciia cdu tric di truyén nay. Cudi méi chuwong déu cé cdc phan Cau hoi va
Bai tip va Tai liéu tham khao dé ban doc tién on tdp va tra cuu.

Gi4o trinh Nucleic Acid nay duwoc ra doi trong khuén khé ciia Dy an
Giao duc Dai hoc Hué. Vi vdy mét sé kién thirc ndng cao nhw phin Céng



nghé DNA tdi t6 hop - mét linh viee g dung méi mé va rong Ion cua sinh
hoc phdn tir - theo quy dinh sé dwoc dé cdp trong mot gido trinh riéng -
Cong ngh¢ DNA tai t6 hop - ma khong di sau voi tw cach la mot chu dé
ha),/ mot ghu"ong riéng. Bér{ canh d‘o’,o mot so thudt ngﬂ: khoa hoc dwoc
thong nhat sw dung bang tieng Anh dé giup nguoi hoc dé dang hon trong
viéc tiép cdn voi thong tin qua sach bao nuwoc ngoai hodc internet.

Gido trinh nay do ThS. Hoang Trong Phan va PGS.TS. Pé Quy Hai -
hién dang cong tac tai Khoa Sinh hoc cdc truong DPai hoc Sw pham va Dai
hoc Khoa hoc thuoc Pai hoc Hué - bién soan, voi sy phdan cong nhu sau:

ThS. Hoang Trong Phan chu bién va bién soan cdc chuwong 3, 4, 5, 6
va mot phan cua chuong 2; va

PGS.TS. P6 Quy Hai bién soan chwong 1 va mét phan ciia chirong 2.

Pé gido trinh nay kip thoi ra mdt ban doc, ching t6i xin tran trong
cam on Dy én Gido duc Pai hoc Hué da tai tro cho viée bién soan va xudt
ban giao trinh trong khuon khé ciia D an Gido duc Pai hoc mirc B.

Chiing téi xin bay t6 long cam on ddc biét dén GS. TSKH. Lé Dodn
Dién, Chui tich Hoi Hod sinh Viét Nam, Giam déc Trung tam INCEDA da
day céng doc ban thdo va cho nhiéu y kién quy bdu ké tir khi dé cwong
gido trinh bdt dau dwoc hinh thanh.

Do kha ndng con han ché, chdc chan gido trinh con nhiéu thiéu sot.
Chiing téi rdt mong nhdn dwoc sy phé binh va chi bdo cia cdc dong
nghiép va ban doc dé gido trinh dwrgc hoan chinh hon trong lan in sau.

Hué, ngay 15 thang 10 nam 2005
Cac tac gia,

HOANG TRONG PHAN - PO QUY HAI



Chwong 1
Lich str va Phwong phap Nghién ctru
Nucleic Acid

I. Lich st nghién clru

Nucleic acid 1a nhirng hop chét cao phan tlr dong vai trd hét
strc quan trong trong hoat ddong séng ciia moi co thé sinh vat.
Chuang tham gia vao cac qué trinh co ban cla sw séng nhuw sinh
tdng hop protein, sinh trwdng, sinh san va di truyén.

Trong mét théi gian dai cac nha héa hoc va cac nha nghién
ctru vé sinh ly dinh dwéng da coi protein, lipid va carbonhydrate 13
ba chat quan trong nhét tao nén co thé sdng. Quan diém cho rang
nucleic acid 1& nhirng clu t& tro cla nhan va té bao chat da mai
mai Iang quén t khi chat thir tw nay — nucleic acid dwoc chirng
minh Ia chat quan trong hon so véi cac chét trudc do.

N&m 1869, l1an dau tién nha héa sinh hoc tré tudi ngudi Thuy ST
Friedrich Miescher (1844 -1895) da phat hién nucleic acid trong
nhan t& bao. Ong da d&t tén la nuclein vi nhan thay né tén tai &
trong nhan té bao (nucleus).

Péi twong nghién ciru cia Miescher 1a nhitng bach cau
(lymphocytes). Khi ding acid két tia dich chiét xuat t nhan cla té
bao mu lay tr béng bang bd di (bdng cach dung enzyme phan hay
protein clia dich da day la pepsin dé tiéu hoa cac phan khac giau
protein cla té bao) 6ng da vo6 cung ngac nhién nhan thay rang,
nhan té bao chra moét chat khéng phai m&, khong phai
carbonhydrate, ciing khéng phai protein. N6 ciing khéng gibng mét
chéat sbéng nao da biét va chira phosphor va nito, hda tan thi cho
tinh acid. T “nucleic acid” 1a do Altman dé nghi nam 1889 (6ng da
phat hién ra rang déi twong thuan tién tét nhat dé chiét rat chét
nuclein 14 nhitng d4u tinh trung cda ca héi). Va thwc chat méi dau
tinh trung cda ca hdi hoan toan twong (ng véi moét nhan té bao. Dé
diéu ché ché phdm nucleic acid, Miescher da hoa tan phan dau cta
tinh trung (t& bao sinh duc duc) trong dung dich mudi néng dé cao,
sau dé bang cach thém nwéc vao da gay ra két tia nucleic acid &
dang soi. Can phai gitr ché phdm lanh do dé trong cac ngay déng
thang gia cia mua déng, 6ng da lam viéc trong phong khéng suai.

Thuc té, lich st nghién clru héa hoc cla nucleic acid gan lién



véi tén tudi clia Felix Hoppe - Seiler (1825-1895), nha sinh Iy hoc
va hoa hoc rat néi tiéng ngudi Blirc vi chinh & phong thi nghiém
cla 6ng & Tubingen. Miescher da lam viéc v&i danh nghia la nguoi
hoc tro va cong tac vién khoa hoc tré. Mac du Miescher la mét cong
tac vién vé cung can than va day trién vong song Hoppe - Seiler
van thay can thiét phai dich than I&p lai thi nghi@m xem c6 dung 1a
mot chat moi hay khéng. Két qua thwc nghiém khéng nhirng khang
dinh thanh twu ctia Miescher ma con thu duwoc thém nhiéu dan liéu
moi rat dac trung. Hoppe - Seiler con phat hién trong nhan té bao
nam men ciing c6 chéat nuclein giéng nhw & té bao bach cau.

Nguw&i ké tuc phat trién cong trinh ctia Miescher 1a nha hoa sinh
hoc (héa hoc hiru co) nguwdi Dirc Albrecht Kossel (1853 - 1927).
Nam 1882, 6ng da phan tich nucleic acid ra nhirng phan nhd chiva
acid phosphoric, dwdng va base chira nito (Kossel da tach duoc
hai pyrimidine va dat tén la cytosine va thymine, cling nhw hai
purine v&i tén adenine va guanine). Do céng trinh nay 6ng da dat
gidi Nobel vé y va sinh ly hoc vao ndm 1910. Mét pyrimidine khac
la uracil ciing da dwoc phat hién sau nay.

Trong nhirng ndm dau cta thé ky XX (1900 - 1932), nha hoa
sinh hoc nguwdi My gbc Nga Phoebus Aaron Theodore Levene
(1869 - 1940) da xac dinh dwoc don vi ciu tao cla nucleic acid la
cac nucleotide (hay mononucleotide) va phan biét dwgc hai loai
nucleic acid: deoxyribonucleic acid (DNA) va ribonucleic acid
(RNA).

Nhu vay, cho dén nam 30 cla thé ky XX nay, nguoi ta da biét
dwoc thanh phan clia cac nucleic acid.

Levene da doan trwéc 4 nucleotide khac nhau lién quan dén
RNA Ia adenylic acid (chira adenine), guanilic acid (chtra guanine),
cytidilic acid (chtra cytosine) va uridic acid (chira uracil). Ong ciing
gia thiét 4 nucleotide tiép theo lién quan dén DNA 1a deoxyadenilic
acid, deoxyguanilic acid, deoxythymidilic acid (chtra thymidine) va
deoxycytidilic acid (chwra cytosine).

Do céc gia thiét nay ctia Levene t ra phu hop véi hiéu biét cia
héa hoc cho nén ching s&m dwoc cac nha héa hoc chap nhan.
Nhwng cho dén thdi ky dau nhirng ndm 1950, chung van chua
dwgc chieng minh rd rang khi nha hodéa sinh hoc nguwdi Anh
Alexander Robertus Todd (1907-1997) chwa tdng hop duwoc céac
nucleotide phu hgp mét cach chinh xac véi cac cong thirc cua
Levene. Todd da xac nhan dwoc rang cac chat nay thuc té gidng



cac hop chat da thu nhan dwoc tir nucleic acid. Véi cbng trinh nay,
Todd da duorc trao gidi thwéng Nobel vé héa hoc ndm 1957.

Trong nhitng ndm 1949 - 1953 nha sinh hoc ngudi My gbc Ao
Erwin Chargaff (1905 - 2002) khi phan tich DNA da phat hién sw
can bang cuia cac base trong DNA: s nhém purine bang s6 nhém
pyrimidine (purine/pyrimidine = 1), s6 nhém adenine bang s6 nhém
thymine (adenine/thymine = 1), s6 nhém guanine bang s6 nhom
cytosine (guanine/cytosine = 1). Vé sau nay nguoi ta da dat quy tac
mang tén éng vé tong lwong cac loai nucleotide ciu tao nén céac
DNA.

Trong nhirng ndm dau thap nién 1950, hai nha vat ly hoc nguoi
Anh, Maurice Hugh Frederick Wilkins (1916 - 2004) cung voi
Rosalind Franklin (1920 - 1958) bat dau tién hanh cac nghién ctru
dau tién vé cau trac DNA. Wilkins 1a con trai cia mot bac si nguoi
New Zealand chuyén hoc vat ly va vao thoi ky dau cudc Chién
tranh Thé gi¢i thir hai, 6ng lam viéc cho sw phat trién bom nguyén
ttr. Nhwng sau cudc Thé chién nay, 6ng dung tat ca strc lwc cla
minh cho cdng viéc nghién ciru DNA va da tré thanh mét trong
nhi*rng nha bac hoc tién phong trong linh virc nay nén dwoc coi la
nha ly sinh hoc. Wilkins va Franklin da ap dung phwong phap nhiéu
xa Ronghen (X-ray diffraction) vao viéc nghién ctru clu trac tinh
thé cia DNA (lay tir tuyén e bé, thymus). V&i nhivng birc anh
chup c4u truc tinh thé DNA c6 dang chi¥ thap, hai tac gid nay goi y
rang DNA c6 thé gdm hai ho&c ba mach don bén xoan v&i nhau.

Nam 1953, tr cac nghién clru ctia minh két hop v&i cac két
qua nghién ctu trwdc do6 cua Chargaff va Wilkins, hai nha khoa
hoc & trwdng Pai hoc T6ng hgp Cambridge la Francis Harry
Compton Crick (England; 1916-2004) va James Dewey Watson
(USA; 1928-2003) da xay dwng thanh céng mé hinh chudi xoan
kép cua phan t&r DNA. V¢&i céng trinh nay, Watson va Crick da
dwoc trao gidi thwdng Nobel vé y hoc va sinh Iy hoc nam 1962. Tw
doé Crick da xay dwng mét chudi xodn kép DNA bang dbng trong
vuwdn nha éng & trung tdm Cambridge, sau dé da viét: “Nguoi ta
héi t6i la khi nao thi sé ma vang”.

Cung v&i viéc nghién ciu cau trac DNA, cac nha khoa hoc
cling da nd lywc tim hiéu vai trd va cac churc nang sinh hoc cua né.

Vao nam 1944, nghia 1a sau 75 ndm ké ti khi phat hién DNA
trong nhan té bao ndm 1869, nha vi khuan hoc nguwdi My Oswwald
Theodore Avery (1877 - 1955) da chirng minh DNA 1a chéat liéu di
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truyén khi bd sung DNA chiét xuét ttr chiing doc (chiing khéng doc
ctia phé ciu khuan Diplococcus pneumoniae bién thanh chiing doc
gay viém phédi va lam chét chuét bat ngudn tir thi nghiém bién nap ctia
F. Grifith ndm 1928) vao méi trwéng nudi cay va két hop vai viéc xi ly
bang DNase. Diéu doé chirng t& DNA quyét dinh tinh chét di truyén cla
phé cau khuan.

Nam 1952, Alfred Day Hershey (1908 - 1997) va Martha Chase
(1927 - 2003) cho biét, bang ddng vi phdng xa c6 thé theo di su di
chuyén cla protein va DNA cla virus (co s& la DNA chia
phosphor, protein chtra lwvu huynh ma khéng chira phosphor; vi vay
DNA virus c6 thé dwoc danh dau bang déng vi phong xa phosphor,
con protein virus dwoc danh dau bang déng vi phéng xa lwu
huynh). Khi danh dadu mét sé hat virus & phan protein va mét s hat
virus & phan DNA réi dwa vao mdi trwérng nudi cay vi khuén chu E.
coli thi thdy DNA virus nhanh chéng thAm nhap vao té bao cha, con
phan protein thi khéong. Thi nghiém ciing da chirng minh tdm quan
trong vé mat di truyén ctia DNA.

Nam 1955, nha hda sinh hoc My Fraenkel-Konrad (1910 - ) da
chia virus ra lam hai phan va sau d6 néi dwoc hai phan dé lai, phan
protein khéng gay nhiém (khéng chui vao té bao vat chi) con phan
DNA thi gay nhiém. Thi nghiém clta Krauss trén hdng cau ngudi
chirng minh s lién quan gitra cu tric héa hoc cua protein véi vai
trd di truyén ctia DNA (khi dwa DNA chiét xuét tr héng cau non cla
ngudi lanh vao tly xwong bénh nhan thiéu mau hinh Iwéi liém (co
HbS khéng binh thuwéong) thi thdy hemoglobin binh thuwéng dwoc
tdng hop. Piéu d6 chirng td DNA quyét dinh c4u tric dac hiéu cla
protein.

Cac thi nghiém sau d6 cla cac nha khoa hoc da chu trong vao
viéc tdng hop DNA.

Nam 1956 Severo Ochoa (1905 - 1993) va Arthur Kornberg
(1918 - ) - hai nha khoa hoc nguwdi My da tdng hop DNA in vitro
bang cach trén enzyme DNA polymerase | dwoc chiét xuat tir E.
coli v&i cac dNTP, DNA khudn (DNA tw nhién) va Mg*™, DNA thu
duwoc khong khac DNA ty nhién. Hai nha khoa hoc nay da duwoc
nhan giai thwéng Nobel vé& y hoc va sinh Iy hoc vao ndm 1959.

Nam ndm sau khi cong bb céng trinh cu tric xodn kép cla
DNA vao nam 1958, Matthew Stanley Meselson (1930 - ) va
Franklin William Stahl (1928 - ) d& chirng minh bang thwc nghiém
dw doan trén la hoan toan cé co s&. Bang cach nudi vi khuan E.
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coli & méi trwerng chira nito nang "°N sau dé bang "N binh thuwéng
roi theo déi qua cac thé hé, xem sy thay ddi ty trong ctia DNA qua
may ly tdm siéu tdc (siéu ly tdm); hai nha khoa hoc da xac dinh
dwoc co ché tai sinh ban bao tén ctia DNA.

Vé viéc nghién ctru RNA, cho dén cudi nhixng nam 30 clia thé
ky XX, cac nha khoa hoc van nght rang DNA la dac trung cla cac
té bao dong vat, con RNA chi cé thé gap dwoc & trong nAm men va
cac té bao thwc vat. Ngudn quan trong nhat ctia DNA luc nay 13
tuyén (rc (thymus), con dbi véi RNA 1a nAm men.

Céc nghién ctru chinh xac hon sau nay da cho thay cé hai loai
nucleic acid déu cé mat trong tat ca cac té bao dong vat va thuc
vat.

Nam 1939, cac nha nghién cru Torbjorn Oskar Caspersson
(Thuy dién; 1910 - 1997) va Jean Brachet (Bi; 1909 - 1998) da
ching minh sy téng hgp manh mé protein trong bao twong cung
xay ra v&i sy tdng hop manh mé RNA.

Nam 1956, S. Ochoa (nha héa sinh hoc nguwdi My) da dung
enzyme RNA polymerase dwoc chiét xuat tlr vi khuan Azobacter
vineladni dé& tbng hop RNA in vitro.

Nam 1956, George Emile Palade (1912 - ) da ching minh
microsome c6 chra nhirng hat cd nhiéu RNA goi 1a thé ribo tlrc la
ribosome (55% RNA, con lai la protein).

Nam 1961, Francois Jacob (1920 - ) va Jacques Lucien Monod
(1910 - 1976) néu van dé co mot loai RNA khac cé dac diém
chuyén hoéa nhanh chéng va cé ciu tao twong tw DNA. D6 13
mRNA, 13 chat trung gian chuyén théng tin t&r DNA dén chubi
polypeptide duoc tdng hop.

Trwdc dé vao nam 1958, M. B. Hoagland (nha héa sinh hoc
nguwoi My) da nghién cuu van dé dwa amino acid vao ribosome.
Ong da xac dinh la trwéc khi tham gia tbng hop protein, amino acid
duoc két hop véi RNA van chuyén (tRNA) dé van chuyén amino
acid t bao twong vao ribosome.

V&i nhirng phwong phap thi nghiém khac nhau cac phong thi
nghiém clda Marshall Warren Nirenberg (1927 - ), Har Gobind
Khorana (1922 - ) va Ochoa da xac dinh dwgc cac bé ba mat ma
cua toan bd 20 amino acid vao nhirng nam 1961 - 1965.

Do vai tro quan trong clia nucleic acid trong hoat dong song
cda co thé sinh vat (tham gia vao cac qua trinh co ban cta sw séng
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nhw sinh tdng hop protein, sinh trwdng, sinh san va di truyén), cho
nén viéc nghién cru nucleic acid ngay cang dwogc chu trong. Tw
nhirng ndm 70 cla thé ky XX tré lai day, nhéat |a trong 10 nam cubi
cta thé ky va nhirtng ndm dau cta thé ky XXI nay, hiéu biét vé
nucleic acid ngay cang dwoc mé rong.

Nho nhirng thanh twu cta sinh hoc phan t&r, mét linh viee khoa
hoc mé&i da hinh thanh va phat trién manh mé, dé 1a cong nghé
gen, mét trong tam dwoc dau tw nghién clru hang dau clta céng
nghé sinh hoc.

Il. Cac phwong phap nghién ctru

Cling nhuw sy nghién clru cac dai phan t&r sinh hoc khac, cé
nhiéu phwong phap va ky thuat dwoc st dung trong viéc nghién
cru nucleic acid.

Tuy nucleic acid cé cAu tric phirc tap va hoat dong rat chat
ché&, nhung nhe nhivng thanh twu méi vé ky thuat, da ra d&i nhiéu
phwong tién va phwong phap nghién ctru hién dai, dam bao dé
chinh xac cao, cho phép kham pha thém nhiéu diéu quan trong &
nucleic acid.

1. Cac phuong phap chung
1.1. Phwong phéap nhiéu xa Ronghen

Phuwong phap nay dwa trén sy tan xa cua tia X (tia Ronghen)
qua c4u truc tinh thé cha chéat can phan tich. Bang cach doé va pha
cda tia X bi nhiéu xa két hop v&i viéc xtr ly div liéu trén may tinh,
ngudi ta cé thé xac dinh dwoc chinh xac vi tri ctia mot nguyén tir
bat ky so v&i cac nguyén ti con lai trong mét dai phan ti. Nho
vay, ngudi ta co thé thu nhan dwoc mét hinh anh "tinh" vé cau tric
phan t&r nam & trang thai tinh thé. Tuy nhién, can cha y rang cac
chat ndm trong té bao khdng bao gi¢ t6n tai & trang thai tinh thé,
ma chung thuwdng nam & trang thai hoa tan hodc két hop véi cac
cu truc khac cla té bao. B&i vay, ngudi ta thwdong st dung thém
phwong phap phan tich cdng hwéng tir hat nhan dé thu dwoc cau
trdc phan tlr cla chéat can phan tich & trang thai hoat dong sinh
hoc.

Nh& két qua nhiéu xa Ronghen trén cac soi nucleic acid,
ngwdi ta da xac dinh dwoc cu tric khéng gian clda phan t
nucleic acid (chl yéu la cia DNA).

1.2. Phwong phap dién di
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Nguyen tdc cla phwong phap nay la dwa vao tinh phan
cuwc cla phan t& va kha nang di chuyén vé mét hudng xac
dinh khi chiu tac déng cua mét dién trwong. Trong cac dung
dich kiém va trung tinh, cac dai phan t& nucleic acid tich dién
am déng déu trén khap bé mat nén trong dién trwéng, ching
sé di chuyén vé cuc dwong cua dién trwdng.

Bang phwong phap dién di, ching ta c6 thé thu dwoc nucleic
acid dang tinh khiét tir dich chiét nghién ctu. Phwong phap nay
ciing dwoc dung dé tach riéng cac nucleic acid DNA, RNA, ciing
nhw cac loai RNA riéng biét (MRNA, rRNA, tRNA).

1.3. Phwong phép sac ky

Phwong phap séc ky dwa vao kha nang phan bd cla cac chat
chay sac ky khi dwa vao dung méi két hop véi khd ndng hép phu
cla vat liéu séc ky. Cac chat khac nhau cé kha nang hoa tan vao
dung méi khac nhau va duoc vat liéu sac ky hap phu véi luwc khac
nhau cho nén tbc dd di chuyén cla chung trén sac ky dd Ia khac
nhau. Do d6 cac chat nay sé& dwoc tach ra trong qua trinh chay séc
kY.

Phuong phap nay duoc dung dé tach chiét va tinh ché nucleic
acid. Cé nhleu phwong phap sac ky: sac ky gidy, sac ky cot, séc ky
trao ddi ion, sac ky I1&p méng, sac ky khi.

1.4. Phwong phap quang phd

Nguyén téc ctia phwong phap nay 1a dwa vao sw hap thu manh
anh sang ctia mét chat & mét budc séng xac dinh. Nucleic acid hap
thu manh anh sang t& ngoai & buéc séong 260 nm do sy cd mat
cua base purine va pyrimidine. Gia tri mat d6 quang & bwédc séng
260nm (ODagonm) clia cac mau cho phép xac dinh ndng dé nucleic
acid trong mau. Nguoi ta cling xac dinh dwoc do tinh khiét cia ché
pham nucleic acid khi xac dinh d6 h&p thu anh sang & 280 va 260
nm (dd hap thu cwc dai cla protein [a & 280 nm).

1.5. Phwong phap déng vi phéng xa

Nguyén téc ctia phwong phap nay la cac chat déng vi phéng xa
dwoc gan 1én chat nghién ctru va dung ky thuat phéng xa tw ghi dé
theo d&i qua trinh bién dbi ctia cac chéat khi dwa ching vao co thé
hodc méi tredng can nghién cu. Nhé vay cé thé xac dinh duwoc co
ché tham gia qua trinh bién dbi ctia chat can nghién ctu. Ciing c6
thé dung may do phéng xa dé dinh lwong chat can nghién ciru.
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Phwong phap déng vi phéng xa dwoc dung dé nghién ctu co
ché tdng hop nucleic acid. Ngoai ra viéc xac dinh thanh phan cau
trdc cling nhw dinh lwgng nucleic acid clng duoc tién hanh bang
phu’o’n%; phap nay Céc dbng vi hay dung cho cac nghién ciru nay
la: *H, "*C, ¥P, "N,

1.6. Phuong phap hda hoc

Dung phwong phap thiy phan thich hop bang acid hay kiém,
nguoi ta co thé thu nhan dwoc cac phan khac nhau cda nucleic
acid. Bang cach két hop véi cac phwong phap khac nhw sac ky
hay dién di, cac thanh phan dwoc tach riéng dé& nghién ctru ciu
tric, thanh phan héa hoc va tinh chat ctia chiung. Ngwoi ta cling cé
thé dung phwong phap héa hoc dé dinh tinh nucleic acid trong té
bao nh& nhirng phan trng héa hoc dac trwng.

1.7. Phwong phéap dung hé théng vo bao

Ngudi ta c6 thé st dung déi twong nghién ctru la co thé toan
ven, lat cat mo, té bao, nhuwng mdt phwong phap nghién clru rat cé
hiéu qua 1a phwong phap dung cac hé thdng vé bao (khéng dung té
bao nguyén ven).

Nghlen v& té bao roi dung cac phwong phap ly tam dé tach cac
thanh phan khac nhau cla té bao. Dwa trén nhu ciu nghién ctru,
ngudi ta co thé thém vao hé thdng vé bao cac chéat khac nhau. Nho’
hé théng v6 bao nay ching ta cé thé nghién ctu quéa trinh sinh
tdng hop protein, vai trd ctia cac nucleic acid trong qua trinh nay,
cling nhw ban than qua trinh tbng hop cac nucleic acid. P. C.
Zamecnik va cong sw lan dau tién phat trién cac hé théng vo bao
dé nghién ctu sinh tbng hop protein, d& xac dinh cac hat
ribonucleoprotein (ribosome) la noi sinh tdng hop protein va da
phat hién ra tRNA.

2. Cac phuong phép tach chiét nucleic acid

Pé dam bado cho cac nghién ciru tiép theo, nucleic acid can
dwoc tach véi mét lwong da 1én va du tinh sach. Chinh vi vay diéu
can chud y trwéc hét 1a phai thu nhan cac nucleic acid & trang thai
nguyén ven, khéng bi phén hdy bdi cac tac nhan co hoc hay héa
hoc. Viéc nghlen ldc manh khong dung quy trinh cling dé 1am tén
thwong dén phan t& nucleic acid (dé bj gay). Cac enzyme ndi bao
bi pha v& ciing cé thé thdly phan nucleic acid.

DPé trc ché hoat dong clia cac enzyme ndi bao (deoxyribonuclease
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= DNase, va ribonuclease = RNase) can tach chiét nucleic acid &
nhiét d6 thap, hoac st dung cac chat (rc ché sy hoat dong cuia cac
enzyme nay.

2.1. Phuwong phap tach chiét DNA

DNA |a phan t& cé kich thuwéc Ién nén can tranh cac tac nhan
c6 hoc hoac hdéa hoc manh, tranh [ém dut gay. Co6 nhiéu phwong
phap khac nhau dwoc s dung dé tach chiét DNA, nhu: ly tam
gradient ty trong CICs, c6t sac ky trao doi anion (Kit QIAGEN), v.v.
Dwé&i day chi la mét trong cac phwong phap tach chiet DNA do.

Phwong phap tach chiét nay gém 3 buwéc co ban sau:

- Bwoc 1: Phd v& mang té bao va mang nhan (& té bao
eukaryote) bang hon hop chat tay (SDS - sodium dodecyl sulfate,
sarcosyl) va proteinase. Cac DNA sé& duwoc giai phong ra moi
trwdng. Cac protein lién két véi DNA cling tw bi phan hay.

- Bwoc 2: Loai bo thanh phan khdng mong mudn trong mau ma
chu yéu la protein bang dung dich: phenol chloroform. Dung dich
nay lam bién tinh protein va khong hoa tan nucleic acid. Sau khi ly
tdm loai protein (nam gilra pha nwé&c va pha phenol: chloroform) sé
thu dwoc nucleic acid (& pha nwéc).

- Buwdc 3: Két tha nucleic acid. Muc dich 1a thu nhan nucleic
acid dwdi dang c6 dac va bao vé ching khoi sy phan hay cla cac
enzyme cling nhw cé thé hoa tan tré lai theo nong d6 mong muon.

_+ Dung etanol nong dd cao (2,5 dung tich ethanol/1 dung tich
mau) trong mdi trwdng co Iwc ion cao (ndng dé mudi cao), & nhiét
dé thap. Hau nhw toan bd nucleic acid deu két tda trong diéu kién
nay.

+ Dung isopropanol (thé tich dung moéi: thé tich mau la 1:1),
khong c6 sw hién dién ctla muoi. (.:,éc DNA trong lwgng phan tp’
thap khong bi ket tua, do do co thé loai chung ra khoi dich chiét
bang cach nay.

Tua thu dwoc bang 2 cach trén dwgc thu nhan lai bang cach ly
tam. Sau d6 duwoc rtba lai bang ethanol 70% dé loai bé cac mudi va
cac dau vét isopropanol.

Va cudi cung 13, tién hanh x&r Iy bang RNase dé loai b RNA.
2.2. Phwong phap tach chiét RNA toan phan va mRNA

Céc loai RNA déula cac phan t& khdng bén, dé bi phan hly bdi
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cac enzyme ribonuclease (RNase). Hoat tinh clia cac enzyme nay
rat cao va bén virng véi cac tac nhan thwong dung dé bat hoat
enzyme (nhw xt ly 90°C trong 1" khong l1am mét hoat tinh no).
RNase lai c6 mat khap noi (vi du trén dau ngon tay clia ngudi
thao tac...). Chinh vi vay, can phai cé nhiéu bién phap than
trong dé tranh cac tap nhiém b&i cac RNase tlr moi trvong:
thao tac trong diéu kién vé trung, moi dung cu hdéa chét déu
dwoc khir trung bang nhiét hay dwoc x& ly véi DEPC hau tranh
moi tiép xuc v&i dung cu bang tay tran.

- Viéc tach chiét RNA toan phan ciing gém 3 bwéc co ban nhw
déi véi DNA: (Lwu y rang, day cling chi 1& mét trong cac phwong
phap dwoc sir dung ma théi. Hién nay phuwong phap dwoc sir dung
phd bién nhéat dé chiét tach RNA 1a Tri201.)

+ Nghién té bao mé trong dung dich c6 moét mot chat tdy manh
(SDS, sarcosyl) & nbng d6 cao, mot tac nhan gay bién tinh protein
manh (guamidium thiocyanate), mét chat khe (2 -
mercaptoethanol). Cac chat nay c6 tac dung trc ché hoat déng cua
cac RNase ndi bao va tach cac protein lién két khai phan tir RNA.

+ Loai protein bang xt& Iy phenol: chloroform va ly tam.

+ RNA duoc két tha bang ethanol va thu lai bang ly tam. Du6i
dang két ta trong etanol hodc dong lanh & -70°C trong nwdc cod
chtra chat trc ché RNase 1a R - nasine, RNA c6 thé dwoc bdo quan
trén mot nam. Va, cudi cung la buéc tach RNA khéi DNA.

- Tach chiét mRNA (& cac té bao nhan chuéan)

Khodng 90-99% téng s& RNA té bao la rRNA (80 - 85%),
tRNA(15 - 20%), SNRNA (<1%). Chiing c6 kich thuéc va trinh tu
xac dinh va cé thé dwoc tach riéng bang dién di, ly tam.... mRNA
chiém khoang 1 - 5% tdng s6 RNA té bao. Kich thwéc va trinh tw
cda loai nay vé cung da dang. Tuy vay, ching c6 mét dac diém
chung 1a c6 cAu tric dudi polyA (cé thé Ién dén 100A). Nguoi ta co
thé tach mRNA ra khdi mau bang cach dwa vao ciu tric trén va
d&c tinh lién két bd sung A-T cla nucleic acid, st dung sac ky ai
lwc trén cot oligodT - cellulose. Cac bé mau thir (cac kit) dwoc xuét
hién trén thuwong trwdng hién nay st dung cac vién bi ttr cé mang
oligodT trén bé mat Ia dwa vao nguyén tac da néu trén. Rang lién
két bd sung vai oligodT, sau khi cac mRNA bam Ién bé mat cac
vién bi tlr, ching sé dwoc thu nhan lai qua ly tdm hoac st dung
nam cham va mRNA s& duoc tach khdi cac vién bi va gil lai. Bang
cach nay co thé thu nhan mRNA tir nhitng mau c6 khdi lwong rat
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nho.
Sau khi tach chiét cac nucleic acid co thé duoc tinh sach bang
cac phwong phap siéu ly tam, sac ky hay dién di.

2.3. Phwong phap siéu ly tam

Siéu ly tdm trén mot gradient lién tuc cesium chloride (CsCl).
Khi ly tam, dung dich CsCl dam dac trong éng ly tam sé tw dong
hinh thanh mét gradient ty trong véi ty trong téng dan tir miéng 6ng
xudng day 6ng. Duéi tac dung cua lwc ly tdm, cac nucleic acid
di chuyén trong 6ng dén vi tri cé ty trong bang v&i ty trong cla
chinh chung sé& dat thé can bang va ngrng lai, hinh thanh mét
l6p cb dinh trong éng. Sau khi ly tam, 1&p nay sé dwoc thu
nhan lai. Phwong phap nay thwéng dwoc dung dé tinh sach
plasmid va phage.

- Siéu ly tam trén dém CsCl (gradient khéng lién tuc): Hon hop
nhiéu nucleic acid cé ty trong biét trwéc khac nhau dwoc dat trén
mot I&p dung dich CsClI (dém). Trong qua trinh ly tdm chi c6 nhirng
phan tlr co ty trong cao hon ty trong I&p dém méi di chuyén qua
duoc I6p dém. O day, 6ng ly tam bao gém nhiéu I&p dém cé ty
trong tdng dan tlr miéng dén day 6ng. Nucleic acid can tinh sach sé
nam & méat phan cach hai lép dém. Phwong phap nay thuwéng ding
dé tinh sach mét lwong 16n phage.

- Siéu ly tam trén gradient saccharose: Thwong dung dé phan
tich thd moét hén hop cé kich thwéc chénh léch nhau nhiéu kb. U'ng
dung chung trong chon loc cac doan DNA co6 kich thwéc xac dinh
dung trong viéc thiét lap cac ngan hang gen.

2.4. Phwong phap sac ky

C6 thé dung cac phwong phap séc ky khac nhau dé phuc vu
cho cac muc dich khac nhau trong tach chiét nucleic acid.

- Séc ky ai lwc trén polyU - sepharose hay trén oligodT -
cellulose dé tinh sach mRNA.

- Sac ky loc gel trong phan tach cac nucleic acid ra khoi cac
nucleic tw do sau qua trinh danh dau DNA hoac RNA.
- Sac ky trao dbi ion trén vi cot dé thu hoi nhirng lwgng
rat nhéd DNA.
- Sac ky léng cao 4&p (High Performance Liquid
Chromatography - HPLC). Phwong phap cé do phan giai cao nay
dwoc dung trong tinh sach cac oligonucleotide tong hop (d6 phéan
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gidi mot nucleotide), plasmid, phan tach cac doan DNA.

3. Cac phwong phap phan tich dinh tinh va dinh lwong thé nucleic
acid

Mubn dinh tinh va dinh lvong cac nucleic acid, nguwdi ta
phai tién hanh thu nhan chuing & dang sach. Cac phwong phap
thwdng dung trong dinh tinh va dinh lwgng chuang la phwong
phap do mat doé quang, dién di, siéu ly tam, sac ky.

3.1. Phuong phap dinh lwong bang quang phd ké

Phwong phap nay cho phép wéc lwong tuwong déi nong do
nucleic acid cé trong mau phuc vu yéu cau nghién ctru.

Nguyén tac cla phwong phap da duoc trinh bay & phan trwdc.

Dé kiém tra d6 sach cta dung dich, nguoi ta do thém gia tri OD
& 280 nm (ODagonm).O bwdc séng nay, cac protein cé mirc hap thu
cao nhat. Ngoai ra, cac protein cling hap thu anh sang & bwdc
song 260 nm nhw cac nucleic acid va do dé lam sai léch gia tri that
ctia ndng dd nucleic acid. Mét dung dich nucleic acid dwoc xem 14
sach (khéng tap nhiém protein) khi ty s6 OD2gonm/OD2gonm d6i Vi
DNA 1a OD260nm/OD2gonm = 1,8; con dbi v&i RNA & OD260nm/ODa2gonm
= 2.

3.2. Phuwong phap dién di gel

Co s& cta phwong phap nay da dwoc trinh bay & phan truéc.
Hai loai gel dwoc sir dung trong nghién ctru nucleic acid la gel
polyacrylamide va gel agarose. Viéc chon loai gel cling nhw nong
dbé cac chat tao théqh gel tuy thudc k[ch thwéce trung binh c‘l]a cac
doan nucleic acid can phan tach. Moi twong quan gilra nong do
agarose va acrylamide can §& dung dé phan tach cac trinh ty co
kich thwéc xac dinh dwgc thé hién qua bang 1.1.
3.2.1. Gel polyacrylamide

Thweng dung dé tach cac doan kich thwéc nhé duwéi 1000 cdp
base. So v&i gel agarose thi thao tac v&i gel nay phire tap hon. Vi
vay, gel nay chi dwgc dung cho nhirng muc dich dac hiéu. Ung
dung chu yéu cua loai gel nay la:

- Tinh sach céc oligonucleotide tdng hop

- Xac dinh trinh tw DNA

- Tach cac doan DNA c6 chiéu dai dwai 500 cdp base
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_Gel dugc d6 gitra hai tam thly tinh va dién di thuc hién theo
chiéu thang dwng.
Bang 1.1 Twong quan gitra noéng do6 gel va kich thwéc cac doan
can phan tach

% acrylamide Kich thwéc cac doagr;:)én phan tach (cap base:
4 200 - 800
5 80 - 200
8 40 - 100
11 10 - 50
% agarose Kich thwéc cac doan can phan tach (kb)

0,6-0,8 1-20

0,9-1,2 05-7

1,2-15 0,2-5

3.2.2. Gel agarose

La loai gel théng dung nhét. Thao tac véi loai gel nay don gian,
thwong dung d& phan tach nhirng doan cé kich thwéc trong
khodng 0,5 - 20kb. Gel dwgc @b trén mot gia thé nam ngang va
dién di dwoc thuc hién theo phwong nam ngang.

Trong gel agarose cac nucleic acid sé hién hinh duwd¢i tia te
ngoai (UV) nh& ethidium bromide. Hoéa chéat nay cé kha ndng gan
xen vao gilra cac base cua nucleic acid va sé phat huynh quang
dwéi tac dung cla tia tlr ngoai. Dwéi sy chiéu sang bang tia tor
ngoai (A = 260 - 360 nm), nucleic acid sé hién hinh dw&i dang
nhirng vach mau dé cam.

Pé worc lwgng kich thwédc cac trinh tw nucleic acid trong gel
agarose nguwoi ta st dung moét yéu td danh dau trong lwong phan
t& (molecular weight marker - MWM). D¢ 1a tap hop nhiéu trinh tw
DNA c6 kich thuwdc da biét (thang DNA - DNA ladder).

Dién di trén gel agarose con dwoc st dung dé tinh sach va thu
nhan mau. O day, sau khi dién di, cac vach twong wng véi DNA
can tinh sach dwoc phat hién va thu nhan lai theo mét trong cac
phwong phap sau:

(i) Cat phan agarose chira cac vach DNA, sau d6 thu nhan lai
DNA bang cach khuyéch tan tr gel agarose vao mét dung dich
dém thich hop.
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(i) Khoét mét “giéng” nhd trong agarose ngay dwdi vach DNA.
Bom dung dich dém vao day “giéng” va dién trwong dwoc tai lap.
DNA di chuyén vao “giéng” chira day dung dich dém va duoc thu
nhan lai.

(iii) Dung gel agarose dac biét nhw Nusieve hay Seaplaque co
diém ndng chay rat thap (65°C) cho dién di. Sau dién di, vach DNA
dwoc cat ra va U trong mdt dung dich dém & nhiét do 65°C. Khi
agarose da hoan toan tan chdy DNA dwoc thu nhan lai sau nhiéu
coéng doan tach chiét va két tha.

4. Cac phwong phap xac dinh trinh tw cda nucleic acid

Céac phuong phap phan tich nucleic acid d& néu da cung cap
nhiéu théng tin vé nucleic acid nhwng chwa cho phép két luan vé
ban chat cia mot doan nucleic acid cu thé. Thong tin vé su twong
trng cla nucleic acid v&i gene gi, cé chirc nang diéu hdoa hay ma
hoéa cho protein nao, chi cé thé rat ra duwoc tir viéc xac dinh trinh tw
nucleotide ctia nucleic acid.

Cac phwong phap xac dinh trinh ty nucleic acid néi chung dwa
vao hai nguyén tac co ban, dwoc tom tat dwdi day (vé chi tiét, co
thé tham khao trong: H6 Huynh Thuy Dwong 1997; D& Quy Hai
2001.):

- Nguyén tac héa hoc (Phwong phap Maxam - Gilbert, 1977):
dwa vao cac phan rng héa hoc thdy phan dac hiéu phan tir DNA,
tao thanh mot tap hop nhiéu phan doan cé kich thwéc khac nhau.

- Nguyén tac enzyme hoc (Phwong phap Sanger (1977) va cac
phwong phap cai bién): Dwa vao sw tébng hop mach bd sung cho
trinh tw can xac dinh nh& DNA polymerase. V@i viéc str dung thém
dideoxynucleotide (nhém 3'-ON dwoc thay bang H) cung véi cac
deoxy nucleiotide théng thwéorng, két qua téng hop ciing 1a sw hinh
thanh mét tap hop nhiéu doan DNA cd kich thwdc khac nhau.

O ca hai trwdng hop, cac phan doan DNA sé dwoc phan tach
qua dién di trén gel polyacrylamide c6 kha nang phan tach hai trinh
tw DNA chi chénh nhau mét nucleotide. V&i viéc str dung mét doan
nucleotide c6 danh dau déng vi phéng xa, két qua trinh tw can xac
dinh dwoc doc trén ban phéng xa tw ghi tir ban dién di.

Cau hoi 6n tap

1. Trinh bay tém tat lich st nghién clru cac nucleic acid.



21

2. M6 ta cac phuwong phap chung thuwdng dung trong nghién
ctru nucleic acid.

3. Trinh bay nguyén tdc va (rng dung clia cac phwong phap
tach chiét nucleic acid.

4. M6 ta cac phuwong phap phan tich dinh tinh va dinh lvgng
thé nucleic acid.

5. So lwoc vé cac phwong phap xac dinh trinh tw cla cac
nucleic acid.
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Chwong 2

CAu truc cua cac Nucleotide va
Polynucleotide

Viéc nghién ctru clu truc ctia cac nucleic acid thwe sy dién
ra tw gitra thép nién 1950, sau khi O.T.Avery, MacLeod va McCarty
(1944) 14n dau tién chirng minh: DNA 13 vat chat mang théng tin di
truyén. Cho dén nay, chung ta biét rang cac nucleic acid, bao gébm
deoxyribonucleic acid (DNA) va ribonucleic acid (RNA), la nhirng
dai phan t& sinh hoc co trong lwgng phéan tlr Ion v&i thanh phan
gom cac nguyén t6 C, H, O, N va P; chung dwoc ciu thanh ti
nhiéu don phan (monomer) 1 cac nucleotide. Cac don phan nay
ndi v&i nhau bang cac lién két phosphodiester tao thanh cac céu
trdc da phan (polymer) goi la cac chudi, mach (chain) hay soi
(strand) polynucleotide - cAu tric so' cap cla cac phan tl nucleic
acid.

Trong chwong nay, chung ta lan lwot tim hiéu thanh phan hoa
hoc va céu tric cla cac nucleotide va polynucleotide clia DNA va
RNA.

I. Thanh phan héa hoc cua cac nucleotide

Vao gitra thap nién 1940, cac nha hoa sinh hoc da biét duwoc
cac cau tric hoa hoc ciia DNA va RNA. Khi phan cit DNA thanh
céac tiéu don vi, ho phat hién ra rang mdi nucleotide cia DNA gém
ba thanh phan: mét base nito (nitrogenous base), mét duong
deoxyribose, va mét phosphoric acid. Twong tw, RNA cho ra cac
base, phosphoric acid va duwong ribose. Cac nucleotide cling co
nhiéu chirc nang khac trong té bao, vi du nhw cac dong nang
lwong, cac chét dan truyén than kinh va cac théng tin loai hai nhw
tai nap tin hiéu chang han.

1. Base nito

Céc base nito (goi tat 1a base), thanh phan dic trung cla cac
nucleotide, 14 cac hop chat purine va pyrimidine di vong cha nito
c6 tinh kiém. Vé co ban, cac dan xuét cta purine bao gém adenine
(A) va guanine (G), con cua pyrimidine gébm co: thymine (T), uracil
(U) va cytosine (C).

DNA cha bdn loai base chinh la adenine, guanine, thymine va
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cytosine. Trong RNA ciing chira cac base nhw thé, chi khac la
uracil thay thé thymine (Hinh 2.1). Can cha y rdng purine va
pyrimidine la cac base di vong chira cac nguyén t& nito ndm xen
v&i cac nguyén tlr carbon, nén viéc danh s céac vi tri khéng thém
dau phay trén dau nhu trong trwdng hop ctia dwdng pentose (xem
cac Hinh 2.4 - 2.6).

Bén canh cac dang phd bién noéi trén, cac purine khac ciing c6
vai trd quan trong trong trao ddi chéat cta té& bao, nhw: xanthine,
hypoxanthine va uric acid; con déi véi pyrimidine dé la cac orotic va
dihydroorotic acid .

Ngoai ra con bat gap moét sb loai base hiém thudc ca hai nhém
purine va pyrimidine. D6 |a nhirtng base bién dbi cht yéu do hién
twong methyl hoa (methylation) xay ra & cac vi tri khac nhau,
chang han: 1-methyladenine, 6-methyladenine, 2-methylguanine, 5-
methylcytosine v.v.

Hinh 2.1 CAu truc cac base cia DNA va RNA. Adenine va guanine la cac
dan xuat cla purine; con cytosine, thymine va uracil la cac dan xuat cla
pyrimidine; trong d6 uracil 1a dac thu cho RNA va thymine cho DNA.

Cac base purine va pyrimidine cé thé ton tai dwdi cac dang hé
bién (tautomeric forms) amino va imino (di v&i adenine va
cytosine; Hinh 2.2A), hoac keto va enol (ddi v&i guanine va
thymine; Hinh 2.2B). D6 |a hai trang thai tén tai bén (phd bién) va
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kém bén (it pho bién), cé thé bién dbi qua lai v&i nhau do sy dich
chuyén vj tri ctia cac nguyén t& hydro trong cac base purine va
pyrimidine. Hinh 2.2 cho thdy cac dang hé bién ctia cac base trong
DNA. Twong tw, uracil c6 hai dang hd bién: lactam (dang keto)
chiém wu thé & pH = 7 va lactim (dang enol) gia tang khi pH giam.
Chinh hién twong hd bién nay dan téi thay dbi kha nang két cap
binh thwdng clia cac base va lam phat sinh cac dét bién gene dang
thay thé mét cap base.

Cac base phd bién trong cd DNA va RNA la twong dbi bén
vitng & trang thai hé bién dwoc goi 1a dang hé bién wu thé
(dominant tautomeric form); cé I1é do6 la ly do tai sao chung dwoc
chon loc d& mang thong tin di truyén. N6i chung, cac base nay déu
it tan trong nwéc va cé kha nang hap thu anh sang cwc dai & 260-
270 nanomet (1nm = 10°m). Ching c6 thé dwoc tach ra bang cac
phwong phap sac ky va dién di.

H H H

N ~
N N

Adenine H{/f)’“\) = {/ l/l\

H H H

N ~
N N
. H ../H
Cytosine - “\N — | 4N
/k H /ko

(A) AMINO IMINO
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Guanine

e

e} o}

C_ T H 1
Thymine HC~ N N H,C | Y

H N/Lo H N/ko
|

; .

(B) KETO ENOL

Hinh 2.2 Cac dang hé bién cta cac base trong DNA. (A) Cac dang amino
(phd bién) ctia adenine va cytosine co thé bién dbi thanh cac dang imino; va (B)
cac dang keto (phd bién) ctia guanine va thymine cé thé sap xép lai thanh céac
dang enol. Cac mii tén biéu thi sw dich chuyén vi tri nguyén t&r hydro. R la cac
gbc dwdng va phosphate.

2. buong pentose

Céac dwong chira nam carbon (pentose) 14 san pham cla qua
trinh trao ddi chét trong t& bao, v&i nhidu loai nhw: arabinose,
ribulose, ribose va dan xuat ctdia né la deoxyribose v.v.

Pudng pentose ctia RNA |a D-ribose va ctia DNA la 2'-deoxy-D-
ribose (ky hiéu D chi dang dwdong quay phai trwdc anh sang phan
cwc dé phan biét voi dang L quay trai khong c6 trong thanh phan
cla cac nucleic acid tw nhién). Cac phan t& dwéng nay déu co6 ciu
tric vong furanose (goi nhw thé b&i vi nd gibng véi hop chét furan
di vong). Do cac nguyén t&r carbon & day xép lién tuc nén dwoc
danh sb th tw cé dau phay trén dau, vi du Cy, Co cho dén Cs.

Hinh 2.3 CAu tric cta cac phan t& dwong ribose (trai) va deoxyribose (phai);
chung khac nhau & nguyén tt carbon s6 2.
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Hai phan t&¢ dwong nay khac nhau & C,; trong ribose dé la
nhém hydroxyl va trong deoxyribose la mét hydro (Hinh 2.3). Do
cac gbc dwong khac nhau nay da tao ra hai loai nucleotide 13
ribonucleotide va deoxyribonucleotide, ma tr d6 ciu tao nén hai
loai nucleic acid khac nhau twong wrng la RNA va DNA. Va chinh
s khac biét nhé nhat vé mat ciu trac nay da tao nén cac dac tinh
hoa ly rat khac nhau gitta DNA va RNA. Dung dich DNA té ra d&c
quanh hon nhiéu do sw tr& ngai lap thé (steric hindrance) va man
cam hon v&i sy thuy phan trong cac diéu kién kiém (alkaline), c6 |&
diéu nay giai thich phan nao tai sao DNA xuét hién nhw 1a vat chat
di truyén so cap (primary genetic material).

Can dé y rang, trong cac phan tr dworng nay cé ba vj tri quan
trong c6 chra nhém hydroxyl (-OH) tw do, d6 la: (i) nhém -OH & vi
tri Cy c6 kha nang hinh thanh lién két N-glycosid véi gbc -NH cla
cac base dé tao thanh cac nucleoside; (ii) nhém -OH & vi tri Cs co
kha nang hinh thanh lién két ester v&i nhém phosphate dé tao ra
cac nucleotide; va (iii) nhém -OH & vi tri Cs cé kha nang hinh thanh
lien két phosphodiester v&i nhém phosphate cua mét nucleotide
khac de tao chudi polynucleotide. Nhw vay, tinh phan cwc (polarity)
trong gbéc dwdng ma tir dd quyet dinh tinh phan cwc cta cac chubi
polynucleotide dwgc thé hién & hai vi tri Cs va Cs.

3. Phosphoric acid

Phosphoric acid (H3PO.) la acid vb6 co c6 chira phosphor (P),
mot nguyén td dong vai trd quan trong trong trao dbi chat va nang
lwong cla té bao. Do ¢6 chra ba nhém -OH nén acid nay cé thé
hinh thanh lién két ester v&i cac gbéc dueng tai cac vi tri Cs va Ca
dé tao nén cac nucleotide va chudi polynucleotide,

Trong cac nucleotide ciia DNA va RNA, nhém phosphate lién
két v&i cac nucleoside tai Cs (xem Hinh 2.5). Trong trwéng hop
phan tlr diéu hoa AMP vong (cyclic AMP = cAMP), nhém
phosphate tao lién két ester véi hai nhém -OH & Cs va Cs trong
cung moét nucleotide.

Il. CAu tric cta cac nucleotide
1. C4u truc cha cac nucleoside

Cac base va duong trong RNA va DNA dugc ndi v&i nhau
thanh cac don vi goi la nucleoside. Moi nucleoside dwoc tao thanh
do mdét base ndi v&oi mét dwdng pentose tai vi tri Cy bang mét lién
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két B-N-glycosid . Cu thé 1a, nguyén t&r carbon Cy cla dwdng ndi
v&i nguyén tr N4 clia pyrimidine hoac véi nguyén tlr Ng clia purine
(xem cac Hinh 2.4 - 2.6).

gl Ape

¥4

Hinh 2.4 CA&u tric cita bén loai deoxynucleoside trong DNA.

Tén goi chinh thirc hay danh phap cla cac nucleoside bat
ngudn tr cac base twong (rng, trong d6 cac nucleoside 1a dan xuét
cla purine cé dudi -osine va cac dan xuéat cia pyrimidine cé duéi -
idine (Bang 2.1).

2. C4u truc cla céc nucleotide

Pon vi ciu tric co s& cla cac nucleic acid 1a cac nucleotide.
Cac nucleotide la nhirng ester phosphate clia cac nucleoside. Hién
twong ester hoa (esterification) cé thé xdy ra & béat ky nhém
hydroxyl tw do nao, nhuwng phd bién nhat 1a & cac vi tri 5' va 3'
trong cac nucleic acid.

Vé céu trac, mdi nucleotide gdbm ba thanh phan két dinh v&i
nhau nhw sau: gbc duwdng pentose ndi véi mot base tai Cq bang
mot lién két B-glycosid va nbi véi nhém phosphate tai Cs bang mot
lién két phosphomonoester (Hinh 2.5 va 2.6).
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Deoxyadenosine

— Nucleoside —
Purine base = adenine

H H
N\,
N
77 16 63N
H—8 g |4 iL
in e 3.~
Lién két ester N H
®—0CH, Lién két glycosid | g
© Oxygen
@ Nitrogen
@ Phosphorus
O Hydrogen

OH

Puwong = deoxyribose
L—— Nucleotide —————

Deoxyadenosine-5'-phosphate

Hinh 2.5 Cau trac gﬂa mot deoxyribonucleotide (dAMP, bén trai) va mot
ribonucleotide (UMP). O day cho thay cac mai lién két N-glycosid va ester.

Nhu thé tinh phan cwc trong ciu trdc mét nucleotide thé hién &
cac nhom hydroxyl thudc hai vi tri Cs (tao lién két ester v&i nhém
phosphate trong tirng nucleotide) va Cs (tao lién két
phosphodiester v&i nucleotide khac trong chudi polynucleotide).
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Deoxyadenosine-5’-phosphate

Deoxyguanosine
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Purine base = guanine
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O==E—OCH II
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Pudng = deoxyribose
‘——————— Nucleotide ————

Deoxyguanosiﬁe-S’- phosphate

Deoxythymidine

i
~—Nucleoside ™
Pyrimidine base = thymine

Pudng = deoxyribose
Nucleotide ———

1
Deoxythymidine-5’-phosphate

Deoxycytidine
|
— Nucleoside ——————
Pyrimidine base = cytosine

budng = deoxyribose
—_— Noeloloﬂd. —
Deoxycytidine-5"-phosphate

Hinh 2.6 CAu truc chi tiét ctia bén loai deoxyribonucleotide trong DNA. O day
cling chi ra danh phap clia cac nucleoside va nucleotide.

3. C4u truc cua céc nucleoside di- va triphosphate

Nhuv da dé cap, méi nhém Pphosphate (phosphate group) dwoc
ndi v&i vong cla gbc dudng bang mot lién két phosphomonoester,
va nhiéu nhém phosphate cé thé ndi nhau thanh mét day bang céac
lién két phosphoanhydride (hinh 2.7). Sy ester hoa & Cs c6 thé di
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v&i mono-, di- hoac triphosphate (nguyén t&r phosphor P duwoc
danh dau twong (rng v&i cac vi tri tr Cs hwdng ra ngoai la a, B va
y). Céac nucleoside 5'-triphosphate la nhirtng hop chét cho téng hop
nucleic acid. Hai nhém hydroxyl ciing c6 thé duoc ester hoa béng
cach nbi cing mdét nhém phosphate dé sinh ra mét nucleotide vong
(cyclic nucleotide), vi du cAMP la 3'-5'-cyclic phosphate (déng vai
trd tai nap tin hiéu, diéu hoa dwong tinh operon lactose; xem
chwong 6).

Bang 2.1 Danh phap cac nucleoside cua RNA va DNA

Deoxynucleoside

Base Nucleoside (RNA) (DNA)
Purine
Adenine Adenosine = A deoxyadenosine = dA
Guanine Guanosine =G deoxyguanosine = dG
Hypoxanthine*  Inosine* =1 Khbéng cé
Pyrimidine
Cytosine Cytidine =C deoxycytidine =dC
Thymine Thwong khéng co (deoxy)thymidine = dT**
Uracil Uridine =U Thuwong khéng co

Ghi chu: * Day la dang hiém, cé6 mat trong thanh phan cia cac RNA
van chuyén. ** B&i vi thymine thuwdng khdng cé trong RNA, nén tiép dau
nglr "deoxy" chi cho loai deoxynucleoside nay thwong dwoc lwot bo va
goi tat la thymidine. Tuy nhién, trong cac RNA van chuyén thwéong cé
ribothymidine chira dwdng ribose.

H

: ;
Hui"."‘ '“ci' — i,

H%&,Cﬂ
0 H, o [ MCotinarmicde
2‘"2 Adenine | |
L} M
Cac nhém phosphate :?¢ "“ﬁ e -o—p=0 H
H—c ‘\:-_\N/c“‘-l‘l/ CH  OH
o o o
0 J’E 0 |li ; CH. MH
o 0 B o I3

0
i
& o $ H ‘,3 _ L ety
" i e ks o CH  Adienine
”b
Ribose L
Adenosine
AMP (Adenosine monophosphate) ——

AD" (Adenosane diphosphate) ————

e AI {Adenosme triphosphate} —— =

(a) (b)
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Hinh 2.7 (a) C4u tric chi tiét clia cac nucleotide adenosine & ba trang thai
mono-, di- va triphosphate; va (b) nicotinamide adenosine diphosphate (NADP).

Noéi chung, cac nucleotide thwdong cé tinh acid manh va tan
trong nwéc. Cac nucleoside monophosphate dwgc xem la cac axit
ding nhuv tén goi phan anh (vi du AMP la adenylic acid hay
adenylate); chiing c6 sy ion hoa so cip v&i pKa 1-2 va ion hoa thir
cép véi pKa 6,5-7,0, nhw sau:

-H,PO; < -HPO3 + H" & PO3? + H'

Tét ca cac phosphate cla cac nucleoside di- va triphosphate
déu ion hoa, nhwng chi nhdm tan cung la c6 ion hoa thir cép. Cac
nucleotide nay déu cé i lwc v&i cation hoa tri hai nhw Mg*™* va
Ca?** (chuing twong tac véi cac nhém phosphate a va B hodc B va

Y)-
ll. CAu truc cua cac chudi polynucleotide

Céc nucleotide trong DNA hodc RNA néi v&i nhau bang cac mdi
lien két déng hoa tri (covalent) co tén la lién két 3'5-
phosphodiester gitra gbc dwdng clia nucleotide nay véi nhém
phosphate cta nucleotide ké tiép, tao thanh chudi polynucleotide.
Vi vay cac chudi nay bao gid cling dwoc kéo dai theo chiéu 5'—3'
(dau 5' mang nhom phosphate ty do va dau 3' chivra nhom -OH tu
do). Chung c6 bd khung virng chic gdbm cac goc duong va
phosphate x&p luan phién nhau, con cac base nam vé mot bén.
Trinh tw cac base vi vay dwoc doc theo mét chiéu xac dinh 5'—-3'.
Day 1a cu tric hoa hoc so cap clia DNA va RNA (Hinh 2.8 va 2.9).

A=— 5'-phosphate

Phao spﬁo—
diester

)
- a— 3-hydroxyl

Hinh 2.8 Mb hinh c4u tric chudi polynucleotide DNA. O day cho thay cac vi
tri 5'-phosphate va 3'-hydroxyl cling nhw dwdng deoxyribose va lién ket
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phosphodiester ni gitra cac gbc dweng nay.

Thong thwong nguoi ta biéu dién trinh ty base 5'—3' theo chiéu
te trai sang phai. Hinh 2.8 cho thay cac chudi DNA va RNA chi
khac nhau bé’j base U hoac T va goc dwong trong cac nucleotide
cua chiung. Néu bd qua sy khac biét veé goc dudng, ta co the hinh
dung trinh tw cac base clia hai chudi polynucleotide cia DNA va
RNA déu sinh trwdng theo chiéu tir 5' dén 3' (5'>3'), nhw sau:

Chudi DNA: (5") pApApTpTpCpTpTpApApApTpTpC -OH (3")
Chudi RNA: (5') pApApUpUpCpUpUpApApApUpUpC -OH
(3"

bau 5' :

| A Guanie Chudi DNA
HC
4::=$—_0 H: p ™ hHg T-IH:

H:c‘\ﬁ/chH Thymine
H
Moo

M
Pau 3' H

Chubi RNA

Pau 5'

(b) R
Pau 3'
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C NH Guanine RNA polymer
U=P—0
7@

N Adenine

a CH
O=P-0 M NH;z
o |
HC/I%QN Cytosine
N-f“**
n-P 0 | lﬁ
l@ /CMNH Uracil
Nf“%
D—P 0
H H

aH

Hinh 2.9 CAu trac chudi polynucleotide cua DNA (a) va caa RNA (b). Cac
chudi polynucleotide bao gio cling dugc tong hop (kéo dai) theo chieu 5'—3"
chung c6 bo khung "dwong-phosphate” rat viing chac va trinh tw base dwoc viet
theo quy woc tir trai (dau 5') sang phai (dau 3') doi voi chuoi DNA & day nhw
sau: 5'-...dGdAdCdT..-3', con dbi v&i chudi RNA la 5'-...GACU..-3".

Can lwu y rang, cac hop chat cho polymer hoa la cac
nucleoside triphosphate, nhuwng cac monomer ctia mét nucleic acid
la monophosphate. Phan &rng trung hop nay dwoc xuc tac béi cac
enzyme twong ng la DNA- hoac RNA polymerase va sinh ra cac
pyrophosphate (c6 thé xem thém trong: tai ban DNA va phién ma ;
chuwong 5 va 6).

Céc oligonucleotide |a nhirng nucleic acid ngan (nghia la c6 d6
dai dwdi 100 nucleotide). Cac oligoribonucleotide ton tai trong tw
nhién va dwoc st dung nhw & nhitng doan mdi (primer) trong tai
ban DNA va cho cac muc dich khac nhau trong té bao (xem
chuong 5). Cac oligonucleotide tdng hop c6 thé tao ra bang sw
tdng hop hoa hoc va la nguyén liéu thiét yéu cho cac ky thuat thi
nghiém [vi du nhw dung dé gidi ma di truyén, chwong 6; c6 thé
tham khao thém cac ky thudt xac dinh trinh tw DNA (DNA
sequencing), phdn (ng trung hop chubi bdng polymerase
(polymerase chain reaction), /ai in situ (in situ hybridization), mau
do nucleic acid (nucleic acid probe), lai nucleic acid (nucleic acid
hybridization), liéu phap gene (gene therapy); cac chwong 3-6].



33

Cau hoi va Bai tap

1. Phan tich cac thanh phan hoa hoc ctia cac nucleotide va méi
lién hé gilra chung.

2. V& so do cau tao cia: (a) cac base purine va pyrimidine co
mét trong thanh phan cia DNA va RNA; va (b) cac dwong ribose
va deoxyribose. Ttr d6 so sanh cau truc clia cac nucleotide DNA va
RNA.

3. Phan tich ciu trac mét nucleoside va mot nucleotide cla
DNA va RNA. Cho cac so dd minh hoa.

4. Phan tich sy hinh thanh chudi polynucleotide ctia DNA va
RNA va chi ra nhirng diém giong va khac nhau gitra chung.

5. Tinh phan cuc (polarity) thé hién nhw thé nao trong cau tric
cua cac nucleotide va chudi polynucleotide cia DNA va RNA? Giai
thich va cho cac so dé minh hoa.
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Chwong 3
Cau tric va Pac diem cua DNA
"DNA - phén tir quy gié nhét trong tét ca céc phan to"
(James D. Watson)

Sw kham pha ra cau truc phan t& DNA béi James Watson va
Francis Crick nam 1953 v&i nhirng hé qua sinh hoc cua né la moét
trong nhirng sw kién khoa hoc to I&n nhat cia thé ky XX. Néu nhw
sy ra doi cha tac phdm "Ngubn gbc cac loai" (1859) cula
R.Ch.Darwin da tao nén mét cuéc cach mang to Ién trong tw twédng
nhan loai, thi khdam pha nay thwc sy lam bién dbi hiéu biét cua
ching ta vé sw sbng. Toan bd cau chuyén vé viéc phat minh ra
phan t& ky diéu nay da dwoc thién tai Watson miéu ta hét strc sinh
déng trong cudn héi ky nhan dé "Chudi xodn kép" (1968).

Trong chuong nay, ching ta sé lan lwot tim hiéu thanh phan
hoa hoc va céu trac cua DNA ciing nhw cac dac tinh hoa ly cua no.
Tw d6 bi 4n cla sw sbéng dan dan hé mé& nhirng | g|a| dap thu vi,
v&i biét bao thanh twu to I&n tac déng I&n moi mat cia ddi sbéng -
xa hoi trong subt hon 50 nam qua.

I. Thanh phan héa hoc ciia DNA

N&m 1944, Oswald T. Avery va cac déng sw cla minh chirng
minh DNA 1a vat chat mang théng tin di truyén, ch khéng phai
protein. D&n nam 1949, Erwin Chargaff 4p dung phwong phap séc
ky gidy vao viéc phan tich thanh phan héa hoc ciia DNA céac loai
khac nhau (Bang 3.1) da kham pha ra rang:

Bang 3.1 Thanh phan base cia DNA & mét sé loai

A+G A+T
Sinh vat A% T% G% C% T+C G+C
Phage lambda 21,3 229 286 27,2 1,00 0,79
Phage T7 26,0 26,0 24,0 24,0 1,00 1,08
Mycobacterium
tuberculosis 151 14,6 349 354 1,00 0,42
Escherichia coli 24,7 23,6 26,0 257 1,03 0,93
Aspergillus niger (nAm
méc) 250 249 251 250 1,00 1,00

Saccharomyces cerevisiae 31,3 32,9 18,7 17,1 1,00
Triticum (IGa my) 27,3 271 22,7 228 1,00 1,19
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Zea mays (ng0) 26,8 27,2 22,8 23,2 0,98 1,17
Salmo salar (ca hoi) 29,7 291 20,8 204 1,02 1,43
Gallus domestica (ga nha) 29,5 27,7 224 204 1,08 1,34
Homo sapiens (ngudi) 30,9 294 19,9 198 1,01 1,52

(i) S6 lwong bbn loai base trong DNA la khéng bang nhau;

(i) Ty 1& twong dbi cua cac base la khéng ngau nhién; va trong
tat ca cac mau DNA nghién ctru ton tai moi twong quan ve ham
lwong (%) gilra cac base nhw sau: A~T va G~C, nghia la ty s0
(A+G)/ T+C)~1; va

(iii) Mi loai co mot ty 1& (A+T)/(G+C) dac thu.

Il. Cau tric chubi xoan kép DNA

Vao ndm 1951-52, viéc nghién ctru ciu tric ba chiéu ctia DNA
bang phan tich nhiéu xa tia X dwoc bat dau b&i Maurice Wilkins va
Rosalind Franklin. Cac birc anh chup dwoc 1952 (hinh 3.1) goi y
rang DNA c6 c4u tric xodn gdm hai hodc ba chudi. Luc nay & Anh
con c6 mdt s6 nghién ctru khac nham phat trién ly thuyét nhiéu xa
cta Linus Pauling dé tim hiéu cAu tric DNA. Tuy nhién, giai phap
ding dén nhét 1a chudi xodn kép bd sung do Watson va Crick dwa
ra nam 1953 (Hinh 3.2 va 3.3). M6 hinh nay hoan hoan toan phu
hop véi cac sb liéu ctia Wilkins va Franklin cling nhw ciia Chargaff.
Su kién nay mé ra moét bwdc ngoat méi cho cho sy ra doi va phat
trién véi tdc dd nhanh choéng cla di truyén hoc phan ti.

(b)

Hinh 3.1 (a) R.Franklin (trai) va M.Wilkins; va (b) Anh chup c4u tric DNA
tinh thé bang tia X cta Franklin.
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| . L
\ Lign k&t hydro /

Cac bg khung
“df uing- phosphate”

Hinh 3.3 Cac mé hinh cau trac chudi xoan kép DNA.
1. M& hinh Watson-Crick

M6 hinh Watson-Crick (DNA dang B; Hinh 3.3) ¢6 cac dac diém
sau:

(1) DNA gém hai chudi déi song song (antiparallel) cung uén
quanh mét truc trung tdm theo chiéu xoan phai, véi dwong kinh
20A° (1Angstrom = 107°m), gdm nhiéu vong xoén 1ap lai mot cach
déu dan va chiéu cao méi vong xoan la 34 A°, rng v&i 10 cdp base
(base pair, viét tat 1a bp).
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(2) Cac b khung duo’ng phosphate phén bo & mét ngoai chudi
x0an va cac base nam & bén trong; ching xép trén nhitng mat
phang song song v&i nhau va thang goc voi truc phan té, voi
khoang cach trung binh 3,4 A°.

(3) Hai soi don gan bé véi nhau bang cac mbi lién két hydro
(vbn 1a lwc héa hoc yéu) dwoc hinh thanh gitra cac cap base dbi
dién theo nguyén téc bé sung "mot purine - mot pyrimidine”. Cu thé
la, trong DNA chi ton tai hai kiéu két cap base dic thu l1a A-T (voi
hai lién két hydro) va G-C (v&i ba lién két hydro) (Hinh 3.3 va 3.4).

(4) Tinh chéat bd sung theo cdp base dan dén sy bd sung vé
trinh tw cac base gitra hai soi don cla méi chudi xodn kép. Vi vay,
trong bat ky mét phan tir DNA soi kép nao hodc mét doan ctia né
bao gi& cling c6: A =T va G = C; nghia la: [A + G] = [T + C] hay
A+G

Toc - 1 (day la ty sb gitra cac base purine va cac base pyrimidine),
+

con ty 18 (’;“l la dac thi cho tirng loai (thure chét day 13 ty 18 gita
+
hai base khéng bd sung cho nhau hoéc gitra hai base cung nhém,

vi du A/G hoac T/C).

Nhw vay, md hinh clu tric chudi xoén kép ctiia Watson-Crick
(1953) hoan toan thoa man va cho phép ly giai mét cach thoa dang
cac két qua nghién cteu cia Chargaff (1949). Vi vay nguoi ta goi
cac biéu thirc A = T va G = C |a cac quy luat hay quy tdc Chargaff
(Chargaff's rules).

Theo nguyén tac b sung clia cac cap base, ta co thé xac dinh
trinh tw base & soi bd sung khi biét dwoc trinh tw base clia mét soi
don. Vi du:

Soi cho trwée: 5'- AATTCTTAAATTC -3'

Soi bd sung: 3'- TTAAGAATTTAAG -5'
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Hinh 3.4 Hai kiéu két cap base ciia DNA. Cép AT ndi voi nhau béng hai lién
két hydro va cap GC - ba lién két hydro (biéu thj bang cac duwong cham: ---). Cac
nguyén tlr C4 dai dién cho vi tri clla dwdng va phosphate & méi cap nucleotide.

Tém lai, hai d&c diém quan trong nhat trong ciu tric DNA la sy
phén cuc ngugc chiéu cla hai soi don (5'—3' va 3'-5'") va nguyén
tdc bé sung cla cac cap base (A-T va G- -C). bay la hai nguyén ly
can ban chi phdi cac co ché di truyén & cip d6 phan t&r (tai ban,
phién ma va dich ma), ma ta cé thé hinh dung tdng quat dwéi dang
cac kénh truyén théng tin di truyén trong té bao (dwoc goi la Gigo ly
hay Ly thuyét trung tam, Central Dogma, cGa Sinh hoc phan ti;
Hinh 3.5) sau day:
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Phlén md Dich md
{T3ng hdp RNA) {T8ng hap protein

DNA .——RNA —— protein

(Tng hap DNA)
Hinh 3.5 Ly thuyét trung tam cta Sinh hoc phan to

* Vé tdm véc Vi dai cia phat minh ciu tric phan tir DNA,
Lawrence Bragg - Giam déc Phong thi nghiém Cavendish
(England) - danh gia rang: "Sw phat minh ra ciu tric DNA v&i tat
ca cac hé qua sinh hoc cua né la mét trong cac sw kién khoa hoc to
I&n nhat cta thé ky chung ta..." (Watson 1968, ban Viét dich cia Lé
Dinh Lwong va Thai Doan Tinh, Nxb KH-KT tr.9). Nh& phat minh vi
dai d6, Watson va Crick cung chia xé véi Wilkins giai thwéng Nobel
nam 1962.

That vay, nhin lai ta thdy rang Watson va Crick da céng bd
phac thdo vé mé hinh céu tric DNA trong bai bdo nhan dé "A
Structure for Deoxyribose Nucleic Acid" trén tap chi Nature Vol.
171, trang 737 ngay 25-4-1953 (< http://www.nature.com/). Bay la
mot bai bao khoa hoc kinh dién rat 4n twong va khéng binh thuwéong
ty nao! M6t cach chinh xac, bai bao nay chi dai 900 chi¥ v&i vén
ven 128 dong, nhwng dang sau mbi dong la cd mét lich st khoa
hoc ky diéu, mét cau chuyén tha vi. Bai bao nay duwoc cong bd rat
nhanh, chwa day mot thang ké tir sau ngay géi dang.

Trén thye té, Crick mudn lam sang té cac ham y sinh hoc cua
md hinh nay, nhwng Watson thi chang hai ldng véi cach lam nhw
vay. Hai 6ng da thoa thuan trong mét cau ma né da tré thanh mot
trong nhirng cau néi gian lwgc vi dai trong tai liéu khoa hoc:
"Chung ta khéng thé khéng nhan thay rang nguyén tac két cap
base dac thu ma chung tdi néu lén ngay lap tirc goi ra mot co ché
sao chép kha di cho vat chét (di truyén) néi chung". ["It has not
escaped our noticed that the specific base pairing we have
proposed immediately suggests a possible copying mechanism for
the general (genetic) material."].
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Hinh 3.6 Mo hinh tai ban ciia DNA do Watson goi y tr 1953.

Nhw cau néi day khéu goi nay da chi rd, mé hinh ctia Watson
va Crick qua thuc goi ra mét co ché sao chép cho DNA. Vi mét soi
la b6 sung (complement) cda soi kia, nén hai sgi c6 thé dwoc tach
ra va moi soi sau d6 c6 thé dung lam khuén (template) cho viéc
xay dwng nén mét sgi méi cap véi né (Hinh 3.6). Bang co ché tai
ban ban bao toan (semiconservative replication) nhuw thé s& dam
bdo dwoc hai phan t&r DNA con tao ra cé cu tric gidbng hét DNA
cha me, va qua d6 cac té bao sinh ra sé chira cac gene glong
nhau; nghia la c6 thé giai thich dwoc tai sao con cai thwong giong
cha me. Quéa thyc day la sy tién doan thién tai ma sw ding dan
cla né da dwoc chirng minh bang cac thwe nghiém khac nhau chi
sau do vai nam (xem chuong 5).

DPén day han la ching ta co thé hiéu tai sao Watson lai dwa ra
dwoc nhivng nhan dinh sac sdo tuyét voi va cuc ky chinh xac dén
nhw vay, chang han: "Mot cau tric tuyét dep nhw thé, 6 tw nhién Ia
phai tén tai trén thuc t&", hay "Céch gidi quyét dung khéng nhiing
phéi dep ma con phai don gidn". Ban c6 thé lam sang té diéu nay?
Va ban cé thé hoc dwoc gi tr bai bao kinh dién cia Watson va
Crick v&i nhan dé "A Structure for Deoxyribose Nucleic Acid" trén
tap chi Nature ngay 25-4-1953 (< http://www.nature.com/) va tw
L&i binh ddc ddo cia Tom Zinnen (2004) vé bai bao khoa hoc nay
(< http://www.accessexcellence.com/ )?

2. Cac dang DNA xodn phéi va xoén trai
M6 hinh Watson-Crick hay DNA dang B la céu trac phd bién.



40

Tuy nhién, sau nay ngwdi ta con phat hién ra nhiéu dang xodn phai
khac (A, C, D...); chung c6é mét so bién doi so véi DNA-B (xem
Bang 3.2).

DNA dang A DNA dang B DNA dang Z

Hinh 3.7 Cac mé hir]h DNA dang A', B va Z ( hinh trén) va thiét dién cat
ngang cua chung cho thay vi tri phan bo cua mét cap base.

Bén canh cac dang DNA xoan phai, Alexander Rich va déng sw
(1979) con phat hién thém mét dang DNA xoan trai duy nhat cho
dén nay. Dang DNA nay ¢6 bo khung hinh zigzag (nén goi la DNA-
Z, va clng la chi cai cudi cung trong bang chir cai Latin) uén gap
khuc theo chiéu xoan trai, mdi vong xoan dai 45,6A° chtra 12 cap
base. Nhin chung, so v&i DNA dang B, DNA-Z dai va gay hon, cac
ranh I&n bi det ra phan bé méat cda chudi xodn; con DNA dang A
ngan va to map hon (Hinh 3.7 va Bang 3.2).

Nhirng vung nao cta DNA cé chlra cac purine va pyrimidine
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sap xép xen k& nhau trén mot soi thi cé thé tiép nhan ciu hinh
DNA-Z, vi du:

5'--GCGCGCGC--3'

3'--CGCGCGCG--5'
S chuyén dbi nay cling duoc tao thuan loi bdi sy c6 mat cla 5-
methylcytosine va béi trang thai siéu xoan nghich (negative
supercoiling). DNA la mét phan t&v dong hoc va vi vay n6 co thé
chuyén tir mét cau h‘!nh nay sang mot cau hiph kpéc dwa trén cac
Ic bén ngoai trong té bao. Co thé la sw chuyén doi tiv dang B sang
dang Z c6 lién quan dén sy diéu h‘oé biéu hién gene. Mac dp Rich
kham pha DNA-Z khi nghién ctru vé cac hcyp ché,t mo hinh, cau tric
nay dwdng nhw ciing c6 mat trong cac té bao song & mét ty 1€ nho
song chlrc nang clia né van con chwa that sw hiéu ro.

Bang 3.2 Mot sé dic diém chinh cta cac DNA dang A, B,CvaZ

Chiéu S6 bp/vong Buong kinh chudi
Dang xoan xoan xoan
A Phai 11,0 23A°
B Phai 10,0 19A°
C Phai 9,3 19A°
z Tréi 12,0 18A°

*Nguén: J.Kimball (tr internet). V& chi tiét, c6 thé xem trong Watson
et al (1987, tr.249) va Twyman (1998; tr.229).

3. Cac DNA mach vong s¢i kép va soi don

Ké tlr sau kham pha quan trong ctia Watson va Crick, cho dén
nay khéng nhirtng da phat hién thém cac dang DNA xoan phai va
X0an trai, ma trén thwc té con cé cac bd gene duwoc td chirc theo
nhirng thé thirc khac, d6 1a: DNA soi kép dang vong cé mat & hau
hét cac bd gene prokaryote, bd gene mét s6 virus va bo gene té
bao chét cua cac té bao eukaryote (cac phan tir DNA ty thé va lap
thé); DNA soi don vong cua mot s6 virus ky sinh & vi khuan; va bé
gene RNA cla nhiéu virus ky sinh & cac thuwc vat va dong vat.
DPang ké 1a cac virus RNA gay ung thw, HIV/AIDS va céac virus
thuéc ho corona gay viém phdi cap (SARS) v&i nhiéu bién thé cé
kha nang lay lan sang nhiéu vat chi khac nhau va cé nguy co lam
xuét hién nan dai dich trén pham vi toan cau hién nay. Van dé nay
sé duwoc dé cap thém & muc Ill dwdi day va & Bang 3.3.
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% Thao ludn thém vé céac bac céu tric cta cac nucleic acid:

® Céu tric bac mdt cla nucleic acid 1a cac chudi
polynucleotide;

® Cau tric bac hai cla cac nucleic acid dwoc sinh ra bdi hai
loai twong tac khéng phai ddng hoa tri: sw két cdp base (base
pairing) va s co cum base (base stacking). Su két cdp base lién
quan véi cac lién két hydro va 1a lwc chiém wu thé khién cho cac
soi nucleic acid két hop v&i nhau, nhwng cu tric dwoc gitk 6n dinh
bang cac twong tac hydrophobic gilra cac base ké sat nhau mang
lai badng cac dién tlr pi (r) trong cac vong. Cac mdi tuvong tac =
nay dwoc mé ta nhw 1a cac lwc kéo co cum base. Céu tric bac hai
ctia DNA duwoc dac trwng bang sw két cap base gitra cac phan tr
dé sinh ra cac phan t& soi kép hay soi déi (double-stranded or
duplex; ky hiéu 1a dsDNA). Céac cAu trac bac hai trong RNA, vén tén
tai nguyén thuy & dang soi don (single-stranded form), néi chung
phan &nh cac méi twong tac base néi trong phan ti.

e Trong cAu truc cla cac chudi xodn kép DNA, quan trong nhat
la sw két cdp base bd sung (complementary base pairing) A-T va
G-C. Céac cap base Watson-Crick nay (Watson-Crick base pairs)
tao thanh co s& cta hau hét cac twong tac cau trdc bac hai trong
cac nucleic acid, ciing nhw giai thich cho cac quy tdc Chargaff, va
ching ddng thdi xac dinh cach thire DNA cé thé hoat dong nhw 13
cai khudn cho tai ban va phién ma... Trong RNA, uracil thay thé cho
thymine, nhwng vi uracil c6 céu tric hoa hoc twong tw véi thymine
va hinh thanh céac lién két hydro véi adenine y nhuw thé, ca hai
nucleic acid lai theo clng cac quy tac chung. Tuy nhién, vi cac mbi
twong tac nay co mat kh&p noi, nén cé nhirtng so do két cap base
bién dbi déi chut so v&i cac kiéu két cap Watson-Crick; ching déng
cac vai tro quan trong trong viéc hinh thanh cac cau trdc bac hai va
bac ba.

e Cho dén nay, bén canh céc cap base Watson-Crick chiém wu
thé trong cac cau trdc va chure nang cua cac nucleic acid, nguoi ta
thay c6 28 cach sap xép kha di cua it nhat hai lién két hydro gitra
cac base; diéu nay cung cap co s& cho mét nhdm da dang cac
twong tac. C6 y nghia dang ké nhat trong sé cac céu hinh bién déi
nay la cac cdp base Hoogsteen (Hoogsteen base pairs), vdn gop
phan vao cdu tric bac ba ctia tRNA va cho phép hinh thanh cac
chudi xodn ba (triple helices). Mot sw stra ddi so v&i cac cap base
Watson-Crick 1a céc cdp linh hoat (wobble pairs). VAn d& nay sé



43

duwoc xem xét tré lai & cac chwong 4 (cAu trdc va chirc ndng cla
tRNA) va 6 (muc Ill: ma di truyén, gid thuyét linh hoat).

e V& cac céu hinh chubi xodn va tinh mém déo cuc bé trong
céu tric DNA: Bén canh céu tric DNA soi kép (dsDNA) dang B
phd bién do Watson va Crick dwa ra ndm 1953, con ¢c6 cac dang
bién dbi khac nhu da dé cap & trén. Mot dic diém khac niva do la
tinh mém déo cuc bé (local flexibility) trong ciu tric DNA. Nhiéu
thwc nghiém da cho thy rang DNA dang B dac biét mém déo linh
hoat, né khéng ton tai & cac dang cé céu hinh clrng nhac ma co
thé thay ddi mot cach uyén chuyén gitra cac ciu hinh khac nhau do
cac hién twong da hinh cuc bd gay ra, chdng han nhw DNA cé thé
udn gap va hoan chuyén chudi xodn (helical transitions) néi trong
mot phan t& don (vi du sy hoan chuyén qua lai gitba cac dang B va
Z da noi & trén). DNA cudn gap ciing cé thé dwoc cdm (rng bdi cac
protein va tao vong (circularization). Viéc cudn lai do cdm &ng can
thiét cho sw déng goéi DNA trong cac nhiém sac thé (Hinh 3.10) va
cho tai ban, tai td hop va phién ma (chuwong 5 va 6). Cac protein
ciing c6 thé nhan biét DNA dwoc cudn lai theo thé thirc nao d6 (vi
du cac topoisomerase nhan biét cac khai diém tai ban).

e Céu truc bac hai trong RNA va DNA khéng thuéc dang soi
déi: Trong RNA va cac viung DNA soi don, ciu truc bac hai duwoc
xac dinh bang sw két cdp base ndi phan tlr. C4u tric bac hai trong
RNA déng vai trd chinh yéu trong biéu hién gene va diéu hoa cua
nd. Vi du: sy két cap base gitta rRNA va mRNA kiém soat viéc
khéi dau tdng hop protein; sy két cap base gitra tRNA va mRNA
xay ra trong dich ma; cac cau trac kep téc trong RNA (RNA hairpin
loop) va cac vong than (stem loops) kiém soat sw két thuc phién
ma, hiéu qua dich ma va sy 6n dinh cia mRNA; va sw két cap
base RNA-RNA ciling déng vai trd quan trong trong viéc tach bo
cac intron (xem cac chwong 4 va 6).

©® Cé&u tric bac ba cua cac nucleic acid phan anh cac mbi
twong tac gép phan kién thiét toan bd hinh dang ba chiéu cia DNA
va RNA. Piéu nay bao gbm céac twong tac gitra cac yéu t6 cau tric
bac hai khac nhau, cac mbi twong tac gitra cac soi don va cac yéu
td cAu trdc bac hai, va cac dac diém hinh thé clia cac nucleic acid.

e Céc tuong téc soi bac ba trong DNA: Trong DNA, cac mbi
twong tac bac ba co lién quan t&¢i sy twong tac gilra cac soi don
v&i cac soi dbdi hodc twong tac gitra cac soi doi véi cac soi doi, két
qud la tao thanh cac cau tric bdé ba va bdn soi (triple and
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quadruple strand structures). Cac guanine cé thé hinh thanh cac bo
bén base (base tetrads), va cac DNA chira cac loat gbc guanine c6
thé tao thanh cac cau tric bé bdn ma tir 6 cé thé gép phan vao
céu truc telomere (chwong 5). Vi du, DNA dang H la mét dang cla
DNA bd ba soi ndi phan tlr xuat hién trong cac doan bat cap
homopurine/homopyrimidine va cé lién quan cac cap base
Hoogsteen. Bay gi® ta hay hinh dung cac cu tric bac ba dwoc goi
la cac vong R (R-loop) tao thanh khi RNA dwgc phién ma tir DNA
soi kép dwoc cb dinh tai chd (in situ), xay ra chang han trong khi
moi hoa cho tai ban & plasmid ColE1. Cac cAu tric bac ba bén soi,
cac ché néi trong md hinh Holliday, ciing hinh thanh trong khi tai té
hop (c6 thé xem téi té hop tuong déng).

e Cac twong tac soi bac ba trong RNA: Viéc RNA cudn lai
thanh cac cAu tric phirc tap c6 dinh dang téi cac twong tac bac ba
gilra cac soi, cac vong (loops) va cac soi doi. Vi duy, trong tRNA cé
cac vi du vé cac bd ba base, cac doan cla chudi xoan ba, cac chd
noi phén than (stem junctions; trong dé hai hodc nhiéu ving soi doi
dwoc ndi véi nhau) va cac mau gid (pseudo-koots; tai d6 cac soi
twong tac véi cac vong than - stem loop).

e Dbi v&i cac dac diém ciu truc hinh hoc ciia DNA, néu nhw
cac phan t&r DNA c6 cac dau mat tw do (vi du mét phan t& mach
thang) thi hai sgi m& xoan quanh nhau theo céch tién ich nhat vé
mat nang lwong va phan t& d6 dwoc coi l1a dwoc gidn xodn
(relaxed). Tuy nhién, trong cac DNA mach vong, khéng c6 cac dau
mut tw do va né chi dwoc bién ddi bang cach cat mé vong, chi
khdng phai bang cach lam bién dang né. Néu nhw DNA & dang
vong khép kin tién hanh thao xoan thi cach duy nhat dé& lam gian
xo0an kiéu van xoan nhuw vay dwoc tao ra théng qua sy siéu xodn
(supercoiling), tai & mot sw vin xoan dwoc dwa vao trong chinh
truc chudi xodn. Trang thai siéu xodn la mdt dang khac nira cla
cAu tric bac ba cla nucleic acid. Y nghia sinh ly hoc clia su siéu
x0én 1a & chd DNA khong bi bo chat thi thwérng khéng c6 hoat tinh
sinh hoc. Trang thai siéu xoan nghich té ra can thiét cho nhiéu qua
trinh thiét yéu, nhu: tai ban, phién ma va ké ca tai td hop, DNA siéu
xo0dn Iwu gitr ndng lwong dé diéu khién cac phan ng nay. O’ cac
eukaryote vbn chtva cac nhiém sac thé mach thang, cac viing bo
ch&t vé mat khéng gian duwoc bat dau bang cach td chirc chromatin
thanh cac vong véi cac dau mat dwoc cb dinh bdi cac protein
chdng d&; cac nucleosome dwa cac cudn siéu xoan nghich vao
trong DNA eukaryote (xem Hinh 3.10).
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® Cé4u tric bac bon cla cac nucleic acid: Trong nhiéu céu truc,
cac nucleic acid twong tac & céu hinh trans (vi du, ribosome va
spliceosome), va day co6 thé xem 1a bac bdn cta ciu truc nucleic
acid. Cac nucleic acid cling twong tac véi mét sé lwong Ién cac
protein (vi du, cac protein cau tric bd gene, cac yéu to phién ma,
cac enzyme, cac nhan tb splicing). Kha nhiéu cac protein nay gay
mot tac dung dang ké 1&én ciu hinh DNA va RNA. Vi du enzyme céat
gi®¢i han EcoRI c6 thé bam vao doan nhan biét trong DNA va tr do
phat huy hoat tinh cat bén trong soi...

lll. Binh khu, ham lwong va kich thwéc cua DNA
1. So lwoc vé bé gene cua cac virus, prokaryote va eukaryote

Virus 1a nhém "sinh vat" bé nhat chwa c6 ciu tao té bao, khéng
ton tai don ddc ma ky sinh bat budc & cac té bao sinh vét tién nhan
(prokaryote) hodc sinh vét nhan chuén (eukaryote); chi trong diéu
kién dé ching mai c6 kha nang tai ban. Cac virus ky sinh hoac gay
nhiém vi khuan goi la thé thuc khuéan (bacteriophage) hay phage.
CAu truc ctia cac virus twong dbi don gidn, gdm hai phan chinh 13 16i
acid nucleic va vé protein (Hinh 3.8). M6t sb virus & thuc vat hodc
cac virus gay ung thw, AIDS, SARS & ngudi va dong vat cé bd gene
la RNA. S con lai bao gém nhiéu virus ky sinh & vi khuan va dong
vat cé bd gene 1a DNA soi kép hodc soi don, cd mach thang hoac
mach vong (Bang 3.3).
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(b)
Hinh 3.8 (a) Vi anh dién t& ctia phage T4 va sw bam cua phage trém mang té
bao E. coli (tir trai sang). (b) B‘én,d(“) DNA sgi don vong clia phage X174 véi
mot sO gene goéi nhau. (¢) So dé cau trac cta HIV - mét retrovirus.

Nhém prokaryote bao gém céac vi khuén (bacteria) va vi khuén
cé (archae) la cac sinh vat cé ciu tao t& bao don gian nhét. Vi
khuan Escherichia coli (hinh 3.9) 1a dbi twong dwoc st dung rong
réi trong cac nghién ctru di truyén phan t&r. Bd gene chinh cia né la
moét phan t&r DNA soi kép vong co kich thwéc 16n (4.639.221 cap
base, v&i 4290 gene mé hoa protein va 53 gene RNA) goi la nhiém
sac thé chinh. N6 thwéng tap trung & mét "vung nhan" (nucleoid),
khéng cé6 mang nhan bao boc, va & trang thai siéu xodn
(supercoiled DNA) dwéi sw kiém soat cla cac enzyme
topoisomerase. Ngoai ra con c6 nhiéu phan t&r DNA soi kép tran
mach vong khac c6 kinh thuwdc bé hon nhiéu, goi la cac plasmid.

Lwu y: T dau thap nién 1990 dén nay, ngudi ta phat hién thay
rang td chirc bd gene DNA soi kép clia nhiéu vi khuan khéng chi co
mot phan t&¢ mach vong (nhw & Bacillus, E. coli, Pseudomonas,
V.v.) ma con co6 thé cé cac trweng hop sau: 1 DNA mach thang
(Borella = 0,91 Mbp); 2 DNA mach vong (vi du: V. cholera = 2,9 +
1,1 Mbp); hoac 3 DNA vong (vi du: Paracoccus denitrificans = 2,0 +
1,1 + 0,64 Mbp); hoac tham chi bd gene cua Agrobacterium
tumefaciens gdbm mot DNA mach thadng (2,1 Mbp) va mot DNA
mach vong (3,0 Mbp). Vé phan céac plasmid cling vay, vi du & chi
Borella cé rat nhiéu plasmid vong va thang VO’I kich thwéc bién
thién tlr 5 dén 200 Kbp. (1 Mbp = 10° Kbp = 10° bp).

[Vé chi tiét, co thé xem trong chwong 2 cla Gigo trinh Di truyén
Vi sinh vat do Hoang Trong Phan chd bién; Nxb Pai Hoc Hué -
2006.]
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(b)
Hinh 3.9 (a) Anh chup céc té bao E. coli . (b) So' d6 t6 churc vat chét di truyén
clia té bao E. coli cung vé&i vi anh dién tlr cda plasmid pSC101 (hinh dwai).

Nhém eukaryote 1a nhédm I&n nhét va tién hoa da dang nhat vé
trinh do t6 chirc co thé, bao gébm tat c& cac sinh vat c6 cau tao té
bao (trtr vi khuan va vi khuan lam), c6 thé la don bao hodc da bao.
Trong té bao chra hai hé théng di truyén, bd gene nhan va bd
gene té bao chat. Bo gene té bao chat bao gdbm cac phan tir DNA
soi kép vong, d6 la: cac DNA ty thé (mitochondrial DNA = mtDNA)
cd mét trong tAt cd cac té bao eukaryote, con DNA lap thé
(chloroplast DNA = cpDNA hay ctDNA) chi ¢c6 trong cac té bao thuc
vat (xem muc 4). Trong nhan té bao eukaryote chiva nhiéu nhiém
sac thé; mdi nhiém sac thé Ia mét phirc hop nucleoprotein (con goi
la chéat nhiém sdc, chromatin), gdm mét phan t&r DNA mach kép
thdng két hop v&i cac phan tir protein co s& co tén la cac histone
(giadu lysine va arginine). Don vij tb chirc clia co s& ctia nhiém sac
thé eukaryote la cac nucleosome (hinh 3.10a) cé dwéong kinh
khodng 11 nm, gbm moét khéi cau tdm phan t&r histone, (H2A+ H2B
+H3+H4), goi la 16/ octamer va doan DNA co kich thwéc 146 cap
base quan xung quanh né 1% vong (thuéng duwoc mé ta la 160-
200 bp quén hai vong quanh octamer). M6t phan t&r H1 bam vao
cac vung DNA néi (linker DNA) bén ngoai nucleosome, gilr virng
sy twong tac ctia DNA véi cac histone 16i. Cac mire d6 td chirc hay
s hoa xoan cla nhiém séc thé eukaryote dwgc md t& & hinh
3.10b.
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(c)
Hinh 3.10 T6 chirc DNA trong nhiém sac thé eukaryote. (a-b) Cau tric mét
nuc;leosome va chubi nucleosome; (c) Cac mirc do td chirc clia vat chat di truyén
& té bao eukaryote.

2. Méi quan hé giira kich thuéc bo gene va tinh phirc tap vé mat
tién hoa
Dwa trén cac két qua phan tich bd gene cla cac virus va vi
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khuén cling nhuv cla bd gene & eukaryote (bd nhiém sac thé don
bdi), cho phép khai quat nhw sau: Kich thudc cla bo gene tang lén
twong déi cung véi mire d6 phire tap vé tién hoa.

That vay, tr badng 3.3 cho thay rang kich thwéc bd gene cla
Cac virus noi chung la r4t nhd so v&i nhom prokaryote va kich
thwdc bd gene cla cac prokaryote lai té ra qua don gian so voi
ngay ca mot eukaryote don bao nhw ndm men.

Trong khi DNA ctia mét vi khuan dién hinh nhw E. coli hon 4,6
triéu cap base va chira 4.377 gene ma hoda protein (khéng ké 53
gene RNA), thi phage MS2 Ia mét trong cac virus bé nhat, bd gene
RNA clia n6 clingchi c6 3.569 base v&i tat ca 4 gene; hodc cé kich
thwdc I&én nhw virus Epstein-Barr (b6 gene DNA so¢i kép mach
vong) cling chi cé 172.282 cap base véi tat ca 80 gene.

Néu xét trén ca hai nhdm prokaryote va eukaryote, ta thay rang
kich thuwdc cac bd gene bién thién rat rong: bd gene ddi voi mot
sinh vat séng tw do (modt vi khudn) dwoc biét 1a bé nhét chira
khoang 600.000 cap base DNA, trong khi cac bé gen nguwoi va
chudt 1a khoang 3 ty. Néu xét riéng & nhom eukaryote, ta da biét
mbi loai c6 mot s6 lwong nhiém sac thé dac trwng va né khong
phan anh trinh d6 tién héa cla céac loai. Tuy nhién, vé mat nao do
ré rang la c6 sy twong quan thuan gitba ham lwvgng DNA cla céac
bd gene don boi va nac thang tién hoa cla cac dong-thwe vat. Du
vay van c6 mot sb ngoai 18 so v&i quy tac nay!

3. Ham lwgng DNA va nghich ly gia tri C

Chéng han, mac du Psilotum nudum, dbi khi goi la "dwong xi
16ng", 18 mét thwe vat don gidn hon nhiéu so v&i loai Arabidopsis
thaliana vén 1a mét thuwc vat cé hoa thudc ho cai, nhwng né lai co
kich thwéc bd gene 1&n hon téi 3.000 1an. D6 la do trén 80% bd
gene cla no la DNA lap lai khéng chiva théng tin di truyén ndo ca!
Hay mét sb thuc vat (nhw ngé, loa kén) hay mét sé dong vat (nhw
lwdng thé, cd) lai co kich thuwdc bd gene I1&n gap nhiéu lan so voi
|&p thu (bang 3.3). M6t s6 lwdng thé chira DNA nhiéu gap bd gene
chang ta dén 30 1an, nhwng chac chan khdng phai la chung phirc
tap gap chung ta 30 lan.

Nguwdi ta goi tdng ham lwgng DNA trong bd gene don béi la gié
tri C (C-value). Vé&i phan tich & trén cho thy khéng hé tén tai mot
mbi quan hé kién dinh nhat quan giira gia tri C va tinh phurc tap cta
mét sinh vat (nhw lwdng thé v&i thu); cai dé goi la nghich ly gia tri C
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Bang 3.3 Kich thwéc bd gene ciia mét sé sinh vat thworng gap

So
Bo gene sinh vat S6 bp gene Ghi chu
Virus
Phage @-X174 (& E. coli) 5.386 10 DNA s¢i don vong
DNA soi kép
Phage lambda (& E. coli) 48.502 ~61 thang
Phage T2 hoac T4 (¢ E. 150- DNA soi kép
coli) ~2x10° 200 thang
Phage MS2 (& E. coli) 3.569 4 RNA
SV40 (gay khéi u & khi) 5.226 DNA soi kép vong
RNA; viém phbi
Virus SARS (vi dy, H5N1) 29.600 cap
DNA soi kép
Epstein-Barr virus (EBV) 172.282 80 thang
Prokaryote
Gay nhiém tai
Haemophilus influenzae 1.830.138 1.738 gilra
Bénh lay qua tinh
Chlamydia trachomatis 1.042.519 936 duc
Streptococcus pneumoniae  2.160.837  2.236 Pneumococcus
O 2 NST; gay
Vibrio cholerae 4.033.460 3.890 cholera
Mycobacterium
tuberculosis 4.411.532 3.959 Gay bénh lao
Bacillus subtilis 4214814 4.779
Escherichia coli " 4.639.221  4.377 C6 4290 cistron
Agrobacterium
tumefaciens @ 4.674.062 5419 Vector hivu ich...
E. coli O157:H7 544 x10° 5416 Gay bénh & nguoi
Eukaryote
12.495.68
Saccharomyces cerevisiae 2  5.770 Men bia nay chéi
Schizosaccharomyces 12.462.63 N4m men phan
pombe 7 4929 cat
22.853.76 Gay sbt rét nguy
Plasmodium falciparum © 4 5268 nhat
38.639.76
Neurospora crassa 9 10.082 + 498 gene RNA
100.258.1 ~19.00
Caenorhabditis elegans 71 0 Giaitr.ty dau tién
Arabidopsis thaliana 115.409.9 25.498 Thuwc vat co hoa
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122.653.9
Drosophila melanogaster 77 13.379 Rubi gidm
~25.00
Nguw&i (Homo sapiens) © ~3,2 x 10° 0 Hoan tat 4/2003
~60.00
Lua (Oryza sativa ) 4,3x10° 0
Chudt (Mus musculus) 2,2 x10° ?
Lwdng thé (Xenopus
laevis) 10°- 10" ?

Chu thich: "' C6 4290 gene ma hda protein, con lai 1a RNA; @ Vector
httru ich d& chuyén gen & thwc vat; ® Cong voi 53 gene RNA; @
Eukaryote da bao dau tién dwoc xac dinh trinh tw; © Pwoc xac dinh day
da trinh tw vao 4/2003 béi HGP, véi tdng cong 3.164.700.000 cap base;
va theo wéc tinh méi nhat cong bd ngay 21/10/2004 trén tap chi Nature,
bé gene nguwdi chiung ta chra khoang 20.000-25.000 gene méa hda
protein chiém khoang 2% toan bo bo gene.

4. Kich thuéc DNA mot s6 bao quan

Kich thwéc DNA cia mdt sd bao quan (bang 3.4) cho thay
ching cé vé don gidn va khéng c6 dau hiéu tién hoéa rd rét. Noi
chung, kich thwéc méi phan tir DNA ty thé cla ngwoi va cac dong
vat c6 vi thwong nam trong khodng 15.000-17.000 bp; vi du
MtDNA ngudi 1a 16.569 bp. Trong khi do, kich thwéc mot DNA lap
thé & phan 1&n té bao cac thyc vat thuwong bién thién trong khoang
130.000 - 150.000 bp. Chéng han, cpDNA & lua trong (O. sativa)
thudéc hai nhém indica va japonica co kich thwéc twong wng la
134.494 bp va 135.525 bp, & lGa my (Triticum aestivum) la 134.545
bp va & ngd (Zea mays) la 140.384 bp, v.v. Con cac plasmid cua
mot s6 té bao thwc vat thwdng céd kich thwdc rat bé khoang 1-2
ngan cap base.

Bang 3.4 Kich thwéc DNA bao quan & mét s6 sinh vat nhan
chuan

. Sé6 cap Sé6 cap

DNA ty the base | Plasmid base

Nguw&i (Homo sapiens) 16.569 | O. sativa (indica) 1.485
O. sativa

D. melanogaster 19.517 (japonica) 2.135

S. cerevisiae 85.779 | Ngb (Zea mays) 1.913
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S6 cap
DNA lap thé base | Brassica 11.640
Laa O. sativa (indica) 134.494 | N. crassa (3 loai) 3.581
O. sativa (japonica) 134.525 3.675
Ngbé (Zea mays) 140.384 7.050
Mia (S. officinarum)
141.182

IV. Pac tinh héa ly caa DNA
1. Bién tinh va héi tinh cia DNA

M6t trong nhitng dac diém quan trong nhat cia DNA 13 hai
mach don bd sung clia néd gan véi nhau bang cac méi lién két
hydro, vén la lyc lién két hda hoc yéu nén ching cé thé bj phan hay
dwéi tac dung clia cac enzyme, nang lwgng... lam cho hai mach
don cua chubi xodn kép tach rdi nhau, goi la bién tinh
(denaturation). Nhe» d6 DNA ma&i c6 thé tai ban, cac gene méi cé
thé biéu hién ra cac san pham clGa minh. Mat khac, DNA c6 thé
phuc héi tré lai trang thai ban dau theo mét qua trinh nguwoc lai, goi
la héi tinh (renaturation).

Bang thwc nghiém, nguwdi ta da chirng minh diéu d6 bang cach
st dung cac tac nhan vat ly va hoa hoc khac nhau. Chang han, khi
dun néng tlr tr cac phan t& DNA Ién t&i nhiét d& gan 100°C
(thwdng la 90-95°C), thi céac lién két hydro clia ching bi pha hay
hoan toan va hai soi bd sung tach ra. Ngworc lai, khi lam ngudi ttr
tr dung dich dét néng chira DNA bj bién tinh hoan toan, cac soi
don thwong cap lai voi soi bd sung cla ching va lam phuc hbi
chudi xoan kép nhw ltc dau. Ré rang day la cac qua trinh ¢ tinh
thuan-nghich.

1.1. Bién tinh hay sw tach hai sgi cla chubi xoan kép DNA

Trong khi cac ty s6 G véi C va A véi T trong DNA clia mét sinh
vat 1a cb dinh, thi ham lwong GC (ty 1& phan tram cta G + C) c6 thé
sai khac nhau mét cach dang ké gitra cac DNA thudc cac loai khac
nhau. O bang 3.5 cho thdy ham lwgng GC ctia DNA nhiéu loai sinh
vat. Céc tri s6 nay bién thién tlr 22% dén 73%, va nhirng sw khac
nhau nay dwoc phan anh trong sw sai khac vé cac dac tinh cua
DNA.

O nhiét do vira phai hodc khi c6 méat cac tac nhan gay bién tinh
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nhw kiém hay formamide, thi cac phan t& DNA bj bién tinh tirng
phan. Khi d6 tai cac vung giau cdp A-T sé tach trng phan truéc,
trong khi cac vung giau cap G-C van gitr nguyén dac tinh xoan kép
(Hinh 3.11). Diéu nay c6 thé Iy giai la do mdi cap A-T chi ¢co hai lién
két hydro hién nhién la kém bén hon so vé&i méi cap G-C vbn co toi
ba lién két nhw thé.

Bang 3.5 Ham lwong twong d6i (G + C) cia cac DNA khac nhau

Ngudn DNA (G;c) Ngudn DNA (G;c)
Dictyostelium (méc nhay) 22 | Lach chuét 44
Streptococcus pyogenes 34 Tinh trung ca hoi 44
Vaccinia virus 36 B. subtilis 44
Bacillus cereus 37 Phage T1 46
B. megaterium 38 Escherichia coli 51
Hemophilus influenzae 39 Phage T7 51
Saccharomyces
cerevisiae 39 Phage T3 53
Tuyén trc bé 40 Neurospora crassa 54
Pseudomonas
Gan chuét (Rattus) 40 aeruginosa 68
Tinh trung bd dwc 41 Sarcina lutea 72
Streptococcus Micrococcus
pheumoniae 42 lysodeikticus 72
Mam lta my 43 Herpes simplex virus 72
Gan ga 43 Mycobacterium phlei 73

Nhiét d6 ma tai d6 cac soi DNA bi bién tinh hay tach nhau mét
ntra dwoc goi la nhiét dé6 nong chay (melting temperature), hay Tp,.
Tm l& diém gitra cta pha chuyén tiép (Hinh 3.13) va né tuy thudc
vao ham lwong GC cia DNA, nghia 1a d&c trwng cho DNA méi loai
(Hinh 3.14). Vi du, DNA cua E. coli v&i 50-51% GC thi c6 T, la 69-
70°C (Hinh 3.14). Twong tw, két qua x& ly nhiét déi v&i DNA phé
cau khuan Streptococcus pneumoniae va nhiét do néng chay cla
né dwoc do bang sw gia tdng dd hap thu & 260 nm cho phép thu
dwoc duwdng cong néng chay cla vi khudn nay. T, cho DNA nay
dwéi nhirng diéu kién nhw thé 1a khoang 85°C



Hinh 3.11 Vi anh dién tir cua
DNA bj bién tinh tirng phan. Cac
bap soi don (mdi tén dwdi) la vung
giau AT bi bién tinh trwéc, trong khi
cac vung soi kép day hon (mii tén
trén) van con chwa bj bién tinh.
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Hinh 3.13 BDwong cong néng
chay DNA. Ty |& phan tram hyper-
chromicity (& truc tung) cé thé dwoc
dung theo s bién tinh ctia DNA nhw
la mét ham sé cla sw gia tang nhiét
dod (& truc hoanh). Nhiét do tai diém
gilba clia dwong cong nong chay
dwoc goila Ty,
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<—DNA sgidon

<PNA soi kép
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Hinh 3.12 Hyperchromicity. Sw
hép thu ctia mot dung dich DNA (trén
truc tung) tang lén cwc dai & 260 nm
(thudéc vung cwc tim clia quang phd)
khi chudi xodn kép bi bién tinh thanh
cac soi don.

Ve .
DNA E. coli von

chtra 50% G-C,
¢6 Tm bang 69°C

I

60 ;0 ;0
Hinh 3.14 Sw phu thuéc cua T,
vao ham Iwong G+C cua ba DNA
khac nhau. Ham lwgng GC trung
binh cé thé dwoc xac dinh tir nhiét
néng chady cta DNA. Vi duy, dwong
cong bén trai néi [én mdt DNA c6 ham
lwong G+C thap hon so véi DNA E.
coli (dwdng cong & gitra).

Can Iwu y réng ham lwgng tach sgi, hay nhiét d6 nong chay,
dwoc do bang sw hap thu cla dung méi DNA & 260 nm (Hinh
3.12). Céc nucleic acid hap thu anh sang & buwéc séng nay do cau
trdc dién ti trong cac base cua chung, nhung khi hai sgi cua DNA
lai gan nhau, thi khoang cach gan giii clia cac base trén hai soi lam
gidm boét phan ndo sw hédp thu nay. Khi hai soi tach ra thi hién
twong nay bién méat va dd hap thu tang 1én 30-40%. Hién twong
nay duwoc goi 1a sw dich chuyén do thira sdc té (hyperchromic shift;
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Hinh 3.12) va thuat nglr chinh th&c chi cho hién twgng nay la
hyperchromicity. Sw tang tién dd dbc trén dwdng cong cho thdy cac
s@i gilr virng mau cho t&i khi nhiét dé tiém can T, va sau dé nhanh
chéng budng ra.

Ham lvgng GC cia mét DNA céd mét tac dung dang ké l1én T,
cda nd. Trén thyce té, ham lwong GC cla DNA cang cao thi T, cla
nd cang cao (Hinh 3.14). Tai sao nhw vay? Ta nh¢ lai réng mot
trong nhirng lwc gilr cho hai sgi gan véi nhau 1a lién két hydro,
trong khi cac cap A-T chi cé hai lién két thi cac cap G-C c¢o tdi ba
lién két. Vi vay hai soi ciia DNA giau GC sé gitr chat hon 1a hai soi
cua DNA giau AT.

Tém lai, ham lwong GC clia mot DNA cé thé bién thién tir 22%
& nadm mbc nhady Dictyostelium dén 73% & Mycobacterium phlei
(Bang 3.5). Diéu nay co6 thé gay mot hiéu qua manh 1én cac dac
tinh héa ly cia DNA, dac biét 1a I&n nhiét d& néng chay tang tuyén
tinh v&i ham lwgng GC. Nhiét dé néng chay (T.,) cia mét phan ti
DNA 1a nhiét d6 ma tai d6 hai soi bj bién tinh hay tach nhau mét
nlra. Ngoai ra, ndng do ion thap va cac dung méi hiru co ciing thac
day su bién tinh ctia DNA.

1.2. Sw phuc hdi trang thai nguyén thé ctia DNA (renaturation)

M6t khi hai sgi ciia DNA tach ra, dwéi nhivng diéu kién thich
hop ching cé thé két hop tré lai va lam phuc hdi trang thai ban dau
(renaturation, annealing). Gop phan vao hiéu qua "héi tinh" nay cta
DNA c6 nhiéu nhan t6. Duéi day néu Ién ba nhan té quan trong
nhét:

1. Nhiét do. Nhiét do tét nhat cho sy hoi tinh ciia mét DNA 13
khoang 25°C dwd&i nhiét dd ndng chay clia né. Nhiét do nay
la du thAp dé cho sw bién tinh khéng xay ra nira, nhwng du
cao dé cho phép khuyéch tan nhanh va lam yéu di lien két
khong bén gilra cac trinh tw két cédp nham va cac ving két
cap base ngan trong soi. Diéu nay goi ra rang viéc lam
ngudi nhanh theo sau sy bién tinh s& can tré sw hdi tinh.
That vay, quy trinh chung ddm bdo cho DNA bj bién tinh
dirng bién tinh lai 1a dot ngdt chuyén dung dich DNA vao
trang thai déng bang. Piéu nay dwoc goi la quenching.

2. Nong dé6 DNA. Nong do DNA trong dung dich cling quan
trong. Trong gi&i han hop ly, nong dé DNA cang cao thi hai

soi bd sung sé& cang dé dang bat gép nhau trong mot thoi
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gian nao do6. Néi cach khac, néng dé cang cao thi sy han
gan tré lai cang nhanh.

3. Thoi gian héi tinh. Rd rang la, thdi gian cho phép hai soi

han gan tré lai cang dai thi sé cang dé dang xay ra.

R.J. Britten va D.E. Kohn phat minh ra thuat ngi, C.t, d& gop
cac nhan t6 nong d6 DNA va thoi gian. Cot (doc la "cot") la san
phdm cla néng d& DNA ban dau (C,) tinh theo s6 mole cta cac
nucleotide trén méi lit va thdi gian (f) tinh bang gidy. Tat cac cac
nhan t6 khac dwoc coi 1a ngang bang nhau thi m&rc d6 héi tinh cta
cac soi bd sung trong moét dung dich DNA sé phu thudc vao Ct; cai
doé goi 1a duworng cong Cot. Néu ta coi ty 1& két hop lai tdng 1én theo
hwéng di xudng trén truc y, thé thi cac dworng cong db déc biéu thi
cho sy héi tinh cac DNA.

Hinh 3.15 va 3.16 (kém theo cac chu thich chi tiét) duwéi day
cho thdy phan tng tai két hop DNA (cho mét loai DNA soi don) va
duwong cong Cot dbi véi ndm mau DNA khac nhau cé cac mirc do
phirc tap khac nhau rat 1a I&n.

log Ct
0—] I I I I I I Cotl/Z =1/ kz
5 trong do )
= k, = hing sb ty 18 bac hai
= T VT C, = nong do DNA
£ 50 ! ! \' I I ti» = thoi gian nira phan ting
2 |
a 1
B3 |
1
007 ) a1
Colarz

Hinh 3.15 Phan rng tai két hop DNA hay dwong cong C,t ly twéng doi
vé&i moét loai DNA s¢i don.

Chu thich: O day cho thdy mau DNA cla E. coli. Phan (rng dwoc biéu dién
trén do thi nhw 1a mot so dd ban-log v&i "log C,t" trén truc x va "ty 1& % DNA tai
két hop" trén truc y (0% & trén va 100% & dwdi). Phan (rng xay ra theo sw van
dong bac hai ly twéng. C,t 1a sdn phdm cla C, (nébng d6 DNA) va t (thoi gian).
Nhw vay, néu ndng do DNA 6n dinh, truc x don thuan 13 tién trinh thdi gian cua
phdn &ng. Tién trinh phan ng xay ra nhu sau: tai thoi diém zero DNA bj bién
tinh thanh cac soi don va cac diéu kién d6 dwoc két néi dé thuc day su két cap
base ctia DNA dé& cho phép su hdi tinh DNA xay ra; tai mot nlra thoi gian cla
phan (ng (i) thi c6 50% DNA dwoc tai két hop. Diém nay la Cgty, cta phan
¥ng ma né xac dinh ty 1& nghich cla hang sbé ty & tai két hop bac hai, k,. Noi
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cach khac, hang s6 ty 1& d6i voi mot mau DNA c6 thé duoc xac dinh vé mat thuc
nghiém bang cach do C,ty;, clia phan (rng. Hang sb ty & sau do sé cung cép do
phirc tap clia DNA bang cach so sanh né véi cac hdng sb ty 1& clia cac mau
DNA khac c6 d6 phure tap da biét.

Do phirc tap dwoc biéu hién nhw 1a sé lwong cap base (bp)
1|()0 ’||01 1|02 1|03 1|04 1|05 1|()6 1|()7 1|08 109 1010

Cot
Hinh 3.16 Buwéng cong Cot déi véi nam mau DNA khac nhau cé cac do
phtrc tap rat khac nhau sau day:

1- poly(dA)-poly(dT); 2- DNA vé tinh cia ngwei dwoc tinh chiét;

3- DNA phage T4; 4- DNA b gene E. coli; va

5- DNA ban sao don cia ngwoi dwore tinh chiét.

Chu thich: M&i DNA tai két hop véi mot ty Ié, nhét dinh, phu thudc vao mirc
d6 phtrc tap dac trung riéng clla n6 (xem cac tri sO ve do phtre tap & hang ngang
phia trén). Mau 1 Ia trinh tw don gian nhat. N6 la DNA soi kép gom céac
homopolymer poly(dA) va poly(dT) cap v&i nhau. Theo dinh nghia c6 tinh chat
quy wéc, né cd do phirc t~ap la "mot" b&i vi nd bao gom cac doan lap cla chi cac
cap A-T ma théi. Cac mau DNA con lai (2-5) co dé phirc tap tang 1én cho den

DNA ban sao don cula nguo’| dwoc tinh ch|et vén cAu thanh hau hét bo gene
ngwoi va cé do phirc tap clia hon mét ty (>10 ) cap base.

2. Ung dung trong lai phan to

Ngudi ta loi dung kha nang néi trén ciia DNA dé tao ra cac
phan t& DNA lai nhan tao bang cach lam lanh t& tir hén hop cac
DNA bién tinh tir hai loai khac nhau. Ky thuét lai phan td& (molecular
hybridization; Hinh 3.17) nay da dwogc wng dung rdng rai dé xac
dinh mrc d6 twong ddng DNA cla cac nhém phan loai khac nhau.
Trén nguyén tac, néu mirc dd twong ddng cang lén thi sb lwong
cac doan lai cang I&n va nguwoc lai. Vi du, cac thywc nghiém cho
thdy c6 khodng 25% téng s6 DNA nguoi va chudt cé thé lai voi
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nhau (Watson et al 1987). Thong thwong mre do lai dwoc xac dinh
bang céac phuwong phap sac ky hodc ly tdm, trong dé6 mét loai DNA
dwoc danh dau bang déng vi phéng xa. Hién gi® cac ky thuat nay
dwoc ap dung kha rong rai trong cac nghién ctru sinh hoc phan ti
cling nhw trong céc linh vwe diéu tra hinh sy hodc phat hién sém
mot s& bénh phan t& trwde khi cac triéu chirng xuét hién dé diéu tri
Kip tho.

Bién tinh / Hdi tinh Lai hoa Nucleic Acid
DN& . DHNA& "
¥ W R
- I AN ~
Bién tinh ZATE H;:r:ﬁ oL o bl i [ | Lai hoa
cta DNA ctia DNA R A DNA-RNA
N\ et/ Chudi i DNARNA
- Ed
& ! L3
date dhve

Hinh 3.17 Bién tinh va héi tinh ctia DNA (trai) va lai nucleic acid.

l M‘éng loc
_bang nylon

.l-.._.'- -r N '.l..l... f
. MAu do DNA
Mau do Trinh tw

dlch
Hinh 3.18 So d6 minh hoa viéc str dung mau do DNA dé tim doan dich.
Tém lai, theo nghia rong, lai phan t& hay lai nucleic acid dwoc
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hiéu la sy twong tac gitra cac soi nucleic acid bé sung. N6 co thé
xay ra gilra hai sgi DNA, hoac gilra cac sgi DNA va RNA, hoac
gitra hai soi RNA, va dé chinh la co s& clGa nhiéu ky thuat, chang
han nhuw: lai mét mau do cé dénh dau dbng vi phéng xa (radioactive
probe) dé& loc ra DNA hay RNA bam vao mang lai 1a mét trong
nhirng thi nghiém cho nhiéu théng tin bd ich nhat dwoc tién hanh
trong di truyén hoc phan t. Hai kiéu co ban cda lai phan t 1a
phuong phap lai Southern (Southern blots) va phwong phap lai
Northern (Northern blots). Trong d6, kiéu dau la lai bang mot méau
do dé phat hién, dinh lwgng mot phan t&r DNA xac dinh; con kiéu
sau dung dé phat hién, dinh lwong mét phan t&¢ RNA. M&u do
(probe) la cac coéng cu so cap dwoc dung dé xac dinh cac trinh tw
bd sung can quan tdm hay trinh tw dich (target sequence). D6 la
mot nucleic acid sgi don thuwéng dwoc danh dau phéng xa va duoc
dung dé xac dinh mét trinh tw nucleic acid bé sung bam trén mang
loc nitrocellulose hay mang lai bang nylon (Hinh 3.18).

V. Chitrc nang cua DNA

Ngay nay, chung ta déu biét ré rang DNA hay bd gene cua tat
cé céac sinh vat néi chung cé chirc nang chinh 1a mang day da toan
bd théng tin di truyén (genetic information) d&c trwng cho tirng loai.
Théng tin di truyén nay dwoc ghi lai dwéi dang mat ma, goi la méa di
truyén (genetic code), va chira dwng trong cac gene céu tric
(structural genes) ciing nhw cac yéu t6 kiém soat di truyén nham
diéu khién moi hoat ddng sinh trwdng, phan chia va biét hoa cla té
bao (chwong 6).

Hon nira, DNA hay vat chat di truyén néi chung déu c6 kha nang
tw sao chép mot cach chinh xac ban than né trong mét qua trinh goi
la tai ban (replication) - co' s& cla sw tw nhan déi nhiém séc thé va,
do dé, la co sé& cla sy phan chia t& bao (ma thuc chét [a sy phan
chia hay truyén dat vat chét di truyén; chwong 5). D6 con 1a cac qua
trinh hoat déng va diéu hoa sy biéu hién cla cac gene trong bd
gene - phién ma (transcription) va djch ma (translation) - tao ra cac
phan t (RNA va protein) tham gia vao cac cau truc va hoat déng
sOng co s& cua té bao (chuwong 6). Nho d6 ma con cai sinh ra
thwdng glong v&i cha me, maoi loai duy tri sy on dinh twong déi bd
gene cla minh va, ndi rong ra 1a, nhd dé6 ma sw séng dwoc duy tri
mot cach lién tuc ké tir khi sy séng bét dau hinh thanh trén trai dét
cach day chirng ba ty redi nam.

Mat khac, DNA hay vat chat di truyén néi chung cé kha nang



60

phat sinh cac bién dbi trong qué trinh phat trién ca thé va sinh san
cua sinh vat. D6 la cac dot bién gene (gene mutations) gay ra béi tac
dong cua cac tac nhan vat ly va hoa hoc khac nhau, hoac do chinh
cac sai sot trong qua trinh tai ban, hoac do s dich chuyén vi tri clia
ban than cac gene trong bd gene - cac yéu té di truyén van déng
(transposable genetic elements) hay con goi la cac gene nhay
(jumping genes) - gay sw bién déng cltia bd gene va sw bién déi &
kiéu hinh. Ngoai ra, d6 con la cac qua trinh tai t6 hop di truyén
(genetic recombination) tao nén cac bién di té hop phong phu va da
dang trong qua trinh sinh san cla sinh vat. Chinh cac qua trinh bién
dbi da dang nay da khéng ngirng tao nén cac nguén bién dj di truyén
so cap va the cap cho sw chon loc va tién hoa cla sinh giGi
(chuong 5).

Céc chlrc nang va co ché truyén dat théng tin di truyén chinh yéu
ctia DNA duwoc mé ta tom tat nhw & hinh 3.19 duwéi day, va sé dwoc
thdo luan chi tiét trong cac chwong ké tiép.

DNA

protein f

Hinh 3.19 Giao ly trung tam ctia sinh hoc phan tu.

N6i chung, trong mét bd gene sinh vat cé chira cac thanh phan
chire nang khac nhau thudc hai nhém chinh sau day:

+ Nhém thir nhéat bao gbm céac gene, tlrc 1a cac thanh phan cua
bd gene duwoc biéu hién thanh cac san pham cudi cung la RNA hay
protein, d6 la: (i) Cac gene cAu tric méa hoa cac RNA thong tin, quy
dinh cac protein khac nhau, goi la cac gene ma hoa protein (protein
coding genes); (ii) Cac gene ma hoa cac RNA van chuyén; (iii) Cac
gene méa hoa cac RNA ribosome; (iv) Dbi véi cac té bao eukaryote,
con co cac gene ma hoa cac RNA chirc nang dac trwng khac nhw:
iIRNA, snRNA, snoRNA, scRNA, gRNA, RNA cla cac enzyme
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splicing va telomerase ... (xem chwong 4).

+ Nhom thr hai bao gébm cac yéu té khéng phai gene, tirc 1a cac
thanh phan cla bo gene khong dwoc biéu hién thanh cac san pham
ma chi dong vai trd & cac tin hiéu diéu hoa hodc kiém soat hoat
dong cua bd gene hodc cac gene. Nhém nay bao gébm nhiéu vung
DNA dac thu khac nhau, chang han: (i) Cac trinh tw diéu hoa hoat
dong tai ban, nhw: khéi diém tai ban (origin of replication = ori) va két
thuc tai ban (terminator = ter); (ii) Cac yéu t6 kiém soat phién ma,
nhw: ving khéi déng (promoter region), yéu té chi huy trong cac
operon & prokaryote (operator, cac yéu té tdng cuong (enhancer)
hodc yéu té gdy bat hoat gene (silencer) & eukaryote, ...; (i) Cac
yéu t6 kiém soat dich ma, vi du trinh tw Shine-Dalgarno, hodc cac
viing khéng dwoc dich ma nadm trwdc va sau mRNA - san pham
gene ma hoa protein - goi la 5-UTR va 3'-UTR; (iv) Cac doan dém
gitra cac gene (intergenic spacer); (v) Cac intron - cac doan khéng
ma hoa protein (phan bb xen k& v&i cac doan ma hoa goi la cac
exon) cua cac gene phan doan ¢ eukaryote, & cac vi khuan cb va
mot sb virus lay nhiém & sinh vat bac cao; (vi) Cac gene gid
(pseudogene); (vii) Cac trinh tw DNA Iap lai (repetitive DNA) khac
nhau, k& cd cac DNA tam dodng (centromere) va DNA dau mut
(telomere) clia cac nhiém sac thé eukaryote; v.v.

Nhuw da dé cap trwdc day, trong khi mat dé phan bb cac gene
trong bd gene clia cac prokaryote va cac virus 1a hdu nhw day dac,
thi & cac eukaryote ma dac biét l1a & cac sinh vat bac cao, ty Ié nay
la twong déi nhé va thay vao do, phan Ién bd gene chira cac ving
DNA thudéc nhém thir hai néi trén.

Chang han, bd gene nguwdi (human genome) cé cac dic diém
sau:

(1) B6 gene nhan (nuclear):

- b6 gene don bdi cé khoang 3,2 ty cap base;

- chiva khoang 20.000 - 25.000 gene, chiém khoang 2% toan bd
bd gene (sb lieu wdc tinh méi nhat cong bd tir tap chi Nature ra
ngay 21/10/2004; chi truéc d6 khéng lau con s nay 1a ~30.000 dén
40.000);

- hau hét cac gene trong bd gene don bdi déu & dang cac ban
sao don;

- cac gene déu co chira tir 1 dén hon 75 exon;
- cac gene sai khac nhau vé chiéu dai, bién thién tr dwdi 100
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dén trén 2.300.000 c3p base;

- cac trinh tw Alu (Alu sequence) c6 mét khap bo gene.

(2) B6 gene ty thé (mitochondrial):

- b6 gene mach vong véi 16.569 cdp base (cling c6 mot sb liéu
khac cho la 16.571 cap base);

- chra dwéi 40 gene.

Cau hoi va Bai tap

1. Liét ké cé(; dac diém cta md hinh DNA dang B va tr mé hinh
nay, hay cho biét: Dya vao dau Watson da tién doan mét cach tai
tinh va chinh xac kha nang tat yéu phai xay ra kiéu tai ban ban bao
toan cia DNA?

2. (a)Vé mat toan hoc, moé hinh Watson-Crick ly giai mot cach
thoa dang cac két qua cua Chargaff ra sao? (b) Hay chi ra nhirng
diém giéng va khac nhau gitva DNA dang B va DNA dang Z, va méi
quan hé gilra chung.

3. Anh (chi) hay viét mét tong luan vé chang dwong ra doi va
phat trién cta sinh hoc phén t&r trong hon 50 nam qua ké tir ngay
Watson va Crick kham pha ra mé hinh cau tric chudi xoan kép
DNA..

4. B6i v&i DNA soi kép, chi can biét truéc ham lwong cliia mot
loai nucleotide ta c6 thé xac dinh dwoc ham lwong cla cac loai con
lai. Tai sao? Hay van dung cac quy tdc Chargaff dé tinh s6 lwong
tirng loai nucleotide trong bdé gene nguwdi va vi khuan E. coli (Biét
rang ty 1& A/G ctia DNA ngwdi a 1,52; ty 1& phan trdm G + C cla E.
coli 1a 51%; vé tbng sb nucleotide ciia mdi bd gene can tra ctru &
Bang 3.3).

5. Anh (chi) hay phat biéu nhirng y twéng va hiéu biét ctia minh
dwa trén cac cap base cia md hinh Watson-Crick.

6. (a) Tai sao trong ciu tric DNA ciing nhw cac co ché di
truyén & cap dd phan tir vdn quan trong nhw vay nhwng chi ¢é hai
kiéu két cap base cdn ban: A-T va G-C? (b) C6 thé xay ra kiéu két
cap base nao khac nira hay khéng? Néu co, hau qua 1a gi? Giai
thich va cho vi du.

7. Thé nao 1a bién tinh va héi tinh cia DNA? Giai thich va cho
biét y nghia sinh hoc cling nhw trng dung ctia cac hién twong nay.
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8. (a) Phan tich mdi quan hé gitra kich thuwoc bd gene clia cac
sinh vat va tinh phlrc tap vé mat tién héa cda chung; (b) Nghich ly
gia tri-C la gi? Phan tich khai niém nay va cho vi du.

9. Phan tich cac mdi twong tac trong cac cau tric bac hai va
bac ba cla cac nucleic acid, va néu cacy nghTa clia chung.

10. Dwa vao céac kién thirc lién quan dén ciu truc cap G- C, anh
(chi) hay thé hién nhirng hiéu biét c6 thé dwoc cla minh vé céu
trac nay.
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Chuong 4
Cau trac va Chure nang cua cac RNA

Trén nguyén tic, cac RNA duoc céu tao tu cac don phan la cac
ribonucleotide; cac ribonucleotide nay n6i két voi nhau bang cac lién ket
3',5'-phosphodiester tao thanh cac chudi polyribonucleotide - cu triic so cip
ctia cac phan tir RNA (nhu dd dé cap ¢ chuong 2). Dudng pentose dic trung
ctia RNA 14 ribose, con thanh phan base, ngoai bon loai co ban adenine (A),
uracil (U), guanine (G) va cytosine (C), con phat hién khd nhiéu dang base
hiém c6 mit chi yéu trong cac tRNA (xem muc I1I).

C6 ba loai phan tir RNA co ban tham gia vao qua trinh sinh téng hop
protein ciia cac t& bao, d6 1a: RNA théng tin (messenger RNA, viét tat:
mRNA), RNA véin chuyén (transfer RNA, viét tit: tRNA), va RNA ribosome
(ribosomal RNA, viét tit: rRNA).

Noi chung, cac phan tor RNA ¢6 kich thudc bé hon cac phan tir DNA &
bat ky sinh vat cu thé nao. Céc phan tr RNA c6 thé 1a sgi don hodc soi kép,
mach thang hodc mach vong nhung pho bién 1a dang sgi don, thing (nhung
khong thay ¢ cac phan tir RNA soi kép, vong nao dugc mo ta). Loai RNA
c¢6 ham luong cao nhét trong cac té bao 1a rRNA.

O Bang 4.1 cho thdy ham lugng twong ddi (%) va kich thude (trong
luong phan tir - TLPT va s6 nucleotide) cua cac phan tir RNA ¢ vi khuan
Escherichia coli (E. coli).

Béang 4.1 Cac phan tir RNA & E. coli

Loai RNA Chirc nang (%) TLPT S6 nucleotide
mRNA Ma hoa céc protein 5  Bién thién Bién thién
tRNA Mang amino acid 15 2,5.10' ~175
rRNA  5S  Thanh phan ribosome 80  3.,6.10 120
16S  Thanh phan ribosome 0,55.10° 1542
23S Thanh phan ribosome 1,2.10° 2904

Ngoai ba 16p RNA chinh (rRNA, tRNA va mRNA) vén ciing c6 mat
trong cac prokaryote, cac té bao eukaryote con co cac 16p RNA khéc, nhu:
(1) RNA di nhdan, hnRNA (heterogenous nuclear RNA), véi kich thudc sai
biét nhau rat 16n, chiing 14 tién than clia cac mRNA trudng thanh sau nay;
(i1) cdc RNA nhan kich thuoc bé, snRNA (small nuclear RNA), vdi céac
loai nhu U1, U2, U3, U4, US, U6, U7,U8, U9, U10...trong d6 sau loai dau
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cd vai tro quan trong trong xtr Iy pre-mRNA cuia cac gene phan doan; va
(iii) RNA té bao chdt, scRNA (small cytoplasmic RNA) 7SL can cho tong
hop cac protein ché tiét va bam vao mang; va mot vai RNA khac nita dugc
giéi thidéu & Bang 4.2. Cac enzyme chiu trach nhiém cho tong hop céc
RNA nay sé€ duogc trinh bay & chuong 6.

Bang 4.2 trinh bay khai quat vé cac 16p RNA c6 chuc ning chinh yéu
va thtr yéu trong cac té bao.

Bang 4.2 Cac 16p RNA chirc nang chinh va phu

Lép RNA Chirc niing
1. Cac lop chinh
mRNA RNA duogc phién ma tir cac gene ma hod protein, mang

thong tin cho dich ma. Mot s6 ban sao tuong tu
mRNA lghéng duoc c}jch ma, vi du XIST, H19 do co
ché in dau bd gene bd me (parental imprinting).

hnRNA mRNA trude khi cat-ndi. Do 1a cac ban sao chua dugce
(heterogenous sta doi cua cac gene eukaryote; so di goi nhu vay
nuclear RNA) boi vi tinh da dang 16n vé kich thude ctia nd so voi
tRNA va rRNA.
tRNA Phan tr thich tng (adaptor) thyc hién viéc dich ma.

tRNA cling lam mdi cho tai ban DNA trong su tai
ban cua cic retrovirus.

rRNA Thanh phan cau triic chinh ctia cac ribosome, cin cho
qud trinh tong hop protein cta t& bao.

2. Cac lop phu

iRNA Céc trinh ty RNA ngén duoc dung 1am moi cho sy tong
(initiator RNA) hop DNA & s¢i ra cham (xem ¢di bdn, chuong 5).

snRNA Cac phén tor RNA trong luong phén tur thap phat hién
(small nuclear dugc trong dich nhén, la thanh phan cta cac enzyme
RNA) hay U-RNA cét bo cac intron va cac phan tmg xtr Iy (processing)
(uridine-rich RNA) khac; ching chira nhiéu gdc uridine dugc sira doi.

snoRNA Cac phan tir RNA trong lugng phén tur thip phat hién
(small nucleolar duogc trong hach nhan, c6 thé tham gia vao qua trinh
RNA) xur Iy rRNA (RNA processing).

Céc phan tir RNA trong luong phan tir thip phét hién

dugc trong té bao chét voi cac chice nang khac nhau.

Vi du d6 1a RNA 7S vén 1a thanh phin cua tiéu phan

scRNA nhéan biét tin hiéu va PRNA (prosomal RNA), mot
(small cytoplasmic RNA bé két hop véi khoang 20 protein va duoc boc
RNA) g6i v6i mRNA trong mRNP hay thé théng tin
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(informosome) vbn c6 tac dung diéu hoa su biéu
hién cua gene.

Mot RNA nhén c6 chita khuon cho cac doan lap
telomere va 1a thanh phan cta enzyme felomerase
(xem chuong 5).

Mot loai RNA duoc tong hop trong cac roi dong
(kinetoplasts) & Trypanosoma; n6 cung cip khudn
cho bién tap RNA (editing RNA).

RNA nguege nghia (antisense RNA) bd sung v6i mRNA
va ¢6 thé tao thanh mot soi doi v6i nd dé kim him
viéc tong hop protein. Loai RNA nay thy c6 trong
nhiéu hé théng, nhung rat phd bién & vi khuan; va
ciing duoc goi 14 RNA bé sung gdy nhiéu mRNA.

Céc phan tir RNA ma c6 thé xuc tac cho cac phan tng
hod hoc, cac enzyme chira RNA (RNA enzymes).
Thong thudong no6 ¢6 hoat tinh ty xuc tac (vi du cac
intron tw cdt = self-splicing introns), nhung mot
ribonuclease P 1a mot chat xuc tac dich thuc (vi du
xur Iy tRNA: tRNA processing). Cac RNA khac hoat
dong hai hoa voi cac protein, vi du MRP
endonuclease trong tai bin DNA ty thé.

I. CAu triic va chirc niing ciia cic RNA thong tin (mRNA)

Trong nhan céc té bao eukaryote c6 cac RNA nhan kich thudc 16n va
sai khac nhau rat 16n goi 14 hnRNA (heterogenous nuclear RNA) von 1a
tién than ctia cic mRNA, cic RNA nhan kich thudc bé snRNA (small
nuclear RNA) ¢6 mat trong thanh phan ciia cic enzyme splicing, va cac
RNA té bao chét kich thudc bé scRNA (small cytoplasmic RNA).

Bing 4.3 D§ phirc tap ciia cac I6p mRNA trong té bao dong vat cé vi

Do phong phu S6 lwong mRNA

Lép phong phtt  (s6 ban sao/ té bao) khac nhau Téng
cao 12.000 9 108.000
trung gian 300 700 210.000
thap (hiém) 15 11.500 172.500
Cong 12.209 490.500

Mot té bao eukaryote dién hinh chira chimg ba 16p mRNA phong pht
duogc trinh bay o Béng 4.3. That vay, trong cac té béo‘dcf)ng vat co vu, mot
vai loai mRNA thi hét stc phong phu, trong khi d6 hau nhu mtrc d¢ phtrc
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tap cua mRNA (sé lugng loai mRNA khéc nhau) dugc dai dién bdi céac
mRNA hiém. M6t diém can cha y 13 sy biéu hién ctia mot gene 1a ty 16 véi
d6 phong phu cua loai RNA tuong tmg (mot gene biéu hién cang manh khi
s6 ban sao ctia né trong té bao cang 16n).

1. Chirc nang cua cac mRNA

~ Cac mRNA la loai RNA quan trong nhit dugc dung lam khuén tryc
ti€p cho qua trinh tong hop cac chuoi polypeptide trong t€ bao chat.

2. Céu tric ciia cdc mRNA

Nhin chung, cic mRNA c6 cAu trac mach théng, voi kich thudce khac

nhau va déu c6 ba phan chinh nhu sau:
5 3

[ |
5-UTR |+ ving ma héa — 13'-UTR

(1) Vung dan dau (5'UTR) khong duoc dich mé nhung c6 cAu trac can
thiét cho sy bam vao cua ti€u don vi ribosome bé (Hinh 4.1).

Trinh tw Shine-Dalgarno (SD) codon khéi dau
5 == PuPuPuPuPuPuPuPu AUG >
C____vung duoc dich mé
3t AAU i
[A] codon két thuc
Choép codon khé&i dau
5 UTR

5’ m’Gppp AUG )
C vung dwoc dich ma
UGA
codon két thac
3’ UTR

AAUAAA (AAAA), 3’
[B] dudi poly(A)

Hinh 4.1 Céu trac cia mRNA prokaryote (A) va mRNA eukaryote (B). O
clu tric mRNA prokaryote cho théy: (i) ving 5-UTR chira trinh tw Shine-
Dalgarno (SD, gdm 8 base purine), vi tri twong tac véi ving dic thu giau
pyrimidine ctia rRNA 16S trong tiéu don vi ribosome bé dé khéi dau tbng hop
protein; (ii) ving dwoc dich ma dwoc gidi han bdi codon kh&i dau va codon két
thuc; va (|||) vung 3‘ UTR ndm sau codon két thic. O cau trac mRNA eukaryote
cho thay ré "mi" m Gppp & dau mut 5' va dudi poly(A) & dau 3'.
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(i) Vung ma hod (coding region) nam keé sau vung 5'-UTR; n6 mang
thong tin cau trac ciia mot chudi polypeptide, néu 1a mRNA ciia eukaryote
(monocistronic mRNA) hodc mang thong tin cta nhiéu polypeptide khac
nhau va cach nhau béi cac doan dém khong dugc dich ma, néu 1a mRNA
prokaryote (polycistronic mRNA).

(iii) Ving kéo sau (3'-UTR) nam & dudi mRNA, khong duoc dich ma.
O hinh 4.1 cho thiy nhiing diém khac nhau trong cdu trac cua céac
mRNA ¢ prokaryote va eukaryote, va hinh 4.2 cho thay cau truc "mi" dac
trung c6 mat ¢ dau 5' cua tat cd cic mRNA trudng thanh & eukaryote .
Methyl hoa cap 0 ~

Céu tric cta mi 5' . o o
(7-methyl guanosine = 7mG) ”*N/IF%
N k“u N
in % . 'ﬁ' ﬁl ? ;
Lién két triphosphate 0= r~o-b-omb- o,
C|> = =
om0

OH  QOH

Methyl hoa 2'-ribose Methyl hoa cap 1

Methyl hoa 2
. _e yl hoa cap

Hinh 4.2 CAu tric cta "mi" (5' cap) c6 mat & tat ca cac mRNA eukaryote.
3. So luge cau triic gene phdn doan eukaryote va su sita doi sau phién ma

Nhu da dé cap, trir mRNA prokaryote ra, tit ca cac RNA con lai du Y
pro- hay eukaryote déu phai trai qua qué trinh stra d6i sau phién ma voi rat
nhiéu co ché tinh vi va phirc tap khac nhau dé tao ra cac RNA trudng thanh
tham gia vao qua trinh dich ma. Dé c6 cai nhin hé thong, ¢ ddy ta hiy tim
hiéu doi nét vé ciu triic gene quan trong nht & cac eukaryote, cac gene ma
hoa protein va su xir Iy sau phién ma cac ban sao so cip cua chung. Van dé
nay s& duoc dé cap chi tiét hon & chuong 6.

* Vé cdu triic ciia cdc gene md hod protein ¢ eukaryote

Hau hét cac gene ma hoa protein & eukaryote 13 cac gene phdn doan
(split genes), nghia 1a trong ving mé hoa protein ctia ching bao gém céc
doan mi hoé (goi 1a cac exon) nam xen k& véi cac doan khéng ma hoa (goi
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1a cac intron). Sau khi phién ma, cac intron trong ban sao pre-mRNA cua
cac gene nay phai duoc loai bo ngay trong nhén cung véi mot sd su kién
quan trong khac. Hinh 4.3 cho thdy cu triic ctia mot gene dién hinh &
eukaryote va mot s6 vi du vé cac gene mi hoa protein trong bo gene ngudi.

(A) cau truc gene phan doan

vung khéi dong cac exon (cac vung trong hop)
(promoter)

| | | |
+ [ I

cac intron (gitra cac exon)

vung dwoc phién ma
mRNA trwéng thanh
s [ ¥

vung dwoc dich ma

(B) cau tric cuia cac gene phan doan khac nhau

histone ——r NN —

toan bo =400 bp; exon = 400 bp

p-globin ——— —{N il

toan bo = 1.660 bp; cac exon =990 bp

HGPRT I H
(HPRT)

T

toan bo = 42.830 bp; cac exon = 1263 bp

nhén t6 Vil -————————+ —a-

Hinh 4.3 (A) Cau tric ciia mot gene ma hoa protein dién hinh & eukaryote
va mRNA twong (rng cta né. (B) Minh hoa cau tric mét s6 gene ma hoa
protein trong bd gene ngwi. O day cho thady mét vai gene nhw gene histone
chéng han la khéng cé cac intron; con dai bd phan gene déu co chtra intron, vi
du: gene -globin cé ba exon va hai intron; gene ma hoa hypoxanthine-guanine
phosphoribosyl transferase (HGPRT hoac HPRT) co chin exon va I&n hon gene
histone trén 100 lan, tuy nhién mRNA ctia né chi I&n gap chirng ba I1an mRNA
histone (chiéu dai toan bd cac exon la 1.263 bp); va gene cla nhan té VIII gay
déng mau c6 qua nhiéu intron (dwoc bidu thi bang cac dwong ké dirng manh).
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* Gdn thém "mii ”m7Gppp va duoi poly(4)

Dé tro thanh mRNA trudng thanh trude khi di ra té bao chat lam khuon
cho dich m3, tit ca cac pre-mRNA cua cic gene ma hoa protein cua
eukaryote déu trai qua hai su kién chinh yéu trong nhan: (i) Lap thém vao
dau 5' mot cai "mi" 7-methylguanosinetriphosphate (m’Gppp cap; Hinh
4.2); va (i) gan thém mot cai dudi poly(A) dai khoang 150 - 200 base ¢ dau
3'; ngoai trir cdc mRNA cua histone la khong cé duodi poly(A). Pudi
poly(A)-3' va ca "mi"-5' c6 chic nang bao vé mRNA khoi bi som thoai
ho4, va trong nhiéu trudng hop dudi poly(A) con kich thich sy dich ma. Pdi
véi cac gene ma hoda protein khong co cac intron, vi du cac gene histone,
qua trinh hoan thién mRNA két thuc tai day.

g

Sy
.fé N

AR AN T Sy ah
it
s
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Hinh 4.4 (a-b) Vi anh dién t& va so dd minh hoa sw lai hoa gitta mRNA
ovalbumin trwdng thanh dwoc danh dau véi soi khudén cia gene ovalbumin
thudc DNA bi bién tinh. Sw két cap bd sung tao thanh chudi xoan kép lai RNA-
DNA duwoc biéu thi bang cac doan ma hoa L va 1-7. Cac vung ky hiéu A -G la
céc intron clia soi khudn gene, do khdng c6 vung bd sung twong trng trén mRNA
dé két cap nén chung xuat hién dwéi dang cac vong. (c) Cau truc cla gene
ovalbumin, gdbm doan méa hoda "leader" (L) v&i cac exon 1-7 (hang trén) va sb
Iwgng cap base twong ng (hang dwdi); xen ké gilra chuang la cac intron.

* Loai bo cdc intron va noi cdc exon

Dbi v6i san pham phién mi so cip cla cac gene phan doan (pre-
mRNA), ngoai hai sy kién chung noi trén con cé cac qua trinh loai bo cac
intron va ndi cac exon véi nhau goi 13 splicing hay xir [y RNA (RNA
processing). Vi du, gene ovalbumin gdm bay intron xen ké giita tim exon
c6 do dai 7.700 cap base da dugc E. Chambon phan tich trinh tu déy du
vao nam 1981 (Hinh 4.4). Sau khi enzyme splicing cat b cac intron va ndi
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tat ca cac exon trong mot qua trinh goi 1a xi# 1) RNA (RNA processing) thi
mRNA truong thanh c¢6 ving ma hoa protein dai 1.872 base (hinh 4.5).

(d)

Hinh 4.5 Phién ma gene ovalbumin va sw tao thanh mRNA trwéng thanh.

S 1 =0

[= fo 10

i ot & ddim ol ¥
MAMNA

—— mznh
et oy nd coc oy 3 vo ™ NG

\ 4

Hinh 4.6 M6t mé hinh vé co ché cat-néi trong qua trinh x(r ly pre-mRNA.

C6 hai sy kién chinh lién quan co ché qci't-néi (splicing) trong qua trinh
xu Iy pre-mRNA dugc tom tat nhu sau (vé chi tiét, xem chuong 6): (1) O
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hai dau mut cia mdi intron c6 hai nucleotide rat 6n dinh, d6 1a 5'-
GU......AG-3"; va (2) O m6t s06 snRNA c¢6 mat trong thanh phan cta phirc
hop enzyme cat-noi (spliceosome) cling c6 céc trinh ty dinucleotide bo
sung v&i cac trinh ty chuan trong intron. Cac trinh tu nay cua snRNA
tuong tac voi cac dau mut intron, kéo ching xich lai gan nhau tao ra cau
tric hinh vong. Nho dé enzyme tién hanh loai bd intron va ndi cac exon
lai v&i nhau; va cudi cung, tao ra phan tt mRNA truong thanh (Hinh 4.6).
IL. CAu triic va chirc niing ciia cic RNA vén chuyén (tRNA)
1. Churc nang cua cdc tRNA

Moi phan tir tRNA c6 hai chirc ning chinh 1a mang amino acid da
duoc hoat hoa va di dén phtrc h¢ "ribosome-mRNA" d¢€ tién hanh viéc doc
dich ma cho mot codon cu thé cuia mRNA.
2. Thanh phan hod hoc ciia cac tRNA

Trong thanh phan nucleotide ctia cdc tRNA c6 kha nhiéu base chuan bi
bién d6i thanh cac base stra doi nho hoat dong xtic tac cua cac enzyme sau
phién ma. Céc base nay (con goi la cac base hiém) tap trung chu yéu & cac
vong than (stem loops) nhu: 5',6'-dihydrouridine (DHU), inosine (1),
ribothymidine (T), pseudouridine (‘) v.v. (Hinh 4.7A).

CHy
- o
A
;\)7 )1}} kS > i
e ]
Ribose
Rabose Inosine Pseudouridine
5-Methylcytidine NC-Methyladenosine
0 NH, Q H i
g N# - CHe0H HN | I;’\> HN |
5
Yy > . A
CH; —N 0N HoN 0" N
NE-Methylguannsme 5-Hydroxymethylcytidine 7-Methylguanosine 4-Thiouridine

Hinh 4.7A Cac base hiém c6 mit trong RNA, chi yéu la cac tRNA.
3. Cdu triic cua cac tRNA

C6 86 tRNA ¢ E. coli. Hau hét cac tRNA c6 khoang 75-80 nucleotide
va ¢6 cdu triic bdc hai mé rong do cac twong tac cip base (A-U va G-C) ¢
mot sé doan cia chung (Hinh 4.8) ciing nhu cdu triic bdc ba (khong phai
dang siéu xoan, ma né c6 kiéu uén gap thém nita trong khong gian ba
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chiéu). Pay 1a kiéu cdu triac "la ba thuy" gon nhe va viing chac phu hop
v6i cac chirc nang khac nhau ctia cac tRNA.

N6i chung, cac phan tir tRNA thuong rit gidng nhau & nhidu doan va
khac nhau chu yéu & bé ba doi ma (anticodon). Can luu ¥ rang, base hiém
Inosine (I) c6 mit ¢ vi tri 5' clia anticodon trong mot s6 phén tir tRNA ¢
thé két cap linh hoat vo1 mot trong céac base ¢ vi tri 3' (C, U hoac A) cua
cac codon ddng nghia trong mRNA (Hinh 4.7B).

H H
H H \N/
L W |
] 2 C AN
Inosine e [ | Cylosine AN \\
o - M | || Jon
| W ~c - Inosine P \\\/C\ Adenine
Bl AP | Ribose ] #
b o
HC\ // (9 N
e CH e I |
g A e
H
O“\“‘c/ C\\ H
| | Uracil
e Tr el
Inosine Y “ Ribose

N“-../c"\/H
HJ/ |
°\/c

"\

Hinh 4.7B Base hiém Inosine & vj tri 5' ctia anticodon trong mét s6 tRNA
c6 the ket cap véi mét trong cac base (C, U hoac A) & vi tri 3' cua cac
codon dong nghia trong mRNA.

M&i tRNA thuong c6 3-4 vong trén than (tinh tir dau 5') v6i chirc ning
khac nhau nhu sau:

(i) vong DHU nhan biét aminoacyl-tRNA synthetase;

(i) vong anticodon doc ma trén mRNA bang su két cip anticodon-
codon (theo nguyén tic bo sung nhung co su linh hoat; xem chuong 6);

(iii) vong "phu" (extra loop) co thé khong c6 & mot s6 tRNA; va

(iv) vong TY¥C nhan biét ribosome dé di vao dung vi tri tiép nhan
aminoacyl-tRNA (vi tri A).

Va cudi cung, doan mach thing -CCA & dau 3' 1a vi tri gin vao cua
amino acid da dugc hoat hoé dé tao thanh cac aminoacyl-tRNA.
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£ Lien k&t hydro gita
cdc base két cdp

\ N
............... . Anticodon e

Hinh 4.8 Céu tric bac ba (trai) va bac hai ciia mét phan tir tRNA.

II1. Cau triic va chirc niing ciia cic RNA ribosome (rRNA)
1. Chirc nang cua cac rRNA

Cac rRNA cung vdi cac protein ddc thu la nhiing thanh phan céu trac
nén céc ribosome -"nha may" tong hop protein cua té bao (Hinh 4.9).
2. Cdu triic ciia cdc rRNA va ribosome

O vi khudn c6 3 loai rRNA c6 cac hé sb léng la 23S, 16S va 58, Vdj sf}
lugng nucleotide tuong ung 1a 2904, 1542 va 120 (xem Bang 4.1). O te
bao eukaryqte c6 4 loai rRNA véi céc hé so lang 1a 28S, 18S, 5,8S va 5S.
Riéng céc t€ bao thuc vat con c6 thém cac rRNA dugc ma hod trong cac
chloroplast DNA (cpDNA).

Céc hop phan cau tao nén cac ribosome cuia prokaryote va eukaryote
duoc trinh bay ¢ Bang 4.4 va Hinh 4.9.

Bang 4.4 Thanh phén ciu tao ciia cic ribosome (R) & pro- va eukaryote

Thanh phin R 70S 6 vikhuin R 80S & eukaryote

Tiudonvibé  rRNA 16S 18S
Protein 21 phan tu 33 phan tir
Tiudonvilén rRNA 23S + 58 28S +5S +5,89
Protein 35 phan tu 49 phan tu

Puong kinh 18-20 nm 20-22 nm




*ribosome prokaryote

)

Tiéu don vi 50S
rRNA 23S

rRNA 5S

35 protein

*ribosome eukaryote

)

Tiéu don vi 60S

=

Ribosome 70S

Ribosome 80S

c

Tiéu don vi 30S
rRNA 16S
21 protein

C

Tiéu don vi 40S
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rRNA 28S rRNA 18S
rRNA 5,8S 33 protein
49 protein

Hinh 4.9 Cac hop phan cau thanh cac ribosome ctia pro- va eukaryote.

MBJi ribosome hoan chinh c6 hai tiéu don vi bé va Ién (small and large
subunits). Hai tiéu don vi nay chi két hop véi nhau tao ra mgt ribosome
hoat dong khi qua trinh dich ma trén mRNA thyc sy bat dau. Tiéu don vi
bé bam vao mRNA trudce tién trong dich ma. Tiéu don vi 16n chira hai vi
tri: vi tri A 12 noi bAm vao ctia aminoacyl-tRNA va vi tri P 12 chd ding
tam cua peptidyl-tRNA. Trong tiéu don vi 1on co chira peptidyl
transferase. Enzyme ndy c6 chitc ning tach goc peptidyl ra khoi tRNA
ctia n6 (& vi tri P) va ndi véi aminoacyl-tRNA (& vi tri A) bang mét lién
két peptide 1am cho chudi polypeptide sinh truéng dai ra theo chiéu N— C
(xem chuong 6, muyc II-1 va IV-2).

Cau hoi va Bai tap

1. So sanh cac 16p RNA trong céc té bao prokaryote va eukaryote.

2. Mlic do phuc tap cua cac mRNA trong cac té bao dong vat c6 va dugce
biéu hién nhu thé nao?

3. Hay chi ra nhitng dic diém giéng va khac nhau trong ciu tric cta céac
mRNA trudng thanh cua céc té bao prokaryote va eukaryote.

4. Neéu nhiing diém chinh trong sy stra d6i sau phién ma ddi véi san pham
phién ma so cap cua cac gene phan doan va vai tro cua cac intron.

5. Phan tich sy phu hop giira cau tric va chirc ning ctia cic mRNA.
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6. Phan tich su pht hop giita céu tric va chirc ning ciia cac tRNA.

7. Co nhing loai rRNA nao trong cac té bao prokaryote va eukaryote?
Ching dong vai tro gi trong té bao?

8. Hiy cho biét su glong nhau va khac nhau trong thanh phan ciu tao cua

cac ribosome ¢ cac té bao prokaryote va eukaryote. Cho biét y nghia
ctia sy gidng va khac nhau do.

9. Thé nao la nhitng base sira ddi dang hiém? Ching co6 mit chu yéu
trong loai RNA nao? V€ mdt so dd minh hoa.

10. Tai sao ham luong cac rRNA rat phong phu trong céc té bao, trong khi
cic RNA khéc hiém hon? Sy 6n dinh va bao tdn cao do cua cac tRNA
va tRNA & cac té bao prokaryote va eukaryote co y nghia gi trén
phuong dién tién hoa?
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Chuong 5
Sinh tong hop Nucleotide va DNA

Sau khi kham pha ra ciu trac DNA, Watson va Crick di dé xuit ba
kiéu truyén thong tin di truyén co thé c6 trong cac té bao: (1) Tdi ban
(replication): DNA—DNA; (2) Phién ma (transcription): DNA— RNA;
va (3) Dich md (translation): RNA— Protein. Cac kénh truyén thong tin
nay con dugc goi la Gido ly trung tam (central dogma) cua sinh hoc phan
ttr. Sau ndy dén nam 1970, Baltimore va Temin trén co s& nghién ctru co
ché hoat dong cua bd gene RNA ¢ virus Sarcoma da bd sung thém kénh
RNA— DNA, goi la phién ma nguoc (reverse transciption). (Hinh 5.1)

Protein
Diczh rmd
Fhign rmad
mRNA
I/"'DNA « =~ RNA rrNA
Phign ma ngligc fRNA

le bdn

Hinh 5.1 Gido ly trung tdm cla sinh hoc phan t& (c6 stra dbi).

Trong chuong ndy, chung ta s& tim hiéu cic qué trinh sinh tong hop
cac nucleotide va tai ban cia DNA, ké ca bd gene RNA cuia mot sb virus.
Ngoai ra, chwong nay ciing dé cap dén ca co so phan tir cia cac qua trinh
phat sinh dot bién va téi to hop DNA nhu 1a thudc tinh thtr hai cia DNA.

I. Sinh tong hop cac nucleotide

Céc qua trinh sinh tong hop cic ribonucleotide va deoxyribo-
nucleotide ¢6 ¥ nghia cuc ky quan trong dbi voi cac té bao, vi chiing 1a cac
tién chit co ban cho tong hop DNA va RNA. Hon nita, cac nucleotide
dong vai tro quan trong trong hau hét cac qua trinh trao dbi chat va ning
luong cua té bao. Chang han, ATP vé ban chat 1a nucleotide ciia adenine -
co chat toan ning trong trao doi nang luong sinh hoc, va la thanh phan
chinh cua cic coenzyme nhu NAD', NADP', FAD va CoA. Mét sb
nucleotide nhu cAMP ¢6 vai trd ndi bat trong co ché diéu hoa hoat dong
gene va tai nap tin hidu (signal transduction) & céac té bao prokaryote va
eukaryote. Cac nucleotide khac cling can thiét cho cac qua trinh tong hop
cac hop chit carbohydrate, lipid, amino acid, nucleic acid va protein.
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1. Sinh téng hop cdc nucleotide purine

Dé tong hop moi (de novo) purine tao ra IMP, mot nucleotide cua
hypoxanthine, ¢6 tat ca 10 giai doan duoc xuc tac boi cac enzyme ma chat
trung gian déu la céac ribonucleoside - 5'-monophosphate.

Q giai doan thtr nhat, 5-phosphoribosine-1-pyrophosphate (PRPP)
chuyén hoa thanh trong mot phan rng phu thudc vao glutamine va dua vao
N-9 ctia vong purine, nhu sau:

O PRPP + Glutamine — 5-phosphoribosylamine + PPi + Glutamate

Chat trung gian 5-phosphoribosylamine nay lai phan tng véi glycine
dua vao C-4, C-5 va N-7. Céac nguyén tir con lai ciia vong purine lan luot
duoc dua vao ting cai mot, nhu sau day:

@ 5-phosphoribosylamine + Glycine — Glycinamide ribonucleotide

© Glycinamide ribonucleotide + N°,N'’-methynyl-FH,

— Formylglycinamide ribonucleotide + FHy
® Formylglycinamide ribonucleotide + Glutamine
— Formylglycinamine ribonucleotide + Glutamate
© Formylglycinamine ribonucleotide (dong vong)
— 5- Aminoimidazole ribonucleotide
® Aminoimidazole ribonucleotide + CO»
— 5- Amino-4-carboxyamidazole ribonucleotide
@ 5- Amino-4-carboxyamidazole ribonucleotide + Aspartate
— 5- Aminoimidazole-4-carboxamide ribonucleotide + Fumarate

© Aminoimidazole-4-carboxamide ribonucleotide + N'°, Formyl-FH,
— N- Aminoimidazole-4-carboxamide ribonucleotide + FHa

© N- Aminoimidazole-4-carboxamide ribonucleotide
— Inosine monophosphate (IMP) + H,0.

® IMP c6 thé chuyén hoa thanh Guanosine monophosphate (GMP)
nho sy oxy hoa va amin hoa & C-2, hodc thanh Adenosine monophosphate
(AMP) nho amine hoa C-6. Trong phan tmg nay, aspartate 13 chat cho
nhém amin va tré thanh fumarate. Diéu nay dugc minh hoa nhu sau:

e *IMP + NAD + H,0 — Xanthylate (XMP) + NADH + H"

* XMP + Glutamine + ATP — GMP + Glutamate + AMP + PPi
e *IMP + Aspartate + GTP — Adenylsuccinate + GDP + Pi

* Adenylsuccinate — AMP + Fumarate
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Nhu vay viéc tong hop cac purine doi hoi phai dugc cung cap
glutamine nhu mét ngudén nguyén tur nito va cac chat dan xuét cua
tetrahydrofolate vén cung cap cac gbc carbon don. Hién tugng amin hoa
phu thudc glutamine bi trc ché bai cac chat tuong ty glutamine va cac chét
khang sinh do vi khuan Streptomyces sinh ra.

2. Sinh téng hop cdc nucleotide pyrimidine
Trong phan nay xem xét chu yéu sau giai doan ctia qua trinh tong hop
UMP (uridine-5'-monophosphate), dugc tom lugc nhu sau:

O Tao thanh carbamyl aspartate tir glutamine va bicarbonate cung
v6i 2 phan tt ATP nho enzyme carbamyl phosphate synthetase;

Glutamine + 2ATP + HCO; — H,N-COOPO; % + Glutamate + 2ADP+ HPO,™

® Tao thanh carbamyl aspartate: Carbamyl phosphate nhuong nhom
carbamoyl cho nhom o-amin cua aspartate d€ tao thanh carbamyl
aspartate;

©® Tao thanh dihydroorotate bfmg cach loai mot phan tir nudc;

® Tao thanh orotate nhd sy tham gia ctia coenzyme NAD', giai
phong NADH' va H',

© Orotate két hop voi PRPP tao ra Orotidine monophosphate va giai
phong PPi;

® Orotidine monophosphate khtr carboxyl tao thanh Uridne
monophosphate hay uridilic acid (UMP).

o Gidng nhu cac nucleotide purine, cac nucleotide pyrimidine ciing c6
thé duoc taovthéph tor cac pyrimidine ty do hodc tur cic nucleoside (con
duong trao doi bo sung) sau day:

e Uracil + ribose-1-P « Uridine + P; ; [nucleotide phosphorylase]
Uridine + ATP — UMP + ADP ; [nucleoside kinase]
e Uracil + PRPP < UMP + PPi; [nucleotide phosphorylase]

Nho qua trinh phosphoryl hoa, UMP dugc bién d6i thanh UDP va
UTP cung cap cho tong hop RNA.

* Cac nucleotide cytidine dugc hinh thanh trong qua trinh amin hoa
phu thudc vao glutamine va co chat UTP, dugc tao ra qua hai lan
phosphoryl hoa UMP:

UMP + ATP — UDP + ADP
UDP + ATP — UTP + ADP
UTP + Glutamine + ATP — CTP + Glutamate + ADP + P;
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O day UTP nhan nhom tr NH; hoac glutamine dé tao thanh CTP.

* Dbi v6i viec tong hop dTMP (deoxythymidine-5'-monophosphate)
c6 thé xay ra theo mot trong hai con duong sau:

(1) dUMP 1a tién chat truc tiép cua dTMP, dugc tao ra do thuy phan
dUTP (phan tng nay ngan can viéc dua dUTP vao DNA):

dUTP + H,0— dUMP + PP

Ngoai ra dUMP ciing c6 thé duoc tao ra bang cach khir nhom amin

cua dCMP theo phan uing sau:

dCMP + H,O— dUMP + NHj3
Cac dUMP duogc hinh thanh theo hai cach noi trén c6 thé duoc methyl
hoa dé tré thanh d-TMP: dUMP — dTMP.
(2) Su tong hop bat dau tir thymine va deoxyribose-1-phosphate theo
chuoi phan g sau day:
Thymine + deoxyribose-1-P <> deoxythymidine + Pi
Deoxythymidine + ATP <> dTMP + ADP
dTMP + ATP < dTDP + ADP
dTDP + ATP « dTTP + ADP
Trén thyc té c6 thé xay ra cac phan ng bién doi qua lai dbi véi cac
ribonucleoside thudc purine hodc pyrimidine (ky hi¢u: N) nhu sau:
N < NMP < NDP < NTP

hoac cac phan ung cua ciac deoxyribonucleoside thudc purine hay
pyrimidine (dN):
dN <> ANMP «> dNDP «> dNTP

Ngoai ra, cac deoxyribonucleotide c6 thé hinh thanh truc tiép tir cac
ribonucleotide biang cach khir nguyén tir oxy & C-2' ctia dudng ribose
trong nucleoside diphosphate (NDP = ADP, GDP, UDP, CDP). Phan ung
nay dugc xuc tac boi ribonucleotide reductase. [Chat khir trung gian 1a
thioredoxin ¢ thé cho 2 dién tir cing véi su oxy hoa 2 phén tir cysteine (—
SH), thanh mdt cystine (S—S). Con thioredoxin oxy hod thi bi khir boi
NADPH duéi tac dung cua thioredoxin reductase.] Tu day cac deoxyribo-
nucleoside diphosphate (INDP = dADP, dGDP, dUDP, dCDP) lai duogc
phosphoryl hoa tiép boi enzyme kinase dé tao thanh cac dNTP tuong tng
dung 1am nguyén liéu cho qu4 trinh sinh tong hop DNA (tai ban).

Can luu ¥ rang, khi cac nucleic acid bi phan huy s& sinh ra cac
nucleoside monophosphate (NMP) dé r6i cac NMP nay lai bi phan giai
tiép boi cac enzyme nucleotidase, nucleoside phosphorylase va deaminase.
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Sau d6 cac purine va pyrimidine tu do ¢ thé dugc sir dung lai dé tong hop
cac nucleotide bang con duong tai sir dung, trong d6 c6 phan ung voi
PRPP do enzyme phosphoribosyl transferase xtc tac.

Mot khi cac purin bi phén giai dén cing boi enzyme xanthine oxydase
va tao thanh uric acid quéa nhiéu s& gdy ra bénh Gout. Con cac pyrimidine
khi bi phan giai thi duoc thai ra dudi dang B-alanine hodc cac dan xuit cta
n6. Chinh nho céc co ché kiém soét kiéu lién hé nguoc (dwong tinh va 4m
tinh) d6i voi su tong hop nucleotide ma té bao c6 duoc sy can dbi vé ham
luong bén loai nucleotide can cho qué trinh sinh tong hop DNA.

Nhing sai sot vé mit di truyén lién quan dén su trao ddi chat cia cac
purine va pyrimidine 13 nguyén nhan dan t6i xuat hién nhiéu cin bénh nhu
Gout, bénh Lesh-Nyhan va nhiéu bénh suy giam mién dich khéc.

II. Sinh tong hop DNA (t4i ban)

Tai ban (replication) la mdt dac tinh quan trong nhét cua vat chat di
truyén, nhd d6 su sdng dugc duy tri lién tuc, cac loai bao ton duoc tinh
chat dic trung clia minh, va con cai thuong giéng bd me. Vay DNA va cac
bd gene ndi chung dugc tai ban nhu thé nao?

gfﬁ iﬁ
Chudi kep

o
]
-~ DNA ban d&u =
—_
]

Tdii bdn Tdii bdn Tdi bén
bdo todn phan tdn bdn bdo todn

| | !

= & &

Hinh 5.2 M6 hinh tai ban ban bao toan cia DNA do Watson dé xuét (a), va gia
dinh cta Luria va Delbruck vé ba kiéu tai ban cé thé cé (b).

Trong khi kham pha ra mé hinh cdu trac DNA, chinh Watson dd dua
ra duy doan chinh xac (dya trén nguyén tic bo sung ctia cic cip base) rang
su tai ban DNA phai dién ra theo kiéu bdn bdo todn (semi-conservative)
nhu & hinh 5.2a. Dén 1956, Salvador Luria va Max Delbruck d& nghi ba
kiéu tai ban c6 thé co (Hinh 5.2b): bdn bdo toan, bdo todn (conservative)
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va phdn tan (dispersive). Tuy nhién, nhiéu thi nghiém sau do da nhanh
chong khing dinh sy tai ban DNA dién ra theo kiéu ban bao toan.

Dién hinh 14 thi nghiém cua Meselson va Stahl nim 1958 tren d6i
tugng 13 E. coli bang phuong phap danh dau dong vi phong xa N' (nito
nang) két hop véi Iy tam siéu toc (ultra- centrifugation). Pau tién cho vi
khuan nay sinh truéng trén moi truong N'; 1di dua tré lai moi truong N
(nito nhe) va sau mot, hai hodc ba thé hé déu co lay cac mau DNA. Dé
tach DNA ning va nhe, nguoi ta cho tron 1an cdc mau nay voéi Cesium
chloride (CsCl) trudc khi dem ly tam. Khi ly tdam, DNA c6 céc ty trong
nang (heavy), nhe (light) va trung binh (intermediate) s€ tach thanh cac
vach twong tng khac nhau trong dng nghiém (Hinh 5.3).

Céc két qua cho thiy rang sau mot thé hé, 100% DNA soi kép c6 ty
trong trung binh, nghia 12 mét soi nang (tr dang cha me) va mét soi nhe
(duoc tong hop mai). Két qua nay cho phép khang dinh sy tai ban xay ra
theo kiéu ban bao toan dang nhu Watson du doan tir trude.

Phwong phap & é
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Két qua
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Trinh bay ' i -
“_pm-:--l-'__.l
“H“hm

Hinh 5.3 Thi nghiém Meselson-Stahl vé sw tai ban ban bao toan cia DNA.
1. Nhitng nguyén tdc va dic diém chung ciia tdi ban DNA

(i) Tai ban theo kiéu bdn bdo toan va gidn doan (discontinuous);

(ii) Sy tai ban dugc bit dau tai mot hodc nhiéu vi tri ddc thu trén phan
tir DNA va dién ra ddng thoi theo hai huéng nguoc nhau goi 1a khdi diém
tai ban hai huong (bidirectional origin of replication). Nghia 1a, tir khoi
diém nay DNA soi kép mé xodn thanh hinh vong sinh truéng theo hai
huéng d6i 14p nhau tao ra hai chac tdi ban (replication fork). Mdi khai
diém tai ban cung v&i hai chac nhu vdy goi 1a mot don vi tdi ban
(replicating unit, hay replicon) dwoc minh hoa & Hinh 5.4. N6i chung, d6i
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voi cac DNA mach vong (b gene mot sO virus, vi khuén, cac plasmid va
cac DNA bao quan cua eukaryote), moi phén tir chi c6 mét khoi diém tai
ban; trong khi d6 mdi DNA trong nhiém séc thé eukaryote c6 nhiéu khoi
diém tai ban hoat dong theo mdt trinh tu dac thu (Hinh 5.5).

(iii) Qu4 trinh tai ban DNA phu thudc vao mot hé théng gom nhiéu
protein va enzyme khac nhau (xem muc 2);
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Hinh 5.4 Mot kh&i diém véi hai chac tai ban sinh trwdng theo hai hwéng
ddi 1ap nhau. Dé tdng hop DNA, cac doan mdi (RNA primer) phai duwoc tdng
hop truéc. O hinh duéi cuing cho thdy phwong thire tai ban nira gian doan xay
ra ddng thoi & ca hai chac tai ban (replication fork) ctia méi don vi tai ban.

(iv) Tai mdi chac tai ban, trudc tién xay ra su tong hop cac doan moi
RNA (primer) béi vi cac DNA polymerase tr né khong thé bat dau tong
hop méi duge. Mit khac, do hai sgi don cua mdi chac phan cuc ngugc
chiéu nhau trong khi cic enzyme DNA polymerase va RNA polymerase
chi xtc tac theo chiéu 5'— 3', cho nén phuong thirc tai ban DNA dién ra
trén hai soi khuén 1a khong gidng nhau: mét soi lién tuc hay con goi 13 soi
dan ddu (leading strand) va mot soi khong lién tuc hay con goi 1a soi ra
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chdm (lagging strand). Kiéu tai ban nhu thé goi 1a tdi ban nira gidn doan
(semi-discontinuous). Su tong hop khong lién tuc duéi dang cac doan cd
do dai 1.000-2.000 nucleotide do R. Okazaki phat hién dau tién nam 1969,
nén con goi 1a cac doan Okazaki (Okazaki fragments). Sau do, cac doan
mdi s& duoc cit bo va chd tréng duoc thay thé bfing DNA, va cac doan
Okazaki duoc ndi lai voi nhau boi enzyme DNA ligase.

2. Cdc enzyme tham gia tai ban DNA

Mic du moi nhom sinh vat c6 mot hé thong cac enzyme va protein tai
ban riéng, song chung c6 cac enzyme voi vai tro chung nhat sau day:

Béang 5.1 Pac tinh ctia cac DNA polymerase ¢ E. coli va ngudi

DNA polymerase
E. coli Pol I Polll  Pol II1
Polymerase 5'—3' co cod co
Exonuclease 3'—5' co co co
Exonuclease 5'—3' co khéong  khong
DNA polymerase ngud¢i o B Y 0 €
Dinh vi nhan nhan ty thé nhan nhan
Tai ban co khong co co co
Stta chita khong co khong co co
Chirc nang
Polymerase 5'—3' co co co co co
Exonuclease 3'—5' khong  khong co co co
Exonuclease 5'—3' khong  khong  khéng  khong khong
Primase co khéng  khong  khong khéng
Két hop véi PCNA* khong  khéng  khong 6 co
Méu trugt (Processivity) thap cao
Tdng hop soi ra cham sura cihai dindau rachim

(1) Protein nhan biét va bam khoi diém dé tir d6 hinh thanh nén "phuc
hgp mé" (open complex). O E. coli, d6 1a protein dnaA.
(2) DNA gyrase md cudn DNA siéu xoan trude mdi chac tai ban.
_(3) Helicase (6 E. coli, 36 la protein dnaB) thao xoan DNA soi kép tai
moi chac tao thanh cac ving sgi don. O E. coli, n6 cling goi 1a protein
dnaB hay protein rep.

(4) Protein SSB (single strand binding protein) bam vao cac vung
DNA s¢i don do helicase tach ra, gilt cho tam thoi khong dinh tré lai va
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nhd d6 mdi soi don méi c6 thé 1am khudn (template) cho tai ban.
(5) Primase tong hop méi. O E. coli, n6 con duoc goi 1a protein dnaG.
(6) Cac DNA polymerase xiic tac chinh cho viéc tong hop DNA méi
nho ¢6 hoat tinh xtic tac: polymerase 5'—3', mot s0 con c6 hoat tinh doc
stra: exonuclease 3'—5'. O E. coli, 36 1a DNA polymerase II1.
~ (7) DNA polymerase vira cit bo dan doan mdi di trudc nhd hoat tinh
cat bo exonuclease 5'—3', vira kéo dai doan Okazaki theo sau lap cho
trong nho hoat tinh polymerase 5'—3'". O E. coli, 36 1a DNA polymerase I.

(8) DNA ligase han lién khe ho gitra cac doan Okazaki (DNA méi téng
hop) bang cach hinh thanh lién két 3',5'-phosphodiester.
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Hinh 5.5 Nhiéu khéi diém tai ban trén mét nhiém sac thé eukaryote. O’ day
ciing cho thay cac dau mut (telomere) 5' khéong dwoc tbng hop day da.

O déy ching ta can luu y thém mot sé diém khac nhau vé cac enzyme
tai ban gitra hai nhom prokaryote va eukaryote (xem Bamg 5.1):

(i) O E. coli, ca ba loai protein dnaB, dnaC va dnaG hop thanh mot
phuc hgp c6 tén 1a primasome (thé m¢o dau); trong d6 protein dnaC bam
protein dnaB. Bang 5.1 mo ta cac dac tinh ctia cac DNA polymerase ¢ E.
coli va nguoi dai dién cho cac nhoém tuong tng, prokaryote va eukaryote.

(ii) TAt ca cac DNA polymerase déu cin c6 mdi v6i mot nhém 3'-OH
tu do; chung xuc tac tong hop chudi theo mdt hudng 5'—3' va chi mdt so6
enzyme nay co hoat tinh doc sira (proofreading activity) 3'—5".

(iii) Khac véi E. coli, cac té bao ngudi c6 nam loai DNA polymerase,
trong do ba loai chiu trdch nhiém tdi ban DNA nhan la cic DNA
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polymerase alpha, delta va epsilon. Polymerase o chiu trach nhiém chinh
cho téng hop soi déan dau (leading strand) va tham chi ca soi ra cham
(lagging strand). Polymerase o két hop v6i mot RNA primase va duogc coi
la ¢6 cac hoat tinh cho téng hop mot doan moi RNA ngén (6 E. colila 10-
12 base). C6 diéu khong chic chin 1dm khi néi vé chic ning cua
polymerase o trén soi ra chdm. Vi dudng nhu n6 thiéu mét hoat tinh doc
stra, nén khong thé tong hop DNA voi d6 chinh x4c cao va nhu vy c6 thé
n6 khong phai 1a polymerase chinh trong téng hop soi ra cham.
Polymerase € c6 thé hoat dong nhu DNA polymerase I cta vi khuan. Loai
khdng nguyén nhén lam ting sinh té bao (proliferating cell nuclear antigen
= PCNA) c6 vai tro trong ca tai ban 1an sira chita. Mot trong cac chirc
ning ctia n6 1a dung 1am nhdn t6 trwot cho DNA polymerase & va &.
PCNA giit DNA polymerase v6i soi khudn dé tong hop DNA nhanh.

(iv) Ngoai ra con c6 mét sd enzyme va protein dic thu tham gia vao
khau két thuc tai ban, tong hop cac dau muit (telomere) hodc tham gia cit
ndi trong qua trinh tai to hop (xem & phan sau).

3. Co ché tdi ban DNA

Trong phan nay, chung ta tim hiéu chu yéu co ché tai ban ¢ vi khuan
E. coli va néu mot s6 van dé lién quan eukaryote, dai dién 1a DNA nguoi.

3.1. Giai doan khoi dau cua su tai ban (initiation of replication)

Doi voi nhidm sédc the E. coli, sy tai ban bat dau tai mot khoi diém
ddc thu duy nhat _goi 1a Ori (Hinh 5.4). Trong khi do, mbi nhiém sic thé
eukaryote c6 nhiéu khoi diém tai ban hai huéng nhu thé (Hinh 5.5). Qua
trinh din bién tai khoi diém cho dén luc hinh thanh hai chac ¢ thé tom
tat (tir Kelman va O'Donnell 1994; xem cac Hinh 5.6 va 5.7) nhu sau:

(1) Cac protein bam khai diém dnaA duoc tong hop dé bam Ori tao
ra cdu triic nucleoprotein chuyén hod cua khoi diém;

(2) CAu triic nay mo xodn vung DNA giau AT dé hinh thanh "phitc
hop mo" (open complex); va

(3) Hai phan tir helicase dnaB chui vao phirc hop mé 1am mé xoin
khoi diém theo ca hai huéng, tao thanh hai chac tdi ban (replication fork).
Khi ca hai soi don ctia mdi chac duoc tach ra thi cac protein SSB bam vao.
Nho vay céac sgi don dugc dung lam khuon hi¢u qua cho cac enzyme tai
ban hoat dong.

Khoi dau trong tai ban DNA 1a sy téng hop mot doan mdi ngin boi
primase (xem Hinh 5.4), ma ¢ E. coli 1a phuc hop primasome. Kich thudce
doan mdi & cac sinh vat thudng khong vuot qua 12 nucleotide. O E. coli,
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theo két qua nghién ctru cua ba Okazaki va cs (1985), cac doan mdi dai
10-12 nucleotide. [V& sb lleu nay, mot s6 cho rang khoang 5 nucleotide.]

trinh tw DNA khéi diém

S A—a—w ;

bam vao clia cac protein dnaA

DNA bij bién tinh béi
cac protein dnaA

cac protein dnaA tu hop
cac protein dnaB va dnaC
bam vao DNA sgi don

dnaB thdo mé chudi xoan kép

(a)
dnaG (primase) bam vao...
dnaB tiép tuc mé chudi xoan kép
va thé chd cac protein dnaA
‘ ...va tbng hop mot doan mdi RNA
RNA primer
(~5 nucleotide
(b)

Hinh 5.6 Tién trinh kh&i dau tai ban DNA & E. coli. M& dau la sy bam vao
ori cua cac protein dna A (a) cho dén khi tbng hop doan mdi RNA dau tién bdi
primasome - phtrc hgp mé dau gom cac protein "dnaG + dnaC + dnaB" (b).

3.2. Giai doan kéo dai (elongation)

Mot khi primasome tong hop xong mot mdi, d6 1a luc sy kéo dai chudi
DNA méi bat dau. O E. coli, enzyme chii chdt cho qua trinh ndy 1a DNA
polymerase III hoan chinh (holoenzyme), mot phic hop gom mudi
polypeptide khac nhau. Mbi phan tir cho mot soi khuon. Sy kéo dai trong
sudt qué trinh tong hop DNA & E. coli rd rang 1 can t6i mot replisome
(thé tai ban) do két hop giita primasome va DNA polymerase III hoan
chinh. Téc d6 tong hop trung binh 1a 1.000 nucleotide mdi gidy.



86

Helic ase {protein repd

Protein bam

5Ch IO (S5B) Frirncsoms

Primcise

Tdi ban lién t
AT Wi i hoat déing c da

OMA poly merass

Li r:::se
CMNA polymerass | 2

Hinh 5.7 Co ché tai ban nira gian doan & mét chac cia DNA E. coli.

_ Sy tai ban DNA kiéu nita gidn doan (semi-discontinuous) xay ra tai

moi chac tai ban cia DNA E. coli nhu sau (Hinh 5.7):

® Trén soi khudn dan dau (3'—>5"): Trude tién, enzyme primase hay
primasome chi tong hop mot doan moéi RNA v6i dau 3'-OH ty do. Sau do,
enzyme hoan chinh DNA polymerase III (replisome) bat dau kéo dai chuoi
DNA mdi sinh trudng theo chiéu 5'—3' mét cach lién tuc.

® Trén s¢i khudn ra cham (5'—3'): Su kéo dai diénNra khong lién tuc
dudi dang cac doan Okazaki. Kich thudc trung binh moi doan Okazaki ¢
E. coli 1a 1.000 - 2.000 nucleotide (¢ cac sinh vat n6i chung la 100-1.000
nucleotide). Qua trinh nay c6 tinh chu ky, doi hoi phai dugc "moi hoa"
nhi€u lan, véi sy tham gia 1an lugt cia bon enzyme sau day:

(i) primase tong hop mot doan moi RNA bd sung véi DNA;

(i) DNA polymerase III hoan chinh kéo dai doan Okazaki,

(iif) DNA polymerase I vura cit bo dan timg nucleotide cuia doan mdi
vira 1ap khoang tréng bang cach kéo dai dan doan Okazaki theo sau nd;

(iv) DNA ligase han lién khe ho con lai giita hai doan Okazaki ké sat
nhau bang mat lién két 3',5'-phosphodiester.

Qua4 trinh tong hop Okazaki trén s¢1 khuén ra cham dién ra theo chu
ky hoat dong cua bdn enzyme noi trén, va nd dlen ra dong thoi véi qua
trinh tong hop lién tyc trén sgi khuon dan dau cta mdi chac tai ban.

. O eukaryote, vai trd cuia cic enzyme & giai doan kéo dai nhu dé dugc
dé cap ¢ trude: DNA polymerase 6 chiu trach nhiém tong hop soi dan dau,
con DNA polymerase a (va thdm chi ca pol 9) tong hop soi ra cham.

Hinh 5.8 cho thiy su hoat dong ciia cac protein va enzyme khac nhau
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tai moi chac tai ban cua E. coli va cua nguoi.

protein Rep (helicase)

pol Il

Primasome DNA ligase

l

protein bam sg¢i don
(SSB)

pol 11l

DNA gyrase — day la mot topoisomerase |l,
cét va nbi lai DNA dé dwa cac viing siéu xoan
nguwoc phia trwéc méi chac
pol |

Hinh 5.8A Cac enzyme va protein tai méi chac tai ban DNA E. coli.

Soi dan dau
PCNA

helicase

pol &

DNA ligase

hoat tinh
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két hop voi
htre hg

phtre e ‘;ol . (hay pol 8)1

topoisomerases | va Il
. A hoat tinh primase
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Hinh 5.8B Cac enzyme va protein tai méi chac tai ban DNA ngui.
3.3. Giai doan két thiic (termination)

Do dic diém cdu tric nhiém sic thé ¢ hai nhom prokaryote va
eukaryote 1a hoan toan khéac nhau, dac biét la cau tric cdc dau mut nhiém
sdc thé eukaryote dugc phat hién gan day (hinh 5.9), nén co ché két thuc
tai ban cua chung cling khac nhau.

3.3.1. Van d¢ két thic tai ban ¢ E. coli

Dé hoan thanh cong viéc tai ban DNA, té bao phai lap day cac khoang
trong do cac RNA moi bi cat béd dé lai. Boi voi cac DNA mach vong nhu
cua vi khuan chang han, khong c6 van dé lap tat ca cac khoang trong bdi
vi bao gio cling c6 dau 3' DNA khac nam phia trudc dung 1am moi. That
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vdy, ca hai chac tai ban dugc bat dau tir mot khai diém duy nhét (ori), va
di chuyen hau nhu cing toc d9, theo hai huéng dbi 1ap nhau xung ‘quanh
nhiém sic thé mach vong cho t6i khi ching gip nhau tai mot diém két
thiic chung ddi xtmg vdi ori. Theo Bastia va cs (1997) cling nhu nhiéu tac
gia khac, day 1a vang chira céc trinh tu dic thu goi 1a cac diém két thiic tdi
ban (replication termini). Va tai cac trinh tu ddc thu nay co cac protein két
thuc tai ban (replication terminator protein = RTP) bam vao va céac phuc
hop protein-DNA nay ngin can sy di chuyén cua cic chac tai ban theo
cach phan cuc hodc dinh hudng dac thu. Sy ngung lai cia cac chac tai ban
tai ving két thuc tao nén budc dau tién trong qua trinh hoan thanh mot
vong tai ban va sau d6, tach roi hai nhiém sdc thé con mot cach c6 trat tu
nho xuc tac cia fopoisomerase 1V.

3.3.2. Van dé két thuc tai ban & eukaryote

Nhu chiing ta déu biét, mdi nhiém sic thé eukaryote chira mot phan tir
DNA soi kép mach thiang két hop v6i nhiéu loai protein, c6 cac dau mat
dac trung goi 1a telomere. Mot khi doan mdi dau tién trén mdi soi duoc
loai bo thi né khong c6 cach nao dé bu dép lai khoang tréng do6, boi vi
DNA khong thé nao néi rong theo chiéu 3'—5', va ciing ching c6 dau 3'
nam phia trudc nhu trong cac DNA mach vong. Néu qua thuc nhu vay thi
cac soi DNA s& ngdn b6t di sau mdi 1n tai ban. VAy céc té bao eukaryote
giai quyét van dé nay nhu thé nao?

Céc két qua nghién ctru dau tién cta Elizabeth Blackburn va cac dong
su cuia ba dd giai dap cho van d& nay (Hinh 5.10). Cac telomere khong
chtra cac gene; thay vi thé chiing ¢ ciu trac don gian gém nhiing trinh tir
ngin (6-8 bp) lap lai ndi tiép ca ngan 1an va dic thu cho ting loai.

Chang han, & Tetrahymena, mot nhoém dong vat nguyén sinh c6 1ong
to, trinh ty nay la (TTGGGQG),; & Caenorhabditis: (CCCTCCC),; ¢ bon
Oxytrichia thuoc Euplotes: (CCCCAAA),; v.v. O nguoi va cac dong vat
c6 v 1a 5-TTAGGG-3' duoc lip lai khoang 1.000-2.000 lan (theo
Yakoob va cs 1999, khoang bién thién phat hién duoc trong cac té bao &
cac giai doan khac nhau 1a 150-2.000 lan).

Cac doan l1ap nay duoc gén thém vao dau 3' cua céac soi DNA, khong
phai bang tai ban ban bao toan, ma bang mot enzyme co tén 1a telomerase.
Néu nhu telomerase khong cho phép mot co ché tai ban ban bao toan, thi
n6 khong thé str dung mét soi DNA lam khudn cho sgi kia. Blackburn cho
rang dic tinh nay 1a do moét RNA nho c6 mit trong chinh telomerase.

That vay, telomerase 1a mot ribonucleoprotein c6 ban chit ciia mot
enzyme phién ma nguoc (reverse transcriptase) & cho, tong hop DNA tu
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mot khuon RNA. Chfmg han, telomerase cua Tetrahymena c6 mot RNA
dai 160 nucleotide c6 chua trinh tu 3'-CAACCCCAA-5' lam khudén cho
tong hop cac doan lip 5'-TTGGGG-3' trong céac telomere cta né (Hinh
5.10). O ngudi, phan tir RNA trong telomerase dai khoang 450 nucleotide
¢6 chira trinh tr 3'-AAUCCC-5' (ndm trong doan tng v&i vi tri 46-56) lam
khuén cho su tong hop cac doan lip telomere 5-TTAGGG-3' trén cac soi
don ¢6 dau mat 3'. Sau do, & sgi dbi dién, DNA polymerase co thé hoan
thanh viéc téng hop "cac dau mut khong day du" (incomplete ends) trén
soi ddi dién sau khi da dugc moi hoa bén trong cac telomere do; va cubi
cling doan moi sé bi cat bo.

Cac nghién ctru gan day cho thay rang enzyme telomerase chi c6 mat
trong cac té bao mdm (germ cells), ké ca cac té bdo goc cia phdi
(embryonic stem cells); cac 6 bao ung thu (cancer cells); va cac eukaryote
don bao nhu Tetrahymena thermophila. Trong khi d6, cac té bao soma
binh thuong cuia dong vét c6 via khong thay cé telomerase.

Diéu d6 cho phép 1y giai tai sao cac té bao mam ciing nhu cic té bao
ung thu c6 kha ning phan chia gin nhu 13 v6 han; hay néi cach khéc,
telomerase va sy duy tri chiéu dai telomere chinh 14 chia khéa cho sy bat
tir cta té bao. Nguoc lai, hdu qua cla sy ving bong telomerase trong cic
té bao soma (do gene mi hoa né bat hoat) 13 & chd: cir sau mbi 1an nguyén
phdn (mitosis), tat ca 92 telomere cua cac té bao soma ngudi dong loat
mdi cai bi mat di chimg 100 cap base, nghia la khoang 16 doan lap
TTAGGG. Theo ly thuyét, véi toc do nay, sau 125 lan nguyén phan cac
telomere s& bién mét hoan toan. Trén thuc té, cac thi nghiém khac nhau ké
tir kham pha dau tién cua Leonard Hayflick vao dau thap nién 1960 cho
dén nay (Greider va Blackburn 1996; Hayflick 1997; Shay va cs 2004; ...)
d4 xac nhan rang: chi sau khoang 30-50 1an nguyén phan, cac té bao soma
mat hin kha ning phan chia va budc vao giai doan 130 hoa (senescence)
va chét ty nhién. Cai d6 duoc goi 1a gidi han Hayflick (Hayflick limit)

Chinh qué trinh ruat ngan telomere theo thoi gian (nghia la s6 lan
nguyén phan) nhu thé khién ngudi ta lién tudng t6i su ton tai cia cai goila
"dong ho di truyén cho sw ldo héa" (genetic clock for aging) va bat dau
tién hanh cac nghién ctru vé "hiéu img vi tri telomere" (telomere position
effect = TPE) (Borek 2002). D6 1a 1y do tai sao céc té bao soma ¢ 50 lan
phan chia hitu han truéc khi ching chét va ciing 1a 1y do tai sao tit ca
chung ta ciing nhu moi sinh vat déu phai gia 130 va chét di. Nhu thé, cai
chét tat yéu trén phuong dién sinh hoc, cai chét ty nhién cta than xac da
duoc 1y giai kha rd rang va day du. Tir cac nghién ciru nay ciing d3 mé ra
trién vong to 16n cho liéu phdp ung thir (cancer therapy) ciing nhu van dé
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lao hoéa va bénh tat phat sinh tir do ¢ con nguoi (Greider va Blackburn
1996;Yakoob va cs 1999; Borek 2002; Shay va cs 1998, 2004).

A CEHFOMIEYE

Wi

3-20kb

I (ITAGGG),

Telomere Associated Repeais (TAR)
[ Unique

@@ Unique Telomere FISH Probe

100 - 300 kb

(b)

Hinh 5.9 (a) Anh chup cho thdy cac dau mat nhiém sac thé - telomeres co
mau vang dac trwng, va (b) so d6 minh hoa t6 chirc clia telomere & ngudi.

COCCAACCCCARCCE
BT THEET TEEHET
Kéo dai l

COCCRRCCCCARCTC
GEEET THAFSTT

Chuyén dich l

COCCAMCCCCARCCC
GEEET T HEEET THEEET T HEEET THEEET

Kéo dai l

COCCAMCCCCARCCC
GEEHET THEEET THEEHET T T THEEET

Hinh 5.10 M6 hinh cia Carol Greider vé co ché tbng hop cac doan lap
telomere trén soi gidu G nho telomerase & Tetrahymena. T day cé thé hinh
dung cac budc tiép theo: 1ap khoang tréng trén soi dbi dién giau C dwoc thuc
hién b&i primase va DNA polymerase, va cudi cung la cat bé doan méi.
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4. Tai ban cua cac bo gene RNA
4.1. Bic diém tai ban cua cac bo gene RNA virus

O cac virus c6 bd gene RNA, phuong thire tai ban cua ching rd rang la
khac voi cac h¢ thong tai ban DNA da biét. Trudc hét, cic enzyme tong
hop RNA khong can c6 méi (primer), vi vay khong c6 co hoi cho viée doc
sita (proofreading). Ngoai ra, vé mit di truyén RNA 1a mot phan tir kém
bén vitng so véi DNA boi vi nhdm hydroxyl c6 mit & nguyén tir Cy clia
gbc dudng cho phép cit dut (thay phan) lién két phosphodiester giita hai
ribonucleotide va tao thanh dang phosphodiester vong gitra cac nhom
hydroxyl ctia Cy va Cy trong ciing mot gbc dudng; sau dé ciu trac vong
nay mo ra va dé lai nhom phosphate & vi tri Cs. Sy két hop cua hai dic
diém trén 1a nguyén nhan 1am han ché kich thudc cac bo gene RNA. Cac
bd gene nay khong thé sinh truéng qua 16n, hodc khong thé tranh khoi ty
1é sai st cao trong qué trinh tai ban (107-10). Vi vay, trén thuc té, bo
gene RNA 16n nhét duoc biét 1a mot RNA soi don véi 29.600 base & cac
coronavirus (virus gdy dich s6t viém phdi cip, SARS, véi ching gy bénh
phé bién H5N1 thudc ho virus nay duogc phat hién hoi thang 3/2002 tai
mot s6 nude chau A, Canada... hién c6 nguy co gdy nén dai dich toan cau).
D6 ciing 1a 1y do tai sao cac virus RNA cho nhiéu bién thé khac nhau dén
nhu vy, mac du kich thude bo gene khong 1on. Chinh diéu nay ma cac
virus RNA c6 thé tro thanh mdi hiém hoa thuc sy boi vi ching c6 thé tién
héa nhanh dé xam nhdp vao cac hé thong mién dich cua vat chu. Chang
han, cac bd gene ctia HIV-1 va HIV-2 hodc cac virus gay bénh SARS co6
nhiéu bién thé gy khé khin cho viée bao ché cac vaccine va thude chdng
lai tit ca cac bién thé cua chung.

Protein

Bao lipid hai l&p
bao (env)-, 4

Protein 16i -

?w @f - A capsid (gag)

‘?F’ ¢ \"! (e \ X Reverse
: Q'fﬂ F‘P t( E" transcriptase

(pol)

H‘mh 5.11 Vi &nh dién t& phong dai phan bé mat cta HIV (trai) va so dd minh
hoa cAu tric ctia mét retrovirus dién hinh: HIV.

4.2. Tai ban cua bg gene RNA (RNA — RNA)
Kiéu truyén thong tin truc tiép tir RNA sang RNA xay ra trong cic té
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bao lay nhidém virus RNA (ching han virus dém thudc 14 va nhiéu virus
thuc vat khac, ké ca cac phage RNA nhu MS2...) B§ gene RNA cua céac
virus nay c6 mang gen ma hoa enzyme tai ban dic thu. Sau khi duoc téng
hop trong té bao chii, enzyme nay sir dung ban than RNA cua virus lam
khuon dé tong hop cac phan tir RNA bo sung. Dén lugt minh cac RNA lai
lam khuén dé tong hop tré lai cac phan tir RNA cua cac virus thé hé con .

4.3. Phién ma nguoc (RNA — cDNA)

Phién ma nguoc (reverse transcription) la kiéu truyén thong tin tir
RNA sang DNA, chi xdy ra trong cac té bao dong vat va nguoi bi lay
nhiém boi mot s virus mang mot soi RNA c6 kha nang gay khdi u hodc
hai sgi RNA nhu truong hop HIV chang han (Hinh 5.11 va 5.12). Céc
virus nay dugc goi la cac retrovirus. Trén mdi soi RNA 16i cua cac virus
nay c6 mang mot enzyme phién md nguwoc (reverse transcriptase, viét tat
la: RTase) va enzyme integrase gitp (cDNA soi kép c6 ban chét virus)
xam nhép b gene vat chu.

fMang sinh chét i h
Nhan

OMA Xam nhap vao
| i DNA vat chd RNA
-"\-\.\_\_\_\i

/I ONR/ phian ma

o Phién ma Phién ma /]
Lay nhiem nguoc / Dich'ma

/

RNA

Reverse l
transcriptase
RNA b m

Protein capsid

Reverse RNA

transcriptase
(Enzyme \
phién ma ngwoc)

Virion m&i —pm -+ Protein bao
Hinh 5.12 Céc hoat dong s6ng ctia mét retrovirus (HIV) trong & bao nguoi.

Khi xdm nhap vao té bao chu, enzyme nay sir dung RNA cua virus lam
khuon de tong hop sgi DNA bo sung (complementary DNA = ¢cDNA). Sau
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d6, sgi cDNA nay c6 thé 1am khuon dé tong hop tro lai bo gene ciia virus
(cDNA—RNA), hodc téng hop ra sgi DNA thir hai b sung véi né
(cDNA—DNA) nhu trong truong hop virus gay khéi u ma két qua 1a tao
ra mot cDNA soi kép. [Vi vdy, sau nay ngudi ta tinh chiét cac enzyme
phién ma nguoc dé phuc vu cho k¥ thuat tao dong cDNA tai to hop; xem
muc 5.2 bén dudi]. Phan tir DNA soi kép duge tong hop trude tién trong
qua trinh lay nhiém c6 thé xen vao DNA cua vat cha (nho enzyme
integrase). Trang thai ton tai cia DNA soi kép nay trong bo gene vét chu
duoc goi 1a DNA tién virus (DNA provirus). Vi viy, provirus duoc truyén
lai cho cac té bao con thong qua su tai ban cia DNA vt chii, nghia 1a cac
té bao con chau cua vat chu ciing bi chuyén sang tinh trang c6 mam bénh
ung thu. Cac té bao ung thu nay mat kha ning kiém soét sy sinh truong va
phan chia dién hinh cua té bao binh thuong; ching tang sinh rit nhanh va
tao ra khoi u (tumor). D6 chinh 1a co ché gdy ung thu béi virus.

5. Ung dung ctia cac enzyme tdi ban trong ky thudt sinh hoc phan tir
5.1. Khuyéch dai gene - phuong phap PCR

Nhiing tién bo ctia cong nghé sinh hoc ngdy nay cé thé cho mét DNA
cua vi sinh vat "sinh trudng" tham chi ngay ca khi sinh vat do kho nudi
cay. Nho do6 c6 du cac mau DNA cho viéc xac dinh hau nhu bat ky vi sinh
vat nao c6 the thu dugc tir mot mau tiéu ban thadm chi khong phai qua nuoi
cay sinh vat do. D6 chinh 1a nho sy phat trién cua phuong phap khuyech
dai gene hay PCR (Gene amplification - Polymerase Chain Reaction).

PCR 1a mét ky thuat cho phép khuyéch dai nhanh mot méau DNA cu
thé trong 6ng nghiém (hon 14 trong cac te bao sdng nhu 1a E. coli). Véi
quy trinh ndy ngudi ta c6 thé tao ra vo sb ban sao cua mét phan tr DNA
don. Quy trinh "tao dong in vitro" nay dugc tom tit nhu sau (hinh 5.13):

o Dé thuc hién mdt PCR, can phai biét it nhat mot doan trinh tu cua
phan tir DNA can quan tdm (vi du mgt mau mau).

o Sau d6 phai tong hop cic doan moéi (primer), tic cac
oligonucleotide ngan (chtra khoang hai chuc nucleotide) ma né b6 sung
chinh xdc vdi trinh ty & dau 3' cia moi mot sgi cia DNA can khuyéch dai.

e Miu DNA duogc dun néng dé tach céc soi don (bién tinh) va tron
lan véi cac doan moi.

e Néu nhu cac doan mdi tim thiy céc trinh t bd sung trong DNA,
chung s€ két hop vao cac soi do.

Sy tong hop bét dau (bao gid ciing theo chiéu 5' — 3') bang cach
st dung s¢1 goc lam khuon.
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o Hon hop phan ung phai chira tit ca bdn loai deoxynucleotide
triphosphate (dATP, dCTP, dGTP va dTTP) va mot DNA polymerase chiu
nhiét (vi du, Taq polymerase duoc chlet xudt tir vi khuan Thermus
aquaticus - song & subi nudc nong - van giir duoc hoat tinh trong khi gay
bién tinh & nhiét do cao).

« Sy trung hop tiép dién chimg nao mdi soi don dugc tong hop méi
con chira da vi tri dugc nhan biet bdi doan moi khac.

o Liic nay ta c6 hai phan tir DNA gidng hét phan tir ban dau.

« Bay gio ta lay hai phan tir nay cho bién tinh va lip lai qua trinh do.

 Saumdi chu ky sé phan tir DNA lai ting gap doi.

Ving DNA quan tam 1. DNA bi bién tinh. Cac doan méi dinh
vao méi soi. Mot soi DNA méi duoc
+ tdng hop trén méi sgi khudn nher DNA
polymerase.

cac moi (primer)
dg’qc tong hop
bang hoa hoc

TR . b
(I
IO ERAAHTY

Y Y Y i
2.Vong khac: DNA 3. Vong khac: DNA 4. Vong khac: DNA

bi bién tinh, cac bi bién tinh, cac bi bién tinh, cac
doan moi dinh vao, doan moi dinh vao, doan mai dinh vao,
va sb soi DNA va sb soi DNA va sb soi DNA )

duwoc ting gap do6i. dwoc tang gap d6i. dwoc tang gép doi.

5. Cac vong/chu ky khuyéch dai c tiép dién mau
le sinh ra sO lwgng Ion céc‘doan giong nhau. Moi
doan c6 chtra vung DNA can quan tam.

Hinh 5.13 So d6 minh hoa quy trinh ky thuat PCR do Kary Mullis dé xuat.
RO rang, phan tng PCR tai ban DNA theo mét cach thirc twong tu voi
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su tai ban xdy ra trong té bao, & chd:

(1) DNA soi1 kép dugc tach thanh cac sgi don. Tuy nhién, trong PCR,
thi nhi¢t chtr khong phai enzyme dugc dung dé 1am bién tinh DNA.

(2) Cac mau nucleotide ngén duoc ding lam moi dé khoi ddu tai ban.
Cac doan moi cua PCR dugc tong hop tir cac deoxynucleotide. Chiing bo
sung voi céc trinh tu ¢ hai dau cia gene quan tam. Mot doan moi két dinh
vao dau 3' cua moi mot sgi DNA bo sung.

(3) DNA polymerase tiép tuc kéo dai soi DNA méi tir dau 3'-OH cuia
cac doan moi. San pham cua sy tai ban ban bao toan nay la hai sgi con.

Uu thé ciia PCR 1a & chd, ¢t sau mdi vong hay chu ky tai ban thi thé
hé DNA s¢i kép con lai bi bién tinh, néu tiép tuc bod sung cac doan mdi thi
qua trinh nay lai tiép dién. Nho st dung cac thiét bi ty dong, mdi chu ky
tai ban co thé hoan thanh chua ddy 5 phut. Bing cach do, tir mot mau
DNA don c¢6 thé khuyéch dai 1én 1.000 14n sau 10 chu ky (2'° = 1.024 =~
10%). Va sau 30 chu ky, tir mot phan tir DNA ban dau dugc khuyéch dai
1én hon mét ty ban sao (2°° = 1,02 x 10°).

Ung dung ciia PCR: Trén thyc té, PCR duoc ding dé tao cac mau do
(probe) nucleic acid cho viéc xac dinh cac vi sinh vat. Chang han, n6 cé
thé phat hién s6 luong nho cac tic nhan giy bénh trong cic mau lam sang
va qua d6 chan doan cac bénh gy ra boi cac tic nhan kho nudi cdy, nhu
virus HIV/AIDS, Mycobacterium tuberculosis sinh truéng cham v.v. PCR
cling dd dugc dung dé khuyéch dai cac gene ngudi phuc vu cho viée phan
tich trinh tu trong dy 4n bo gene ngudi (HGP), chan doan cic bénh di
truyén, va xac dinh cac nghi can thudc cac trudng hop toi pham (hoic dé
ching minh cho su v6 tdi cta ho). Tham chi ngay ca nhiing vét mau nho
nhét hodc mot soi toc con sot lai & hién trudng pham tdi van co thé dung
lam khuon cho PCR - khuyéch dai dii s6 DNA can thiét cho viéc kiém tra
DNA. DNA niy duoc phin cit bang cac enzyme gidi han (restriction
enzyme), va cac phan doan tao ra duoc tach riéng theo kich thude va thanh
phan bang cach chay dién di gel (gel electrophoresis). [Theo nguyén tic,
su di chuyén cua cac phan tir qua ban gel 16 x6p dap tmg voi dong dién -
cac doan cang bé di chuyén cang nhanh hon so vdi cac doan 16n hon]. Sau
d6 mau DNA nay duoc dem so v6i mau ctia nghi can dang tam giam. Néu
nhu no tring khép, c6 thé dung 1am chimg ctr x4c nhan nghi can da gay
an hodc pham t6i ¢ hién truong do, gidng nhu cic dau van tay 1a bang
chirng hop phép vay.

No6i chung, PCR 1a mot k¥ thuat c6 uu thé rat lén va duoc sir dung rat
phd bién trong cic nghién ciru lién quan dén coéng nghé sinh hoc. Vi
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dong gop to 16n cia sy phat minh ra phuong phap PCR nay, Kary Mullis
da dugc trao giai thuéng Nobel nam 1993 (cung véi Michael Smith, nguoi
dé xuat phuong phap gdy dét bién dinh hwéng, site-directed mutagenesis
va sy phat trién cuia né trong cac nghién ctru protein).

O nudc ta, trong thoi gian gan ddy, phuong phap PCR ciing da dugc
ap dung rong réi trong cac nghién ctru lién quan cong nghé sinh hoc va
giai quyét cac van dé xa hoi khac. Mot trong nhimng hudéng ng dung do 1a
két hop k¥ thuat PCR véi cac marker phan tir khac nhau dé nghién ctru
tinh da dang di truyén ciia ngudn tai nguyén dong vat va thuyc vat ¢ Viét
Nam. Ching han, Nong Vian Hai va cs (1999) di budc dau ap dung ki
thuat PCR két hop véi viéc phén tich enzyme gidi han doan san pham thu
duoc, D-LOOP (~1,3 Kb), trong ving diéu khién cua DNA ty thé dé tién
hanh phan loai hoc phan tir va nghién ctru van dé da dang di truyén & ba
loai Ga 161 (Lophura) ¢ Viét Nam. Tuong tu, cac tac gia cling da thong
bao cac két qua phan tich cic doan gene 18S rRNA (~0,25 Kb) ¢ cac
chung Tuyén triung ky sinh va & con trung & cay Binh véi (1,7 Kb). Tran
Thi Hoa va Triest (1999) su dung k¥ thuat PCR-RAPD trong nghién ctru
da hinh di truyén & thuc vat v.v.

Dbi v6i cac nghién ctru ¢ cay laa (Oryza sativa), c6 kha nhiéu cong
trinh nghién ctru ng dung k¥ thuat PCR va cac marker phan tir khac nhau.
Ching han, trong cac nghién ciu vé tinh da dang phén tir va danh gia quy
gene (Nguyén Dtrc Thanh va cs 1999; Bui Chi Buru va Nguyen Thi Lang
1999). Trong cac nghién ctru chon tao giéng lta, c6 mot sé cong trinh
nhu: Tao dong phan tir va biéu hién cac gene lién quan Myb & hat laa
(Nguyén Hoang Loc va cs 1999); danh gia ngudn gene khang bénh dao 6n
phuc vu cong tac chon tao gidng Ita (L3 Tuin Nghia 2001) v.v.

Ngoadi ra, gan ddy ¢ nudc ta ciing da thanh 1ap mot s6 Trung tdm phan
tich DNA hoat dong trong cac linh vuc hinh sy (thuoc B Cong an), tu
van di truyén (cua GS Lé Dinh Luong), va trong cac xét nghiém DNA lién
quan dén su chan doan cc bénh & mot s6 Bénh vién 1én trong ca nudc.

5.2. Téng hop cDNA nhd enzyme phién ma nguoc

Trong truong hop can thiét (chang han, ddi véi ki thuat tao dong dé
biéu hién san pham ciia mot protein mong mubn), ngudi ta ¢o thé tong hop
gene cua nd dua trén khuon mau mRNA va enzyme phién ma nguoc
(reverse transcriptase = RTase) dugc tinh chiét tir cac retrovirus.

Nhu di biét, hau hét cac mRNA eukaryote déu c6 dudi poly(A) ¢ dau
3'. Chinh trinh tir niy tao diéu kién thuan loi cho viée tong hop soi DNA
b6 sung (cDNA). Khi dem trén 13n cic doan ngin gém cac nucleotide
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thymine (oligodT) véi mRNA nay s€ xdy ra sy lai hod gilta né véi vung
dudi cia mRNA. Doan oligo(dT) 1am mdi cho RTase tong hop sgi cDNA,
san pham ban dau 13 soi kép lai RNA- ¢cDNA. O dau 3' cta soi cDNA
dugc téng hop co cai 'mil' (twong ty dau 5' cia mRNA). Tiép theo, bing
cach xur Iy v6i NaOH, soi mRNA dugc tach ra; ké d6 'mil' & dau 3' cua
cDNA lai 1am mdi cho DNA polymerase I tong hop soi thir hai bang cach
kéo dai tiép tuc n6 doc theo s¢1 khudn von c6 nay. Vi vay san pham cDNA
bay gio c6 mang mdt cu tric 'vong' soi don. Sau dé, vong nay duoc cit
b6 bang cach xir 1y v6i nuclease S1 dé tao ra cDNA soi kép (hinh 5.14).

- ] © RNA
Reverse

transcriptase
o RNA
DNA
Phién ma l Moi (primer)
-—  nguoc
s RNA
DNA

l

0 Tt @ (DNA

!

l‘_3
D e e N LTI cDNA

Hinh 5.14 Téng hop cDNA tir mét RNA nhé s& dung enzyme phién méa nguoc.
II1. Co s& phan tir ciia dot bién va tai to hop DNA
1. Co s¢ phdn tir ciia dot bién
1.1. Pai cuong vé dot bién gene

® Dinh nghia: Pt bién gene (gene mutation) 1a nhimng bién doi xay ra
bén trong cau tric ciia mdt gene hodc mot vung nhd cua bd gene, lién quan
chu yéu tdi su thay doi trinh tu nucleotide von c6 cua n6 (ki€u dai), lam
phat sinh cac allele moi.

® Nguyén nhdn: Cac dot bién gene xay ra c6 thé do sai sot trong qua
trinh tai ban, hodc do trong by gene c6 cac vung dé phat sinh dot bién goi
la cac "diém nong" (hot spots), hodc cac ton thuong ty phat dudi anh
hudng cta cac tdc nhan ly-hod tir moi truong ngoai.

® Phdn logi: Cac dot bién gene cO thé duoc phén loai theo cac cach
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khac nhau. Chéng han, dya vao cac hi¢u qua cua chung lén kiéu hinh (cac
d6t bién hinh thai, dot bién gy chét, cac dot bién soma va dong mam)
hodc 1én chinh ban than vat chét di truyén DNA (cac d6t bién diém). Cin
ctr vao ngudn gbc, ching dwoc chia thanh cic dor bién tw phdt
(spontaneous) va dgt bién cam ing (induced).

® Hiu qud: Cac dot bién gene noi chung 1am suy yéu hodc bién d6i
chic nang cua gene hon la ting cuodng chic ndng cua nd. Tu d6 anh
huong 1én cac dic tinh sinh 1y-hoa sinh cua té bao ciing nhu strc séng va
sinh san cta co thé sinh vat noi chung.

® Vai tro va y nghia: Dot bién gene vi v@y dugc xem la co s¢ cua hién
tuong da hinh di truyén trong cac quan thé va 1a ngudn bién dj di truyen SO
cap vo cung phong phu va da dang cho qua trinh chon loc va tién hoa.
Nguoi ta loi dung dic tinh bién d6i ndy cua cac sinh vat dé xdy dung cac
phuong phép gdy dot bién khac nhau va c6 thé két hop véi lai hitu tinh
hodc sir dung ky thuat di truyén dé cai bién bo gene clia cac vat nudi, cay
trong vé cac tinh trang can quan tam.

o Ty ¢ dot bién gene (O nguoi): Néu nhu dot bzen bo gene (genome
mutatlon) va d‘ot bzen nhiém sdc thé xay ra véi tan sd trung binh tuong ung
12 107 va 6x10™* mdi 14n phan bao, thi v6i dot bién gene: ty 1& dot bién nay
12 10" cho mdi cip base trong mdi 14n phan bao hoidc c6 thé bién thién tir
10* dén 107 (tinh b?mg sb6 dot bién / locus / thé hé) tuy thudc vao kich
thudc gene va ban chét cia né. Ty 18 nay & hau hét locus 1a 10°-10.

e Hién twong da hinh (polymorphism) trong bé gene: O ngudi, con sd
cic da hinh tdn tai 1a ~1 trén mdi 500 cap base. Nhu vay c6 khoang 5,8
triéu sai khac trong mdi bo gene don boi 1a do céc dot bién gay ra.

1.2. Cac dot bién diém (point mutations)
1.2.1. Cac dt bién thay thé base (base substitution)

e Ddng hoan va di hoan

Pong hodn (transition) 1a dang dot bién trong d6 mét purine nay dugc
thay béi mot purine khac (A — G hodc G — A) hodc mot pyrimidine nay
duoc thay boi mot pyrimidine khac (T — C hodac C — T).

Di hodn (transversion) 1a dang dot bién trong d6 mot purine dugc thay
theé bang mdt pyrimidine, hodc ngugc lai: AS T, ASC,GSC,GS T

e Céic dot bién nham nghia va vo nghia

+ Dot bién nham nghia (missense mutation) - bién d6i nghia cia mot
codon kéo theo su thay th¢ mot amino acid. Hiéu qua cua n6 phu thudc
vao vi tri va tinh chat ciia amino acid bi bién doéi (bang 5.2).
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Bing 5.2 Cac dot bién nhim nghia dién hinh & chudi p-globin nguoi

Chubi Vi tri Thay thé Thay doi & Kiéu thay thé ¢
B amino acid  amino acid B-mRNA gene B-globin
HbS 6 Glu —»Val GAA —>GUA  DijhoanA — T
HbC 6 Glu—>Lys GAA — AAA Donghoan G — A
HbE 26 Glu —»Lys GAA — AAA Ponghoin G — A

Mot vi du tuyét voi cho truong hop nay 13 bénh hong cau hinh liém
(sickle-cell disease; Hinh 5.15a). Bang cach phan tich va so sanh trinh tir
amino acid cac chudi B-globin (146 amino acid) ciia hai protein nay,
Vernon Ingram phat hién rang chung chi khac nhau mot amino acid & vi
tri thir sdu, trong HbA 1a glutamic acid va trong HbS 1a valine. R4 rang
day 1a dot bién di hoan: A — T (Hinh 5.15b).

+ D¢t bién vé nghia (nonsense mutation) - bién doi mot base & codon
co nghia (sense codon) bén trong trinh tr ma hod cua gene tao thanh
codon két thiic chudi. Dot bién nay gy ra chudi polypeptide ngin bat
thuong va khong c6 hoat tinh. Vi du, cac dang thiéu mdu ving bién f-
thalasemie ma khong tong hop duoc B- globin 13 do dot bién diém & cac
codon 17 hoac 39 cua gene p-globin.

Nguoc lai, néu dot bién lam bién d6i codon két thiic thanh codon ¢
nghia s& dan ti hau qua 1a chudi polypeptide dugc tong hop dai hon binh
thuong. Day 1a truong hop dic biét ciia dot bién nham nghia. Pién hinh 1a
dang hemoglobin Constant Spring (HbCS). Phan tir mRNA cua chudi
alpha binh thudng c6 codon két thic 1a UAA véi polypeptide dai 141
amino acid, con & mRNA dang bénh nay n6 la CAA ma hoa cho
glutamine, v6i chudi alpha c6 téi 172 amino acid.

HbA Thr Pro Glu Glu

.ACT CCT GAG GAG...
Codon # 4 5 6 7

.ACT CCT GTG GAG...

Thr Pro Yal Glu

(b)

Hinh 5.15 (a) Cac té bao hong cau binh thwang (hinh trén) va cac té bao dang
Iwdi lieém véi kich thwéc phong dai gan gap doi. (b) Mot doan trinh ty clia cac
chudi B-globin va soi déi khudn clia gene & nguwdi binh thwdng va nguwdi bénh.
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e Céic dot bién im ling va trung tinh

Céc dot bién lam bién doi thanh phan base ctia mot codon nhung van
ma hoa cung mét amino acid, goi la cac dot bién im lgng (silent mutation)
hay dot bién dong nghia (synonymous). Phan 16n cac dot bién nay xay ra
& vi tri thir ba ciia cac codon, va ching xay ra véi toc do cao hon rat nhidu
s0 v6i cac vi tri khac. Pay duoc coi 1a mot trong nhiing bang ching quan
trong ctia Thuyét trung tinh vé s tién hod phén tir (xem Kimura 1983).

1.2.2. Pot bién dich khung (frameshift mutation)

Dang dot bién mat hodc xen thém mot base trong gene dan dén khung
doc mi bi dich chuyén mot base, ké tir vi tri bi bién ddi cho dén cubi gene,
duogc goi 1a dét bién dich khung. Hau qua 1 ving protein duogc tong hop
tuong (mg c6 trinh ty amino acid bi bién doi ddng ké. Pién hinh 1a dang
hemoglobin Wayne (HbW1); do méat mot base thtr ba cua codon & vi tri 138
trén chudi a (141 amino acid) gy hau qua 13 ba amino acid & cac vi tri
139 - 141 sat dau C cia polypeptide bi bién d6i, ddng thoi do codon két
thic & vi tri 142 ciing bi bién doi da kéo dai thém 5 amino acid.

1.3. Céc dot bién tw phdt (spontaneous mutations)

Vé nguyén tic, tit ca cac dot bién déu phai c6 mot nguyén nhén,
nhung d6i khi cac dot bién xay ra ma khong cé cac tdc nhdn gy dot bién
(mutagens). Cac dot bién ty phat nhu vy c6 nhiéu nguyén nhan khac nhau
gay ra ma khong phai tir bén ngoai.

1.3.1. Cac dot bién gy ra boi bo may tai ban DNA

Du cho su tai ban duogc coi l1a chinh xac, nhung khong phai 1a hoan
hao. Nhu thé mot s6 dot bién nao d6 xay ra don thuan 1a do tong hop sai.
Tén sb két cap base sai c6 thé 12 10™ va ban than cac DNA polymerase co
kha ning doc sita trong khi tong hop DNA, nhd vay han ché dang ké tan
s6 phat sinh d6t bién do tai ban (10° x107 = 10™).

Hiéu qua cua tai ban khong chinh xac dic biét 1d & cac noi dot bién
cia E. coli goi 1a cac gene gdy dét bién (mutator). Cac vi khuan nay
thuong c6 nhiéu sai sét trong khi tai ban, ty 1& dot bién cta chung cao hon
binh thuong. Hién gio nguoi ta da lap duoc ban d6 gene cho mot s6 dot
bién gene mutator. Chang han, d6 13 cac gene mutD ma hoé cho tiéu don
vi epsilon cia DNA polymerase III hoan chinh. Pay la polypepetide cho
enzyme hoat tinh doc sira exonuclease 3'—5'. Néu khong c6 hoat tinh nay
thi su doc sura khong thé xay ra va do do s€ dé lai nhiéu dot bién. Cac dot
bién trong cac gene muH, mutL va mutS ciing 1a cac dot bién mutator.
Chung khéng sira dugc cac base két cip sai.
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1.3.2. Sai sot trong khi tai ban do cac base DNA

Céc base trong DNA thuong ton tai & mot trong hai trang thai bién d6i
qua lai gitta chung goi 1a cac dang hé bién (tautomer). Hién tirong ho bién
(tautomerism) xay ra c6 thé don thuan 1a do sy sip xép lai ciia cac lién két
va do sy thay doi vi tri ctia cac nguyén tir hydro trong cac base.

H
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Hinh 5.16 Cac dang hd bién cla cac base trong DNA. (A) Cac dang amino va
imino cua adenine va cytosine; va (B) Cac dang keto va enol cua guanine va
thymine. Chu y cac dang amino va keto (bén trai moi hinh) la pho bién, con cac
dang imino va enol (bén phai méi hinh) la cac dang hiém.

Cac dang phd blen (ben viing) cua adenine va cytosine la cac dang
amino; ching c6 thé sap xép lai thanh cac dang hiém imino kém bén hon
(hinh 5.16A). Chinh sy thay di vi tri cua cac hydro lam thay d6i dic tinh
két cip cua cac base. Hau qua ctia n6 1a dan toi sy két cap nham giira cac
base trong tai ban, do d6 trong nhiing 1an tai ban tiép theo s& tao ra cac thé
d6t bién ddng hoan tuong tmg. Vi du, DNA cha me chira cip CG, trong
lac tai ban C chuyén sang dang imino (hiém) va cip nhdm véi A (thay vi
v6i G) tao thanh cap C-A trong mot DNA con. Trong lan tai ban tiép theo,
A s& cip binh thudng véi T tao ra cip T-A thay chd cip CG trude day.
Pay 1a co ché ciia dot bién ddng hoan CG — TA (hinh 5.17).

Hinh 5.16B ciing cho thiy cac dang keto (pho blen) va dang enol
(hiém) cua guanine va thymine. Cac dang hd bién hiém nhu enol cua
guanine chang han, néu xay ra n6 s& két cap voi thymine (thay vi voi
cytosine) trong khi tai ban. Vi vay trong lan tai ban tiép theo thymine & vi
tri von bi két cdp sai trong lan tai ban dau s& két cip voi adenine tao ra
mot thé dot bién dong hoan GC — AT (hinh 5.17). Véi phan tich twong
tu, ta thiy cac dang dot bién tu phat nay chu yéu la cac dong hoan.

1.3.3. Cac dot bién dich khung ty phat trong khi tai ban

Cac tac nhdn xen vao giita (intercalating agents) la nhom tac nhan
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quan trong khac gay bién d6i DNA, bao gém cac thudc nhudém acridine.
Chung 1a cac phan tir mé phong cac base va c6 thé xen vao giita cc base
nito cua chudi xodn kép DNA. Bang cach d6 ching gy ra su xen thém
hodc mét mot cip nucleotide trén gene (vi acridine c6 kich thudc gip doi
mot nucleotide), dan dén khung doc ma thay ddi va cac protein duoc tong
hop thuong khong co6 hoat tinh.
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Hinh 5.17 D6t bién déng hoan CG — TA gay ra bdi s hd bién clia cytosine
(hinh trén) va dong hoan GC — AT gay ra b&i ho bién cla guanine (hinh duéi).

1.3.4. Cac dot bién ty phat giy ra boi deamine hoa

Céc dot bién ty phat c6 thé xay ra bang cac co ché két cip sai khac
trong tai ban DNA. Chang han, cac base dic biét 1a cytosine, ¢6 xu hudng
mét di nhom amin cta ching trong mot qua trinh goi 13 deamine hod
(deamination). Kiéu deamin hod phd bién nhit 1a dao cytosine thanh
uracil, thuong thi khong dan toi dot bién, boi vi cac té bao c6 mot co ché
tach bo uracil (nhd enzyme uracil-DNA glycosylase). Enzyme nay cit lién
két giira uracil va deoxyribose cua no; dé roi mot enzyme khéc téi bo sung
mot cytosine vao gbc dudng nay dé no cip véi guanine & soi ddi dién.
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DNA ctia mét sd sinh vat ¢6 chira mot s lugng nho cac base sira doi
thém vao 4 loai thong thuong. Phd bién nhit 14 5- methylcytosine (5SmC);
n6 c6 thé cap chinh xac véi guanine nhu cac cytosine chuén. Tuy nhién,
cac vi tri chirta 5SmC trong DNA c¢6 thé trg thanh cac "diém nong" cho céac
dot bién tu phat thong qua deamine hoa. Piéu ndy dd duoc chimg minh
bang cach sir dung HNO, dé deamine hoa cytosine thanh uracil; sau d6
uracil két cip véi adenine trong tai ban va két qua 1a tao ra dot bién dong
hoan GC — AT. Mat khac, n6 deamin hoa adenine thanh hypoxanthine
(c6 thé cip vé6i C gidng nhu G) va s& giy dong hoan nguoc lai, AT — GC.

1.4. Cac tac nhan gay dot bién
1.4.1. C4c tac nhan hoa hoc

e Dot bién gay ra boi cac chat twong ty nucleoside

Mot s6 hop chat hoa hoc ¢6 thé 1am tang tan sb hd bién va qua d6 gy
ra cac dot bién. Vi du kinh dién 13 5-bromodeoxyuridine (BrdU hay 5-BU),
mot chat gidng nhu thymidine ngoai trir thay mot nguyén tir bromine (Br)
cho mot nhom methyl & vi tri 5. Tuy nhién, mot khi 5-BU duogc két hop
vao chd ciia thymidine, n6 c6 thé gay rac rbi. Ric rdi bat ngudn tir chd 5-
BU c¢6 xu huéng ting cuong bat sang dang hd bién enol dé co thé két cip
base giéng nhu C thay vi T, tao ra cip 5-BU-G (hinh 5.18). Va & lan tai
ban sau tao thanh cip GC thay chd AT. Két qua la tao ra dong hoan AT—
GC. Do hd bién ma 5-BU c6 thé gdy dong hoan hai chiéu, AT S GC.

5BU (keto) Adenine

0 CHs

N=H--0 g
(b) ¢
2AP Thymine 2AP (proton hoa) Cytosine

Hinh 5.18 Cac chéat twong tw nucleoside. (a) Dang keto phd bién ctia 5-BU la
chét twong tw thymidine, c6 thé cdp véi A; con & dang ion hod - enol, né cé thé
cap voi G. (b) 2-aminopurine la chéat twong tw adenosine, cé thé cap véi T; khi &
dang proton hoa, né cé thé cép véi C.
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Mot hoa chat gdy dot bién khac 13 2-aminopurine (2- AP), chat tuong
ty cia A, co thé cap voi T. Khi bi proton hoa, 2-AP ¢6 thé két cap nham
v6i C dé gay dot bién dong hoan AT — GC & 1an tai ban sau (hinh 5.18).

e Dot bién gay ra bai su alkyl hoa clia cac base

Mot s6 chéat trong méi truong 1a cac chdt c¢é di lwe véi dién tir
(electrophyle); chung tim cac trung tdm di¢én tich am trong cac phan tir
khac va bam vao. Nhiéu chat khac thudc méi truong duoc chuyén hoa
trong co thé thanh ra cac hop chat c6 ai lyc dién tir. Mot trong nhitng trung
tam dién tich Am rd nhat trong sinh hoc 1a phan tt DNA. Mdi nucleotide
chira mot dién tich &m toan phﬁn trén phosphate va cac dién tich am ting
phan trén cac base. Khi cac chat ai luc dién tir bat gdp cac trung tam dién
tich Am nay, ching sé& tin cong, thong thuong 13 gin thém cac nhém chira
carbon goi la cac nhom alkyl. Qua trinh d6 goi 1a alkyl hod (alkylation).

Nhiéu tde nhan gdy ung thu (carcinogen) la cac chat ai luc dién tor
dudng nhu hoat dong bang cach tan cong DNA va alkyl ho4 no. Nhiéu tac
nhan dot bién dugc sir dung trong phong thi nghiém dé gay tao cac dot
bién ciing 1a cic tac nhéan alkyl hod, vi du ethylmethane sulfonate (EMS).
Khi xtr Iy bang EMS, hoa chit niy nhudng nhém ethyl (CHs-CH,) cho
DNA ma cuy thé 1a cho oxy O° ciia guanine tao ra O°-alkylguanine. Base
dugc alkyl hoa nay cdp v6i thymine thay vi cytosine. Két qua 1a sinh ra
ddng hoan GC — AT ¢ lan tai ban sau.

1.4.2. Cac tac nhan vat 1y (d6t bién cam tng-phong xa)

Trong sb tac nhan phong xa gay dot bién, cac tia tir ngoai, tia gamma
va tia X 1a pho bién trong ty nhién va trong cac thi nghiém gy dot bién.
Chuing khac nhau chu yéu vé nang luong, do dé cac kiéu ton thuong DNA
do chung gay ra cling khac nhau.

+ Birc xa tir ngogi (ultraviolet radiation = UV) 1a tuong dbi yéu, vi vay
ton thuong do nd giy ra la tuong dbi nho; vi du hai pyrimidine nam ké
nhau trén ciing mét soi lién két ngang véi nhau tao thanh cac dimer, thong
thuong 1a dimer thymine (hinh 5.19). Tén thuong nay biéu hién & su bién
dang ctia chudi xoan keép va can tr¢ sy két cap ciia cac base purine trong
tai ban. Hau qua la c6 thé 1am chét té bao hodc tao ra dot bién do viéc lap
sai nucleotide vao vi tri di dién voi dimer trong khi tai ban.

Loai birc xa cuc tim 1am ton thwong DNA ning nhat ¢6 budc song
khoang 260 nm, ttc 1a ving séng ma DNA hap thu manh nhat. Btic xa nay
c6 rat nhiéu trong anh sang mit trdi va cé nguy co gy ung thu da.

+ Cdc tia gamma va tia X chira nhiéu ning luong hon céc tia UV, ¢o
thé twong tac truc tiép v6i phan tir DNA. Chung ion hoé cac phan tir xung
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quanh DNA va tao thanh cic goc fir do c¢6 phan tmg cao c6 thé tin cong

DNA, lam bién dbi cic base hodc lam durt cac soi. Thymine

Thymine

o B khung
¢ dwong-phosphate
Tia UV
o=c Dimer T

=

o o Cac lién két
Vong cyclobutane dong hoa tri

. PR
Hinh 5.19 Sw hinh thanh dimer thymine béi tia cwc tim (UV).

& Hoi bién (reversion) hay dot bién  nguoc (back-mutation) 1a dot bién
quay lai kiéu hinh ban dau. Cac dot bién gy ra boi cac base tuong ddng
hoic HNO, c6 thé hoi bién bang cach tiép tuc xtr Iy chinh tac nhan do.
Tuy nhién mot sb chat nhu hydroxylamine vi chi phan tmg dic thu voi
cytosine va lam phat sinh déng hoan mot chiéu GC — AT, nén khong thé
hoi bién bang chinh né.

& Ap dung phuong phap dot bién trong chon gidéng thyc vt & nudc ta,
c¢6 thé noi phat trién manh trong cac thap nién 1970 - 1990, da gép phan
tao ra nhiéu giébng méi & lua, ngd, dau tuong, v.v. Phan 16n cac cong trinh
nghién ctru nay duoc tién hanh & cic Vién Khoa hoc Ky thuat Nong
nghiép Viét Nam, Vién Di truyén Nong nghiép, Vién Cay luong thuc va
thuc phém, Vién Bao v¢ thuc vat, cac truong PHTH Ha N6i va PHSP Ha
Nbi . Chang han, gan day, bang phuong phap chiéu xa tia gamma (®’Co)
1én hat kho va két hop lai hitu tinh, cac nha khoa hoc Vién DTNN da chon
tao dugc nhiéu gidng laa cho ning suét cao va c6 mot sd dic tinh quy nhu
chin sém, chdng chiu sau bénh... nhu cac gléng DT17, DT21, v.v. Bang
phuong phap chiéu xa tia gamma (®°Co), véi liu lugng 10 - 20 krad lén
hat ndy mam & cac thoi diém thich hop 66 -75 gio, nhom nghién ciru cua
PGS.TS. Nguyén Minh Coéng (PHSP Ha No1), TS. Pd Hiru At (Vién
DTNN), va TS. Pham Vian Ro (Vién lta Pdng bang song Ciru long) da
chon tao thanh cong cac gidng lta Tam thom dot bién, Tép hanh dot bién
(THDB) va Tai nguyén d6t bién TNDB-100 (Do Huu At et al 2000) v.v.

2. Swra chita DNA (DNA repair)
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Stra chita DNA la déc tinh thiét yéu ciia té bao séng, nham phuc hoi
ciu tric DNA bj tén thuong do cdc tac nhan ly-hoa hodc tu phat trong qua
trinh tai ban DNA. C6 nhiéu hé thdng stra sai trong céc té bao. Tuyu trung
¢ cac co ché co ban sau: doc sira trong luc tai ban nhd mot sé DNA
polymerase (nhu da d& cap), quang phuc hoat, cdt bé base hodc nucleotide
(va sua chita sau tai ban - khong xét ¢ day). Ty 1¢ dot bién ty nhién noéi
chung thap 14 nho tinh hiéu qué cua cac hé thong sira sai nay.

2.1. Stra chita bang quang phuc hoat

Quang phuc hoat (photoreactivation) 1a kiéu stra chira xay ra dudi tac
dung cia anh sadng, nén con goi 1a swa chita ngoai sang (light repair). N6
duoc xtGc tic boi enzyme DNA photolyase. Co ché stra chita dimer
thymine bdi enzyme nay dugc hinh dung nhu sau: (i) phat hién va bam
vao vi tri DNA bi ton thuong; (ii) enzyme hép thu anh sang c6 budc song
320-370 nm, va dwoc kich hoat dé c6 thé cat dat cac lién két von tao ra
dimer, 1am phuc hoi trang thai bd sung gitta cac base cta hai soi; va (iii)
enzyme roi khoi DNA, va hu hai dugc chita xong.

2.2. Stra chira bang cit bo

Su swa chita bcfng cdt bo (excision repair) dugc thyc hién boi cac
enzyme dic thu va khong can anh sang, nén goi 1a sita chita trong toi
(dark repair). Su tach bé ving DNA hu hai va thay bing DNA mdi xay ra
br:ing cach hodc cdt bé base hodc cat bé nucleotide.

5’
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Hinh 5.20 Cac bwéc stra sai bang cach cat bé nucleotide.

Déi voi sy sira chira bang cach cat bo nucleotide (nucleotide excision
repair), chang han, ton thuong base hang loat, ké ca dimer thymine, cling
c6 thé tach bo truc tiép ma khong can sy gitp d& cia DNA glycosylase. O
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E. coli, enzyme chii chdt ctia qué trinh nay 13 urvABC endonuclease (vi no
chtra ba polypeptide ctia cac gene urvA4, urvB va urvC). Enzyme nay cit
mot doan dai 12-13 nucleotide trén mot soi, tuy thudc vao sai héng anh
hudng 1én mot nucleotide (alkyl hod) hoac hai nucleotide (dimer). Khoang
trng nay s& duoc lap diy nhd DNA polymerase 1. Va cubi cung, DNA
ligase s& han gin céac khe hé (hinh 5.20).

3. Tai t6 hop va dai cwong vé cong nghé DNA tdi t6 hop
3.1. Co ché tai t6 hop (recombination)

Tai t6 hop 1a su trao d6i vat liéu di truyén tao ra cac t6 hop gene méi
trong cac phan tir DNA thé hé con, 14 nhan t6 quan trong trong tién hoa.
No6i dén tai to hop 1a néi dén su trao déi soi hay trao ddi chéo co thé xay
ra ndi trong phan tr (do sy van xodn va dut-ndi ciia mot soi) hodc cé lién
quan giira hai phan tir v6i co ché thuan nghich hoic khéng thuan nghich.

Ngoai ra, c6 ba kiéu tai t6 hop khac nhau vé can ban: (1) Tdi t6 hop vi
tri dac hiéu (site-specific recombination) phu thudc vao trinh ty tuong
ddng dugc gidi han gitra cac DNA tai té hop. Dién hinh 1a sy xen cua
DNA phage A vao DNA vat chu. (2) Tai 16 hop khong chinh thirc
(illegimate recombination) cling can mot sy tuong dong nho nao do gitra
cac DNA tai to hop, nhung khong déc thu. Cac yéu t6 di truyen van dong
thuong sur dung con dudng tai t6 hop ngoai 1& nay. (3) Tdi t6 hop twong
dong (homologous recombination) hay d6i khi duoc goi la tdi 16 hop
chung (generalized recombination) la loai tai t6 hop xay ra trong giam
phan. Day la dang phd bién nhét cia tai to hop, phu thudc vao do tuong
ddng vé trinh tu rong rai giita cac phan tir DNA tham gia. Dudi day chung
ta chi tim hiéu so lugc mé hinh Holliday vé tai to hop tuong dong.

Cac mo hinh hién nay vé co ché tai to hop twong dong thong nhat gdm
cac bude thiét yéu nhung khong nhat thiét theo thi tur, nhu sau: (1) két cap
ctia hai DNA tuong dong; (2) dut gay cua hai trong sO cac soi DNA tuong
ddng; (3) tai tao cac lién két phosphodiester dé ndi lién hai soi twong dong
(hodc cac viing cua cing mdt sgi trong ti to hop noi phan tir); (4) dut gay
hai soi khac va ndi chung lai. Co ché co sé do Robin Holliday dua ra vao
ndm 1964 (goi 1a mo hinh Holliday).

Téng quat, mo6 hinh Holliday dya trén viéc tao ra mot cau chéo c6 thé di
chuyén doc theo hai chudi xoan kép khac nhau va sau d6 cat dit cau tric
trung gian theo mot trong hai cach dé tao ra cac kiéu phan tir DNA tai to
hop khac nhau (Hinh 5.21).
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. ——————
!'— —r.l.
DNA clia mét chromatid khéng chj em ("1")
bi cat dit xuyén qua cd hai soi (mot sw

"drt gay soi kép")

M6t enzyme gam dan phia dau 5' cia méi soi, dé lai
hai cai "dudi" 3' ciia DNA sgi don. Khoang nay co thé
dai 600-800 base va cé 1& dwoc 6n dinh bang cac
protein chuyén hod cho chirc nang do.

— X ...

1. Mét trong cac dubi s¢i don tw ndé xen gilra chudi xoan
kép clia chromatid khéong chi em "2" (mau dd) lam tach
cac soi don clia no.

2. Néu soi "xam nhap" tim thdy moét trinh tw cac
nucleotide bd sung v&i né thi sé xay ra sy két cap.

3. Soi thé chd (mau dé phia trén) cap véi dudi 3' thir hai
clia chromatid 1.

4. Téng hop DNA I4p ca hai khoang tréng (cac soc xanh)
nho str dung ca hai sgi clia chromatid 2 (d6) lam khuon.

T4t ca cac soi dwoc cat va cac dau mut bi cat cdia mot
chromatid dwoc trao ddi va ndi lai bang lién két ddng
hoa tri v&i cac dau mut bj cat clia chromatid khac. Néu
diéu nay xay ra, cac chromatid khéng chi em sé c6 cac
vai trao dbi va trao dbi chéo la hoan toan (phia duéi).

-2- .'I-

Hinh 5.21 Con dwong tai té hop twong dong véi sw tham gia cla cac
protein tai t6 hop RecBCD. PAu tién, RecBCD tao cac vét dut; sau dé cac
protein RecA va SSB xuc tién sw xam nhap soi, tao ra bat chéo hay la chd ndi
Holliday; RuvA va B thic day sw di chuyén theo nhanh bén; RuvC tao cac vét
ni&t 1dam dung gidi cAu tric nay thanh ra cac DNA tai té hop.

3.2. Pai curong vé céng nghé DNA tdi t6 hop

Cac nghién ctru ctia di truyén vi sinh vat vé cadc enzyme gioi han, cac
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plasmid va viéc sir dung chiing dé tao ra cac phan tir DNA tai t6 hop in
vitro trong nhimg nim dau caa thap nién 1970 1a co s& cho su ra doi cua
cong nghé DNA tdi té hop (recombinant DNA technology).

Dué6i ddy chung ta chi tim hiéu so luge vé cac enzyme giGi han va
vector - nhitng cong cuy thiét yéu cua ky thuat di truyén, phuong phap co
ban cua viéc xay dung DNA tai t6 hop in vitro va mgt quy trinh don gian
vé su tao dong gene ¢ vi khuan va mét sb ung dung ciia no.

3.2.1. Cac enzyme gidi han (restriction endonuclease)

Cong trinh nghién ctru dau tién cua Daniel Nathan va Hamilton Smith
nim 1969 & Haemophilus influenzae xac nhan cac té bao vi khuan 1a
nhitng hé thong chira cac enzyme sira doi va enzyme gidi han (Hinh 8.2).
Cac enzyme déu co ddi tuong nhan biét 1a cac doan trinh ty DNA vét chu
va DNA ngoai lai, nhung c6 vai trd khiac nhau. Cac enzyme sira doi
(methylase) dong vai trd bao vé DNA vét chu bang cach gin thém nhom
methyl & mot s6 base nhit dinh trong doan nhdn biét hay doan dich
(recognition/target sequence), trong khi cac enzyme gioi han (restriction
endonuclease) dong vai trd vo hiéu hoa hoat tinh ciia cac DNA la bing
cach phan cét & cac vi tri dic thu (Hinh 5.22).

Enzyme

Cac vj tri g|o’| han

ducyc bao ve

b . ,
(b) NSTvi khuan DNA phage bi cat doan

Hinh 5.22 (a) D.Nathan (trai) va H.Smith. (b) Enzyme gi¢i han cat vun DNA
cla phage la khi n6 xam nhap vao té bao vi khuan.
* Danh phap va tinh chét cua cac enzyme gidi han

- Céc enzyme gi061 han chi phat hi¢n duoc ¢ cac vi khuén vi vay, tén goi
cua cac enzyme gidi han dugc bieu thi bang ba hodc bon chir céi viét tat
cua vi khuan ma tir d6 enzyme dugc chiét xuat. Chir cai dau tién duogc viet
hoa dé chi chi (genus) va hai chir cai tiép theo viét thuong dé chi lodi
(species), va néu can thém chit cai tht tu dé chi noi hodc ching (strain,

type). Ngoai ra, dé phan biét cic enzyme cta cing mot noi dung thém sd
La M3 kém theo sau (xem Bang 5.3).

- Tinh chét quan trong nhét cua céc enzyme gioi han 1a tinh dac hiéu vi
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tri, nghia l1a ching c6 thé nhan biét va cit tai trinh tw DNA dic thu.
- Poan dich 1a c6 kich thudc ngin 4-8 cip base va cé tinh doi xing
xuoi nguoc (palindrome).

- Céac enzyme gidi han khac nhau c6 hai kiéu cét: cit 1éch va cit thang.
Vi kiéu cit 1éch, tao ra cac doan DNA ¢6 cac dau soi don b sung goi la
cac dau dinh (cohesive/sticky ends); vi du EcoRI. Véi kiéu cit thang, tirc
cit cung vi tri trén ca hai soi cua DNA soi kép, tao ra cac doan DNA c6
cac ddau bang (blunt ends); vi du Alul (Bang 5.3).

Bang 5.3 Cac trinh tw nhin biét va vi tri cit ciia cac enzyme giéi han duge
chon lgc (miii tén chi vi tri cat; cac trinh tu & day duoc chi ra trén sgi 5'—3")

Ngudn vi sinh vit Tén enzyme  Trinh tw nhén biét
Arthrobacter luteus Alul AG|CT

Bacillus amyloliquefaciens H BamHI G|GATCC
Escherichia coli RY13 EcoRI G|AATTC
Haemophilus influenzae Rd HindIl GTPy|PuAC
Haemophilus influenzae Rd HindIII AJAGCTT
Nocardia otitidis-caviarum Notl GC|GGCCGC
Providencia stuartii Pstl CTGCA|G
Serratia marcescens Smal CCClGGG
Xanthomonas malvaccarum Xmal ClCCGGG

Bén canh cic enzyme gigi han, con c6 ciac enzyme khac thudc ba
nhom sau day dugc su dung trong linh vyc cong nghé nay: (i) Cac
polymerase: DNA polymerase va RNA polymerase, ké ca reverse
transcriptase; (ii) Cac ligase: DNA ligase va RNA ligase; va (iii) Cac
nuclease: DNase va RNase.

3.2.2. Cac vector

DNA tdi t6 hop (recombinant DNA) 1a phan tir DNA duoc tao ra trong
ong nghiém bang cach két hop cac DNA tir cic ngudn khac nhau, theo
mét quy trinh k¥ thuat nhat dinh (goi 1a ky thudt tai to hop DNA).

Théng thuong mot phan tir DNA tai t6 hop bao gdm mot phan tir DNA
¢ ban chit 1a plasmid hoac phage nguyén ven goi la vector (thé tai) va
mét doan DNA tir nguon khac mang mét gene hodc yéu t6 diéu hoa mong
mudn duge cho xen vao goi 1a DNA ngoaqi lai (foreign DNA).
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Trong sb cac vector, cac plasmid cua vi khuan dugc str dung rong rii
hon ca, nho ¢6 cac dic diém sau: (i) Mdi plasmid 12 mot phan tir DNA soi
kép thuong ¢ dang vong va chi c6 mot khai diém tai ban riéng; (ii) C6 kha
nang xam nhép vao té bao vat chu va hoat dong binh thuong; (iii) C6 kich
thude bé, thuong chi vai ngan cip base nén dé dang tinh chiét; (iv) S6 ban
sao trong mdi té bao vi khuan thudng kha cao; (v) Mot s6 plasmid c6 chia
cac gene khang thudce tién 1oi cho viéc theo ddi va phat hién su c6 mat cua
plasmid tai t6 hop trong vi khuan chu (Hinh 5.23).

gene khang \

ampicillin

gene khang
tetracycline

. EcoRI s
Pstl
Sal |

pBR322

400 420 440 460
Sacl Smal Xbal Pstl Hindlll
agtgaattCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGegtaatcatggtcat
EcoRI Kpnl BamHI Sall Sphl

Hinh 5.23 Cac plasmid pBR322 va pUC19. O day cho thay kich thwéc, khéi
diém (Ori) va cac vung chtra gene khang ampicillin (Amp") va tetracyclin (Tet®)...
cling nhw vi tri c&t ciia mot sb enzyme gidi han trong cac vung nay.

3.2.3. Xay dung phan tir DNA tai to hop in vitro

Bét ky doan DNA nao néu dugc cit bai cing mot loai enzyme gidi
han (vi du, EcoRI) cho cac dau dinh thi ¢ thé bd sung v6i nhau va duoc
n6i boi DNA ligase (hinh 5.24). Phuong phap thanh lap phéan tir DNA tai
t6 hop kiéu nay 1an dau tién dugc dua ra boi J.Mert va R.Davis nim 1972
b?mg thuc nghiém trén céc virus. Va sau do, lan dau tién nam 1973,
H.Boyer va nhom nghién ctru ciia S.Cohen da tao ra dugc phan tr DNA
tai to hgp gdm vector 1a plasmid nho pSC101 cua E. coli va DNA "ngoai
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lai" 12 mot plasmid khéc. Chinh sy kién nay da dat nén mong va mo ra
trién vong to 16n cho k¥ thuat DNA tai t6 hop sau nay.

3.2.4. Tao dong gene & vi khuan

Vé nguyén tic, ky thuat DNA tai to hop hay tgo dong (cloning) gom
cac bude chung nhat nhu sau: (1) Tach chiét va tinh sach DNA thudc cac
ngudn khac nhau (gom vector va DNA mang gene mong muon) (2) Kién
tao phan tir DNA tai t6 hop in vitro; (3) Pua phan tor DNA tai t6 hop vao
trong t& bao nhan, thuodng 14 E. coli hodc nim men; va (4) Phat hién va
phan 1ap cac dong DNA tai t6 hop dic hiéu.

gene
ene TatR
Anp? | Plasmid
EcoRI
iEcuRI

m eCu

Hyhbridization
+ DHNA Ligase

| - Q . Q -

8t c.c vi khuEn 12n m«i
tr-éng
ca ba sunq' ampicilline

Chg ca c.c vi khuEn chga
DNA

t® hTo sinh tr-éna

Nu«i CEyli Tinh
imn
E chilt
NDNA
- —_— Q 0

Hinh 5.24 Tao dong vi khudn mang DNA tai t6 hop c6 chira gene insulin ngudi.

Trong té bao chii, phan tir DNA tai t6 hop c6 thé biéu hién gene
mong muén hoic tai ban doc 1ap nhiéu 1an dé tao ra hang loat ban sao cia
n6, va khi té bao chu phén chia s& kéo theo hién tugng tgo dong (cloning).
Mit khac, do tdc d6 phan chia rat nhanh cua cac vi khuan nén co thé tao



113

hang tridu ban sao mong mudn. Vi thé nha khoa hoc co thé tach dong bét
ky mét gene nao dung dé nghién ctru hodc san Xuat trén ‘quy md cong
nghiép mot sé luong 16n cac protein vén 1a nhitng ché pham y-sinh hoc
nao do.

Hinh 5.24 giéi thidéu mot quy trinh k¥ thuat tao dong ¢ vi khuan mang
gene insulin ngudi. Viéc phat hién DNA tai t6 hop dua trén kha ning
khang thudc do vector plasmid mang lai (chira hai gene khang Amp" va

Tet®; va gia thiét gene Tet" c6 chira diém cit cua EcoRI).

Mot sb san phdm duoc tao dong ¢ vi khuan lién quan dén cac tng
dung khac nhau trong di€u tri bénh & nguoi dugce gidi thi¢u & bang 5.4.

[Vé chi tiét, ¢ thé xem trong cac giao trinh Cong nghé DNA tai 16 hop
do Nguyén Hoang Ldc chu bién; Di truyén vi sinh vdt va wng dung do
Hoang Trong Phéan chu bién, NXB Pai hoc Hué - 2006.]

Bang 5.4 Cic sin phim sinh ra théng qua cc vi khuin chira cic gene

nguoi duwge tao dong

San phim

Ap dung

Cac interferon
Interleukin 2

Insulin
Somatotropin

Chét kich hoat
plasminogen

Nhan t6 hoai tir khéi u
Cac nhan t6 XI va VIII
Erythropoietin
Beta endorphin

Céc enzyme

Cac vaccine ti€éu don vi

Dung dé diéu tri cac bénh 1ay nhiém virus va ung thu
Kich thich h¢ thong mién dich va co thé dung trong
dicu tri ung thu va cac roi loan hé thong mién dich
Pugc ding dé diéu tri bénh tiéu duong
Pugc dung dé diéu tri di tat lan thudc vé tuyén yén
Lam tan cac cuc Q6ng méau cho diéu trj va ngan chan
cac tinh trang tac nghén tim mach
Tén cong va giét cac khbi u ung thu
Pugc ding dé diéu tri bénh méau khé dong
Kich’thich tao cac té bao héng cAu cho diéu tri bénh
thiéu mau (anemia)
Céc chét giam dau u;,nhién do co thé tao ra; co thé
dugc dung lam thuoc giam dau
Dugc ding rong rai tir viéc diéu khién cac phan tmg
hod hoc trong cac qua trinh ky ngh¢ cho dén viéc
bo sung cac enzyme trong khau phan an cua nguoi
Kich thich kha nang mién dich cua co thé ddi véi
mot hodc hai khang nguyén then chot cia mot tac
nhan gay bénh; giam nguy co rdi ro cua cac
vaccine thong thuong
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Cau hoi va Bai tap

Trinh bay cic giai doan ciia qué trinh sinh tong hop nucleotide purine
IMP va cac dan xuat AMP va GMP.

Néu cac giai doan ciia qua trinh sinh tong hop nucleotide pyrimidine
UMP va céc dan xuat cta no.

Tai sao noi tai ban 1a mot trong nhing dic tinh quan trong nhat cua
DNA va vat chat di truyén noi chung? Nguyén tac chung cua tai ban
DNA ¢ cac prokaryote va eukaryote la gi?

Phan tich vai tro cua cac enzyme va protein tham gia tai ban ¢ E. coli.
Giai thich co ché tai ban nira gian doan va v€ mot so d6 minh hoa.
Hay chi ra nhitng diém giéng nhau va khac nhau trong: (a) khoi diém
tai ban; (b) enzyme tham gia tai ban; va (c) cac co ché m¢ dau, kéo
dai, va ket thuc tai ban gitra prokaryote va eukaryote .

Thé nao 13 "giéi han Hayflick"? Hay cho biét mbi lién quan giita
telomere, telomerase voi hién tuong ung thu va 1ao hod cua té bao.
Phan tich ciu trac cua telomere va co ché duy tri su on dinh cua dau
mut nhiem sac thé eukaryote.

Su tai ban cua cac bd gene RNA ¢ mot s6 virus khac véi cac hé théng
tai ban DNA & nhiing diém nao? Tai sao kich thudc cac bo gene RNA
thuong nhd, nhung chung lai c6 kha nidng gay nguy hiém thuc su doi
v6i cac vat chu? Hay giai thich mot co ché phat trién ung thu do virus.
Phuong phap PCR duogc phat trién dua trén hiéu biét vé su tai ban cua
DNA nhu thé nao? Trinh bay c4c nguyén ly cua quy trinh khuyéch dai
gene va cac ing dung cua no.

Thé nao 1a phién mi nguoc? Trinh bdy co ché tai ban cia cac
retrovirus va ing dung cua hiéu biét nay trong k¥ thuat di truyén.

Phan bi¢t cac cap khai ni¢m dot bién sau: dot bién cam ung va dot
bién tu phat; dot bién nham nghia va v6 nghia; dot bién thay thé va
dot bien dich khung; dot bién trung tinh va dét bién c6 hai. Cho vi du.
Tai sao trong sd cac dot bién thay thé base bit gip chu yéu cac dang
dong hoan hon 1a di hoan? Giai thich co s& ctia mdt so6 bénh di truyén
lién quan cac dot bien hemoglobin.

Hay cho biét cac hé thong sira chira DNA cua té bao. Phan biét cac co
ché sira chira ngoai sdng va trong t61 doi vdi dimer thymin.

Céc enzyme gidi han va cac vector plasmid c6 nhimng tinh chit va dic
di€m nao ma chung dugc xem la céc cong cu dac luc cua cong nghé
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DNA téi t6 hop? Trinh bay mét quy trinh tao dong gene ¢ vi khuan, va
cho biét cac trng dung ctia no.
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Chuong 6
Sinh tong hop RNA va Protein

Cac qua trinh tai ban DNA va phién mé ngugc ¢ bo gene RNA cua
mot s6 virus da duogc xem xét & chuong trude. Trong chuong nay, ching
ta s& lan luot tim hiéu vé protein va cac qua trinh biéu hién gene nham
hoan tat nhitng hiéu biét co ban vé cac nguyén ly di truyén & cAp do phan
tir duoc néu ra ¢ so dd bén duoi, d6 la: (i) sinh tong hop RNA hay phién
mi (transcription) va so luoc vé stra doi sau phién mé; (ii) céu tric va
chtc ning cua protein; (iii) ban chit ciia ma di truyén; (iv) sinh tong hop
protein hay dich mé; va (v) su diéu hoa sinh tong hop protein & vi khuan.

Protein

Cich ma

Fhign ma mRNA

DNA = =~ RNA rrnA
Fhign mad nglids tRNA
Tdi bdn

I. Sinh tong hgp RNA (Phién mi)
1. Bdic diém chung ciia phién ma

Phién md (transcription) 13 qué trinh tong hop cic RNA khéac nhau tir
thong tin di truyén chira dung trong DNA. Trur cac gene ma hda protein
trong cac operon ¢ vi khuan, néi chung, cic RNA méi duge tong hop chi 1a
cac ban sao so cap (primary transcript) goi la cac pre-RNA. Cac pre-RNA
nay phai trdi qua mdt qua trinh stra doi dé trd thanh cdc RNA truong thanh
(mature) trude khi tham gia vao qua trinh sinh tong hop protein cua té bao.

$ql khéng Idm khudn RNA polymerase

5!
T
51

/
khiadn DA,

A

N\

Bdin sao RMA

Hinh 6.1 Sy téng hop RNA trén mét sgi khudn cia gene (DNA) duéi tac dung
cla RNA polymerase.
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Qué trinh phién ma DNA cac ddc diém chung sau déy (hinh 6.1).

(i) Dién ra dudi tac dung ciia cic enzyme RNA polymerase.

(i1)) Vung DNA chua gene dugc mo x0dn cuc bd, va chi mot sgi don
goi 1a soi ¢6 nghia (sense strand) dugc dung lam khudn (template) cho
tong hop RNA.

(iii) Phan tng tong hop RNA dién ra theo nguyén tic bé sung va duoc
kéo dai theo chiéu 5'—3', nguoc voi chiéu cua soi khudn nhu sau:

Soi khuén: 3'-A-T-G-C-5'
Soi RNA: 5'-U-A-C-G-3'
(iv) Nguyén liéu cho tong hop 1a bén loai ribonucleoside triphosphate:
ATP, UTP, GTP va CTP.
(v) San pham cua phién ma 1a cac RNA soi don (single RNAs).
(vi) Su khéi dau va két thac phién ma phy thude vao céc tin higu diéu
hoa 1a cac trinh ty DNA dédc thu nam trudce va sau gene dugc phién ma.
(vii) Qua trinh phién ma c6 the chia lam ba budc: Mo dau (initiation)
1a su twong tac gitta RNA polymerase voi vang promoter nham xac dinh
so1 khu6n cua gene va tong hop vai nucleotide; Kéo dai (elongation) la
giai doan sinh truéng tiép tuc cua chuoi RNA doc theo soi khuén cho dén
cudi gene; va Keét thuc phién ma (termination) dac trung bang sy giai
phong soi RNA va RNA polymerase ra khoi khuén DNA.

2. Cdac RNA polymerase o prokaryote va eukaryote
Bang 6.1 Cac thanh phin céu tric cia RNA polymerase prokaryote

Tiéu donvi S6lwong Vai tro

o 2 chua ro
1 hinh thanh lién két phosphodiester
p' 1 bam khuén DNA
c 1 nhan biét promoter va xuc tién khoi dau phién ma
o2pp'c — app! + o
Holoenzyme L&éi enzyme  Yéu t0 sigma

O cac prokaryote, dai dién 1a E. coli, RNA polymerase hoan chinh
(holoenzyme) 1a mot protein nhiéu tiéu don vi, gdm hai phan chinh 13 yéu
t6 sigma (o) va 16 enzyme. Yéu té sigma (sigma factor) giup cho RNA
polymerase nhan biét va bam chit vao promoter dé ¢ thé bat dau phién
ma tai vi tri chinh xéc, va /6i enzyme (polymerase core) dong vai tro chinh
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trong tong hop soi RNA. Tt ca cac 16p RNA ¢ E. coli déu dugc phién ma
bdi chi mdt RNA polymerase (Bang 6.1).

O céc eukaryote, co ba loai RNA polymerase I, IT va III v6i sy phan bd
va chtrc nang chuyén hoa khac nhau dbi véi bd gene trong nhan, nhu sau:
RNA polymerase I & trong hach nhan (nucleolus) phién ma phtc hop gene
rRNA cho san phdm gém cac rRNA 18S, 28S va 5,8S; RNA polymerase II
c6 trong dich nhan (nucleoplasm) phién ma cac gene ma hoa protein cho
san pham 1a cac hRNA - tién chét cia cac mRNA va ca gene cho céc kiéu
snRNA; RNA polymerase IlI c6 trong dich nhan phién ma cac gene tRNA,
rRNA 58, va ca snRNA U6. Ngoai ra, RNA polymerase ty thé & trong ty
thé va chiu trach nhiém tong hop tat ca cac RNA cua ty thé (Bang 6.2).

Bang 6.2 Cac RNA polymerase ciia nguoi

Polymerase Pinh khu San phim
RNA polymerase | hach nhan cac rRNA 18S, 28S va 5,8S
RNA polymerase 11 dichnhan  cac hnARNA/mRNA,
cac snRNA U1, U2, U3, U4, U5
RNA polymerase 111 dichnhan  cac tRNA, RNA 58S,
snRNA U6, RNA 7S (hay 7SL)
RNA polymerase ty thé ty thé tat ca cac RNA cua ty thé

Po min cim clia caic RNA polymerase nhan véi a-amanitin*
(* Pay la mot octapeptide vong tir nAm doc Amanita phalloides)

RNA polymerase | khang
RNA polymerase 11 d6 man cam cao (bam véi K = 10°M)
RNA polymerase 111 d6 man cam thap (bam véi K = 10°M)

3. Co ché phién md & prokaryote va eukaryote
3.1. Céc promoter ¢ cac prokaryote va eukaryote

Céc viing khéi déng (promoter) ndi chung nam ké trude gene va co chira
cac doan trinh ty dac thu cho phép RNA polymerase nhan biét va bam chat
vao dé khoi dau phién ma tai vi tri chinh xéac trén soi khuén ciia gene. Van
dé nay tuong dbi phirc tap & cac eukaryote, vi viy & day ta chi xét cac
promoter cila cac gene méi hoa protein ma khong dé cap cac loai promoter
cua cac gene ma hoa cac RNA khéac. Cac promoter cua cac gene ma hoa
protein eukaryote va cua operon vi khuan néi chung c¢é cau tric kha twong
ddng nhau. Poan trinh tir quan trong nhét cua promoter dugc goi 1a hdp
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TATA (TATA box) hay hgp Pribnow (Pribnow box). Ddi véi vi khuan, d6
1a trinh tw TATAAT (hodc twong tu nhu thé) nim & vi tri "-10" (hinh 6.2a);
con (101 voi cac gene ma hoa protein cua eukaryote, do 1a trinh ty TATAAA
nam gan vi tri "-30" va no6 dac trung riéng cho cac RNA polymerase I1.

* Luu y: TAt ca céac trinh ty tin hiéu déu duogc quy udc trén soi débi
khuon cua gene, vi ¢o trinh tu giéng voi RNA duoc téng hop (ch1 khéc la
base T trong gene dugc thay bdi U trong RNA) Céc ky hiéu dau ' va '+
ch1 cac vi tri ndm trude va sau vi tri bat dau phién ma, hay con goi la cac
yeu tb nguoc dong (upstream) va xuoi dong (downstream).

Ngoai ra, trong cic promoter vi khudn con c6 trinh ty TTGACA & gan
vi tri "-30", goi 1a doan nhdn biét (recognition sequence). Dbi voi cac gene
mi hoa protein eukaryote, nam phia truéc diém bat dau phién méa chimg 75
nucleotide co6 trinh ty GGCCAAATCT, thuong duoc goi la hop CCAAT
(CCAAT box) - doc 1a "hop cat"; n6 dong vai tro diéu hoa tde do phién ma.

(a) Cau trac promoter cuia prokaryote

mRNA
5'== PuPuPuPuPuPuPuPu — AUG ™
r -30 -10 +1 4
L N 2 an 1
Vung khé&i dong 1
(promoter) btr Vb4 hit
vbtr ®Cu phi*n m . mMRNA
Vi ng - 35 vi ng -10
TTGACA TATAAT
AACTGT ATATTA
-36 -31 -12 -7 +1 +20
Hép Pribnow
82 84 79 64 53 45% .79 95 44 59 51 96%
-------------------------- Trnh ta ®0u hop ---------------mm -
(b) Cau truc promoter clia eukaryote
Cac nhan t6 phién méa dac thu - DNA -
e ®
BNA pol 11
Extins

Promoter eukaryote
TBP

(protein bam-TATA)
Hinh 6.2 CAu tric cac promoter ctia prokaryote (a) va eukaryote (b).

N6i chung, cic ving nay dugc bao tdn cao va dic thu cho ting loai
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RNA polymerase nhét dinh, dugc goi la cac trinh tw dieu hoa (consensus
sequences). Cac dot bién thay thé base tai cac hop TATA, nghia 1a 1am cho
no bét giéng v6i trinh tr duoc bao ton (vi du, TATAAT — TGTAAT) do
do s& lam yeu kha nang phién mé cua promoter (down mutation). Ngugc lai,
cac dot bién 1am cho céc trinh ty promoter trd nén gidng voi cac trinh tir
diéu hoa (vi dy, TATCTT— TATAAT), s& lam manh kha nang phién ma
cua promoter (up mutation).

3.2. Céc giai doan cta qua trinh phién ma

O day chi dé cap mot mo hinh don gian vé qua trinh phién ma ¢ E. coli.

- Giai doan bdm va khéi dau: Trube tién, enzyme RNA polymerase
hoan chinh (holoenzyme) nhén biét va bam chit vao promoter s& thdo xoan
mot vung ¢6 kich thudc khoang 12 cap base. Sau khi RNA polymerase hoan
chinh tong hop dwoc mot vai nucleotide, nhan té sigma tach ra dé di vao
mot chu ky phién ma khac, goi 1a chu ky sigma (sigma cycle).

- Giai doan kéo dai: Enzyme 161 tién hanh kéo dai sgi RNA doc theo
soi khuon. RNA polymerase 13i tién dén dau thi DNA dugc md xodn va
phién mi dén day; va ving DNA di dugc phién ma dong xodn trd lai.

- Giai doan két thiic: Khi qua trinh phién ma tong hop xong hai doan két
thiic giau GC va AT nam dang sau gene thi tai ving dudi soi RNA hinh
thanh ciu tric "kep toc" lam dimg sy phién mé cua 16i RNA polymerase.
Sau do, dudi tdc dung cua nhan td rho (p) c6 ban chét protein, sgi RNA vira
dugc tong hop va enzyme 18i duoc giai phong ra khoi DNA khuon.

RNA polymerase

SRSRLALI

ADP + P,

Hinh 6.3 Phién ma & E. coli, véi sy hinh thanh c4u tric "kep toc" va tham gia
clia yeu t6 rho & giai doan két thuc phién ma. Lwu y, & vi khuan su dich ma mRNA
duoc bat dau trong khi phién ma dang con tiép dién.

* V& co ché tong hop RNA, can luu y mot sé diém sau: (i) tong hop
RNA thuong dugc khoi dau bang nucleotide dau tién 1a ATP hodc GTP; (i1)
chudi RNA dugc tong hop theo hudéng 5' dén 3'; (3) Viée két thic mot 0
ban sao can t&i nhdn té Rho; va (4) ndi chung 1a rat gidng véi co ché tong
hop DNA bdi DNA polymerase (Hinh 6.3).
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3.3. Su stra d6i sau phién ma doi voi cac pre-mRNA cua eukaryote

Nhu d3 dé cap, tru mRNA prokaryote ra, tat ca cac RNA con lai du &
pro- hay eukaryote déu phai trai qua qua trinh sira di sau phién ma véi rat
nhiéu co ché tinh vi va phirc tap khac nhau dé tao ra cac RNA trudng thanh
tham gia vao qua trinh dich ma; ¢ eukaryote, cac qua trinh nay xay ra trong
nhan. Dé ¢ ci nhin hé thong, & day ta hdy tim hiéu mot it vé cac co ché
hoan thién cac ban sao so cap mRNA (pre-mRNA) ¢ cac té bao eukaryote.

3.3.1. Gin thém "mi" m7Gppp va "dudi" poly(A)

[RPea,

m'G-F-F-PFC;J*
i NS\
(a) Guanitransiprase

5

NEAVAVAY] A

m? G-p-P-P \/\

(e)
Hinh 6.4 Qua trinh tong hop pre-mRNA & eukaryote va lap thém "md" m7Gppp
va dudi poly(A) vao cac dau 5' va 3' ciia n6é (xem giai thich trong béi)

Dé tro thanh phan tir mRNA truong thanh trude khi di ra té bao chat
lam khuén cho dich m4, tat ca cac pre-mRNA cua cic gene mé hoa protein
khic nhau & té& bao eukaryote, déu duoc lép thém "mi" (cap) la 7-
methylguanosinetriphosphate (m'Gppp) vao dau 5' va "dudi" poly(A) vao
dau 3' (Hinh 6.4 va 6.5). Dbi v6i cac gene ma hoa protein c¢6 ving m hoa 1a
lién tuc (khong bi gian doan bdi cac exon) nhu cac gene histone chang han,
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qué trinh hoan thién mRNA dung lai tai day. Loai nay chiém khoang 10%.
N6i chung, tit ca cac mRNA trudng thanh cta eukaryote déu c6 mii 5' va
hau hét co dudi poly(A), ngoai trir cic mRNA ciia cac histone.

® Sy hinh thanh mii 5" Qua trinh nay doi hoi nhiéu budc, budc thir nhét
xay ra ngay 1ap tirc sau khoi dau phién ma. Nucleotide khoi dau c6 mot dau
5'-riphosphate duoc thuy phan thanh mot dau monophosphate  va
pyrophosphate v6 co (PPi). Sau d6 enzyme guanylyltransferase chuyén mot
gb¢c G cho dau monophosphate bang cach sir dung GTP nhu la mot co chat,
lam giai phong phosphate v6 co (Pi). Lién két duoc hinh thanh la mot lién
két 5'-5' triphosphate. Tiép do enzyme methyltransferase gin nhom methyl
(-CH3) vao vi tri 7 cta guanosine ¢ dau mut, tao thanh 7-methyl guanosine
(7mG) hay no6i diy du la methyl-7-guanosine triphosphate (m’Gppp). Ké
do, xdy ra sy methyl hoa (methylation) & hai nucleotide tai cac vi tri 2'
ribose. Mii 5' ¢6 chtic ning bao vé ddu 5' cia mRNA (gia ting tinh 6n dinh
ctia mRNA) va can thiét cho sy khoi dau tong hop protein.

Chép 5 UTR codon khéi dau

5’m’Gppp AUG )
( vung dwoc dich ma
UGA
codon két thic
3’ UTR

( AAUAAA —— (AAAA), 3’

dudi poly(A)

Hinh 6.5 Cau truc dién hinh cia mt mRNA trwéng thanh & eukaryote. O
day cho thay day du cac vj tri khac nhau, tinh tir dau 5' nhw sau: (1) mi m7Gppp +
vung 5-UTR; (2) Ving dwoc dich mé gigi han bdi codon khéi dau AUG va codon
két thuc (UGA, UAG hoac UAA); va (3) Vung 3'-UTR ma sau né la vi tri polyadenyl
hoa va dubi poly(A) dai 150-200 base.

® Su hinh thanh duéi poly(A): Can luu y rang, & dau 3' cia hau hét cac
gene md hoa protein eukaryote co chia trinh tw AATAAA déng vai tro la
tin hiéu cho viéc gan "dudi" poly(A) vao dau 3' cia mRNA. Su phién ma
thong thuong van con tiép dién sau khi di qua vi #ri polyadenyl hod nay
(polyadenylation site). Trinh tu twong ung ¢ vung cudi 3' mRNA duoc
phién mi la AAUAAA bao hiéu cho endonuclease nhan biét va cét chudi
RNA tai mot diém xac dinh ndm sau n6 khoang 10-30 base. Sau d6, mot
enzyme khac 1a poly(4)-polymerase s& lap thém vao dau 3' cia mRNA mot
day adenine dai khoang 150-200 base goi la dudi poly -A (Hinh 6.5). Pudi
poly(A) c6 chiic ning bio vé mRNA khoi bi suy thodi; va trong nhiéu
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truong hop nd con kich thich ca sy dich ma (Weaver va Hedrick 1997).

Néi chung, tat ca cac mRNA truong thanh cta eukaryote giéu comii 5'
(S'cap) va tat ca cic mRNA (ngoai trr cac mRNA histone) déu chira dudi
poly(A). Mii 5' va dudi poly(A) ngan can su suy thoai cia mRNA.

3.3.2. Su cat-n6i ddi véi pre-mRNA ctia cac gene phan doan

Gene phan doan (split genes) hay gene kham (mosaic genes) la nhiing
gene mi hod protein ma bén trong trinh tw mi hoa cia ching gom céc
doan khong ma hoa (goi 1a cac intron) nam xen k& véi cac doan ma hoa
(goi 12 cac exon). Kiéu t6 chirc dic trung niy cua cc gene ma hoa protein
duoc kham pha dau tién vao nim 1977 béi Richard J. Roberts va Phillip
A. Sharp ¢ adenovirus - mot loai virus lay nhiém cac té bao sinh vat bac
cao. Tuy nhién, sau nay nguoi ta thdy cac gene phan doan c6 mit phd bién
trong cac bd gene cua cac eukaryote, va gan day thy chung c6 mit ca &
cac vi khuén c6 (archaea hay archaeobacteria).

Viée 1y giai co ché cdt-noi (splicing) trong qua trinh xtr 1y ban sao
pre-mRNA dya chu yéu trén hai sy kién sau (Hinh 6.6 va 6.7):

(i) Két qua phan tich trinh tu base tai cac chd tlep giap exon/intron (vi
tri cho) va intron/exon (vi tri nhan) cho thdy: & hai ddu mat ctia mdi intron
c6 hai nucleotide rat én dinh, goi la cac "trinh tu chuén", d6 la 5'-
GU......AG-3' (Bang 6.3). Mdi intron néi chung c6 d6 dai khoang 10*-10*
nucleotide. Tir ddy ndy sinh cau hoi: Bang cach nao bo may cit-nbi co thé
xac dinh mot cach chinh xac va hiéu qua céac vi tri cit ndi néu nhu xay ra
su bién doi trong cac vi tri nay. Bleu do cting dat ra kha nang la sy bién
d01 hay d6t bién cua cac vi tri cat ndi nay tai cac gbe then chét c6 thé 1am
rdi loan chirc ning cua chung.

Bang 6.3 Tan sb cac base & mdi vi tri ciia cac diém cit-ndi

Céc trinh tw cho (donor)

exon| intron
%A 30 40 64 9/ 0 0 62 68 9 17 39 24

%U 20 7 13 12/ 0 100 6 12 5 63 22 26
%C 304312 6/ 0 0 2 9 2 12 21 29
%G 19 9 12 73/100 0 29 12 84 9 18 20

A GGUAAGUWU

Cac trinh tw nhan (acceptor)

intron |exon

%A 15 10 10 15 6 15 11 19 12 3 10 25 4 100 0 |22 17

%U 51 44 50 53 60 49 49 45 45 57 58 29 31 0 0 |8 37

%C 19 25 31 21 24 30 33 28 36 36 28 22 65 0 0 |18 22

%G 1521 10 10 10 6 7 9 7 7 5 24 1 0 100(52 25
Y YYYYYYYYYYNY AG|G
Day polypyrimidine (Y = U hodc C; N = nucleotide bat ky)
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(ii) O mot s snRNA chira trong thanh phan cua enzyme splicing cling
¢6 cac trinh ty dinucleotide bd sung véi cac trinh ty chuan trong intron.
Cac snRNA (U1-U6 nhu da dé cip & Bang 6.2) trong phtrc hop snRNP
(small nuclear ribonucleoprotein) tuong tac voi cac dau mat cia mdi
intron, kéo hai dau mut xich lai gan nhau tao ra cAu trac hinh vong, nho do
enzyme tién hanh cit bo cac intron va ndi cac exon lai véi nhau.

exon 1 intron 1 exon 2

Phién ma cGia pre-mRNA va lap chép 5’

cap
Tach boé & phia 3’ va gan duéi poly(A)

|
cap

cap poly(A)

Cét bo cac intron va néi cac exon
Cap=—————— poly(A)
mRNA trwéng thanh di ra té bao chat

Hinh 6.6 Cac buoc tbng quat trong qua trinh x{ ly mRNA (mRNA processing):
(1) lap m@ 5’ (xay ra cung luc phién ma); (2) tach bo va gan dudi poly(A); va (3)
splicing (xay ra trong nhan triwéc khi mRNA di ra té bao chat)

Hinh 6.6 gi6i thidu tong quat ba budc cua co ché cat-ndi (splicing) pre-
mRNA eukaryote va va Hinh 6.7 mé ta chi tiét cia co ché nay.

Vén dé dit ra 1a sy c6 mit cua cac intron trong cac gene phan doan
nhu thé c6 ¥ nghia gi? Béi vi véi 161 t6 chirc nhu vay lam cho trinh tu ma
hod cua gene bi gian doan, va trong qua trinh xir ly pre-mRNA cuta n6 c6
thé xdy ra du la mot sai sot nhoé cling du dé tao ra mRNA c¢6 khung doc ma
bi thay doi. Nguoi ta cho rang c6 khoang 90% ban sao mRNA bi suy thoai
va chi dé lai khoang 10% mRNA trudng thanh di ra té bao chat.

Theo quan ni€ém hién nay, c4c intron cd thé c6 céc vai tro sau:

(1) cac intron nhu la cac doan dém (spacer) tao thudn loi cho sy téi to
hop trong gene (gilra cac exon);

(11) céc intron nhu 1a cac vung dém tach biét cac vung chuc nang cua
mot so protein; va

(iii) cac intron nhu la cac ving phan cach cho phép cac exon co thé
duoc cat-noi ¢é chon loc (alternative splicing) dé tao ra cac mRNA trudng
thanh khéc nhau va dich ma thanh cac polypeptide khac nhau tir mdt gene.
Con duong str dung exon c6 chon loc ndy mang tinh dac thu cho tirng mé
¢ céc eukaryote bac cao.



(A) .
Hoa hoc cuia cat-noi mRNA

intron

20H-A adenosine vi tri bén
Pre-mRNA

exon 1 exon 2

G-p:G-U A-G-p-G
Phan (png cat-noi dau tién

(B) N6i cac exon giai phéng intron
intron 1 Cat-néi

(\ trung gian
U-G-5"-p-2’/A

exon 1 exon 2

5 ——————— G.OH 3 MG-p-G

S——____

Phan (rng cat-n6i thiv hai

intron 1

Thong long
(Lariat)
U-G-5'-p-2'-A
mRNA di dwoc cit-néi ¥ CA
exon 1 exon 2
5 G-p-G
(C) Nhan biét cac vi tri cat-néi
vi tri cho (5) vi tri bén vi tri nhan (3’)
G/IGUAAGU........ccvveueens A......... YYYYYNYAG/G

&}

(D) Spliceosome - sw tu hop cua bé may splicing
* cac snRNA dworc két hop vé&i cac protein (snRNP)
« cac snRNA splicing - U1, U2, U4, U5, U6

Buwéc 1: Ulva U2
bam vao cac snRNP

Spliceosome tu hop

3

3
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Buéc 2:
U4, U5, U6 bam vao

Buwéc 3:
U1 dwoc gi'éi phéng
trwére va ke do la u4

Bwérc 4:

U6 bam vao vi tri splice 5
va hai phan trng cét-néi
xay ra, dworc xuc tac boi
cac snRNP U2 va U6

WA WA N (NN s
e W w s w G-p-G \ A s 3

Hinh 6.7 Co ché chi tiét cia qua trinh splicing pre-mRNA eukaryote.
A. Ban chét hoa hoc cua sy cat-n6i mRNA gém hai phan (rng ester hoa chéo -
trao dbi mot lien két phosphodiester cho mét cai khac — khéng duoc xuc té,c
b&i cac enzyme thong thwong, chi y adenosine @ vi tri bén tao thanh lién két
2’, 5’ phosphodiester v&i guanosine & dau 5’ clia intron.

B. Néi cac exon va gidi phong intron dwéi dang RNA vong (thong long: Lariat).
C. Dinucleotide GU va AG “chu&n” & hai dau mut méi intron cho thay cac vi tri
cho va phén nam bén trong cac trinh tw lién (rng dwgc bdo ton; snRNA U1
nhan biét vi tri cho va snRNA U2 ban vao vi tri bén (thep kiéu twong tac cap
base). Y = U hoac C chi cho pyrimidine; N = nucleotide bat ky.

D. Su tu hop clia b6 may splicing (spliceosome), vé&i 4 buwec: (1) Ulva U2
bam vao cac snRNP; (2) Sy bam vao cta U4, U5, U6; (3) U1 dwoc giai phong
trwdc va ké dé la U4; (4) U6 bam vao vi tri splice 5’ va hai phan &ng cat-noi
xay ra, dwgc xuc tac b&i cac snRNP U2 va U6.

Chinh diéu nay gay kho khan thém cho viéc dinh nghia gene ciing nhu
no lyc phan loai mgt cach ranh mach cac don vi di truyén hoc, dac biét la
O cac sinh vat bac cao. Theo hiéu biét hién nay, ¢ cac eukaryoe, mot gene
phan doan khong chi xac dinh mét polypeptide ma con co thé sinh ra
nhi€u polypeptide khac nhau nhung c6 quan hé véi nhau.
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I1. Cau truc va chirc ning cia protein

1. Cau truc cua protein

Céc protein 1a nhitng polymer sinh hoc dugc tao ra boi su két ndi ctia
cac amino acid v&i nhau bang céc lién két peptide. C6 20 loai L-a-amino
acid dugc phat hién trong cac protein cua cac té bao (Hinh 6.8).

Hinh 6.8 Hai muwoi loai amino acid phat hién dwgc trong cac protein, véi
bén nhém: A. Cac amino acid co chudi bén tich dién duwong (3 bén trai) va am
(2 bén phai); B. Cac amino acid c6 chubi bén khong tich dién; C. Cac trwong
hop dac biét; va D. Cac amino acid c6 chudi bén ky nudc.
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Vé cdu triic, ndi chung, mdi amino acid gdm c¢6 mot nguyén tir carbon
alpha (Ca) ¢ vi tri trung tam, dinh xung quanh n6 1a mét nhom amin (-
NH;), mdt nhom carboxyl (-COOH), mdt nguyén tir hydro (-H) va mot
gbc R hay chudi bén dic trung cho timg loai amino acid (Hinh 6.9a).

Khi ¢ trang thai dung dich, cac nhom amin va carboxyl thuong phan
ly thanh trang thai ion, tuong tng la "H3N- va -COO . Hai amino acid noi
v6i nhau bang mot lién két peptide (—CO-NH-) giita nhém carboxyl cta
amino acid ndy véi nhom amin cua amino acid ké tiép va loai trir mot
phan tor nudc; cit nhu thé cac amino acid két ndi voi nhau tao thanh mét
chudi gdm nhiéu amino acid, thudng duoc goi 1a polypeptide (Hinh 6.9D).
M&i chudi polypeptide luon luén ¢6 chiéu xac dinh "H;N — COO™ (do tac
dung cua peptydyl-transferase) va dugc ddc trung vé s6 luong, thanh phan
va chu yeu la trinh tu sdp xép cua cac amino acid (hay con goi la cAu trac
S0 cp, cdu tric quan trong nhat ctia tit ca cac protein do gene quy dinh).

“Pom
o \on+ H—E} _
an?LTS ingﬁy Hﬁ‘" o Iié: két peptide
R~ .-%0 2H:0 .-@_CEFO
carbon o hydro +“° Q)
+H3N—CH£CIr.-0 e aC)
nhom i nhém G

amino = carboxyl h@‘o"
(a) (b)

Hinh 6.9 Céu tric téng quat cia mét amino acid (a) va sw hinh thanh
chudi polypeptide ma & day la ba amino acid (b).

C6 bdn mirc d6 cu trac cla cac protein duoc trinh bay ¢ Hinh 6.10.
Trat ty sip xép thang hang cta cac amino acid tao thanh cdu triic bédc I
(primary structure) cua protein. Cach thirc cdc amino acid nay tuong tac
v6i cac amino acid 1an c4n bang cac mdi lién két hydro hinh thanh nén cdu
truc bac II (secondary structure) cua protein; hai dang phd bién cia cau
trac bac II 1a: chudi xoan alpha (o-helix) va tam beta (B-pleated sheet).
Con hinh dang khong gian ba chiéu ctia mot chudi polypeptide chinh 1a
cdu triic bdc III (tertiary structure) cua no; hau hét cic protein deu lay
dang nay ma ta goi la hinh cau (globular). Va nhiéu protein c6 ciu trac
gdm hai hodc nhiéu polypeptide cting hop nhit trong mét protein phtc tap,
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g0i 13 cdu triic bdc 1V (quaternary structure). Day 1a mirc cdu tric cao nhét
cua protein; ching thudong chira nhiéu vung cau triic cudn chat goi la céac
domain, nhu trong hemoglobin hodc cac khang thé (Hinh 6.11).

Céu tric protein béc I 13 trinh ty sip xép cua
cac amino acid trong mot chudi polypeptide.
bay 1a bac chu trac co s quan trong nhat cua
tat ca cac protein do gene truc tiép quy dinh.

Téam beta Xoan alpha

Céu tric protein béc II xay ra khi trinh tw cac
amino acid trong mot chudi polypeptide ndi véi
nhau béng cac lién két hydro. Céu tric nay co
hai kiéu co ban, do la: chudi xoin alpha (theo
chiéu xoan trai) va tim beta (dang gip nep) 0
dang tam beta, hai chudi polypeptide dbi song
song Xep canh nhau; dién hinh d6 12 céc sgi to.

Ciu triic protein bac III xay ra khi cac lyc
hap dan nao do c6 mat gilra cac vung X04n
alpha va cac tim beta gip nép trong mot chudi
polypeptide, hinh thanh nén mét cau trac cuén
gdp ¢ dang khéi cau. Mot sd protein chuc
nang co6 cau trac kiéu nay, nhu myoglobin...

Ciu tric protein bac IV 1a mot protein gdm
hai hodc nhiéu chudi polypeptide cung loai
hodc khac loai két hop véi nhau. C6 kha nhiéu
protein chirc ning c6 kiéu cau trac nay; mot sb
nhu hemoglobine va chlorophyll trong thanh
phan con c6 ion kim loai nhu Fe™ va Mg"™

Hinh 6.10 B6n bac céu tric cua protein.
2. Chikc nang cua protein
Noi chung, protein la cac hgp chat hitu co von 1a co sé cua su song,
v6i cac chirc ndng thiét yeu sau day:
(1) Céac protein 1a thanh phan cau tao co so cua céac té bao, bao gom
cac mang t€ bao, cac bao quan, by may di truyén cia chung. Pé cling 1a
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cac protein dang s¢i lam thanh cac co quan, b phan trén co thé cac dong
vat, nhu: collagen 1am nén xuong, sun, gan va da; keratin ciu tao nén céac
16p ngoai cung cua da va toc, mong, sung va long;

(i1) Cac enzyme dong vai tro xtc tac cho tat ca cac phan tng hoa hoc
trong t& bao va co thé déu 1a nhiing protein hinh cau. Quan trong nhat la
cac enzyme tham gia vao cac con duong chuyen hoa va cac enzyme tham
gia vao cic qua trinh truyén thong tin di truyén trong té bao.

vi tri bam cla vi tri bam cla
khang nguyén khang nguyén
bién thién N

vi tri bam cla
khang nguyén

hemoglobin o
(4 tidu don vi) . chubi néng
tubulin

(100 tiéu don vi)

Hinh 6.11 Cau truc bac IV dién hinh cta hemoglobin, tubulin va immuno-
globulin. O’ day cho thay so chudi polypeptide va cac vung chirc nang dac trung
cla chung, cu thé la & khang thé immunoglobulin kieu IgG.

(iii) Cac khdng thé (antibodies) trong hé théng mién dich, con goi 1a
cac immunoglobulin, 1am ra hang ngan protein khac nhau von duoc sinh
ra trong huyét thanh mau phan tng lai v6i cac khdng nguyén (antigens).
Chting dong vai tro bao vé co thé chéng lai sy xdm nhap cua céc vat la.

(iv) Cac hormone protein bit ngudn tir cac tuyén noi tiét thi khong
hoat dong nhu cac enzyme. Thay vi kich thich cac co quan dich, ching
kiém soat cac hoat dong quan trong, nhu tbe do chuyén héa va san xuat
cac enzyme tiéu hoa va sita chang han. Insulin (tir tuyén tuy) diéu hoa su
chuyén hoa carbohydrate bang cach kiém soat cac mic glucose trong mau.
Thyroglobulin (tir tuyén giap) diéu hoa cac qua trinh chuyén hoéa nodi
chung; calcitonin ciing tir tuyén gidp 1am ha thap muc calci mau.

(v) Ngoai ra, cic protein con 1a nguon dinh dwéng chinh cung cép
nang luong cho té bao va co thé duy tri cac hoat dong trao d6i chat va 16n
1én; cac protein nhu hemoglobin mang cac sinh chat theo mau di khip co
thé; cac fibrinogen va fibrin dugc bién d6i tir né6 von co trong mau can
thiét cho qua trinh déng mau. Bén canh do, cac protein co ma chu yéu la
myosin phdi hgp véi actin tao thanh actomyosin, chiu trach nhiém cho
hoat dong co co, v.v.
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I11. M3 di truyén

Gene (DNA) dugc cdu tao tir bon loai nucleotide, trong khi dé protein
duoc chu tao boi 20 loai amino acid. Van dé dit ra 13, cac gene ma hoa
cho cac san pham protein ciia ching bang cach nao?

Béng suy luan, ta c¢6 thé suy doan rang mdi amino acid khong thé duoc
xac dinh bdi don vi ma gém mét, hai hodc bdén nucleotide bdi mot dﬁng
con chua du va mot dang khac lai qua du thira. C6 18 né phai 1a mot nhom
gdm ba nucleotide (4° = 64). Vi 64 kiéu bo ba hoa ra 1a du thira dé ma
hoé cho 20 loai amino acid. Nhu thé, mdt amino acid dugce xac dinh boi
trung binh ba bd ba khac nhau. Vay phai ching ma di tryén 12 ma bo ba?

Nam 1961, S.Brenner, F.Crick va L.Barnett da phan tich chi tiét nhiéu
thé dot bién ctia phage T4 nhan dugc bang cach xir 1y acridin, tic nhan gay
cac dot bién mat hodc thém mot cip base, di khiang dinh ma di truyén 13 ma
bo ba (triplet code) dung nhu du doan. Nhu vay, don vi ma (coding unit)
g6m ba nucleotide xac dinh mot amino acid goi 13 codon.

1. Gidi ma di truyén

Viéc tiép theo 13 xac dinh xem mdi amino acid cu thé dugc mi hoa boi
mot hodc mot s6 bd ba nao. Ciing trong nam 1961, M.Nirenberg va H.
Matthaei 1an dau tién sir dung mRNA nhan tao c6 thanh phan base biét
trudc dugc tong hop bang enzyme polynucleotide phosphorylase (do
Ochoa tim ra nam 1959) va hé thong tong hop 1a dich chiét té bao E. coli
bao gom day du cac yéu td (ribosome, tRNA, amino acid, enzyme, ATP...)
can thiét cho tién hanh giai ma di truyén in vitro. V&i mRNA chi chira
toan U, poly(U), chudi polypeptide sinh ra chi chita toan phenylalanine
(Phe). Pidu d6 ching té UUU 1a bo ba méa hoé cua Phe.

Sau d6, Har Gobind Khorana d3 tién hanh cac thi nghiém str dung cac
mRNA téng hop c6 chua hai, ba hodc bdn nucleotide duoc két ndi theo
kiéu l3p lai dé tién hanh gii ma. Vi dy: (i) V6i mRNA nhén tao chta hai
base 1a poly(UC) hay UCUCUC..., s& chira hai codon xen ké UCU va
CUC (chu y rang su dich ma in vitro khéi dau tai vi tri ngiu nhién). Két
qué 1a thu dugc mot polypeptide gom hai amino acid xen ké nhau 14 serin
va leucin, poly(Ser-Leu); (ii) Véi mRNA tong hop gém céac bd ba lip lai
s& dugc dich thanh cac homopolypeptide. Vi du, poly(UUC) c6 thé dugc
doc 1a (UUC-UUC), hodac (UCU-UCU), hodc (CUU-CUU) tuy thudc vao
vi tri bat dau dich ma. Va két qua 1 c6 ba loai polypeptide dugc tong
hop, poly(Phe) hodc poly(Ser) hoic poly(Leu) v.v.

Tir cac két qua thu duoc bang cach d6 Khorana di xac dinh duoc
'nghia' ctia phan 16n céc codon co thanh phan base khong dong nhat, va
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viéc giai toan bo hé thong md di truyén (genetic code) dugc hoan tit vao
thang 6 nam 1966. Vi cong lao to 16n do Khorana va Nirenberg dugc trao
gidi thudng Nobel nam 1968. Tur day cho phép xdy dung nén bang ma di
truyén (Bang 6.4) v6i cac dic tinh duoc trinh bay & dudi day.

Bang 6.4 Ma di truyén (cho cic codon trén mRNA theo chiéu 5'—3'")

u < A G
UL | phanul. ucy uay : UGy u
B et ucc | UaC | Tyrosine . 1| (g |Cysteine | -
rine
UUA |y cine EE’E UAA | Stapcodon| | UOA | Stopcodon| A
uuG UAG | stop codon| [ UGG | Tryptophan| G
cuu ccu CAU | iaridine || cou v
C o Le i e Prolin o s Arglni -
CuA o A 5 caa [IEEEIE 0on gaine s A
utamine || C
UG ccs CAG GG :
AUU AAL d AGU : u
AUC lisoleueing :E'E' AAC Asparaging AGE Serine c
A aua G Threcnine
Methionine;| ACA AlA i AGA i A
AblG | Intiation ALG Aan | Lysine AGG | Arginirie o
codon
Guy GCu GAU | Aspartic | | GGU 2
G Guc Valine aec Alaning ackd Goe Giycine
Gl 1o GAA | ¢lutamic GGA A
GUG GLG GAG acid GGG G
Tyr

! A
U C A anticodon AUG
g1 A U codon uac 5

Hinh 6.12 Cac phan tr tRNA mang amino acid Ser (tréi) va Tyr (phai) doc mé&
trén mRNA bang cach khép anticodon clia ching véi codon clia mRNA.

2. Cde ddc tinh ciia ma di truyén

- Mai di truyén 1a md bé ba (triplet code). Cac bd ba cua mRNA goi la
codon (md) va by ba déc trung cua tRNA c6 thé khop voi codon cua
mRNA theo nguyén tac bo sung goi la anticodon (461 ma) (Hinh 6.12).

- Ma di truyén khéng goi Ién nhau (non-overlapping). Mbi codon 13 mot
don vi Q(f)c lap, va :[hépg tin cia mRNA ‘du:qc doc lan lugt qua cac codon
theo chiéu 5'—3" bat dau tir codon khéi dau.

- M3 di truyén c6 tinh lién tuc, khdng bi ngdt quéng (unpunctuated).
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- Mi di truyén co cac codon khdi dau (initiation) va két thiic
(termination) ndm & hai dau 5' va 3' cia mRNA dong vai tro 1a tin hi¢u khoi
dau va két thuc téng hop chudi polypeptide.

- Ma di truyén c6 tinh don tri, rd rang (unambigous). Mdi codon xéc
dinh mot amino acid duy nhét, hogc 1a tin hi¢u xac dinh sy két thic dich ma.

- Ma di truyén c6 tinh thodi héa (degenerate). Vi tat ca 61 codon c6
nghia (sense codon) trong khi chi ¢6 20 loai amino acid, vi vdy mdi amino
acid (hay tin hiéu kiém soat dich m) c6 thé dugc xac dinh bdi nhiéu hon
mdt codon. Céac codon cung xac dinh mdt amino acid nhu thé goi la céac
codon dong nghia; chung thuong khac nhau ¢ base cudi va base 3' 46 duoc
goi la base thoai hoa. Vi dy, cac amino acid Arg, Ser va Leu mdi cai co toi
sau codon ddng nghia (xem Bang 6.4).

- M3 di truyén c6 tinh phé bién (universal), chung cho toan bo sinh gidi.
3. Nhitng ngoqi Ié so véi md di truyén "phé bién"

Bén canh tinh phé bién (universal) ctia hé thong ma di truyén ndi trén,
cac nghién ctru gan ddy cho thiy mot vai chéch hudng ma hau hét 1a xay
ra trong cac bo gene ty thé (Bang 6.5).

Bing 6.5 Cic ngoai Ié so véi ma "phd bién"

Nguon Codon Nghia phd bién Nghia méi
Ty thé rudi gidm UGA Két thuc Tryptophan
AGA & AGG  Arginine Serine
AUA Isoleucine Methionine
Ty thé dong vat c6 va AGA & AGG  Arginine Két thuc
AUA Isoleucine Methionine
UGA Két thuc Tryptophan
Ty thé ndm men CUN® Leucine Threonine
AUA Isoleucine Methionine
UGA Két thuc Tryptophan
Ty thé thyc vét bac cao UGA Két thuc Tryptophan
CGG Arginine Tryptophan
Céc nhan cua Protozoa ®  UAA & UAG  Két thuc Glutamine
Mycoplasma UGA Két thuc Tryptophan

D'N =U, C, Ahoic G;

@ Protozoa: bong vat nguyén sinh.
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Tuy nhién, ¢ cac bao quan thyc vat, su bién tdp RNA (RNA editing) la
phd bién va khong rd rang, 6 chd: Liéu phai chang tat ca cac trudng hop
sai 1éch so v&1 ma pho bién & thuc vat 1a cac bién doi that hay 1a hau qua
ctia sy bién tap RNA trudc khi dich ma. Mot vai thay doi thinh thoang
cling xay ra & cac bo gene vi khuan va bo gene nhan cua cac eukaryote,
nhung thuong thi lién quan véi cac codon két thuc. Su phan b phat sinh
chung loai cta céc thay d6i nay chi ra rang ma di truyén van con tién hoa.

4. Sy linh hoat trong viéc két cap anticodon-codon

Mic du ¢6 61 codon c6 nghia nhung trén thuc té trong mdi té bao
prokaryote va eukaryote chi c6 khoang 40 phan tir tRNA khac nhau. Tuy
nhién, trong té bao chi ¢6 20 loai amino acid dugc xac dinh boi ma di
truyén, nén mot sb loai tRNA phai mang cung mot loai amino acid. Cac
ban sao tRNA nhu thé c6 thé c6 trinh tu anticodon gidng nhau, trong
truong hop d6 chung co thé thay thé chirc ning cho nhau. Cac tRNA khéc
thi mang céc trinh tu anticodon khac nhau va do vay nhan biét cac codon
khac nhau; chiing dwoc goi 12 isoaccepting tRNA, va do giau twong dbi cua
chung c6 thé anh huong t6i cach thirc sir dung codon.

Nam 1966, F.Crick dua ra mot cach dé giai thich vé su két cip "long
180" ¢6 thé xay ra ¢ vi tri thir ba cua cac codon dong nghia. Theo Crick,
hai base dau tién cia mot codon phai co su két cap chinh xac véi anticdon
(theo nguyén tic bo sung), con base cudi cua codon thi ¢é thé "link hoat"
(wobble), it ddc thu hon so v6i vi tri binh thudng ctia né dé hinh thanh nén
su két cap base bat thuong voi anticodon. P& nghi nay duoc goi 1a gid
thuyét linh hoat (wobble hypothesis).

Bang 6.6 Cac nguyén tic két cip linh hoat anticodon-codon

Base 5' cua anticodon Base 3' ctia codon
G Choidc U
C G
A U
U A hoiac G
I U, C hodac A

Crick goi ¥ rang mot base G trong anticodon c6 thé cap khong chi véi
C ¢ vi tri thtr ba ctia mdt codon (vi tri linh hoat), ma con véi U. Hon nira,
ong con luu ¥ mot trong s6 cac nucleoside bat thuong co6 mit trong tRNA
14 inosine (I), co cau tric tuong ty véi guanosine. Nucleoside nay thong



136

thuong c6 thé két cap nhu G, vi Vay ky vong n6 sé& cap véi C (két cap bd
sung) hoac U (ket cap linh hoat) ¢ vi tri thir ba ctiia codon. Nhung 6ng con
lwu v rang I van con c6 thé co kiéu két cip linh hoat khac, bay gio ta biét
do6 1a cap voi A & vi tri tha ba cua codon. biéu d6 co nghia 1a, mot
anticodon ¢6 I & vi trf thir nhat vé tiém ning co thé cip v6i ba codon khac
nhau ¢6 base cudi 1a C, U hodc A (Vé chi tiét, xem & chuong 4). Céc thi
nghiém sau nay khang dinh diéu du doan cta Crick 1a hoan toan dung va
cho thay cac kha ning két cip base linh hoat & Bang 6.6.

RO rang 1a, hién tuong két cap linh hoat nay lam giam déng ké sb
luong cac tRNA can thiét dé dich ma di truyén. Vi du, dé dich mi céc
codon (5'—3") UUU va UUC mi hoa cho phenylalanine chi cin mot
tRNA"™ mang anticodon (3'—5') AAG.

IV. Co ché ciia qua trinh sinh téng hop protein (Dich mi)

Dich ma (translation) hay téng hop protein 1a mot qua trinh sinh hoc
quan trong dién ra trong té bao chat, va phu thudc vao nhiéu yéu t; quan
trong nhat 1a cac mRNA, tRNA va ribosome. mRNA mang thong tin quy
dinh trinh ty két hop cac amino acid vao chudi polypeptide, ma viéc dich
ma mRNA dugc thyc hién bdi cac aminoacyl-tRNA, con ribosome dong
vai trd 6n dinh viéc két hop gitra mRNA véi cac tRNA (Hinh 6.14). Qua
trinh nay dugc chia l1am hai giai doan duéi day.

1. Hoat hoa amino acid

aminoacid RO tRNA
[l
H,N-C-C-OH 3
H
ATP
RO
PPi H,N-C-C-O-P-O-ribose-adenine
H  amino acid da
dwoc hoat hoa
AMP
R
H,N-C-C-O0
Hoat hoa amino acid va H

gan aa vao tRNA

aminoacyl-tRNA

Hinh 6.13 Su hoat hoa amino acid va gan amino acid da hoat hoa vao tRNA.

Qua trinh nay dién ra trong bao twong va tao ngudn cac tRNA mang
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cic amino acid sin sang tham gia dich ma. Mdi amino acid dugc dinh vao
tRNA thich hop nhd mot enzyme aminoacyl-tRNA synthetase dac thu.
Trudc tién, enzyme nay (E) xuc tac cho phan ttng ATP hoat hod amino
acid, v&i su c6 mat cua Mg2+, tao ra phuc hop [aminoacyl-AMP + E].
R—-CH(NH,)-COOH + ATP — E*[R—CH(NH,)-CO~AMP] + PP
Tiép theo, ciing dudi tac dung cua enzyme do, phie hop nay két hop
voi tRNA thich hop bang lién két dong hod tri d€ tao ra aminoacyl-tRNA.
E*[R—CH(NH,)-CO~AMP] + tRNA — R—CH(NH;,)—CO~tRNA + AMP

o Tiéu don vi I&n

Vi tri P
Vi tri peptidyl tRNA

Vitri A
Vi tri aminoacyl tRNA

5’———

mRNA

Chiéu dich ma =————p
Hinh 6.14 CAu tric ribosome v&i sw bam vao cta cac tRNA va mRNA.
2. M6 dau, Kéo dai va Két thiic sw tong hop chudi polypeptide

Buéc 1: M¢ dau (initiation)

Qua trinh dich ma bat dau khi mét tiéu don vi ribosome bé bam vao
mRNA tai vi tri cia codon khdi dau AUG. Lic nay mot phan tir tRNA
khoi dau ddc thu mang methionine (¢ vi khuan 1a formyl-Met; cau tric cua
Met va f-Met duoc gioi thi¢u dudi day) di vao va khop anticodon cia nd
voi codon mo dau cia mRNA. Ké do, tieéu don vi ribosome 16n bam vao
tieu don vi bé tao ra mot ribosome hoat dong hoan chinh. Lic nay Met-
tRNA & vi tri P va vi tri A dé trong; mot tRNA thur hai (aa,- tRNA) di vao
vi tri A va khép vdi codon thur hai.

i
H H
NH, C\N/
H—(|3—GOOH H—<|':—000H
(<|3Ha)z (CllHa)a
S S
& &H

Methionine N-Formylmethionine
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Amincacy-HRNA
RS
%

Chudi 2
polypeplide
ginh friXdng

EF-Tu-aTP
Wi I H

P A

(a)

5]

EF-G Chuysn v
‘Il'k‘. TRIMNA k.
GOP + Py gidi

phdng

(e}

Hinh 6.15 Qua trinh tdng hop kéo dai chudi polypeptide.

Budc 2: Kéo dai (elongation)

Qua trinh kéo dai bat dau sau khi lién két peptide dau tién duoc hinh
thanh. Phan tmg nay dugc xuc tac boi enzyme peptidyl transferase, va két
qua la tao ra mot peptidyl-tRNA & vi tri A (fMet-aa,-tRNA). Sau do,
ribosome lap tic chuyén dich sang mgt codon méi doc theo mRNA theo
chiéu 5'—3'. Phan tng nay day phan to tRNA tu do von & vi tri P ra
ngoai; lic nay peptidyl-tRNA (fMet-aa,-tRNA) nam & vi tri P va vi tri A
lai dé trong. Mot chu ky dich ma méi lai bat diu, mot aminoacyl-tRNA
thir ba (aa;-tRNA) di vao va khép anticdon ctia né véi codon dang dé
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tréng & vi tri A, mot lién két peptid thir hai dugc hinh thanh (fMet-aa;-aas-
tRNA), va ribosome lai dich chuyén sang codon ké tiép. Qua trinh noi trén
dién ra mgt cach tuan tuy doc theo mRNA theo chu ky ba budc noi trén

(dugc minh hoa Hinh 6.15), va lam cho chudi polypeptide dai dan ra cho
dén dich ma xong codon c6 nghia cudi cung.

Ribosome

TEU don vibe 3

AUG CCG GUA GGC CAl UAG
uac

GGC CARA UAG

G mRNA

\7 FRibosome
{"1@ .ﬂminn Aﬂl‘d Ti€u dan +j ldn
RMNA mé ddu

M DAU

A GGC CAA UAG i GGCCAR UAG

AUG COG GUA GGT CAR UAG

Hinh 6.16 Cac s kién co ban ctia qua trinh tdng hop chudi polypeptide.

Budc 3: Két thiic (termination)

Qua trinh tong hop chudi polypeptide s€ dung lai khi mét codon két
thiic duoc dua ddi dién véi vi tri A dé tréng, von dugc nhan biét boi mot
protein két thiic goi 13 nhdn t6 gidi phéng RF (release factor). Sy co mat
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clia nd cling véi transferase cat roi chudi polypeptide ra khoi tRNA cubi
cung va phong thich hai tiéu don vi ribosome cling nhu chuoi polypeptide
va tRNA ra khdi mRNA.

Hinh 6.16 tom tét cac su kién co ban cia ba bude md dau, kéo dai va
két thuac sy tong hop chuoi polypeptide.

* Mot so diém can luu y thém:

(1) Trén day moi chi phan tich hoat dong cua mot ribosome trén
mRNA. Thyc ra, trén mét mRNA c6 rat nhiéu ribosome cung hoat dong,
goi 1a polyribosome hay polysome, tao ra nhiéu polypeptide giéng nhau.

(2) Trén nguyén téc amino acid mo dau s& duogc cat bo khoi chudi
polypeptide (sau khi téng hop duogc vai amino acid nhu trong truong hop
cac vi khuan) hodc trudc khi chudi duoc téng hop day da (nhu & truong
hop eukaryote). Tuy nhién, ¢ cac eukaryote khong phai luc nao amino acid
mo dau nay ciing b tach bo, ma trong mot sb protein nd van duoc giir lai.

(3) Sau khi duoc tong hop, cac chudi polypeptide so cip ndy s& duoc
sira doi va chuyén sang cac bac ciu trac cao hon theo cach dic thu dé tro
thanh céc protein hoat dong churc nang.

(4) Tham gia vao cac budc mé dau, kéo dai va ket thuc con ¢ cac yéu
t6 protein, véi tén goi twong ung la cac nhdn to mdé dau (IF: initiation
factor), nhdn t6 kéo dai (EF: elongation factor; gdm EF-Tu va EF-G), va
nhdn 16 gidi phéng (release factor) véi GTP va cac ion Mg®", K* va NH',.

[A) T8 bdo eukaryoie {B TE bdo prokonyote

Hinh 6.17 Céc co ché téng hop va dich ma mRNA & cac té bao eukaryote (A)
prokaryote (B).
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(5) Trong cac te bao prokaryote, do khong c6 mang nhan va cac
mRNA da cistron von di khong phai qua sira d6i sau phién mi, cho nén
cac ribosome va cac aminoacyl-tRNA s& bam vao dau 5' cia mRNA dé
bat dau qua trinh dich mi ngay trong khi & dau 3' ctia n6 qué trinh phién
mi dang con tiép dién. Nguoc lai, & cac té bao eukaryote vi c6 mang nhan
phan cach va cac pre-mRNA con phai trai qua cac cong doan sira doi phirc
tap sau phién ma (tit ca déu dién ra trong nhan), con dich mé dién ra sau
d6 & trong té bao chat (hinh 6.17). Vi thé cho nén phién mi va dich ma rd
rang 13 hai qua trinh tach biét nhau ca vé ca khong gian 13n thoi gian.

V. Su diéu hoa sinh tong hop protein & vi khuin

Trén thyc té, cac gene khong t6n tai riéng r& va hoat dong nhu nhing
thuc thé biét 1ap vé1 mot cuong do 6n dinh. Trai lai, gilra cac gene trong
bd gen c6 su kiém soat 1dn nhau va phu thudc vao cac diéu kién moi
truong. Nhu vy mdi bo gene ciia té bao 1a mot hé thong mé c6 kha ning
tu diéu chinh, dam bao su hoat dong cua cac gene trong timg giai doan
phat trién clia co thé dién ra hop 1y trude diéu kién cu thé cia méi truong.
Su diéu hoa hoat dong cta cac gene biéu hién ¢ nhiéu mic d6 (phién ma,
sau phién md, dich mé va sau dich mé) theo nhiing co ché dac thu cua
tung nhom loai. Trong phan nay, chiing ta chi tim hiéu mot sb co ché diéu
hoa biéu hién gene vi khuan ¢ mirc phién ma.

1. M6 hinh Operon ¢ E. coli

Phan 16n céc gene trong bd gen vi khuan duoc t6 chirc thanh cac don
vi hoat dong chirc ning dic trung, goi 1a cac operon. Cac gene cau tric
trong mot operon dugc diéu hoa chung trong qué trinh chuyén hod mot
hop chat nhat dinh ciia té bao. M6 hinh operon dugc dua ra 1an dau tién 1a
operon lactose (/ac operon) bodi Francois Jacob va Jacques Monod nam
1961, v6n duoc nghién ciru k§ nhat cho dén nay (Hinh 6.18).

Tham gia vao diéu hoa hoat dong cua mot operon gdm c6 bdn yéu td
thudc hai thanh phan chinh: (i) cdc locus cdu triic (structural loci) va (ii)
cdc locus diéu hoa (regulatory loci); trong d6 nhoém sau bao gébm yéu t6
chi huy, ving khdi dong va gene diéu hoa.

- M6t nhoém cdc gene cdu triic (structural genes) lién quan vé mat chiic
nang, xép canh nhau, khi phién ma s& tao ra mot phan tir mRNA chung goi
14 mRNA da cistron (polycistronic mRNA). Dbi v6i operon-lac, d6 1a ba
gene: lacZ, lacY va lacA; trong d6 lacZ ma hoa [3 galactosidase (thuy phan
lactose thanh galactose va glucose), lacY xac dinh permease (van chuyén
lactose qua mang) va lac4 ma hoa transacetylase.
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Lactose
CHaOH
Glucose
CH. OH
CH2OH
Galactose H A 2 on
CHa OH
OH H L
G P CH
H B-galactosidase oHA CH
| H OH
H OH o M
Galactose (B 1->4) Glucose H I
H OH
promoter - operator
[ dact | P o] lac Z | tacy | taca |
lac repressor B-galactosidase permease acetylase

B-galactosidase
LACTOSE =———————> GLUCOSE + GALACTOSE

(c)
Hinh 6.18 (a) Phan tlr dwong lactose va sw phan gidi thanh hai phan td
dwdng don béi enzyme B-galactosidase; (b) Francois Jacob (trai) va Jacques
Monod; va (c) M6 hinh operon lactose & E. coli.

- Mot yéu t6 chi huy (operator = O): trinh tw DNA nam ké trudc nhom
gene cau tric, 1a vi tri twong tic voi chit e ché. Ddi v6i operon-lac, d6 1a
doan trinh ty DNA dai 34 cip base cach gene Z chimg 10 cip base vé phia
trude. N6 chira trinh tu 24 cip base ddi xtng xudi nguge, gitip chat tc
ché c6 thé nhan biét va bam vao bing cach khuéch tan doc theo DNA tir
ca hai phia (Hinh 6.21c).

- Mot vung khoi dong (promotor region = P): trinh tu DNA nam trudc
yéu té chi huy va co thé tram 1én mot phan hodc toan bd vung nay, la vi tri
bam vao cia RNA polymerase dé c6 thé khoi dau phién ma tai vi tri chinh
xac cua soi khudn. Ddi véi operon-lac, d6 1a doan DNA dai chimg 90 cip
base nam trudc va tram 1én yéu t6 chi huy 7 cip base. N6 chtra hai vi tri
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tuong tac vdi RNA polymerase va véi protein hoat hod di hod (catabolite
activator protein = CAP, hoic CRP). Piém khéi dau phién ma 13 vi tri gin
cubi cua ving khéi dong P nam trong doan chi huy O.

- Mot gene diéu hoa hay con goi 1a gene irc ché (regulatory/ inhibitory
gene = R/I): Gene nay sinh ra loai protein dleu hoa goi 1a chdt irc ché
(repressor) dleu hoa hoat dong ctia nhom gene cau trac thong qua sy tuong
tac voi yéu tb chi huy. Pdi véi operon-lac, gene I nam trude vung khoi
dong ma hoa mot protein trc ché gém bon polypeptide gidng nhau (tr
phan) déu chira 360 amino acid. Mac du mdi gene diéu hoa co mét vung
khoi dong va khong co yéu t6 chi huy riéng, doi khi nguoi ta van coi
chung la mdt operon diéu hoa (c6 tinh chit co dinh). Vi du, dé diéu hoa
operon-lac noi trén con c6 operon-lacl.

Tom lai, mét operon la don vi diéu hoa hoat dong gene cua
prokaryote, phirc hop lién két gitra ving khoi dong cung véi yéu td chi
huy va nhom gene cau tric do né kiém soét.

2. Operon lactose (lac operon) va co ché diéu hoa cam wng - am tinh

| tact | P o] lac Z [ tacy | laca |

}

lac repressor
repressor bam vao operator va ngan can
\RNA polymerase bam vao promoter
[ Jact | P a lac Z lac Y lac A

KHONG PHIEN MA
RNA pol
RNA polymerase bi ngan can khong bam dwoc vao promoter

(a) (b)

Hinh 6.19 (a) Chét trc ché bam chat /ac operator gay (rc ché phién ma; va (b)
Mo hinh cau truc /ac operator (ria trai) bi bam chat b&i protein (rc ché (ria phai).

Khi trong méi truong nudi ciy E. coli khong co lactose (chat cam tng)
thi operon khong hoat dong, nghia 1a cac enzyme tham gia phén giai
lactose khong dugc sinh ra. Nguyén nhan la do chat trc ché bam chit vao
yéu t chi huy gay trc ché sy phién mi ciia cac gene cau trac (Hinh 6.19).

Nguoc lai, néu bo sung lactose vao moi truong thi mot thoi gian sau vi
khuan s€ bat dau hap thu va phan gidi n6, nghia 1a cac enzyme lién quan
dd duoc sinh ra. Sy kién nay duoc 1y gidi nhu sau: Chat cam ung
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(inducer), 6 day la allolactose - dang bién d6i cua lactose - tuong tac voi
chdt irc che (repressor) lam bién d6i hinh dang cua chit nay. Vi vay chat
trc ché mét 4i luyc va khong the bam vao yéu té chi huy. Lic nay cac gene
céu tric duge phién ma va téng hop cac enzyme tuong ng giip vi khuan
hép thu va phan giai dudng lactose nhu mot ngudn ning luong va carbon
(Hinh 6.20). Lactose vi vay la tac nhan gay cam tng (hoat hod) operon.

Pperater Cac gene cau truc ENA pelymerase

= .
: / 5
Lactoge—& * A

fag repressar
l-.-nln'lnl(u- hr-nn'( 'lﬂlnnulne/

Hinh 6.20 Chét cdm (rng bam vao chét (rc ché lam bién dbi hinh dang cta no,
do d6 né khéong bam vao dwoc lac operator. Két qua 1a cac gene clu tric cla
operon lactose dwgc phién ma va cac enzyme dwoc tao ra.

Phuong thirc didu hoa nhu thé duoc goi 1a diéu hoa cam tng - am tinh,
boi vi chat e ché operon-lac mot khi bam vao yéu t6 chi huy thi gay
ngimg phién ma (gy hiéu qua 4m tinh 1én sy biéu hién cia cac gene), va
hoat dong churc nang cua protein nay lai phu thudc vao phan tr hi¢u tng
(& day 1a chat cam tng) c6 kha ning hoat hoa operon.

* Piéu hoa dwong tinh (positive control)

Hoat dong cia operon-lac con chiu sy kiém soat ctia mot protein diéu
hoa duong tinh lién quan véi s ¢6 mit cua glucose. Cu thé, khi trong méi
truong c¢6 mat dong thoi ca lactose va glucose thi operon lac tam thoi
ngung hoat dong (trc ché di hod).

Nguoi ta nhan thdy rang, khi glucose c6 mit & nong d6 cao thi ham
lugng AMP vong (cyclic AMP = cAMP) trong té bao rat thip; va nguoc
lai khi khong c6 glucose hodc c6 khong dang ké thi ham lugng cAMP tang
cao. Vi viy, cAMP dugc xem 1a chat chi thi cia su ving mit glucose.
Ngoai ra con phat hién mét loai protein diéu hoa dwong tinh c6 tén la
protein hoat hoa di hoa (catabolite activator protein = CAP, hoac CRP).
Protein CAP gom hai tiéu don vi giong nhau goi 1a homodimer; nd chi
hoat dong khi mdi truong ndi bao cé6 ham lugng cAMP cao. Luc nay
cAMP két hop voi CAP tao ra phirc hgp CAP-cAMP hoat dong; phirc hop
nay c6 kha nang nhan biét va bam vao mot doan 16 cip base vé phia trudc
cua vung khéi dong, voi cac doan 1ap ddo nguoc, goi 1a vi tri CAP (Hinh
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6.21b-c). Qua do6 RNA polymerase dugc kich thich bam vao vi tri P va bat
dau phién ma ¢ muc cao (Hinh 6.21).

Glucose cao /

cAMP thap

Murc téng hop
Glucose thap / , CAMP mRNA thap—>»
cAMP cao

Mtrc tbng hop
mRNA cao ——»

Phirc hop CRP-cAMP bam
(a) promoter va kich thich
tong hop mRNA
Cac doan lap dao ngwoc

Chubi xoan nhan biét

Hinh 6.21 (a) Phirc ho’p CRP- hodac CAP-cAMP bam vao promoter va kich
thich tdng hop mRNA & murc cao; (b) CAP gém hai monomer giong nhau, m0i
monomer nhan biét mot trinh tw DNA nhd vung x0an alpha dwoc danh dau F;
va (c) Trinh tw d6i xtrng ctia vi tri CAP duwoc xem la cac doan l&p ddo nguoc.

Nhu vay, khac voi kiéu diéu hoa 4m tinh do su twong tac giita "chat trc
ché va yeu t6 chi huy", ¢ day su tuong tac xdy ra gitra protein diéu hoa
thudc phtc hgp CAP-cAMP voi vung khoi dong dan dén sy ting cuong
hoat dong phién ma (diéu hoa dwong tinh) ma chu yéu 1a diéu chinh téc do
khéi dau phién ma.

3. Operon tryptophan (trp operon) va co ché diéu hoa ikc ché - am tinh

Pai dién cho tat ca cac operon cua cac loai amino acid va cac vitamine
la operon tryptophan (¢rp operon; trp doc la"trip") & E. coli.

3.1. Céu triic cua frp operon

Operon tryptophan cua E. coli ¢4 chira nam gene cau trac (trpE, trpD,
trpC, trpB va trpA) ma hoa cho cac enzyme dong hod (anabolic) tham gia
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vao qua trinh sinh tong hop amio acid tryptophan (Hinh 6.22a). Ngoai ra,
n6 c¢6 mot sd dic dlem khac nhu: trinh tu operator nam lot trong promoter,
con gene diéu hoa nam cach xa operon vé phia trudc. Trp operon ciing
chiu su diéu hoa am tinh nhu lac operon; né chi hoat dong khi moi truong
ndi bao thiéu hut amino acid nay va khong hoat dong khi du thira
tryptophan, san phdm cudi cia con dudng sinh tong hop. Vi vy #rp
operon duogc goi 13 operon irc ché (inducible) hay operon dong hod.

(a) (b)

Hinh 6.22 (a) CAu tric amino acid tryptophan. (b) C4u tric lap thé cta chat (e
ché trp operon (bén phai mdi hinh) bam vao DNA operator (bén trai mdi hinh).
Chéat (rc ché nay la mot dimer gdm 2 polypeptide gidng nhau (twong trung bang
vach ngang mau dd). Sy bam vao DNA chi xay ra khi mét phan t& tryptophan
(cac vong dd) dwoc bam dinh vao méi monomer clia chat trc ché nay.

3.2. Co ché diéu hoa 4m tinh cua trp operon

Khi trong té bao E. coli du thira amino acid tryptophan (san pham cudi
cung ctia con duong chuyén hoa) thi #p operon ngimg hoat dong va do d6
cac enzyme tuong ung khong duoc sinh ra. Sy kién nay dugc gidi thich
nhu sau: Chét trc ché binh thuong cua operon nay ton tai & dang bat hoat
(trp repressor hay aporepressor; Hinh 6.22b), khong c6 ai luc d6i véi yéu
t6 chi huy (#rp operator. Nhung khi cac amino acid nay du thira két hop
vao chat {rc ché s& tao ra phic hop c6 hoat tinh, nghia la ¢6 ai luc voi yéu
t6 chi huy (tryptophan vi vay duoc goi la chat déng irc ché, corepressor).
Phtrc hop nay bam vao yéu té chi huy lam kim hdm phién ma cua frp
operon (Hinh 6.23a).

Nguoc lai, khi trong té bao vang mit hay thiéu hut amino acid nay,
chat &rc ché von & trang thai bat hoat nén khong bam vao yeu t6 chi huy
dugc. Vi vay cac gene ciu tric xay ra sy phién md va két qua 1a cac
enzyme tham gia tong hop tryptophan duoc sinh ra (Hinh 6.23b). Mot khi
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ham luong amino acid nay dugc tong hop & muc du thira s& tac dong
nguoc trd lai, kim ham hoat dong cua trp operon.

\(Q@ Chat dong rc
@ ché (Trp)

Chét trc ché
co hoat tinh

RNA polymerase  |ChAt trc ché oo hoat tinh bam
joperator; phién ma dirng

_Trp c6 mat

khong thé bam vao

(a)

RNA polymerase

Trp vang mét

Phién ma
tién hanh

Chét trc ché
bat hoat
(b)

Hinh 6.23 Operon tryptophan & trang thai bi kim ham (a) va hoat dong (b).

Tém lai, phuong thure diéu hoa hoat dong gene theo céc co ché lién hé
nguoc hay phan hoi nhu the (feed-back mechanisms) dam bao cho bd gene
cac vi khuan hoat dong mot cach hop 1y va nho do cac vi khuan thich tng
va phat trién trudc cac diéu kién moi truong ludn thay doi.

3.3. Sy két thiic phién ma sém & trp operon

Phién ma d& (attenuation) 1a mot co ché diéu hoa giy ra su két thiic
phién md sém duéi nhimng diéu kién nhat dinh, bang cach d6 ngin can sy
biéu hién ctia mRNA can cho sy biéu hién ctia cac san pham gene tuong
tmg. Phién ma dé tao thanh mRNA ubn gap mét cach dién hinh thanh cac
ciu trac bac hai xen ké (alternative secondary structures), ma mot trong sb
d6 13 yéu tb két thac doc 1ap p (Rho-independent terminator).

Déi voi operon tryptophan, d6 1a viée sir dung dich ma dé diéu khién
su phién ma. Khi c6 mat tryptophan trong moi truong ndi bao, tham chi ¢
nong do thap, sé xdy ra sy dich ma mot phan ¢ ving dan dau (leader) ciia
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mRNA dang duoc tong hop. Két qua 1a 1am ding sy phién ma trudc khi
gene ciu tric dau tién (¢7pE) cta operon duoc phién ma.

ko mARNA
Ribosome
100
Suf tao thanh
dogn thdn xodn
kép va vong
g8y ra k&t thae
Ving dén ddu (saden phign ma
dugc dic ma ady ad
L]
% 110 {b) Mirc fryplephan cao
140
wil]
0 M 130
0
{a) (€} Mie ryplophan thiip

Hinh 6.24 (a) Cu tric doan dan dau - TrpL cda trp operon. (b) Khi muc
tryptophan cao, xay ra sw ket thic phién méa som tai trp attenuator v&i mot cai
dudi 3' gom 8 uridine. (c) Khi murc tryptophan thap, sw phién ma tiép dién.

Sy két thiic phién md sém & operon tryptophan 1a két qua cta su
tuong tac bd sung ndi phan tir gitra cac trinh ty DNA bén trong ving
leader ctia ban sao RNA. Két qua cta su két thuc phién ma sém nay tao ra
mot mRNA chira 140 base (hinh 6.24a). Tai ving dau mat 3' ciia nd xay ra
su tu bd sung ¢ doan giau GC tao thanh mot cAu trac hinh vong trén than
RNA va gy ra sy két thuc phién ma sém (hinh 6.24b). Ving nay dugc
goi 1a doan phién md dé trp attenuator) va ¢ phan dudi cia mRNA nay
ciing c6 8 base uridine. Kiéu ciu trac "niit cai toc" nay 1a tin hiéu kiém
soat két thiic phién ma & prokaryote noi chung.

Véi kiéu cdu truc dic thu ¢ doan dan ddu cua trp operon nhu vy lam
cho n6 c6 ¥ nghia quan trong trong diéu hoa phién mé dé, ¢ chd: (i) tong
hop mot peptide dan dau chira 14 amino acid; (i) trén mRNA cua doan
peptide ndy chira hai codon cua Trp & cac vi tri 10 va 11; (iii) & bén ving
duoc danh sd 1-4 xay ra sy tu bd sung giira cac ving 1 va 2 va gifta 3 va
4; va & mot sb truong hop c6 thé xay ra sy két cap gita cac ving 2 va 3.

Do trong trinh ty ma héa cua trinh ty din déu #rpL c¢6 hai codon Trp,
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nén sy dich méd doan nay to ra nhay cam voi s6 lugng tRNA™ dua vao.
Néu mdi trudng cung cip ddy da Trp, ribosome truot qua cac codon Trp
dé di vao ving 2. Va su c6 mit cia ribosome & ving 2 ngin can vung nay
két cip voi ving 3. Khi d6 ving 3 s€ cdp voi vung 4 va tao ra diém két
thuc phién méd sém (xay ra sau khi tong hop xong 8 uridine & ngay sau
vung 4). Khi s6 luong tRNA™ dua vao khong day du, su dich ma doan
dan dau dimg lai dot ngot ¢ cac codon Trp cia n6 (hinh 6.24¢). Diéu nay
ngan can ribosome tién vao vung 2, do d6 vung nay s& cap vdi vung 3 gay
can tré viéc tao thanh cdu tric phién ma do (#rp attenuator). Két qua 1a
phén tr mRNA da cistron cua operon tryptophan dugc tao thanh mét cach
day du.

* Operon 6 eukaryote - mot ngoai 1é thu vi!

Khac voi tat ca cac eukaryote, Caenorhabditis elegans va co 1€ ca mot
sd giun tron khac ciing c6 mot ty 18 1on cac gene duoc td chire theo kiéu
operon. O C. elegans, it nhat 2. 300 gene cua nd (chlem khoang 15% bd
gene) c6 mit trong cac operon, mdi operon chira tir 2 dén 8 gene. Gidng
nhu cac prokaryote, tit ca cac gene trong mot operon dugc phién ma tir
mot promoter don sinh ra mot ban sao so cip don. Mot sé gene trong céac
operon ndy dudng nhu c6 lién quan dén cing chtrc nang sinh hod nhu &
cac prokaryote, nhung khong phai 13 truong hop cho tit ca. Cac operon
cia C. elegans ciing khac vdi cac operon & prokaryote & chd, mdi pre-
mRNA dugc xir Iy thanh mot mRNA riéng cho mdi gene hon 1a dugc dich
ma nhu mot don vi (Kimball 2004).

* So lwoc vé sw diéu hoa ¢ mirc dich ma

Hiéu qua cua sy khoi dau dich mé thuong phu thude vao trinh tir giau
purine ¢ vung 5'-UTR. D¢ 1a 6-8 base (thuong gap 1a AGGAGGU) nam
ngay trudc codon khdi ddu AUG ctia mRNA. Poan nay bam vao tiéu don
vi ribosome bé va duoc J.Shine va L.Dalgarno (Austria) xac dinh lan dau
tién nam 1974. Vi vdy ndé duoc goi la trinh tw Shine-Dalgarno (Hinh
6.25). Cac tac gia nay cho rang hau nhu c6 sy bo sung chinh xac giita
doan trinh tu nay (¢ dau 5' cia mRNA) va ving tuong tung & dau 3' cia
rRNA 16S. Diéu d6 phu hop véi hién twong cb dinh budc dau phan tir
mRNA trén tiéu don vi 308S. Thong thuong, & cac mRNA dugc dich ma cé
hiéu qua nhat thi ving bam vao ribosome thuong nim cach codon khoi
dau khoang 8 nucleotide vé phia trudc. Néu nhu dot bién xay ra ¢ ving
nay thi c6 thé lam giam dot ngot hi¢u qua dich ma trén mRNA. Tuy nhién,
chi riéng sy co6 mit cua trinh ty Shine-Dalgarno phan bd chuin van chua
du dam bao cho su khoi dau dich ma. Trén thuc té, ¢6 nhiéu trinh ty nhu
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thé bi che khuat dudi dang "niit cai toc", vi vdy nd khong thé tham gia
tuong tac véi vung tuong tng cua rRNA 168S.

Pau 3' cua rRNA 16S {—f
A

UCCU

5 tMet GIn lle 3

~—_-NNNNNAGGAANNNNNAUG CAA AU~

Yéu té Shine-Dalgarno

Hinh 6.25 Su twong tac gitra yéu to Shine-Dalgarmo clia mét mRNA va trinh
tw twong &ng & dau 3' cla rRNA 16S c6 mét trong tiéu don vi ribosome bé (theo
M.W.King 1996).

Cac sb liéu thu duoc cho théy hi€u qua cua viéc st dung trinh tu
Shine-Dalgarno nhit dinh c6 thé "ché tac" cac protein ma dén luot chung
lai bam vao trinh tu d6 va ngan can n6. Pugc nghién ctu chi tiét nhat 1a
cac protein cua ribosome & E. coli. Khi toc do tong hop cac protein nay
vuot qua muc san sinh cac rRNA thi s€ xdy ra su tich luy cac protein
ribosome tu do. S6 protein du thira nay duoc goi 1a cac protein "khoa";
chung badm vao trinh tu Shine-Dalgarno trong cdc mRNA tuong ung. Nho
vay, toc do tong hop cac protein ribosome dugc duy tri & mic khong vuot
qua kha ning st dung chung dé cdu thanh cac ribosome. C6 thé noi, su
diéu hoa & muc dich ma 1a sy "canh tranh" gitra rRNA va mRNA cua céc
protein ribosome, gay ra su két hop véi cac protein "khoa" nay. Khi sy
dich md mRNA cta céc protein ribosome khong thé tiép dién dugc nita
(do sy bam dinh bé1i cac protein "khoa") thi cic mRNA nay s€ bi thoai hoa
nhanh hon binh thudng.

Cau hoi va Bai tap
1. Phan tich cac nguyén tic va dic diém chung cua qué trinh sinh tong
hop RNA. Tur do6 trinh bay tom tat co ché cua qua trinh nay.
2. Trinh bay vai tro cua cac yéu t6 tham gia vao qué trinh sinh tong

hop protein ctia t& bao va phan tich co ché sinh tong hop protein dya trén
su tuong tac gitta mRNA, cac aminoacyl~tRNA va ribosome.

3. So sanh to chirc ciia cac don vi phién mi & prokaryote va eukaryote.
4. Gia sir tong hop duoc mot mRNA c6 thanh phan 75%U va 25%G.
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Khi sir dung mRNA nay dé tong hgp protein in vitro da thu dugc cac
amino acid trong cac protein vdi cac tan so6 nhu sau :

Phe : Val: Leu: Cys: Gly: Trp=1,00:0,44:0,33:0,33:0,15:0,11.

Hay trinh bay phwong phap va chi ra két qua ciia viéc giai doan cac
codon cho moi amino acid noi trén (khong su dung bang ma di truyén).
Biét ring cac codon cung xac dinh mét amino acid thuong c6 hai
nucleotide dau giong nhau, va Cys dugc xac dinh béi UGU.

5. Thé"néo 1a cac gene phan doan? Cac intron co vai tro gi? Hay phan
tich co ché sua doi sau phién ma doi véi pre-mRNA cua cac gene ma hoa
protein & eukaryote.

6. Néu s dung cac phan tr mRNA nhan tao c6 thanh phan gém cac
cum gém ba hodc bon nucleotide 1ap lai dudi day dé tién hanh téng hop
protein trong ong nghiém, thi thanh phan amino acid thu dugc tu cac
polypeptide s€ nhu thé nao? Co6 truong hop nao khong tong hop dugc
protein hay khong? tai sao?

(@) (UUC) 5 (b) (UAC)n; (c) (GAUA),; (d) (GUAA).

7. Phan biét cac cp khai niém sau: (a) chat cam ung voi chat e ché;
(b) diéu hoa 4m tinh v&i didu hoa duong tinh; (©) diéu hoa theo kiéu cam
ing - &m tinh voi e che am tinh. Hay v& so dd mot operon va giai thich
mdi quan hé giita cac yéu té diéu hoa hoat dong ciia mot operon.

8. Operon la gi? Hay néu cac dac diém giéng nhau va khac nhau trong
cac co ché diéu hoa am tinh doi voi operon-lac va operon-trp. Tur do rut ra
y nghia cua cac co ché diéu hoa nay.

9. Hay giai thich cac tinh trang dong-md cia lac operon dudi cac diéu
kién sau day va cho cac hinh v& minh hoa: (a) chi c6 glucose; (b) chi co
lactose; (¢) khong c6 chat dudong nao ca; va (d) co ca glucose va lactose.

10. So sanh cac qua trinh sinh téng hop protein (biéu hién cua gene) &
cac te bao prokaryote va eukaryote va hiy cho biét cac y nghia sinh hoc tir
su gidng nhau va khac nhau do.
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