Bal gidng

Hoa sinh tong hop
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Chuong 1
Saccharide

La hop chit hitu co duge tao nén tir cac nguyén td: C, H, O ¢6
cong thirc cau tao chung Cm(H,0)n, thudng m = n. Do ¢6 cong thirc cAu
tao nhu trén nén saccharide thuong duoc goi 1a carbohydrate - c6 nghia la
carbon ngdm nudc.

Tuy nhién c6 nhiing saccharide c6 cong thirc cau tao khong tmg
v6i cong thirc chung néi trén vi du: deoxyribose (CsH;¢Os).

C6 nhitng chat khong phai 1a saccharide nhung c6 cong thirc cu
tao phu hop vai cong thuc chung ¢ trén vi du : acetic acid (CH;COOH).

Saccharide 14 thanh phan quan trong trong moi sinh vat .

O thuc vat, saccharide chiém tr 80 - 90% trong lugong kho,
saccharide tham gia vao thanh phan cac m6 nang dd, vi du cellulose, hay
tich trtr dudi dang thuc phﬁm du trfr v6i lugng 16n, vi du tinh bot. O dong vat,
ham lugng saccharide thap hon nhi€u, thuong khong qua 2%, vi du glycogen.

1.1. Monosaccharide
1.1.1. Céu tao va danh phdp
La chat c6 chita nhiéu nhom ruou va mét nhém khir oxy (nhom khir 1a
nhom carbonyl 1a aldehyde hay ketone).
-Nhom khir 14 aldehyde ta c6 dudng aldose va co cong thirc tong quat:
CHO
|
(CHOH),
|
CH,OH
- Nhém khir 1 ketone ta c6 dudng ketose ¢6 cong thirc tong quat:
(lezOH
C=0

|
(CHOH)n

|
CH,OH
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CHO - CH,0H dugc xem nhu 1a “monosaccharide”don gian nhit.

Trong thién nhién monosaccharide c6 chira tir 2 dén 7 carbon va duoc
goi tén theo sO carbon (theo tiéng Hy Lap) + ose

Vi du: monosaccharide c6 3C goi 1a triose. Tuong tu ta co tetrose,
pentose, hexose, heptose.
1.1.2. Péng phéin quang hoc

Quy uéc Fischer: Fischer 13 nguoi dau tién néu ra nguyén tic biéu
dien cac monosaccharide bang cong thirc hinh chiéu ctuia chiing. Theo do:
hinh chiéu ctia cac nguyén tir carbon bat doi (C*) va cac nguyén tir C khac
nam trén mot duong thang, nguyén tir C c6 so thur tu nhd nhat cé hinh chiéu
nam trén cung. Con cac nhom thé c6 hinh chiéu ¢ bén phai hay bén trai.

Vi du : glyceraldehyde.

Vi glyceraldehyde co6 1 C* nén theo quy tic cua Van’t Hoff c6 2
dong phan (N = 2n)

1|CH0 1(|:Ho

HO- ,C* -H HoC*OH  D: -OH & bén phai

| | L: -OH & bén tréi
:CH,0H JCH,OH

L glyceraldehyde D glyceraldehyde.
Khi phén tir monosaccharide c6 nhiéu C* thi cong thirc c¢6 dang D
hay L duoc can cur vao vi tri nhom OH ctia C* xa nhom carbonyl nhat.

Vidu: (|JHO CHO
H-(|?-OH H-C-OH
HO-C-H HO-C-H
H-C-OH H-C-OH
H-C-OH HO-C-H
CH,OH CH,OH

D glucose L glucose
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Chii y: monosaccharide tir triose trd 1én déu c6 C* trir dihydoxy aceton
CH,OH

C=0

CH,OH
1.1.3. Cong thirc vong cua monosaccharide

Cong thtre thang theo Fischer nhu trinh bay ¢ trén khong phu hop
v&i mot s6 tinh chat hoa hoc cua chung nhu: mot sb phan ung hoa hoc
thuong xay ra véi aldehyde khong xay ra d6i voi monosaccharide . Vi vay
c6 thé nghi ring nhom -CHO trong monosaccharide con ton tai dudi dang
cAu tao riéng biét nao do.

Mt khéc: monosaccharide c6 thé tao ether véi methanol tao thanh
mot hdn hop 2 ddng phan co ciing nhom methoxy (- OCH;). Diédu d6
chirng to trong monosaccharide con tdn tai mot nhom -OH dic biét.

Qua nghién ctru Kolle cho thdy: s6 dong phan thu duoc cua
monosaccharide thuc t& nhidu hon s6 ddng phan tinh theo cong thirc N=2", do
do6 dé giai thich cac hién tuong trén, Kolle cho ring ngoai dang thing
monosaccharide con ton tai & dang vong.

Su tao thanh dang vong xdy ra do tac dung ctia nhém -OH cung
phan tir monosaccharide tao thanh dang hemiacetal hay hemiketal.

o H H Gt oR
1 | 1 2 Il'n e 2
R—C  + HO—RF — R——OR — R— R + H0
H HO=R"
Adehyda  Aloohol Harmaoatal Acelal

Hl -y O

R—E} 0+ HO—F .._1::— OF + Ha
|-|n-|::

Katone Aleohol Hemm katal Katal
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Vi du : cau tao vong cua glucose xay ra nhu sau:

H -Glnocsa

i it 4 b
- e G oo prrrarsss o B ep -G oo Tarss o

Do su tao thanh hemiacetal vong ma C; tréd nén C*, nhém -OH méi
duoc tao ra & C; 1a -OH glucoside. Tuong tu véi ketose thi C; tré nén C*,
nhom -OH méi dugc tao ra & C, la -OH glucoside khi tao thanh
hemiketal.

Céch biéu dién cong thirc vong nhu trén dwa vao nguyén tic cta
Haworth: C va cau ndi voi oxy nam trén mot mat phang , cdic nhém thé &
cong thirc thang nam & bén phai thi ¢ cong thirc vong nam dudi mat phang va
nguoc lai. Riéng cac nhom thé ctia C ¢ nhom OH dung dé tao cau ndi oxy thi
theo quy tac nguoc lai.

1.1.4. Hién twong hé bién ciia monosaccharide

Nhu ta thdy, khong thé giai thich duoc tit ca cac tinh chat cua
monosaccharide néu ta chi thira nhan mét dang cau tao nao dé cua
monosaccharide. Nén nguoi ta cho rang cac dang cau tao do cé thé da
chuyén hod lan nhau.

[ pyranose oL pyranose
Dang thing

B Furanose o Furanose
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1.1.5. Tinh chdt ciia monosaccharide
1.1.5.1. Ly tinh

Céc monosaccharide tan trong nudc, khong tan trong dung moi
hitu co, c6 tinh quay cuc trir biose vi khong c6 C*.
1.1.5.2. Hoa tinh
a. Monose la tdc nhan khu

Trong moi thng kiém, khir cac ion kim loai nang co6 hoa tri cao
thanh ion c6 hoa tri thap hay cac ion kim loai thanh kim loai.

Tinh khir nay do nhom aldehyde hay nhom ketone tao ra va cac
monose bién thanh acid.

Vi du: Cu®’ bi bién d6i thanh Cu’ trong phan tmg véi thudc thi
Fehling, Ag" bi bién ddi thanh Ag trong phan {mg trang guong.
b. Phan tmg véi cac chat oxy hoa

Tuy thudc vao chat oxy hoa:

- Chét oxy hoa nhe nhu nudc brom dudng aldose s& thanh aldonic
acid, voi ketose phan ung khong xay ra.

‘ - Chat oxy hoa manh nhu HNO; ddm dic co su oxy hoa xay ra ¢ 2

dau cho ta di acid.

- Truong hop dac biét néu ta bao vé nhom -‘OH glucoside béng
cach methyl hoa hay acetyl hoa trudc khi oxy hoa bang nuéc brom, san
pham tao thanh la uronic acid.

c. Phan tmg v&i chét khir

Du dang vong chiém ty 1& rat 16n trong thanh phan, dang thang
chiém ty 1& nho nhung du dé cho ta thiy rd tinh chit ciia mot carbonyl that
su. Khi bi khir: monose s& bién thanh polyalcohol.
d. Phan tng tao furfural

Dudi tac dung cta acid dam dac, cac aldopentose tao thanh furfural
va aldohexose bién thanh hydroxymethylfurfural. Cac san pham nay khi
cho tac dung vdi cac phenol cho mau déc trung nhu: o naphthol cho vong
mau tim (Molisch). Pay 1a phan Gng dé phan biét duong voi cac chét
khac. Néu duong 5C s& cho mau xanh cam thach véi orcinol (Bial).
e. Phan ung ester hoa

Cac gbe rugu ctia monose ¢6 kha nang két hop véi acid dé tao thanh ester.

Céc ester phosphate thuong gap la: Glucose-6-phosphate, fructose-
6-phosphate...
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1.1.6. Cac monose quan trong
1.1.6.1. Pentose

HH -?___I::l HH _..-__:?':I HH ¥ H /-__:____l:l
H o H_& op HO—d 51 HO—d 51
H— OH & _on H— OH n & _on
HoOH H., OH HoOH HL OH
| o-Ribose | | p-Arabinosea | p-Lymoss
CHLOH CHoOH
i I
H_']'_DH HO—— 1
H—G—OH H———OH
éHzﬂH E‘-HE-::H
I p-Myvhilose I

1.1.6.2. Hexose

Céc hexose quan trong nhu:

* Glucose: con goi 1 dextrose vi lam quay mit phang anh sang
phan cyc vé phia phai.

Pho bién rong rdi trong thyc vat nhat 14 trong qua nho, nén con goi 1a
duong nho, trong mau nguoi ¢ 0.8 - 1,1 g/l, nhitng nguoi bi bénh dai duong
c6 the dén 2g/1. Céc disaccharide quan trong 1a saccharose, lactose, maltose va
cac polysaccharide quan trong la tinh bot, glycogen. Nguoi ta str dung glucose
trong y hoc nhu chat tang luc.

* D - Mannose: it gdp ¢ trang thai ty do, thuong gidp trong
polysaccharride va glucoside

* D - Galactose: 14 thanh phan cua lactose c6 trong sita con goi la
duong ndo tuy. Chuing la thanh phan cau tao cua raffinose, hemicellulose.
pectine...

* D - Fructose con goi 1a levulose vi 1am quay mat phang anh sang
phén cuc vé phia trai.

Fructose con goi la dudng qua, cé ¢ trang thai tu do trong trai cay
chin va mat ong. Chung la thanh phan ctia disaccharide saccharose. Trong co
the ta con thay ¢ dang ester voi phosphoric acid dong vai tro quan trong trong
trao doi chat. Fructose c6 d§ ngot rat 16n, dang o c6 dd ngot bang 1/3 dang p.



H - Cf,f'
H —H
H —H
H—_—OH
H —H

‘HoOH
o-Allose

H
M f'D

—a

H—_—OH

H—_—OH
HOoO——H

H——OH
H.,OH
oGl oes

A— O — At

Abaquose
Arabinosa
Fructosa
Fucose
Galacioss
Glucosa
Mannoss
Rha mnosa
Ribosa

Xylose

H —4OH
H—_—OH
H —iOH
‘HoOH
o-Albrose

H iy
., Cﬁ
HD—Il!—H
H—i—iOH
HO—C—H
H—i—OH
H,OH
o-Idoss
CHzOH
Oy
H—_—0OH
H—_—0OH
H—{—0OH
‘HoH

p-Peicose

CH.OH

O —

H.OH
o-Sorbose

Al
Ara
Fru
Fuc
Gal
G
Kan
Rha
Rib

Byl

HHC O
H——OH
H —n
H— O
H—— OH

HoOH

H L
e
C/

H—Il!—DH
HO—i—H
HO—_C—H

H—i'—OH
HOH
r-ralactose

CH,OH
A
HO—C—H

H—_—0OH

H——OH

éHEDH

CHaOH

O —

— O — o — S —

Glucumenic acid
Galactosamina
Glucosamine
N-acetyigalactosamins
N-acetyglucosaming
lduronic =cid
Muraric acid
N-acetgmuramic acid
N-Acetyineuraminic ack
{a shallc acidy

23

H i
e,

o
HC}—(&—H
HO—{%'J—H

H—_—iOH
H — O H
"HoOH
o-Mannose
H L]
S

{I-:/
H'D—I[E—H
H'D—II_!—H
H'D—Ii!—H

H—i—iOH

&HQDH

n-Taloss

GICA

GalM

GICH

GalMac

GICH A

I

Mur

MLUrE A

MeuSAc



24

1.2. Oligosaccharide
1.2.1. Disaccharide

Su tao thanh disagcharide la do su két,hqp cua 2 monose cung loai
hay khac loai nho lién két glucosidic. Lién két glucosidic c6 thé duogc tao
thanh gitra -OH glucoside cia monose nay vdi -OH glucoside cia monose
kia, hay gitra mot nhom -OH glucoside cua monose nay voi -OH ( khong
phai -OH glucoside) ciia monose kia.

Disaccharide chi c¢6 tinh khir khi it nhat mét trong 2 nhém -OH
glucoside ¢ trang thai tu do. Nghia la disaccharide s& khong c6 tinh khur
khi 2 nhém -OH glucoside lién két véi nhau.

Céc disaccharide quan trong

* Maltose do 2 phén tur a- D-glucose lién két v6i nhau & vi tri C1 -
C4 tao thanh. Cong thirc cau tao:

SOHLOH
=0,
H H

‘N OH H 4

Daltos=e
a-Dglucopyranceyl-{ -4 - b-glucopyrancse

Maltose c6 nhém -OH glucoside ¢ trang thai ty do nén c6 tinh khur.
Maltose c6 nhi€u trong mam lia va mach nha (maltum) nén goi n6 1a maltose.

* Lactose (duong sira) do mot phan tir B D-galactose lién két voi
mot phan tr B D- glucose & vi tri C1- C4.

Lactose
B-p-galactopyranceyl-l 1—41-8-p-glucoprranosze
Gall #l—=4i5le

* Saccharose do mot phan tir o D-glucose lién két v&i mot phan tr
B D-fructose & vi tri C;-C,. Do d6 n6 khong co tinh khir, con goi 1a duong
mia vi c6 nhiéu trong mia. D€ bi thuy phan khi dun néng.
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CE T, Crdl
—

L 1
H =T

1.2.2. Trisaccharide

La oligosaccharide c6 chtra 3 monosaccharide, phd bién trong
thién nhién 1a raffinose. Cong thirc cdu tao nhu sau: o-D-galactopyranosyl
1-2 a-D glucopyranosyl 1-2 B-D fructofuranose. Do c¢6 cong thitc nhu trén
nén khong co tinh khir oxy. D& bi thily phan, dudi tic dung cua B
fructofuranosidase sé€ tao thanh fructose va melobiose véi o galactosidase
s€ tao thanh galactose va saccharose.

1.3. Polysaccharide

Con goi 1a glycan, tuy thanh phan monose c6 trong polysaccharide
nguoi ta chia ching ra lam: homopolysaccharide (chi chira mot loai
monosaccharide) va heteropolysaccharide (c6 it nhat 2 loai
monosaccharide).


http://images.google.com.vn/imgres?imgurl=http://www.benbest.com/cryonics/Sucrose.gif&imgrefurl=http://www.benbest.com/cryonics/vitrify.html&h=250&w=250&sz=15&tbnid=7ovRpSbCGRYD-M:&tbnh=106&tbnw=106&hl=vi&start=14&prev=/images%3Fq%3Dsucrose%26s
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Polysaccharide dong vai tro quan trong trong doi song dong vat,
thuc vat. Mot sO polysaccharide thuong gdp nhu tinh bdt, glycogen,
cellulose...

1.3.1. Polysaccharide thuc vat
1.3.1.1. Tinh b0t

La polysaccharide du trit cua thuc vat, do quang hop tao thanh.
Trong cu va hat c6 tir 40 dén 70% tinh bot, cac thanh phan khac cia cay
xanh c6 it hon va chiém khoang tir 4 dén 20%.

Tinh bt khong hoa tan trong nudc, dun ndéng thi hat tinh bot
phdng 1én rit nhanh tao thanh dung dich keo goi 1a h tinh bot.

Tinh bot ¢6 ciu tao gdm hai phan: amylose va amylopectin, ngoai
ra con c6 khoang 2% phospho duédi dang ester. Ty 1€ amylopectin/amylose
& cac d6i tuong khac nhau 1a khong giéng nhau, ty 16 ndy & gao nép 1a 16n
hon gao té.

*Amylose

Chiém 15 dén 25% luong tinh bot, do nhiéu gdc o D- glucose lién
két voi nhau thong qua C;-C,4 tao thanh mach thing khong phan nhanh.
Trong khong gian nd cudn lai thanh hinh xodn ¢ va duoc giit bén vimng
nhd cac lién két hydro. Theo mot sb tai lidu trong amylose con cé chira
cac o D- glucopyranose dang thuyén.

SCH,OH CH,0H

Amylose bat mau xanh véi iodine, mau ndy mat di khi dun néng,
hién mau trd lai khi ngudi. Mot dac trung hoa ly khac can cha y 1a n6 bi
két tua boi ruou butylic.
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* Amylopectin

CAu tao do cac phan tir a D- glucose lién két voi nhau, nhung c6
phan nhanh. Cho phan nhénh la lién két C;-C¢ glucosidic.
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1.3.1.2. Cellulose

DPugc cdu tao boi nhitng phan tir p D-glucose lién két voi nhau
bang lién két 1-4 glucosidic.

Chung 13 thanh phan cha yéu cta vach té bao thuc vat. Bdi voi
nguoi thi cellulose khong c6 gia tri dinh dudng vi cellulose khong bi thuy
phan trong 6ng tiéu hoa. Mot sd nghién ciru cho thiy né c6 vai tro trong
diéu hoa tiéu hoa. Pong vat dn co thily phan dugc cellulose nhd enzyme
cellulase.

Cellulose khong tan trong nudce, tan trong dung dich Schweitzer.
Khi dun nong vo1 H;SOy, cellulose s€ bi thuy phan thanh cac phan ta 3
D-glucose.

Cellulose c6 dang hinh sgi dai, nhiéu soi két hop song song vai
nhau thanh chum nho céc lién két hydro, mdi chum (micelle) chira khoang
60 phan tir cellulose. Gitra cac chum c6 nhiing khoang tréng, khi hoa gb
khoang tréng nay chua day lignin va ta xem 16p lignin nay nhu 1a mot 16p
cement. Lignin la chat trung hop cua coniferylic alcohol

S D= @p
P—g=p_ o @R

3 O g8 ?.:@

Cac géc -OH cua cellulose co thé tao ester voi acid vi du: tao nitro
cellulose vo1 HNOs , tao acetyl cellulose voi CH;COOH.
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1.3.1.3. Hemicellulose

Tén goi chung cho 16p polysaccharide thuong di theo voi cellulose
trong thuc vat. Hemicellulose khong tan trong nudc, tan trong dung dich
kiém va thuy phan bfmg acid dé hon cellulose.

Khi bi thily phan hemicellulose tao thanh mot hon hop gdm céc
hexose va pentose hay chi mot minh hexose ma thoi. Trong hemicellulose
khi monose nao chiém da sd thi hemicellulose c6 tén tuong Gng voi
monose do:

Xylose chiém da s6 thi hemicellulose c6 tén 1a Xylan,

Arabinose chiém da sb thi hemicellulose c6 tén 1a Araban,

Galactose chiém da s6 thi hemicellulose c6 tén 1a Galactan...

Xylan c6 nhiéu trong rom ra, trong mot s6 co quan cua thuc vat,
galactose c6 nhiéu trong rom, go va céc loai hat.
1.3.1.4. Inulin

La polysacchride du trit cua thyc vat co trong lugng phan t
khoang 5000-6000, do nhitng phan tir f D- fructose lién két voi nhau bang
lién két 1-2 va tan cing bang mot phan tir saccharose. Inulin dugc tim thay
trong ct thuoc duge khoang 40%. Ngudi ta xir dung inulin dé san xuét
fructose. Pé xac dinh inulin nguoi ta thiy phan né va xac dinh bang phan
ung dinh tinh Seliwanoff.
1.3.1.5. Pectin

La loai polysaccharide c6 nhiéu trong qué , cti va than cdy, thanh
phan chinh 13 galacturonic acid c6 nhém -COOH bi methyl hoa. Nguoi ta
sir dung rong rai pectin trong san xuét keo.

1.3.2. Polysaccharide dong vat
1.3.2.1. Glycogen

La polysaccharide du trir & dong vat dugc tim thiy trong gan va
co, hién nay con tim théy trong mot s6 thue vat nhu ngo, nam.

Co ciu tao giébng amylopectin nhung phan nhanh nhiéu hon, bi
thuy phéan boi phosphorylase ( c6 coenzyme 1 pyrydoxal phosphate), dé
cat lién két 1-6 can enzyme debranching. San pham cudi cung 14 cac phan
tur glucose-1-P.
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Phia ngoai glucose lién két 1-6

Mach chinh hat glycogen & té bao gan
1.3.2.2. Hyaluronic acid
C6 cong thic cau tao dugc 1ap lai tir don vi sau:
CHzOH

Hyaluronic acid ¢ trong lwong phan tir rat 16n, c6 thé 1én dén
nhiéu triéu, hyaluronic acid rat ph6 bién va 1a thanh phan quan trong ciia
mo lién két, duge tim thay trong dich khdp xuong, trong thiy tinh thé mat,
no tac dung nhu mot 16p cement bao vé bén trong té bao dé chong lai sy
x4m nhép cta vi khuan ciing nhu cac chét la khac. O khép xuong né lam
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cho dich c6 tinh tron gitip cir dong khoi bi dau. Hyaluronic acid bi thuy
phan boi hyaluronidase, enzyme nay dugc tim thay trong vi khuan giy
bénh, trong tinh trung. Hyaluronidase tao de dang cho tinh trung di vao
nodn ciia budn trimg, mit khac no ciing 1a yeu t6 gitip cho cac chét khac
va vi khuén gay bénh di vao cac mo trong co thé.

1.3.2.3. Chondroitin
La heteropolysaccharide, thanh phan khong thé thiéu duoc ¢ mod
xuong sun.

CHyOH

=0
tn,
GleA GalNAc4S
1.3.2.4. Heparin

Heteropolysaccharide ¢ tac dung chdng lai sy déng mau va ngin
chdn sy bién doi prothrombin thanh thrombin.

GIcA2S hoic IdoA2S ~ GleNSases

1.3.3. Mot so polysaccharide pho bién khac
1.3.3.1. Chitin

La homopolysaccharide, c6 & vo so, oc, cac loai con trung va &
nam moc. N6 ¢6 cau tao nhu sau:
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1.3.3.2. Dextran

Puoc tim théy & vi khuan va nAm men, cAu tao mach chinh 1a a D-
glucosel-6, nhanh 1a o 1-3 va thinh thoang c6 nhanh a1-2 hay ol-4. Do
cO cau tao 1-6 nén doi véi dong vat, dextran khong bi phan giai hay bi

phan giai rat cham.

chgon O i '|:I
= CHa
aH
i a OH
OH Ly, OH
a

o 1-3)-0-glucose

[extranase

O -6D-glucose

OH
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Dextran c6 d9 dai va hinh dang gidng albumin, nguoi ta thuong
ding nhiét dé thity phan khong hoan toan dextran nham thay thé protein
ctia huyét twong , dung dich 10% ctia né hoan toan trong sudt. Trong cong
nghé nguoi ta tong hop dextran va duoc goi la sephadex dé sir dung trong
tach timg phan protein.
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Chuong 2
Lipid

7 Ciing nhu saccharide, protein, lipid 13 chét hitu co phuc tap, ta co
thé dinh nghia nhu sau:

* Pinh nghia rong: Lipid 1a chat tan duoc trong dung mo6i hiru co,
khong tan trong nudc, dinh nghia nay khong phan anh hét tinh chat cua
cac lipid vi:

- C¢ lipid khong tan dugc trong dung moi hitu co nhu phospholipid
khong tan trong aceton.

- Nhung ciing c6 chat khong phai lipid nhung tan dugc trong dung
mdi hitu co.

* Dinh nghia hep: Lipid 1a ester cua ruou va acid béo. Tuy nhién
c6 nhitng lipid do acid béo lién két voi rugu bang lién két peptide.

* Pinh nghia dung hoa: Lipid 12 nhiing chat chuyén hoa cua acid
béo va tan dugc trong dung moi hitu co.

Lipid rat phé bié'l} o dong vat cﬁng nhu & thue vat va ton tai dudi 2
dang m& nguyén sinh chat (dang lién két) va dang du trit (dang tu do).

- M@ nguyén sinh ghét: thanh phan ciia mang té bao cling nhu cac
bao quan khac vi du: ty thé, lap thé... dang nay khong bi bién doi ngay ca
khi con ngudi bi bénh béo phi hoac bi doi.

- Dang du trir (dang tu do) c6 tac dung cung cap nang luong cho co
thé, bao vé cac ndi quan, 13 dung mdi can thiét cho mot sb chét khac.

Cin cir vao thanh phan nguyén t6 c6 mit, ngudi ta chia lipid ra 1am 2 loai

* Lipid don gian: trong phan tur chi chua C, H, O.

* Lipid phirc tap: ngoai C, H, O con c6 mdt s6 nguyén t6 khac
nhu N, P, S.

2.1. Lipid don gian
2.1.1. Glycerid

Glycerid 1a ester cua ruou glycerol va acid béo, 1a m& du trir phd
bién ¢ dong vat va thuc vat.
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=
HY CH OH

H

Glyoerol

o 10 an O
C <I§Ir‘EI-I/ %—cf
o_.=_{£

1- Stearoyl, 2- linoleoyl, 3-palmitoyl glycerol,
mdt triacylglycerol hon tap

2.1.1.1. Glycerol

La triol khong mau, vi ngot nhon. Khi dbt glycerol hay lipid co
chtra glycerol véi chat hut nudc sé€ tao acrolein c6 mui khét.
2.1.1.2. Acid béo

7 Acid béo thuong gap 1a nhiing acid béo co s6 carbon chén, mach

thang, c6 the no hay khong no va chudi C xép theo hinh chir chi.

Tuy nhién cling c6 nhiing acid béo ngoai nhom chuc acid con chua
nhiing nhom chire khac nhu ruou, ketone, mach carbon c6 vong hay nhanh.
a. Acid béo chén, thang, no: CH3;(CH,)nCOOH

C4 CH; -(CHy), — COOH  butylic acid ¢ nhiéu trong co.

C6 CHs;-(CHy)s -COOH  caproic acid c6 trong bo, sira dé.

Cs CHs;- (CH;)s-COOH  caprylic acid c6 trong bo, stra dé.

Cio CH3-(CH;)s —COOH capric acid ¢ trong bo, sira dé.



Ci2
Cis
Cie
Cis
Cao

n=10
n=12
n=14
n=16
n=18

lauric acid  ¢6 trong dau dura.
myristic acid co trong dau dura.

palmitic acid  co trong dau dong vat,thuc vat.

stearic acid  cO trong dau dong vat,thuc vat.
arachidic acid  ¢6 trong dau lac.

b. Acid béo chin, thang, khéng no
- Chira mot ndi d6i (C’): 10 9
C 16 (Ao.10): CH3-(CH,)s -CH = CH- (CH2);-COOH
Palmitoleic acid : Tim thay trong dau thuc vat.
C 15 (Ag.19): CH3-(CH,); -CH = CH- (CH,); -COOH
Oleic acid: acid nay c6 ba déng phan.

Cvlg (A6.7): Petroselenic acid

C,lg (A11-12): Vaccenic acid.

C s (A12-13): Heparic acid

- Acid béo c6 2 nbi doi (C*°):

C 18 (Ao.10,12.13): Linoleic acid

CH;-(CH,)4 -CH = CH- CH,-CH=CH-(CH2),-COOH

Co thé khong tong hop duoc acid ndy ma lay tir ngoai vao. Ngay
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Xua nguol ta quan niém acid nay 1a vitamin va goi 1a vitamin S. Nhung

thuc chat do 1a mét acid béo ma co thé can véi mot lugng 16n.
- Acid béo ¢6 chtra 3 nbi doi (C*):
C18°7°((9-10,12-13,15-16): Linolenic acid, co thé khong tong hop

duoc acid nay.

- Acid béo c6 4 noi doi (C*”’):
Cz() (A5—6,8—9,11—12,14—15): Arachidonic acid.

Ngoai ra con c6 céc acid béo cd chira ndi ba nhung khong quan trong.

c¢. Acid béo c6 chira chirc rugu

Thuong gip trong lipid phtrc tap va chita nhém ruou gan chic acid

nén co tén la a- hydroxy...

(0

R—(|3H—COOH

OH
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Vi du: a - hydroxy lynoceric acid CHj -(CH; ),;- CH-COOH
|
OH

Ricinoleic acid

CH;-(CHa)s - CH - CH2 - CH = CH- (CH,), - COOH
| 10 9
OH

d. Gdc R trong phan tir acid c6 nhanh va c6 s6 C 1é

Phocenic acid: CH; N
CH; .~
Undecylonic acid:  CH2 = CH - (CH)s - COOH
e. Acid béo c6 vong

* Chaulmoogric acid: @- (CH);2 - COOH

* Sferculic acid: CH; - CH, - C\Z /C - (CH,); - COOH

CH,
2.1.1.3. Tinh chét cua acid béo va triglyceride
* Tinh chat vat Iy:
a. Piém tan chay

CH - CH, - COOH

Piém tan chay phu thudc vao sé C cua acid béo, acid béo ¢ chudi
C dai thi diém tan chay cao va ngugc lai. Nhung acid béo c6 C 1¢ c6 diém
tan chay thap hon acid beo co s6 C nhé hon né 1 don vi . Ngoai ra do tan
chay con phu thuc vao s6 ndi doi trong phan tir acid beo, acid béo chira
nhiéu ndi ddi thi diém tan chay cang thap.

b. B0 so6i1
~Acid béo co chudi C dai thi d§ soi cang cao, thudng ap dung tinh
chat nay dé tach céc acid béo ra khoi nhau.
c. Tinh hoa tan
- Trong mgzdc: acid béo co chu(:)i,C ngfn} (4,6,8) dé tan, C;( kho tan,
C,; khong tan. Néu acid béo ¢ dang mudi thi dé hoa tan hon.

. - Trong dung mdi hiru khéng phén cyc nhu benzen, ether, ether
dau hod acid béo dé tan.
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- Trong dung mé1 hiru co phén cuc nhu aceton, acid béo kho hoa
tan hay hoa tan rat it.

* Tinh chét ho4 hoc:
a. Su hydrogen hoa

Acid béo chua no c6 thé két hop v6i H, dé tao thanh acid béo no

R - (CHy), - CH =CH- (CH;), - COOH +H, < >

R - (CHy), -CH; - CHy - (CH3y), - COOH

Ngudi ta dung phan tmg nay dé ché tao thyc phdm nhu margarin.

b. Su halogen hoa

Acid béo khong no két hop véi cac nguyén td thuoc ho halogen (F,
Cl, Br, I) dé tao thanh acid béo no.

R - (CHy), - CH = CH- (CH), - COOH +1, ——

R - (CHy), - |CH - (liH (CH,), - COOH

I I

C6 thé dung phan ng nay dé xac dinh sé ndi doi trong phén tu
acid béo. Phan ung dé 'dang hay kho xay ra tuy thudc vao vi tri nbi d6i ddi
v6i nhom carboxyl, néi d6i cang gan nhoém carboxyl phan ng cang kho
Xay ra.

Dé xac dinh s6 ndi d6i nguoi ta can clr vao chi sé Tod.

Chi s lod: La s6 gam lod gc”in, thiét dé tac dung lén 100gam cht
béo. Do do chi so iod cang 16n thi s6 noi doi cang nhicu.
c. Sy thuy phan:

Ester nén khi thuy phén s€ tao thanh rugu glycerol va acid béo.
Tac nhan thuy phan la acid, ki€ém, nudc hay enzyme.

* Thity phan bang nudc can nhiét do va ap suét cao.

* Thity phan bang kiém: NaOH hay KOH

Chi s6 xa phong hod: s6 mg KOH can thiét dé trung hoa g chat béo

Do do chi s6 xa phong cang 16n thi do dai mach cang ngin, nén
duoc dung dé xac dinh d6 dai cia mach C.

) Dé xac dinh tinh chat ctia cht béo ngudi ta con cin cir vao mot sb

chi s khac nhu chi s6 acid.

Chi sé acid: 56 mg KOH diing dé trung hoa tdt ca acid béo tw do
co trong 1g chat béo.
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* Thuy phan bang enzyme: trong co thé lipid bi thuy phén bang
enzyme lipase.

- Lipase dich trang tac dung vao vi tri f3.

- Lipase tuy tang tac dung vao vitria va o’.

d. Su 61 hoa:

Dau m& dé 1au c6 mui va vi kho chiu goi le} su 01 hoa, rpc}t trong
nhimg nguyén nhén gay ra la do oxy khong khi két hop vao noi doi tao
thanh peroxide. Néu oxy két hop vao nguyén tur carbon ding canh lién két
do1 thi s€ tao thanh hydrogen peroxide. Sau d6 peroxide va hydrogen
peroxide s€ bi phan giai dé tao thanh aldehyde va ketone. Céac aldehyde va
ketone ndy déu 1a nhiing chat c6 mui va vi khoé chiu.

2.1.2. Cerid
Ciing la ester ctia rugu va acid béo, nhi¢t 3o thuong & thé rin, co &
dong thyc vat, & thuc vat n6 thuéng tao thanh mot 16p mdéng phu 1én 14,
than, qud cda cay. Cong thurc tong quat:
R-O0-CO-R

Ruogu trong cerid 1a rugu cao phan tir, chi chtra mgt nhom OH ,
manh C khong phan nhanh, rat it khi mach C c6 vong Vi du: Ruou
cetol:CH3 - (CH2)14-CH20H.

Sap ong, sdp cd voi (spermaceti) 1a ester cua rugu cetol va
palmitic acid.

0
CHy(CHy) 34— C—0—CH;—(CHy)e—CH,
1% Ak -

Palmitic acid 1-Triacontanal

Ngoai ra trong sap ong va sap ca voi con c¢o rugu tu do, acid béo
tu do va hydrocarbon.
2.1.3. Sterid

La ester cua rugu sterol va acid béo. Ruou sterol c6 vong va trong
luong phan tr rat 16n, sterol tiéu bicu la cholesterol, acid mat. Acid béo
thuong la palmitic, oleic, ricinoleic.
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2.1.3.1.Cholesterol

Cholesterol bao gém nhan phenanthrene két hop voi cyclopentan
tao thanh cyclopentanoperhydrophenanthrene. Cholesterol c6 mang nhom
rugu & Cs, ndi do1 & Cs - Cg va 2 goc CH3 & Cjp, Ci3 va mot nhanh
isooctan ¢ C.

Cholesterol chi c6 & dong vat, trong mau c6 khoang 2.107, ¢6
nhiéu trong 6c, nhitng mé & 14 lach, gan, da ciing c6 chira cholesterol hay
cac chat chuyén hoa cua n6. Cholesterol duoc tim théy dau tién & san mat,
san mat 13 do sy dian mat dén rudt non bi nghén, mat chua nhiéu
cholesterol nén két tua lai thang san mat. Cholesterol 1a chét quan trong
trong su sinh tong hop acid mat, vitamin D va nhiéu chit khac.

Cholesterol + acid béo —— cholesterid

-

HOr

Trong thién nhién, cac sterol & trang thai tu do nhiéu hon & trang
thai sterid. O co thé ngudi, chi 10% sterol bi ester hoa tao thanh sterid. Ty
1¢ sterol va sterid & cac mo khac nhau la khong giong nhau.

* Ly tinh cua cholesterol: két tinh du6i dang vay ong anh nhu xa
ctr, dang két tinh ciing khac nhau tuy theo méi truong két tinh.

* Hod tinh:
- Phan ng véi acid béo do nhom -OH ¢ Cs.
- Bi hydrogen hoa hay halogen hoé & Cs - Cs.
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- Phan tng mau:
ot Phan &pg Liebermann: Cholesterol cho rpélu xanh lyc, mau nay

rat bén trong nhi€u gio, phan tmg nay dugc dung dé xac dinh cholesterol ¢
bénh vién.

+ Phan Ung Salkowski: Cholesterol cho vanh mau dé.
2.1.3.2. Acid mat:

Acid mat dugc tim thdy trong dong vat c6 va gdbm 3 dang sau:
cholic acid, deoxycholic va chenodeoxycholic acid.

Acid mat 1a chat doc déi v6i nguoi. Vi vy trong mat, acid mat lién két
véi acetamin tao thanh mot chat it ddc hon.

‘ Ngoéi cholesterol va acid mat con c6 céc sterol khac cfmg co
nguodn goc dong vat qhu hprmone nang thugng than, hormone tuyén sinh
duc, cac sterol c6 ngudn goc thuc vat nhu ergosterol, stigmasterol...

2.2. Lipid phirce tap

Khé(:‘ véi lipid tu do ¢6 nhiém vu cung cap ning lugng , ham 11’1’(_)'ng
luén :[hay doi. Lipid phuc tap co nhﬁiém Vu’tham gia >féy dung cac cau tu
cua té bao, ham lugng khong thay doi hay rat it thay doi.
2.2.1. Glycerophospholipid (phosphatid)

Chiing ta ¢ thé hinh dung cu tao chung ctia glycerophospholipid nhur sau:

o
H "\/\//\\/\\/\\/\\M
1
oH II\//\/\\/\K;W\/\\/
o
HeO—P—0—X

Glycerophospholipid 1a diester ctia phosphoric acid. Mot phia
phosphoric acid lién két véi glycerol, phia kia lién két véi X. Tly cau tao
cua X ta c6 cac loai glycerophospholipid khac nhau:
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Phosphatidic acid = —H
Phosphatidvlethanolamine Ethanolamine — cHg—CHg—ﬁHg
Phosphatidylcholine Choline i CHE—CH@_ﬁfCH&h
Phosphatidvlserine Serine — CHg—CH—ITIHg
Phosphatidylglycoral Glwoorol — CH—CH—CH.—0OH

H

Phosphatidylinositol myo-Inositol 4 65-
4 G-bhisphosphate hisphosphate
Cardiolipin Phoaphatidyl-
glyveoerol

Lecithin: Luc d6 X 1a choline nén lecithin con dugc goi la choline
phosphatid

T
o ~CH:  cm, cC
CH, CH %
e | .-G
CH— Hz O
H,
Pheaphatidylchohne m

Lecithin c6 nhiéu trong long do trimg ga, trong dau nanh, trong
mau, trong cac day than kinh. Qua cau tao ta nhan thay né gom 2 phan

- Phan phan cyc bao gobm phosphoric acid va base nitrogen ua nudc.
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- Phan khong phan cyc bao gom cac gbc acid béo, ruou glycerol
ghét nudce.

Do c6 cu tao nhu trén nén lecithin ¢ trong nudc sé tao thanh dung
dich goi 1a dung dich gia.

Nho dac tinh vira wa nudc, vua ghét nuéc ma hinh nhu
phospholipid tham gia trong viéc bdo dam tinh tham mot chiéu cua cac
mang cau trac dudi té bao.

Lecithin co thé bi thuy phan bang acid, kiém hay enzyme:

* Thuy phan bang acid: tt ca lién két ester déu bi cat durt.

* Thuy phan bang kiém: ta dugc acid béo ¢ dang mudi,
glycerophosphate va choline. Nhung choline bi phdn huy dé cho
trimetylamin. Vo1 kiém nhe chi c6 thé cat lién két ester gitra rugu va acid
béo.

* Thuy phan bang enzyme: c6 4 loai enzyme lecithinase A, B, C va
D tac dong 1én cac lién ket ester khac nhau:

B
v

o CH,O-CO-R;
A

BCHO-*CO-Rz

C
v On
o’ CH,0 -PO B

Lecithinase A cit lién két ¢ vi tri B cua lecithin cho acid béo va
lisolecithin.

Cephalin: Trong ciu tao cia cephalin X 13 colamine.

o CH,O-CO-R;

B CHO-CO- R,
@)
a’&HZO-P/é 0

\Q-CH,- CH, -H;N*



44

. Tuong ty lecithin, cephalin (X la ethanolamine) c6 céq tao gom hai
phan ua nudc va ghét nudc, 1a thanh phan cua day than kinh va c6 nhiéu trong nao.

Lisocephalin dugc tao thanh khi cit lién két ester & vi tri B, ciing
c6 tinh chat pha huy hong cau nhu lisolecithin.

Serinphosphatid: Goi la serinphosphatid khi X 1a serine.

Trong co thé: lecithin, cephalin, serinphosphatid thuong gap ¢
dang hon hop bdi co sy bién d6i twong ho giita serine, choline va
colamine.

2.2.2. Sphingophospholipid
bay la lipid phirc tap, trong d6 rugu da nguyén tu 1a sphingosine.

Acid béo lién két v6i rugu sphingosine bang lién két peptid. Tuy theo X ta
c6 cac loai sphingophospholipid khac nhau

Sphingosine
HO—CH—CH—CH—(CH; y,—CH, Acid béo
O
CH—N—C

H—0—X

Lo

o OH
-::[—1. CH
CH

du,

Sphimgorng=lin

Sphingophospholipid quan trong nhat 1a sphingomyelin, & day X
la: phosphocholine. Acid béo trong sphingomyelin 1a lignoceric, palmitic,
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stearic hay nervonic. Sphingophospholipid 1a diaminophospholipid, khac
v6i phosphatid 1a monoaminophospholipid.

~ Sphingophospholipid khdng tan trong ethylic ether, dya vao tinh
chat nay dé tach ching ra khéi hon hop lipid
2.2.3.Glycolipid

Glycolipid la lipid phuc tap khong chira phospho, trong thanh phan
ciia ching c6 chta hexose, thuong 1a galactose hay cac dan xuét cia
galactose, do1 khi la glucose. Thuoc nhom nay c6 MGDG, DGDG va
sulfolipid kha phd bién trong luc lap va cac thanh phan khéc cta  bao & I4.

% oo L\/\//\N_W
{
L2l )—CH, Monogalactosyldiacylglycerol
OH H (MGDG)
H.OH

0

E.H;_.—D —C
O—CH, a AV VAV VA NN

H \/\/\/\/_\/_\/\/\
D_ ‘He Dhigalactosyldiacylglyoerol
OH H (DG
'H
-
D="15 Ha O

CHE_G_‘:F\/\//\N_V_\'/\/\
H_D_E:\/\\/\\/\\fw

H
* 6-Sulfo-6-deoxy-a-D-glucopyranosyldiacyglycerrol

(sulfolipid)

2.2.4. Sphingolipid

Cerebroside: trong phan tur cerebroside ruou sphingosine lién két
v6oi acid béo bang lién két peptide, vdi galactose (X) bang lién ket
glucosidic.
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Céc cerebroside khac nhau vé thanh phan acid béo, c6 nhiéu trong
mé than kinh, héng cau, bach cau, tinh trung. ..
Sphingosine
HO—*CH—CH=CH—(CHghs—CH,
0
*CH—N—C

Acid béo

H—0—X

Ganglyoside: cdu tao gidng cerebroside nhung X 1a phic hop

oligosaccharide
Phuc hop
ologosaccharide 4< >_< >_< >
Gle Gal F—{CellNAc

TAI LIEU THAM KHAO

Tai liéu tiéng Viét

1. Pham Thi Tran Chéu, Tran thi Ang. 1999. Hoa sinh hoc, NXB Gigo duc,
Ha Noi.

2. P6 Quy Hai.2004. (}iéo trinh Hoa sinh dai cuong, Tai li¢u luu hanh noi
bd Truong PHKH Hué.

3. TrAn Thanh Phong.2004. Gig’lo trinh Hoéa sinh dai cuong, Tai li¢u luu
hanh ndi by Truong PHKH Hué.

4. Lé ~Ng()c Ta (cha bién), Lé Van Chu, ?éng Thi Thu,l Pham Quéc Thénq
Nguyén Thi Thinh, Bui Pac Hoi, Luu Duan, Lé Doan Dién, 2000. Hoa sinh
Cong nghi€p, Nxb KH&KT, Ha Noi.

Tai li¢u tiéng Anh

1. LehningerA.L. 2004. Principles of Biochemistry, 4" Edition. W.H
Freeman.

2. Mead, Alfin-Slater, Howton & Popjak. 1986. Lipids: Chemistry,
biochemistry and nutrion, Plenum, New York.




79

Chuong 4
Nucleic acid

4.1. Thanh phin ho4 hoc ciia nucleic acid

) Nucleic acid, vat chit mang thong tin di truyén cua cac hé thong
song, 1a mot polymer dugc hinh thanh tr cdc monomer la nucleotide.
Trong nucleic acid c6 chira cac nguyén t6 C, H, O, N va P. Ham luong P
tir 8- 10% Moi nucleotide gom 3 thanh phan két hop véi nhau theo ty 1¢
1:1:1, bao gdm: nhom phosphate, duong pentose (la duong 5 carbon) va
mot base nito (nitrogen).
4.1.1 Base nito (Nitrogen)

Cac base nito (nitrogen) thugc phén tir nucleic acid déu 1a dan xuét
cua base purine hodc pyrimidine. Cac base purine gom adenine (6-amino
purine) va guanine (2-amino, 6-aminopurine), cac base nito pyrimidine
gom thymine (2,6-dioxy, S5-methylpyrimidine), cytosine(2-oxy,6-
aminopyrimidine) va uracil (2,6 dioxypyrimidine).( Hinh 4.1.)

PURINES PYRIMIDINES Uracil (U)
(AMNA)

Cytosine (C)
(DNA/RMA)

Hinh 4.1 Céng thirc cAu tao ciia cic base nito (nitrogen) trong nucleic acid

4.1.2 Buong pentose

Puong pentose trong nucleic acid gdm c6 hai loai 1a dudng deoxyribose
va ribose. Su c6 mat cua 2 loai dudng nay la mét trong nhiing dac diém dé phan
biét DNA va RNA.

4.1.3 Phosphoric acid

La mét acid vo co - H3PO,
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HO

HO OH
Ribose

Hinh 4. 2. Céng thirc ciu tao ciia hai loai dwong pentose trong nucleic acid

4.1.4. Su tao thanh nucleoside

Nucleoside 1a san pham thuy phan khéng hoan toan ctua nucleic
acid. Nucleoside gom c6 hai thanh phan 1a duong pentose va mdt base nito
(nitrogen, thudc purine hay pyrimidine).
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NUCLEOSIDES NUCLEOTIDES

NH,

Pl Sy “‘-r1
A A

M= ~H

AN 4 ‘ Adenosine

y f
\_/ Guanosine

Adenosine 5-monophosphate (AMP}

Cytidine Cytidine 5-monophosphate (CMP}

0 99
¥ Ly, L i

Uridine Uridine 5-monophosphate (UMP}

Hinh 4. 3. Ciu tao hoa hoc ciia cic nucleoside va nucleotide

4.1.5. Su tao thanh nucleotide

Nucleotide ciing la san pham thuy phén khong hoan toan cua
nucleic acid. Nucleotide gom c6 ba thanh phan: dudng pentose, mdt base
nito (nitrogen) va phosphoric acid (Hinh 4.3).
4.1.6. Su tao thanh nucleic acid

Céc nucleotide duoc ndi véi nhau,bz;lng lién két phosphodiester
Acide thong qua cac nhom OH ¢ vi tri C3 va C5 cua dudng pentose d¢
tao thanh mot chuoi dai goi la pqunucleo‘gide. Do lién két phosphodiester
dugc tao thanh ¢ vi tri C3 va C5 nén chudi polypeptide c6 tinh phén cuc:
diu 5 thuong c6 gdc phosphate va dau 3 thuong c6 OH tu do. Nucleic
acid gdm hai loai phan tir c6 cdu tao rat giéng nhau la DNA
(desoxyribonucleic acid) va RNA (ribonucleic acid).

4.1.7. Mét s6 nucleotide quan trong khong tham gia cdu tao nucleic acid
-ADP va ATP



82

ADP  (adenosindiphosphate) va ATP (adenosintriphosphate) la
nhitng dn xuat ctia adenine, chung tham gia qua trinh phosphoryl hoa-oxy
hoa. ATP dugc coi 1a ngudn phosphate cao niang trong té bao (Hinh 4.4).

NH, NFp
Y o o 0 y
| ” </ ‘ ) 0 ‘F" 0 ﬂ 0 y’ 0 < ‘ )
0—P—0—P— 4 0—P—0—P—0—P— >
| | ok N N | . L ok o N .
Q 0 :0: 0 0 0 : :
H
H H
H H
OH OH OH OH
Adenosine diphosphate (ADP) Adenosine triphosphate (ATP)

Hinh 4.4. Ciu tao ho4 hoc ciia ADP va ATP

- cAMP(AMP vong)

Adenosinemonophosphate vong dugc hinh thanh tir ATP, cAMP chi
tim thay ¢ t€ bao dong vat va vi khuan, n6 thuong lién két voi mang bao
tuong cua té bao va tham gia nhi€u qua trinh chuyén hoa. cAMP c6 thé
duoc sinh ra nho mdt s6 hormone hoat hoa adenylcyclase (Hinh 4.5.)

- UDP va UTP

UDP (uridinediphosphate) va UTP (uridinetriphosphate) déu la
nhiimg dan xudt cta uracil 1a nhimg coenzyme quan trong trong cac phan tmg
trung gian chuyén hoa glucose va galactose. Ngoai ra, ching con tham gia
trong vi€c hinh thanh nhitng hop chat phosphate giau nang luong.

NH
N S
I )
Hy N N/
o-C o
o\\\\P/ H H
-0 OH

Hinh 4.5. Céu tao ho4 hoc ciia AMP vong (cAMP)
- CDPva CTP
_ CDP (cytidindiphosphate) va CTP (cytidinetriphosphate) la nhimg
dan xuat cua cytidine. CTP cing la hop chat giau nang luong va co thé
tham gia nhi€u phan ung khac nhau nhu: phosphoryl hoé ethanolamine dé
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dzfm dén sy sinh tong hop cephaline hodc phan tmg véi phosphate choline
de hinh thanh cytidinediphosphate-choline (CDP-Choline, hinh 4.6).

NH,
ch\ N/
ool B P
HsC Hzc—o—T—o—T 0
0] 0]
CDP-choline

Hinh 4.6. Céu tao hoa hoc ciia CDP- cholin

4.1.8. Cdc coenzyme nucleotide

Hi¢n nay nguoi ta biét duoc mot s6 nucleotide tham gia cAu tao nén
cac coenzyme quan trong nhu vitamin B5 (pantothenic acid) trong
coezyme A (SH-CoA), vitamin B2 (riboflavine) trong coenzyme flavin
adenine dinucleotide (FAD) va vitamin PP (nicotinamide) trong coenzyme
nicotinamide adenine dinucleotide (NAD) v.v...Chung dugc phosphoryl
hoa khi 1am chirc phan nhém ngoai clia cac enzyme trong chuyén hod
trung gian, (hinh 4.7)

0 oMt 0 o NH,

|
0-P—p.p_~
HS.._~ J\/\NW i P-0 N
NN Tew o ¢ f” ‘“‘N

OH

Coenzyme A ' 0—P—0
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NH,
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L~ NH, OH 0
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Hinh 4.7. Cau tao hoa hoc ctia mt s6 coenzyme

4.2. Ciu triic ciia nucleic acid
4.2.1 DNA (Desoxyribonucleic acid)

Phan tir DNA 1a mot chudi xoén kép gom hai chudi don. M&i chudi
don 1a mot chudi nucleotide. Mdi nucleotide gdm ba thanh phan: nhom
phosphate, duong desoxyribose va mot trong bon base va thuong duoc ky
hiéu bang chit cai dau tién cta cac base d6 (A-adenine, C- cytosine, G-
guanine va T- thymine). Hai chudi don két hop v6i nhau nho céc lién két
hydrogen hinh thanh giita céc base bd sung nam trén hai chudi: A bo sung
cho T va C b6 sung cho G. Mbi chudi don c6 mét trinh ty dinh huéng voi
mot dau 5’phosphate ty do, dau kia 1a 3° hydroxyl tu do (quy u6e la 5° —

3’. Huéng cta hai chudi don trong chudi xoan kep ngugc nhau, nén dugc
goi 1a hai chudi dbi song. Nhitng phan tich ciu trac hién dai di cho thay
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céu trac cia DNA khong phai ludn ludn twong tng véi dang duge goi 1a B
méa Watson va Crick da dua ra. Do sy tic dong cuia cac hop chat cé trong
luong nhoé hodc protein dang B c6 thé chuyén sang dang A (nén nhiéu
hon) hodc 14 dang Z (xoan trai). Chung cé thé tu gap lai (DNA) hodc xoin
manh, vi du mot chudi kép DNA c6 do dai 1a 20 cm dugce nén trong mot
chromosome c6 kich thudc 1a 5 um.

Lién két hydrogen

(a) Cau tric ctia DNA (b) Cau tric hda hoc cia mot phan DNA

Hinh 4.8. Chudi xoin kép ciia DNA

Phan tr DNA trong nhidm sic thé cta sinh vét eukaryote & dang
thang, con & phan 16n té bao prokaryote (vi khuan) phan tir DNA ¢6 dang vong.
Du ¢ dang nao thi cac phan tir DNA déu ton tai dudi dang cudn chit. Trong té
bao eukaryote, DNA két hop chit ché véi cac protein 14 histone.
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Truc dudng-phosphate Cac base

Thymine (T)

H: H".HH"

Adenine (A)
H H
.
N
T

Cytosine (C)

H H
Phosphate =~ ©H H

#  DNA nucleotide

DBudng (deoxyribose) o
Guanine (G)

Hinh 4.9. CAu tric caia cac nucleotide dién hinh.

DNA ciia eukaryote cé kich thudc rat 1on (vi du DNA & nguoi c6 thé
dai dén 1 m) nén cau hoi dit ra 13 phan tir ndy phai duoc nén nhu thé nao
vao thé tich rt han ché cua nhan. Viéc nén duge thuc hién & nhidu mirc
do, muc do thép nhét 13 nucleosome va muc do cao nhat 1a cé% trac nhiém
sdc chét. That vay, duong kinh cta chudi xodn DNA chi 1a 20 A , trong khi
so1 Ighiém sdc chat quan sat dudi kinh hién vi dién tir c6 duong kinh
100 A, d6i khi dat 300 A . Diéu nay ching t6 phan tir DNA tham gia hinh
thanh nhiing cu trac phtic tap hon (Hinh 4.10). Soi c6 dudng kinh 100 A
1a mot chudi nhiéu nucleosome. D6 14 nhimng céu trac hinh thanh tir mot



87

chudi DNA quan quanh mét 18i gom 8 phan tir histon. Soi 1001& nay
duoc t6 chtrc thanh cdu trac phic tap hon 13 soi ¢6 duong kinh 300 A .
Trong nhan té bao, cac soi vira ké trén két hop chit ché véi nhidu protein
khac nhau va ca v4i cdc RNA tao hanh nhi®m sédc chat, mac do td chuc
cao nhit cia DNA

Chubi xo&n kép DNA W"\\’{/ I 2nm

Dang xau chudi cta

n - - 11 nm
nhiém sac thé
Sgi nhiém séc chat
dugng kinh 30 nm gém 30 nm
cac nucleosome dugc
dong goi
Ving nhiém sic thé 300 nm
G dang léng I€o
Vung nén chdt cua 700 nm
nhiém sac thé & trung ky

1400 nm

Nhiém s&c thé & trung ky

Hinh 4.10. Cau truc nucleosome va nhiém sac the.

_ Phan tr DNA dugc sip xép trén nhiém sic thé lam cho chiéu dai
ngan lai hon 50.000 lan.

Cac DNA ¢ eukaryote c6 déc diém khac v6i DNA prokaryote. Toan

bd phan tr DNA prokaryote déu mang thong tin ma hoa cho cac protein

trong khi d6 DNA eukaryote bao gom nhiing trinh ty ma hod (céc exon)
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xen k& voi nhimng trinh ty khong mé hoa (intron). Cac trinh tr mé hoa ¢
eukaryote chim ngdp trong mot khoi 16n DNA ma cho dén nay van chua
0 tac dung. Tuy theo muc d6 hién dién ctia chung trong nhan, céc trinh tu
DNA duoc chia lam ba loai:

- Céc trinh ty 13p lai nhiéu 1an. Vi du: & dong vét ¢6 vit cdc trinh tu
nay chiém 10-15% genome (hé gen). B0 1a nhiing trinh ty DNA ngén (10-
200 kb), khong ma hod, thuong tap trung ¢ nhirng vung chuyén biét trén
nhlem sdc thé nhu & ving tdm dong (trinh tw CEN) hay ¢ dau cac nhiém
sic thé (trinh ty TEL). Chirc ning cua cac trinh ty nay chua rd, co thé
chung tham gia vao qua trinh di chuyén DNA trén thoi v6 sac (trinh tur
CEN) hoac vao qua trinh sao chep toan ven cia phan DNA nam ¢ dau mat
nhiém sac the (trinh ty TEL).

- Cac trinh ty c6 s6 1an lap lai trung binh. Vi du: & genome nguoi
cac trinh ty nay chiém 25-40 %. Ching da dang hon va c6 kich thudc lon
hon (100-1.000 kb) cac trinh ty 1ap lai nhiéu lan. Cac trinh ty nay phan bo
trén toan b bo gen. Chung c6 thé 1a nhimg trinh ty khong méd hoa ma
cling c6 thé 1a nhitng trinh ty ma hoa cho rRNA, tRNA va RNA 5S.

- Céc trinh ty duy nhét: 1a cac gen ma hoa cho cac protein, co trinh
tu dac trung cho tung gen.

Mot dic diém cia phan tir DNA c6 ¥ nghia rat quan trong dugc sur
dung vao phuong phap lai phan tr. D6 1a kha nang bién tinh va hoi tinh.
Bién tinh 1a hién tugng hai soi d0'1} cua phé}n tir DNA tach roi nhau khi cac
lién ket hydrogen gitra cac base bo sung nam trén hai so1 bi dut do cac tac
nhan hoéa hoc (dur}g dig:h kiém, formamide, u‘rea) hay dQ tac nhan vat ly
(nhi€t). Sau do, néu di€u chinh nhiét d6 va nong do muoi thich hop, cac
so1 don c6 thé bat cap tr¢ lai theo nguyén tac bo sung, dé hinh thanh phan
tir DNA ban dau, do6 1a su hoi tinh.

4.2.2 RNA (Ribonucleic acid )

Phan tt RNA ¢6 ciu tao tuong tu DNA vdi ba diém khac biét sau:

- Phan tir RNA 1a chudi don.

- Puong pentose ctia phan tir DNA 13 deoxyribose duoc thay bang ribose.

- Thymine, mot trong bdn loai base hinh thanh nén phan tir DNA,
dugc thay thé bang uracil trong phan tir RNA.

CAu tric va chire nang cua RNA co sy bién dbi rd rét. Vé co ban
RNA chi la chat mang thong tin di truyén & virus, sau dé nguoi ta ching
minh rang n6 khong nhiing dong vai tro6 co ban ¢ viéc chuyén thong tin di
truyén ma con cé vai tro cu trac khi tao nén phirc hé RNA-protein.
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Theo mot 1y thuyét tién hoa ma dai dién 1a Manfred Eigen, RNA la
chat mang thong tin di truyén, thanh vién trung gian cua sy biéu hién gen,
thanh phan cau tao va la chat xtc tac. Nhom OH ruou ¢ vi tri tha hai cua
ribose can thiét cho da chirc nang lam nhicu loan sy tao thanh chuoi kép,
qua d6 lam tang do khong bén viing cua lién két photphodieste.

Trong té bao co ba loai RNA chinh, ¢6 cac chirc nang khac nhau:

- Cac RNA thong tin (mRNA)

mRNA 1a ban sao cua nhiing trinh ty nhét dinh trén phan tor DNA,
c6 vai tro trung tdm la chuyén thong tin ma héa trén phan trt DNA dén bd
may giai ma thanh phan tir protein twong tmg. Cac RNA c6 cau tric da dang,
kich thude nho hon so vai DNA vi chi chira thong tin ma hoa cho mét hodc vai
protein va chi chiém khodng 2-5% tong s6 RNA trong t& bao.

Qua trinh chuyén thong tin dugc thé hién nhu sau:

Phién ma Dich ma

DNA — RNA — "  Protein

O Escherichia coli, kich thuéc trung binh ctia mot phan tir mRNA
khoang 1,2 kb.

- RNA van chuyén (tRNA)

tRNA lg‘lm nhiém vu véan chuyén cac amino acid hoa‘g héa dén
ribosome d¢ tong hop protein tir cic mRNA tuong ng. C6 it nhat mét loai
tRNA cho mot loai amino acid. tRNA van chuyén chua khoépg 75
nucleotide (co6 trong lugng khoang 25 kDa), la phan tir RNA nho nhat. Cac
tRNA ¢6 cau trac dang co ba la (Hinh 7). Cau trac nay duoc on dinh nho
cac lién két bo sung hién dién ¢ nhi€u vung cua phan tir tRNA. Hai vi tri
khong c6 lién két bo sung dong vai tro dic bi¢t quan trong doi voi chiic
nang cua tRNA:

- Trinh tu anticodon gdm ba nucleotide.

- Trinh ty CCA, c6 kha nang lién két cong hoa tri véi mot amino
acid dac trung.

- RNA ribosome (rRNA)

~rRNA Ia thz‘mhqphﬁn co ban cua ribosome, vira dong vai tro xuc tac

va cau trac trong su tong hop protein.

Tuy theo hé sé ling rRNA duoc chia thanh nhiéu loai: & eukaryote
co rRNA 288, 18S, 5,8S va 58S, con cac rRNA & E. coli ¢6 ba loai: 23S,
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16S va 5S. rRNA chiém nhiéu nhét trong ba loai RNA (80% tong s6 RNA
te bao), tip dén 1a tRNA va mRNA chi chiém 5%.

Ribosome C}"la moi té bao déu gém mot tiéu don vi nhd va mot tiéu
don vi 16n. Moi ti€éu don vi c6 mang nhiéu protein va rRNA c6 kich thudc
khac nhau.

+

Hy Amino acid

—Z

2 Y-

anticodon

Hinh 4.11. M hinh cAu tric cia mdt tRNA

- Mot s6 loai RNA khéc.
. Té bao sinl} vét nhan chuan con ghl'ra mot sb loai RNA khac, chung

deu co6 vai tro nhat dinh trong bo may tong hop protein nhu:

+ snRNA (small nuclear) 14 nhitng phén tir RNA nho tham gia vao
viéc ghép ndi cac exon.

+ hn RNA( heterogenous nuclear) la nhiing RNA khong dong nhét &
nhan té bao.

+ scRNA (small cytoplasmic) 12 nhirng RNA nho ciia té bao chat.
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Béang 4.1. Cac phan tir RNA trong E. coli

Loai Tong s6 twong | HEsd | Khoilwong phin |  S6 lwgng
doi (%) lang (S) tir (kDa) nucleotide
rRNA 80 ’ 1,2 x10° 3700
i 0,55 x 10° 1700
3,6 x 10 120
tRNA 15 > 2,5 %10 75
mRNA 5 4 Khong dong nhét

Nhin chung tat ca RNA trong té bao déu duoc tépg hop nho enzyme
RNA polymerase. Enzyme nay doi hoi nhitng thanh phan sau day:

a) Mot khuén mau, thuong 1a DNA chudi doi.

b) Tién chat hoat hoa: Bén ribonucleoside triphosphate: ATP, GTP,
UTP va CTP.

Sinh tong hop RNA gidng DNA ¢ mot s6 diém, thir nhat hudng tong
hop 1 5° — 3’, thit hai Ia co ché kéo dai giéng nhau: nhém 3’-OH ¢ dau
cudi cua chuoi tong hop la vi tri gan két cua nucleoside triphosphate ti€p
theo. Thur ba, sy tong hop xay ra do thuy phan pyrophosphate.

Tuy nhién, khic véi DNA la RNA khong doi héi mdi (primer).
Ngoai ra RNA polymerase khong ¢ hoat tinh nuclease dé sira chira khi
cac nucleotide bi gan nham.

Ca ba loai RNA trong té bao duoc tong hop trong E. coli nho mot
loai RNA polymerase. O dong vat c6 v cac RNA khac nhau dugc tong
hop bang céac loai RNA polymerase khac nhau.

4.3. Mot s6 tinh chét ciia nucleic acid

Dung (}jch nucleic acid ¢6 d§ nhét cao, c6 hoat tinh quang hoc (lIam
quay mat phang anh sang phan cuc).

Nucleic acid hap thy manh ¢ ving anh sang tir ngoai c6 budc séng
250-280 nm, cuc dai hap thu & 260 nm. Tinh chat nay dugc st dung dé
dinh lugng nucleic acid va xac dinh d¢ sach cua nucleic acid.

. Khi dun néng dung dich nucleic acid ¢ nhiét d(f) cao, thém acd hodc
kiém dé ion hoa cac base gﬁa no, nucleic acid bi bién tinh. Phan tir DNA
xoan kép bi thdo roi, d§ hap thu & bude song 260 nm tang 1én. Su tang do
hap thu nay goi 1a hién tuong tang sac to (hyperchromism). Nhiét d6 lam
mat mét nira cau tric xoan kép cua phan tr DNA duogc goi 1a nhiét do
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néng chay (melting temperature) viét tit 1a T,. Cac DNA giau cac base G
va C c6 nhiét d§ nong chay cao.

DNA phan tmg véi thude thir fucsin tao thanh mau d6 (phan tng
Feulgen), phan tmg nay thuong st dung trong hoa té bao.

Dé phan biét DNA va RNA ngudi ta ding cac phan tmg dic trung
v6i thude thtr orcine tao thanh mau xanh luc bén, desoxyribose cua DNA
phan tmg véi diphenylamine tao thanh mau xanh da troi bén.
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Chuong 5
Vitamin

Vitamin 12 mot nhoém chat hiru co ¢d céac tinh chat 1y, hod hoc rat
khac nhau. Tac dung ctia chung trén cac co thé sinh vat ciing rat khac nhau
nhung déu rat can thiét cho su sdng cua sinh vat, nhat 1a ddi voi ngudi va
dong vat. Khi thiéu mot loai vitamin nao d6 s& dan dén nhitng roi loan vé
hoat dong sinh 1y binh thudng cia co thé.

Vitamin dugc tong hop chi yéu ¢ thyuc vat va vi sinh vat. O ngudi
va dong vat ciing co thé tong hop dugec mot sé Vitamin nhung rit it nén
khong thoa méin nhu cdu ctia co thé ma phai tiép nhan thém & ngoai vao
bang con dudng thirc an.

C6 nhiéu loai Vitamin khac nhau. Tén Vitamin dugc goi theo
nhiéu cach nhu goi theo chir cai, goi theo danh phap hoa hoc, goi theo
chic nang. Vi du Vitamin B; con c6 tén hoa hoc 1a Thiamin, déng thoi
theo chirc nang ctia nd con cé tén antinevrit.

C6 nhiéu kiéu phén loai Vitamin, nhung kiéu phan loai dugc su
dung pho bién nhat 1 dwa vao kha ning hoa tan ciia Vitamin vao cac dung
moi. Ngudi ta chia Vitamin ra 2 nhém: Vitamin tan trong nudc va Vitamin
tan trong ma.

Vitamin tan trong nuéc chu yéu tham gia vao cac qua trinh lién
quan tdi su gidi phong nang luong nhu qua trinh oxi hoa khir, qué trinh
phan giai cac hop chét hiru co...

Vitamin tan trong m& tham gia vao cic phan ng tao nén céc chat
¢6 chirc nang ciu tric cac mo, cac co quan.

5.1. Vitamin tan trong nuwéc

5.1.1. Vitamin B (Thiamin)

Vitamin B, 13 loai Vitamin rat pho bién trong thién nhién, dic biét trong
nidm men, cam gao, mam lta mi ... Trong d6 cam gao c6 ham luong
Vitamin Bjcao nhét. Vitamin B, duoc tach ra ¢ dang tinh thé vao nam
1912 va xéc dinh duoc cu tric hoa hoc cua no.
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NH,

CH3

N
HsC J\\N ‘ ‘_ CH, - CH,OH

Vitamin B; bén trong méi trudng acid, con trong méi truong kiém
n6 rat dé bi phan huy khi dun néng. Trong co thé B, ¢6 thé ton tai & trang
thai ty do hay ¢ dang Thiamin pyrophosphate. Thiamin pyrophosphate 1a
dang B lién két voi HsPO4 va ¢6 vai trd quan trong trong qua trinh trao
ddi chét cua co thé. Thiamin pyrophosphate 14 coenzyme xtc tac cho qua
trinh phan giai cac ceto acid nhu pyruvic acid, oxaloacetic acid.... Vi vdy
khi thiéu Vitamin B, su chuyén hod cac ceto acid bi ngimng tré lam cho co
thé tich luy mot lwong 16n cac ceto acid lam rdi loan trao ddi chat va gay
nén cac trang thai bénh 1y nguy hiém.

Vitamin B; hoa tan tot trong mdi trudong nudc va chiu nhiét kha
nén khong bi phan huy khi néu nuéng. By dwoc tong hop chi yéu & thyc
vat va mot sb vi sinh vat. Nguoi va dong vat khong tong hop duoc B ma
phai nhan tir ngudn thic an. Nguon chua nhleu Vitamin B; 1a cam gao,
ngd, lta mi, gan, than, tim, nao, nhét 12 & ndm men.

Khi thiéu B; co thé phat sinh bénh beri-beri, con goi 1a bénh té
phu, do qua trinh trao d6i chat bi rdi loan. Nhu cau Vitamin B; phu thuge
vao dleu kién nghé nghiép, vao trang théi sinh 1y cta co thé, vao lia tudi.
Nhu cau hang ngay ciia ngudi 16n 1a 1-3mg, cia tré em 0,5-2mg.

5.1.2. Vitamin B, (Riboflavin)

Vitamin B, 13 dan xuét cua vong Isoalloxazin, thugc nhom flavin. Trong
co thé B, lién két voi H3PO, tao nén coenzyme FMN va FAD la nhiing
coenzyme cua hé enzyme dehydrogenase hiéu khi.

O trang thai kho Vitamin B, bén v&i nhiét va acid.

Vitamin B, c6 nhiéu trong nAm men, dau, thit, sita, gan, trang. Khi
thiéu Vitamin B, su tong hop cac enzyme oxi hoa khir bi nging tré lam
anh huong dén qua trinh oxi hoa khir tao nang luong cho co thé. Pong
thoi khi thiéu Vitamin B, viée san sinh ra céac té bao cua biéu bi rudt cling
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bi anh hudng gay nén sy chdy mau rudt hay rdi loan hoat dong cua da day,
rugt. Vitamin B, con giup co thé khang khuan tot hon.
Nhu cau Vitamin B, hang ngay ctia mot nguoi khoang 2-3mg.

CH, - (CHOH);-CH,OH
|

N N
HsC / 7 0
HsC N Vs NH
NN
0

Riboflavin (Vitamin B;)

5.1.3. Vitamin PP (Nicotinic acid, nicotinamid)
Vitamin PP 1a nicotinic acid va amid cua né la nicotinamid.

0
N &
= COOH o
NH,
~
NN N
N

Nicotinic acid Nicotinamid

Vitamin PP 13 thanh phan ciia coenzyme NAD, NADP ¢6 trong cac
enzyme thudc nhom dehydrogenase ky khi.

Vitamin PP gitip co thé chong lai bénh pellagra (bénh da san sui).
Khi mic bénh pellagra s& dan dén sung mang nhay da diy, rudt, sau do
sung ngoai da.

Vitamin PP dang nicotinic acid bén voi nhiét,‘ acid va ca kiém pén
kho bi phan huy, con & dang nicotinamid lai kém bén véi acid va kiém.
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Vitamin PP khong bi bién ddi khi niu nuéng nén thic in giit duge ham
lugng PP qua xur 1y.

Vitamin PP c6 nhiéu trong gan, thit nac, tim, dac biét la ndm men.
Néu co thé thiéu Vitamin PP s& anh huong dén cac qua trinh oxi hod khur.
Vitamin PP c¢6 tac dung ngin ngira bénh ngoai da, sung mang nhdy rudt,
da day.

Hang ngay nhu cau ctia mot ngudi khoang 15-25mg Vitamin PP.

5.1.4. Vitamin Bg (Pyridoxin)

Vitamin Bg ton tai trong co thé & 3 dang khac nhau: Piridoxol,
Pyridoxal, Pyridoxamine. Ba dang nay c6 thé chuyén hod lan nhau

CH,OH
HO %~ CH,OH
HiC X
N
Pyridoxol

Vitamin By 1a thanh phan coenzyme ciia nhiéu enzyme xiic tic cho
qua trinh chuyén hod amino acid, 13 thanh phin ciu tao cua
phosphorylase...

Vitamin Bg ¢6 nhiéu trong nam men, tring, gan, hat ngii céc, rau
qua ...

Néu thiéu Vitamin Bg sé& din dén cac bénh ngoai da, bénh than
kinh nhu dau dau, bénh rung toc, rung 16ng ...

Hang ngay mdi nguoi 16n can 1,5-2,8 mg, véi tré em can 0,5-2mg
Vitamin Bg.

5.1.5. Vitamin C (Ascorbic acid)

Vitamin C 13 ascorbic acid. Trong co thé Vitamin C ton tai ¢ 2
dang: dang khir 1a ascobic acid va dang oxy hoa 1a dehydro ascobic.
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CH,OH CH,OH
O
= 0 =0
|
OH OH o 0
Ascorbic acid Dehydro ascorbic acid

Vitamin C tham gia nhiéu qua trinh sinh 1y quan trong trong co thé:

- Qua trinh hydroxyl hoa do hydroxylase xtc tac.

- Duy tri c4n bang giira cac dang ion Fe"*/Fe™, Cu"/Cu™.

- Van chuyén H, trong chudi hé hap phu.

- Lam ting tinh dé khang cﬁq co thé ddi voi nhing didu kién khong
thudn lgi ciia moi truong, cac doc to cia bénh nhiem trung, lam giam cac
triéu chirng bénh 1y do tac dung cua phong xa.

Ngoai ra Vitamin C con tham gia vao nhiéu qua trinh khac c6 vai
tro quan trong trong co thé.

Vitamin C ¢ nhiéu trong cac loai rau qua ‘tuai, nhat 1a trong cac
loai qua co mu1 nh}r cam, chanh, b1~101 Nhu cau hang ,ngéy can 70:
80mg/nguoi. Nézu thieu Vitamin C s€ dan dén bénh hoai huyét, giam suc de
khéang cua co thé, bi bénh chay mau rang, loi hay ndi quan (bénh scorbutus).
5.1.6. Vitamin B12 (Cyanocobalamin)

Vitamin By, c6 cf:lu tao phirc tap, trong thanh phan c6 chira nhdm
CN, CO, amin. Thanh phan chinh ctia Vitamin B, 1a nhoém porphyrin.

Vitamin quz gitip cho viéc tao huyét cau té va hong cau. By, tham
gia cac qua trinh tf?ng hop nucleotide nhfy xUc tac cac phan ing metyl hod
cac base Nito. Thiéu B, s€ gay bénh thiéu mau ac tinh.

ngéi cac loai Vitamin trén, trong nhom Vitamin tan trong nudc
con mdt sO Vitamin khac nhu Vitamin Bs, Vitamin B, Vitamin H...
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5.2. Vitamin tan trong chit béo
5.2.1. Vitamin A (retinol)

Vitamin A ¢ 2 ‘dang quan trong la A; va A,. Vitamin A dugc hinh
thanh tir B.caroten 1a tién Vitamin A. Tur B. caroten tao thanh 2 phan
tor Vitamin A.

/\/\ NN CHOH
Vitamin A,

Vitamin A c¢6 nhiéu trong dau c4, 1ong do trimg. Trong thuc vét co
nhiéu tién Vitamin A (B.caroten) nhét 14 trong cu ca rét, qua ca chua, qua
gac,... qua du du.

Vitamin A cé vai trd quan trong trong co ché tiép nhan anh sang
ciia mat, tham gia vao qua trinh trao doi protein, lipid, saccharide. Thiéu
Vitamin A s€ bi bénh quang ga, khdé mat, cham lon, sut can, giam kha
nang deé khang cua co thé doi voi cac bénh nhiém trung.

Nhu cau Vitamin A hang ngay d6i véi nguoi 16n 1-2mg, tré em
dudi 1 tudi 0,5-1mg.

5.2.2. Vitamin D

Trong co thé ton tai nhiéu loai Vitamin D, trong d6 quan trong
nhat 1a dang D, va D;. Cac Vitamin D la dan xuat cua céc sterol. Trong co
thé Vitamin D dugc tao ra tu tién Vitamin D c6 san dudi da nho anh sang
mat trdi co tia tir ngoai.

Thiéu hodc thira Vitamin D déu anh huéng dén nong do photpho
va canxi trong mau. Thiéu Vitamin D tré em d¢ bi bénh coi xuong, &
nguoi 16n bi bénh loang xuong.

Vitamin D c6 nhiéu trong dau c4, md bo, long do trimg. Tién
Vitamin D c¢6 sin trong md dong vat. Hang ngay moi nguoi can khoang
10-20mg, tré em dudi 30 thang can nhiéu hon: 20-40mg.
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5.2.3. Vitamin E (Tocopherol)

Vitamin E ¢6 nhiéu dang khac nhau. D6 1a cac dang a, B, v, 8 ...
tocopherol. Cac dang khéac nhau nay dugc phan biét bdi ) luong va vi tri
ciia cac nhom metyl gin vao vong thom cua phan tir. Trong cac loai
Vitamin E, dang o -tocopherol c6 hoat tinh cao nhét:

CH;
O CH;
H;C CI|'I3 C|H3 CI|-I3
(CH,); - CH - (CHy); - CH - (CH,)s- CH - CH;
HO

CH;
o - Tocopherol

Vitamin E ¢6 nhiéu & cac loai rau xanh, nhat 1a xa lach, ¢ hat ngi
coc, dau thyce vat, gan bo, long do tring, mam hat hoa théo ...

Vitamin E ¢6 tic dung nhu chit chdng oxi hod nén c6 tac dung bao
v¢€ cac chat dé bi oxi hoa trong t€ bao. Vitamin E con c6 vai trd quan trong
trong sinh san. Nhu cau Vitamin E hang ngay khoang 20mg cho mot
nguoi 1on.

5.2.4. Vitamin K
C6 nhiéu loai Vitamin K, v6i cong thirc tong quat 1a

O
CH;

Il
O

Vitamin K can cho qua trinh sinh tong hop cac yéu té lam déng
mau (prothrombin) cho nén Vitamin K 1a Vitamin chong chdy mau, thiéu
Vitamin K toc d dong méu giam, mau kh6 dong.
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Vitamin K ¢6 nhiéu trong c6 linh lang, bép cai, rau ma, ca chua,
dau, ngli cde, long do trung, thit bo ...

Thuong ¢ ngudi khoé manh, vi khuan duong rudt c6 kha ning
cung cdp du Vitamin K cho nhu ciu cta co thé, chi can bd sung thém
khoang 0,2-0,3mg/ngay/nguoi.

5.2.5. Vitamin F

Vitamin F 1a céc acid béo khong no nhu linoleic acid, linolenic
acid, arachidonic acid ...

Vitamin F c6 tdc dung nuoi da, ti€éu mo. Thiéu Vitamin F dong vat cham
16m, viém da, rung 16ng, hoai tir duoi.
Vitamin F ¢6 nhiéu trong céc loai dau thyuc vat.
5.2.6. Vitamin Q (Ubiquinon)

~ Vitamin Q lan déu tién dugc tach ra tir m§ dong vat vao ndm 1955,
Cau tric va chtic nang cta Vitamin Q gan tuong tu nhu Vitamin K va F.

Vitamin Q tham gia vao cac qua trinh oxi hoa-khur cua co thé véi
chirc nang thanh vién ctia chuoi van chuyén dién tur cua ty the.

Vitamin Q c6 trong nhiéu ddi tuong nhu vi sinh vat, thyc vat, dong
vat ...

5.2.7. Vitamin P (Rutin)

Vitamin P 1a nhom Vitamin c6 ciu trac tir flavon. Hién nay ngudi
ta da phat hién khoang 150 loai chat flavonoid khac nhau c6 tac dung nhu
Vitamin P, trong d6 c6 10 chat da duogc nghién cuu ky.

Thiél} Vitamin P xay ra hién tuong tang tinh thAm cta mao quan,
chay mau bat thu’(‘mg, moi mét, suy nhugc co thé. Vitamin P cc:) tac dung
lam giam tinh tham cua thanh mao quan. Vitamin P con c6 thé tham gia
vao qua trinh oxi hoa khtr ciia co thé nhu churc nang cia Vitamin C.

Nhu cau Vitamin P khoang bang 50% nhu cau Vitamin C.
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Chuong 6
Enzyme

Enzyme la protein c6 kha néng xtic tc dac hi€u cho cac phan tng
hoa hoc. Chung thac day mot phan Umg xay ra ma khéng co6 mat trong san
pham cubi cung. Enzyme c6 trong nhiéu ddi twong sinh hoc nhu thuc vat,
dong vat va moi truong nudi cay vi sinh vat.Hién nay ngudi ta da thu dugc
nhiéu loai ché pham enzyme khac nhau va st dung rong rii trong nhiéu
lanh vuc nhu y hoc , nong nghiép, cong nghiép...

6.1. Ban chat hoa hoc ciia enzyme

Ngoai trir mot nhom nhé RNA c¢6 tinh xtc téc, tat ca enzyme déu
la protein. Tinh chét xuc tac phu thude vao cAu tao cua protein. Néu mot
enzyme bi bién tinh hay phan tach thanh nhimg tiéu don vi thi hoat tinh
xuc tac thuong bi mét di, twong tu khi ban than protein enzyme bi phan
cit thanh nhitng amino acid. Vi vay clu trac bac 1, 2, 3, 4 cla protein
enzyme 1a can thiét cho hoat tinh xuc tic ctia chung.

Enzyme, cling nhu nhiing protein khac, co trong luong phan tu
khoang 12.000 dén hon 1000.000.M6t s6 enzyme cdu tao gdm toan nhiing
phan tir L amino acid lién két v&i nhau tao thanh, goi la enzyme mot thanh
phan. Pa sé enzyme 14 nhitng protein phirc tap goi 1a enzyme hai thanh
phan. Phan khong phai protein goi la nhom ngoai hay coenzyme. Mot
coenzyme khi két hop vé6i cac apoenzyme khac nhau (phan protein) thi
xuc tac cho qua trinh chuyén héa cac chat khac nhau nhung chung giéng
nhau vé kiéu phan tng.

Mot sb enzyme can ion kim loai cho hoat dong nhu:

Cu** Cytochrome oxidase

Fe*" hodc Fe’* Cytochrome oxidase, catalase, peroxidase

K" Pyruvate kinase

Mg** Hexokinase, glucose 6-phosphatase,
pyruvate kinase

Mn** Arginase, ribonucleotide reductase

Mo Dinitrogenase

Ni** Urease

Se Glutathione peroxidase

" Carbonic anhydrase , alcohol dehydrogenase,

cac carboxypeptidase A va B
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Mot sO coenzyme va chirc nang van chuyén nhom tuong {mg cia
ching nhu sau:

Biocytin CO,

Coenzyme A Nhom Acyl

5’- Deoxyadenosylcobalamin Nguyén tor H va nhom alkyl
(coenzyme Bj»)

Flavin adenine dinucleotide Pién tir

Lipoate bién tr va nhom acyl
Nicotinamide adenine dinucleotide | lon Hydride (:H")

Pyridoxal phosphate Nhom Amino
Tetrahydrofolate Nhom 1 Carbon

Thiamine pyrophosphate Aldehyde

6.2. Co ché tac dung

Nhing quan diém hién nay nham giai thich co ché tic dung ctia
enzyme déu cho rang khi enzyme (E) tuwong tac voi co chit (S) s& lam
giam ning lyong hoat hoa cic phan tmg héa sinh. Mu6n 1am giam ning
luong hoat hoda cac phan tmg enzyme can trai qua nhiéu giai doan trung
gian va tao thanh phirc chat nhét dinh giira E va S.

Khi két hop voi phan tir enzyme, do két qua cua su cuc hoa, su
chuyén dich cua cac electron va su bién dang cua cac moi lién két tham
gia tryc tiép vao phan mg s& lam thay d6i dong ning va thé ning nén
phan tir co chat trd nén hoat dong va dé dang tham gia phan tng.

Viéc tao thanh phuc hop E-S giai doan dau xay ra rat nhanh va rat
khong bén. Do d6 sau mét thoi gian dai méi duge chimg minh bang thyc
nghi¢m. Bang chung rd rang nhat vé sy ton tai ctia phuc hop E-S 1a thanh
cong cua hai nha hoa sinh Nhat Ban K. laglu va T. Ozava la tach dugc
phtc E-S trong phan tng khir amin bang cach oxy hoéa (loai trtr nhém
amine) mQt amino acid day D do oxydase xtc tac.

~ Nhin chung ta c6 thé hinh dung co ché tac dung ctia enzyme 1én co
chat tao san pham bang phuong trinh tong quat nhu sau:

E+S S E-S = P+E

Giai doan 1: E két hop voi S dé tao thanh E-S. Giai doan nay xay
ra rat nhanh, nho céc lién két khong bén nhu lién két hydro, twong tac tinh
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dién, twong tic Van der Waals... Mdi loai lién két doi hoi nhiing diéu kién
khéc nhau va chiu anh huéng khac nhau khi cé nuée.

Giai doan 2: Sau khi tao phirc, co chdt co nhimng bién ddi nhat
dinh vé mat d6 di¢n tr, cau hinh Iam co chat tré nén hoat dong hon, phan
ung dugc dé dang dé tao thanh san pham P.

Trong nhiéu phan tmg do enzyme xiic tac ¢6 2 hay nhiédu loai co
chat, vi du hexokinase xtic tac phan ung:

ATP + glucose _hexokinase . ADP + glucose 6 phosphate

Co ché enzyme xtc tac cho phan tng 2 co chat ¢ thé nhu sau:
a/ Co ché tao phirc 3 thanh phan
S,

Y
E+58;, — Ef&; ﬁESﬁg — E+P;+ B

ES,

= o
i EH ES;85, E + P, + Pa
h"“-“‘b-_\'.. ESE,,._';:’",-"

b/ Co ché khéng tao phirc 3 thanh phan

By Ba
E+8, — ES; ——E'P, == E' &==E'S; E+Ps

Pay 1a truong hop co chat thir 2(S,) chi két hop vao enzyme ( &
trang thai E”) sau khi P1 dugc tao thanh.

6.3. Trung tam hoat dong (TTHD) ciia enzyme

Tir két qua ‘nghién ctru Vé ban chat hoa hoc, vé ciu tric trung tam
hoat dong , co ché tac dong, vé trung tim hoat dong chung ta c6 thé ¢
mot sO nhan xét chung vé trung tdm hoat dong nhu sau:

- La bo phan dung dé lién két v6i co chat.

- Chi chiém ti 1& rit bé so v6i thé tich toan bd ciia enzyme.

- GOom cac nhém chire ctia amino acid ngoai ra ¢6 thé c6 ca cac ion
kim loai va cac nhom chirc cia cac coenzyme.
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Dbi v6i E mot thanh phan: TTHD chi gdm nhimg nhom chirc cua
cac amino acid nhu nhom hydroxy cua serin, carboxy cua glutamic, vong
imidazol... Cac nhom chic ctia cdc amino acid c6 thé xa nhau trong chudi
polypeptide nhung nho cau tric khong gian nén nd gan nhau vé mat khong gian.

Dbi v6i E hai thanh phan: TTHP ciing nhu trén, cdc nhom chirc
cua cac amino acid tham gia tao thanh TTHD lién két véi nhau bang céc
lién két hydro. Ngoai ra trong TTHD cua loai ndy con c6 sy tham gia cua
coenzyme va c6 thé cd ion kim loai.

Theo Fisher TTHD c6 ciu trac ¢ dinh, khi két hop véi co chat dé
tao phuc E-S ta c6 thé hinh dung giong nhu chia khoa va 6 khoa. Ngay
nay nguoi ta da chimg minh dugc rang: TTHD cta enzyme chi c6 cau tao
hoan chinh khi c6 sy tuong tac véi co chat (thuyét tiép xuc cam ung cua
Koshland).

6.4. Tinh dac hi¢u cia enzyme

Nguoi ta chia tinh ddc hiéu ra lam 3 kiéu:

+ Déc hiéu phan ing

+Pic hiéu co chat

+ DPac hiéu khong gian

a/ Pdc hiéu phan vmg: DO 1a biéu hién cua mdét enzyme chi
thuong xuyén xtc tac cho mdt kiéu phan rng nhat dinh, vi du van chuyén
hydro tir chat cho (rugu bac nhat hay rugu bac hai) dén chat nhan (NAD+
hay NADP+) hay chuyén nhom amin tr mgt amino acid dén mot ceto
acid. Cac phan tng loai thir nhat do dehydrogenase xtc tac, con phan ung
loai thir hai do aminotransferase xuc tac.
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b/ Bdc hiéu co chat: Tuy mtrc d§ nguoi ta chia thanh: dac hiéu
tuong doi va dac hi¢u tuyét doi

+ Pac hiéu tuyét dbi: Enzyme chi tac dung Ién mot co chit nhat
dinh, mot vi du co tinh chat kinh dién vé chuyén hod tuyét doi 1a urease,
enzyme chi phan giai ure:

Hang trdim thi nghiém trén cac dan xudt ciia ure déu cho thiy
chung khong bi phan giai duoi tic dong cua urease. Thuc ra nguoi ta da
phat hién kha nang phan gidi co chat hydroxyure nhung véi toc do bé hon
khoang 120 lan.

+ Déac hiéu nhom tuyét dbi: Cac enzyme ndy chi tac dung lén
nhimng chit c6 cung mot kiéu cdu triic phan tir, mot lién két va c6 nhimg
yéu cau xac dinh ddi voi nhom nguyén tir dbi voi nhoém nguyén tir & gan
lién két chiu tic dung. vi du : maltase chi phan giai lién két glucosidic
duoc tao thanh tir glucoside ciia glucose véi -OH cua monose khéc.

+ Pic hiéu nhom twong ddi: Cac enzyme khong c6 nhitng yéu cau dbi
voi nhodm chirc ¢ gan lién két chiu tac dung. vi du lipase thuy phan lipid.

¢/ Dac hiéu khong gian: Cac enzyme chi xtc tdc cho mdt dang
dong phan nao dé nhu dang L hay dang D, dang cis hay trans ma thai.

6.5. Cac yéu t6 anh hwéng dén toc dd ciia phan ng enzyme
6.5.1. Anh huéng ciia nong do enzyme

Trong diéu kién du thira co chét, nghia 1a [S] >>>[E] thi toc do
phan tng phu thudc vao [S], v=K[E] c6 dang y = ax. Nho d6 nguoi ta da
do [E] bang cach do van toc phan ung do enzyme d6 xuc tac.

C6 nhiéu truong hop trong mdi trudng cd chira chat kim ham hay
hoat hoa thi van toc phan ung do enzyme xtc tac khong phu thudc tuyén
tinh véi [E] do.

"E]
Hinh 6.1: Sy phu thudc ciia van toc phan ting vao [E]
6.5.2 Anh huong ciia nong dg co chat [S]
Ta khao sat truong hop don gian nhét : chi mot co chat.
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k:l L
E+8 == Es 2. E+P
- M

Goi v; 1a van tdc cua phan tng tao thanh phtic chat ES.
Goi v.; 1 van tc cua phan Gng phan ly phirc chat ES dé tao thanh
EvasS
Goi v, 12 van tdc ciia phan tng tao thanh E va P (san pham).
vi= ki[E][S]
v = ky[ES]
va = ko[ES]
Khi hé thong dat trang thai can bang ta co:
ki [ES]+ko[ES] = ki[E][S]
(ktko)[ES] = k4 [E][S] (2)
Goi Eg la né)ng d6 ban dau:
[Eo =[EIFESI=>[EJ=[Eo]-[ES] 3)
Thay tri s6 [E] tir (3) vao (2) ta c6:
(k1+k2)[ES] = ki([Eo]-[ES]) [S]

ki [Eo] [S]

Néu dit Km=k+ko/ k
(Km: goi 12 hing s6 Michaelis Menten).
Ta co : [ES] = [EO][S}/ Km+[S]
Mit khac van tdc phan tmg tao thanh san pham P 1a:
V =Lk,[ES]
Thay [ES] bang gié tri & trén ta thu dugc:

ka[Eo] [S]
V = oo 4)
K +[S]
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Qua day ta thay nong d6 enzyme cang cao thi van tdc phan tng
enzyme cang lén. Van toc dat cuc dai khi toan by enzyme lién két voi co
chét, nghia 1a:

Vimax= k2 [EO]
Thay vao phuong trinh (4) ta dugc:
[S]

Kt [S]
Phuong trinh (5) goi la phuong trinh Michaelis Menten.
Km goi 12 hang s6 Michaelis Menten dic trung cho mdi enzyme
Km dac trung cho ai lyc cua enzyme v6i co chat, Km cc'),tri )
cang nho thi ai luc cuia enzyme voi co chat cang 16n, nghia 1a van toc cua
phan tng do enzyme xuc tac cang l6n.

[S]
Hinh 6.2. Bién thién vén toc phan ng theo ndng dd co chit.

Khi tang [S] thi v phan tmg tang, tang [S] den mdt gid tri nao do thi v
dat dén gi4 trj vmax va s& khong tang nita néu ta van tiép tuc ting [S].

Khi Km=[S] thi v=1/2 Vmax
Néam 1934. Lineweaver va Burk, trén co s cua phuong trinh (5) da
nghich dao dé bién thanh dang dudng thang y=ax+b, né c6 y nghia 16n doi
v6i viéc nghién ctru kim ham enzyme.
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1/v

1/Vimax

»
»

-1/Kp 18]
Hinh 6.3: Sw phu thudc ciia téc do phan ng vao ndng dd co chit theo
Lineweaver-Burk
6.5.3. Anh hwéng ciia chdt kim ham (inhibitor)

La chat c6 tac dung lam giam hoat d6 hay lam enzyme khong con
kha nang xuc tac bién co chat thanh san pham. Kim ham enzyme co6 thé
thuyc hién bang nhiéu cach khac nhau (thudn nghich hay khong thuan
nghich). Thuan nghich c6:

Céch 1: Kim ham canh tranh (competitive inhibition)

Trong trudng hop kim hidm canh tranh 14 co chit va chit kim him
déu tac dung Ién trung tdm hoat dong cua enzyme, Chat kim ham choéan
cho cua co chat ¢ enzyme.

E+58 —m E5 —* E+ P
I e C»
I S

m = O

Hinh 6.4. Kiéu kim him canh tranh

Khi co chat du thia, ndng do chat kim ham thap thi c¢6 thé loai
bo tac dung cua chat kim ham, con nong d¢ co chat thap va nong do chat
kim ham cao thi lai c6 tdc dung kim ham hoan toan.

1/v=(0Ki/Viax) 1/S +1/Vinax o= 1+[1]/K;
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1/v

(1]

1/V imax ™ Khéng ¢ chat kim him

]
1/[S]

Hinh 6. 5. Su phu thujc ciia téc dd phan tng vao nong dd co chit theo
Lineweaver-Burk khi ¢6 kim ham canh tranh

Nguoi ta thiy kim him nhu vay phan 16n xay ra giita chat kim
ham va co chat c6 su twong dong vé mit hoa hoc. vi du: malic acid c6 cau
tric gan giébng v6i succinic acid nén kim him canh tranh enzyme
succinatedehydrogenase, 13 enzyme xtc tic cho su bién ddi succinic acid
thanh acid fumaric acid.

Truong hop dic biét cua kim him canh tranh 13 kim ham bang san
pham. Trudong hop nay xay ra khi mgt sdn pham phéan Ung tac dung tro lai
enzyme va choan vi tri hoat dong ¢ phan tr enzyme.

Puong thang c6 chat kim ham thi c6 do xién 16n hon va cit truc
tung & mot diém 1a 1/Vmax

Céch 2: Kim ham phi canh tranh (uncompetitive inhibition)

Dic trung cta kiéu kim him nay 1a chat kim ham chi lién két véi
phtrc hop ES, ma khong lién két voi enzyme tu do.
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E+ 5 ES — E+P

Hinh 6.6. Kiéu kim ham phi canh tranh
1/V=(Ki/Vinax) UV[S] + &’/ V nax

1/v

T (1]

A\

-1/Kn khong cé chét kim ham

1/[S]

Hinh 6.7. Sy phu thudc ciia téc dd phan wng vao nong dé co' chit theo
Lineweaver-Burk khi ¢6 kim ham phi canh tranh
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1] oy — LES1

e’ =1 + &= TESIT

Céach 3: Kim ham hon tap( mixed inhibition )

E+ S5 ES —— > E+ P
+ +
I I

- =
T o lo
Cx

(3 —

Hinh 6.8. Kiéu kim hiam hén tap
Trong d6, chat kim ham khong nhiing lién két voi enzmye ty do
ma con lién két voi ca phirc hop ES tao thanh phirc hop EIS khong tao
dugc san pham P.

Tuong ty nhu trén ta c6 phuong trinh :
1/v=(0Kn/Vimax) 1/[S] +0°/Vimax

A

1/v
(1]

1/V max v khong co chit kim ham

7 :

1/[S]

Hinh 6.9. Su phu thujc ciia téc dd phan ng vao nong dd co chit theo
Lineweaver-Burk khi c6 kim ham hon tap
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Céc gid tri o ,a’ dugce dinh nghia nhu trén. Truong hop o = o’ goi
la kim ham khong canh tranh (noncompetitive inhibition).

Mot trudng hop kim hdm con gip nira 1a kim ham enzyme bang
ndng do6 cao cua co chat goi 1a “kim him co chat” nhu kim ham urease khi
néng d6 ure cao, ngoai ra cdn c6 cic enzyme khac nhu
lactatdehydrogenase,  carboxypeptidase, lipase,  pyrophotphatase,
photphofructokinase (d01 voi ATP). Nguyén nhan cua nhiing hién tuong
nay cén chua duoc biét r5. D6 c6 thé 1a:

+ T6n tai nhidu trung tim lién két voi co chat bang cac i lyc khac
nhau. Khi nong do co chat thap thi enzyme c6 thé chi lién két vé1 mot
phan tir co chat, con khi & nong d¢ co chat cao n6 lién két vdi nhicu co
chat dan dén hinh thanh phtrc hop ES khong hoat dong.

+ Co chét ciing c6 thé duoc lién két nho nhitng vi tri dic biét cia
enzyme. D6 1a mot nhém enzyme quan trong (enzyme di 1ap the€) bén canh
trung tdm xuc tac con co6 trung tam di€u chinh.

+ Co chét c6 thé lién két voi mot chat hoat hoa va bang cach nay
no tach khoi E.

+ Co chét co thé choan cho (ngdn can) mot cofactor ( ddng yéu t6 )
hay mdt coenzyme.

+ Co chit c6 thé anh hudng dén ion lyc cia mdi trudng va qua do
lam mat di tinh chuyén hoa cua enzyme.

6.5.4. Anh huéng ciia chat hoat héa (activator)

La chat 1am ting kha ning xuc tac nham chuyén hoa co chat thanh
san pham. Thong thudng 1a nhitng cation kim loai hay nhitng hgp chét hitru
co nhu céc vitamin tan trong nuoc.

Vi du: Mg hoat hoa cac enzyme ma co chat da duoc phosphoryl
hoa  nhu  pyrophosphatase ~ (co  chat la  pyrophosphate),
adenosinetriphosphatase (co chat 1a ATP). Cac cation kim loai ¢c6 thé co
tinh dic hiéu, tinh d6i khéng va tac dung con tuy thudc vao nong do.

6.5.5. Anh hwong cud nhiét do

Ta c6 thé ting van téc ciia mot phan ung hoa hoc bing cach ting
nhiét d6 moi trirong, hién tugng nay tuan theo quy luat Vant’-Hoff. Diéu
ndy c6 nghia khi ting nhiét d6 1én 10°C thi toc do phan tng ting 1én
khoang 2 lan.

Dbi v6i phan Gmg do enzyme xuc tac cling co thé ap dung duoc
quy luat nay nhung chi trong mot pham vi nhat dinh,vi ban chat enzyme la
protein.Khi ta ting nhiét d6 1én trén 40-50°C xay ra qua trinh pha huy chat
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xuc tac. Sau nhiét do tdi wu tdc d6 phan tng do enzyme xiic tac s& giam.
Nho ton tai nhié¢t do toi vu nguodi ta phan biét phan ing hoa sinh véi cac
phan tng vo co thong thuong.

Mbi enzyme c6 mot nhiét do t8i wu khac nhau, phén 16n phu thude
ngudn cung cap enzyme, thong thudng & trong khoang tir 40-60°C , ciing
c6 enzyme coO nhi¢t do toi vu rat cao nhu cac enzyme cua nhirng chung ua
nhi¢t. Cac chung vi sinh vat ua nhiét, dac biét cac vi khuan chiu nhiét co6
chtra enzyme chiu nhiét cao.

Hoat d6

120
100
80
60 -
4]:}_-
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°0 20 40 60 80 100 120
nhiét do

Hinh 6.10. Anh hwéng ciia nhiét d9 1én hoat dd enzyme

6.5.6. Anh hwéng ciia pH
Sy phan li khac nhau ciia mot phén tur protein ¢ cac gia tri pH khac
nhau 1am thay doi tinh chat cua trung tam lién két vdi co chat va tinh chat
hoat dong cua phan tir enzyme.Dicu nay dan deén gia tri xuc tac khac nhau
phu thudc vao gia tri pH. Nhu da biét moi enzyme c6 mét pH t61 uu,moi
enzyme co duong bi€u dién anh huong pH 1én van toc phan tmg do ching
xuc tac. Puong bicu dién c6 dang nhu hinh sau:
Hoat do

Hinh 6.10. Anh huwéng cia pH 1én hoat d9 enzyme
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Anh hudng ctia gia tri pH dén tac dung enzyme c6 thé do cac co so sau:

a/ Enzyme co sy thay d6i khong thuan nghich ¢ pham vi pH cuc hep.

b/ O hai suon cioa pH tdi wu c6 thé xay ra sy phan ly nhom
prosthetic hay coenzyme.

¢/ Lam thay doi muc ion hoa hay phan ly co chit.

d/ Lam thay do6i murc ion hoa nhém chirc nhit dinh trén phén tur
enzyme dan dén lam thay doi ai lyc lién két cua enzyme voi co chat va
thay d6i hoat tinh cuc dai.

Nho xac dinh Vmax va Km phy thu¢c gia tri pH cho phép nhén
dinh lai ban chat ctia cac nhém tham gia vao lién két co chat va qué trinh
tu x1c tac.

6.5.7. Cdc yéu to khac

+ Anh sang: C6 anh huong khac nhau dén timg loai enzyme, cac
budc song khac nhau c¢6 anh huong khac nhau, thuong anh sang trang c6
tac dong manh nhat, dnh sdng do c6 tac dong yeu nhat.

Anh sang ving ti ngoai cling ¢ thé gdy nén nhing bat loi,
enzyme ¢ trang thai dung dich bén hon khi duoc két tinh & dang tinh thé,
nong d6 enzyme trong dung dich cang thip thi cang kém bén, tac dong ciia
tia tir ngoai s€ tang lén khi nhiét do cao. Vi du dudi tdc dong cua tia tr
ngoai ¢ nhiét dd cao enzyme amylase nhanh chong mat hoat tinh.

+ Su chiéu dién: Pién chiéu véi cuong do cang cao thi tic dong
pha huy cang manh. Tac dong s€ manh hon dbi véi dich enzyme c¢6 nong
d6 thap. C6 thé do tao thanh nhitng gbc tu do, tir d6 tin céng vao phan
ung enzyme.

+ Song si€u am: Tac dong rat khac nhau d6i voi timg loai enzyme,
c6 enzyme bi mat hoat tinh, c6 enzyme lai khong chiu anh hudng.

Nhan xét chung: Do bén phu thudc vao trang thai tdn tai cua
enzyme, cang tinh khiét thi enzyme cang kém bén, dich cang loang thi do
bén cang kém, tdc dong cia mdt so iop kim loai trong dich véi nong do
khoang 10°M nhu Ca™ 1am ting tinh bén.

Enzyme allosteric ( Enzyme di 1ap thé, di khong gian)

Cho dén nay, ngudi ta md ta enzyme ma hoat tinh enzyme phu
thudc nong do co chat khong c6 dang hyperbol ma cé dang sigmoid 1a
enzyme allosteric (Hinh 6.11 ):
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Hinh 6.11. Bién thién van tdc phan wng theo ndng dé co chat

Déi voi enzyme nay, khi ndng do co chat thip thi toc d6 phan ung
tang cham, sau d6 tiép tuc ting ndng do thi tc do nhanh chong dat gia tri
cuc dai.

Nhu ta da biét, enzyme tudn theo dong hoc Michaelis-Menten thi 1
hay nhiéu co chét ciing chi lién két vao 1 vi tri trén phan tir enzyme, diéu
nay s& dan dén enzyme béo hoa co chat. Con enzyme c6 dudng cong toc
do sigmoid chi xuat hién khi enzyme 1a mét oligomer, nén c6 thé lién két
v6i nhiéu phéan tr co chat. Didu ndy co nghia trén enzyme allosteric co
nhiéu trung tm lién két, mdi monomer c6 1 trung tam lién két.

Nguoi ta cho rang, trong trudng hop ndy ¢ tinh hop tac gitra cac
vi trf lién két co chét trong phan tir enzyme oligomer.

Céc enzyme oligomer nay dugc Monod goi 1a allosteric enzyme di
1ap thé (allosteric enzyme). Pudng cong tdc do sigmoid c6 thé bi chét diéu
hoa (modulator) ddy vé phia trai hay phai. Chat diéu hoa duong tirc lam
tang i luc cua enzyme allosteric v6i co chit, nguogc lai 13 chat diéu hoa
am. Cac chat diéu hoa c6 thé lam anh huéng khac nhau dén cac théng sd
dong hoc, 1am thay dbi gia tri riéng 1é mot trong hai gia tri Km hay Vmax.

Hinh 6.12 Minh hga khi c6 modulator
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6.6. Cach goi tén va phan loai enzyme

Nhu ta da biét mdi enzyme xiic tac cho mdi kiéu phan tmg hoa hoc
duy nhat (nhu oxy hoa mét kiéu co chat nhat dinh, thuy phan mot kiéu lién
két nhat dinh,van chuyén mét nhom chat nhat dinh tr mot chat cho dén
mot chat nhan c6 dia chi, trong do co ca viéc bién doi C,hi mot co chﬁt duy
nhat), mat khac con c6 mot kiéu phan tng hoa sinh nhat dinh ¢6 thé duoc
xUc tac bang cac enzyme khac nhau.

Dua Véq tin,h dac hi¢u phan ung cua enzyme, ndm 1 961 tiéu ban
enzyme hoc quoc t€ da trinh bay mot bao cdo, trong d6 c6 d¢ nghi nhimg
nguyén tac dinh tén va phan loai enzyme. Nguoi ta chia enzyme ra lam 6 16p:

1. Oxydoreductase: cac enzyme xuc tac cho cac phan g oxi hoa-khtr.

2. Transferase: cic enzyme xiic tac cho cac phan tng chuyén vi.

3. Hydrolase: cac enzyme xuc tac cho cac phan tmg thiy phan.

4. Lyase: cac enzyme xuc tac cho cc phan ung phén cit khong can nudc.

5. Isomerase: cac enzyme xiic tic cho cac phan tmg dong phan hoa.

6. Ligase (synthetase): cac enzyme xuc tac cho cac phan ung tong
hop c6 su dung lién két giau nang luong cua ATP .v.v.

MGdi 16p chia thanh nhiéu t6 (dudi 16p), mdi t6 chia thanh nhiéu
nhom (siéu 16p).

Tén enzyme thuong duoc goi: Tén co chat dic hiéu - loai phan ting
xuc tac cong thém tiép vi ngir ase.

Bimg truge tén enzyme thuong c6 4 con sO: s6 thtr nhét chi 16p, so thir
hai chi t6, s6 thtr ba chi nhom, so thir tu chi s6 hang enzyme trong nhom.

Vidu: (2.6.1.1) L.aspartate: a-cetoglutarate aminotransferase.

Enzyrpe ndy xuc tic cho phan tmg chuyén nhém amine tir
L.aspartate dén a-cetoglutarate.

L.aspartate +a-cetoglutarate S oxaloacetate + glutamate

6.7. Cac coenzyme quan trong

I H
= | ﬁ' :I_'I" {’ | jﬁj
::H?—C:I—'IT—CI—I?-—G—EHE (%

o ] 2
= =

OH OH OH OH

Nicotinamide adenine dinucleotide
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Chuong 7
Hormone

7.1. Co ché tic dung ciia hormone

Hormone 1a nhiing chét hitu co dugc tao thanh trong co thé cé tac
dung diéu hoa cac hoat dong song trong co thé. Luong hormone trong co
thé thuong rat thap.

Hormone c6 ca ¢ thuc vat va dong vat. o) dong vat hormone dugc
san xudt tai cac tuyén ndi tiét va tic dong dén cac mo khac noi nd duoc
tao ra. Hormone tir tuyén ndi tiét duoc tiét truc tiép vao mau va dugc mau
van chuyén dén cac mo chiu tac dung.

Hormone c¢6 tinh dic hiéu. Hormone c6 tac dung diéu hoa cac qua
trinh sinh 1y, hoa sinh trong co thé ma khong tham gia tryc tlep Vao cac
phan tng cia co thé. Hormone c6 tac dong dén téc @6 sinh tong hop
protein, enzyme, anh hudng dén tc do xuc tac cua enzyme; thay d01 tinh
thAm cua mang té bao, qua d6 diéu hoa hoat dong séng xay ra trong té bao.

Mot s6 hormone tac dong der} co thé théng qua chat trung gian
AMP vong. AMP vong la chat truyén tin thir 2, con hormone 1a chat
truyén tin thir nhat. Theo co ché ndy tac dung cta hormone 1én t€ bao dich
xdy ra qua nhiéu giai doan kha phuc tap.

- Trong mang nguyén sinh chit cia té bao c6 chira chat nhan
hormone, chat nay s€ két hgp dac hi¢u voi hormone.

- Su két hop do kich thich lam tang hoat d9 cua adenylatcyclase xtc
tac cho phan Uing chuyén hoa ATP thanh AMP vong.

- Adenylatcyclase xuc tac cho phan ung chuyén hoa ATP thanh
AMP vong.

- AMP vong lam thay d6i van toc ciia cic qua trinh xay ra trong té
bao lién quan dén hoat dong cua hormone.

- Nhu vay tac dung cua hormone theo co ché nay phai théng qua
AMP vong ma khong tac dong truc tiép vao té bao.

- Qua trinh hoat hoa adenylatcyclase bdi phirc hormone-chat nhan
dugc thuc hién qua chat trung gian la protein G. Phan tr protein nay co
kha ndng két hop vdi GDP hay GTP. Dang phuc protein G-GTP ¢o tac
dung hoat hod adenylatcyclase, con protein G-GDP khong c6 tac dung
nay. Nhu vy muén chuyén sang dang hoat dong phai c6 su tham gia cua
GTP, néu la protein G-GDP can c6 sy thay thé GDP bang GTP nho phuc
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hormone-chat nhan xtic tac. Dong thong tin da dugc truyén tir chat nhan
hormone dén protein G rdi dén adenylatcyclase.

- Protein G khong chi ¢6 vai tro trung gian mang thong tin tir chét
nhén hormone dén adenylatcyclase ma con c6 hoat tinh cia GTPase, d6 1a
kha nang thuy phan GTP. Nho kha nang d6 nén n6 xtic tdc cho qué trinh
chuyén phirc proteinG-GTP hoat dong thanh dang proteinG-GDP khong
hoat dong do thuy phan GTP trong phtrc proteinGTP thanh GDP tao nén
phtic proteinG-GDP. Bing co ché d6 protein G c6 vai trd quan trong trong
qua trinh hoat hod hay phan hoat hod adenylatcyclase. Khi lugng
hormone gidm adenylatcyclase tré thanh dang khong hoat dong.

- Nhiéu hormone c6 co ché tac dong thong qua vai trd trung gian cta
AMP vong. Nhu vdy AMP vong tham gia vao nhiéu qua trinh khac nhau
trong co ché tac dong ctia hormone. D6 1a do AMP vong c6 tac dung hoat
hoa proteinkinase 14 enzyme xtc tic qué trinh photphoryl hod nhiéu loai
protein khac nhau. Thuong céac protein enzyme ¢ dang phosphoryl hod 1a
dang c6 hoat tinh sinh hoc.

- Céc hormone tac dung theo co ché qua AMP vong, tin hi¢u duoc
khuyéch dai 1én nhiéu lan, do vy ndéng d6 cac hormone trong mau rét
thdp, chi khoang 10"°M, nhung chi cin hoat hoa dugc modt phan tir
adenylatcyclase dd co thé tao ra duoc nhiéu phan tr AMP vong nén nong
d6 AMP vong trong té bao dich cao hon nhiéu lugng hormone trong mau.
Tac dung hoat hoa proteinkinase nhd AMP vong lai lam cho tin hiéu dugc
khuyéch tan tiép tuc vi nhiéu phan tr protein dugc hoat hoa nho
proteinkinase. Piéu d6 giai thich duoc tai sao ndng d6 hormone trong mau
rat thép ma tac dung kich thich cua né lai rat manh.

- Mot co ché tac dong thir hai ciia hormone 13 khong qua AMP
vong.Insulin 14 hormone tic dong dén té bao dich khéng qua budc trung
gian 13 1am tang lugng AMP vong. Insulin lién két chat ché v6i chat nhan
ddc hiéu cua nd trén mang nguyén sinh chit cua té bao dich. Tuong tac
gitra Insulin va chét nhan bao dam cho tac dong cua Insulin dugc thé hién
nhanh chéng. Insulin con c6 tdc dung phosphoryl hoa protein tham gia vao
co ché kich thich qua trinh trao d6i glycogen.

- Co ché tac dung cta cac hormone thuyc vat hoan toan khac
hormone dong vat. Cac hormone thuc vat tac dong Ién hoat tinh cac
enzyme bang cach lién két véi enzyme dé tao phirc hoat dong. Khi lién két
v61 hormone hoat tinh ctia enzyme dugc tang 1én.

- Hormone thyc vat con lam thay dbi tinh chit cia mang
cellulose, mang nguyén sinh qua do6 tdc dong kich thich qué trinh
sinh trudng cua té bao.
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- Mot co ché tac dong quan trong nira ciia hormone thyc vt la thay
dbi tinh chat cua nguyén sinh chat cla té bao, tir 46 anh huong dén cac
hoat dong sinh 1y, trao ddi chét cua té bao

7.2. Cac hormone quan trong
7.2.1. Hormone dong vat

- Hormone qéng vat c6 nhiéu loaiﬂ véi cAu tao va chire nang rat khac
nhau. Dya vao cau tao hoa hoc c6 thé chia hormone dong vat thanh 3
nhom:

- Hormone steroid 1a dan xuét cua cholesterol.
- Hormone 13 dan xudt ctia amino acid.
- Hormone 1a peptide hay protein.

7.2.1.1. Hormone la steroid

- Pay 1a nhom hormone ¢6 sb lugng 16n, ¢6 vai trd quan trong va da
dang. Nguoi ta chia steroid thanh 5 nhdm nho véi nhiéu loai khac nhau:

T Noi tao

T Nhom Dai dién thilnil Vai tro
-Thé vang Hormone dudng  thai
1 Progestagen Progesterol | -V thugng giup trung phat trién
than

- Kich thich tong hop
glycogen va tich luy
glycogen ¢ gan.

. . 5 th , , A ian
Glucocorticoid Cortisol Vo th;lqng - Kich thich phan giai
2 : protein, lipid.
- Chéng viém, tich
nudc muoi.
- - Tang hap thu Na+, CI
3 Mineral corticoid | Andosterol Vo t;;lqng - Tang tich nudc.
‘ - Bai tiét K+
4 Androgen Testosterol Tinh hoan P%lat trien cac ddc diem
clia nam gioi.
- Phat trién cac dic
N . dieém nir gioi.
Estrogen Estron Budng trimg

- Phat trién niém mac
da con.
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7.2.1.2. Hormone 1a dan xudt amino acid

DPén nay ngudi ta da biét mot sb hormone 13 dan xuit amino acid
nhu adrenaline, noradrenaline, thyroxine...

- Adrenaline va noradrenaline 1a cic hormone do tuyén thugng
than tao ra. Cac hormone nay c6 tac dung kich thich sy phan giai
glycogen, lam giam su tong hop glycogen nén lam ting ham luong
glucose trong mau.

OH
HO CHOH - CH;, - NH - CH;
Adrenaline
OH
HO CHOH - CH, - NH,»
Noradrenaline

Thiroxine 1a hormone do tuyén giap san xuat co tac dung  tang cuong
qué trinh trao ddi chét, gitip cho co thé phat trlen binh thuong. Néu thiéu
thyroxine gy nén trang thai thiéu nang tuyén giap lam cho co thé Iun,
kém phat trlen dan don. Nguoc lai néu thira ‘thyroxine cting gy bénh la
wu nang tuyén giap lam cho nguoi cao quéa kho, khong can doi.

I NH,
HO __~ Z ™\~ CH,-CH{
COOH

N 0N\
I

Thyroxine (Tetraiodothyronine)
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Day 1a nhom hormone c6 vai trd quan trong trong qua trinh diéu
hoa trao doi chat trong co thé, dac biét 1a diéu hoa lugng duong trong
mau.

Mot sb hormone 14 peptide:

STT Hormone Noi taora Vai tro

1 Tyrocalcitonin Tuyén giagp |Giam ham lugng Ca++ trong mau
2 |Insulin Tuyén tuy |Giam luong duong trong mau

3 |Glucagon Tuyén tuy |Tang luong dudng trong mau

4 |Oxytoxin (HGF) Tuyén yén |Gy co da con, kich thich d¢

5 |Vasopressin (ADH) Tuyén yén |Tang ap, chdng bai tiét

6  |Melanotropin (MSH) | Tuyényén |Kich thich ting sic t6 da

7  |Somatotropin (STH) Tuyén yén |[Kich thich ting trudng, ting TDC
8  |Corticotropin (ACTH) | Tuyén yén |Kich thich tuyén trén than

9  |Thyreotropin (TSH) Tuyén yén |Kich thich tuyén giap

10 |Kich nang t6 (FSH) Tuyén yén |Kich thich tao estradiol

Sau day s& dé cap dén mot s6 hormone trong nhom nay:

- Insulin: Insulin dugc tiét tir t& bao beta ctia dao Langéhan ciia
tuyen tuy khi lugng dudng trong mau cao. Insulin kich thich cac qua trinh
tong hop, kim hdm céc qua trinh phan giai glycogen ¢ gan, m6 md. Insulin
con kich thich su phén giai glucose. Nho d6 insulin lam giam lugng duong
trong mau, do do chong lai bénh dai thao duong.

Insulin c¢6 khéi lugng phéan tir 1a 5800. CAu tao insulin gom 2
chudi polypeptide: chudi A c6 21 amino acid, chudi B c6 30 amino acid.
Hai chudi lién két v6i nhau bang 2 lién két disunfit.

Tién chat cia insulin 1a proinsulin va preproinsulin. Tt
preproinsulin bién do6i thanh proinsulin, sau d6 insulin dugc tao nén tur
proinsulin.

- Glucagon la hormone peptide, c6 tdc dung ngugc vai insulin. Khi
lugng duong trong mau giam qua mic cho phép thi tuyén tuy san sinh ra
glucagon c6 tac dung lam tang lugng dudng trong méau nho kim ham qua
trinh tong hop glycogen.

Glucagon c6 khéi lugng phén tir 3.500, bao gdém 29 gbc amino
acid tao chuoi polypeptide mach thang.
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7.2.2. Hormone thuc vdt
Hormone thyc vat la cac chét c6 vai tro quan trong trong qua trinh

sinh truong, phat trién cua thyc vat. Co nhiéu loai hormone khac nhau
trong co the thuc’ vat. Cac loai hormonq nay khac nhau vé ban chat hoa
hoc, v€ vai tro d61 véi thuc vat. Co thé chia hormone thuc véat thanh 5
nhom:

- Auxin.

- Gibberellin.

- Cytokinin.

- Absisic acid.

- Ethylen.
7.2.2.1. Auxin

Auxin la nhom hormone quan trong, phé bién nhét & thuc vat. Co
nhiéu loai auxin khac nhau véi cdu trac hod hoc khac nhau. Loai auxin
quan trong nhat 1a B-indol-acetic acid (IAA), ngoai ra mot s auxin khac
ciing kha phd bién 1a napthalen-acetic acid (NAA), phenyl-acetic acid
(PAA) ...

CH,-COOH CH,-COOH
- CH,-COOH —- / X /l
X N | = .
h
TAA NAA PAA

Auxin c6 vai tro nhiéu mit dbi véi thuc vat:

- Kich thich sy sinh trudng té bao, tir 6 kich thich su sinh truong
cac co quan va toan co thé.

- C6 vai trd quyét dinh hién tuong vu thé dinh.

- C6 vai tro quyét dinh cic ctr dong sinh truong nhu hudng sang,
hudng trong luc.

- Kich thich qu4 trinh nay mam, rtt ngan thoi ky ngu cta hat, ci.

- Uc ché su rung 14, kich thich su tao qua.
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- Kich thich cac hoat dong sinh ly, cac qua trinh trao d6i chét va
nang lugng cua co thé.
7.2.2.2. Gibberellin

Gibberellin 12 nhom hormone quan trong thir hai ¢ thuc vat.
Gibberellin dugc cac nha khoa hoc Nhat phat hién lan dau tién & loai nAm
gy bénh lua von (Gibberellin fujcoroi). C6 nhiéu loai Gibberellin khac
nhau, dén nay da tim théy hon 70 loai Gibberellin c6 mat & thuc vat, vi
sinh vat. Nguoi ta dat tén cac Gibberellin theo thur tu thoi gian phat hién
GA;. GA; .... GAn, trong d6 quan trong nhat c6 thé ké dén 1a GA;. Cac
Gibberellin déu 1a din xuat ctia vong gibban.

0)
/
o €0
= OH
| | \—l\
CH,  COOH N
CAu tao GA;

Gibberellin c6 vai trd quan trong trong qué trinh sinh trudng, phat
trién cua thuc vat:

- Kich thich su sinh truc"rpg cia té bao, qua do kich thich sy sinh
truong cua cac co quan va co thé.

- Kich thich qua trinh ndy mam, pha trang thai ngu cua hat, cu.

- Kich thich su ra hoa cua cay ngay dai.

- Kich thich céqc hoat dong sinh ly, cidc qué trinh trao ddi chit va
nang luong cua co theé.

7.2.2.3. Cytokinin

Cytokinin la cidc dan xuat ctia base Adenine. C6 nhi€u loai
cytokinin khac nhau, quan trong nhat la kinetin va zeatin.
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HN-CHz—ﬂ |
CH,0OH

HN - CH,- CH = CH /
CH;

—

Kinetin Zeatin

Xitokinin tham gia va nhiéu hoat dong sdng quan trong cua thuc vat:
- Kich thich su phan bao qua d6 kich thich sy sinh truong cua té bao.
- Lam cham qua trinh ho4 gia cta té bao, mo.
- Gitp cho thuc vat chdng lai cac stress ctia mdi truong cé hiéu qua.
- La thanh phan cau tao cta ‘nucleic acid (trong mot s6 loai RNA)
nén cd vai tro trong qua trinh trao doi nucleic acid va protein.
- Kich thich céqc hoat dong sinh ly, cidc qué trinh trao ddi chat va
nang luong cua co theé.
7.2.2.4. Absisic acid
Acid absisic (ABA) 1a nhém chat rc ché sinh trudng c6 tac dung
nguoc lai 3 nhom chat trén. Absisic acid 1a dan xuat cua triterpen.

COOH

ABA
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Tac dung chii yéu ctia ABA 14 tic ché qua trinh sinh trudng cua té bao,
gay hién tuong rung 14, rung qua. ABA kéo dai thoi gian ngu cua hat, cu.

Do e ché sy sinh trudong cua thuc vat nén ABA phdi hop voi
nhom chat kich thich sinh truéng d€ di€u hoa qua trinh sinh truong cua
thuc vat xay ra can doi.
7.2.2.5. Ethylen

Ethylen (CH, = CH,) 1a nhém hormone thyc vat c6 tic dung gan
gidng ABA nén thudc nhom chit trc ché sinh truong. Etylen thuc ddy qua
trinh chin ctia qua, qua trinh rung 4.

Khac vé1 hormone dong vat, hormone thuyc vat duoc téng hop
trong cac phan khac nhau ctia cdy ma khong c6 cac tuyén tiét chuyén biét.
Céac hormone thuc vat duogc tong hop & cac ving khac nhau cua cy.

Auxin, gibberellin chii yéu dugc téng hop tai cdc phan non cia
cdy, nhét 1a viing sinh truong nhu dinh sinh trudng, tugng tang... Sau khi
tong hop Auxin, gibberellin dugc van chuyén trong cac md dan hay qua hé
théng té bao song dé dua dén cac ving tic dung. Hormone thyc vét ciing
khong c6 té bao dich chuyén biét nhu & dong vat ma tac dong 1én toan co thé.

Cytokinetin dugc tong hop manh & phan r& non, con absisic acid ,
ethylen lai dwoc tong hop nhiéu ¢ cac phan gia ctia cdy. Sau khi tong hop
cac hormone nay ciing duoc van chuyén dén cac ving khac nhau trong co
thé dé thuc hién cac chirc ning cua chung.
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Chuong 8
Khai niém vé sw trao déi chat va
trao doi nang lwong

Trao d6i chét va trao doi nang lugng 14 ban chit cua hoat dong song
ctia moi co thé sinh vat, 1a biéu hién ton tai su séng. Su trao d6i chat cua
co thé ludn gin 1ién véi sy trao ddi va chuyén hoa ning lugng. Chinh vi
vay, trao doi chat va trao d6i ning lugng 13 hai mat ciia mot qua trinh lién
quan chat ché véi nhau.

8.1. Khai ni¢m chung vé sy trao déi chat

Co thé song ton tai, phét trién trong méi truong va khéng ngimg lién
hé mat thiét voi moi truong d6. N6 hip thu cac chat khac nhau tir moi
truong ngoai, lam bién d6i cac chat d6 va mot mit tao nén cac yéu td cau
tao ctia ban than co thé sdng, mit khac lai thai vao mdi trudng ngoai cac
san pham phén giai ciia chinh co thé ciing nhu cic san pham hinh thanh
trong qué trinh séng cua co thé. Qua trinh d6 thyc hién dugc 1a do cac bién
d6i hoa hoc lién tuc xay ra trong co thé. Ngudi ta goi toan bo cac bién ddi
héa hoc d6 1 su trao doi chat.

Sy trao d6i chit bao gdm nhiéu khau chuyén hoa trung gian. Cac
qua trinh nay xay ra phirc tap trong timg mo, timg té bao bao gom 2 qué
trinh co ban 1a dong hoa (tong hop) va di hoa (phén giai) tao nén chu ky
trao doi chat lién tuc giita chat nguyén sinh va chit nhan vao.

Qué trinh dong héa 1a sy hap thu cic chat méi tir mdi truong bén
ngoai, bién doi chung thanh sinh chat ctia minh; bién doi cic chat don
gian thanh chat phtrc tap hon, sy tich liiy nang lugng cao hon. Pay 1a qua
trinh bién d6i cac chat khong dic hiéu (cac chat hitu co cua thirc dn nhu
glucid, lipid, protein) tir cac nguén khéc nhau (thuc vat, dong vat, vi sinh
vat) thanh cac chét hitu co khac (glucid, lipid, protein) dic hiéu cua co thé
Pic diém coa qua trinh ndy la thu nang luong. Nang luong can thiét cung cap
cho céc phan tig tong hop trén cha yéu & dang lién két cao ning ctia ATP.

Qué trinh di hoa 13 qué trinh ngugc lai clia qué trinh dong hoa, 1a
su bién déi céc chét phirc tap thanh cac chat don gian va giai phong ning
lwong can thiét cho hoat dong séng. Nhu v@y day la qua trinh phén giai
cac chat du trir, cac chat dic trung cia co thé thanh cac san pham phén tir
nho khong dic trung va cudi cung thanh nhiing chéat thai (CO, H,O,
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NH;...) dé thai ra moi truong. Nang lugng dugce tich trir trong ATP va
duoc str dung cho nhi¢u phan ing thu nang lugng khac.

Hai qua trinh déng hoa va di héa xay ra lién tuc lién quan voi nhau
va khong tach roi nhau. Qué trinh dong hoa 1a quéa trinh doi hoi nang
luong cho nén dong thoi phai xay ra qua trinh di hoa dé cung cap nang
luong cho qué trinh ddng hoéa. Do do su trao d6i chat va trao doi ning
luong 1a hai mat ctia mot vén dé.

Tuy theo kiéu trao d6i chét, nguoi ta chia sinh vat ra thanh hai
nhém: nhom sinh vat ty dudng va nhom sinh vat di dudng.

Nhom sinh vat ty dudng bao gom tat ca cac sinh vét tu tong hop
chét dinh dudng can thiét cho chung. Pé ton tai va phat trién, nhom nay
chi can H,0, CO,, mudi vé co va ngudn ning luong. Co6 hai hinh thirc tyr
dudng. D6 1a hinh thuc tu dudng quang hop va hinh thic tuy dudng hoa
hop. Hinh thirc dau thé hién & cAy xanh va vi khuén tia, vi khuan luu
huynh vbn dung quang nang dé tong hop chat hiru co. Hinh thirc sau duogc
thé hién & mot sé vi khudn nhan ning luong trong qué trinh oxy hoa céac
chat vo co.

Nhom sinh vat di dudng bao gdm cac sinh vat khong co kha ning tu
tong hop chat dinh dudng tir cac chat vo co ma phai song nho vao céac chat
dinh dudng ctia nhom sinh vat tuy dudng tong hop nén.

Nhu vay, qua trinh trao d6i chét cua thé gidi sinh vat lién quan chit
ch@ vdi nhau, tao nén chu ky trao doi chat chung.

‘ , Glucid, lipid, 0O,
Anh sang // protehf ‘\<

Sinh vat Sinh vat
tu dudng di dudng
\ CO,, H,0, mubi ’/
chtra Nitrogen

Ngoai cach chia trén, ciing theo kiéu trao doi chat, ngudi ta chia sinh
vat thanh hai nhém 16n: nhém hiéu khi (aerob) va nhom ky khi (anaerob).
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Nhom hiéu khi 1a kiéu trao ddi chat ma cac qua trinh oxy héa c6 sy tham
gia cua oxy khi quyén. Nhom ky khi 1a kiéu trao doi chat ma cac qua trinh
oxy hoa khong c6 sy tham gia cia oxy khi quyén.

Pa s cac sinh vat thudc nhém hiéu khi. Nhom ky khi chi 1a mot
phan nho ctia nhom sinh vat di dudng bac thap. Tuy vy, giita cac co thé
hiéu khi va ky khi khong c6 ranh gidi rd rang. Sinh vat hiéu khi biéu hién
16 rang nhat nhu ngudi chiang han ciing c6 thyc hién moét phan cic qua
trinh trao d6i chat theo con dudng ky khi (vi du nhu mé co)

Qua trinh chuyén hoa trong co thé séng mang tinh théng nhit va
riéng biét. Cac con dudong chuyén hoéa 16n trong moi co thé dong vat, thuc
vat don bao, da bao déu theo nhing giai doan tuong tu nhau. Tuy vay, néu di
sdu vao timg mo, co quan, ca thé timg loai thi lai c6 nhitng nét riéng biét.

Céc phan tmg hoa hoc trong co thé xay ra lién tuc & pH trung tinh,
37°C, duéi tac dung xiic tac clia enzyme.

O dong vat, cac qua trinh chuyén hoa duoc diéu khién boi hé thong
than kinh

8.2. Khai niém chung vé trao doi ning lwong va ning lwong sinh hoc

Trao dbi chét luén gin lién véi trao d6i ning luong. Dbi véi co thé
nguoi, ddng vat va phan 16n vi sinh vat thi nguén ning lugng duy nhat 13 ning
luong hoa hoc cta cac chat trong thic an. Trong co thé, cac cht dinh dudng
chii yéu va quan trong 1 glucid, lipid va protein déu bi oxy héa. Lipid va glucid
di vao co thé bi “ddt chay” s& sinh ra CO,, H,O va NH3, chat nay tac dung véi
CO, chuyén thanh carbamid (ure).

Céc qua trinh oxy hoa khtr sinh hoc thuéc cac phan ung di hoéa c6 y nghia
rét quan trong. Ching khong nhimg chi 1a ngudn nang lugng quan trong dung
dé thyce hién cac phan g téng hop khéc nhau ma con 1a nguon cung cap cac
hop chét trung gian dung 1am nguyén liéu cho cac phan tmg tong hop va dong
vai trd hét stic quan trong trong viée lién hop cac qua trinh trao dbi cht.

Dé ton tai va phat trién, co thé can phai dugc cung cép lién tuc ning
lugng, Trong hoat dong sdng ctia minh, co thé bién doi nang luong tir dang nay
sang dang khac va sy bién d6i ning luong trong co thé séng ciing tudn theo cac
quy luat vat Iy nhu sy bién dbi ning luong & gidi vo co.
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So sanh vé ning luong sinh hoc va ning luong k¥ thuat ta thiy c6 nhiing
dac diém sau: thir nhét, co thé khong sir dung nhiét ning thanh cong c6 ich
dugc; thur hai, sy gidi phong nang luong trong co thé 1a dan dén, ting bac; tha
ba, sy gidi phong nang lugng di kém theo su phosphoryl héa nghia la ning
luong giai phong duoc ¢ dinh lai & lién két este v6i phosphoric acid trong
phan tir ATP vén duoc goi 1 lién két cao nang. Tir dang ning luong trung gian
ndy (ATP) ma c6 thé du trit va stir dung ning luong vao cac hoat dong song; thir
tu, ¢ thé khong sir dung duoc nang luong tur do ctia tat ca cac loai phan ing phat
nhiét ma ngudn ning luong duy nhit co thé sir dung 13 ctia cac qua trinh oxy hoa.

8.2.1. Sy bién doi nang luong tu do

Su thay d6i vé dai luong ciia niang luong ty do 1a mét chi tiéu quan trong
nhét ctia hiéu tmg ning luong tirc 1a hé s6 ctia tac dung hiru hidu ctia phan tng.
C6 thé dinh nghia nang luong ty do 1a lugng nang lugng ma & madt nhi¢t do
nhat dinh nao d6 ¢6 thé bién thanh cong.

Té& bao ¢6 thé tao ra va duy tri dugc cAu trac trat tu va phtrc tap cua minh
nho chung lién tuc tiép nhan niang luong tu do tir mdi trudng & dang quang
ning hodc héa ning va bién hoa né thanh cac dang ning luong sinh hoc dé
phuc vu cho céc qua trinh hoat dong séng. Su bién hoa, tich ltly va str dung
ning lugng sinh hoc xay ra song song véi sy chuyén hoa vét chat va tuan thu
cac nguyén tic ciia nhiét dong hoc.

Nhimg bién d6i ning luong tu do cua hé thng phan tmg duoc ky hiéu
bang AG c6 gia tri 1a Kcal/mol. Dai lugng ciia AG 1a hiéu s6 giita luong ning
luong tu do cua trang thai cudi (sau phan ng) G, va ning luong tu do cua
trang thai du (trudc phan tng) G;. Néu AG<0 (co gia tri am), phan tng toa
nhiét, c6 thé xay ra mot cach ty phat. Vi du cac phan tmg thuy phan déu thudc
loai phan (g nay. Néu AG = 0, h¢ théng & trang thai can bang. Néu AG>0
(co gia tri duong), phan tmg thu nhiét, mudn thyc hién phan ng can phai cung
cap nang lugng. Cac phan tmg thu nhiét chi c6 thé duoc thyuc hién cing voi cac
phan tmg toa nhiét, nghia 13 viéc ting ning lwong tu do chi c6 thé c6 duge do
cac phan g lién hop khac tién hanh véi viéc giam nang lugng tr do. Céc qua
trinh co ban gan lién voi hoat dong sdng cua co thé, nhidu kiéu lam viée cia té
bao, cac phan tmg tong hop déu 13 nhimg phan tmg thu nhiét luén ludn lién hop
v&i cac phan g toa nhiét.

AG dugc tinh theo cong thuc:
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AG=AG+RT InK

trong do AG’ 1a su bién doi nang luong tu do tiéu chuan cua phan mg ¢
25°C khi ndng d0 cua tat ca cac chat phan img 1a 1 mol va ap suat la 101,3 KPa
(latm), R 13 hang s6 khi, T 1a nhiét d6 tuyét doi, K 1a hang so can bang cua
phan tng bang [CT. [D]*/[AT[B]" tirc 13 ndng do cta cac chat tham gia phan ing
A+BS C +D; a, b, c,d 1as0 lugng phan tir A, B, C, D tham gia phan tng,

Trong hé théng sinh hoc, khi tinh gia tri AG® can chu y dén pH, ¢ ndng
do6 H' 1a 1 mol, pH=0. Trang thai ion hoa ctia nhiéu hop chét sinh hoc bj bién doi
khi pH thay déi. Vi vay, dé thuan tién cho viéc tinh toan, xem trang thai chuén
cta pH 14 7 va ky hiéu su thay d6i nang luong tw do chuin & pH 7,0 1a AG”.

8.2.2. Lién két cao néing va vai tro ciia ATP

Cac lién két hoa hoc giira cac nguyén tir déu 1a nhimg tac nhan mang chi
yéu ctia nang luong tir do trong cac chat hitu co. Vi vdy, trong viéc bién tao ctia
céc lién két hoa hoc trong phan tir, mirc nang lugng tur do ctia hop chat sé thay
d6i. Xét vé mit ning luong trong cac hop chét hitu co ¢6 hai loai lién két: Lién
két thuong va lién két cao niang (lién két giau nang lugng). Lién két thuong 14
lién két ma khi phan giai hodc tao thanh nd co sy bién d6i ning luong vao
khoang 3 Kcal trén mot phan tir gam (Vi du nhu lién két este); con ddi véi lién
két cao ning sy bién d6i nay 16n hon nhiéu tir 7 — 12 kcal/mol. Trong cac hoat
dong séng cha co thé sinh vat, cc qua trinh téng hop cac chét phan tir 16n tir
cac chat don gian, van chuyén tich cuc cac chat qua mang te bao, qua trinh vén
dong v.v. luén doi hoi nang lugng tr do. Trong hé théng séng can co cac chat,
cac hé thong nhan ning luong tu do tir cac qua trinh nay chuyén dén cho cac
qua trinh khac. ATP 1a chat phd bién giit vai tro ndy, 1 chat ¢6 vai trd trung
tam trong trao d6i ning luong & té bao va co thé séng, 14 cht lién két hodc co
thé noi 1a mat xich gitra hé thong sir dung ning luong va hé thdng san sinh ra
nang lugng.

Trong phan tir ATP c6 3 gbc phosphate, 1 gdc két hop véi goc ribose qua
lién két este, 2 lién két giita 3 gbc phosphate 1a lién két anhydric. D6 1a cc lién
két cao nang dugc ky hiéu bang dau “ ~ . ATP ( Adenosine Tri Phosphate)
duog biéu thi mot cach khai quat nhu sau: Adenosine @ @ ~@ (trong
do 1a cac gbc phosphoric acid ). Khi cit dut cac lién két cao nang ndy, s&
giai phong s6 ning lugng 16n gap hon 2 lan so vai lién két este:

ATP +H,0 5 ADP + H3;PO,4 AG"=-7 Kcal/mol

()



ATP + HO S AMP + H4P,0;
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AG’=- 8,5 Kcal/mol

@®-®)
Néu tiép tuc thiy phan lién két este ciia AMP @ tao thanh adenosine va
phosphate v6 co, ning luong tir do dugc giai phong ctia phan tmg néy thép hon nhiéu.

Sur chuyén hoa tuong hd gitra ATP va ADP ¢6 vai trd dic biét quan trong
trong qua trinh trao d6i nang lugng cta hé thong séng.

Trong da sb trudng hop thuong thiy phosphore hodc sulphure tham gia

tao thanh lién két cao nang (Bang 8.1).

Béng 8.1. Mot s6 dang lién két cao niing thuong gip

Dang lién két | Kiéu lién két C6 trong cic chat AG" (Kcal/mol)
- Anhydrid phosphate | ATP, GTP....... -7
(pyro phosphate)
® ~op) ADP, GDP..... -7
- Acyl phosphate -10
O~ @ ﬂ) a11,C3i(]1)iphosphoglyceric
R-C-0~ @ Aminoacyl-AMP -7
- Enol phosphate Phosphoenol -12,8
R- (”3 -0~ @ Pyruvic acid
CH,
- Amid phosphate Creatin phosphate -10,5
N~ @ ( phosphoguanidin) Arginin phosphate
R-¢-NH~(P)
NH
- Thioeste Acetyl coenzyme A -88
C~S ﬁ) Acyl coenzyme A

R-C~S-R
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8.3. Qua trinh oxy héa khir sinh hoc

C6 thé dinh nghia qué trinh oxy hoa khir 14 qua trinh trao doi dién tir. Sy
oxy hda la sy tich mdt hay nhiéu dién tu, nguoc lai sy khir oxy 1a sy thu dién
tir. Tt ca cac chat tham gia vao qua trinh oxy hoa khir & co thé song déu c6 kha
nang nhuong hodc thu dién tu.

Do chinh 1a kha nang oxy hoa khir. Song song véi su oxy hda co6 sy khur
oxy vi dién tir dwoc chuyén tir chat bi oxy hoa sang chat bi khur:

-2e l

Vi du: 2Fe " + Cl, = 2Fe *" +2CT

Pai luong dic trung cho kha ning oxy hoa khir cia mdi chit goi 1a thé
ning oxy hoa khir. C6 thé tinh dugc thé ning oxy hoa khir theo cong thirc sau:

p_p 4 BT [dangoxyhéa) (1)
nF [ dang khr]

Trong d6: E’, 1a thé ning oxy hoa khir ciia mot chat nhat dinh trong
nhimg diéu kién nhét dinh. E’y 1a thé ning oxy hoa khir & cac diéu kién tiéu
chuén ( néng d6 ctia hai dang bang nhau)

R 13 hang s6 khi, T 13 nhiét do tuyét ddi, F 14 tri s6 Faraday

Béng 8.2 trinh bay E’, hiéu dién thé oxy hoa khir AE’ va ning luong tur
do AG® ctia mdi hé.

Thé ning oxy héa khir con dung dé tinh ning lugng tu do (AG®) dugc
gidi phong ra trong qua trinh oxy hoa khir theo phuong trinh:

AG’= -nF.AE\, (2)

(Cac ky hiéu da duoc giai thich & cong thirc tinh thé ning oxy héa khir
va lién quan dén bang 8.2 & trén)

* Tién trinh cua su oxy hoa sinh hoc:

Su phan giai chat dinh dudng va giai phong niang luong ctia té bao (sur di
hoa) c6 thé duoc chia thanh 3 giai doan co ban:

O giai doan dau: cac hop chét cao phén tir bi thay phan thanh cac chat
don gian c6 phan tr nhé hon: cac glucid (tinh bot, glucogen v.v...) thanh céac
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monosaccharid (glucose), cac protein thanh cdc amino acid, céc lipid thanh céc
acid béo.

O giai doan thir hai: bién nhiing chit don gian thanh nhing chat 2 carbon
1a acetyl C,A (CHs - CO~SC,A) (thiéu). Acetyl C,A duoc coi 13 san pham
thodi héa ciia cac chét glucid, lipid va protein. Né dugc hinh thanh do su p-oxy
hoa acid béo, do su oxy hoa ciia khoang mét nira s6 a-amino acid ciing nhu do
sur oxy hoa hiéu khi glucose.

Bang 8.2. Thé niing oxy héa tiéu chuin ciia mjt s6 h¢ théng

Phosphoryl
. E, (volt) AE’, AG hoa
H¢ thong oxy héa khir o (keal/pH7,
pH7,30°C | (volt) . ADP—
30°C)
ATP
Dién cuc hydro 2H'/ H, -0,42
NAD'/NADH +H" 0,32
FAD/ FADH, -0,10 +0,22 -10,1 1
Cytochrome b Fe*"/ Fe** +0,04 +0,14 -6,4
Cytochrome ¢, Fe*'/ Fe** +0,23 +0,19 8,7 1
Cytochrome ¢ Fe®"/ Fe** +0,26 +0,03 -1,4
Cytochrome a Fe®/ Fe* +0,29 +0,03 -14
Cytochrome a; Fe’*/ Fe* +0,55 +0,26 -12,0 1
Dién cuc oxy 1/2 0,/ O* +0,81 +0,26 -12,0
+1,13 52,0 3

O giai doan thur ba: Acetyl C,A dugc hinh thanh & giai doan thir hai s€ bi
oxy hoa hoan toan trong chu trinh Szent-Gyorgyi-Krebs (chu trinh citrat) dé
hinh thanh CO,, H,O va giai phong ning luong. Phan 16n ning luong duoc giai
phong ra ¢ giai doan thir ba nay (khoang 2/3)

Trong giai doan thir hai va thir ba khodng 30-40% néang lugng hda hoc

duoc bién thanh nhiét, hon 60% nang luong nay dugc str dung dé téng hop cac
hop chét cao ning,
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Trong chu trinh citrat, cdc hydrogen tich ra s& dugc oxy hoa qua chudi ho
hip dé tao nén nang lugng va H,0. Ning luong giai phong dugc tich trit & cac
phan tir ATP. Toan b qua trinh ¢6 thé dugc minh hoa bang so d trén hinh 8.3.

| gtucid | [ tipid | [protein |
¥ l l/\
@< Amino acid >
/\/
| Acetyl CoA |

ATP
1/20,

H,—»NAD FAD—»COQYCytb—+Cth1—>Cytc—>Cyta Cyta;z

ADP+P

Hinh 8.3. Tién trinh oxy hoa sinh hoc
8.4. Chudi h6 hap té bao va sw phosphoryl héa oxy hoa
8.4.1. Chudi hé hdp té bao

Chudi hd hip té bao 13 mot hé thong cic enzyme xtc tic van chuyén H
va eletron tir co chat dén phan tir oxygen dé tao H,O. Trong té bao, oxygen 1a
chat oxy hoa van ning, con cac phan tir hitu co khac nhau déng vai tro chét cho
dién tir. O day, dién tir va ion hydrogen ctia phén tir co chat khong chuyén truc
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tiép cho oxygen khong khi ma dugc chuyén dan qua mot chudi phirc tap nhiéu
mit xich, bao gdm cac hé enzyme oxy hoa khtr, c6 thé ning oxy hoa khir ndm
trong khoang gitra thé ning oxy hoa khir ctia co chit va cua oxygen. Cac hé
enzyme nay duoc sép dat theo mot trat ty ting dan thé nang oxy hda khir tao
thanh mot chudi, goi 1a chudi ho hip hay chudi van chuyén dién tir clia té bao.
Vai tro ciia chudi ho hap 14 oxy hoa timg bac hydrogen ctia co chét dén H,0.

Co ché hoat dong cua chudi ho hép té bao c6 thé tom luge nhu sau:

Chat cho nguyén tir hydrogen 1a NADH + H' hodc trong mot s6 truong
hop 14 FADH, Nguyén tir hydrogen s& duoc chuyén toi hé coenzyme Q (C,Q)
thong qua hé trung gian flavoprotein chtra sat va Iuu huynh. Tiép theo hai dién
tir ctia nguyén tir hydrogen duoc tach ra va di vao hé thdng van chuyén dién tir
theo trinh ty cac cytochrome b-c;-a-cytochromeoxydase (as), cudi cung dién tir
duogc chuyén cho oxygen. Nguyén tir oxygen bi khir (& trang thai ion hoa) s&
két hop v6i 2H' (proton) dé tao ra phéan tir nudc.

Qua trinh chuyén hydrogen va dién tir & trong chudi ho hip c¢6 thé phan
thanh 4 giai doan:

- Giai doan 1: Théng thudng hydrogen dugc tach tir co chat boi
dehydrogenase c6 coenzyme NAD'(hodc NADP ). Hydrogen cta co chat gin
vao NAD', co chit tir dang khir chuyén thanh dang oxy hoa va NAD" tir dang
oxy héa bién sang dang khir. Mdi co chat co mot dehydrogenase dic hiéu
tuong Ung:

AH,+NAD" — A + NADH +H"
(Trong d6 AH,va A 14 co chit dang khir va dang oxy hoa)

NADH khong thé tir oxy hoa boi oxygen duoc, tic 13 khong thé truc tiép
chuyén hydrogen cho oxygen ma phai chuyén sang cho dehydrogenase khac
c6 coenzyme 1a FMN hodc FAD.

- Giai doan 2: NADH (hoac NADPH) bi oxy hoa bdi dehydrogenase.
Enzyme nay la mdt flavoprotein c6 coenzyme 1a FMN hodc FAD. Hai eletron
dugc chuyén tr NADH + H' t6i FMN (hoic FAD) cho FMNH, (hoic
FADH,):

NADH + H + FMN— NAD" + FMNH,

NADH dehydrogenase ciing chira sit, chat nay c6 1& giit vai tro van
chuyén eletron. sat khong tham gia vao mot nhom hem nao. NADH
dehydrogenase 1a mot protein chira sat khong thude hem.
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- Giai doan 3: H' va eletron duoc chuyén tir FMNH, t6i coenzyme Q 1a
mot dan xuat quinone, con duoc goi 14 ubiquinon (UQ). Coenzyme Q 1a mot
chit tac dung chuyén vén kha linh hoat eletron giita flavoprotein va hé thong
cytochrome. Ubiquinon c6 thé nhan 1 hodc 2¢” va tao ra semiquinone (UQH)
hoic ubiquinol (UQHS,). Pic tinh niy cho phép né 1am cau ndi van chuyén ¢ tir
chét cho 2¢ sang chét nhan le". Ngoai ra, vi phirc UQ nhé va ky nudc, nén no
d& dang di chuyén trong lop 11p1d d6i ciia mang ty thé 1am con thoi van chuyén
¢ gifta cac phirc van chuyén e cong kénh khéc trong mang ty thé.

- Giai doan 4: Céc enzyme van chuyén eletron tir C,QH, dén oxygen. Do
1a hé théng cytochrome, né giit vai trd trung tAm trong hd hap t& bao. Mdi
cytochrome 1& mot protein enzyme van chuyén electron c6 chira nhém ngoai
hem. O cac phan tir cytochrome, nguyén tir sat lién tuc di tir trang thai sat hai
(Fe™) - dang khir t6i trang thai sit ba (Fe'") - dang oxy hoa trong qué trinh
chuyén van eletron. Nhom hem chuyén van mdt eletron; nguoc lai voi NADH,
flavin va coenzyme Q 14 nhitng chit chuyén vén hai electron.

C6 5 cytochrome giita CoQ va O, trong chudi chuyén van electron. Thé
nang Oxy hoa khir cuia chung ting theo thtr tu: cytb, cytc, cytc, cyta, cytas.
Céu trac va tinh chat cua cac Cytochrome ndy khéc nhau. Nhém phu cia
Cytochrome b, ¢, ¢ 14 protoporphyrin c6 sat, thuong goi 1a hem. Cytochrome a
va a3 1a nhitng thanh phan cudi ctia chudi hd hép té bao, ching & dang mot
phirc chit goi 1a Cytochrome oxydase. Electron duogc chuyén t6i phan
Cytochrome a ciia phitc chat, roi t6i Cytochrome aj c6 chira dong (Cu') dang
khtr trong qua trinh van chuyén electron, c6 1& n6 tham gia xtc tac van chuyén
electron tir hem A cua Cytochrome a3 to1 oxygen.

Qua trinh van chuyén electron qua hé théng Cytochrome duoc tom lugc
nhu sau:

2¢ +2cytbFe’™  —  2cytb Fe*

2 cytb Fe** +2cyte; Fe'"  —  2cytbFe’™  +2cyte Fe*
2cyte; Fe'  +2cytcFe’™  —  2cyte; Fe™  +2cytc Fe*
2cytcFe”™  +2cytaFe’™ —  2cytcFe’™  +2cytaFe*
2cytaFe®™  +2cytasFe’" —  2cytaFe’™  +2cyta Fe™'
2cytas Fe™ +1/20; —  2cytasFet +120%
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Toan bd chudi ho hép t& bao tir co chit dang khir AH, t6i oxygen phan
tr qua NAD, flavoprotein, coenzyme Q, hé thong Cytochrome dugc trinh bay

& hinh 8.4.
AH, A
>
NAD NADH +H"
ATP p :>\ ADP +P
FADH, FMNH,) FAD (FMN)
>
CoQ CoQH;
‘/V\<
2Fe™ 2cytb  2Fe’”
ATP p ~_ " App+p
2Fe* 2cytcy 2Fe?"
‘v>_—/\
2Fe™ 2cytc 2Fe’ 2H"
—
2Fe’ 2cyta 2Fe”
ATP « AN ADP + P
2Fe? 2cytaz 2Fe*
1120, T 120"

Hinh 8.4. Chudi hé hép té bao

Két qua cia chu6i ho hép té bao thong thudng 1a H,O, nhung van co
truong hop tao thanh goc superoxyd (O™) va hydrogenperoxyd (HO,). Day la
cac chit doc di véi té bao vi ching tAn cong cac acid beo khong no cau tao
lipid mang té bao gy su bién chat ciia cau trac mang. Theo cac sb liéu thuc
nghiém thi vi tri tao thanh O, chinh la ving CoQ - cytochrome b do qua trinh
tu oxy hoéa cua cibi-semiquinone. Nhu vay, thuong xuyén co su ro ri 1 dién tir
& trong ty thé va ty thé sir dung khoang 1 - 2% sd luong electron van chuyén
dén cytochrome oxydase dé tao thanh O™.
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Superoxyd dismutase chta Mn (Mn.SOD) c6 mat trong matrix chi
chuyén dugc khoang 80% O™, do su 1o ri dién tir thanh H,O,. 20% O, tao
thanh dwoc chuyén vao cytoplasme, & day superoxyd dismutase cua
cytoplasme (SOD) cung hop tac voi cac hé thdng bao vé khac s& phan huy tiép.
C6 thé biéu thi cac qua trinh trén nhu sau:

0,+ ¢ — 07 (gbe superoxyd )
20, + 2H 225 H,0, +0,
2H,0, &% 5 2H,0 +0,

SOD va C-ase 1a cac enzyme chdng oxy hoa (antioxydant enzymes), bao
v¢ t€ bao chong lai cac goc tur do doc hai.

Nhu véy, qué trinh van chuyén hydrogen dén oxygen tao ra H,O, thuc
chét 1a mot qua trinh trao dbi electron (cho va nhan) mét cach lién tuc. Ban cht
ctia nd 1a mot qua trinh oxy hoa khtr. Vi vdy, ngudi ta goi ho hap té bao 13 oxy
hoa khtr sinh hoc.

Mot diéu can Iuu ¥ thém 13: chudi ho hép té bao da trinh bay 1a chudi ho
hép té bao binh thudng, nhung trong mét sb truong hop, chudi co thé kéo dai
hoic ngin hon phu thudc vao thé ning oxy hoa khir ctia co chét.

Quan niém hién dai vé hod hép té bao con bd sung thém nhiéu chi ‘Eiét cua
qua trinh hé hap t€ bao kinh dién nhu da trinh bay. Nhitng dang di chuyén dién
tir va hydrogen con phu thudc vao trang thai co chat dén cac phic hop khac
nhau.

8.4.2. Su phosphoryl hoa oxy hoa
Qua trinh téng hop ATP 14 qua trinh phosphoryl hoa:
ADP + H;PO; — ATP

Pay 14 qua trinh can niang luong. Nhu ching ta da biét, mél lién két cao
nang trong ATP chira nang lugng tu do la 7Kcal/mol nén dé tong hop dugc
ATP tr ADP theo phan ung trén can cung cap ning luong twong duong
7Kcal/mol. Nguon nang lugng cung cép cho qua trinh phosphoryl hoa rat khac
nhau. Su phosphoryl héa quang hoa 13 qua trinh tong hop ATP ¢ luc lap thé
nho nang lugng anh séng xay ra trong quang hgp. Su phosphoryl hoéa oxy hoa
13 qué trinh tong hop ATP & ty thé nhd ning luong thai ra trong cac phan timg
oxy hoa khtr.

Theo quan ni¢ém hién nay, sy phosphoryl hoa oxy hoa la qua trinh hinh

thanh ATP bing cach chuyen electron va proton trong chudi ho hap té bao. Su
tao thanh ATP trong chudi ho hap té bao duoc thé hién ¢ hinh 8.4. Theo
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phuong trinh (2) can ¢ sur chénh Iéch thé nang oxy hoa khir gitra cac chat tham gia
trong chudi ho hip té bao vao khoang 0,152 volt dé tao thanh mot phan tir ATP

A
AF = G = ! =0,152volt
° nF 223,06

Trong chudi hé hip c6 3 diém tuong hop giita sy hd hip véi su
phosphoryl hoa: 1) gitta NADH véi flavoprotein; 2) gitta cytochrome b va cy;
3) giira cytochrome a va cytochrome oxydase (hinh 8.4.). Biéu d6 ¢ nghia 1a
proton va electron duoc chuyén tir NADH + H' tdi oxygen tao duoc 3 diém
phosphoryl héa, con proton va electron dugc chuyén trong chudi hd hip té bao
tir FADH, chi ¢6 2 diém phosphoryl hoa.

Mbi twong quan P/O (ti s6 P/O) 1a sb phan tir phosphate vo co dugoc
chuyen thanh dang hitu co di véi s tiéu thu mot nguyén tir oxygen. Ti so nay
biéu thi sy tuong quan gitra qua trinh phosphoryl hoa va sw oxy hoa khur té bao,
duogc goilachiso.

Nhur vay c6 thé néi rang su phosphoryl hoa oxy hoa qua hé théng van
chuyen dién tir ctia chudi enzyme ho hip 1a con dudng chu yéu ddi véi cac sinh
vat hiéu khi nham khai thac ning luong ctia cac hop chét hitu co mét cach hiru
hiéu nhét dé phuc vu cho cac hoat dong séng cua minh.
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Chuong 9
Sw trao doi saccharide

9.1. Sw phan giai saccharide
9.1.1. Sy phan giai polysaccharide va disaccharide

Ngoai bién phap dung acid dé phan giai thi polysaccharide va
disaccharide con c6 thé bi phan giai boi sy thiy phan hay boi qué trinh
phosphoryl- phan (phosphorolysis).

Su thiy phan nhu phan gidi tinh bt thanh glucose, maltose hay
dextrin tiiy thudc vao tinh chat clia enzyme: o-amylase chi cat lién két a-
D-glucosidic-1,4 ¢6 kha ning cat khoang giita, B-amylase ciing chi cat
lién két 1,4 nhung c6 kha ning cat bat dau tir ddu khong khu,y -amylase
ddc biét dugc tong hop tir vi sinh vat c6 kha nang cat lién két 1,4 va
enzyme loai trir (khir) sy phan nhanh (debranching enzyme, c6 hoat tinh
glucosidase) cat diay ndi 1,6 trong amylopectin va glycogen. Cac
polysaccharide bi thiy phan bdi cac enzyme tuong trng khac nhu cellulose
1a cellulase, pectin la pectinase,...

Véi cac disaccharide s€ bi phan giai thanh cac monose nho céc
enzyme tuong Ung nhu sucrose boi sucrase dé tao thanh glucose va
fructose, maltose boi maltase dé tao thanh 2 phan tir glucose...

Qua trinh phosphoryl- phan (phosphorolysis) la qua trinh tao
glucose-1-P nhd enzyme phosphorylase (glycogen phosphorylase hay
phosphorylase tinh bot) véi su hién dién cua ion phosphate. Phosphoryl-
phan khac véi sy thiy phan lién két glucosidic 1 ning lwong giai phong
duoc dung cho su tao lién két ester trong glucose-1-P (Hinh 9.1.)

Enzyme phosphorylase c6 coenzyme: Pyridoxal phosphate, nhém
phosphate tAn cong nhu chat xuc tac acid, tin cong lién két glucosidic
bang Pi . Phosphorylase tin cong vao dau khong khir cia glycogen (hay
amylopectin) dén khi cach ch6 phan nhanh 4 don vi glucose thi ngimg lai.
Chung s€ hoat dong tro lai sau khi enzyme loai trur (khir) sy phan nhanh
(debranching enzyme) thuc hién chic nang transferase va glucosidase.
(Hinh 9.2.)

Cac disaccharide cling c6 thé bi phosphoryl-phén (phosphorolysis)
boi enzyme twong ting dé tao ra mot dan xuét phosphate clia monose dong
thoi giai phong monose tht hai. Vi du maltose phosphorylase chuyén hoa
maltose thanh glucose-1-P va glucose.
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Dau khong co tinh khir
8CH,OH CH,OH
0
H H
OH H
H Chudi glycogen
D { P (glucose),
phoaphorylane
Déu khéng co tinh khir
CH,O0H CH,0H
0,
H H H H
o+ OH H OH H
o—p_o H 0—
H H

Glucose 1-phosphate
(glucose),

Hinh 9.1. Sy phosphoryl-phan aé tao glucose-1-phosphate

9.1.2. Sy oxy hoa monosaccharide

Duéi tac dong ciia hé thong nhidu enzyme khic nhau c6 trong ty
thé, cac monosaccharide bi oxy hoa dé tao ra CO,, H,0, cac hop chét cao
nang va cac sinh chét trung gian khac can cho cac qué trinh héa sinh xay
ra trong co thé. San pham tao thanh phu thudc vao diéu kién méi trudng:
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Dau khong khir lién két o 1-6

Eéﬁﬁéﬁﬁﬁéﬁagf

Glyeogen

£998 S8ER00
SCCOoCo

Glueose 1-phoaphate

phan nhanh

D—Q—D—D—D—Q—C%M

Enzyme loai trir sy
phan nhanh

Enzyme loai trir sy ‘\

C} Glucose

Hinh 9.2: Sy phén giii glycogen bang glycogen phosphorylase

9.1.2.1. Qua trinh phan giai ky khi( glycolysis)

Qua trinh nay con dugc goi 1a qua trinh Embden-Meyerhof-Parnas,
day 1a qua trinh chuyén héa hexose thanh pyruvate trong dleu kién khong
cb oxy, co thé khai quat su chuyén hoa qua hai giai doan gdm nhiéu phan
ung trén hinh 9.3.

Phan ng 1: Glucose dugc phosphoryl héa & Ce dé cho san pham
glucose-6-P, ngudn phosphate 1a ATP.
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CHz —OPOZ—

CH.—OH
L) ATP ADP
H H
Sope
O'H H hewcalkinies
H
H
Glucoae Glucosse G-phosphate

Trong diéu kién té bao dy la phan ing mot chidu, duoc xic tac
bdi enzyme hexokinase. Kinase 1a tén chung dugc dung cho cac enzyme
xuc tac chuyén gbc phosphate tir ATP cho cac chét nhan, 16p phu ciia
transferase . Hexokinase khong nhitng xuc tac sy phosphoryl héa glucose
ma con xuc tac su phosphoryl héa cac hexose khac nhu fructose, manose.
Hexokinase, cling nhu cac kinase khac can Mg2+ cho hoat tinh cta n6 vi
co chét that ciia enzyme khong phai 1a ATP* ma 1a ATP*

Hexokinase phd bién & tat ca cac loai té bao. Té bao gan trudng
thanh c6 chira hexokinase goi 1a hexokinase D hay glucokinase dac hi¢u
cho glucose, khac véi cac dang khéc vé dong hoc va tinh chét diéu hoa.

Phan ng 2: Chuyén héa glucose-6-P thanh fructose-6-P

Enzyme phosphohexose isomerase xtc tac sy chuyén hoa dong phan
glucose-6-P thanh fructose-6-P, bién mot aldose thanh mot ketose.

CHoOPOg™

Mg**
I I'I' . I' II II'Il. b

TS TS TS

Glucoss G-phosphate Fructoss G-phosphate
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a) Glucose Preparatory phase
Phﬁ“ ung T |
moi thu 1
ADP
Glucose G-phosphate
@ G:I Hexoltnass
@ Phosphohexose
Fructose 6-phosphate E—o—CH, 0, CH.—O0H e
H HO Phospho-
Phan ung :} A1E wﬂ @ fructokinase-1
moi tha 2 ADP H (D) Aldolase
v s v 1,6-bisphoaphate E—o_cH, CH. 0 {(T)
H HO Trioes
Su tach ctua phosphate
N isomerase
D duong‘phosp?ate H
6C thanh duong
phosphate 3C 5
Glyceraldehyde 3-phosphate E—0—CH. &
—+ H
Dhhydroxyacetone phosphate F—0—CH,—C—CH,0H
(h) Payoff phase
L
Glyceraldehyde 3-phesphate (21 @—o—cz—x,—cﬂ—c’o
2P, &)H \H
Su oxy hoa va su D) 2NAD™
)
phosphoryl hoa - . o
O
1.2-Biephosphoglycerate (2) @-0—(:[{1—(![{—(,{ @ Glyceraldehyde
ZADFE IJ)H o—{) A-phosphate
Phan ing thit 1 5 dehydrogenase
t ATP 2 ATP
ao 0 @ Phoapho-
w2 neephoglycerate (2) @-O—CH,—CH—C/ g].ycemte
&)H \D— kinass
@ @ Phospho-
glycerate
2-Phosphoglycerats (2] gl{,—iﬂ{—c(o mutase
o
@ t’QHﬁo H @ Enolase
@ Pyruvats
Phoaphoenclpyruvate (2) kinase

2ADP
Phan ung thir 2
tao ATP (sy =
phosphoryl héa &  syruvate (2
mic co chét

ATP

® »
IS
——y

Hinh 9.3. Qua trinh duwdng phan (glycolysis)
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Phan wng 3: Phosphoryl héa fructose-6-P thanh fructosel,6
biphosphate

CHL,OPOZ~

(I:Hg—ﬂH ATP ADP

z \\_I"[Si;; .
phosphofructolincee-1
H PFE-1
Fructose G-phosphate -
CH.OPO3~ 1

CH,—OPO3-

Fructoes 1 6-bisphosphate

Trong diéu kién cua té bao phan tng do PFK-1 xuc tac 1a phan ting
mot chiéu.

. O vi sinh vat, sinh vat don bao(protista) va hau hét hay tat ca thl:Ic
vét déu c6 phosphofructokinase dung P~P, khong dung ATP lam ngudn
cung cap phosphate dé tao fructosel,6 biphosphate

Mg2+
Fructose-6-P+PP; Fructosel,6 biphosphate + P;

Phan tng 4: Phin cit Fructose 1,6 biphosphate

Fructosel,6 biphosphate bi phan cat thanh triose phosphate :3-
phosphate glyceraldehyde va dihydroxy acetonphosphate.

Aldolase cia md dong vat co xuong khéng cin cation hoa tri 2,
nhung nhiéu aldolase ca vi sinh vat cdn Zn>" cho hoat dong cia ching.
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CHLOP03~ CH,OPO3-

aldolase

Fructoss 1. 6-bisphoesphate

O A

1 CHaOP O™ 43
i C=0) + l!'--éHDH
i "!I&HEDH lh-é HEDP‘:%_
Dihydroxyacetone Glyceraldehyds
phosphate Z-phosphate

Glycogen, tinh bot, 9 disaccharide, hexose di vao pha chuin bi
(preparatory phase) dugc thé hién rd ¢ hinh 9.4.

Phan ing 5: Chuyén héa ndi phin tir triose phosphate
Chi mot trong hai triose phosphate 1a aldose: 3-P glyceraldehyde
tham gia tiép vao qua trinh duong phan. Nhung dihydroxyaceton-P c6 thé
dugc chuyén hoéa thanh 3-P glyceraldehyde nho triose phosphate
isomerase.

'D% .-""H
CH,OH C
=0 " trinee phoophete H(]:{:}H
E:HEDPDE_ 10 OIS T E HEGP{:%_
Dhihydroxvacetons Glyoeraldehvde

phosphate 2-phoaphate
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OH0H
Trrushil ves Liniboss Hi 0 H
1 Ia-’l T
'r‘"u.‘ 10
0H H
\ f H
OH,0H H H
. g e Glycogen; tinh bot S o
"4
3 Fi _"\I phesphorylis W
Buotms B H UDP.galacloas
L
H OH Ghose = UDP.glocies
p-Chucess L-phesphate CH,OH
:l-:"&.lll.ll""
phesep beg e H H
HOCHg 0 Hz0H mikies o
il ! H H
H HO _—
H e-phisphata
H ATP o-Manrces
D.F'['I_'l:t.l,'ﬂ Ir-!-‘l'.lll.l.-" 'I'ITF :.._"L" "
1 - ML
.l.'l'Fll:lH--hlu.--- R Fructeas HMM”ELPI:WF&“
h—F‘h@hm |'||"|-'|':|-1||.|I|Ir'\.-"
Pruices 1-phosphata P
Iructoes |
phepl
:ILI']IJI'"I ﬁ
Proctosa 1 &
hisphosphats
Ghyveraldehyds + Dihpdwaracetons
pheaphala
triams phasphats
1T M [
Glyearaldehrda
¥ A.phiephata

Hinh 9.4: Mi lién quan giita qua trinh dwong phan va mét sd saccharide

Phan dng 6: Oxy hoa 3-P glyceraldehyde thanh 1,3
biphosphoglycerate
Xuc tac cho phan Ung nay la enzyme 3-P glyceraldehyde
dehydrogenase, co coenzyme NAD', trong trung tdm hoat doéng c6 nhém -SH
Co ché phan tmg da duoc nghién ctu day du:
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Sau khi tao phtic hgp E-S va NADH+H", 1a phtrc khong bén nén khi
c6 mat phosphate vo co no sé tao thanh 1,3 biphosphoglycerate va giai
phong enzyme & trang thai tu do.

CHzDPCTé'
NAD Glyceraldehyde NAD*  H fDH
3-phosphate

C
MH el NH

Ghyeeraldehyde ~H . wH
. 8 =3
J-phosphate [ [
dehydrogenase Cya His Cys His
CH,OPO3 ‘ .
néomn NaDt.  CHO0PO;
L \ \HCOH
— | - NH
T ® BOoG, ]
OPOy é H—N,
1,2-Bisphoephoglycerats | v
Cys Hia
CH,O0POE ‘
NAD* HEDH_-'"-.;;._!l-_.:jl][ NADH CH,OPOT
. P, NAD*
i v i HCOH
0 NH ) A/ | NH
—, rd Cm=i) i
. HEN NADH L H—N
[— | '
Cya Hiz Cys Hia

Hinh 9.5: Co ché tac dong ciia glyceraldehyde 3 phosphate dehydrogenase

Phan ng 7: Trong phan (mg nay gbc phosphate cao ning cua 1,3
biphosphoglycerate chuyén cho ADP dé tao ATP ( oxy hoa phosphoryl
héa muc co chat) va 3P glycerate
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L]
{:}% #___0—]!-'!"—'[:}_
C oy +
Hé OH
- | Rib [ Adenine
HaOyPiorg
1. 2-Baisphosphoglyocerats ST

badmesoe

Hsg_] phoophos] roer abe

O
—i L]

o .fD_
i +

HCOOH
éHEDPDQ—

I
[ Rib H Adenine

Z-Phosphoglycerate ATE

Phin g 8: Chuyén hoa 3P glycerate thanh 2P glycerate (chuyén
gbc P nodi phan tir) nhd enzyme phosphoglycerate mutase can Mg2+ cho
hoat dong cuia n6. Pay la phan tng thuan nghich:

O o~ o o
L e
c Mg C
H(J:—DH " ph "‘-l:'.lll“':l,:-'..:‘:-'-\. = rerke Hé_o_m‘?—
H:—O— P03~ CH=—0OH

3-Phosphoglycerate 2-Phosphoglycerate
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Co cheé:
?DD - .
HOCOH E_DEP_N(FE! |
His

I
CHOPOS

B-Phosphoglyoerats
Phosphoglyvoeerate
Lt mss

COOo™
HCOPOZ A= H
| HN*
CHoOPOs— -
2 3-Bisphosphoglycerats His
(2, 2-BFG)
oo @A
H{I:DPU%_ 2o0P— HH
CH.OH dHis

Z-Phosphoglyrcerats

Phin Gng 9: 2P glycerate bi loai nuéc dé tao thanh
phosphoenolpyruvate, 1a phan tng thuan nghich duoc xuc tac boi enzyme
enolase.

G%c/{j HO D%c /'D'
H—é"—DPO% - _‘L‘I &:—GP"D'% -
H ‘Ho CH,
2 -Phosphoglycerate Phosphoenol pyrruvate

Phan tng 10: Chuyén nhom phosphate tir phosphoenolpyruvate dén
ADP, phan mg dugc xuc tac boi pyruvat kinase, dé tao ATP va pyruvate.
Pyruvat kinase bi kim ham boi ATP, khi néng do ATP cao thi n6
gay kim ham di khong gian. O dong vét c6 xuong song pyruvat kinase co
it nhét 3 isozyme, hoi khac nhau trong phan bd & cac md va trong viéc dap
tmg d6i v6i nhimg chit diéu hoa (modulator) .
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%C/ o
-lJ_':—-EI-—P'—D— —+
Crr. e

[ mib | aadenine |

Fhospshoee ol porrmasats A TIE
. K—l. [ ST
| = oY =
T L
G% ) ]J.
o O —h
-lJ_':_D -+

Ho

Fysruvwate

1
| Rib M Adenine |
ATE

T pyruvate, tuy thugc mdi co thé, diéu kién méi truong cé thé
chuyén hoa thanh cac san pham khac nhau

2 Pyruvate
(ki khi) ~i 4
2 Ethanol + 2CO,  (hiéu khi) 2 Lactate
(1én men ruou & nAm men ) (Ién men lactate)

2 Acetyl-CoA

Chu trinh citric acid

4CO; +4H,0
(Pong vat, thuc vat va nhiéu té bao vi sinh vat trong diéu kién hiéu
khi).
Tir pyruvate ¢ thé c6 3 kha nang phan giai nhu trén, ngoai ra nd con
la nguodn dé tong hgp mat so chat khac ma ta khong de cap ¢ day.
Trong diéu kién ki khi, pyruvate c6 thé 1én men tao lactic acid:
Dudi tac dung cua lactate dehydrogenase, pyruvate bi khir thanh lactic
acid. Phan tng nay xay ra trong mo co dong vat sé tao thanh L-lactic acid,
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con trong qué trinh 1én men do vi sinh vét gay ra (1én men sita chua, mubi
dua, ca ...) s€ tao thanh D-lactic acid.

o .,xD MaAaDHa + - D%

C A7
nJ_."— O \ - n HO—E—I—I
. p—— __ {EHE

H.Q o= T e
Pryrravate L-L.actats
Glucoss
I AT
2 ADH )
2 Pyruvate T 2 Lactate

Lén men ruou: Nam men va mot sd vi khuan khac cé thé chuyén héa
pyruvate thanh ethanol va CO;. Qua trinh trai qua 2 budc

{:}% /_;I:I:_ CO MATDH + H™
C TPPé_ O H MAD™ OH
- g o ., g
O—o0 L C —_ éHg
éHa 1 .--I arboscylass éHE dehydrogenass 'H
Pyruvats Acetaldehyde Ethanol

Trong bude 1, pyruvate bi khir cacboxyl-héa von duge xuc tac boi
enzyme pyruvate decarboxylase, enzyme nay can Mg*" va c6 coenzyme 1a
TPP. Budc 2, acetaldehyde bi khir thanh ethanol véi NADH+H" duoc tao
ra tr sy oxy hoa khur 3 P glyceraldehyde.

9.1.2.2. Qua trinh phan giai hao khi glucose. Chu trinh Krebs
C6 thé chia qua trinh nay ra lam 4 giai doan chinh:
- Phéan giai glucose thanh pyruvate (xem qua trinh dudong phan).
- Chuyén héa pyruvate thanh acetyl- CoA.
- Oxy héa acetyl- CoA thong qua chu trinh Krebs (chu trinh citric acid).
- Oxy hoa cac coenzyme khur qua chudi ho hap(xem phan khai
niém ve sy trao doi chat).
- Chuyén hoa pyruvate thanh acetyl-CoA (hiéu khi)
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COg
O s ColA-SH +
i "
o NAD® [TPR  NADH o S.Coa
.[5 =0 l\\ FalD _.--’P-l - %ﬂf
_ prruvate dehypdrogenese -

'{:E]:.3 w ||'||l|l\. c K g+ E_. $ E.:' éHg

Pyruvats Acetvl-Col

- Oxy hoa acetyl-CoA qua chu trinh Krebs: Do trong chu trinh c6
mit cic san pham trung gian 13 cac di- va tricarboxylic nén chu trinh
Krebs con co6 tén 1a chu trinh tricarboxylic, hay chu trinh citric acid. Chu
trinh Krebs bao gdm 8 phan tmg sau (Hinh 9.6).

Phén ng 1: La phan tng tring hop acetyl-CoA va oxaloacetate dé

.....

cao nang trong acetyl-CoA cung cap.

0
o H,0 CoA-SH H,—
Y
oH,—  +0-0—C00" s . _ccrch
S-CoA éHg—CC"D' ynthane o0
Acetyl-Cod Oxaloacetate H;
Citrate

Phan @ng 2: Citrate bi bién ddi thanh isocitrate, 1a qué trinh thuin
nghich duoc xtc tac bdi enzyme aconitase.

Cis-aconitate thudng khong tach khoi enzyme, & té bao thuong tao
isocitrate vi isocitrate s& dugc chuyén hoa tiép theo trong chu trinh, dii cdn
bang & pH= 7,4, nhiét d6 25°C chi c6 it hon 10% isocitrate. Isocitrate co
nhém H-C-OH, ma chi 2 nguyén tir hydro & vi tri ndy méi dé dang tach
khoi co chat dé két hop véi coenzyme NAD' hoic NADP'.
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CHa—C00™

HyO CHy—CO0~ Ha0
HO—G—coo- —2 | écoom |—M
aconItane acomtane
H—&:—CC‘G_ C—C0O0~
Citrate cra-Aoonitate
Ha—CO0™
H—C—C00™
H'D—&—H
00~
Izocitrate
Phan ung 3:
C|:OD_ ?DD_ C|:OD_ (l','OO_
?Hg o NADP* NADPH + H* ?Hz o co, Elng . (|:H2
H—c—cffo_ \”Z/ H—C‘:—Cf}D\_ —;—@) H—(,/_f H —5 H—C—H
HO—C—H dehydrogenase IS b t—o
[l; (lj \f\-[n2+ [l, \i\{n“ E;
£ £ £ s
Isocitrate _Dmlosuo:inat.e_ ) )

a-Ketoglutarate
Két qua ciia su oxy hoa dudi tac dung xuc tac cia enzyme isocitrate
dehydrogenase 1a 2 nguyén tir hydro duoc chuyén cho NAD(P)" va 1
nguyén tu C dugc tach ra khdi co chat dudi dang CO2.

Phin tng 4: San pham o ketoglutarate vira bi oxy héa vira bi khir
carboyl héa dudi tac dung xuc tdc cua phuc enzyme a-ketoglutarate
dehydrogenase. Gidng nhu phan tmg 3, NADH+H", CO, va succinyl CoA
duoc tao thanh.

CoA SH

CH_.—COW0— A CHe— OO0

= NADE
in ____;" "Hz + Ciy
— 0 L ' T C—S.CoA
Phurc a-ketoglutarate

© - dehygrogenase

a-Ketoglutarats yerog

Succinyl-Cod
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Phan tng S:

EHE COO™ Gpop + =N GTFP CoA-SH E £
H H.

{5 = \___ ___/_/ X =
—3-Codfs - B Hz

D vttt m_

Succinyl-Cod Succinats

Ning luong trong lién két cao ning cia succinyl CoA dugc dung dé
tao ATP thong qua GTP. Pay la chang phan mg duy nhat cua chu trinh
Krebs xay ra sy tich lily nang lugng trong ATP.

Phéan @ng 6:

e FATD FATD =

& H. OO
Ha \\—-.__ L
éHg - I _.'[é -

de= o opmre o s T
LI

Succinatse Fumarate

O day c6 sy kim him canh tranh enzyme gilta succinate va
malonate. Coenzyme khir FADH, qua chu6i ho hap tao ATP.

Phan tng 7: La phan Gmg hydrate hoa fumarate dé tao malate dudi
tac dung cua enzyme fumarase.

H._ L L L = H.. PRLELE LS
‘I:F ~ O EL —=
- - o e s - "{5--- OEL
THOMCMT H T "LH

Trang thai chuyén tiép Carbanion

H+

oo e e

H  coo-
EH—

L 8 ) =
TR LY

lalats
Fumarase c6 tinh dac hi€u rat cao, xtc tic sy hydrate hoa ndi doi

ctia fumarate (dang trans) ma khong tac dong 1én maleate( dong phan dang
cis cua fumarate).
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Phin tng 8: Malate tao ra & phan (mg 7 sé& tiép tuc bi oxy hoa dé
cho ra oxaloacetate, enzyme xUc tdc cho phan Ung nay la malate
dehydrogenase. Nhu vay 1 vong chu trinh da khép kin, oxaloacetate dugc
tao ra ¢ day khac véi oxaloacetate mo dau ciia phan tmg 1 vé thanh phan
carbon, oxaloacetate moi dugc bd sung 2 carbon tir acetyl-CoA.
Oxaloacetate md du cua phan tmg 1 ¢6 2 carbon tham gia tao CO, & phan
ung 3 va 4.

COO™  yap~ MADE + H* COO—
HD—&:—I—[ \\_ _/f {:}=é!
'IJ:HE = - é:]:_]:2
LB Ay wragremanmn OO —
L-Malats Crvaloacetats

Y nghia ciia qud trinh dwong phén va chu trinh Krebs

1/ La cac duong hudng phan giai tao ra cc san pham trung gian dé
tao thanh cac co chéat khac nhau cin cho sy song.

2/ Tao cac coenzyme khur va ATP.

Viéc tao ra nang lugng, st dung nang lugng va coenzyme khur qua
qué trinh dudng phan (glycolyis) va chu trinh Krebs duoc tom tat nhu sau:

Glucose—glucose 6-phosphate -1 ATP
Fructose 6-phosphate — fructose 1,6-bisphosphate -1 ATP
2 Glyceraldehyde 3-phosphate — 2 1,3-bisphosphoglycerate 2 NADH
2 1,3-Bisphosphoglycerate — 2 3-phosphoglycerate 2 ATP

2 Phosphoenolpyruvate — 2 pyruvate 2 ATP

2 Pyruvate — 2acety-CoA 2 NADH
2 Isocitrate — 2 a-ketoglutarate 2 NADH
2 a-Ketoglutarate — 2 succinyl-CoA 2 NADH
2 Succinyl-CoA — 2 succinate 2 ATP
(hoac 2 GTP)

2 Succinate — 2 fumarate 2 FADH,

2 Malate — 2 oxaloacetate 2 NADH
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Acetyl-Col

Condensation

I
CH,—C—5-CoA
H

CoA-8H

EHQ—COD_
O=C—000~ HO—C—CO0™ @
H,—CO0™ HBo—CO0™  phiydvation
Dehyd ion Citrate
Chu trinh I 0
} citric acid
COo
HO—&H EHQ—COD_
Malate CHg —Coo” cis-Aconitate
00 E—CDD_
@ Hy0
Hydration )
fumer nes NADH aooriItane
H0 Hydration
EDD_ CH;—C0O0™
H -
Fumarate g FADH H=(—c00
Hé 1 H —H  Isocitrate
00~ Coo-
Iebydrogenane O — Oxidative
decarboxylation
Dehydrogenation
CHz—CO0~ CH,—CO00~ CO,
n, P
ém_ complex 0
Sueccinate (I.‘DD'
CoA-SH a-Hetoglutarate
GTP
Ghp O
@ ADP) succinylcos 002
+B @
Substrate-level (Onidative
phosphorylation decarboxylation

Hinh 9.6. So dd tong quat ciia chu trinh citric acid

O thuc vat va mot so vi khuan con c6 duong hudng khac trong viée
chuyén hoa acetyl-CoA. Cac phan tng ctia su chuyén hoa nay tao nén chu
trinh goi la chu trinh glyoxylate. Gilta chu trinh nay va chu trinh Krebs c6
nhiing giai doan giéng nhau (hinh 9.7).
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[
OHy—0—=Cas
Aceix]-Coi
D—E—CDC’_
abahbs
HE—CD'::'_ mymitha e
i boaw: alaila
O Hg— 00"
HADH |:H:'E
H — 0
mnbuis duh yedrogs rewss
Hey— 0"
HAD™ Citrale
&:H: ) Chu trinh moon bnes
HO— | Glyoxylate
[ CHa— OO0~
.
Malats H—CD
malmis HO H—O0 ™

sy b -
™ 0 Isccitrake
I 1= aTE s
D=5 -

e I

AcelybOoA  Olyexylate H o0
é[—]E—'iJ':}C-“-'

Snccinale
Hinh 9.7. Tém tit chu trinh glyoxylate
9.1.2.3. Chu trinh pentose phosphate
La sy phan giai tryc tiép glucose 6 Phosphate khong qua qua trinh
duong phan, gom 2 giai doan oxy hoda va tai tao hexose phosphate.
Pentose phosphate (hexose monophosphate) gay ra sy oxy hda va

su khtr carboxyl hoéa C; cua glucose 6 Phosphate, khir NADP+ thanh
NADPH va pentose phosphate.

‘ NADPH can cho cac phan tmg sinh tong hop va pentose phosphate
can cho su tong hop nucleotid va nucleic acid.

Pha tht nhét cua pentose phosphate 1a qua trinh oxy héa glucose 6
Phosphate d€ tao ribulose 5 phosphate va khi NADP+ thanh NADPH. Pha
thir hai (nonoxidative) chuyén hoa pentose phosphate thanh glucose 6
Phosphate va bat dau chu trinh tr¢ lai.
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ﬂh‘mgm
6-phospho- & ulumrm— (1 gucose-ﬂ—l-" <— glucos

gluconate glucose-6-pP

dehydrogenasa
x -
:j gmmlmm
- gluceneogenasis
ribulose-5
phosphate
(C5) ribose-5-P

e

4,5,6, &7
carbon sugars

transketolase thiamin)
transaldolase

Hinh 9.8. So' d0 pha thir nhit ciia chu trinh pentose phosphate

Trong pha thur hai, cac phan ing dugc xuc tac bdi transaldolase va
transketolase.

CH-OH
=0
o] H
% |
CH,0H el HO—(—H
C=10 H—C—0OH - H H—C—0OH
I 0 p |
HO '—'I —H H—C—0H TER ﬂi' H—ilj—-DH
+ = +
H_|I —{OH H—{C—0OH transketolase H—CO—0OH H_?_DH
CHOPO:Z EHEDPCF%_ CHOPCE CHQDP{:]%_
Xvluloze Ribose Glyceraldehyde Sedoheptulose

S-phosphate bS-phoephate 3-phosphate 7-phosphate
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CH-OH
1%!: O CH;OH
H{:l'—{l:—H ”\ H : =0
H—(—0H _ \qi-/ HO—C—H
i
H—C—OH \(IJ/ H—C—OH H—C—O0H
+ ——— 1 .
H—1’|,'—1 'H H—(|] —0OH transaldclase H—li'—UH H—(|] —0OH
CH.OPOF CHOPOE- CHO0POF CH,OPCE-
Bedoheptuloss Glyceraldehyde Erythrose Fructose
T-phoaphate Z-phoaphate 4-phosphate G-phosphate
CHzOH
CH.OH H (0]
I N HO—t—H
|' - 1}% /H |
HO—rlJ—H H—C—0OH TDP 1i' H—(ll—'DH
+
H—'ri;—i}H H—(lj —DH {ransketolass H—ii'—{FH H—(lj—DH
CHOPO; CH,OPCE~ CH.OPO;Z CHo0PO3~
Kylulose Erythrose Glyceraldehyde Fructose
G-phoaphate 4-phosphate 3-phosphate G-phosphate
#I’-ﬂ' - ““-
Ribose Sedoheptulose Fructose Glucose
ﬁ—phcraphata T-phosphate G-phosphats G—pl:u:raphatﬂ
|l >< >< l phoephohexnes
EPLTET BT TR
trane II'G.Ltl'.II'd‘I'.‘-L = ﬂl'll"ﬂld.l'.lll?' -
Eylulose Glyceraldehyde Fructoss
S-phosphate Z-phosphate -ph-:-sphate G-phosphate

fructoss 1 6
hisphosphatase

aldolose

trioee phoephate

T ﬂl'lll‘-‘l‘i:'t".l‘lﬂl"l\:

Xylulose iBoTneTaRE
5-phosphate  Glyceraldehyde
3-phosphate

Hinh 9.9. So' dd pha thir hai ciia chu trinh pentose phosphate
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9.2. Sw tong hop saccharide
9.2.1. Sw tong hop saccharide don gian. Qud trinh quang hop

‘Céy xanh c6 thé hap thu CO,, khtr n6 thanh saccharide. })ﬁy la qua
trinh can c6 su tham gia cua anh sadng va diép luc . Ta c6 thé khai quat
qua trinh quang hop bang phan tng sau:

anh sang
6 CO, + 6 H,O » CcH 206+ 6 O
Chlorophyll

Qua trinh quang hop gdm hai giai doan va c6 chtrc ning riéng:
Giai doan 1: Xay ra qua trinh quang phan ly nudc dong
thoi gidi phong oxy phan tu:
2H,0 » 4H 40,

anh sang

Cung chlorophill va hé thong chuyén dién tir, ATP s& dugc tong
hop tor ADP va H3;PO4. Vi vdy nguoi ta con goi qua trinh nay la sy
phosphoryl héa quang hop hay quang phosphoryl hoéa.

Theo Arnon, hinh nhu dién tir bi tdch ra khdi clorophyll a khi dugc
kich hoat bdi photon n6 s€ di theo hai con duong khac nhau:

Con duong quang phosphoryl hoa vong xay ra & hé quang hoa I,
dién tr xuat phat tir P700 qua hé thong chuyén dién tir rdi tré lai P700. Con
duong nay chi cho phép tong hop ATP.

Con duong quang phosphoryl hoa khong vong xay ra khi c6 sy tham
gia ctia hé quang hoa I va II, Con duong nay cho phép téng hop ATP va
NADPHo.

Khi mét dién tir, chlorophyll ctia hé I tiép tuc nhan dién tir & hé II
qua cac khau chuyén trung gian . Dién tir ciia phén tir sic t6 hé II duoc bd
sung tur HO. Nhu vay con duong di ctua di¢n tur trong qua trinh nay khong
khép kin va dugc goi la qua trinh quang phosphoryl hoa khong vong
(hinh9.10).

Giai doan 2: khit CO, thanh saccharide nhd NADPH va ATP dugc
téng hop ¢ giai doan 1. Tty theo co ché, ngudi ta phan biét:
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= H¢ quang hoa I
| | Proee |
Heé . . |
¢ quang hoa Il Ag
. \
A
10— ! :
PEEO* +
| Fe B
- ﬁ}] 5
7 ; W
| . 1
e o
P T Pd:MADIP*
3 | f‘QH :" oidoreduntase
3 Lo (o -
: Anh 4
F | i nh sang e
5 Phurc cyt b il
s MHADPFH
, 4 i
— Anhsang Flastoorarin
Phtic ki 4
- v
Nin v
tach
= H,O
Hy O,
PIRTV NN ;1)

Hinh 9.10 : So' d6 tém tit qua trinh vin chuyén di¢n tir & quang
phosphoryl hoa khong vong

Chu trinh Calvin ( chu trinh Cj):

Chu trinh ¢6 dinh CO, nay do M. Calvin va cong su tim ra nam 1951
va dugc goi la chu trinh Calvin hay chu trinh Cs.

Pau tién phan tir CO, két hop véi ribulose 1,5 biphosphate dé tao 2
phan t&r 3-phosphoglycerate. Hai phan tu 3-phosphoglycerate duoc
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phosphoryl héa nho enzyme 3-phosphoglycerate kinase xtic tic tao thanh
1,3-biphosphoglycerat. Chat nay bi khir dudi tac dung cua glyceraldehyde
3-phosphate dehydrogenase dé chuyén thanh glyceraldehyde 3-phosphate
(hinh 9.11, 9.12).

nI:[-IJD_{E:.

AP =0
ap

HOH
() )
HOH

/ H:0—{(F)

5 RFitlose 1,5
/ hisphosphats
2
4, CHO e 600"
() E[—I{:-H I]-n:u-[
H0—{F} HyO—{F)
Glyceraldehyde A-phosphata E-Phu-phg.glymat#
T L =h]
P
(8) ATP
HalP . ADP 6
HNaADPH - H (&

T

Hinh 9.11. Sy két hgp CO, vao ribulosel,5-biphosphate
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Cytosol
3-phosphoghmarate
3-Phosphoglycerate
rx'- Stroma
HOH ATP
oo
. Tinh bot i
i : / 1,3-Bisphosphoglycerate E—O—‘@
it HOH
L glyearaldeh Ifﬁ?ﬁhﬁn W00 VI
H—0—0H S 'I:r|.|'\'1|'l,-|1'l'-l' 5

F;

| H_+_°H Fructose 6-phosphate MADE*
\ cH0— In
ﬁgo B Glyceraldehyde 3-phosphate i
0
|
iﬂy@i{
—_

\ oH0—{F
Hix H
Fructose . [—l—j‘—D[—l
G-phosphate i

H OH Dihydroxyacetone JfHP—@
phosphate

: Fructose
TH,
\ .,0—@ 1,6-biephosphate :
Fructose — ) // :
1,6-biephosphate ) == - :
\\ Pj—tricee

tranzaldolase tricee phosphate

ismerase

reross
1 -hisphosphatase

; hosphate
Dihydrosyacetone phosp
phoephate antiporter
Glyceraldehyde
3-phosphate
glyealysis ATP

!

Hinh 9.12 : Sy tong hgp dwdng va tinh bt & té bao thue vat

Nho tac dung ddng phan hoa cua triose phosphate isomerase:
glyceraldehyde 3-phosphate tao thanh dihydroxyacetone phosphate.

Sau d6 c6 sy két hop gilta 2 phan tu glyceraldehyde 3- phosphate va
dihydroxyacetone phosphate bang phan tng chuyén aldose dé tao thanh
fructose 1,6 bi phosphate.

Fructose 1, 6 biphosphate mat di 1 phosphate tao thanh fructose 6
phosphate, n6 chinh la nguyén liéu d¢ tao thanh cac hexose khac nhu
glucose 6 phosphate. Tur cac dang duong nay tong hop cac oligosaccharide
va polysaccharide khac (hinh 9.12).

Mot phép fructose 6 phosphate chuyén hoa thanh ribulose 1,5-
biphosphate, dong thoi khép kin chu trinh (hinh 9.13).
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Hinh 9.13: Sy tao thanh phan tir khéi diu chu trinh Calvin - ribulose
1,5-biphosphate

Ghi chii: Cic enzyme xiic tiac cho chudi phin vng:

(1) Transaldolase 2)Fructose 1,6 -biphosphatase , 3)Transketolase ,
4)Transaldolase , 5)Sepdoheptulose 1,7-biphosphatase , 6)Transketolase ,
7)Ribose S-phosphate isomerase , 8)Ribulose S5-phosphate epimerase |,
9)Ribulose 5-phosphate kinase.

Chu trinh C; 1a chu trinh co ban nhat cta thé giéi thuc vat xay ra
trong tat ca thuc vat, du la thuc vat bac cao hay bac thap, du thuc vat Cs,
C4 hay thyc vat CAM.
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Chu trinh Hatch-Slack (chu trinh C,) :

Nam 1966, hai nha khoa hoc 1a Hatch va Slack nghién ctru va phat
hién ra ngoai chu trinh Calvin, mét sb thuc vat nhiét d6i nhu lia mién,
ngo, mia, o ga... 6 qua trinh dong hoa CO, theo con dudng khac. O thuc
vat nay san pham quang hop dau tién cta quang hop 13 oxalo acetic acid,
mot phan tr c6 4 carbon, chir khong phai 1a 3-phosphoglycerate . Chu
trinh ¢6 dinh CO, nhu vay goi 1a chu trinh C4 hay chu trinh Hatch-Slack
va céc thuc vat ¢d dinh CO, theo con duong nay goi 1a thuc vat Ca.

C6 sy chuyén hod trong viéc thuc hién chirc nang quang hop cua
cay C4: mot loai luc lap chuyén trach ¢d dinh CO, véi hidu qua cao nhat,
con mot loai luc lap chuyén khir CO, thanh cac chat hiru co cho cdy. Vi
v@y ma hoat dong quang hop cua cay C4 ¢ hiéu qua hon cac nhom thyc
vat khac. Két qua 13 ning suat sinh hoc cua ciy C4 thuong rat cao.

Té bao Mesophyll

MP CO, NADPH, NADP
Pyruvic a01d\—i> PEPA;» Oxalo acetic acidN—Z Malic acid

v

Pyruvic acid < m Malic acid

CO, NADPH, NADP

/

Tinh
bot

/

— G Té bao bé mach

Hinh 9.12. Chu trinh Hatch-Slack
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Con dwdong c¢b6 dinh CO, & thwe vat CAM(Crassulaceae
Acidetabolism)

Pay 1a con duong quang hop thich nghi véi diéu kién kho han cua
thuc vat mong nugc. Nho con dudong quang hgp nay ma kha ning chiu han
ctia chung rét cao, hon han céc thuc vat chiu han khac.Do quang hop trong
diéu kién qua kho khin nén cuong d6 quang hop cia cac thuc vat nhom
nay thuong thap, ning suit sinh hoc khong cao va sinh truéng cham hon
cac thuc vat khéac.

Qua trinh c6 dinh CO3: qué trinh ¢d dinh CO, duoc thuc hién vao
ban dém. Ban dém khi nhiét ¢ khong khi giam xubng thi khi khong mé ra
dé thoat hoi nudc va CO, s& xam nhép vao 14 qua khi khong mo.

Qud trinh tong hop monosaccharide (qud trinh khir CO;): qua trinh
nay din ra vao ban ngay khi cé anh sang hoat hoa hé théng quang hoa va
khi khong dong lai.

Malic acid bi khir carboxyl hod dé giai phong CO, cung cip cho chu
trinh Cs.

9.2.2. Tong hop oligosaccharide
Su sinh tong hop oligosaccharide bang phan tng chuyén gbc
glucosyl, dudi tac dung cua enzyme : glucosyl transferase, vi du:

sucrose glucosyl

Glucose 1 phosphate + fructose » sucrose + H3POy4
transferase

Ngoai ra dang UDP-glucose ciing d& dang chuyén glucose cho
fructose dé tao thanh sucrose. Cac din xuat UDP cta duong 1a nhimg chét
cho gbc glucosyl rat hoat dong (Hinh 9.13.)

Téng hop polysacharide ciing xay ra bang con dudng chuyén gdc
glucosyl nhu tong hop oligosaccharide . Chat cho gdc glucosyl con co thé
la oligosaccharide nhu maltose, sucrose...

Su chuyén gdc khong chi toi C4 ma t6i ca Cg dé tao mach nhanh.



CHaOH

HOCH
fo b ke
L +  H HO
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H o oH H

UDP-glucoas Fructose G-phosphate

“phosphats UDP
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CHzOH

SBucrose G-phosphate

f-phoapheate
phoag P,
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CH.OH
o
H
OH H '
H
H

Sucrose
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Hinh 9.13. Sy tao thanh Sucrose tir UDP - glucose va Fructose 6 - phosphate
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Chuong 10
Trao déi Lipid

10.1. Su phéan giai lipid
10.1.1. Phan giai glycerid
Glycerid dé dang bi thily phan do sy xuc tac cta céc loai lipase.

H,COOCR, . H,COH R,COOH
| lipase |

HCOOCR, +3H,0 ——> HCOH + R,COOH
! |

H,COOCR; H,COH R;COOH

6] d@qg vat sy thiy phan glycerid xdy ra nhanh chong nho su tac
dong ctia muoi acid mat lam nhii twong hoa glycerid nén dé bi thuy phan.
10.1.2. Sw oxi hoa acid béo

Acid béo bji phan giai bang nhiéu con dudng:

- o oxi hoa.

- B oxi hoa.

- ® oxi hoa.

Trong d6 con dudng phd bién va quan trong nhét 1a p.oxi hoa.
10.1.2.1. B.oxi hda acid béo

Su phén giai acid béo bang cach cit dan timg cip C, tirc 1a tai vi tri
Cq cua chuoi carbon. Cac acid béo c6 mach carbon chan va cac acid béo

c6 mach carbon 1¢ c6 co ché B.oxi hoa khac nhau ¢ giai doan cuoi. Acid
béo no va acid béo khong no c6 sy khac nhau ¢ giai doan sau.

* Poi voi acid béo no ¢6 mach C chan:

Qué trinh B.oxi hoa xdy ra qua nhiéu phan tmg phirc tap:
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Y B o
R-CH;-CH;-CH,—COOH ~A  (Acid béo)

CoASH{ATP
1
AMP +(P-P)

S R.CH,— CH,— CH,~ CO~SCoA (Acyl-CoA)

FAD
2
FADH,

R-CH, — CH=CH — CO ~ SCoA (Enoyl-CoA)

H,O
S

R-CH,; — CHOH - CH; — CO ~ SCoA (B-Hydroxy-acyl-CoA)

NAD
4
NADH,

R-CH; — CO — CH; — CO ~ SCoA (B-Ceto-acyl-CoA)

R - CH3- CO ~ SCoA CH;CO ~ SCoA

(Acyl-CoA) (Acetyl-CoA)
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Céc enzyme tham gia xuc tac cac phan tng trén la:

1. Acyl-CoA-Synthetase.

2. Acyl-CoA-Dehydrogenase.

3. Enoyl-CoA-Hydratase.

4. Hydroxy-acyl-Thiolase.

Qua mot chu ky phén cat, phan tir acid béo ngin bét di 2 carbon,
két qua cudi cung cua cac chu ky phan cit B.oxi hoa cua acid béo 1a cac
phan tir acetyl-CoA . Néu phén tir acid béo c6 n nguyén tir C thi s& tao ra
1n/2 phan tir acetyl-CoA. Céc phan tir acetyl-CoA tiép tuc bi phan giai qua
chu trinh Krebs dé tao CO, va H,O.

Vé mit ning luong, qua trinh B.oxi héa tao nén ngudn ning luong
16n cung cép cho cac hoat dong sdng cua té bao.

MB&i 1an phan cit bot 2C s& tao nén 1 NADH,, 1FADH,, qua chudi
hé hap sé& tong hop dugc 5 ATP. Pong thoi mdi phan tir Acetyl-CoA bi
phan giai thong qua chu trinh Krebs s€ tao ra dugc 12ATP. Tur d6 nguoi ta
tinh duogc tong sé ATP dugc tao ra do su phan giai phan tir acid béo no,
mach cacbon chan c6 n nguyén tir C la:

(o]

* Doi véi acid béo no c6 mach C 1é

Dbi véi cac acid béo no c6 mach C 1¢, qua trinh phan gidi theo
phuong thirc B.oxi hoa xay ra giéng voi acid béo no c6 mach carbon chin
no6i ¢ trén nhung sau lan phan cat cudi ciing khong phai tao ra 2 phan tir
Acetyl-CoA ma cho ta 1 phan tir Acetyl-CoA va 1 phan tir propionyl-CoA.

Tir propionyl-CoA lai tiép tuc bién d6i thém mét chu ky B.oxi hoa
nira dé tao ra 1 phan tir CO, va 1 phan tir Acetyl-CoA.
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CH; - CH, — CO ~SCoA
FAD

FADH,

CH, = CH — CO~SCoA

\V HzO

CH,OH — CH, -CO~SCoA

A

CH,OH - CH, - COOH

< NAD

NADH,

CoA-SH

CHO — CH, -COOH
CoASH < NAD
o, NADH,

CH;CO ~SCoA

Cac enzyme xuc tac giong nhu ¢ chu trinh truéc
* Poi voi acid béo khong no.
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V6i acid béo khong no, qua trinh phan giai xay ra tiy vi tri nbi doi.
- Néu vj tri nbi d6i dting vao vi tri B thi qua trinh xay ra giéng nhu ddi véi
acid béo no nhung khong xay ra phan tng 2.
- Néu vi tri ndi d6i & vi tri khac thi trude khi phén giai, acid béo khong no
bi khtr dé thanh acid béo no twong tng rdi tiép tuc phan giai theo con
dudng B.oxi hoa.

Acid béo khong no /\

FADH, FAD

Acid béo no

10.1.2.2. a.oxi hoa

Phuong thirc a.oxi hoa 1a sy phan giai acid béo xay ra tai vi tri Cg,
moi lan phan giai mach C bi cat ngan di 1 nguyén tir C va tao ra CO,.

3 2 1

R -CH, - CH, - COOH

HzOz
CO,
3 2
R - CH, - CHO
NAD
NADH,
3 2

R -CH, — COOH
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10.1.3. Phan giai glycerin
Sau khi giai phong khoi lipid don gian, glycerin tiép tuc duoc bién
d6i bang nhiéu cach dé tao nén cac san pham khac nhau

CH,OH
GO ap AP 77 NaD Naph, GO
CHOH E i/ ‘ CHOH E i’ CHOH
| I I
Aldehyde phospho
Glycerin Glycerol-P glycerol (ALPG)

Tu ALPG bién déi thanh pyruvic acid nhu: trong qua trinh duong

e e

tao COZ va H,O.

Nhu vay sy phan giai glycerin xay ra qua qua trinh duong phéan va
qua chu trinh Krebs dé tao san pham cudi cing la CO, va H>O. Nang
luong giai phong trong qua trinh phén giai nay dugc dung dé tong hop
ATP cung cap cho cac hoat dong song cua té€ bao.

10.1.4. Phan giai glycero phospho lipide

Cac glycero phospholipide bi phén giai qua nhiéu giai doan tao ra
nhiéu san pham trung gian tham gia vao nhiéu qua trinh trao doi chat. Qué
trinh phan giai nay do nhiéu enzyme thity phan xuc tac.

- Phospholipase A; thuy phan lién két gitta glycerin va acid béo
thir nhat.

- Phospholipase A, thily phéan lién két giita glycerin va acid béo
th hai.

- Phospholipasse B thuy phan ca hai loai lién két trén.

- Phospholipase C thiiy phan lién két gitta glycerin va HyPOy.

- Phospholipase D thiy phan lién két gitta Hi;PO, véi choline,
ethanolamine hay serine.

Phéi hop tac dung cua tat ca cac loai enzyme noi trén, phan tir
glycero phospholipid s€ bi phan giai thanh glycerin, acid béo, H;PO4 va
choline (hay ethanolamine, serine)
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A
R,CO ——— O-CH,
As |
R,CO O-CH (0]
é c ' p
H,CO P CH; — CH; N — (CH3)3
I
OH
10.2. Tong hop lipid

10.2.1. Tong hop acid béo

Acid béo dugc tong hop tir acetyl-CoA. Sy tong hop acid béo no
va khong no & giai doan dau giong nhau. Trudc hét acid béo no dugce tong
hop sau dé hinh thanh acid béo khong no bang cach oxi hoa céc acid béo
tuong Ung.

Qué trinh téng hop acid béo tir acetyl-CoA xay ra nguoc voi quéa
trinh B.oxi hoa. Tur cac acetyl-CoA dugc noi dan lai véi nhau thanh chuoi
trung binh r61 dan dén viéc tao thanh Stearic acid (c6 18C) la loai acid
béo no chu yéu cua cac mo6. Tu Stearic acid c6 the tiép tuc kéo dai thém
chuoi carbon tao nén cac acid béo c6 mach C dai hon.

Trude hét tir acetyl-CoA va CO, két hop véi nhau dé tao nén
malonyl-CoA. Qua trinh nay dugc xuc tac boi acetyl-CoA-carboxylase.

H,O

> 7> C00H - CH, - COSCoA

ATP ADP Malonyl - CoA

CH;COCoA

Acetyl-CoA  CO,

Pé tién hanh phan Gng ngung tu giita acetyl-CoA véi malonyl-
CoA can c6 sy tham gia ciia mot loai protein c6 vai tro van chuyén nhom
acyl, d6 la protein van chuyén goc acyl-ACP.

COOH — CH, — CO ~ SCoA COOH — CH, — CO ~ SACP

2N

Malonyl - CoA CPSH  CoASH Malonyl - ACP
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Tiép theo acetyl-SACP va malonyl-SACP ngung tu v6i nhau véi
sy xuc tdc cua enzyme acyl-synthetase. Khi cac phan tir acetyl-ACP va
malonyl-ACP tic dung v6i enzyme acyl-synthetase s& xdy ra su chuyén
cac goc acetyl va malonyl tir nhom SH cia ACP sang nhom SH cuia
enzyme dong thoi CO, duogc giai phong.

COOH - CH, — CO ~ SACP + COOH - CO ~ SACP >

CH;CO CH, - CO ~ SACP + CO, + ACP - SH

Tu CH3;COCH,CO ~ SACP (aceto acetyl-ACP) bi khir thanh
B.hydroxy-butyryl-ACP.

CH3CO CH, CO ~ SACP ﬁ CH;CHOHCH,CO ~ SACP

NADH,  NAD B.hydroxy butyryl - ACP

Phan tmng tiép theo 1a p.hydroxy butyryl-ACP bi khir nudc dé tao
nén crotonyl-ACP.

CH;CHOHCH,CO ~ SACP _— CH;CH = CHCO ~ SACP
(Crotonyl-ACP)

Crotonyl-ACP bi khtr tao nén butyryl-ACP

CH;CH = CHCO ~ SACP

/ CH;CH,CH,CO ~ SACP
\N Butyryl-ACP
NADH, NAD

Tir butyryl-ACP tiép tuc mot chu ky méi ngung tu voi malonyl-
ACP @ cho ta phantir ¢6 6 nguyén tir C. Qua trinh ctr tiép dién nhu vay
cho dén khi tao ra du s6 C can thiét cua acid béo, sau d6 Acyl-ACP nay s&
bién d6i tré lai thanh Acyl-CoA va cudi ciing tao ra acid béo no bang cach
cit bo CoA-SH.
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Nhu vay acid béo c6 mach cacbon chin véi n nguyén tir C thi qua
trinh s& dién ra (g —~ IJ chu ky.

Néu acid béo c6 mach C 1¢ thi trong cac 1an ndi dai mach C néi
trén, 1an dau tién khong phai phan ung xay ra tir 2 Acetyl CoA ma xay ra
tr Acetyl-CoA va propionyl-CoA dé tao ra acyl-CoA c6 5 nguyén tir C.
Tir @6 cir mdi chu ky lai nbi thém 1 phan tir Acetyl-CoA lam cho phan tir
acid béo dai thém 2 nguyén tir cacbon dé cudi ciing tao nén phén tir acid
béo c6 s6 nguyén tir cacbon 1¢.

Céc acid béo khong no duogc tao ra tur cac acid béo no tuong tng
bang cach bi oxy héa bdi FAD.

Acid béo no ﬁ Acid béo khéng no

FAD FADH,

10.2.2. Tong hop glycerin

Glycerin duoc tong hop bang nhiéu con duong. Con dudng phd
bién 14 tir cac san pham trung gian cta qua trinh trao ddi glucose 1a AIPG
va PDA bién d6i thanh

AIPG ﬁ Glycero-P — > Glycerin + H;PO,4

NADH, NAD

— Glycero-P s Glycerin +
m H;PO,

NADH, NAD

10.2.3. Tong hop glyceride
T cac acid béo va glycerin dd duoc tong hop s& tao thanh
glyceride theo cac phan ng sau day:
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R;-CO-SCoA
Glycerin _____ > Glycero-P Phosphatidic acid + 2CoA-SH
R,-CO-SCoA
ATP ADP
R;-CO-SCoA

Photphatidic Diglyceride Triglyceride
acid 5

H;PO,

10.2.4. Tong hop glycero phospholipid
Tu photphatidic acid s€ tao nén cac loai phospho lipid khac nhau
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Photphatic acid

" CTP

CDP-diacyl-glyceride

Glycero - P
Serine
Phosphatidyl Phosphatidyl Phosphatidyl
serine inosid Glycero-P
CO,
H;PO,
Phosphatidyl -
thanolami
crnanotamine Phosphatidyl
Glycerin
3CH;

Phosphatidyl - choline

10.2.5. Tong hop sterid

Sterid dugc tao nén boi sterol va acid béo. Nguyén li¢u dé tong
hop sterol 1a acetyl-CoA. Qua trinh sinh tong hop sterol c6 thé chia lam 3
giai doan véi nhi€u phan ung rat phuc tap.
- Giai doan chuyén acetyl-CoA thanh mevalonic acid.
- Giai doan tong hop squalen.
- Giai doan chuyén squalen thanh cholesterol.
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Chuong 11
Trao doi Protein

11.1. Sw phén giai protein va amino acid
11.1.1. Phan giai protein

Thity phan 13 con duong phan gidi protein phd bién & thuc vat va
dong vat. Qua trinh thily phan protein xdy ra tai lysosome, noi chira nhiéu
enzyme thuy phan protein la protease. Qua trinh thuy phan xdy ra qua 2
giai doan

- Nho peptid-peptido hydrolase, protein bi thuy phan thanh cac doan
peptid ngan.

- Nho peptid-hydrolase thity phan tiép céc peptid thanh amino acid.

Két qua chung 1a

protease

Protein n.amino acid
+(n-1)H,0

0 dong vat co vu, sy phan giai protein dau tién do tac dong cua
pepsin. Té bao niém mac da day tiét ra pepsinogen. Nho pepsin va HCI
cta dich da day, pepsinogen bién doi thanh pepsin hoat dong va pepsin
hoat dong s€ thiy phan protein thanh amino acid.

11.1.2. Phan giai amino acid

C6 nhiéu con dudng phan giai amino acid.
11.1.2.1. Khir amine

Bang nhiéu con duong khac nhau, cac amino acid bi khir nhom
amine tao ra cac san pham tuong ung.

- Khir amin bang cic enzyme khir. Nho' enzyme khir xuc tac,
amino acid bi khtr thanh acid tuong rng va giai phoéng NHj.
Dehydrogenase

R — CH - COOH — \ R - CH, — COOH + NH;

|
NH, NADH+H"
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Nho amino acid oxydase, amino acid bi oxi héa dé tao ceto acid
tuong ung va NH3

R - CH - COOH
oxydase

! +0; R — CO — COOH + NH;
NH, .

- Khir amine bang con dudng thity phan.
Nho tdc dung ctiia enzyme thiy phén hydrolase, amino acid bi thuy
phan tao oxiacid tuong tng va NHj

R~ CH- COOH hydrolase

| +H,O R CHOHCOOH + NH;
NH,

Ngoai cac con dudng d6 ra, aspartic acid con bi khir amin bang con
dudng khtr ndi phan tor nho enzyme dezaminase xUc tac
Dezaminase
COOH - CH, - CH - COOH
I
NH;

COOH CH = CH - COOH + NH;

San pham cia con dudng khir amine cac amino acid 14 cac loai acid
tuong ung va NHs.
11.1.2.2. Khtr carboxyl
~ Su loai carboxyl cta amino acid la cach phan giai amino acid rat phd
bién nho decarboxylase xtc tac

R - CH-COOH Decarboxylase =~ R — CH, NH, + CO;
|

NH»

San pham tao ra la cadc amine, d6 1a cac chat c6 hoat tinh sinh hoc
cao cd vai trd trong qua trinh trao doi chat, cac hoat dong sinh 1y cua co
thé nhu histamine.
11.1.2.3. Chuyén vi amine

Bang con dudong chuyén vi nhom amine sang cho mdt cetoacid,
amino acid bién doi thanh ceto acid tuong tng, phan ing nho enzyme van
chuyén nhom amin xtc tdc amino transferase
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~CH-COOH R,-C-COOH Amino- R —C-COOH R,-CH-COOH
1\|1H + Il - S Il + I
2 0 Transferase 0 NH;

Phan Ung nay thuc hién 2 chirc nang: vira phan giai 1 amino acid
thanh ceto acid, dong thoi tong hop mdi amino acid khac tir ceto acid
tuong ung.

Trur threonine va lysine, tt ca cac amino acid con lai déu co thé
tham gia van chuyén nhom amine dé bién ddi thanh cac ceto acid tuong
ung, vi du:

CH; - CH - COOH
| + COOH - CH, - CO — COOH S

NH,
CH; - CO - COOH + COOH- CH;-CH-COOH

NH,

11.1.2.4. Sy bién ddi cac san pham cua qua trinh phan giai amino acid

Cac duong huong phan giai amino acid trinh bay ¢ trén da tao ra
nhiéu loai san pham. Céc san pham nay tiép tuc duoc bién d6i dé tao san
pham cudi cung.

- Céc chét hiru co tiép tuc bién d6i bang cach oxy hoéa nhu qua trinh
phan g1a1 acid beo dé tao acetyl-CoA, tir 6 tham gia vao chu trinh Krebs

- Cac amine duqc bién doi thanh cac acid twong tmg sau do tiép tuc
bién doi nhu cac acid khac

R-CH,-NH, + O, —— > R- CH= NH +H,0

R-CH=NH + H;O — > R CHO + NHj;

RCHO + O, ——> R COOH
NH; tiép tuc bién d6i bang nhiéu con dudng dé giai doc cho co thé
vi NH3 tich Iy nhiéu s€ gay doc.
+ NH; duoc dung lam nguyén liéu dé tong hop trd lai amino acid
bang con dudng amine hoa, amide hoa (s€ trinh bay trong phan tong hop
amino acid).



190

+ NH; bi bién d6i thanh ure qua chu trinh ornithine dé thai ra ngoai
qua con duong nudc tieu & dong vat. Chu trinh ornithine chia lam 3 giai
doan

1) Tong hop carbamyl-phosphate

CO, + NH; + ATP > oo c/\ NH, + ADP
O~P

Phan Umg dugc xtc tac boi enzyme carbamyl phosphate synthetase.

2)  Tbng hop arginine.

Tur carbanyl-phosphate va ornithine s& tao thanh citrullin bing mot
phan ung ngung tu. Sau d6 citrullin két hop véi aspactic acid nho
arginino-succinic-synthetase dé tao arginino-succinic acid. Tiép theo
arginino-succinic acid bi phan giai thanh arginine va fumaric acid nho
arginino-succinate-ligase.

3)  Arginine bi phan giai nhd arginase dé tao ornithine va ure. Ure
duoc thai ra ngoai con ornithine tiép tuc tham gia vao chu trinh méi.

Trén dﬁy la nhitng duong hudng chung cua su phan giai amino acid.
Tuy nhién mdi amino acid déu c6 con duong phan g1a1 riéng. Cac amino
acid bién d6i theo cac dudng hudng trén déu din dén viéc tao nén cac san
pham tham gia vao chu trinh Krebs dé phén giai thanh CO, va H,O.

11.2. Tong hop amino acid
11.2.1. Amine hoa

M5t sb acid béo khong no va ceto acid c6 thé amine hoa dé tao nén
amino acid tuong ung
COOH - CH - CH, - COOH
COOH — CH = CH — COOH + NH; - I
NH,

Fumaric acid aspartic acid

COOH - CH, — CH, —CO- COOH +NH; _s, COOH-CH,~CH, - Cﬁl — COOH

NH,

o-cetoglutaric acid glutamic acid

COOH - CH, - CO- COOH + NH; —> COOH-CH,- CH - COOH
I

oxaloacetic acid NH;
aspartic acid



191

Vé nguyén tic, moi amino acid déu co6 thé dugc tong hop bang con
duong nay tir cac acid trong Gmg. Nhung trong té bao chi c6 2 enzyme 1a
glutamate dehydrogenase va pyruvate dehydrogenase c6 hoat dd manh dé
thuc hién xuc tac loai phan tng trén, con cac enzyme khac khong cé kha
nang xuc tac cho nén trong thuc té chi ¢c6 glutamic acid va alanin 13 2
amino acid dugc tong hop bang con dudng nay.

11.2.2. Amide hoa

Tur 2 loai amino acid 1a aspactic acid va glutamic acid do ¢6 2 nhom
carboxyl nén cé thé duoc amide hoa dé tao amino acid mai, dang amide
cua aspactic acid va glutamic acid la asparagine va glutamine

COOH - CH, - CH - COOH O=C-CH,- CH - COOH
| + NH; > | I
NH, NH, NH,
Asparagine

Aspartic acid

COOH - CH,-CH, - CH - COOH RN O=C-CH,-CH,- CH - COOH
[ + NH; | |
NH, NH, NH,
Glutamine

Glutamic acid

11.2.3. Tong hop amino acid nho ATP
Qua trinh téng hop amino acid nho ATP xay ra qua 2 giai doan
-NH; +ATP — AMP~NH,+P-P

bay 1a phan tmg hoat héa nhém NH, nhé ATP. AMP ~ NH, thuc
hién phéan tmg chuyén vi amine cho ceto acid dé tao amino acid tuong Ung

~ + —C— R - CH,— COOH
AMP ~ NH, R |(|: COOH AMP + Iﬁ

0] NH»

Thyc chat dudng huéng nay ciing 13 hinh thirc amine hoa céc ceto
acid nhung khong st dung cac dehydrogenase ma st dung ATP.
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11.2.4. Chuyén vi amine

Nhu di trinh bay & trén (Muc 11.1.2.3) amino acid c6 thé bj phan
giai bang con duodong chuyén vi amine dong thoi vdi viée tong hop mdt
amino acid khac.

Nho qua trinh nay ma thanh phan cac amino acid luon duoc d6i

méi phi hop véi nhu ciu ciia co thé trong qua trinh sdng.
11.2.5. Oxim hoa

O mét s vi sinh vat va thue vat co kha nang ¢ dinh Nito ty do —
qua trinh c6 dinh dam. Qua qua trinh ¢6 dinh N, NH,OH duoc hinh thanh
lam nguyén liéu cho qua trinh tong hop amino acid theo cach oxim hoa.

Ngoai ra & mot s6 vi sinh vat va & thuc vat con cd qua trinh khu
nitrat (NO3") thanh ammoniac (NHj3). Trong qua trinh bién do6i theo duong
huéng nay NH,OH dugc tao thanh truéc khi tao NH;. NH,OH lam
nguyén li€u dé€ tong hop amino acid bang cach oxim hoa.

Qua trinh oxim hoa xdy ra qua 2 giai doan

- Céc ceto acid két hop v6i NH,OH tao nén oxim twong tng

_C_ Oxi
R-C-COOH IO X1mase R_C—COOH
lcl) 2 I + H,0
NOH
Ceto acid OO .
Xim

- Céc oxim bi khtr dé tao amino acid twong Gmg

Oxim dehydrogenase
R-C-COOH / R - CH - COOH
1 | + H,O
NOH \ NH,
NADH+H"

O vi sinh vat va thuc vat, ddy 1a con dudng tong hop amino acid
quan trong.
11.3. Tong hop protein
Qua trinh tong hop protein 1a van dé quan trong cua sinh hoc phan
tur. Qua trinh xay ra phuc tap voi sy tham gia cua nhi¢u thanh phan.
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11.3.1. Cdc thanh phan tham gia tong hop protein
11.3.1.1. Nucleic acid

Tham gia vao qua trinh tong hop protein c6 cac loai nucleic acid véi
cac chtrc ndng khac nhau

- DNA: mang théng tin vé cdu triic phan tir protein theo dang ma
hoa. Moi protein dugc ma hoa trén 1 doan DNA, d6 1a gen.

- RNAp: 1am nhiém vu truyén thong tin vé ciu tric phan tir protein
tr gen sang chuoi polypeptide.

- RNA¢ lam nhiém vu van cl}uyén cac amino acid tur cac vung trong
t€ bao dén ribosome dé ti€n hanh tong hop chuoi polypeptide tai do. Bong
thoi nhan bict vi tri bd ba ma h?a amino acid trén RNA,, d¢ dat amino acid
vao dung vi tri cia nd trén chuodi polypeptide.

- RI\{AT: cung Vc'ri~ protein, RNA, cAu tao nén ribosome, noi thuc hién
qua trinh tong hgp chuodi polypeptide.
11.3.1.2. Cac enzyme

Tham gia xtc tac qua trinh tong hop protein, c6 nhiéu loai enzyme

- Aminoacyl-adenilat-synthetase la enzyme xtic tac qua trinh hoat
hoa amino acid, phan ting gan amino acid vao RNA..

- Transpeptidase: xtic tac phan ung tao lién két peptide dé ndi cac
amino acid lai thanh chuoi polypeptide va chuyén dich chudi polypeptide
trong ribosome tur vi tri P sang vi tri A.

- Translocase: 1a enzyme xtc tac qua trinh di chuyén cua ribosome
trén RNA,.

Ngoai cac enzyme chinh nay con c6 enzyme cat amino acid mé dau
ra khoi chuoi polypeptide, enzyme xuc tac su tao cac cau trac khong gian
cua protein ...
11.3.1.3. Nang lugng

Qua trinh tong hop protein can ning luong. Ning luong cung cip
cho qua trinh nay 1a ATP va GTP.

- ATP cung cép ning lugng cho giai doan hoat héa amino acid.

- GTP cung cép ning lugng cho giai doan tong hop chudi
polypeptide & ribosome.
11.3.1.4. Nguyén liéu

Nguyén lidu dé téng hop protein 14 cac amino acid.

Trong s6 cac amino acid c6 loai amino acid mé du 1a methionine &
Eucariote va formyl methionine ¢ Procariote.
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11.3.1.5. Ribosome

Ribosome la noi tién hanh tong hop chudi polypeptide. Thanh
phan ribosome gom protein va RNA,. Céu truc ribosome gdém 2 tiéu thé:
tiéu thé 16n va tiéu thé bé. Trong ribosome ¢ 2 ving hoat dong: ving A 1a
noi tiép nhan cic amino acid mdi con ving P 13 noi tao nén chudi
polypeptide. O tiéu thé bé chira mot loai RNA,, trén phan tir RNA, ndy ¢
1 doan c6 thanh phan cac nucleotide tuong mg bd sung véi doan khong
mi hoa trén RNA,. Nho d6 khi bt dau qua trinh tong hop, RNA,, dén gin
vao ribosome va dat diing bo ba md dau cta nd vao vi tri P nho su lién két
giita doan khong ma héa trén RNA,, v6i doan bo sung trén RNA,.
11.3.1.6. Cac yéu t6 tham gia tong hop protein

* Yéu t6 mo dau. D6 1a nhitng phén tir protein véi chirc ning tham
gia vao viéc kich thich sy m& dau trong qué trinh tong hop chudi
poplypeptide.

O Procariote O Eucariote
Yéu td Chtic nang Yéu to Chtic nang

IF-1 | Kich thich hoat dong cua elF-1 Gan v6i RNA,,
IF,, IF;

IF-2 | Lam d& dang qu4 trinh két elF-2 Lam d& dang su két hop
hqp f.Met-RNA, véi ti€u Met-RNA; v6i tiéu thé
the bé 30S bé 40S

IF-3 | Gén voi tiéu thé bé 30S, | eIF-3 | Két hop voi tiéu thé bé
ngan khong de két hop voi 408

tiéu thé 16n 508

CBP-1 Két hop v6i mil cia
RNA,,

elF-4a Két hop voi RNA,,

elF-5 Tach roi cac yéu t(”:) khoi
dau khoi 40S va két hop
v61 60S

elF-6 Tach ri:bosome 80S
thanh 2 ti€u thé.

*Yeéu to kéo dai
Tham gia vao giai doan kéo dai c6 céc yéu to:
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- EF-Tu gitip cho RNA** dén gén vio vi tri A cia ribosome.

- EF-Ts giup su giai phong GDP khéi phuc EF-Tu-GDP.

- EF-G xuc tac su di chuyén ctia ribosome trén RNA,, theo chiéu 5°-3°.
11.3.2. Tong hop chudi polypeptide tai ribosome
11.3.2.1. Giai doan hoat hoa amino acid

Pé tham gia vao qua trinh tong hop protein cac amino acid phai
duogc hoat hoa va gan vao RNA,. Qua trinh nay xay ra hai phan ng, duoc
xuc tac boi enzyme aminoacyl-adenylat-synthetase

[AMP ~ amino acid] E + P-P

Trong phan tng tht nhat nay amino acid két hop voi ATP tao ra
amino acid-AMP va giai phong pyrophosphat (P-P). Aminoacid-AMP
khong & trang thai ty do ma gan vdi enzyme tao phirc linh dong

Enzyme
Amino acid + ATP [AMP ~ Amino acid] E + P-P
RNA; mang amino acid s€ di chuyén dén ribosome dé thuc hién qua

trinh tong hop chuoi polypeptide ¢ do.
11.3.2.2. Giai doan m¢& dau

. ,Tham gia vao giai doan mo dau co cac yéu to ’mdrdﬁu. O procariote
yéu t0 m¢ dau la IF-1, IF-2, TF-3, con ¢ Eucariote yeu t6 m¢ dau la elF-1,
elF-2, elF-3. Nang lu:ong cung cap cho giai doan mo dau 1a GTP. bac blet
dé thuc hién giai doan tong hop nén amino acid mé dau can c6 RNA,
mang amino acid mé dau.

i O procariote amino acid m¢ dau 1a mot loai methionine da bi bién
do1 thanh dang formyl methionine.

H,N - CH —-COOH CHO — NH - CH — COOH
| Formyl héa |
(CHa)2 (CH2),
| [
S S
| |
CH; CH;

Formyl Methionine
Methionine

Tham gia van chuyén formyl methionine va methionine 1a 2 loai
RNA, c6 ciing bd ba ddi ma 1a UAC twong umg bo sung véi ma mo dau
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AUG trén RNA,,,. Nhu vay, RNA; mang formyl methionine vao dé m¢ dau
qué trinh tong hop chudi polypeptide, con viéc van chuyén methionine dé
dua vao thanh phan chudi polypeptide chi xay ra khi trén RNA,, c6 bo ba
ma héa methionine AUG.

O Eucariote amino acid m¢ dau 1a methionine nén RNA, van chuyén
methionine vira 1am nhiém vy mé dau néu giai ma cho bd ba md dau AUG,
vira 1am nhiém vu dua methionine vao tham gia thanh phan chudi polypeptide
néu gidi ma cho by ba AUG nam & cac vi tri khac vi tri mé dau.

Giai doan m& dau duoc thuc hién bai su tich ribosome thanh 2 tiéu
don vi (¢ procariote 1a 50S va 30S, con ¢ Eucariote twong tng 1a 60S va
408). Tiép theo tiéu don vi bé lién két voi yéu t6 mé dau IF; tao phuc I
(IF; -30S). Pong thoi RNA; mang amino acid mé dau (f.Met hay Met) gin
v6i GTP, yéu tb6 mo dau IF, tao phirc thtr II 1a (RNAGTP-IF,). Tiép theo
phirc I va phirc II két hop lai véi nhau dong thoi RNA,, dén gin vao tiéu
thé bé cua to hop trén. Poan khong mi hoa trén RNA,, gin b sung vai
mot doan trén RNA, cua tiéu thé bé nhd d6 dit bo ba mé dau cua RNA,
vao dung vi tri P cua tiéu thé 16n khi tiéu thé bé dén gin vao phuc trén.
Cubi cung t6 hop (30S-IF3-RNA-GTP-IF,-RNA,,) gin vao tiéu thé 16n,
khoi phuc lai ribosome va giai phong cac yéu to ma dau, GDP va H;PO,.

Két qua cta giai doan nay 1a tao nén phitc md dau, trong d6 RNA,
amino acid m¢ dau gin viao md mé dau cia RNA,, nam & vi tri P cua
ribosome
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[.Mal.

Lﬁ + IF; + GIP Ribosome
A 80S khong
.0l hoat dong

iF> ‘~t; GTF

LIAX

RNA,, . uax ) ~

S LA

|F_I + 5L D ‘|{ /

f[“':t- | HFq+IF; + IF; +GDP+Py
, \ \UAX ! ,
5 111 I\ILI Ll LHJ I./( | I . I 3

(. AUG GXYIGUUUXX

So d6 cua giai doan mé dau chudi polypeptide & Eucariota

11.3.2.3. Giai doan kéo dai chudi polypeptide

Sau khi phirc m¢ dau duge tao nén, qua trinh tong hop chudi
polypeptide bat dau tién hanh. Tham gia giai doan kéo dai chudi c6 cac
yéu t kéo dai (EF ¢ procariote, eEF & Eucariote) GTP cung cdp ning
luong, cac enzyme, cadc amino acid-RNA; va phuc hé mé dau.

Quia trinh kéo dai chudi polypeptide xay ra theo trt ty cac bo ba trén
RNA,, ké tir sau bo ba m¢ dau, theo chiéu 5°-3°. Ung vo1 cac bd ba do cac
RNA; trong ung mang cac amino acid ctia né trong phuc hop aminoacid-
RNA, dén gin dung vi tri bing cach nhan biét giita bo ba ma hoa cia
RNA,, v6i bd ba d6i ma ciia RNA, theo nguyén Iy bo sung. Bang cach do
dit dang vi tri cac amino acid trén chudi polypeptide.

Mo dau giai doan kéo dai chudi, amino acid-RNA; mang amino acid
dau tién dén gin vao vi tri A cta ribosome dang bo trong nho tao lién két
) sung gitra bd ba ma hoa trén RNA,, v4i bd ba d6i ma cua RNA,.

Sau khi phirc hop amino acid-RNA; gin vao vi tri A ciia ribosome,
amino acid mo dau & vi tri P dugc tach khoi RNA, ctia n va chuyén sang
vi tri A dé lién két v6i amino acid & d6 bang lién két peptid. Qua trinh d6
duoc xuc tac boi peptidyl Transferase. Nhu vay & vi tri P chi con RNA;
khong mang amino acid con ¢ vi tri A ¢6 RNA; mang 2 amino acid. Budc
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tiép theo 1a nho locaferase xUc tac ribosome truot trén RNA,, theo chiéu
5°-3’ mot doan 3 nucleotide. Két qua 1a t6 hop RNA, mang 2 amino acid
chuyén sang vi tri P con vi tri A cua ribosome lai bo tréng nhu phtrc hé
mé dau va két thuc viéc ndi dai thém 1 amino acid vao chudi polypeptide.

Céc amino acid tiép theo vao nbi dai chudi ciing dugc tién hanh qua
céc budc nhu véi amino acid thir nhit & trén. Thir tuw cic bd ba trén RNA,,
quy dinh trinh ty cac amino acid twong ing vao tham gia qua trinh ndi dai
chudi polypeptide. Nhu vay trat tu cic bo ba trén RNA,, quyét dinh trat tir
cac amino acid trén chudi polypeptide.

Phic hé md dau :I P RNAA® + GTP+ EF
N "\\«”

fMet| Ala

]

xx_%.-'kUG GKU/GULIUXK

ETJ Trans peptidase
l .a'-‘-.ra
+ GDP + Py + EF
\ \ » L
5 s l\\_/ Gﬁ' L3
AUG wacsuuwx i
—l Trans locase
)/_ f el Y
| ‘ E'j ‘ RNA, mé diu
5 \ KON, 3

e e ——
AUG L GXU GULI_F__J XX
So do giai doan kéo dai chudi

11.3.2.4. Giai doan két thiic sy tong hop chudi polypeptide

~ Qua trinh keo dai chudi s& ngimng khi gdp tin hi¢u két thuc. Tin hiéu
két thuc 1a bd ba két thuc. Khi bo ba két tth cua RNA,, (trén mot RNA,
c¢6 1 trong 3 bo ba UAG, UGA va UAA) nam vao vi tri A cla ribosome.
Su xuat hién 1 trong 3 b ba trén, qua trinh tong hgp chuoi polypeptide
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dugc két thuc do cic b ba nay khong ma héa amino acid nén qua trinh
keo dai chuoi bi ngat quang, chuoi polypeptide da duoc tong hop bi tach
khoéi RNA; cuoi cung ma khong c6 RNA; tiép dé gan vao nén duogc giai
phong ra khdi ribosome va két thic qua trinh tong hgp. Tham gia vao qua
trinh két thuc c6 yéu to giai phong RF lam nhiém vu nhén biét ma ket thuc
va giai phong chuoi polypeptide ra khdi ribosome.

11.3.3. Hoan thién phan tw protein

Chudi polypeptide dugc tong hop tai ribosome phai qua nhiéu bién
do61 mai trd thanh phan tr protein hoan thién. Trudc hét methionine & dau
chudi bi cat bé nho peptidase xtic tdc. Sau do tir cdc nhom churc trén céac
amino acid cta chudi hinh thanh cac lién két ndi phan tir tao nén protein
c6 cac muc cau tric khac nhau. Trude hét tir chudi polypeptide lién ket
hydro dugc hinh thanh tir cac nhom CO va NH ctia cac amino acid dé tao
nén cau trac bac II cua protein. Tur protein bac II cac lién két disulfua, lién
két ion, lién két ky nudc tao ra lam cho phan tu protein c6 cau truc bac 11
cudn xodn dé tao nén phan tir protein bac III. Tr mdt so phan tir protein
bac III cung chirc ndng cé thé 1i€n két véi nhau bang lién két hydrogen,
tuong tac Van der Waals dé tao nén protein c6 cau truc bac I'V.

Cac phén tir protein da duoc hoan thién s& duge dwa dén cac noi st
dung dé thuc hién chirc ndng ctia chiing trong t€ bao.

11.3.4. Diéu hoa téng hop protein

Qua trinh tong hop protein xay ra trong té bao dugc diéu hoa phu
hop v6i nhu cau cua co thé. Khi co the can loai protein nao thi qué trinh
diéu hoa ty dleu chinh cho qua trinh téng hop protein do xay ra, ngugc lai
khi khong can mét loai protein nao d6 nita thi qué trinh tong hop protein
d6 bi uc ché.

Cong trinh c6 gia tri dau tién vé co ché diéu hoa tong hop protein do
J.Monod va Jacob (1956) dé xuat. Cac tac gia nay da dua ra thuyét Operon
dé giai thich co ché di¢u hoa tong hop protein. Theo thuyét operon phan tir
DNA chtra nhiéu loai gen:

- Gen cau trac-cistron,structural gene (S): gen nay ma hoa phéan tu
protein. M&i operon c6 thé c6 nhiéu gen cdu triic md héa cho mot nhoém
protein ¢6 chirc ning lién quan nhau nhu cic enzyme xuc tac mot chudi
phan ung.

- Gen tac dong operator (O).

- Gen khéi dong promotor (P).

Bén canh mdi operon c6 gen diéu hoa Regulator (R) vai tro diéu hoa
hoat ddng cua operon, quyét dinh sy dong hay m¢ ctia operon.
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Trat tu cic gen trong operon nhu sau

R P O[S |S2] S35 | S4

Mbi operon chiu trach nhiém diéu hoa su téng hop mdt nhom
protein-enzyme cung tham gia xuc tdc mdt chuoi phan ung, trong d6 moi
protein-enzyme do mdt gen cau tric ma hoa.

C6 nhiéu hinh thirc diéu hoa tong hop protein theo operon nhur diéu
hoa am tinh, diéu hoa duong tinh. Trong moi loai trén lai c6 nhiéu hinh
thirc khac nhau nhu di€u hoa bang cach cam tng, di€u hoa bang cach trc
che.
11.3.4.1. Diéu hoa am tinh

Piéu hoa 4m tinh 1a co ché diéu hoa ma khi khong c6 phuc hé tc
ché bam vao operon thi operon m¢ va tong hop protein xdy ra. Co 2 hinh
thirc di€u hoa theo dang nay 1a di€u hoa cam ung am tinh va diéu hoa tc
ché am tinh.

* Piéu hoa cam tmg 4m tinh. Dién hinh cta dang diéu hoa nay 1a
hoat dong di¢u hoa cia operon lac. Ban chat cia dang diéu hoa nay la khi
trong moi truong cd chat cam ung thi operon m¢d , qué trinh tong hop
protein xdy ra. Chat cam ung & day la co chat cua cac enzyme do operon
kiém soat, do 1a lactose. Khi trong moi truong cé lactose thi operon mé va
qua trinh tong hgp nén cic enzyme tham gia phan giai lactose xay ra.
Nguoc lai khi trong moi truong khong co lactose thi operon dong va qua
trinh tong hop protein khong xdy ra. Co ché qua trinh diéu hoa xay ra nhu
sau: operon lac c6 gen khdi dong, gen tdc dong va 3 gen cau truc Z.Y.A
trong do

- Gen Z: ma hoa enzyme [.galactosidase.

- Gen Y: ma hoa enzyme permease .

- Gen A: ma hoda enzyme transacetylase.

Ba enzyme trén tham gia qua trinh phan giai lactose.

Gen diéu hoa tong hop protein trc ché. Chét trc ché nay néu & trang
thai ty do s€ co ai luc véi operon va bam vao operon lam cho operon bi
dong. Con khi ¢6 chat cam tng do chat cam ung ¢ ai luc voi chat tc che
manh hon operon nén lién két vdi chat trc ché tao phirc khong hoat dong.
Phtic nay khong bam dugc vao operon nén operon mo.

Nhu vay trong té bao c6 lactose 1am chat cam tng lién két véi chat
uc ché do gen di€u hoa tong hop ra lam cho chat rc ché khong bam vao
operon, gen khoi dong hoat dong kich hoat RNA — polymerase. RNA —
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polymerase s& xtc tac cho qua trinh sao md cac gen cau tric thanh céac
RNA,, tir cac RNA,, s& tong hop ra 3 loai enzyme trén. Ba enzyme do xtic
tac cho qua trinh phén giai lactose.

Khi lactose bi phan giai hét, khong con chat cam tng dé lién két véi
chét te ché nén chit tc ché bam vao operon, Uc ché hoat dong cua RNA —
polymerase, RNA — polymerase khong hoat dong sao ma dugc nén qua
trinh tong hop protein ciing khong xay ra.

Ep_os,szs, Epgs,s,s,

o f Ll | -
RNA, ~ &) T TT RNA, ~ v

/ 55 Pr, Pr, Pr, I,

° N\ ®

K Chét cim img

Chit tc ché Cbiét irc ché
1. C4 chdt cdm ting 2. Khdng c6 chit cdm ing.

Co ché didu bod cam Gng &m tink .

* Piéu hoa trc ché am tinh. Dién hinh ciia dang diéu hoa nay 14 hoat
dong diéu hoa cua operon Tryp. Ban chét cua dang diéu hoa nay la khi
trong moi truong co chat dong tc ché thi operon dong, qua trinh tong hop
protein khong xay ra. Con khi khong c6 chat dong {rc ché thi operon mg,
qué trinh tong hop protein xay ra. Chat dong trc ché ¢ day la san pham ctia
cic enzyme do operon d6 kiém soat, d6 1a Tryptophan. Khi trong moi
truong khong c6 Tryptophan, operon md, qué trinh tong hop cic enzyme
tham gia tong hop Tryptophan xay ra. Nguoc lai, khi trong méi truong c6
Tryptophan, operon déng, qua trinh tong hop cic enzyme d6 khong xay ra.
Co ché diéu hoa d6 xay ra nhu sau.

Operon Tryp ¢6 5 gen ciu trac ma hoa cho 5 enzyme tham gia qua
trinh tong hop Triptophan trong té bao: Tryp E, Tryp D, Tryp C, Tryp B
va Tryp A.

Gen diéu hoa tong ‘hop protein tre ché. Khi trong té bao cb
Tryptophan dong vai tro chat dong tc ché thi chat trc ché két hop véi chat
ddng trc ché tao phirc hoat dong. Phirc nay c6 4i luc voi operon nén bam
vao operon lam cho operon khong hoat dong, RNA-polymerase khong sao
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mi nén khong co cic RNA,, cho qué trinh tong hop protein, tong hop
protein-enzyme khong xay ra.

Khi trong té bao khong c6 Triptophan, chit trc ché do gen diéu hoa
tong hop ra khong c6 4i luc v6i operon nén khong bam vao operon, RNA-
polymerase khong bi trc ché nén xuc tac cho qua trinh sao ma tir cac gen
cau truc tao ra cac RNAy, tuong tmg. Tu cac RNA, tién hanh qua trinh
téng hop protein dé tao nén cac protein-enzyme.

Plols [s s, E plols [s s,
¥TTT | T T
RNA;, B ‘:)Kh ng sao mi RNA, -~ 4 fI./ T T
1 % l/ P, Pr, Pr,
1 ¢
) ) Chat kim ham
Chat dc ché
1. C6 chdit kim ham 2. Khdng c6 chat kim ham.

Co ché didu hod kim him dm tink

11.3.4.2. Biéu hoa duong tinh

Diéu hoa dwong tinh 14 co ché diéu hoa tong hop protein ma khi ¢6
phttc hé e ché bam vao operon thi operon mo, qua trinh tong hop protein
xay ra. Khi khong c6 phtrc hé trc ché bam vao operon thi operon dong, qua
trinh tong hop protein dimng lai. Co ban cua qua trinh nay la c¢6 co ché diéu
hoa ngugc hinh thirc diéu hoa am tinh di phén tich & trén.
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Chuong 12
Trao doi nucleic acid

12.1. Sw phan giai nucleic acid
12.1.1. Thuy phan nucleic acid

Su thiy phan nucleic acid thanh mononucleotide dugc xuc tac boi
cac enzmie thuly phan tuong tng.

DNA nho desoxyribonuclease xfic tac bién d6i thanh cac
desoxyribonucleotide con RNA do céc ribonuclease xuc tac s€ bi phan giai
thanh cac ribonucleotide.

12.1.2. Phan giai mononucleotide

Mononucleotide bi phan giai bdi tac dung cua cac phosphatase hoac
nucleotidase tao nén cac nucleoside va H3;PO4. Céac nucleoside lai tiép tuc
bi thily phéan boi cac nucleosidase dé tao base nito va pentose.

Céc san pham ctia qué trinh phan giai trén tiép tuc bién doi

- H3PO4 tham gia vao cdc qua trinh trao d6i saccharide hay cac qua
trinh trao doi chat khac.

- Base Nito tiép tuc bi phén giai tao cdc san pham tham gia vao qua
trinh trao doi chat cua té bao.
12.1.3. Phan giai base purine

Adenine va guanine bién doi thanh xanthine, tir xanthine qua mot s6
phan rng ti€p theo d¢€ tao san pham cuoi cung la ure va glyoxylic acid.

(D
2 .
Adenine ——> Xanthin %()__ Guanine

i 3)

Allantoic acid
i @

Ure +glyoxylic acid

Phan ung 1 va 2 do enzime desaminase xuc tac, phan ung 3 do
xanthineoxydase va phan ung 4 do allantoicase xuc tac.
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12.1.4. Phan giai base pyrimidine

Céc base pyrimidine bi phan gidi tao nén sdn pham cuoi cung la
NHj3, CO,, B.amino isobutyric acid va alanine.

Cytosine

Xy Uracil 7_%D1hydro Uracil

CO, + NH;
H,O NH;

NADPH, NADP H,O + alanine

Thymine ; ;
Y 7 R / Dihydro Thyrnmeﬁ NH;3+CO,+ B.aminoisobutyric acid

NADPH, NADP H,O

CO,, NH; tao ra trong cc qua trinh bién ddi trén duogc thai ra ngoai,

con alanine va B.aminoisobutyric acid ti€p tuc bién déi nhu cadc amino
acid khéc.

12.2. Sinh tong hop nucleotide purine

Géc purine dugc tao ra tir nhidu thanh phan khac nhau: CO,,
aspartic acid, glycine, formate, glutamine.

o,
V
/

aspartic acid > N

formate - K

<——¢glycine

< formate

N-H
~ 7

glutamine

Trong qua trinh tong hop khung purine s& xay ra dong thoi ca qua
trinh tong hgp nucleotide. Tom tat két qua qua trinh d6 nhu sau:

Riboso5P + 2.glutamine + glycine + CO; + 2 formate +
aspactic acid + H,O — inosinic acid
Ttr inosinic acid sé tao nén GMP va AMP
- Inozinic acid + aspactic acid + GTP — AMP + fumaric acid— GDP + P,
- Inozinic acid + NAD + ATP + NH; — GMP + NADH, + AMP + P,
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Ngoai ra, cac nucleotide purine con c6 thé duge tong hop truc tiép tir
base purine va phosphoriboso-pyrophosphate (PRPP)

Adenine + PRPP — AMP + P-P

Guanine + PRPP — GMP + P-P
12.3. Sinh tdng hop nucleotide pyrimidine

Khung pyrimidine dugc tao ra tr NH3, CO, va aspartic acid

NH; —> N
| <— Asparic acid
CO, e

Qué trinh tong hop nucleotide pyrimidine xay ra qua cac giai doan sau:
CO, + NH; + ATP — carbamyl-P

Carbamyl-P + Aspactic acid — Orotic acid

Orotic acid + Riboso5P — UMP — CMP — TMP.

Cac nucleotide pyrimidine con dugc téng hop tryc tiép tir base nito
pyrimidine véi PRPP

Uracil + PRPP — UMP + P-P

Thymine + PRPP — TMP + P-P

Cytosine + PRPP — CMP + P-P

12.4. Tong hop DNA

Qua trinh tong hop DNA, hay con goi la su tai ban, c6 y nghia rat
quan trong trong doi sdng co thé lién quan dén co che di truyén. Day la

mot qué trinh phirc tap ¢6 su tham gia ctia nhiéu yéu t6 va xay ra nhiéu
hinh thtrc.

C6 thé chia qua trinh tai ban DNA thanh 3 kiéu
- Tai ban bao thu. La qua trinh tong hop DNA tir 1 phan tdt DNA
goc tao ra 2 phan tir DNA con, trong d6 c6 1 phan tu chinh la phéan tur
DNA goc con 1 phan tor dugc tong hop mdéi hoan toan.
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- T4i ban gian doan. La qua trinh téng hop DNA tu 1 phan tr DNA
gbc tao ra 2 phéan te DNA con c6 cac doan mdi téng hop va cac doan cii
ctia DNA gbc xen k&.

Hai hinh thtrc tai ban trén it phd bién.

- Tai ban ban bao thu. Pay 1a hinh thire tét}g hop DNA tur 1 phan t
DN:A g@c tao ra 2 phén tr DNA~con, trong moi phan t¢ DNA con mdt
chuoi lay tr DNA goc va mot chudi méi tong hop. Hinh thirc nay da duoc
Meselson va Stahl phat hién ndm 1958 bang thyc nghiém nudi cay E.coli.
Trude hét E.coli dugce nudi cay trong moi truong chi chira >N (Nito ning)
nén DNA dugc tong hop nén chi chua 15Ngsé tao nén phan tr DNA c6 ty
trong cao hon DNA thuong. Sau do chuyén E.coli vao moi truong chira
14N (Nito thuong) va theo doi, phan tich céc thé hé DNA moi dugc tao ra
bang phuong phap li tam phan doan v6i CsCl. Qua két qua phan tich li
tam cho thay ¢ théN hé tha nhétquO’% phan t DNA ¢ dang lai, m(f)t, chuoi
chira "N va 1 chudi chira "“N. O thé h¢ thtr 2 c6 50% dang lai va xuét hi¢n
50% dang "*N. Biéu d6 ching t6 co ché tai ban DNA 1a dang ban bao thu.
12.4.1. Cdc yéu té tham gia tdi ban DNA

- DNA khuén. Bé téng hop phan tirt DNA méi can co phén tir DNA
lam khuén. DNA vura lam chirc nang khuon vira tham gia trong san pham
cua qué trinh tong hop.

- Nguyén liéu. Dé tong hop DNA méi can co cac nguyén lidu.
Nguyén liéu la cac desoxy Ribonucleotide Triphosphate (dATP, dGTP,
dCTP, dTNP) dTMP vura lam nguyén liéu vira cung cép nang luong cho
qua trinh tong hop DNA m&i.

- Enzyme. Tham gia xtc tic qué trinh tai ban DNA c6 nhiéu loai
enzyme

+ DNA-polymerase,
+ Topoisomerase,

+ Helicase,

+ DNA-ligase.

- Protein. C6 nhiéu loai protein tham gia vao qué trinh tai ban DNA

v6i chirc nang ho tro, kich thich ...
+ Protein bam s¢i don SBS,
+ Protein Dp,A,
+ Protein D,,,B,

+ Protein D,,,G.
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12.4.2. Co ché tai ban DNA & procariote
12.4.2.1. Giai doan m¢ dau

- Protein Dy,B lam nhiém vy mo Xoén DNA bang cach phan huy cac
lién két hydrogen gitta 2 chuoi, tach 2 chudi ra tao nén chac tai ban.

- Protein SBS dén gin vao chac tai ban.

- Primase xuc tac su tao RNA mdi bd sung vao chudi khudn 3°-5°.
12.4.2.2. Giai doan kéo dai

* Tong hop chudi som

- Tr@;n chpéi khuQn 3°-5” sau khi taoNdoan RNA méi,’céc qnucleotide
tiép tuc dén gan vao dau 3’-OH cua chuoi theo nguyén tac bo sung voi
chuoi lam khuén nhd enzyme DNA-polymerace 11 xtc tac.

- Chudi sém dugc tong hop lién tuc, thao xoér} dén dau cac
nucleotide ty do trong moi truong té bao tuong umg bd sung voi cac
nucleotide trén chudi khuén lan luot dén gan vao dau 3°-OH bang cach tao
lién két phosphodiester véi nucleotide cudi cung dau 3°. Dong thoi
pirophosphate dugc tach ra.

* Tong hop chudi mudn

Trén chudi khudén 3°-5° clia DNA khuon, chidu thao xodn va chiéu
tong hop nguoc nhau nén qué trinh tong hop khong dién ra lién tyc ma tao
ra cac doan okazaki nguoc chidu véi chiéu phét trién ciia chac tai ban.

Moi doan okazaki c6 RNA mdi riéng dugc tong hop nhd primase.
Moi duoc téng hop bo sung voi chudi khuén 5°-3” va nguoc chiéu thao
xoan.qua trinh thao 3<oan Xay ra dugc mot doan khoang 300 nucleotide
moi tong hop RNA moi theo chiéu nguoc lai.

Xdc tac cho qua trinh téng hop chudi muon la phire hop protein c6
tén la primosom. Primosom di chuyén trén chuoi khuén 5°-3” va tién hanh
tong hop doan RNA mo6i nho primase sau do tong hop tiép doan DNA b6
sung vao chuoi khuén nhd DNA-polymerase tao nén doan Okazaki.

Sau khi doan Okazaki hoan chinh, RNA mdi Quqc tach ra nho DNA-
polymerase I sau do thay vao vi tri doan RNA moi la doan DNA tuong
ung. Sau cung nho DNA-ligase noi 2 doan Okazaki lai voi nhau.
12.4.2.3. Giai doan két thiic

~ Qua trinh kéo dai cir tiép dién cho dén khi hét phan tir DNA khudn.
Keét qua tir 1 phan tir DNA khuon tao ra 2 phan tr DNA moi, trong moi
phén tir DNA m6i ¢6 1 chu6i méi dugc tong hop tir cac nucleotide trong
moi truong, con mdt chudi 1a cia DNA khuon.
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12.4.3. Tai ban DNA o Eucariote
O Eucariote qua trinh tai ban DNA co ban gidng & procariote nhung
cling c6 mot s6 ddc trung riéng.
- Trén mot phan tir DNA khudn qua trinh tai ban xay ra dong thoi &
nhiéu diém.
- Van téc tai ban chdm hon & procariote
+ O procariote van tdc 500 nucleotide/S.
+ O Eucariote van toc 50 nucleotide/S.
- Mot sb enzyme khac & procariote
+ DNA polymerase a.,
+ DNA polymerase J,
+ DNA polymerase v,
+ DNA polymerase 0.

12.5. Tong hop RNA (sao mi)
12.5.1. Cdc yéu té tham gia tong hop RNA
12.5.1.1. Khuén

Pé tong hop RNA can c6 khudn. Khuon co thé 1a DNA, ciing c6 thé
la RNA.

O phan 16n céac sinh vat RNA dugc tong hop tir DNA, do DNA lam
khudn. Phén tir DNA lam khudn chi s dung 1 doan, tuong mg 1 gen d¢
tong hop nén 1 phén tir RNA. Nhu vay tir 1 phan tor DNA c6 the tong hop
ra nhiéu RNA. Dong thoi trén 2 chuoi cua DNA, chi st dung chuodi 3°-5°
lam khuon.
12.5.1.2. Nguyén liéu

Cung nhu tong hop DNA, trong qua trinh tépg hop RNA can cac
Ribonucleotide-Triphosphat 1am nguyén li¢u va nguon nang luong.
12.5.1.3. Céc enzim va protein

* RNA-polymerase. Co6 2 loai RNA-polymerase, m@g loai xuic tac
qua trinh tong hop RNA tir DNA mot loai xuc tdc qua trinh tong hop RNA
tor RNA.

0 proca}riote RNA-polymerase ¢ cAu tao phirc tap. Phan tir RNA-
polymerase gom 5 tiéu don vi a, B, y, ®, O
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Tiéudonvi | S& luong M Chirc nang
o 2 40.000 | Nhan biét vi tri mé dau
B 1 155.000 | Tao lién két P-diester
v 1 165.000 | Gin DNA khuén
® 1 95.000 | Chua rd
8 1 95.000 | Nhan biét chudi lam khudn va
diém m¢ dau

* Yéu t6 Rho (p): Rho 1a mot loai protein tham gia vao qua trinh két
thuc tong hop RNA.
12.5.2. Co ché sao ma
12.5.2.1. Giai doan m¢ dau

Budc vao giai doan md dau RNA-polymerase tach yéu té p ra khoi
enzyme.

L5i enzyme tién hanh mé xoin DNA.

Yéu td p nhan biét biét chudi lam khuoén va diém mé dau nho céc tin
hiéu trén promotor.

Hai chudi DNA tach ra 1 doan 30 nucleotide tao nén vung sao ma.

Chudi don cia DNA (chudi 3°-57) nhén 1 nucleotide gép b(;)’ sung
vao nucleotide mo dau trén DNA. Ti€p theo nucleotide thir 2 dén gan voi
nucleotide dau bang lién két phosphodiester va tao lién két bo sung voi
nucleotide trén chuoi khudn. Sau khi lién két phosphodiester dau tién nay
dugc tao ra, yéu t6 p tach khoi ving sao ma va két thic giai doan mo dau.
12.5.2.2. Giai doan kéo dai chudi

Nho 161 enzyme cac nucleotide trong méi truong dén kéo dai chudi
theo nguyén tac bo sung véi cac nucleotide trén chuoi khuén DNA.

Qua trinh kéo dai chudi xay ra rat phtic tap gdm nhiéu phan tmg lién
hoan tao ra sy 6n dinh clia viing mé xoan. Qua trinh xay ra theo trinh t sau:

- Théo xoén trén DNA khuén dau 3’ chudi khuon.
- Kéo dai thém 1 nucleotide trén chudi RNA.

- Théao xodn kép lai DNA-RNA dau 5°.

- Péng xoan trén DNA khuon dau 5°.
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Qué trinh cr dién ra theo chu ky nho 161 enzyme xtic tic cho dén khi
gap tin hi¢u két thuec.
12.5.2.3. Giai doan két thuc

C6 2 kiéu két thiic: két thuc nho yéu té Rho va két thiic khong nho
yéu t6 Rho.

- Két thac nho yéu t6 Rho: trén bé mat ciia mot sb vi tri két thic co
loai protein Rho. Rho di chuyén trén RNA mai dugce tong hop va di téi
vung sao ma, & d6 Rho lam nhi¢m vu tach xoan lai DNA-RNA, giai phong
RNA va ket thuc qué trinh sao ma.

- Két thiic khong can yéu t6 Rho: Trén RNA c6 1 doan cé céu triic
nguoc chiéu (palindrome) khi sao ma tao ra vung palindrome, vung nay s€
tao lién két kép hinh thanh cau tric cai kep toéc nén lam ngung qué trinh
sao ma.

12.5.3. Qua trinh truong thanh cua RNA

Phan tir RNA dugc sao tir DNA la proRNA. Tur proRNA phai qua
qua trinh bién doi phic tap mdi tao RNA,.
12.5.3.1. Gan mil vao dau 5’

ProRNA chua c6 mil nén trude hét can gin thém mi vao dau 57 cua
Pro-RNA. Mii dugc tong hop san trong nhan. Ml dugc gan vao dau 5’
bang li€n két anhydric acid voi nhom Triphosphate cua ProRNA chir
khong gan vao dau 3’ nhu qua trinh kéo dai chuoi.
12.5.3.2. Gin duoi vao dau 3’

Ciling nhu mii, dudi cia RNA,, khong ma hoa trong gen ma duogc
tong hop riéng trong nhan. ProRNA chua c6 dudi. Budi dugc nbi vao voi
ProRNA & dau 3’ nho polyA-polymerase.

12.5.3.3. Cit bo cac doan Intron trén proRNA.

Trén Pro-RNA c6 cac doan khong ma hoa amin acid (Intron I) cho
nén dé tao ra RNA,, can cat bo cac doan I va noi cac doan ma hoa (Exon-
E) lai.

Pé tin hiéu di truyén duoc truyén dat chinh xac, su cétqnéi can ¢6 do
chinh xdc cao vi chi can cat sai 1 nucleotide s€ lam thay do1 toan bd cac
ma di truyén phia sau vi tri cat.

Gitra cac doan E va I ¢6 cac trinh tu nucleotide dic trung gidng nhau
O moi pro-RNA.

- Péau 3’ cua E 6 phia trudc luon 1a AG,

- Péau 5’ctia E ¢ phia sau luén 1a G,
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-Pau 5’ cua I ludn 1a GU,
-Dau 3’ ctia I ludn 14 G.
Trong Intron c6 mdt doan cé vai trd quan trong trong co ché cit ndi

cuia pro-RNA. D6 la vi tri tach nhanh. Qua vi tri nay, dudi tac dong cua
enzyme cit. Cac Intron bi cit bo ra va cac Intron ndi lai v6i nhau.

Két qua cua qua trinh bién d6i trén tao nén phan tir RNA,, trudéng
thanh tham gia vao qué trinh dich ma.
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Chuong 13

Moi lién quan giira cac qua trinh
trao doi chat

Trong co thé moi qua trinh bién d6i cac chat khong xdy ra riéng ré
ma c6 mdi quan hé qua lai rat chat ché. Mdi quan hé thé hién ca trong qua
trinh bién d6i cia mot nhom chat 13n trong mdi quan hé cta qué trinh bién
d6i cac nhom chat khac nhau.

Trong cing mot nhém chat méi quan hé thé hién qua qua trinh dong
héa va di hoa. Mbi quan h¢ tuong ho cua su déng hoa va di hoa thé rhién
cd hai qua trinh xdy ra déu c6 cic chit trung gian chung. Vi du
phosphoglyceric aldehyde vira 14 san pham trung gian trong qua trinh phan
giai (di hoa) vira 1a san pham trung gian cua qua trinh tong hop (ddng hoa)
saccharose.

Giita cac nhom chat mdi quan hé dién ra phirc tap hon, nhiéu hinh
thirc hon. Trude hét mdi quan hé duoc thé hién qua cac chit trung gian.
Mot chét 1a san pham phén gidi cia nhém chat nay lai 1a nguyén ligu dé
tong hop cho nhom chét khac. Vi du Acetyl-CoA 1a sin phim cila qué
trinh phan gidi glucose dong thdi né 1a nguyén liéu dé tong hop acid béo.

M&di lién quan twong hd giita cac qua trinh trao ddi saccharide, lipid,
protein, nucleic acid c¢6 y nghia quan trong trong sy séng cta sinh vat. Vi
du viéc chuyén hoa tinh bdt thanh duong sau do6 tao céc chit béo trong
nhiing thang mua dong & thuc vét cling nhu ¢ dong vat, co y nghia quan
trong trong viéc ting kha ning chiu rét ciia ching. Viéc chuyén bién chat
béo thanh dudng khi hat ndy mam s& dam bao thirc dn cho phoi.

Trong qua trinh hoat dong sdng cua co thé, saccharide 1a chét dy trir
quan trong; khi co thé can s& phan giai thanh phosphoglyceric acid roi
thanh pyruvic acid lam nguyén liéu cho sy tong hop amino acid, acid béo
va cac chat khac. Chat béo du trit ciing c6 vai tro tuong tw, khi phan giai
chat béo tao nén acetyl-CoA dé tir d6 lai tong hop amino acid, saccharide
... Khi trong co thé hét ngudn duy trir saccharide va chat béo thi protein s&
bi phan giai tao ra cac san pham dé tir d6 co6 thé tong hop lipid, saccharide.
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Qué trinh chuyén hoéa trén c¢6 vai tro quan trong ca ddi véi sinh vat
tu dudng 1an sinh vat di dudng.

O sinh vat ty dudng ngudn chit hitu co so cap do quang hop tao ra
1a glucid, trude hét 1a glucose. Tlr ngudn saccharide d6, nhd sy chuyén
hoé tuong hd méi tao ra duogc cac chat hitu co ma co thé can dén nhu
lipid, protein, nucleic acid.

O sinh vat dj dudng di sir dung nhimg chit hitu co ¢6 sin trong thirc
an dé tao nén cac chat dic trung cho co thé. Tir cac chat protein, lipid... c¢6
trong thirc dn qua qua trinh bién d6i s& kién tao nén nhitng chit dic trung
cho co thé. Do thanh phan thirc an khong thé c6 day du ddi voi nhu cau
ctia co thé cho nén trong qué trinh dong hoa viéc chuyén hoa nhom chat
nay thanh chét hiru co khac rat can thiét cho co thé.

13.1. Moi lién quan giira qua trinh trao ddi saccharide va trao
doi lipid

Hai qua trinh trao d6i lipid va saccharide c6 mbi quan hé chit ché
v6i nhau. Saccharide dé& dang bién d6i thanh lipid va nguoc lai thong qua
cac chat trung gian 1a AIPG, PDA va Acetyl-CoA

Tur glucose qua qua trinh duong phan sé tao nén pyruvic acid. Twr
Pyruvic acid bi oxy hoéa sé& tao nén acetyl-CoA. Acetyl-CoA 1a nguyén li¢u
tong hop acid béo. Pong thoi trong qua trinh dudng phan con tao ra AIPG,
tir AIPG bién d6i thanh glycero-P , tir d6 tao nén glycerin. Nhu véy tir san
pham phan giai ciia saccharide d tao nén nguyén liéu co ban dé tong hop
lipid 1a glycerin va acid béo.

Nguoc lai qua sy phan giai lipid s& tao nén cac chat trung gian 1a
acetyl-CoA, glycerin. Tir acetyl-CoA, qua chu trinh ornithine s& tong hop
tré lai saccharide. Tir glycerin tao nén glycero-P va tir 46 tong hop lai
saccharide.

O thyc vat, vi khuan, nAm méc, chu trinh glyoxylic 1a con duong nbi
truc tiép qua trinh trao ddi lipid véi qua trinh trao d6i saccharide. Qua chu
trinh nay acid béo sau khi phan giai thanh acetyl-CoA s& bién doi thanh
oxalo acetic acid, tir d6 téng hop nén glucose. Nguoc lai tir glucose s& tao
acetyl-CoA va tir 46 tong hop trd lai lipid.
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Moi lién quan giira sy trao doi saccharide va trao doi lipid

Saccharide

\

AIPG

V

Pyruvic acid

V

Acetyl-CoA Chu trinh glyoxylic Glycero-P
J/ Glycerin

) Acetyl-CoA
Acid béo

J
\\ Lipid

13.2. Mdi lién quan giira su trao ddi saccharide va trao doi
protein

Pyruvic acid 1a mit xich chu yéu nbi lién qué trinh trao ddi protein
va trao doi saccharide.

Glucose qua qua trinh duong phan tao ra pyruvic acid. Pyruvic

acid 12 nguyén liéu dé téng hop mot sé amino acid trong ho alanine:
alanine, leucine, valine..

‘Trong qua trinh tong hop protein can ning luong ATP, ma ATP la
san phim quan trong ctia qua trinh trao d6i saccharide.
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So do moi lién quan giira trao doi saccharide va trao do6i protein

Saccharide
|
v \% \ d/
Ribuloso5P  Erytroso4P APEP
Shikimic acid Pyruvic acid
His Phe, Tyr, Trip Gly,Cys  Ala,val,leuAsp Glu
Protein T lla, Arg Arg, Pro
Met Lys

13.3. M6i lién quan giira trao ddi saccharide va trao doi nucleic acid

Trong quad trinh phan gidi saccharide theo con duong
pentosophosphate, Ribozo5-phosphate dugc tao nén. Tu Riboso-5-
phosphate hinh thanh nén phospho-ribosyl-pyrophosphate (PRPP) la
nguyén liéu tong hop nén cic nucleotide purine va nucleotide pyrimidine.

Nguoc lai trong qua trinh phan giai nucleic acid Riboso-5P dugc tao
thanh. Tur Riboso 5P s& hinh thanh cac monosaccharide khac.

Kiéu lién quan thir 2 giita qua trinh trao d6i nucleic acid va trao d6i
saccharide 13 su lién quan chat ché gitta qua trinh sinh tong hop céc
nucleotide diphosphate va nucleotide triphosphate voi muc d§ phan giai
saccharide trong t& bao vi qua trinh phén giai nay gan lién véi qué trinh
phosphoryl hoa oxy hoa. Sy phan giai saccharide tao ning luong dé tong
hop cac nucleotide diphosphate va nucleotide triphosphate.

Qua qua trinh tong hop saccharide lai can sy tham gia ciia cic san
pham tao ra trong qua trinh trao d6i nucleic acid, nhu UTP tham gia vao
qua trinh tong hop polysaccharide.
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13.4. Méi lién quan giira su trao ddi protein va trao doi lipid

Trao ddi protein va trao di lipid c6 mdi lién quan chit ché thong
qua céac chit trung gian. Su phan giai lipid tao nén glycerin va acid béo va
mot s6 chat khac nhu serine, choline, sphingosine, H3;POy ...

Trudce hét acid béo bi phan giai tao ra acetyl-CoA 1am nguyén liéu
dé tong hop nén nhiéu loai amino acid. Glycerin trong qua trinh phan giai
tao ra phosphoglyceric acid, tir d6 lam nguyén liéu tong hop nén nhiéu
amino acid. Nhitng mdi quan hé nay xay ra twong tu nhu méi lién quan
gitra saccharide véi protein da phan tich ¢ trén. Nguoc lai, khi phan giai
protein cling tao nén cac hop chét trung gian, tir d6 tong hop nén lipid.
Céc amino acid do thoai hod protein tao ra, bi khir amine s€ tao nén céc
acid nhu pyruvic acid, oxalo acetic acid, a-cetoglutaric acid.

Trong sb cac acid vira néu thi pyruvic acid ¢ vai trd quan trong
trong qué trinh tong hop lipid. Tir pyruvic acid, acetyl-CoA dugc tao ra,
acetyl-CoA 1a nguyén liéu dé tong hop nén cac acid béo dong thoi tir
pyruvic acid ciling c¢6 thé tao ra glycerophosphate va tir d6 tao thanh
glycerin. Glycerin va acid béo 14 nguyén liéu dé tong hop lipid.

Trong qua trinh phan giai lipid s€ tao thanh nén mét luong 16n ATP
1a ngudn nang lwong cho qua trinh trao ddi protein. Ngugc lai protein véi
chirc ning enzyme c6 vai trd quyét dinh dbi véi cac phan mg xay ra trong
trao doi lipid ciing nhu cac chat khac vi khong c6 enzyme thi khong 6 cac
phan mg hod sinh xay ra tic 1a khong c6 trao ddi chét.
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So @6 méi lién quan giira trao doi lipid va trao d6i protein

Lipid
|
\Z v v

Glycerin Nhimng chat khac Acid béo
Glycero-P Acetyl-CoA

AlP Pyruvic Oxalo acetic  a-Ceto glutaric

\l/ acid acid acid
Frul.6d ~ APEP —> Ser  Aja val. AsP Glu
\? \’ leu ¥ ¥
Rib5P
1 Gly, Xyl Tre, Met, Arg,
Ile, Cys
Pro

His Phe /

‘ 2 Protein

13.5. Moi lién quan giira trao doi protein va trao déi nucleic acid

Giira qua trinh trao d6i protein va trao d6i nucleic acid c6 mdi quan
hé dac bi¢t quan trong ma biéu hién rd nhét 1a trong co ché truyén dat
thong tin di truyén. DNA lam khuon sao ma thanh RNA,, dé tir d6 tong
hop nén protein. Cau tric phén tir protein di dugc mi hod trong DNA.

Qua trinh trao d6i nucleic acid lai phu thudc vao sy c6 mat cua cac
phén tir protein-enzyme. Pong thoi mot sé amino acid 1a nguyén lidu cho
qué trinh tong hop nucleic acid nhu aspartic acid 1a nguyén liéu dé tong
hop nucleotide pyrimidine, aspartic acid, glutamin, glycine 1a nguyén li¢u
téng hop nucleotide purine.
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Vi mbi quan hé¢ d6 ma nhiéu nha nghién ctru da cho rang sy tong
hop protein la so cap con sy tong hop nucleic acid 1a qua trinh thir cap lam
nhiém vu tham gia vao qué trinh tong hop protein.

Trong qué trinh phan giai protein v&i sy tham gia cua ATP da tao
nén cac nucleotide-peptid. Céc phan tir ndy lai tao nén nhiing protein méi lam
do1 moi thanh phan cac protein trong co thé. Pong thoi sy tong hop protein
cling can cac nucleotide triphosphat lam ngudn nang luong (ATP, GTP).

13.5. Méi lién quan giira trao déi lipid va trao doi nucleic acid

Gitra lipid va nucleic acid ¢o it mdi lién quan truc tiép, chu yéu 1a
lién quan gian ti€p qua sy trao doi saccharide va protein.

Tuy nhién ciing c6 mbi lién quan gitta hai qua trinh trao d6i chat
nay. Su B.oxi hod acid béo 1a ngudn duy tri day du cho su tong hop cac
nucleotide diphosphat va nucleotide triphosphat qua qua trinh phosphoryl
hoa. Ngoai ra trong qua trinh tong hop lipid nhu téng hop phospholipid co
su tham gia cua CTP.

TAI LIEU THAM KHAO

Tai ligu tiéng Vigt

1. Tran Thi An (chi bién). 1979. Hoa sinh dai cwong (tap I, II). NxB KH&KT.
Ha Noi.

2. Pham Thi Tran Chau, Tran Thi Ang. 2000. Hoa sinh hoc. Nxb Giao duc. Ha
Noi.

3. Nguyén Ba Loc. 1997. Hoa sinh. Nxb Giao duc. Ha Noi

Tai liéu dich

1. Musil J.G., Kurz .K., Novakava .O. 1982

Sinh héa hoc hién dai theo so d6. Nxb Y hoc. Ha Noi.

Tai liéu tiéng nuwdc ngoadi

1. Farkas G. 1984. Novényi anyagcsereélettan. Akadémiai Kiado Budapest.

2. Lehninger A. L., 2004. Principle of Biochemistry, 4th Edition. W.H
Freeman.



	Chương 1 
	Saccharide 
	TÀI LIỆU THAM KHẢO 
	Tài liệu tiếng Việt 
	Tài liệu tiếng Anh 



