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LOI NOI PAU

Cung voi sy phat trién cia khoa hoc ky thudr ma ddc biét la cong nghé
sinh hoc, hoa sinh hoc la mot nganh khoa hoc phdt trién rdt nhanh chong.

Quyén sdach dugc bién sogn nhim cung cdp cho sinh vién va cdc nha
nghién ctru nhitng kién thicc co ban vé linh viuc Hoda sinh.

Sdach in ldn ddu va véi kha ndng, kinh nghiém c6 han chéc khéng tranh
khoi thiéu sot, chiing 16i manh dan cho xudt ban véi mong mudn phuc vu kip
thoi yéu cau hoc 1dp cua sinh vién ciing nhu yéu cdu ndng cao chdt lrong
dao tao cua nganh.

Chiing t3i rdt mong dwoc cdc nha khoa hoc, cde ban déng nghiép, cdc
sinh vién déng gop nhiéu y kién cho viéc bién soan lan sau dat chdt luong
tot hon. _

Nhitng nhgin xét va y kién déng gop xin gii vé Khoa Néng hoc, Dai hoc
Néng Lam Hué,

Chung t6i xin trdan trong cam on GS. TSKH. Lé Dodn Dién d@ sira chita
va dong gop nhiéu y kién quy bdu. Xin chdn thanh cdm on Ban Dw dn Gido
duc Dai hoc Hué da giup do, tao diéu kién cho ching t6i hoan thanh gido
trinh nay.

Xin trdn trong cam on.

CAC TAC GIA



Chuong I
TRAO DOI CHAT VA NANG LUQNG SINH HQC

1.1. Khai ni¢m chung vé trao ddi chit

M3&i co thé sémg déu tdn tai trong méi trudng va lién hé mat thiét voi
mdi trudng d6. Hién tuong co thé 1y mot sb chét tir méi trudmg kién tao
nén sinh chét ciia minh va thai ra ngoai nhitng chét can ba dugc goi 1a sy
trao ddi chét.

Su trao d6i chdt & gidi vé sinh khac voi gidi hitu sinh. O gidi vO sinh,
trao dbi chat lam cho cac chit hitu co va vé co bi phin huy. Vi du, da v6i
(canxi carbonate) bi x61 mon vi H,CO; ¢6 trong nude tac dung véi da voi
thanh canxi bicarbonate, mé bi 6i héa thanh mot s& chét khac 1a do tac dung
véi oxy.

O thé gi6i sinh vat, mdi co thd séng ludn luén trao ddi chit véi moi
trudmg, lay thue an vao chuyén hoéa thanh céc chét st dung cho co thé va
thai ra ngoai c4c chét cin ba. Qua trinh dé duge thye hién 1a do cac bién ddi
héa hoc lién tuc xay ra trong co thé. Toan bd céc bién dbi hoa hoc dé duoc
goi 12 sur trao ddi chét.

Qua trinh trao déi chat gdm nhiéu khdu chuyén héa trung gian. Mi
chuyén héa 1a mét mét xich cua mot trong hai qua trinh co ban: déng héa va
di hoa.

Déng héa va di hoa 1a hai qué trinh déi 1ap, nhung lai théng nhét véi
nhau trong mét co thé: ching xay ra ddng théi va lién quan mat thidt véi
nhau. Cac chit duoce tbng hop nén trong qué trinh ddng héa 14 nguyén liéu
cho qua trinh dj héa (vi du gluxit 13 san phadm cta qua trinh quang hop, 1a
nguyén liéu cho qua trinh hd hép). Ning luong giai phong ra trong qua trinh
di hoa dugce sir dung mdt phan cho qua trinh téng hop.

1.2. Niing Iwgng sinh hoc

Hé théng séng cin nang lwong dé chuyén dong, 16n lén, téng hop cac
phén tu sinh hoc va van chuyén ion, phin tir qua mang,.

Céc co thé 1dy nang luong tir méi truémg séng va sit dung nang lugng
d6 dé thuc hién cée qua trinh sdng ¢é hiéu qua.



Pé nghién ctu ndng lugng sinh hoc doi hoi phai ¢é hiéu bidt v& nhiét
dong hoc, mot s& dinh luét, nguyén Iy md ta ngubn, trao ddi nhiét, ning
lugng va vat chit trong hé thdng nghién ciru.

Nhiét ddng hoc cho ching ta xac dinh qua trinh héa hoc va phan tng cé
thé tu xdy ra hay khong.

Maéc du nhiét ddng hoc 13 khai niém phic tap, nhung né dua trén ba
- dinh luit tuong d6i don gian va dé hiéu.

Mét var nguyén ly cta nhiét déng hoc co ban duge dua ra trong chuong
ndy bao gbm phén tich ngudn nhiét, san sinh entropy, ham nang lugng ti do
va mdi lién quan giita entropy va thdng tin. .

Chuong ndy ciling dé cip dén ATP va nhimng hop chét cao nang khac.

Khdi niém vé nhigt déng hoc co ban

Bit ky su quan tim nao cua nhiét ddng hoc cling phai phin biét gilra hé
théng va moi trudng.

Hé¢ théng 12 mét phin cta vil try ma ching ta quan tim, trong khi d6
moi iruong la gom tat ca nhimg gi con lai. C6 ba trang thai co ban: hé thong
¢d 14p, hé théng dong va hé théng mo.

Hé thong ¢d 1ap: Khéng ¢b sy trao ddi chit va ning lugng voi moi
truong.

Hé¢ théng déng: C6 trao dbi nang lugng, nhung khong co trao déi chét
vO1 moi truong,

Heé thdng md: C6 trao di chit va néing lurong vé moi trudng.

Co thé séng 14 hé théng md dién hinh c6 trao ddi chét (dinh dudng va
san pham thai ra) va ning lugng (nhiét tir trao doi chat) voi mdi trudmeg.

Dinh ludt 1: Nhiét, cong va cdc dang ning lwgng khdc

-

Truge ddy trong su phdt trién cna nhiét dong hoc nguoi ta cho rang
nhiét do c6 the bien doi thanh nhitng dang nang lugng khéc va tat ca cac
dang nang lugng mot cach co ban ¢6 thé bién dbi thanh mot s6 dang khac.

Dinh ludt 1 no6i ring: tdng nang luong cita mot hé théng cb 14p 1a khong
thay doi.

Cac nha nhiét ddng hoc d& mé phéng thanh mot ham toan hoc dé nghién
ctru su bién d6i nhiét va sir dung cbng trong nhimg hé thdng nhiét déng hoc.
Ham nay duoc goi la ning lugng ndi nang, thuong ky hiéu la E hodic U,
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Nang luong nay chi phu thudce vao trang thai hién tai cia mot hé théng vavi
vay dugc coi 1a ham trang thdi. Nang lugng néi ning khéng phu thude vao
hé thdng xay ra nhu thé nao va vi vay khéng phu thude vao dudng hudng,
No6i mét cach khac 13 ching ta c6 thé thay d6i hé théng bing bit ¢t con
dudmg nao va cho dén khi nao hé théng tr& vé& trang thai ban dau, nang
lwong ndi nang s& khong thay dbi.

Nang lugng ndi ning, E cta hé thong c6 thé thay ddi néu ngudn ning
lugng vao hodce ra khoi hé théng & dang nhiét hodc cdng cho qua trinh nao

bién déi mdt trang thai nay (1) sang mdt trang thai khac (2) thay dbi nang
lugng ndi nang Ia:

AE=E;-E;=qg+w (L.1)
q 14 lugng nhiét duge hé thdng hip thu tir mdi trudmg
w 13 cong thye hién trén hé théng do méi truong
Codng co hoc duge dinh nghia I3 sy chuyén déng tir chd nay dén chd
khac, giy ra do sir dung lue. Ca hai phai xay ra cong mdi duoge thuc hién.
Vi du: Mt tau chd khach dd chita diy khach nhung khong di chuyén,
theo dinh nghia nhiét ddng hoc cdng khong duge thire hién.
Trong h¢ théng héa sinh hoc va héa hoc cdng thuong lién quan véi ap
sudt va thé tich cua hé thong Cdng co hoc dugc xac dinh
w =-PAV
Trong d6 P 12 ap sudt, AV 1a su thay ddi thé tich, AV = V,-V,
Cédng ¢6 thé dugce thuc hién & nhidu dang: co hoc, dién, tir va hoa hoc. AE,
q, w phai ¢6 cung don vi: calorie (cal) va kilocalorie (kcal) duge st dung
theo truyén thdng, nhumg theo don vi SI: Joule dugc dé nghij nén dung.
Enthalpy: Him c6 nhiéu tién 1¢i cho hé théng sinh hoc
Néu dinh nghia cong dugc gidi han boi cdng co hoc, trong trudong hop
ndy AE chi I thay d6i nhiét & thé tich khong déi. Vi vdy ndu V khéng déi,
cong khong duge thuc hién. AE = q. Vi vy AE 1a mét dinh Iugng rat tién loi
trong qué trinh thé tich khong thay déi. AE khéng cin thiét bang bién dbi
nhiét. Vi ly do nay cac nha héa siph hoc, h(’)E} hoc di xac dinh m6t ham dac
biét phu hgp cho qua trinh &p sudt khéng d6i. N6 duge goi 13 enthalpy, H
dugc dinh nghia:
H=E+PV (1.2)
Néu ap sudt khong thay ddi, ching ta cé:
AH=AE+PAV=q+w+PAV=q-PAV+PAV =¢q {1.3)



R& rang AH tuong duong voi bién dbi nhiét trong qué trinh 4p sut
khong doi.
~ Vi cac phan tng hoéa sinh thudng xay ra trong thé l1ong hoac ran hon la
thé khi nén thay doi thé tich 1a nhé va enthalpy va nang lugng néi ning
thuong 1a nhu nhau.

Dé thuén loi khi so sanh cac chi sb nhiét déng hoc cia céc phan tmg
khac nhau thi ngudi ta xéc dinh & diéu kién tiéu chuén. Mot dung dich hoa
tan & trang thai tiéu chudn, thuong sir dung don vi don gian la nong do 1M.
Enthalpy, nang lugng ndi nang va nhitng dinh lugng nhiét dong hoc khac
thudong dua ra hodic xac dinh cho nhing diéu kién tiéu chuén va dugc ky
hi¢u 1a AH’, AE’...

Enthalpy thay d6i & cac qué trinh héa sinh c¢6 thé dugc xac dinh bing
viéc do nhiét d6 hép thu (hoic toa ra) bing mot calorimeter.

Mt khac, cho bat ky qua trinh nao A 5 B ¢ trang théi cidn bf-."mg, su thay
déi enthalpy ¢ trang thai tiéu chuén dugc xac dinh tir sy phu thudc vao nhiét
d6 va hé sb can bang: '

d (In Keo)
AT s f+wsbrapds (1.4)
d (1/T)
30 g
10
o4
2 0 54,5°C

10 1-3,21-(-17,63)

1=14,42
-20 ) ’
| 3,04-3,067
-30 § =-0,027

2,98 3,00 3,02 304 3,06 3,08 3,10
1000 K"

Hinh 1.1. Su thay doi enthapy AH’ cua 1 phan ving duoc xdc dinh dj doc
ciia so dé RInKeq ngwoc véi 1/T. Dé minh hoa phifing phdp nay nhitng
gid tri hai bén cia 327K (54, 5°C) awoc néu ra. Sé héu duoc sir dung
dé tinh AH’ ¢ 54,5°C



(J day R 12 hing sb khi = 8.314 J/mol K.

Vi du: trong su bién tinh nhiét cta protein chymotripsinogen (qué trinh
thuén nghich).

Trang thai nguyén thuy (N) S Trang thai bién tinh (D)

Keq=[D]/[N]

John F. Brandts do hing sb can bang cho sy bién tinh ciia mot s6 protein
& mot s6 gid tri pH va nhiét d§ khac nhau (bang 1.1).

Gig i AH® c6 ¥ nghia gi d6i véi bién tinh cua protein? Gia tri duong
cia AH® biéu didn su bé gay lién két hydro cling nhu giai phéng nhimg
nhém wa nuéc tir bén trong phan tir protein ban dau trong qui trinh bién
tinh, nhu vay s& ning néng luong cta dung dich protein.

Bang 1.1. Cac chi s6 nhiét djng hoc cho s bién tinh protein

Protein AH® AS® AG" AG,
(va didu kién) kJimol kJimol.K kJimoi kJimol.K

Chymotrypsinogen 1684 0,440 Y| 10,9

{(pH 3; 25°C)
b- Lactoglobulin -88 -0,300 2.5 9,0

(5 M urea; pH 3; 25°C)

Myoglobin 180 0,400 57 5.9

(pH 9; 25°C)
Ribonuclease 240 0,780 3.8 8.4

(pH 2.5; 30°C)

Dinh ludt hai va entropy:

Pinh lut thir hai cta nhiét déng hoc dugc mé ta va thé hién trong nhiéu
cach, bao gbm nhimg diém sau:

Hé théng ¢6 xu huéng tién tir trang thai trat tir sang trang thai khong trat
tu (tdng entropy).

Entropy cua hé théng + mdi truomg 1a khéng doi bdi qua trinh thuan
nghich. Entropy ctia hé théng + mdi trudomg ting do qua trinh khéng thuin
nghich. '

Tét ¢4 cac qua trinh x4y ra trong ty nhién huéng t6i trang thai cén bang,
d6 14 trang thai ning lwgng nho nhét.



Mot s diém cua dinh iuat 2 din dén khai niém entropy, dé la thude do
sy mét trit ty cua hé théng, trong do6 trang thai mat trat e 1a trang thai c¢6
entropy cao.

Entropy c6 thé duge xac dinh theo mét vai cach. Néu W 1a sb cach dé
sip xép thanh phin cia mot hé théng ma khéng thay ddi ning lugng ndi
ning hodc enthalpy (d6 14 s6 luong cia trang thai kinh hién vi duge duara &
nhiét d6, anh séng va téng vat chat), Entropy duoc tinh:

S = kinW (1.5)

k 12 hing s& Boltzmann = 1,38.10% J/K

Pinh nghia nay tién loi cho tinh toan théng kg, nhung dang phd bién
hon lién quan entropy dén sir bién d6i nhiét trong mot qua trinh la:

d
dSiugn nghich = ?Q (1.6)

dShuan nghich 12 thay ddi entropy ciia hé théng trong mdt qua trinh thuin
nghich,

q 1a nhiét d6 duoc bién dbi, T 13 nhiét 46 & d6 su bién ddi nhiét xay ra.

Dink ludt 3: Tai sao”0 tuyét d6i” quan trong nhw viy?

Dinh ludt 3 cta nhiét dong hoc néi ring: entropy cua bét ky chét nao
hoan toan ¢6 trat tu, tinh thé phai tién dén 0. O nhiét d6 tién dén 0 K va T=0
K entropy chinh xac = 0. Dua trén didu nay c6 kha ning thiét 1ip mot hé
thdng ty 1& entropy tuyét ddi, s6 luong

S=Cp jdlnT (1.7)
1]

Cp: kha nfmg bién ddi nhiét & ap suét khong dbi. Kha nang nhiét cila mét
chat Ia tong sO nhiét cta 1M cé thé dy trir khi nhiét 6 cua chét d6 duoc nang
1én 1 d9. D&i v6i qua trinh ép sudt khéng dbi né dugc mé ta bing toan hoc

dH
Cp=— 1.8
ar (1.8)

Néu kha ning nhiét c6 thé duge tinh & tit ca nhiét d gitra 0 K va nhiét
dd nao do, entropy tuyét d6i duoe tinh dbi véi qué trinh sinh hoc thay dbi
entropy c¢6 nhiéu tién lgi h0'n entropy tuyét d6i. Thay dbi entropy cho mét
qua trinh ¢6 thé duge tinh néu thay dbi enthalpy va ning lugng tu do d3 biét.
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Ning lugng tw do: Mt gid th uyét nhung lg cong cu tién lgi
Mét ciu hoi quan trong déi véi nha héa hoc, dic biét dbi voi nha héa
sinh hoc 1a; Phan (mg s& xay ra theo hudmg tir phai sang trai? Gibbs, mét
trong nhitng ngudi xdy dung nén nhiét dong hoc nhén thiy céu tra 1o cho
cAu hdi ndy ndm trong sur so sanh thay doi enthalpy va thay doi entropy &
mdt nhiét do nao do, niing lwgng te do Gibbs duge dinh nghia nhu sau:
G=H-TS (1.9)
Cho bét ky qua trinh A 5 B & nhiét d8 va ap suat khong dbi.
Su thay ddi niing lugng tu do duge tinh:
AG=AH-TAS {1.10)

Néu AG ghn = 0 qua trinh & cén bang, khong di theo hudéng thuin hodc
ngugc fai khi AG=0

AS = AH/T va thay dbi enthalpy va entropy 13 cin bang chinh xdc. Bit
ky qua trinh v&i AG khac 0 thuc hién ty dong dén trang thai cudi ciing c6
ning luong tu do thdp. Néu AG am thi qua trinh xay ra theo huéng tir tréi
sang phai.

Néu AG > 0 phan ¢mg xay ra theo huéng nguoc lai (ky hiéu va gia tri
ctia AG cho phép xdc dinh qua trinh s& xay ra nhanh nhu thé nao). Néu qua
trinh ¢6 AG am thi qua trinh ty xay ra, néu AG duong thi qua trinh khéng tu
xay ra (hay tu xay ra theo chidu nghich).

Thay d6i ning lwong tu do tiéu chuin

Thay ddi ning lugng tu do AG cho bat ky phan {mg nao phu thudc vao
chét tham gia phan tmg va san phidm phin img va cfing bi anh hudng boi
diéu kién phan (mg ké ca nhiét 4o, 4p sudt, pH va ndng dd cua chit phan
{rng va san pham.

Néu thay d6i nang luong ty do cho mdt phan ung 13 nhay cam véi diéu
kién hoa tan, diéu gi dac biét ¢6 y nghia cho su thay doi ning lugng tur do &
trang thai tidu chuin. D tra 1&i cho ciu hoi nay xem xét mét phan img gitta
hai chit A va B dé tao nén san phim C va D

A+B—>C+D | (1.11)
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Thay dbi ning lwong tu do cho néng do khéng & trang thai tiéu chudn La:

. [C]x[D]
AG=AG’+RT In[7)x[B] (1.12)
[C1x[D]
[A]x[B} ~ K«
O trang thai can bing AG = 0
Ching ta cé
AG®=-RT InK,, (1.13)
hodc logarit co s6 10
AG®=-2,3 RT/ log 19 Keq (1.14)
N6 duge bién ddi K,=10 2923 RT (1.15)

Trong bét cir dang nao méi lién hé cho phép xac dinh thay ddi ning lugng
t do tiéu chudn cho bét ky qua trinh nao néu hiing sé can bing duoc biét.

Quan trong hom, diéu dé noéi ring cin bing thiét ldp cho mét phan (mg
trong dung dich 12 mdt ham cua sy thay ddi nang luong tu do tidu chuin cho
qué trinh, nghia 1a AG® 14 cich viét khac cia hing sb can bing.

Vi du hing sb c4n bing xac dinh boi Brandts & mot sé nhiét do véi su
bién tinh ctia chymotrypsinogen c6 thé dugc ding dé tinh su thay ddi ning
lugng ty do cho qua trinh bién tinh. Vi du hé 6 can bing & 54,5°C 13 0,27,
nhu viy

AG' = - (8,314 J/mol. K (327,5K) In (0,27)
AG® = - (2,72 kJ/mol. In (0,27)
AG® = 3,56 kJ/mol
Ky higu dwong ctia AG® nghia 13 qué trinh bién tinh khong wu thé. Dang

gap l1a dang bén caa protein & 54,5°C. Mit khac d8 16n twong dbi nho cia
AG® nghia 1a dang gap chiém wu thé nho.
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Hinh 1.2 Su phu thudc cua AG’ vao nhiét dj trong qud trinh bién tinh ciia
chymotrypsinogen ¢ pH = 3.
C6 thé tinh AS® tir AH® va AG® ctia sy bién tinh chymotrypsin sir dung
phuong trinh (3.10).
S0— (AG® - AH")
T

A (1.16)

0 54,5°C (327,5K)
AS"= - (3560 - 533,000 J/mol) / 327,5 K
AS° = 1,620J/mol.K
Hinh 1.3 biéu dién sy phu thudc ciia AS° vao nhiét do bién tinh cua
chymotrypsin & pH = 3. Gia tri duong AS® chi ring dung dich protein da tro
nén khéng trat ty khi protein bi bién tinh. So sanh gia tri 1,62 kJ/mol.K véi
gia tri AS° & bang 1.1 chi ra ring gia trj hién tai cho chymotrypsin & 54,5°C
1a hoan toan Ién. Y nghia vat 1y cta chi sb nhiét dong hoc cho su bién tinh
ctia chymotrypsin s& rd hon trong phin sau.
Y nghia vit Iy ciia diic tinh nhiét dong hoc
Chi s6 nhiét dong hoc cho ta biét nhitng hién tugng sinh héa gi? Cach
tot nhat dé tra 161 cau hoi ndy 1a mot chi sb riéng r& (vi du AH hoic AG)
khong c6 nhiéu y nghia. Mot gia tri duong AH® cho su bién tinh ctia mot
protein ¢6 thé phan anh hoic 1 su gdy cac lién két hydro trong protein hoic
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su xudt hién cac nhém wa nudc ra bén ngoai. Tuy vay su so sanh mét sb chi
ti€u nhiét dong hoc c¢é thé cung cap nhimg hiéu biét bén trong c6 y nghia vé
mdt qua trinh.

2,4
2,3
2,2
2,1
2,0
1.9
1,8
1,7
16
15
1.4

AG, kj/mol-K
A R e R S R e BRI S SR S R S N O

52 54 56 58 60
Nhiét d6 °C

Hinh 1.3 Su phu thugc ciia AS° vao nhiét @ trong qud trinh bién tinh cia
chymotrypsinogen

Anh hwéng ciia nong dp dén thay ddi ning luong tu do thuc té

Phwong trinh (1.12) chi ra ring thay d6i nang lugng tu do di véi mot
phan tmg rat khac nhau so véi gi4 trj & trang thai tiéu chudn néu nong do
cua chat phan tmg va san phim khac véi ndng do hoat déng (1M cho dung
dich).

Xem xét su thuy phéan ctia phosphocreatine:

Phosphocreatine + H,O — Creatine + Pi

Phan {mg nay toa nhiét r4t manh va AG® & 37°C 1a -42,8 kJ/mol

Néng do sinh ly cua phosphocreatine, creatine va Pi thudng 1a giira 1
mM va 10 mM.

Gia sir ndng d6 cua chung 1a 1 mM va sir dung phuong trinh (1.12) AG
cho thuy phan phosphocreatine la:
[0,001][0,001]

AG=- 42,8 kI/M + (8.314]/M) (310K) In
[0,001]
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AG=-60,5 kI/M

G 37°C su khéc nhau giita trang thai tiéu chuén va ndng 46 1 mM cho
mot phan ung la khoang -17,7 kJ/mol

Tdm quan trong cila cdc qud trinh két hop trong co thé sdng

Nhiéu phan tng can thiét dé giir 8 bao va co thé chéng lai thé nhiét
ddng hoc theo hudéng AG duong,

Trong d6 c6 sy thng hop ATP, nhimg phan tir cao niing khac va tao nén
gradient ion trong tt ca té bao ddng vat c6 vii. Nhimg qua trinh nay duoc
thue hién theo huéng bit bude nhiét dong hoc.

Kha ning tu xdy ra cua nhidu qué trinh gin lién véi nhau duoc dé cap &
phin sau cta chuong nay. Ching rét quan trong trong trao doi chit trung
gian, phosphoryl héa oxy hoa va vin chuyén qua mang.

Chiing ta c6 thé doan nhitng cap phan tmg két hop s& xay ra tu dong
béng su thay dbi téng ning luong tu do cho mdi phan img. Vi du, xem xét
phén Gng tr qua trinh dudng phén lién quan dén sy bién dbi
phosphoenolpyruvic acid dén pyruvat, Sy thuy phin PEP giai phéng ning
lugng va duge st dung dé phosphoryl hda ADP thanh ATP, mdt qud trinh
ma vé mit ning luong khéng ty Xay ra.

1.2.1. Ddc tinh ning lwgng ciia sy trao d6i chit

Ning lugng cla cic qua trinh trao ddi chét (nang lugng sinh hoc) khac
v6i ning lugng duoc thyuce hién trong ban chit khong séng & ba dac diém saun
day: ‘

Diac tinh thi nhét 13 sy chuyén héa nang luong thanh cong va thanh
nhitng dang khdc ma khong kém theo su chuyén hoa so bb nang luong nay
thanh nhiét ning. Xudt phat tir nguyén tic nay ching ta cin xem hé théng
song nhu la mét déng co héa dong hoc chir khong phai 1a dong co nhiét.

Dic tinh thi hai 1a viéc giai phong ndng lugng trong céc qua trinh oxy
hoa sinh hoc sinh ra tir tir, tirng phan mét, trong mot chudi dai cac qua trinh
ké tiép nhau cho dén khi nao tit ca cic nguyén tr hydro va cacbon déu bién
thinh cc sin pham cubi ciing 13 CO; va H,0. Vi du su oxy héa mot phan tr
gam dudmg giai phong ra 686 kcal. Néu nang luong nay duoc giai phong ra
cling mdt ldc thi s& gy tiéng nd va hé théng séng khong thé st dung toan
bd niing luong trong mét khoang th¥i gian ngin nhir véy.
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Giai doan 1:
Bé gay cac dai phan tlr

thanh cac don phan tlr

from—
Giai doan 2:

Phan giai cac don phan ti thanh
Acetyl CoA, tao ra ATP va NADH &
mirc dd nhét dinh

E—

Mang ty .

thé

Giai doan 3:

Oxy hoa hoan toan Acetyl CoA
thanh H,O va COz, giai phéng
mot lwgng Ién NADH va ATP
& ty thé

lMéng té
bao sinh
vat nhan
chuan

1 1 1
Protein Polysaccharide Lipid
J L I
Aminoacid Puong don Glycerin va

e

- | Glucose
cviosol

acid béo

o ) [ e
éu trinh \

itric acid /
h S—

Hinh 1.4 Tién trinh giai phéng ning lwong héa hoc trong su trao doi chat
duoc chia lam 3 giai doan

Pac tinh thir ba 1a nang lugng héa hoc dugc giai phong ra khi phan
giai glucid, lipid va nhimg hop chit cao phan tir khac déu c6 thé duge
tich luy trong nhirng hop chét tich trit nang lugng dac thu, duoc goi la

hop chét cao ning.

Tién trinh ciia viéc giai phéng ning luong héa hoc co ban duge chia lam

3 giai doan (hinh 1.4):
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Giai doan thir nhit cac hop chét cao phidn tor (tinh bdt, glycogen,
proteine, lipid...) bi thuy phan thianh c4c chat c6 phin tr bé
{monosaccharide, amino acid, axit béo, glycerine...). Nang lugng giai phong
ra trong giai doan nay khong dang k&, chi bang gan 1% dur trit nang lugng tr
do ciia cAc chit nay duge giai phéng ra dusi dang nhiét.

(n1a1 doan thar hai 1a qua trinh dudng phén, oxy hoda cic axit béo va céc
amino acid. Ning lugng gidi phéng ra trong giai doan niy gin bang 1/3
nang luong tur do dir trit trong céc chit d6. San phim chinh cna giai doan
nay 13 acetyl-CoA, «c-xetoglutaric acid va oxaloaxetic acid.

Giai doan thir ba 14 oxy héa tiép tuc céc chét trén trong chu trinh Krebs.
Khoang 2/3 ning lugng duoc giai phdng ra & giai doan nay.

1.2.2. Céc hgp chit cao ning

Nhimg hop chét cao ning: Tat ca sw séng trén trai d4t phu thudc vio
nang lugng mit troi, trong nhimg dang séng ¢6 mdt hé théng thir bac vé
ning lugng. Mot sb tiép nhan ning lugng mat troi true tiép, mot sb khac
nhén nang lugng tir nhém trén trong nhing qua trinh tiép theo.

Nhiing sinh vat hap thu nang lugng anh sang tryc tiép duoe goi 14 co thé
tu dudng. Nhimg co thé nay du trif nang lugng mét troi trong cic phin tr
hitu co khac nhau. Nhitng sinh vét sir dung nhiing phén tir d6, giai phong
nang lwong dy trit trong mot loat cde phan img oxy hoa khir duge goi 1 sinh
vét hoa dudng.

Mic di khéac nhau ca hai loai d2u ¢6 co ché chung v& téi sinh mdt dang
ndng lugng héa hoc, ning lugng ¢6 thé dugc giai phéng trong nhitng phan
g toa nhiét dé thuc hién cac qua trinh séng da dang (cin nang lugng).

M6t nhém nhd cic phén tir 14 chét trung gian chuyén ning lugng tir cac
phan tmg giai phong ning lugng dén cac phan (mg cin niang lwong cia co
thé. Nhitng phan tir nay 13 coenzyme dang khir, nhimg hop chit phosphate
duge goi 14 cao ning néu ching giai phong ra ning lugng tu do ¢6 gia tri Am
16m khi thuy phan (AG ® ¢6 gia tri 4m 1én hon -25 kI/M).

O bang 1.2 1a danh sach nhitng hop chét cao nang quan trong, nhitmg
phén t nhu phosphoric anhydric (ATP, ADP), enol phosphate (PEP), acyl
phosphate (acetyl phosphate), guanidinophosphate (creatine phosphate). Ca

nhitng hop chat thioeste, nhur acetyl CoA khong chira phospho nhung giai
phéng mét nang lugng tu do 1ém khi thuy phin.
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Bang 1.2. Ning lwong tw do gidi phéng khi thiy phin
mjt s chit cao ning

Céac chét AG® (kJ/mol) Coéng thirc cau tao
) 20,P=0 o
Phosphoenolpyruvat (Pyruvate + P;) -62,2 CH2=é___C/
N
0
NH,

3',5'-Cyclic adenosin monophosphate -50,5
(5'-AMP)

1.3-Bisphosphoglycerate -49,6
{3-phosphoglycerate + )

Creatine phosphate -43,3
(creatine + P;)

Acetyl phosphate (acetate + P} -43,3

Adenosine-5' triphosphate -35,7 ?’ CI)'
0—P—0—P
(ADP + P} p—o—
O 0
Adenosine-5' triphosphate -30,5 ?- CI).
(ADP + P;) (néng d% Mg** qua cao) -o—ﬁ-—o_ﬁ
0 0
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Cac chét phosphate AG® (kJ/mal) Céng tire cau tao H HO,
néng lweng thap hon H CHp0=POs
OH H
Glucose-1-P (glucose+ P} -21,0 HOCHH ° o oH
H CHy—0—P0%
CH H
Fructose-1-P (fructose+ P;) -16,0 20, P—0—CH,

Glucose-6-P (glucose+ P;}-13,9

OH

'203P—0—CH2—t’IJ—CH20H

Glycerol-3-P (glyceroi+ Py) -9,2 H

NH»
NF N\
o I;I ">

Adengsine-5 monophosphate -9,2 ]
0—P—0—CH,
(adenosin + P;) g H H

H H
O  OH

Tong sé nang heong chinh xéc giai phong ra khi thuy phin phu thudc
vao ndng do, pH, nhi¢t d9... nhung gia tri AG ° khi thuy phén nhitng hop
chét ndy c6 gia tri duong Ion hon dang ké so véi nhimg chit trao dbi khac.

Chung c6 hai dic diém quan trong:

Nhimng chat phosphate cao ning (high- energy phosphate compounds)
khong phai 1a chat dy trir nang lugng lau dai, ching la nhimg chit chuyen
tiép ning lwong du trix, la chét mang néng lugng tir diém nay sang diém
khac, tir mot hé thong nay dén mot hé thong khic.

Ning luong hoat héa duge cung clp dang ké tir ATP khi thuy phén
nhém y-phosphat.

Néng luong dé lam gay lién két O-P, thudmg 1a 200-400 kJ/M, 16n hon
dang ké so véi 30,5 kJ/M khi thuy phan ATP.

Céc nha héa sinh hoe quan tim nhiéu dén nang luong giai phong thye té.

Vai tro trung tim ciia ATP trong ning lirgng sinh hoc

ATP chira hai pyrophosphoryl (hinh 1.4). Nhirng phan tir ¢6 lién két
anhydric, ADP, GTP, GDP va cac nucleoside triphosphate khac,
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nucleotide-duong nhu UDP-glucose va pyrophosphate vé co thé hién
ning luong tr do AG® 1¢n khi thuy phan. Nguyén nhan hda hoc cna gia
tri AG® am 16n 1a do sw khdng bén viing cia chit phan tng do su céng
lién két gy ra béi su diy tinh dién. Su bén vitng ctia san phidm phan vmg
do sy ion hod, su ccf)’ng hudng va nhimg yéu té entropy gy ra do thuy
phan va sir ion hda tiép theo.

Mic dui PEP, cyclic AMP, 1, 3 DPG, phosphocreatine, acetylphosphate
va pyrophosphate ddu ¢6 gia tri AG” 16n hon, nhung ATP 1a duy nhét dinh
vi giita cdc chét phosphate cao nang, (ATP duge téng hgp khi phén giai cac
chat hiru co) va cdc chit nhin ning luomg (khi cdc chit nay duoc
phosphoryl hoa ¢ tham gia céc phan img tiép theo trong trao ddi chét). Néi
mdt cach khac ATP 1a mét xich ndi lién hai qué trinh nguge nhau, 12 ddng
hoéa va di hoa.

Viéc hinh thanh tit ca cac hgp chét cao nang khéc cling xay ra do su
tiéu phi ning luong vén tich luy trong ATP.

ADP ¢6 thé nhin c& phosphate va nang luong tir cac phosphate cao
nang.

ATP cho ca gbe phosphate va ning lugng déi véi cc phan tir ¢6 ning
luong thép. Nhur vy ATP c6 vai trd du trif ning luong cling nhu tiéu hao
ning lhuong.

Xét vé co ché bién dbi va chuyén héa néing lugng trong su phan giai
ATP vi cic hop chét cao ning tuong tw ATP ta thdy nang lugng cin thiét dé
thuc hién phan ing héa hoc duge giai phong ra & mot diém, b thé duoe
chuyén dén mét didm khac, & ddy nang luong duoce sit dung mét cach trrce
tiép. Diéu nay c6 nghia la trong co thé séng khong nhat thiét phai tidp xuc
v6i nhau bang céch va cham (dac tnmg cho ngoai co thé sdng) gilta cac
phéan tir cho va nhén ning lugng.
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Adenosine l

| AMP |
ADP |
ATP
NH,
Lién két NF [
Phosphoric anhydride ~>
s Fy i A : N
N
3y 0 O
Il
EPEEEP —0—CH,
i 0
-
OH OH
- ATP

(adenosin-5'-triphosphate)

Hinh 1.5 Chuéi ba goc phosphat ciia A TP chira 2 lién két pyrophosphat, ca
hai lién két nay giai phong nhiéu nang luong khi thuy phdn
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Chuong 11
VITAMIN

Vitamin 13 nhitng chét hitu co c¢6 trong luong phan tir bé, cé cdu tao hoa
hoc rit khéc nhau va ¢6 hoat tinh sinh hoc nhim dam bao cho céc qua trinh
hoa sinh va sinh 1y trong co thé tién hanh dugc binh thudmg, va do dé, ¢b
anh hudmg rét 16m d6i véi su trao dbi chét.

Vitamin khdng dugc tdng hgp & dong vat béc cao, vi viy ching phai
duge tidp nhan cling véi thire an. Nhidu vitamin 13 tién chét cua cofactor
(vitamin nhém B) tham gia vao cic phan ing enzyme, trong khi dé nhimg
vitamin khac tham gia vao qua trinh nhin va diéu khién su sao chép (vitamin
A), cac phan ung khir (vitamin C va E), tao xuong (vitamin D), d6ng mau
(vitamin K), v.v...

Céac vitamin ¢ cAu tao hda hoc rit khac nhau. Thudong chung dugc phan
loai dua vao dé hoa tan:

Nhém vitamin hoa tan trong nuédc: By, B;, Bs, Bz, C, folate,
pantothenate, biotin. Ching dugc tich luy chi véi lugng it. Lugng du thira
duge thai ra qua nudc tiéu.

Nhom vitamin hoa tan trong chét béo: A, D, E, K. Lugng du thira duoc
tich iy va din dén hién tuong thira vitamin (ddc biét vitamin A va E).

2.1. Cic vitamin hoa tan trong nuée

2.1.1, Thiamin (vitamin B ;)

Thiamin duge pyrophosphoryl hda thanh coenzyme thiaminpyrophosphate
(TPP), tham gia x{c tic phan ing khir carboxyl héa bing cich oxy hoa va
phén Ung chuyén nhém aldehyd hoat hoa. Phan (mg nay dong mét vai tro
quan trong trong trao dbi chét,

TPP 1a nhom prostetic cia pyruvat-dehydrogenase, pyruvat-
decarboxylase, 2-oxoglutarat-dehydrogenase va transcetolase va nhur vay no

tham gia vao qua trinh dudng phén, chu trinh citrate, pentose-phosphate va
Calvin.
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a. Decarboxylase: xic tdc cho phan ung loai nhém carboxyl cia
pyruvic acid, a-cetoglutaric acid.

b. Transcetolase: xic tdc cho phan Ung vén chuyén glycoaldehyd
(CH,OH-CO-). Vi du phan {mg chuyén doan 2C (C, va C,) cua
xylulose 5-phosphate dén ribose 5-phosphate tao thanh
sedoheptulose 7-phosphate va glyceraldehyd-3-phosphate.

Sinh téng hop

Hai thanh phin ciia thiamine 13 pyrimidine va thiazol duge téng hop
riéng va sau d6 dugce két hop lai voi nhau. Cac dudmg hudng tdng hop 1a
khAc nhau & sinh vat nhén so va sinh vat nhan chuén.

Trong E.coli va S.thyphimurium 5’-phosphoribosyl-5-aminoimidazol
(AIR) 1a tién chét cia pyrimidine. O E.coli pyruvat va D-glyceraldehyd 1a
cic tién chat chia thiazol. Chiing ling két thanh 1- desoxy-D-xylulose, chit
nay duoge gin cac nguyén tr C 4, 4, 5, 6, 7. Ngudn gbc ctia C; va N3 1a
tyrosine, nguyén tir S bt nguon tir cysteine. Pyrophosphatester cta thanh
phin pyrimidine tham gia vao phan {mg gin. Bing modt phan tUng
pyrophosphoryl héa vitamin duge chuyén thanh coenzyme.

H

NH2 )\S

CHz - ‘N
NS
| \T/ACHE—CHS

\ CHs

HzC

Thiamin {vitamin B+)

Bico nhiéu trong cam gao, gan, thén,... Mim ngil céc va nidm men la
ngudn rit giau vitamin nay.

Co thé ngudi hang ngdy cin 1-1,5 mg vitamin By. Thiéu vitamin nay
anh huong dén qua trinh trao a6i carbohydrate din dén bénh phu thung, hay
con goi 1a bénh beri-beri, rdi loan thin kinh va anh huéng dén chirc ning
cta tim. B, chi bén vé6i nhiét trong mobi trudng acid, con trong méi trudng
kiém no bi phan huy nhanh chong khi dun néng. Khi oxy héa B, chuyén
thanh mot hop chét goi 1a thiocrome phat huymh quang. Tinh chét nay dugc
sir dung d¢ dinh luong vitamin B;.

Ham lugng B, trong nguyén liéu c6 thé thay ddi tuy thudc diéu kién bao
quan va che bién. Vi du: gao xdt ki ham lugng B bi giam 4 1in so véi ban
dau. Pd &m khi bao quan nguyén liéu (thoc, gao) cang cao, ham luong
vitamin B, bi giam cang manh.
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2.1.2. Riboflavin (vitamin B))

Trudc kia B, duoc goi la lactoflavin vi 14n ddu tién duge tach ra tir siva.
Bén canh nicotinamid-nucleotide NAD" va NADP" flavin-nucleotide FAD
va FMN 14 nhimg nhém vén chuyén hydro quan trong. Chiing tham gia hon
106 phan {ng oxy héa khir. Vi du, qua trinh khir carboxyl héa bang cach
oxy héa pyruvic acid, oxy héa acid béo, khir amin héa bang cich oxy héa
amino acid... Coenzyme niy duoc tao nén tir riboflavin bing phosphoryl
héa (FMN) va tiép theo adenyl hoa (FAD).

H.C N

H,C N N~ O

HC-OH
HC-OH
(|3H20H

Riboflavin (vitamin Bj)

H,C N N 0
CH.
|
HC-OH

|
HC-OH

|
HC-OH

|

CH,OP

Fiavinmononucleotide (FMN)
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N Y
¢
Cl)—CHz 0.  HN-Ny
0=p~0-
1
OH
o=b-o OH
0
| OH OH OH
HC | CH,
H HH
HBCKIN /N\CJ;_O
|
NH
H,C N7 G-
0
FAD

Sinh t6ng hop va bién déi

Riboflavin dugc tao nén tir GTP va ribulose-5-P trong thuc vit, nim
men va nhiéu vi sinh vit.

Phan ting tong hgp bat ddu bing viéc mé vong imidazol cia GTP va
tach ra mdt gbc pyrophosphate. Bing phan irng khir amin hoa, phan tng
khir va tach ra géc phosphate con lai lam xudt hién S5-amino-6-
ribitylamino-2,4-pyrimidindion. Phan tmg ciia chit ndy véi 3,4-dihydroxy-
2-butanon-4-P (chit nay xuét hién tir ribulose-5-P) tao nén phan tir ¢6 hai
vong 6,7 dimethyl-8-ribityllumazin. Hop chit nay két hep voi $-amino-6-
ribitylamino-2,4-pyrimidindion  thanh riboflavin. Phosphoryl hda
riboflavin tao nén flavinmononucleotide (FMN). Bing phan ung adenyl
héa tiép theo lam xudt hién flavin-adenin-dinucleotide (FAD). Su
phosphoryl héa riboflavin & dong vat duge diéu khién chinh xac béng
hormone tuyén g1ap trang.
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Guanosin
triphosphate

3H:0O
GTP
Hydmolase i
PP HCOOH

2-diamino-6-
ribosylamino-3 (3H)-
pyrimidine 3-pP
NADPH +H"

H0
Firimidine
Desaminase
NADPH NH3

S-diamino-6-ricosylamino-2 4
H,O (1H.3H)-pyrimiginedione 5'-P Ribulose-5-

NADPH + H *Phosphate
NHs Uracit Mg
_ reductase NAOPH Formate HCOOH
3.4-Dihydroxy-2-
5-diamino-B-ribotylamino-2,4 butanone-4-P
1H, 3H)-pyrimidinedione 5'-P )
(1H3H)-pyrimidinedione 5P - - methy-&-
H:0  nbitytiumazine
Phosphatase synthase  p;
P;

6,7-Dimethyl-8-
5-diaminc-B-ribotylaming-2,4 ribityllumazine
{1H,3H)-pyrimidinedione

Riboffavin
synthase

Riboflavin (vitamin By)

Thiéu vitamin B, anh huong dén qua trinh oxy héa khir 1am anh huong
dén qua trinh tao ning luong cdn thlet cho sy smh trudmg va phat trién cua
co thé, Thiéu vitamin gy ra nhimg réi loan vé sinh trudng va cac bénh vé
da. Tuy nhién nhitng bénh nay tuong déi hiém.

Nhu ciu vitamin B, hang ngay cua ngudi 1én khoang 1,4 - 2 mg. San
phidm phan giai va san pham thai ra ¢ ngudi 1a r1b0ﬂav1n Céc buoc phan

~ gidi khic (dic biét & vi khudn) 1a hydroxyl héa cac gbc methyl va lam ngin
chudi ribityl.
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Chirc nang héa sinh

Chirc niing oxy hoa khir cia FMN va FAD 1a do vong isoalloxazin chiu
trach nhiém. O m6t phan img khir hoan toan hai dién tir va hai proton dugc
tiép nhan.

Dang oxy héa cua riboflavin 12 nhimg tinh thé vang da cam, hip thu &
bude song 370 va 450 nm. Dang khir cia né khéng mau va mét tinh hip thu
& 450 nm. Céc coenzyme flavin nucleotide dang khir cfing c6 thé bi oxy héa
trd lai khi c6 cdc chat nhan dién tr nhu xanh methylen, 2,6-
diclorophenclindophenol

FADH; + xanh methylen - FAD + xanh methylen
{dang oxy hdéa mau xanh) (dang khir khéng mau)

C6 thé sir dung céc tinh chit trén dé theo doi cac phédn tmg do flavin
dehydrogenase xuc tac.

Tinh thé vitamin B, & dang khé twong d5i bén voi nhiét hon vitamin B,
tuy nhién vitamin nay khong bdn duéi tic dung cia 4nh sang. Nguoc voi
vitamin By, ham lugng vitamin B, trong gao, thit, trimg, sita bién dbi khéng
nhiéu trong qud trinh bao quan va ché bién.

2.1.3. Pyridoxin (vitamin Bg)

Pyridoxin (pyridoxol), pyridoxal va pyridoxamine tao nén nhdém
vitamin Bg. Ca 3 dang nay dé dang chuyén héa 1in nhau. Din xuit cla
vitamin Bs 1 pyridoxalphosphate (PLP) 12 coenzyme cila nhidu enzyme.
Pyridoxal- va pyridoxamin-phosphate la coenzyme quan trong-cling tac
dong & mdt s6 1on cac phan img bién ddi amino acid, vi du & phan (ng
transaminase, decarboxylase va dehydratase. Vitamin By cling la thanh phin
cdu tao ctia phosphorylase xic tac cho phan Ung phéin giai glycogen. Ngoai
ra vitamin Bq con 6 vai trd quan trong trong qua trinh sinh téng hgp NAD",
coenzyme A... Do d6 thiéu vitamin nay anh huémg dén nhidu qua trinh trao
d6i proteine, saccharide, lipid, din dén réi loan v& thin kinh va trao dbi
amino acid.

Sinh tong hop va bién ddi

Mét s vi khudn, ndm men va thyc vt tong hop duge pyridoxine. Bong
vit nhai lai cling khéng cn ¢6 vitamin Bg trong thirc an vi vi sinh vit trong
rudt cita ching c6 thé tbng hop vitamin nay dé cung cp cho dong vat chu.
Céc ddng vit khac cin phai dugc cung cdp vitamin nay tu bén ngoat.
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San phim ngung tu ctia pyruvate va D-glyceraldehyd 1a 1-desoxy-D-
xylulose cung cdp nguyén tir C 2", 2,3, 4 va 4’ Erythrose 4-P duoc bién dbi
thanh 4-hydroxy-L-threonine. Hop chét nay cung cdp nguyén tae C 5°, 5, 6
va N-1. Pyridoxine diéu khién qué trinh tong hop bing trc ché nguoc. Loai
hydro cua pyridoxine thanh pyridoxal cho dén nay chi dugc quan sat thiy
trong vi khuan.

H,C-OH ' H-C=0 H:C-NH;

HO CH,-0-P HO CH,-0O-P HO CH,-O-P
= | Pin‘doxamine-P = I Igyrinoxamine-P = ?

Qxydase Oxydase [
Sy - .
H,C” N7y HiC 7 SNy ,7 : § HiCZ N7y
H 0O; HXO H O; NH; HO, H

( dong vat pyridoxine, pyridoxal va pyridoxamine sau khi hép thu dugce
phosphoryl héa nhé enzyme kinase. Kinase nay bi (¢ ché bang san phém
cia nbé. Bing phan (mg oxy héa pyridoxinephosphate va
pyridoxaminephosphate bién déi thanh pyridoxalphosphate. Phéan Ung nay
ciling bi tc ché bing san pham cua no.

Lu'ong bd sung ha‘mg ngdy cin thiét & ngufyi Ic’m khoéng 2 mg. Su phéan
clia v1tamm ndy thuc hién bang mdt phan Umg oxy hoa de tao thanh carbonic
acid-4-pyridoxat, chit khéng ¢6 hoat tinh sinh hoc.

2.1.4. Cobalamin (vitamin B;;)

Cobalamin la mét trong nhimng phan tr sinh hoc khéng tring hop Ion
nhat. Nguyen tir coban & trung tim gan lién hop v&i 6 thanh phin: Bén
thanh phan 1a pyrrol ciia vong corrin, mét thanh phin 13 nucleotide bét
thuémg dimethylbenzimidazol v thanh phén thir sau c¢6 thé 13 gbc hydroxyl
(vitamin B,3), géc methyl (methylcobalamin), hogc ghc 57-desoxyadenosyl
(desoxyadenosylcobalamin, coenzyme Bj;). Dang vitamin B); trén thj
truomg: thanh phan thir 6 14 mét gbe cyanid.

Sinh t6ng hop coenzyme va phan g khir vitamin

Coenzyme Bj; duogc tdng hop nhiéu bude trong vi sinh vat. Budc thir
nhit giéng nhau gitta hem va chlorophyll. Nhitng phan mg tiép theo ¢b
nhiéu bién dbi.
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H,N, 0o

NH,

H CHs;

Cobalamin

Sau nhiéu budc methyl hoa vong porphyrin bién thanh vong corrin. Sau
nhiéu lan methyl héa tiép theo va amid héa Co™ duge dua vao va duge khir
thanh Co", rdi két hop véi adenosine. Tiép theo a-ribazol duoc gén vao qua
mot cau propionate-aminpropanol va tao nén thanh phan thir 6 cia Co. Co
ndm trong phtrc h¢ lién hop 1a Co™™. G dong vét ¢6 vit nhu ciu By (& ngudi
< 10 pg/ngay) duge dap tmg do vi khuén & rudt.

Dé hap thu vitamin By, tir rudt cin protein dic hiéu (50 kDa). Néu thiéu
loai protein nay s& din dén hién tugng thiéu vitamin B;, trdm trong (thiéu
méu 4c tinh). DE van chuyén trong mau By, lién két véi nhidu plasmglobulin
khéc nhau, dugc goi 1 transcobalamin. Phan 1én B, dugc tiép nhan & dang
oxy héa (hydroxy-cobalamin, Co™"). Sau hai buéc phan tmg xuét hién tré
lai dang desoxyadenosyl (coenzyme B),).
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Vitamin By, tham gia trong thinh phin ciu tao cia cic enzyme Xuc tac
cho cac phan img:

- Phan tmg chuyén ribonucleotide thanh desoxyribonucleotide
- Phan (mg chuyén nhém methyl

- Sap xép lai cac nhém thé cia 2 carbon lién nhau trong phén tur.
2.1.5. Vitamin H (Biotin)

Biotin 13 mét vitamin cin thiét cho cac phan tmg carboxyl hoa, duoc
gén két ddng hoa tri v&i enzyme bing nhém e-amin ciia ge lysine.

Sinh t6ng hop va bién déi

Qua4 trinh tdng hop xay ra & vi khudn (ca vi khudn & rudt cia dong vét),
ndm men va thuc vat bic cao.

Phan tir ban ddu 1a pimeloyl-CoA. Ngubn gbc cua phan tir nay chua
dwgc giai thich ddy du, c6 thé do sy ngung tu cia 3 phan tir malonyl-CoA
va giai phdng ra 2 phan tir CO,. Tiép theo né ngung tu véi L-alanine tach ra
pyridoxal-pp, CO; va HS-CoA. 8-amino-7-oxopelargonat (7-KAP) xuit
hién dugc bién i thinh 7,8-diaminopelargonate bing mét phan img do
transaminase xtc tac. & phan tng nay, S-adenosylmethionine 1a chét cho
nhém amin (thay vi chire niing thudng xuyén 13 chit cho nhém methyl).
Bing su gin CO, vao (phu thudc vao ATP) vong imidazol dirge dong lai.
Sau d6 xay ra sur gin S (tir L-cysteine) va dong vong thiophan. Két qua 1a
tao nén (+)-Biotin.

Su gén két biotin vao enzyme tuong img cin hoat héa béi ATP, duoc
xUc tac bing enzyme dic htéu biotin-li gase.

Ngudi lém cin 100-200 pg/ngay. Biotin ¢6 trong nhidu thuc phim va
duge téng hop bai vi khudn dudmg rudt, vi vay it khi bi bénh thiéu vitamin
ndy trix khi 4n nhiéu trimg sdng c6 nhiéu avidin két hop rét chit v6i biotin,
ngan cach viée hip thu né qua rudt non.

8]

A

HN NH
\ OH
S
Biotin
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Phin gidi bang vi khudn

Pseudomonas ¢6 thé lam ngin chudi béang B-oxy héa va nguyén tr C
clia vong thiophan dugc téch ra. Gbc clia vong imidazol duogc thai ra & nuéce
ti€u. Dong vat ¢ vu chi ¢6 thé tach chudi bén va tao nén hgp chat sulfoxid.
Tuy nhién thanh phan chinh cta biotin dugc thai ra & dang khong bién dbi.

2.1.6. Ascorbate (vitamin C)
Vitamin C tham gia vdo nhiéu phan (mg bién ddi chat va thuomg co
chirc nang bdo vé.
Sinh tong hop vé trao déi chit
HO

C.__OH
HO /
0 OH
Vitamin C

Thyc vét bac cao, ta0, ndm men va phin 16n dong vét c6 thé tdng hop
ascorbate. M6t 58 dong vt c6 va (ngudi) cling nhu ¢én triing, phan lém cac
loai ca khéng c¢6 kha ning nay. G nhimg dong vt ¢6 v can cung cip
vitamin C, vi thiéu enzyme L-Gu-ionolacton-oxidase.

Sinh téng hop & ddng vt va phin 16n thuc vat tix D-glucose va di qua
UDP-glucose,  UDP-glucurenate,  D-glucuronate,  L-gulonate, L-
gulonolacton va 2-dehydro-L-gulonolacton. Vitamin C 13 san phdm oxy hoa
cla cac dudng. N6 duoc tong hop tir glucose (¢ dong vit va thuc vat), tix
galactose (& mot s6 thue vat). Phan tir vitamin C ¢6 chira en-diol, dé dang bi
loai hydro tao thanh dehydroascorbic acid (ciling c6 hoat tinh vitamin C).
Vitamin C mét hoat tinh khi vong lacton bi thuy phan. Trong tu nhién,
vitamin C c6 thé tbn tai & dang lién két v6i cac chit khac, goi 13 ascorbigen
1a dang du trit vitamin C quan trong. Vitamin C hoa tan tt trong nudc, dung
dich ¢é vi acid, ¢6 tinh hoat quang va c6 tinh khir manh. Ascorbic acid ¢6
kha nang khir dung dich Fehling, AgNO;. C6 thé sir dung tinh chat nay dé
dinh lwong ascorbic acid. Ngoai ra, ciing ¢6 thé sir dung vitamin ndy lam
chét chng oxy hoa trong cong nghiép thuc phim.

Ascorbate di vao clung thie dn duge vin chuyén dén cic co quan khic
nhau. 0 mot sé co quan sy tiép nhan 14 mot qué trinh chi déng, dugc kich
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thich bdi insulin. Néng do ascorbate cao nhit tim thdy & nang trén thén, nfio
thuy, mat, gan, da day va nfo. Bénh hoai huyét & ngudi duge ngén ngilra khi
tiép nhén 10mg ascorbate/ngay. Ngudi hut thudc va ngudi ¢6 thai cin nhidu
ascorbate hon. Ngudi ta khing dinh rang, mét liéu luong cao ascorbate ting
cudmg hé théng mién dich, gidm sy mét moéi va nguy co bénh ung th. Tuy
nhién su phin giai ascorbate xay ra manh mé&, vi vy khi luong cdn hang
ngay 14 50 mg thi cAn dua véo co thé 1a 1 500 mg.

Vitamin C ¢6 nhiéu trong rau qua tuoi, dac biét 1a cac loai: cam, chanh,
dua chudt... Vitamin C tham gia trong nhidu qud trinh quan trong cta co thé
sbéng nhtr:

- Qua trinh hydroxyl héa do oxygenase. Vi du hydroxyl héa proline,
lysine trong phan tir collagen. Thiéu vitamin C, collagen méi dugc tao thanh
khong dugce hydroxyl hoa, khéng tao duge dang xo4n ba nén ¢6 do bén kém,
do d6 da bj ton thuong va thanh mach mau méng manh d& bj v&, giy ra
bénh hoai huyét. Vitamin C tham gia trong qua trinh chuyén héa
protocollagen thanh collagen nén c6 tic dung lam cho vét thuong chéng
thanh seo

- Van chuyén hydro trong qua trinh oxy hda - khir & thyce vat

- Lam téng tinh d& khang cta co thé dbi véi nhimg diéu kién khdng thuin
loi cia moi trudng ngodi, cac ddc t6 nhiém trung. Ngoai ra vitamin C cén
tham gia trong nhiéu qua trinh téng hop, chuyén héa cdc €hit khac nhau.

- Duy tri ¢an bing giita cic ion Fe** /Fe**, Cu™ /Cu %

Phan giai va s logi thai

3 loai linh trrdmg (primat) mét phén ascorbate tdn tai trong co thé dugc
thai ra ngoai & dang khéng bién ddi qua nude tiéu. Nhimg san phim loai
thai khac 13 oxalate va dioxogulonate (xuét hién tir dehydroascorbate bing
mét phan (ng khéng thuén nghich va khéng xiic tic). Ascorbate cé thé duge
oxy hoa hoan toan thanh CO,.

2.2. C4c vitamin hoa tan trong chét béo

2.2,1, Retinol (vitamin A)

Vitamin A 14 t€n thudng goi cho rugu retinol, aldehyd retinal va retinic
acid, chung 13 nhitng isoprenoide ¢6 déc tinh lipid. Ching t6n tai & cc dang
ddng phén cis va trans khac nhau.
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Sinh tong hop va bién doi

Tién chit dé téng hop vitamin 13 provitamin B-carotene, su tong hop
ching xay ra trong thuc vit. Dong vt cé thé tach carotene thanh retinal,
bing mot phan ung dioxygenase (xay ra & trong rudt) va sir dung nd nhu la
vitamin. '

Vitamin A duoc hip thu vao cling v6i chét béo va dugc tich lu§ & dang
retinylpalmitat trong gan sau khi khir va ester hoa. Dé van chuyén dén
nhiing co quan khac nhau ester duge thuy phin va retinol duge dua vao
mau, & d6 n6 duge tiép nhin bing mdt protein két hop dac hiéu véi retinol.
Sur bién ddi gitra retinol, retinal va retinic acid duoc thuc hién bang nhimg
phan g phu thudéc NADP™.

Carotene duge dua vao cing véi thic 3n ctia ngudi ¢d ngudn gbe trude
hét 1a tir thue vat, trong khi retinol ¢é nguén géoc dong vét (dau gan cé thu).
Nhu ciu hang ngay ddi véi ngudi 16n 13 khoang 1 mg retinol hodc 6 mg p-
carotene. Thiéu vitamin A rét phd bién & nhém dén sé suy dinh dudng, din
dén chimg quéng ga, irc ché sy phat trién ciia xuong va su phin héa mo biéu
b, han ché su phat tridn va chirc ning sinh san.

Chure ndng héa sinh

Retinic acid 1a mot chat didu hoa sao chép. Sau khi di qua mang t& bao
phén tir ndy két hop v6i chit nhan dac hiéu: all-trans-retinic acid v6i RAR-
receptor, 9-cis retinic acid voi RXR-receptor. Sau d6 phire hé retinic acid -
RAR-RXR két hgp véi hormone duge tao ra tir DNA ¢ trong nhén.

Thudc nhimg gen dwoc didu khién theo cach nay 1a gen ma héa cho
protein két hgp véi retinol, enzyme PEP-carboxylase va apolipoprotein A,.
Retinic acid ciing tham gia vao su diéu khién su phét sinh phdi va phat sinh
hinh thai (& liéu luong nhé vitamin A trong théi gian ¢é thai 1a nguyén nhan
gy quai thai), phét trién, phan héa va kha ning sinh san.

Su bién ddi tir 11-cis thanh all-cis-retinal nhér 4nh sang 14 co s& cho qué
trinh nhin & dfng vét. Trong vitamin nhém A c¢6 2 dang quan trong la
vitamin A; vd A,. Vitamin A; khac véi A; & chd trong vong cé thém mét
nbi d6i gitra C; va Cs. Dudi tic dung cua enzyme retinoldehydrogenase
nhém alcol cia vitamin A dé dang bi oxy hoa dén aldehyd (all-cis-retinal,
van ¢d hoat tinh vitamin A). Lién két doi gitta Cy; va Cy, cna retinal cé thé
chuyén thanh dang cis (11-cis-retinal), 11-cis-retinal két hop voi protein
opxin tao nén sic t& cua mét 1a rodopxin. Pay 1a protein nhan 4nh sang
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(photoreceptor protein) cé trong té bao hinh que cla mang ludi mit ngudi
va dong vat ¢é vii. Té bao nay hoat déng trong 4nh séng yéu, thich nghi vdi
bong t6i. Khi ¢é anh sang, nhém thém cua rodopxin chuyén tir dang cis sang
dang trans nén mit kha ning két hop véi opxin. Nguoce lai trong tbi s& tai
tao lai dang 11-cis-retinal va rodopxin dugc téng hop tré lai, lam tang dd
nhay cam cia mit trong 4nh sdng yéu.

Halobacterium st dung sur bién ddi tir all-trans thanh 13-cis-retinal nho
anh sang lam déng luc cho nhitng bom proton ciia ching.

Retinylphosphate tham gia vao qud trinh sinh tdng hop céc
glycosaminoglycane & trong céc té bao biéu bi, & ddy né c¢6 chic nang
trong tu nhu dolicholphosphate. Bang céch nay né tham gia gian tiép vao
sur toan ven ciia mang t bao va ty thé, n dinh biéu bi ctia da va clia mang
nhiy va giam nhimg r6i loan vé phat trién.

fi-carotene

p-carotene-15,
15-Dioxygenase CHO

0-

All-frans-Retinal

Retinol dehydrogenase
CH,CH

3

L J

Y

NADH +H" NAD"

Afl-trans-Retinol
(Vitamin A)

2.2.2. Calciferol (vitamin D)

0 déng vat bic cao nhitng san phdm hydroxyl cia vitamin D déng mot
val tr0 trung tam trong trao d6i calcium.
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CHs;

CHs;
CH.
HO A
Cholecalciferol
(Vitamin D,)

Thyc té khai mem “vitamin D” 14 gém mdt nhém céc chét ho hang,
khéc nhau vé nguon gbe. Néu noi chat ché thi ching khong phai 1a vitamin,
vi da ¢6 thé téng ‘hop mét trong ching (D;) tir mdt steroid (7-
Dehydrocholesterin, provitamin D) khi ¢6 anh sang tir ngoai.

Sinh tong hop va s bién doi

Céc vitamin D khac nhau dugc tao nén tir A> -steroid (san phdm trung
gian dé téng hop zoo-, phyto- va mycosteroid) béng viéc mé& vong B nho
anh sang. Ching chi khéc nhau ¢ cadc mach bén. Hai vitamin D dau tién sau
day 1a quan trong nhét:

- Vitamin D, (prgocalciferol): tao nén tir ergosterin, chét nay ton tai &
trong thuc vit va nam.

- Vitamin Dj (cholecalciferol): tao nén tir 7-dehydrocholesterin, chét
nay cé trong ddng vt bic cao.

- Vitamin Dj: xuét hién tur 22-dihydroergosterin, cé trong thuc vat va ndm

- Vitamin Ds: tao nén tir 7-dehydrositosterin, c6 trong thuc vit.

Tong hop néi sinh

Trong phan (mg dau tién khi chiéu anh sang tr ngoai dan dén su ddng
phén hoa, ddng théi véi viee mé vong B ciia ciu truc sterin, lam xuét hién
pr0v1tamm D. D6 dai budc séng thich hgp nhit cho quang phan img 14 295
nm. Chiéu sang vGi bude song 16n hon sé tao lumisterin, véi budc song
ngan hon tao tachysterin. (J 4nh sang manh hon xut hién suprasterin I va IL.
Vitamin D dugc tao nén do syt ddng phan héa phy thudc vao nhiét d6.

Vitamin D di vao mau va gin vdéi protein diac hiéu (DBP: vitamin D-
bindende-protein).

35



Dua vao ciung voi thire dn

Mic du sy chiéu sang c6 thé cung cAp diy du lugng vitamin D, viée bd
sung thém van 1a didu can thiét (& nguoi 16m 5 pg/ngay, tré em 10 ug/ngay).
Sau khi hdp thu (dugc hd trg bdi acid mat) vitamin D duge gin véi
chylomikronen hogc DBP va dugce véan chuyén dén gan.

O trong gan xay ra su hydroxyl héa & C25 bing mot enzyme phu thude
vao cytochrome P-450. Chat ndy duoc chuyén dén thén, & day xudt hién hop
chét cé hoat tinh sinh hoc 1o, 25-Dihydroxycalciferol (caleitriol, DHCC) do
sir hydroxyl héa tiép theo & vi tri C; cia cholecalciferol.

cH CH
=t HG... :

HO CHy . CHs
CHa Ca
Phosphate
- CHs
CH; H -

Ll
Hydroxyt héa  Hydroxyl hda

| o, C25 (gan) €1 (than)

Ho Y Cholecaiciferol

(Vitamin Da) HO'

1a, 25-Dihydroxycalciferol
{Calcitriol, DHCC)

Su phén giai thyc hién bang su hydroxyl hoa vi/hodc oxy héa nhom
hydroxyl thanh nhém carboxyl. Nhitng hop chét nay phan cyc manh hon,
thé hién hoat tinh sinh hoc thap, dugc thai ra qua phin hofic nude tidu.

Chirc ndng sinh hda

O ddng vit ¢6 via vitamin D (thuc € 13 lew 25-Dihydroxycalciferol) didu
khién su trao déi calcium va phosphate.

N6 hoat héa truc tiép sy hdp thu (tai hip thu) Ca™ va phosphate & rudt,
than. Mit khac né giai phong Ca'™ tir xwong cho sy diéu chinh tam th&i méc
Ca"" trong mau.

Hiéu qua sao chép dugc thuc hién boi vitamin D-receptor. G day
vitamin ¢6 vai trd nhu mdt hormon. 8] trong rudt, da day va xuong né kich
thich su sao chép cua cdc gen méa héa cho cac protein gin véi calcium
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(CaBP, calbindin, osteocalcin...). Nhitng protein ndy tham gia vao sy tiép
nhan calcium va khoang hda xuong.

Linh vuc y hoc: Nhiing bénh gén lién véi mic vitamin D khéng binh
thudmg:

» Cbi xuong: (khodng héa xuong thip, phin 16n & tré em) sinh ra do
su hip thu Ca™ giam khi thiéu vitamin D, thinh thoang ciing do téng hop
khong du calcitriol tir calciferol.

. Bénh lodng xuong: xuit hién khi tdng hop caleitriol bj rdi loan, do
thin khdng hoat dong hoic muc ostrogen thip vi né kich thich budc
hydroxyl hoa.

2.2.3. Tocopheral (vitamin E)

Tocopherol (tocos = con chau, pherol = sinh ra) kha phd bién & cay
xanh, rau xa lach, hat ngii che, ddu thue vat, gan bo, long dé trimg.

Nhém tocopherol gdm 8 hop chét, bao gbm vong 8 - chromanol va mét
chudi bén isoprencide. San phim cudi cing ciia qua trinh sinh tdng hop 1a
a-tocophero! (5,7,8-trimethyltocopherol), thé hién hoat tinh sinh hoc cao
nhéit. O thuc vit va dong vat tocopherol bao vé lipid trudc su thiét hat do
oxy hoa.

Céc tocopherol phan biét v6i nhau bing sb lugng va vi trf cua nhom
methyl & vong va cac lién két d6i trong chudi bén. Tét ca chung déu va lipid.

Tocopherol duge tong hop & dang ddng nhét chi ¢ thue vit, trude hét
trong luc lap cua 14. O ddng vt va thuc vit né & mang € bao (mang ty thé,
hdng huyét cu, va lap thé).

Luong bé sung hang ngay dbi véi nguoi lon 12 8-12 mg. Cin luong 1én
hon khi thyc phdm c6 chira nhidu acid béo chwa no. Hiém khi thdy thiéu
vitamin ndy, ngoai trlr & truémg hop dé non va réi loan & hip thu lipid. Tuy
nhién trong chin nudi & ché d6 dinh dudng cung cip khong day du thi gay
ra sy thodi hoa cac co quan va vo sinh.

Churc néng hoa sinh cia tocopherol 1a bao vé lipid & mang trudge phan
Ung peroxid-héa (dic biét acid béo c6 nhiéu lién két chua no). Tocopherol 14
ndi ether ctia cac hydroquinon. Ching 13 nhimg chét nhén gbc va chuyén
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sang trang thai tocopheroxy (semiquinon). D4y 13 mét gdc phan tng yéu véi
théi gian ban huy 12 nhiéu gitr va 1am gay cac phan {tng chudi. Phan img nay
12 thuén nghich, c¢é thé ascorbate thuc hién sy khir tr& lai thanh tocopherol.
0 day né bi oxy héa thanh monodehydroascorbate. Giita hai vitamin nay ¢
su dbng tic dung. B-carotene ciing duoc coi 13 chit khir cho tocopherol.
Nguoc lai semiquinon dwge oxy héa tiép tuc thanh quinon, chit nay din dén
su mé vong thuin nghich.

CHs
HO

CH3 CH» CH, CHa

HSC O /\/\)\

CHs
a-Tocopherol

2.2.4. Phylloquinon va menogquinon (vitamin K)

Phylloquinon la mét thinh phén cua hé théng quang héa cia thue vat
quang hop. Menoquinon déng mét vai trd trong h6é hip yém khi cua vi
khuin. G dong vat hai hop chét (vitamin K, cling nhu vitamin K3) la
cofactor ¢ sur y cacboxyl héa cuia glutamat. D6 1a monomethyl-naphtochinon
v&i mét chudi bén isoprenoid.

Phyllochinon va menachinon phén biét nhau chi sé lugng lién két d6i va
chiéu dai cia chudi bén.

Luong tiép nhén hing ngay cn thiét & ngudi kén 70-140 pg. Luong nay
dugc dap ung bang thirc 4n va san phdm ctia vi khudn duong rudt. Trudce khi
dugc thai phin 16n chi cac chudi bén dge 1am ngén bing oxy ho.

Chirc ndng héa sinh

0 d6ng vat ching 1a cofactor tao nén y-cachoxylglutamate trong protein
Xay ra ¢ mang luéi ndi chat (endoplamatische reticulum) thé nhd enzyme
carboxylase. Protein tago nén duge phan giai. Qua trinh bién déi sau dé 1a
can thiét cho kha nang két hop Ca™ va cho sy ¢ dinh protein bing céac cdu
Ca"™ & mang phospholipid (vi du & qué trinh déng mau).
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O qua trinh bién ddi protein nay vitamin-K-hydroquinon tach ra mat
proton clia glutamate, tiép theo né duge carboxyl hoa. Dong thoi xuit
hién mot vitamin K-quinon-2,3-epoxid (nhirng chi tiét vin con chua
biét). Epoxid dwgc khir bing quinon-epoxid-reductase gin véi dithiol
thanh quinon va sau d6 thanh hydroquinon. DAn xuét cia cumarine cé thé
kim ham reductase, vi du dicumarol va warfarin c6 tic dung 13 chét
khang déng.

CHs CHa
| |
HC -CH=C ~CH; + CHp— CHy~C -CHz + H
CH, |
H 3
Phyloquinon
Q ~ 0O
CHs
|
H.C-CH=C-CH;+H
CHs
n
Menaogquinan
0O 0O
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Chuong I1I
ENZYME VA SU XUC TAC SINH HQC

Dé séng va phat trién, co thé sinh vt phai thudmg xuyén trao déi chit
va trao dbi nang luong voi méi trudng bén ngoai. Céc qua trinh nay tién
hanh duoc 12 nhd cac phan img hoa sinh xay ra trong co thé theo quy ludt ¢6
td chirc va c6 lién quan chat ch& véi nhau,

Dic diém chung clia cac phan img nay 13 ¢é thé xay ra mot cach dic
hiéu, d& dang vé6i van tdc 1ém & ngay trong didu kién moi truomg sinh 1y va
nhiét d¢ ciia co thé. S& di cac phan g tién hanh trong co thé c6 nhitg dic
diém trén chinh 1a nhé cic chét xtc tac dac biét c6 kha nang lam ting van
toc phan (g 18n gip boi, d6 13 cac chit xtc tac sinh hoc.

Enzyme 1a chét x(c tac sinh hoc ¢é ban chét protein lam nhiém vu xtc
tac cho cac phan img hoa sinh x4y ra trong co thé sinh vat.

Enzyme ton tai trong tit ca cac té bao séng cua dong vét, thuc vit, vi
sinh vat. Cac phan img do enzyme xiic tac ¢ thé xay ra & ngay trong co thé
séng hodc & ngoai co thé. Hién nay da tach duge rit nhidu enzyme khéc
nhau tir ngudn déng vét, thye vét, dac biét 1a tir vi sinh vat, trong dé ¢é
nhiéu loai da dwoe thu nhin voi d6 thudn khiét cao. Xuc tic enzyme co
nhiéu wu diém hon hin xuc tic théng thuémg nhu cudng lye xtc tac lon,
tinh dac hiéu cao, khdng doc, cbd thé tac dung trong didu kién nhe nhang,
don gian. Hon nita c¢6 thé san xuit enzyme tir cac nguyén li¢u gid ré nhung
dem lai hiéu qua kinh t& cao, nh vay viéc img dung enzyme rong rii trong
cic nganh céng nghiép nhe, cong nghiép thuc phim, ndng nghiép, y hoc va
nghién ctru khoa hoc d3 nhanh chéng c6 nhimg budc tién dai va ngdy cang
¢6 nhiéu trién vong tbt dep.

I. KHAI NIEM VE SU XUC TAC NOI CHUNG

Téc d6 phan (g hda hoc duoc xac dinh bai gia tri ndng luong hoat hoa
tire 14 nang lugng cac chit tham gia phan (mg phai dat duoc trén mic ning
luong binh thudng cia chung dé cit dit cac lién két ¢in thiét va hinh thanh
cac lién két méi. Nang hiwgng hoat héa cic phan ung nao dé cang 16 thi tbe
dé phan g cang chdm va ngugc lai.
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—> Ning luong tu do

-> Chiéu phan ng

Viéc dua mét sb6 chédt ndo do vao trong hé théng vén c6 tac dung lam
tang tdc d¢ phan Umg hda hoc duge goi 1a sy xic tie. Trong qué trinh xic
tac, cac chét xtic tic da lam gidm ning luong hoat héa cia phan img héa
hoc. Niang luong can dé xay ra su va cham cé hiéu luc dén dén phan ung
héa hoc duge goi Ia nang luong hoat hoa.

Trong qua trinh xtc tac, cic chit xuc tac chi tham gia vao cdc phan img
trung gian sau d6 ching lai dugc phuc hdi nhanh chéng, chét xuc tac khong
ddng vai tré nhu nhitng chat tham gia phan tng.

Téc dd céc phan (mg thuin nghich ciing duge cdc chit xic tic [am ting
theo ca hai chiéu.

Didu d6 néi Ién ring: chit xuc tic khéng quyét dinh chidu hudng cia
phan Ung, chiing chi thic ddy cho phan img dat dén cin bing mét cich
nhanh chéng,

Anh huéng ciia chit xuc tac 13 1am giam ning luong hoat héa. Trong db
thi sau: A 1 chét phan (g, B 14 sin phim cia phan imng.

? A
\Kth’m tng khéng dugc
Xuc tac Ning lugng

T Niang lugng | hoat héa
hoat hoéa ¢

enzyme Xlc tag

h J

- .
: » - AS
.~~~ Phan ung dugc "\

P r -
enzyme xiac the——P
Vi .

6G1 6(}2

1. ENZYME LA CHAT XUC TAC SINH HQC
Nhitng ludn cir sau ddy da ching minh ban chét xuc tac cha enzyme:

a) Ciing nhu céc chét xuc tic ndi chung, enzyme lam tdng nhanh tde do
phan ng. Enzyme khéng quyét dinh chifu hudng cua phan umg.
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b) Enzyme khéng déng vai trd 1a chét tham gia phan Umg trong phuong
trinh phan img. Trong qua trinh xtc tc, lugng enzyme khong thay ddi.

¢} Ciing nhur moi chét xtc tic khdc, enzyme lam giam ning lugng hoat
héa can thiét ciia c4c phan ung hoa hoc. Néi cach khéc nang lugng hoat héa
phan {mg duge giam di nhidu khi ¢6 sy xuc tic cla enzyme.

III. BAN CHAT HOA HOC CUA ENZYME

3.1. Enzyme 12 nhirng chit xiic tic cé ban chit protein

Trong sy phat trién cta héa sinh hoc, buéce nhay vot dd dat dugc khi
ngudi ta thye hién thanh cong viée tich rut cac chit xuc tac sinh hoc ra khoi
té bao va nghién ctu tinh chit cia ching, lic dé nguoi ta nhan biét ring
enzyme ¢6 ban chét protein. Nim 1926, Sumner 1a ngudi dau tién thu duge
urease & dang két tinh. Cho dén nay da c6 khoang hon 150 enzyme dugc rit
ra & dang tinh khiét. Trong s6 cac enzyme d6, mot sb da duge biét tron ven
vé cAu tric bac I nhu ribonuclease, trypsin, chymotrypsin, ...

Ngdy nay ngudi ta xdc nhan ring, cic enzyme chinh 13 nhém protein
quan trong. Ching dwoc hinh thanh trong té bao nhu céc protein don gian
(enzyme m{t thanh phén) hodc nhu cc protein phérc tap (enzyme hai thanh
phén). Trong sb cic enzyme thi da sb 1a enzyme hai thanh phén.

Dang hoat dng clia enzyme hai thinh phin bao gdm phén protein va
phén khong c6 ban chit protein goi 1a nhém prostetic (nhém ngoai, nhém
ghép, ...)

Enzyme mot thanh phin 13 cac protein don gian thuc hién chuc ning
xuc tac. Vi du: Ribonuclease A va mdt sd enzyme thily phén protein va mot
s6 enzyme khac.

3.2. Cac nhom ghép, cic coenzyme

Bén canh phin protein thi enzyme hai thanh phén cén chira phan khéng
¢6 ban chit protein. Ngudi ta goi phin khéng phai protein cén thiét bt bude
d01 véi hoat dong ciia enzyme la nhém ghep (nhém ngoai, nhém thém, yéu
t6 phu, ...) va phan proteln von lién két voi nhom d6 1a apoenzyme, phic
hgp cua ha1 thanh phan trén 13 holoenzyme (enzyme hai thanh phin).

Trong trudng hgp nhém ghép 14 nhimg chét hitu co c¢é trong luong phan
tir bé dugc lién két véi phan protein thi nhém ghép duge goi 14 coenzyme.
Theo cach 4o thi:
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Apoenzyme + Coenzyme g——® Holoenzyme

Néu dimg riéng r& thi ca coenzyme ciing nhu apoenzyme déu khong cé
kha ndng xuc tac. Chi ¢6 10c ndo 2 phan nay két hop voi nhau thi hoat tinh
xtic tc cta enzyme mdi thé hién.

Ban chit héa hoc ciia coenzyme rét khac nhau:

- M§t s6 loai ndy chinh la céc vitamin. Su lién quan vé chirc ning gifra
cdc vitamin va céc coenzyme dugce gidi thiéu & bang sau:

Coenzyme Chirc néng Vitamin twong tng
NAD, NADP -ChuydnH' va e’ PP
FAD. FMN -ChuydnH' va e’ B2
Coenzyme A - Van chuyén gébe acyl Pantotenic acid
{ - Phan gidi hao khi va tdng hop acid béo }(53)

- Khi¥ carboxyl hba .
Thiaminpyro(P) { - Chuyén nhém aldehyd }Thiamine(Bu

- Chuyén amine hoa
Pyridoxal(P) { - Khi¢ carboxyl hoa }pV”dOX‘"e(BB)

- Céc ion kim loai ¢ vai trd cin thiét bét bugc cho su hoat dong cua
enzyme. Céc ion (cation) cé chitc nang gidng véi cdc coenzyme,

Ngudi ta goi céc ion kim loai do 1a cac coenzyme don gian. Céc enzyme
can ifon kim loai cho viéc thuc hién chitc ning cna minh dugc g01 la
metalloenzyme. Chuc niing cua cac ion kim loai néi chung phan nhiéu 1a
ching tao ra cac phirc hop kiéu chelate gita mét nhém nhét dinh nao do cia
co chét va enzyme. Trudc tién cac cation tao phire “ion kim loai — co chét”,
sau d6 phrc hqp nay mdi phan ng vdi enzyme. Céc ion Ca, Cu, Mg, Mn,
Mo, Zn, ... déula nhimg ion tham gia trong sy hoat déng cua cac enzyme.

3.3. Tinh dic higu cha enzyme

Kha niing xuc téc v6i tinh dic higu cao 14 mdt trong nhimg dic tinh co
ban va quan trong nhét cta enzyme. Tinh dic hiéu cta enzyme thé hién &
chd: enzyme chi xtc tac cho mdt trong vb sb nhimg chuyén hoa c6 thé c6
duoc dbi voi cac chit. Co6 hai loai ddc hiéu co ban d6 la dic hiéu phan tng
va diic hiéu co chét.
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* Tinh dic higu phan img: duoc thé hién & chd enzyme chi ¢6 kha ning
lwa chon mdt dang phan \ng trong sé cac phan img va xic tac cho phan img
d6. Diéu d6 thiy rd trong vi du sau day:

Ri-C-COOH + NHj
oH [
oxidase O Cetoacid(1)
H-O

R - (|3H - COCH _dﬂnaxb_qxglas_e_, R - (|3H2 + CQy

NH; NH; Amine
Aminoacid (1}

Ro - CH-COOH

NH; Aminoacid (2)

«
Ry -C - COCH R -C-COOH
O
Cetoacid (2) Cetoactd (1)

Dudi the dung ciia oxidase, aminoacid bi khir amine hoa bang cach oxy
héa dé tao ra cetoacid va NH;. Véi su ¢é mat cia oxidase, mot phan Ung
khac khir carboxyl héa lai khéng thé xay ra. Viée xic tic nay doi héi phai
c6 enzyme khéc, d6 la decarboxylase. Cling nhu vdy, phan umg chuyén
aming hda doi hoéi phai cd transaminase.

* Tinh dgc higu co chdt: Enzyme cé thé lua chon ddi véi cac chét tham
gia phan (mg. Khong phai moi co chit c6 kha ning phan ing déu duogc
enzyme “tiép nhan” nhur nhau.

Mbi enzyme chi chuyén xtic tic cho mét hodc mét vai co chit nhét dinh
va mirc d§ dic hiéu cua né iy thue vao tirng loai enzyme. C6 3 muic d
déc hiéu co chét chu yéu:

a) Ddc hiéu trong doi: Enzyme chi c6 thé tac dung 18n mét kiéu lién két
héa hoc nhét dinh ma khéng phu thudc vao cac nhém héa hoc ndm & hai bén
litn két. Vi du céc esterase c¢6 thé tac dung Ién hang loat cac ester cla
phosphoric acid.

44



b) Ddc hiéu nhon: biéu hién la enzyme chi ¢6 thé tac dung 18n mot
kiéu lién két hoa hoc nhét dinh va mét trong hai nhém ndm & hai bén lién
két ciing phai c6 cdu tao nhit dinh. Vi du carboxylpeptidase c6 kha ning
phan huy lién két peptide gan nhém —COOH tr do, nghia 1a lién két peptide
& cudi mach polypeptide, ...

wCH-CONH-CH-COOH .. —»..CH{ -COOH ..+ H;N-CH-COOH

Ry R; R, R,

¢) Bdc hiéu tuyét déi: Enzyme chi tic dung 1én mdt kiéu lién két nhat
dinh va cic nhom héa hoe & hai bén lién két ciing phai x4c dinh.

Vi du: Enzyme trypsine thity phén céc lién két peptide gifta lysine hoc
arginine véi bt cir aminoacid nao. San phdm la nhimg doan peptide cé
lysine hodc arginine chira nhém COOH tu do & phia tdn cling cua peptide.

O O
if n
NN NSNC 4 NH -~ CH-CANNANNS
bad : |
Lysine hay f R
Arginine Vi tri thiy phan clia trypsine

- Enzyme Trombine con c¢é tinh dic hiéu cao hon trypsine: né chi thuy
phan lién két peptide & phia carboxyl clia gbc arginine nao ¢6 goc glycine
ding lién ké sau nd:

0 0
¥ |

AN CENH-CH-C NANANN
. A |

Arginine Glycine

Vi trf thity phan cua trombine

* Ngoai cac tinh dac hiéu trén nhiéu enzyme con bidu hién rit cao vé
tinh ddc hiéu hoa hoc ldp thé (Pdc hiéu quang hoc): Enzyme chi tac dung
1én nhimg dang ddng phan ldp thé ndo d6 cia céc chat hiru co.

Vi du: Enzyme L-lactatdehydrogenase chi tic dung lén L-lactic acid ma
khong tic dung 1én D-Lactic acid. Muén tac dung 1én D-Lactic acid phai c6
enzyme D-lactatdehydrogenase.

45



IV. CAC YEU TO ANH HUONG TOI HOAT TINH XUC TAC CUA
ENZYME

4.1. Nhiét d§

Trong pham vi 1y hoc, te d6 cha phan img ting 1én clng véi su ting
cua nhi¢t dé. Nhumg khi vuot qua pham vi nao do6, cac phan ung duge
enzyme Xuc tac bi anh hudng do su bién tinh cia phin tir protein-enzyme.
Két qua nay phu thudc vao nhiét do téi thich cla enzyme, 12 nhiét d6 ma tai
d6 the do phan Umg enzyme dat cuc dai.

Mbi enzyme c6 nhiét d6 t8i thich khac nhau. Su khac nhau nay tiy
thudc vao ngudn goc ciia cac enzyme, tiy theo timg diéu kién hodc tung sy
khéc nhau vé tinh nhay cam véi nhiét d6 ctia phén tr protein-enzyme.

Pa sb enzyme mét hoat tinh xuc tac & nhiét d6 cao(>80°C), trir papain,
myokinase cé thé tbn tai & 100°C.

Hoat 4
tinh
Nhiét d¢ t6i thich

4.2. Anh hwéng caa pH

MObi enzyme déu cé tri sb pH tdi thich nao d6 ddi véi hoat tinh cua
chiing. O ngoai pham vi cla tri $6 nay hoat tinh cia enzyme déu bi giam
thép.

Tri s6 pH téi thich ctia mot sb enzyme nhu sau:

Enzyme pH téi thich
Pepsine 1.56-25
Amylase{mach nha) 46-50
Amylase(nwéc bot) 68,8-72
Trypsine 78-95
Arginase 9.8
Catalase 68-70
Peroxidase 6,0
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Nhitng nguyén nhan sau ddy c6 thé din t&i su phu thudc vao pH cua
enzyme:

a) Néu trong s6 céc nhém bén tham gia trye tiép trong su hoat déng coa
enzyme chira nhoém ¢6 kha ning phén ly.

b) pH da anh hudng t6i cdc nhém phén ly khic cia protein-enzyme vén
0 tac dung trong viée duy tri cau hinh ¢6 hoat tinh clia enzyme.

c) Su thay déi pH ciia méi trudng c6 thé anh huong t6i cac nhoém phéan
ly clia co chét hay clia coenzyme vén duge két hop véi enzyme.

4.3. Anh hwdng cla chit hoat héa va chit kim him enzyme

Nhimg chét nao c6 kha niing lam ting hoat tinh xuc tac cia enzyme thi
duoc goi 1a chét hoat hoa enzyme. Cac chit d6 thuomg la cac ion kim loai
nhur: K, Na*, Mg*?, Ca™, Co™, Zn*?, Mn™, ...

Vi du: Mg'? lam tang hoat tinh phosphatase

Ca*? lam tang hoat tinh lypase.

Su hoat ddng cua cac enzyme déu cd thé bj kim ham bdi céc tic dong
gay bien tinh protein. Nguéi ta phan biét cac hinh thirc kim him enzyme va
phéan biét cac chit kim him enzyme nhu sau:

a) Chdr kim ham chung: cac chét nay kim ham hoat tinh xtc tac cta tit
ca cac enzyme. Céac chat ndy 1 cac mudi kim loai niing, chét tannin.

b) Chat kim ham riéng: c6 thc dung kim ham mét hay mét nhom
enzyme O cdu tao gin gidng nhau. Vi du: cdc chit chira nhém — CN kim
hdm enzyme ho hap.

4.4. Nong d co chit va ndng dd enzyme

Khi méi truémg c6 day du co chét thi tde do phén ung ty I¢ thuln véi
lwong enzyme. Khi ndng do co chit thip, khéng du dé 15 keo tat ca lugng
enzyme vao phan img thi toc d6 phan (mg ting ty 1¢ thudn véi ndng dg co
chat. Téc d5 phan img dat t6i da khi tit ca enzyme déu két hop vao co chit.

V. CO CHE XUC TAC CUA ENZYME

Khi dt vin d& nghién ciru vé co ché xuc tac cua enzyme ngudi ta xuét
phat tir gia thiét cho rang trong cac phan ing duge enzyme xuc tic, phirc
tam thdi “Enzyme — Co chit” duoc tao thanh. Qua trinh nay gbm 3 giai
doan:
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E+S _ » ES__ , ES'_  E+P
1 2 3

§ giai doan 1 phan mg xay ra tuo*ng déi nhanh, co chit (8) dugc lién
két v6i enzyme (E) nhd céc lign két yéu. Luc nay su lién két khéng gian
gifra cac phén tir co chét va enzyme chua di hiéu qua déi véi su xtic tac cla
enzyme.

O giai doan tiép theo xay ra su bién ddi cta co chét (S) cé lién quan toi
viéc phé v& hay hinh thanh cic lién két cong héa tri. O giai doan nay, co
chét duge hoat héa (mdt hodc vai phire chit ES chuyén tiép duoc hoat héa).
(5 day, céu triic bic 3 clia enzyme ludn bién ddi tao kha ning tiép xtc giita
céc nhém hoat ddng clia enzyme véi co chit dang bién ddi.

Enzyme da lam bién d6i phin tir co chét 1am cho céc lién két bén trong
phin tir tro nén “long 1éo™ hom, do d6 chi cin mot lugng nang lugng nhd
cling d 1am cho co chit bién thanh cic san phim (P) khéc nhau.

Ngudi ta da chimg minh ring trong khi hinh thanh phirc chit ES ¢6 2
qua trinh dong thoi xay ra nhanh choéng, d6 la:

a) Su thay déi méat do dién tir gdy nén su phén curc héa cic lién két.

b) Sy bién dang v& mit héa hoc cha céc lién két “kéo cang” trong phén
tir co chit.

Ca hai yéu t6 nay (su bién hinh va su phan cuc héa cic lién két ddng
héa tn) déu lam tang thé nang nhiét déng hoc cia cac lién két nay, nghia 1a

xuc tién viéc vugt qua “hang r4o0” ning luong hoat hoa clia qué trinh chuyén
tiép phirc “Enzyme-Co chit”.

VI. PONG HQC CUA PHAN UNG ENZYME

6.1. Dng hoc ciia phan &ng enzyme trong trudong hgp khong cé6 chit
kim ham '
6.1.1. O giai dogn: E+S 2 ES
| -
E+S - —— ES
K.

K. : hing s6 van téc cua phan tng thuln.

K_,: hing sb van téc clia phan {mg nghich.
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Goi V) 1a tc d8 phan img thuan.
V.1 14 tc d6 phan tmg nghich.
[E): ndng d§ enzyme.
[S]: ndng dd co chit.
Tacé:  Vy =K. (E].[S]
V.1 =K, [ES] (1)
Khi phén img dat dén cin bing (enzyme phan ‘mg hét v&i co chét) thi
V1=V, nghia la:
K+([E]. [S]) = K4[ES]

ardotace: Ko - [ELfS]
" K, [ES]

Néu goi K, 14 hing s6 can béng c4c phan tmg bic I, ta cé:

K
K,.= El[il > K,= —L (2)
[ES] K
* Néu K, o6 gi4 tri 1on thi K ; s& 16n va K., s& nhé. Tir d6 ta thiy phirc hop
ES dé phan giai thanh céc cht S va E. Phan tmg enzyme tién hanh chim.
* Néu K; c6 gia tri nhé thi tbc db tao ES s& nhanh déng thdi phan img
enzyme cling tién hanh nhanh. Vay néu K, cang nho thi ndng dé ES cang cao.

+1

O giai doan 1 ta da tinh duge: K = —_[E] Is]
[Es]

Hay viét duéi dang khéc 1 [E] [S] = KJES] (3)
Néu goi [E,] 1a ndng d¢ chung cila enzyme trudc khi bit diu tham
gia phan ing.
[E]: ndng 4o enzyme & dang tir do (khdng tao phirc hop)
[ES]: ndng d6 cia phic hé ES.
thi ndng dé enzyme khéng tao phirc hop (& dang tu do) la:
[E] = [Eo} - [ES] (4)
Thay vao phuong trinh (3), ta ¢é:
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([E.] - [ES]). [S] = K. [ES]

Trién khai:
[Eo] [S] - [ES] [S] =K. [ES] hay la:
K, [ES] + {ES] [S] = [Eo] [S] hay la:
[ES](K¢ + [S]) = {Eo} [S]

Tie d6

ES] [s]

ES Is] 5 [es] 5

3t 5 I A ot o B
Nhu véy, ndng do [ES] cang 1ém thi tbc 46 phan img enzyme cang 1on

(v1 K; ltc d6 s& nho). Toc db s& dat toi tdi da khi nbng 3 phuc hé [ES] bﬁng

ndng do enzyme ban diu [E,] ([ES] = [Eo]) nghla 1a khi tit ca enzyme déu
duoc két hop voi co chét thi phan tmg enzyme 13 tbi da.
Tir &6 c6 thé 1ap thanh ti 1&: v _[Es]
Voo [E]
V: tbc d6 phan (g enzyme (& giai doan déu)
Vimax: toc 0 tdi da.

Tir phuong trinh (5) ta da c6: @ = [S]
E,] K,+[s]

Vay =

Tir d6: V= me—[§1—~

Day la phuong trinh Michaelis va Menten (1913) ding d& tinh t5¢ d6
phan ung enzyme tr E + S - ES.

Néu K= [S]thi V = %vm

6.1.2. O giai dogn: ES" D2 E+P
Khi d6 ta ¢6 tdc d6 tao ES 1a: V= Ka([E] [S])
Téc d6 phan li ES theo phan tmg nghich V., =K,[ES]
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Tinh téc do phan giai phirc hé ES dé tao E + P, hing sé téc do nay bing
| )

K+I K+2
E+S gq—® ES 42— E+P
K, K.

Khi ndng d6 co chit [S] cao hon nhidu so v&i ndng do [E] thi s& dat
nhanh chéng trang thai cin bing gifra sy hinh thanh ES va sir phén giai phirc
hé ES do.

Nhu viy, & giai doan nay ta ¢é:

K.[ES] + Ku[ES] = K«[E][S]

1 ™~

Téc dj phin giai Téc 4§ phin giai Téc dj tao phirc hé ES
phic h§ ESD E+S phirc h§ ES> E+P
Hay la: (K.; + K.2). [ES] =K. [E] [S] (6)

Tl phuong trinh (4): [E] = [E.] - [ES]
Thay vao phuong trinh {6), ta c6:
(K. + Ku2). [ES] = K {[Eo] - [ES]). [S]

tir do:
K. +K,, _ {E,]-[esDis] _ [E,IS]-[Es]s]
K., [ES] [ES]
Pat m =K, > K. = [EoIS]_ [ESIS]
' N no [ES]

Ko duge goi 1a hing sé Michaelis (do bing mol/lit) (tinh theo khi ma sur
tao [ES] va phan li [ES] bang nhau)

K.[ES] =[E.] [S] - [ES] [S]
Km[ES] + [ES] [S] = [Eo] [S]
[ES](Kxn + [S]) = [Eo] [S]

[ES] = IEE;—}L[E] (7)
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Mt khéc téc d6 phan img tinh theo su hinh thanh san phim P tir [ES]
béng:

V = Ku[ES]
tlr d6: [ES]= E\%
Thay véo (7) ta c6: K‘; _ IEJ]r[?S]]
Vay V= %%[js_] ®

Phuong trinh ndy cho phép tinh duge su phy thudc tbc d6 phan img vio
ndng d6 cta enzyme va co chat.

V dat cyc dai khi [ES] = [E,] nghia 14 khi E duoc két hop hoan toan véi S.

v _ [Es] tir phuong trinh 7 ta ¢6: ES = —-—[E”IS]
Vmax [EO] K'm + [S]
vy Yoo 1 B _ B
. Vmax [EU]Km+[S] Km +[S]
Tir do: [S] Pay la phuong trinh Michaelis
V = Viax- K——E va Menten diing d& tinh toc d
m phan tmg tir ES” > E + P
* Viy V= %.Vmax thi K, = [S]

Luc d6 hing s Michaelis dugc do bing mol/lit
So sanh gia trj K, va K ta thiy:

K—l + K+2

Kn=
K

+1

K
ma Ks = -1
I(+I
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K
Vame:Ks+—+2

+l

Khi Ki; =K thi K=K+ 1

Tir phuong trinh (8) V = Vi _Isl c6 thé viét dudi dang
K_+ [S]

m

Phuong trinh:

Theo phuong trinh nay thi khi [S] ting thi tbc d6 phan {mg tang. Nhimg
khi ndng d6 co chét [S] ting dén mdt mirc d6 nao 46 thi dat tdi gia tri tbe 4o
cuc dai:V = Vyax. Sau d6 thi V khong tang theo ndng d6 co chit [S] vi V da
[udn ludn =V pax.

D6 1a phuong trinh bidu dién sy phu thugc cia tbc ¢ phan ung véi
ndng d co chit. C6 thé bidu didn bing dang hiperbol:
Toc do4
V max C

max B

2 fe

0 L >
K [S]

Cé thé giai thich cia duong biéu di&n dang hiperbol nhu sau: Trong
phan tng c6é enzyme xic tic sé phan tir co chét 1on hon sé phéan tir
enzyme rat nhidu (S>E). Co chit chi dugc chuyén héa khi tao thanh
phirc hé enzyme. Do d6 tbc d6 phan g phu thude vao ndng d6 phuc
hé [ES].

Néng d6 [ES] & 3 didm A, B, C khong gibng nhau. O diém A va B con
vai phéan tir enzyme chua két hop véi co chit, do d6 néu ting hay giam ndng
d6 co chat [S] s& lam tang hay giam su va cham giita E va S nghia 1a lam
ting hay giam ndng d¢ [ES) va s& anh hudng téi tde do phan img va the d6
13 ham s cha ndng d6 co chét [S]. '
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To1 Qiém C t_ét ca phén tr enzyme da két hop véi S nén khi ting ndng
d6 co chat c6 theé lam ting dan sy va cham gilta E va S nhung khong lam
tang toc d phan ng.

Vi khong con enzyme ty do dé c6 thé gin thém vao co chét va téc d6
dat dugc d4 1a cuc dai.

- W1 . l A - ~ -~ ye A A A3
O diém B ding 5 s6 phén tir enzyme da két hop véi co chét, tc d6 &
dé = % Vimax VA ndng d6 co chit twong tmg véi diém B bing hing sé K.

Tir phuong trinh Michaelis Menten

. 1 ; (o s
NéuV = 5 Vimax thi Ky = [S]. Nhur véy nghia la hiing s¢ Michaelis bang
ndng d cta co chat khi ma téc d6 phan tng bing % Vmax-

* Phuong trinh Michaelis ciing c6 thé \{ié't dudi dang khac theo dé nghi
cua Lineweaver va Burk (1934) bang cach lay sé nghich dao:
i=Km+[S]_) 1 _K, 1 1
VoV,

v V.V

_ Phuong trinh ¢ dang y = ax + b va dudng biéu dién c6 dang dudng
thing nhu sau:

max

1 A
v

Qua db thi c6 thé xéc dinh dugc Vi, va Ko,
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6.2. Pyng hoc clda cic phan ing enzyme trong trwong hop cb chit
kim him
Trong trudng hop c6 chit kim ham canh tranh hay khéng canh tranh
thi gid tri V cua phan (mg s& bao gdm ca hing sb K; (K; 1a hing s phan li
ciia phtrc hop enzyme-chét kim ham EI hay con goi 14 hing sb kim ham).
Héng s6 K; dugc tinh nhé phuong trinh sau:
Kis
E+1 P — EI
Ky

¢ K _ 110
K. [E]

* Cdc chdt kim ham canh tranh: 1a cic chét thirémg ¢6 ciu tao gin gibng
véi co chit. Cac chit kim ham canh tranh c¢6 tinh dic hiéu rdt cao, nghia la
chi kim hdm mét enzyme riéng biét.

Vi du: Malonic acid 1 chit kim him canh tranh ctia enzyme succinat-
dehydrogenase vi né ¢6 ciu tao gin gibng succinic acid.

H, - COOH H; — COOH
COOH CH, - COOH
Malonic acid Succinic acid

Khi ting ndng d6 co chét thi mat kim him canh tranh.
* Cdc chat kim him khong canh tranh: 1a cac chit ¢6 tac dung kim hém
hoat dfng cia enzyme bing cich gin vao céc vi tri khdc véi cdc vi tri gin

co chit clia enzyme. Trong trudng hop nay chi ldm giam V cyc dai cia phan
ng chit khéng anh huéng gi dén hing s6 K.

Vi du: Cac ion kim loai ning Ag ; Hg ; Trichloroacetic acid.
6.2.1, Dong hoc cia phdn irng enyme trong tricing hgp c6 chdt kim ham
canh tranh

Viée tinh toan V; s& phire tap hon vi ta ¢6 ddng thoi véi qua trinh gén E
Vi co chat, cdn ¢ ca qua trinh gén E vao chét kim ham L.

K+ Kz
E+S &——— ES » E+P
K.
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K. Ko
E+S‘_PES » E+P
K,

Kiﬁ
E+1 & EI
Kii

Bing cach tinh todn nhu trén ta ¢o:
N
Vl —_ _ 1WK [ ]

K, +[s]+[ [1]]

: : : K
Phurong trinh nay giong phuong trinh Michaelis nhung ¢6. thém ?’“ [I]
dé phan anh qua trinh kim ham bi cac chét kim ham canh tranh.
* Cfing c6 thé tinh V; bang cach:
Lot (g Kall) 1
Vi Vi K, ) [s] W

itna 1 1max

6.2.2. Dpng hoc ciia phdin img enzyme trong truong hop co chat kim hdm
khong canh tranh

Trong tredng hop ndy ngudi ta thiy ring chét kim ham khong canh tranh
¢6 thé gan vao enzyme tl,r do va ca vao phitc hé ES theo céc phén img saw:

K+] K+‘)
E+S a&a—® ES —» E+P
K.
. Kp}'
E+1 g=—® EI
Ki.i
_ Ki r-Z
ES+1 @& IES
K2
Ki+3
El+ S g=—® [ES
Kis
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Cdch tinh phire tap hon:
- Gia thiét ring K., rit nhé so véi Ky va K, va phirc hgp IES khoéng
tao thanh san pham tuong tmg va céc hing sb cin bing c¢6 gi4 tri nhu nhau
(trong Umg véi cac phan Gng ghi trén), bang cach tinh nhur trén s& c6:

V. = K+2 [EOIS]
‘ [1]
K, +|S[) 1+
&, +5) 1+
ho#c tinh theo dang khéc:
LI U T S S
Vi Ki Vmu vmax ' [S] .

- Khi so sanh téc do phan (g khdng bi kim ham véi tde d6 phan tng cé
chit kim ham khéng canh tranh ngudi ta thu duoc ti 18 sau:

v
2 = l+ﬂ
V. K,
V, la téc d6 ban dAu ciia phan (ng enzyme khdng c6 chit kim him.
{E
V(): K+2 [ DIS] tu (8)
K, +[s]

O déy K thay vao chd cia Ky, vi K., rit nhd so véi K nghia 13 K,
= K. Nhur vay c6 thé thiy ring: Su bién déi tuong ddi cha hoat tinh enzyme
¢6 chit kim ham khéng canh tranh chi phu thudc vao ndng d6 cta chit kim
ham ma khong phuy thudc vio ndng dé cua co chét [S].

o .z V,
* D0i vai chat kim hdm canh tranh thi ti & V" ¢6 dang:

\% K, /K, , Y
e =1+ —22_L]| tir phuong trinh nay ta thay sur bién d6i cua
V. K, +[S][] p g Yy Y Su

hoat tinh enzyme khi c6 chdt kim him canh tranh phu thudc ca vao ndng do
co chat va nong d§ chat kim ham.

Cé thé biéu dién tdc dd phan {mg enzyme trong trudmg hop c6 chét kim
ham canh tranh va khéng canh tranh bang db thi:
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Vi

L 4

Ka Kni [S] K =K; [S]

il
.
>
\
<

Vmax Vi i
1
Vnax
1 1 1 1
Km K‘mi [S] Km Kmi [S]
1 - c6 chdt kim him,
2 khong cé chit kira him,
4 C6 chit lam ham canh tranh C6 chfit kim hiim khong canh tranh?

Tém tit: (TAt ca nhiing phuong trinh sau diy chi dung cho trudmg hop
khi 1 co chit tham gia vao phéan tng)

Khéng cd C6 chét kim ham C6 chét kim ham
chét kim ham canh tranh khéng canh tranh
Phuong trinh 1 1 1
v v, v,
K l 1
m 1, (e +Km.[I] 1+ﬂ _
Vmax [S] Vmax Vima.x m Ki l Ki
1 1 { 1 K, | J
—+ + +
[S] Vi — Vi max V1 max [S]'
Boan thang 1 1
trén tryc tung S— _— L 1+ [I]
tai didm | Vi V i A" .
L
Vmax
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Poan thing
cit trén tryc

hoanh tai L IR L

Cﬁémﬁ Ko Km[1+£]-] Ko

VIL CACH GQI TEN VA PHAN LOAI ENZYME

Trong thoi gian co ché tac dung clia enzyme chua dugc néu ra, nguot ta
da dit cho mdt s6 enzyme nhung tén riéng big¢t nhu pepsine, trypsine,
chymotrypsme papaine, bromeline, .

Khi con so cac enzyme duge biét ngay cang nhiéu tén enzyme dugc goi
theo nguyén tic sau day: Tén enzyme = tén co chit ma enzyme xuc tac +
loai phan img ma enzyme xiic tic + tiép vi ngit “ase”.

Vi du:
Ascorbat-
Ascorbicacid + %2 O,y Dehydroascorbic acid + H,O
oxidase
CH, - COOH Succinat- CH - COOH
+ FAD > |i +FAD.H,
CH; - COOH dehydrogenase =~ CH -COOH
Succinic acid Fumaric acid

Vigc phén loai enzyme la cong viéc khé khan vi 56 enzyme ma co ché
xtc tac ciia né duge hiéu biét mot cach tudng tin khong nhiéu.

Viéc phén loai enzyme dugc dua theo nguyén tic la: lay co s kiéu phan
img do enzyme xuc tic ma Hiép héi Hoéa sinh Quéc té da dé xuat nim 1964.
Nzm 1973 hé théng phan loai nay lai tiép tuc duge hoan thién boi Uy ban danh
phap Hoéa sinh thuoc Hiép hoi héa hoc co ban va img dung Quéc té (TUPAC).
Trén co s& do tit ca cac enzyme duge phin chia thanh 6 nhém chil yéu sau:

1. Oxydoreductase 4. Lyase
2. Transferase 5. Isomerase
3. Hydrolase 6. Synthetase (Ligase)

Céc sb thip phéan trén bang phan loai ¢6 y nghia nhur sau;

- 86 thir nhét chi nhém chinh (Vi du nhém 2: transferase)

- 84 thr hai qui dinh mot s dac tinh ciia phan tmg (Vi dy: 2.1 cho biét
enzyme vin chuyén gbc 1 carbon)
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- 86 tiép theo cho biét chi tiét hon (Vidu 2.1.1: ¢6 nghia la enzyme vén
chuyén nh6m methyl...)

Tuy nhién cho dén nay cac tén goi truyén théng cua enzyme vin con
dugce su dung.

VIIL. CAC NHOM ENZYME RIENG BIET
8.1. Oxydoreductase (cac enzyme oxy hoa khir)

Céc enzyme nhém nay 1am nhiém vu xic tac cho cic phan img oxy hoa
khir. Chiing chuyén van H' hay céc dién tir va xtc tac cho su oxy hoa sinh
hoc. Céc enzyme ndy ¢6 vai trd to 1én trong qué trinh hé hip va trac dbi
nang lwong trong co thé. So @b tdng quét cia céc phan tmg duoc xuc tac boi
oxydoreductase nhir sau:

AH, +B im! A+ BH,
oxydoreductase

Trong d6 AH; 12 co chét; B 1a chét nhan H nao d6, ¢6 thé 14 O,.

Trong té bao oxydoreductase tao nén cic hé théng (duoc goi 1a chudi
enzyme oxy hoa khir), trong do6 viéc vén chuyen cac nguyén tir hydro (H" va
€’} qua nhiéu giai doan, tir co chét dén chét nhan cudi cling 1a O,. Két qua la
cac nguyén tir hydro duoce van chuyén dén O, va s@ tao thanh H,O.

So db hé théng enzyme hé hip va viéc van chuyén H' va ¢ dugc trinh
bay téng quat sau diy: "

2H, 2¢° 2H", 2¢°
AH; ———p» NAD—p» NADH,——®»FAD—9» FADH-
(NADP) (NADPH,) v2H', 2¢
2H' < ;ﬁ
2¢e
Zeytochrome b
2¢
2cytochrome ¢

2e

2cyto¢chr0mc a
< 07 o %0; 26 ¥

Tuy theo kha nadng cua oxydoreductase chuyén H, vira liy duoc tir co
chét (AH,) dén O, cia khong khi, ngudi ta chia oxydoreductase thanh hai
phén nhom:
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- Dehydrogenase hao khi (oxidase)
- Dehydrogenase yém khi.

a) Dehydrogenase yem khi: 1a nhimg enzyme khong c6 kha ning vén
chuyén H' va ¢ tir co chit oxy héa &én tryc tiép cho O, clia khdéng khi, ma
chiing s& chuyén H' va ¢ d6 cho cac chét vin chuyén trung gian khéc.

Nhém ghép cua dehydrogenase yém khi 13 din xuét cta vitamin PP (Bs)
do 1a NAD va NADP,

NH;

C — NH, (NAD")

-0-{PY-O-(Py-0-CH;

OH HO H
4
Néu La: - O —(P) thi d6 1a NADP"
b) Dehydrogenase hdo khi: 14 nhimg enzyme c6 kha ning vén chuyén
H' vae dén tree tiép cho O, clia khéong khi. Chung cling 1a nhitng enzyme

hai thanh phidn. Nhém ghép cia ching 1a din xudt cua vitamin B,
(Riboflavin) dé 14 FMN va FAD.

no

H5C NH
HiC N\
T e
™
(CH-OH); | N N’ «——— FAD

| ! H H

FMN OH HO H
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Cic enzyme chira FMN, FAD thudmg khéng oxy héa trirc tiép co chét
ma chiing 14y H; tir NADH, (hodc tir NADPH;) rdi chuyén dién tir cho hé
cytochrome.

Pa s6 enzyme chira FMN khi tac dung tryc tiép voi O, khong khi s& tao
thanh H»O,. Vi du: enzyme glycolatoxidase xuc tac cho phan img oxy héa
glycolic acid theo so db sau:

COOH Glycolatoxidase

|
CH,0H
Glycolic acid
40
(’3 ~H
COOH
Glyoxilic acid

FMN H,O;

FMNH; 0,

8.2, Nh6ém transferase (cic enzyme vén chuyén)

Cac enzyme nhém ndy lam nhiém vu van chuyén ciac nhom héa hoc tir
hop chit ndy sang hep chit khac ma khong lam thay dbi héa tri cia cic
nguyén tb.

So db tdng quat:

Ax + B g&&/—» A + Bx

transferase

x: 12 nhém duge vén chuyén.
Tuy thudc vao x ma ta cd cic tén enzyme vin chuyén khac nhau.

Vi du: Acyltransferase: x 13 gbc céc acid béo trong d6 c6 gbe acetic acid.
Day 13 enzyme hai thanh phén trong d6 nhém hoat dong 1a HS-CoA c6 cu
tao nhur sau:

NH;
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- Glycozyltransferase: néu x la gbe glycozyl.
- Aminotransferase: néu x 13 nhém amin (— NHy).
- Methyltransferase: néu x i nhém (CH,).
- Aldotransferase: néu x 1a nhém aldehyd.
- Cetotransferase: néu x 1a nhém cetone.
- Phosphotransferase: néu x la géc H5PO,.
Enzyme nay con ¢ tén 1a:
a) Kinase: néu xic tac cho phan tmg chuyén géc H;PO, ma ATP 14

nhoém hoat dng ctia enzyme nay. V7 du:

Glycerine + ATP —— Glycerol(P) + ADP
Kinase

b) Mutase: 1a enzyme van chuyén gbc H3PO, trong ndi tai phidn tr
cua 1 chét.

Vi du: Enzyme hexoso(P)-mutase xic tic cho phan tmg sau:

6
CH, - O - (P)
Hexoso(P) - H, H H
—_— e 4
‘—.—_
mutase HG N\ OH H ~ OH
H OH H OH
Glucoso-1(P) Glucoso-6(P)

8.3. Nhom hydrolase (cic enzyme thily phén)
Céac enzyme nhom nay xic tac cho cac phan iing thily phén.
So db thng quat:

Ri-R; + H0 ——¥» R;-H + R, - OH
Hydrolase

Dua vao lién két gifta R, va R, ma ta c6 tén cac enzyme thuy phin
khac nhau:
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- Peptidase: Thuy phén lién két peptide.

- Glycosidase: Thiy phén lién két glycoside.
- Esterase: Thily phén lién két ester.

- Amidase: Thiy phan amide.

R-C~-NH, + H;Q ———9» R-COOH + NH;

Amidase
0]
Amide
Vi du:
 NHa
C=0 + Hi0O — . CO: + 2NH;
| Urease
NH:
Ure
H;N - CH - COOH HyN - CH - COGH
NH;
CH, + H,0 =4 > CH:
l Asparaginase _ l
CONH- COOH
Asparagin Aspactic acid

8.4. Nhom liase (cic enzyme phan cit)

Enzyme nhém ndy phan cit mdt nhom ndo d6 ra khoi mot hop chit ma
khéng c6 sy tham gia ciia H20. C6 trudmg hop két qua cia phén img la tao
lién két doi.

Vi du: * Decarboxylase: xic tac cho phan ing sau:

CO;
R—-CH-COOH —= » R-CH,
Decarboxylase
NH, NH;
Aminoacid Amine

* Aldolase: xuc tac cho phan {ng thudn nghich sau:
Fructosodi(P) §——2 Aldehyd(P)glyceric + Phosphodioxiacetone
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CH; - O - (P) O

Z4
C=0 C-H CH, - OH
| Aldolase |
((le—OH)g &~——= C(CH-0OH + (|:=0
CH; - O(P) CH; - O(P) CH, - O(P)
Fructoso 1,6 di(P) Aldehyd(P)glyceric Phosphodioxiacetone

* Hydratase (hydroliase): gdm céc enzyme xuc tac cho phan ung loai
trir va két hop H,0.

CH; - COOH H;O CH, - COOH
C(OH).COOH ? > C - COOH
Aconitat-hydratase
CH; - COOH CH - COOH
Citric acid Cis-aconitic acid
CH; - COOH \
H,O
CH - COOH Aconitat-hydratase
CH.OH.COOH

Isocitric acid

8.5. Nh6m isomerase (cic enzyme ddng phén héa)

Cac enzyme nhdém nay xic tac cho phan ung chuyén hoéa cic chét hiru
co thanh ddng.phan cta ching. Vi du chuyén héa giita dang cetone va dang

aldehyd. Gifra dang L vidang D ...

Vi du: Enzyme trioso(P)isomerase xtic téc cho phan img sau:

/ O
CH:; - OH C-H
C=0 - e— CIH - OH
(LHz -O@) - Cng - OP)
Phosphodioxiacetone Aldehyd(P)glyceric
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Enzyme alaninracemase xtic tic cho phan tmg bién dbi L-alanine thanh
D-alanine va ngugc lai.

COOH COOH
Alaninracemase |
HN-C-H ¢ > H“(|L‘—NH2
CH3 CH3
L-Alanine D-Alanine

8.6. Nhom synthetase (cic enzyme téng hep)

Céc enzyme nhém nay xuc tic cho cac phan tmg tdng hop cac chit hiru
co. Nhém nay chi xtdc tic khi c6 mat cia ATP va cac hgp chét cao ning
khic. Vi cac phan tmg téng hop doi héi phai cung cdp nhiéu nang lugng.
Mot s6 vi du sau day:

ATP  ADP + H,3PO4
* Aspactic acid + NH;j N N p  Asparagine
- H:0
Asparaginsynthetase

ATP ADP +H;PO,
* Glutamic acid + NH; S, 4 p Glutamine
- H0
Glutaminsynthetase

ATP AMP + HyP>0,

* CH; ~ COOH + HS-CoA NV » CH;-C~S.CoA
Acetic acid Acetyl-CoA-Synthetase
O
Acetyl-CoA
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. Chuong 1V
CARBOHYDRATE VA SU TRAO POI CARBOHYDRATE
TRONG CO THE THUC VAT

4.1. Cau tao, tinh chit va vai trd ciia carbohydrate

Carbohydrate 1a nhém chat hiru co phd bién kha réng rii trong co thé
sinh vat. Nhin chung him lugng carbohydrate & thyc vit cao hon & dong
vat. O thye vit carbohydrate tap trung chi yéu & thanh té bdo, mé nang d6
va mo dir trir. Tuy nhién ham lugng carbohydrate thay déi tuy theo loai, giai
doan sinh tmong, phaét tridn. Trong co thé ngudi va dong vt carbohydrate
tdp trung chi yéu trong gan.

Thuc vét xanh c6 kha ning s dung ning lugng anh sang dé tong hop
carbohydrate tr CO; vd HyO. Carbohydrate thye vat 13 ngudn dinh dudng
quan trong cua ngudi va dong vat.

Trong co thé séng carbohydrate giir nhiéu vai trd quan trong nhur:

- Cung cp nang luong cho co thé, carbohydrate dam béo khoéang 60%
niing luong cho cac qua trinh sbng.

- C6 vai trd céu tric, tao hinh (vi du: cellulose, peptidglican...)
- C6 vai trd bao vé (mucopolysaccharide)

- Gop phan bao dam tuong tic dac hi¢u cua té bao (polysaccharide trén
mang té bao hong cdu, thanh té bao mot sé vi sinh vét).

Dua v&o céu tao, tinh chit carbohydrate dugc chia lam hai nhém 1om:
monosaccharide va polysaccharide.

4.2. Cic monosaccharide

Monosaccharide 1a cac aldehyd hodic ketone c¢é chita mét hodc nhiu
nhém hydroxyl. S6 hegng carbon trong phan tir monosaccharide it nhét 1a 3,
do la glyceraldehyd va dihydroxyacetone. Chung ¢6 cong thirc nhu sau:

o H o H CHOH
N\ V4 N4 |
c c cC=0
| I |
HO-CH HC-QOH CH,0H
! |
CH0OH CH2OH
L-glyceraldehyd D-giyceraldehyd Dihydroxyaketone
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Glyceraldehyd cé chita 1 cacbon bt d6i (C*), c6 hai déng phén D va L,
con dihydroxyaketone khong chira carbon bét dbi. S6 ddng phan 14p thé clia
monosaccharide tinh theo cong thire X =2" (n 14 s6 C* trong phén tir).

Néu sb cacbon frong phéin tr monosaccharide 1a 4, 5, 6 ho#c 7 ching ¢6
tén goi tuong ing la tetrose, pentose, hexose va heptose, Cong thirc ciu tao
cia mot s6 monosaccharide thudng gap dugc trinh bay & duéi day:

CHO CHO CH,OH CH,0OH
HC|)0H H(i.‘;OH (l) =0 é =0
H(E‘,OH H(l';OH Hé-OH HO-CIIH

(.I‘,HQOH H(!JOH HICOH H(|30H

(IZHZOH C|H20H (!‘,HQOH
D-Erythrose D-Ribose D-Ribulose D-Xilulose
CHO CH,CH CH,OH
HEOH Clt =0 (i3 =0
HO(|3H HO-(IJH HO-ICH
H(l.‘:OH HéIOH H(130H
H([.‘.OH H(|'}OH H(l.‘,OH
Ll‘,HzOH C|:H20H H(IJOH
(|)H20H
D-Glucose D-Fructose
D-Sedoheptulose

Khi d4nh s thir tw cdc nguyén tir carbon trong phén tir monosaccharide,
bat dau tir carbon cta nhom carbonyl cha aldose, hodc carbon & dau gan
nhém carbonyl cha cac ketose.

Can ¢t vao vi tri cia H va OH & carbon bat d6i mang sé thir tw ion nhét

(carbon bat dbi & xa nhém carbonyl) gidng véi D hoac L-glyceraldehyd dé
xép monosaccharide d6 vao dang D hodc L. Cic monosaccharide c6 kha
ning lam quay mat phing 4nh sang phin cuc vé& bén phai (ky hiéu déu +)
ho#ic bén trai (ky hiéu diu -).
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Trong héa sinh hoc, duomg 6C va 5C ¢6 y nghia 1ém. Mt s§ dudng vi
du 1,6 fructosediphosphate va dudng ribose da duge néu & trén. Hexose va
pentose c6 thé tdn tai & dang théng hoiic vong. Theo dé nghi cia Harworth
phan tr dudomg dugc viét & dang vong. O day ngudi ta tudmg twong mdt mit
phing nim ngang ¢ 6 hodc 5 gdc, & nhimg gbc chia né sip xép & phia trén
hodc phia dudi nhitng chudi bén vuéng géc voi miat phing. O dang vong
xudt hién mot nhém hydroxyl glycoside, nhém nay c6 kha ning phan img
cao, d& dang tao lién két glycoside va c6 tinh khir.

CHOH ...

OLQ_HE “—— OH giycoside

OH B - glucose
HO
OH

HO-CH, . O o - ribose

@H: <—— OH glycoside

'OH 4—— OH glycoside
K HO;C| H,-OH B - fructose

Nhém hydroxyl glycoside 1a d3c trung ciia duémg khir, nhém nay c6 thé
& phia duéi hoic phia trén mit bang phin tir. Néu né nim phia dudi thi
ngudi ta goi 12 dang o, vi du a-glucose, néu & phia trén thi dugc goi 1a dang
B. Glucose ton tai chi yéu & dang 6 canh (pyranose), fructose va pentose &
dang vong 5 canh (furanose).

Mot lién két glycoside xuét hién khi & mdt phén tir nguyén t H dugce
thay thé bang mot gbe dudmg (glycosyl), vi du & adenine dugc thay thé boi 1
ribosyl (gbc dudng cua ribose).
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NH; NH;

NZ N N N

(LU e UL

HO-CH, O R HO-CH, O
I :1 ; Ribosy) | :|
DHAP OH OH OH OH
EHTOO@) CHy- oF)
| ('3=O Bi¢n déi thinh 0-Chy
H C__‘OH - Cn 1 than
? Aldolase H2(|: oH d*"t, vbng
—————» OCH CHz
OClH 1
H<|30H HFOH
CH,-0P) CH-0® HOH
Phosphatase
PGA Fructose 1 6-diphosphate
®oH
CHZOH CH-OP
B0-CH,
Isnmerase
r) OH Isomerase | ; VCHTOH
Glucose 1- phosphate Glucose 6- phosphate Fructose 8- phosphate

Hinh 4.1. Tong hop hexosephosphate tir triosephosphate

Trong trudmg hop nay nguyén tor N ndi voi 2 thanh phén, vi vay ngudi
ta goi N-glycoside. Tuong tu nhu vdy S-glycoside va O-glycoside cling
duge tao nén. Trong trudmg hop thir nhit nguyén tir H ciia mét nhém SH,
trong trudmg hop thir hai nguyén tir H ciia mét nhém OH duoc thay thé boi
mdt gbc glycosyl.

Tinh chat chung ctia cdc monosaccharide

Cac monosaccharide 1a nhimg chit khong mau, phin lém c¢6 vi ngot.
Chiing hoa tan t6t trong nude, khong tan trong dung méi hitu co khéng phéan
cue, tan trong dung dich ethanol 80%.
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Tinh chét ly hoc dic trung clla monosaccharide 1a tinh hoat quang
ctia ching, nghia 13 c6 kha nang lam quay mit phing cia 4nh sang phén
cuc sang phai hodc sang trai. C6 thé do dugc goc quay nay bang may
phén cuc ké.

Hoa tinh quan trong cha monosaccharide 13 nhimg tinh chit cua nhém
chirc aldehyd hoic ketone, dién hinh 13 tinh khu.

a) Tuy didu kién oxy héa monosaccharide bi oxy hda thanh cic acid
khac nhau

- Khi oxy héa nhe bing dung dich clo, brom, iod trong méi truémg
kiém, hoac dung dich kiém cua céc ion kim loai, nhém chirc aldehyd cta
monosaccharide bi oxy hod. Ion kim loai bi khir thanh dang c6 héa trj thip
hom hogic dén kim loai ty do (vi du Cu®* -Cu*', Ag" >Ag").

CHO COOH
H(IJOH HEOH
HO|CH Oxy hoé nhe HOl|SH
HCOH - HCOMH
H|COH HICOH
(IDHQOH (II‘,H20H
D-glucose D-gluconic acid

Khi chét oxy hoa 1a HNO; dic, ca hai nhém aldehyd va alcohol bic 1
ctia monosaccharide déu bi oxy hoa tao thanh acid chira 2 nhém carboxyl
goi la saccharic acid:

CHO COCH
HJCOH H(.I“:OH
HOICH HNO, HO([3H
H(!':OH H(.l“,OH
H(!.:OH H('l',OH
ICH‘20H ({JOOH
D-glucose Saccharic acid
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b) Dudi tic dung ciia cac chit khir nhém carbony] ciia monosaccharide
bi khr tao thanh céc polyol tuong img

D¢ tién hanh phan (mg khir c6 thé dung dong khi hydro ¢ chét xuc tic
1a kim loai (hon hgp Hg va Na). Vi du khi b khir fructose tao thanh 2 polyol
ddng phan 1a sorbitol va mannitol. Sorbitol ciing 14 san phim cua phan img
khir glucose.

CHO CH,OH
HCOH HCOH
HOCH HOCH
HCOH — HCOH
HCOH HCOH
EHQOH ' COOH
D-glucose D-sorbitol

Trong co thé sinh vat, glucose c6 thé bi khit tao thanh polyol vong goi
13 inesite, vi du mezoinosite 13 yéu t5 sinh trudng cia cdc md thyc vét nudi
chy. Estephosphoric cta n6 (fitin) 1a ngudn dy trir phospho trong hat.

CHOH ___.

¢) Phan Ung tao este thuong xay ra véi nhém alcohol bac 1, OH
glycosite cla monosaccharide. Cac este phosphat ciia monosaccharide 14
nhiing sin phim trung gian quan trong nhét ciia nhiéu qua trinh trao ddi chit
trong co thé sinh Vét.

d) Phan img cia nhém OH glycosite tao thanh cac hop chit glycoside

Nhém OH glycoside c6 thé phén img véi rugu tao thanh este twong img
goi la glycosite. Tuy theo vi tri cia nhém OH nay ma a- hodc B-glycoside
duge tao thanh. Trong phén tir glycoside, phin khong phai carbonhydrate
dugc goi 1a aglicon.

C6 thé phén biét cac kidu lién két glycosite khac nhau:
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- Lién két O-glycoside: (G-C-O-A) gbc aglicon (A) két hop véi
carbonhydrate (G) qua O. Lién két O-glycoside 13 dang lién két caa di-, tri-,
oligo- va polysaccharide.

- Lién két S-glycoside: (G-C-S-A) gbc aglicon (A) két hop vai
carbonhydrate (G) qua S

- Lién két N-glycoside: (G-C-N-A) gbc aglicon (A) két hop véi gluxit
(G)quaN

- Lién két C-glycoside: (G-C-C-A) gdc aglicon (A) két hop véi
carbonhydrate (G) qua C

Lign két glycoside khéng bén véi acid, tuong dbi bén véi kidm. Dusi
tac dung cia acid hodc cic enzyme twrong tng, glycoside bi thuy phén tao
thanh monosaccharide va aglicon.

4.3. Céc polysaccharide

Polysaccharide do nhiéu gbc monosaccharide két hop véi nhau, ¢6 khéi
luong phian i 16n, do d6 polysaccharide khong cé tinh khir. Cac
monosaccharide ¢ thé thudc mot loai hay nhiéu loai khac nhau. Céc lién két
glycoside trong phén tir polysaccharide c6 thé 13 a- hofc B-glycoside. Tén
polysaccharide dua theo tén ctia monosaccharide cdu tao nén né nhung dbi
dudi “ose” thanh dudi “an”. Vi dy D-glucane, D-fructane, D-galactane. Sau
day chi dé cap chi tiét hon mét sb polysaccharide phd bién va quan trong.

Tinh bt 12 polysaccharide du trir thuc vit phd bién nhét, 13 mot hén
hop clia amylose va amylopectin, trong @6 amylopectin chiém khoang 80%.
Amylose 14 mdt chudi khong phin nhanh gém nhiéu gbc glucose. C6
khoang 200-300 géc glucose két hop véi nhau theo kiéu o-glycoside. Lién
két tuon ludn ndm giira C; vA Cy Nguoc lai amylopectin 1a chudi phan
nhanh. Sy phan nhanh 1a do lién két glycoside gitra C; va Cs. Amylopectin
duoc tao thanh tir amylose. Gbe amylose (khoang 40 gbc glucose) dugc gin
két voi mot chudi amylose khac bang lién két o -1-6-glycoside. Ngudi ta
cho ring chui amylose dai va ca nhitg chudi amylopectin ngén hon c6 ciu
tao xodn.

Co quan dy trir tinh bt 1a vé sic lap (amyloplast), twong tr nhur lyc lap
va phat trién tir tién luc lap. Co quan chira té bao du trit (hat ngii cée, ci
khoai tay) gdbm cdc v sic lap xép sit nhau.
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CHzOH CH20H o:-AmyIase Cl—bOH CH.ZOH
0 0 Q 0

OH QH OH OH

—04 0 0 o 0——
OH OH H H
L d
n
Amylose

+CHOH

Amylopectin v&i sy phan nhanh 1,6

Tinh bt dugc tich luy trong v6 sic lap va luc lap & dang hat tinh bdt va
tao nén vi tri tinh bt tap trung. Céu tric ndy ddi véi timg loai thue vt 13
khac nhau nhu & hinh 4.2. Ngudi ta cé thé nhén dang hat tinh bdt ¢6 ngudn
gbe tir cac loai thwe vét khac nhau. O nhitng vi tri tinh bot tap trung thé hién
su két h0’p clia cac hat tinh bjt day hon hodc thua hon. Sy két hep day hon
thé hién vao ban ngay, thua hon vao ban dém. Tinh bét ¢6 nhidu trong céc
loai qua v ci khac nhau, nhu trong hat ngil cde (60-70 %), trong cu khoai
tiy (15-20%). -
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Khoai tay

Lua

Hinh 4.2 Cdu tric cua cdc hat tinh bét khdc nhau
Trong luc lap tinh bét chi duge tich luy tam thoi va thuc ra chi khi hoat
dong quang hop manh, vio ban ngay. Ban dém nhimg hat tinh bot duoc
phan giai thanh cic monosacaride, dic biét 1a cac triose va duoc di ra khoi
luc lap.

Glycogen 1a mdt chudi mach nhénh, dai phan tir dwoc tao nén tir nhidu
gbc glucose. Glycogen (tinh bot cua gan) la carbohydrate dy trit cia dong
vit bac cao. N6 ton tai chu yéu & trong gan va trong md co. Nong d6
glycogen ¢ trong gan cao hon & trong mé co, tuy nhlen vi trong lLrong cua
mb co 16n hon trong luong ciia gan nén mé co ¢6 ndng do glycogen téng sb
cao hon ¢ gan. Glycogen nim trong t& bao chét & dang hat nho, c6 du'ong
kinh IO 40 nm. Su tong hop glycogen thuc hién tir UDP-glucose. N6 1a chit
cho gbc glycosyl dbi voi enzyme tong hop glycogensynthetase. Glycogen o
trong gan chiu trach nhiém diéu khién ndng do c‘hrcrng trong mau. Nong do
dudng trong mau nam glua 4,5-7TmM. Khi cung cap dLrorng qua thirc an thi
glucose trong méau dugc tdng hop thanh glycogen, khi can glucose, vi du
hoat dong cua co thi glucose dugce giai phéng tir glycogen.

Cellulose la mot thanh phén quan trong cua thanh té bao thyc vat. O
thanh té bao so cip né chiém khoang 30%, & té bao gia thanh phan nay con
cao hon. Cellulose 1a mét glucan, mét polysaccharide, duge tao nén tir céc
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gbc glycosyl. Lign két ndm gitta C, va C4 va tuong ty lién két trong
cellobiose. O lién két B-glycoside nhém OH & C, nim & phia trén, trong khi
nhém OH & C4 nim & phia dudi (céng thirc Harworth). Nhu viy nhitng
nhém OH cua hai gbc dinh & 2 phia d6i dién nhau, nguéi ta cho ring mit
bing cia phan tir ty quay 180°. Sau d6 phén ti cellulose ¢6 mdt hinh dang,
ma nguyén tir Cg liic ndm & phia trén va ic thi & phia dudi cha phan tir.

CHOH .., CH,OH
oo 0 OH
OH _Non 180
HO tHO!
OH ' OH
CHOH ..., OH
(OH; tHO:
OH
OH
HO o OH
OH CH,OH
CH,OH CH,OH
o —o O —o
o © o
CH,OH CH,0H

Cellulose (mdt doan cét)

C6 khoang 36 chudi cellulose riéng biét két hop véi nhau thanh 1 vi
soi, & day cac chudi lién két voi nhau bing lién két hydro. Céc vi soi nay
c6 nhitng ving két tinh va & dang nay enzyme khé cé thé tac dong. Nhimg
vi soi két hop lai thanh sgi, va b6 sgi, nhu & bong vai Ia dang soi tinh
khiét. Chit cho glucosyl 14 UDP-glucose. Enzyme, cellulose synthetase, c6
& gian bao.

4.4, Ho4 sinh quang hop

4.4.1. Pha sing trong quang hop

Trong thé giGi sinh vat thi quang hop 13 mét qud trinh co ban. Théng
qua quang hgp ma nang luong ciia 4nh sang mit trivi chidu xudng duge bién
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thanh nang luong héa hoc. Hau hét sinh vét cta hanh tinh ching ta séng
truc tiép hodc gian tiép nhd ning lugng 4nh sang mat troi. Nhu vy ning
luong dugce tich luy 1a & dang nang luong héa hoc.

Phén mg tong quat ctia qua trinh quang hop thuong duoc biéu dién
bing phuong trinh sau, méic di né thé hién khong hoan toan day du.

6CO, + 6H,0 + Néng lqung — C¢H 206 + 60,

O qua trinh quang hop nho néng lugng énh sing mat troi ma dudng
dugc tao thanh va quang hop & thuc vat da gan lién véi viéc giai phong oxy.

Qua trinh quang hop dugc chia 1am hai giai doan:

- Phan {mg sang

- Su ddng héa CO,

Giai doan thir nhat 13 qua trinh chuyén nang luong 4nh sang thanh ning
luong hoa hoc.

Giai doan thir hai 1a tao ra dang ning lugng héa hoc bén viing va dé& dy
trir hon.

chy
I
c

%’

-0

x

Hinh 4.3 Cdu tric cua diép luc ava b
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Anh sang cén cho qua trinh quang hop dugc tiép nhan bodi hai nhém séc
t6: chlorophyll va carotenoid. O mot sb sinh vat bac thdp hon con cé
phycobillin. C4u triic co ban ctia diép luc 1a vong porphyrin, dugc tao nén tir
4 vong pyrrol riéng 1é (hinh 4.3). O trung tim cua vong ¢6 mdt nguyén tir
Mg lién két véi cac nguyén tir nito boi hai lién két dong héa tri va hai lién
két phéi tri. Nguyén tir Mg c6 thé dugc tach ra khi c6 tic dong cua axit
lodng. Phan tir diép luc khong chirta Mg dugc goi 1a pheophytin ciing c6 mot
vai trd quan trong trong phan Ung sang quang hop. Chudi bén cta phén tir
diép luc c6 tinh ky nudc va nhd vdy ma toan bd phan tir cé dic tinh ky
nuéc. Ngudi ta biét nhimg loai chlorophyll khic nhau: chlorophyll a,
chlorophyll b va chlorophyll vi khuén. Sy khic nhau ciia nhimg loai nay 1a
do su khic nhau cuia cac chudi bén. O chlorophyll b ¢6 nhém aldehyde, nhu
hinh 4.3, dugc thay thé biang nhém methyl & chlorophyll a. Diéu thd vi hon
1a chudi bén dai ky nuéc dugc tao nén tir cic din xuét isopren. O
chlorophyll a va b chudi bén 1a mét phytol (ruou) lién két ester véi mot
chudi bén cta vong porphyrine. 3 mot sé vi khudn chlorophyll chira mét
farnesol (alkohol) dwgc lién két ester v&i chudi bén cua vong.

Grana - Thylakoid
Bén trong

Stroma Iakoid
ST ~
sl ~
R e A \ Mang Thylakoid

)

Mang trong

Mang ngoai

Stroma - Thylakoid

Hinh 4.4 So dé biéu dién mét luc lap

Diéu c6 ¥ nghia dac biét hon la nhimg lién két dbi lién hop trong vong
porphyrine. Ching c6 kha ning hép thu 4nh sang va vi vy nhimg lién do6i
‘nay la yéu to0 quan trong cua chlorophyll. Nhimg lién két lién hop cua
carotenoide-ciing hap thu 4nh sang. Céc chét thudc nhém carotenoide cé
mau vang dén mau d6 da cam, théy 10 ¢ la cay vao mua thu, lic nay diép luc
bi phan huy nén khong con che phu séc t6 carotenoid.
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Dé hiéu hon vé qua trinh quang hop ching ta phai d& cap dén co quan
ma & d6 quang hop xay ra, d6 1a luc lap. Lyc lap c6 hinh tron dén hinh biu
duc, c6 dudmg kinh khodng 10 um. Né dugce bao quanh béi mang trong va
mang ngoai, nhitng mang nay ¢6 y nghia dbi véi v1e;c di vao va di ra ca cac
chat Mang trong cua ll,IC lap dugc tao nén tir hé théng mang kéo dan, & mot
s vi tri co dang xép chéng 1én nhau.

Nhimg mang ndy xuit hién dudi kinh hién vi dién tir nhur nhiing tdi det.
Vi viy ngudi ta goi ching 14 thylacoid. Mang thylacoid bao quanh mét khéng
gian bén trong goi 12 co chat cia lap thé va tac nén sy ngin cach gilra bén
trong thylacmd v&i mbi truong ngoai. Su phan cach giita bén trong thylacmd
véi stroma 14 cn thlet cho phan g sdng cua quang hop. 0 mdt sd vi tri cb
nhiéu thylacoid xép 1én nhau thanh chdng rit day. Chung xuét hién dudi kinh
hién vi nhu nhimg hat (grana), vi vy ngudi ta goi ching 13 grana-thylacoid.
Chung duoc noi két voi nhimg thylacoid riéng 1¢ nhu mang kép xuyén qua co
chit luc lap. Ching duoc goi 1 stroma-thylacoid (hinh 4.4).

Mang thylacoid 12 noi ma anh sing duge tiép nhan bai cac sic t& da mé
ta & trén va nhé cac hé thong oxy hoa khir khac nhau ma néng luong dnh
sing mit troi duge bién ddi thanh nang lugng hoa hoc va thAm thiu. Qua
trinh nay phirc tap va chua duwoc giai thich chi tiét.

Mang thylacoid chira ba cdu thanh siéu phan ti, ching chiém toan bd bé
réng cia mang va 1a thanh phin quan trong cia chudi vin chuyén dién tr
trong quang hop. Ba phic hé d6 13 hé théng quang héa I, hé théng quang
héa I va phire hé cytochrome b/f (hinh 4.5).

2NADP" + 2H*47} 2NADPH
s u e
Té bao chét Ferredoxin /
4e’
A T
PLchinon
Chlerophyll —» Philc hé Chlorophyll
Mang . Carctenoide Cyto- Carotenoide
Thylakoid Protein chrome b/t Protein
Quinon — Phdc hé Fe ;-8;
Pl.chinol
P682 Plasto
v > cyanin

LHTQH i HTQH |
2H,O  4H + 0> '

Hinh 4.5 Cdc phirc hé vdn chuyén quan trong nhét cua mang thylacoid:
H¢ théng quang héa IT (HTQHII), phikc hé cytochrome b/f, hé thong
quang hoa I (HTQHI)
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Heé théng quang hoa 1 vi tri chita cdc sic t5 hip thu 4nh sang (nhimng
anten). Hé théng quang héa I chira it nhit 1a 13 loai protein khac nhau,
khoang 200 phan tir diép luc, mdt sé lugng carotenoid chura biét va ba phirc
hé Fe-S. Nhimg polypeptide két hop va dinh huémg céc phan tir chiorophyll
va carotenoid.

Hé théng quang héa II chita it nhit 11 phén tir polypeptide khac nhau,
khoang 200 phéan tir diép luc a va 100 phan tr diép luc b, hai phén to
pheophytin, quinon, 4 Mn ciing nhu Ca va chlorid. Ca hai hé théng tiép
nhin 4nh sing va chuyén héa chiing trong sir van chuyén dién tir.

Hé théng quang héa II cdn ¢é nhiém vy 13 téch dién tir ra tir H,O, nhu
véy 12 oxy héa H;O. Sur oxy hoa nay 13 qua trinh phirc tap, gdm 4 buéc (mdi
bude le” duoc van chuyén va & diy c6 su tham gia ciia Mn véi sy thay ddi
hoa tri).

2H,0 — 4e +4H" + 0,

Qua trinh tach nude trong quang hop dugc goi 1a quang phéan ly nude,
nd gidi phong ra O, va dic trung cho quang hgp & sinh vat nhin chuén.

Hé théng quang héa I va 11 khéng chi chira sic t§ tiép nhan anh sing
ma mdi hé théng con chira mét phan tir diép luc hoan toan dac biét thé
hién & vi tri cha nd, phin tr diép luc nay khi tiép nhan 4nh sang c6 kha
ning bin ra 1 dién tir. Qua trinh nay nhu 14 sy khai ddu cho S\ van chuyén

- dién tir trong quang hop. Phan tir diép luc dic biét cia hé thng quang héa
I hdp thu cyc dai 4nh sing c6 budc séng 700 nm. Vi vdy goi 1a P700
-(Plgment 700) va phan tr digp luc déc blet ctia hé théng quang héa II hép
thi cye dai & 682 nm.

Dé ban ra 1 dién tir thi phin tr diép luc cin ning luqng. Ning luong
duoc hip thu & dang nang luorng anh séng tir nhitng séc t6 khac (chlorophyll
va carotenoid) clia mdi hé théng quang héa va duge chuyén dén P682 cling
nhir P700 qua su cOng hu(mg dién tir. Bing cich nay hai hé thong quang
héa tao ra mdt su vin chuyen dién tir khi c¢6 4nh sang, s van chuyen dién tr
ndy di tir HyO nhu 13 ngudn dién tr, qua hé théng quang héa II,
plastochinone, phirc hé cytochrom b/f; plastocianin dén hé thdng quang héa
- 1vacudi cing d&n NADP" va n6 dugc khir thinh NADPH.

NADP" + H' + 2¢" - NADPH

Trong chudi khir nay hé théng quang héa Il va hé théng quang héa I

khéi dong ké tiép nhau. Plastochinone ciing nhwr phirc hé cytochrome b/f va
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plastocyanin ¢6 chirc ning van chuyén ¢ giita hai hé théng quang héa nay vi
chung dinh vi & nhitng vi tri khac nhau. Sy van chuyén e da lam cho ning
lugng 4nh sang duge bién dbi thanh nang lugng héa hec, & dang khir
NADPH (1 mol NADPH = 220 kJ).

Thanh vién vén chuyén dién tir co ban & trong chudi van chuyén 13 phirc
cytochrome b/f, cling 13 protein ¢6 heme 14 nhém prostetic, va vin chuyén
dién tir 12 do sy thay d6i héa tri ciia Fe. Bén canh phitc cytochrome b/f 1a
plastocyanin, mdt protein chira Cu (protein mau xanh) van chuyén dién tir
gitra phirc cytochrome b/f va hé théng quang héa I. Sy van chuyén nay cé
thé 13 do su thay ddi héa tri ciia Cu. Hg théng plastochinon-plastochinol van
chuyén H tir hé thong quang hoéa II dén phirc cytochrome b/f. Khoang cach
van chuyén & day lén hon. Né khuéch tén trong “ving dudi” cua 16p mang
kép lipid. Thanh phin mang chira nhiéu acid béo chwa no thi su khuéch tan
clia plastochinone dé dang hon.

Sau diy la phdn tir plastochinone vd sy khir né thanh plastochinol
(plastohydrochinone). Pic tinh ky nudc ciia phan tir 14 do cdc nhém CHj; va
chudi bén dai véi 9 gbc isopren. Phan img khir vong chinone thuc hién qua
sw tiép nhén cla 2¢” va 2H" va vong quinone chuyén sang mot hé théng lién
két d6i cua bensoide.

O
H;C
/ \\ /
CH
HsC CHa
O
Plastochinche Plastochinol

Hé théng plastochinone/plastochinol vén chuyén H giita hé théng quang
hoéa II va phie hé cytochrome b/f. Phirc hé dang oxy hoé-plastochinon gin
vio hé théng quang héa II dé trude hét nhén 2¢ va tao thanh semichinone
(dang anion) va sau d6 nhin 2H" cla hé théng quang héa II dé tao thanh
dang khix plastochinol. Sau dé né tich ra khoi hé théng quang héa Il va
khuéch tan dén phirc hé cytochrome b/f. Pén diy né bi oxy héa khi nhuong
2¢” va 2H", tao nén plastochinone va lai khuéch tan vé hé théng quang 11
(hinh 4.5).
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Chirc ning co ban cia hai hé théng quang hoéa 13 hdp thu 4nh sang va
tap trung nang lugng cta ching dén P682 va P700, rdi din dén qué trinh
quang hoa, thuc chét ia ban ra le". Chirc néng cua 2 hé théng tuong tu nhau,
tuy nhién nhitng qua trinh chi tiét & hai hé théng khac nhau, va vé& chi tiét
cling chua duoc giai thich hét. Su nhuomg 1 dién tir ciia P682 1am xuét hién
mdt chit oxy hoa rit manh (phén tir c6 kha ning oxy hoa chét khac) c6 thé
néng khoang 1200 mV. P682 & dang oxy hoa (P'682) c6 kha ning oxy hda
H,0, nghia 13 tach e- ra khoi H>O. Giai doan quan trong & qua trinh nay 13
sir tiép nhén e tir P682 bin ra.

O - o
e x
\ Semichinone
EE— mang dién am
(radical)
0 O

Ngay nay ngudi ta cho ring, chit nhén dién tir bin ra d6 13 nhitng hop
chét chinone. G diy chinone duoc khir thanh ban chinone (semichinone
mang dién tich 4m). Semichinone 13 1 radical, tiép tuc phan tmg nhanh, c6
thé chuyén e cia nd dén plastochinone. Dang semichinone dwoc khir 3 tao
thanh plastochinone.

Pheophytin ciing tham gia vao su vén chuyén ¢ Dién tir duoc bin ra tir
P682 c6 thé khong ducc tiép nhan ngay, duéi tac dung cia anh sang da tao
nén rit nhanh “13 hdng dién tr” ciia P682. Dang oxy héa cua P682 (P'682)
t6n tai rit ngén voi thi gian khoang 10 giay.

Nh&r ¢6 hé théng quang héa II, dudi tac dung cha anh sang le” tir H;O
c6 thé ning oxy héa khir cao (thé ning oxy héa khir tidu chuén la +800 mV)
duge chuyén dén plastochinone c6 thé oxy héa ki thip (thé khir tiéu chudn
100 mV). Nhur vy kha ning khir ciia € dugc ting 18n rat nhidu.

Trong hé thdng quang héa I e duoc bin ra tir P700 duge tiép nhén bai 1
phitc hé Fe-S. N6 chuyén e nay tiép tuc dén ferredoxin & dang hoa tan nim
trong stroma cuia lap thé. O déy ciing thyre hién mét “phan {mg nguoc chitu”
clia € nghia la dién t&r dugce chuyén dén noi ¢6 dién thé 4m 16n hon, mét qua
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trinh cin ning lugng, duge thye hién nhé dnh sdng mit trod tiép nhan duoc.
Thé khir tiéu chudn ctia P700 nim khoang +400 mV, cita ferredoxin khoang
- 400 mV. Nang lugng duoc ning 1én rd rét nhd hé théng quang héa L.
Ferredoxin khir dugc tao nén Ia mdt chit khir manh, c6 kha ning khir
NADP*,

2x Ferredoxin Fe" NADP* + H*

2x Ferredoxin Fe"'

NADPH

G hinh 4.6 da dua ra so dd dugc goi 14 so dd Z, chi ra hai sy nng ning
lwgng dugc thuc hién tir hé théng quang héa I va I trong chudi van chuyén
e cua quang hop. O ddy e- cia HyO duoc chuyén dén NADP' dé tao nén
NADPH 14 mét chit khir manh cin cho nhiéu qué trinh téng hop.

Eo' mV

. Ferredoxin e
-400 — NADP
Quang phosphoryl
hoa vong
0+ 3
Plasto- ~._€ .
chinone T Cyto- "‘?’P
+400 | chrome b,f
e P682
Hzo —»
+800

Hinh 4.6 So d6 Z biéu dién s vdn chuyén dién tir tir dién thé duong dén
dién thé am, sw vdn chuyén ndng luong thuc hién qua P682 va P700

Ferredoxin 13 mot chit khir manh, cé kha ning khir nhiéu chét, duoc chi
ra & hinh 4.7. Ngoai ra NADP" ¢on c6 y nghia dac biét trong viéc khu
nitrite, sulfate va glutarate. Phan {mg khir nitrite va sulfate 14 mot budc quan
trong trong su déng hoa cac jon vd co. Vi véy phan Ung sdng cia quang hgp
khong chi 1a sy ddng héa CO, ma con déng héa ca N va S,
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Sulfate
Nitrite Glutarate

e e o i Cytochrome
Plagtachino} e e

. e
NADP® —  ml  Ferredoxin |———p O

[

HTQHI

Hinh 4.7 Nhitng kha ning phdn ung cua ferredoxin

Trong hinh 4.6 da chi ra tir ferredoxin € khong nhimg c6 thé duge
chuyén dén NADP-reductase ma con trr v& plastochinone. Nhur vy tao nén
m{t dong dién ta khép kin. G day dién tir lai di qua cytochrome f va
plastocyanin ¢ tr v& 1ai P700 va tir ddy lai nhd niing luong 4nh sang dugc
dira dén ferredoxin. Dong dién tir khép kin ndy cling tao nén sy phin tach
proton va nh& vy ma tong hop ATP, déng dién tir khép kin nay duoc goi 13
quang phosphoryl héa vong,.

Quang phosphoryl héa vong chi “san xuit” ATP, quang phosphoryl héa
khéng vong tao nén ATP va NADPH. Bang cich ndy qua trinh quang hop
c6 thé ty phit hop voi nhu ciu ATP va NADPH. Qua trinh tdng hop tinh bat
chu yéu cin ATP, trong khi tdng hop acid béo can twong dbi nhiéu NADPH.
Dé dbng h6a CO,, can ATP va NADPH theo ty 18 3:2.

Ferredoxin ciing ¢6 thé chuyén ¢ cia né dén O, (hinh 4.7). Sau 46 H,0
xuét hién, vi O, bj khir 18p tirc phan tmg véi H trong méi tredng nude.
120, +2¢° — O
0¥ +2H" - H,0
Phan iing nay cé nghia 1a tiéu hao e va triét tidu gradient H'. Vi vy né
1am quang phosphoryl héa tach roi su van chuyén e,

Téng két chuyén héa ning luong quang hop ngudi ta cho ring 4 mol
proton anh sang do can cho viéc vén chuyén 2 mol e va & qué trinh quang
hop chudi van chuyén e tao nén 1 mol ATP va 1 mol NADPH.
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Téng quét ning lugng cta qué trinh quang hgp

Pau vao:

4 Emstem (=mol proton) —» 710 x 10°J
DAu ra; }

1 mol NADPH  — 220x 10°]

1 mol ATP - 32x10%)

 Hiusudt:355% 252x10°]
Nhug. vay khoang 35% niing lugng énh sing hip thu dugc chuyén sang
dang ning lugng héa hoc.

4.4.2 Pha t6i trong quang hop (chu trinh Calvin)

Sw két hop CO, vio mét chit nhan hitu co (su ddng héa CO,) 12 mét
trong nhimg qué trinh sinh hoc quan trong nhét. Nho qué trinh ndy ma
cacbon v co duge dua vao thé gidi séng. Phan tmg dugc xic tic boi
enzyme nbulosedlphosphate-carboxylase (RuDP-carboxylase), enzyme nay
¢6 nhiéu trong 14 xanh va né chiém khoang 30-50% protein hoa tan trong 14.
Enzyme gdm 8 tiéu don vi ién va 8 tiéu don vi nhd, trong d6 chi c6 céc tiéu
don vi 16m cé hoat tinh xuc tac, céc tidu don vi nho c6 chirc ning diéu khién.
Thi vj hon 14 thong tin di truyén cua cac tidu don vi 16n dinh vi & trén DNA
cha lap thé (DNA la chét mang gen).

Dé xiic tac enzyme cén nhung diéu klf;n hoan toan xac dinh, d6 14 gi4 tri
pH (pH 8,3-8,6) va ndng 46 Mg** tuong déi cao. Ca hai déu bi tac ddng béi
su vén chuyen ¢ qua mang thylacoid. Vi vy enzyme chi hoat dong trong
diéu kién chiéu sang. Phan g nay giai phong nhiét (AG®! = -40 x 10°)) va
tuong ung vai phuong trinh sau:

RuDP + CO; + H;0 — 2 phosphoglyceric acid.

H,C- o

Hz?'c’@ H(IJ-OH

o0 e R R e

_Hic-oH cigion

”‘,3 OH | HC - OH

H.C - OF) Hzc,l o®
RuDP Phosphoglycerate
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Ngudi ta cho ring carboxyl hoa ribulosediphosphate (RuDP) dan dén
tao thanh mdt hop chat trung gian ¢6 6 nguyén tir C véi enzyme, sau d6
duoc tach ra thanh hai phan tir phosphoglyceric acid. Nhir so &b trén CO;
dugc tiép nhin cé mit trong phosphoglyceric acid “phia trén” va O tir phén
tir H,0 dugc tiép nhan thi & trong phosphoglyceric acid “phia duéi”.

Mot thoi gian dai nguoi ta danh gid thép hoat ddng ciia enzyme nay vi
khi phan 1ip enzyme thuong mat hoat tinh. Khé khin nita 1a CQ; khéng
nhitng 13 co chit ma con anh hudng truc tiép dén xiic tic. Ngay nay ngudi ta
biét hoat tinh ciia enzyme duoc dic trung bdi hé s6 K (CO) tir 10-20pum la
di dé sur ddng hoa CO; xay ra trong tu nhién.

San phdm carboxyl hoa, phosphoglyceric acid duge khir dé tao thanh
aldehydphosphoglyceric. Qué trinh nay thu nang lwong, cin ATP va
NADPH. Ca hai coenzyme tdn tai & stroma ciia luc lap nhd phan img séng.
Khi khéng c6 anh sang, ndng d6 ATP va NADPH thép thi phan ving xay ra
nguoc lai, nghia la aldehydphosphoglyceric bi oxy hoa thanh
phosphoglyceric acid. Phan ung khir phosphoglyceric acid tao ra san phim
trung gian 1a 1,3 diphosphoglyceric acid. G qua trinh nay bén canh ATP va
NADPH con ¢ mdt SH-enzyme-photphoglycerate-dehydrogenase tham gia,
duoc biéu dién ¢ so do sau:

[
?OOH \ / +O~ P _ H1S4 Enzyme
HCOH |

|
H,C-0 (B

H,C-O P
0] NADPH + H*
i NADP’
CH / S{Enzyme ® OH (=P)
|
HCOH HCOH
|
H,C-0 {P) g H;,C-O ®
Aldehydphaspho-
glycaric HS@nzyme

Aldehydphosphoglyceric 13 dudng dau tién xuit hién & qué trinh dbng
héa CO,. N6 d& dang chuyén sang dang déng phin phosphodioxyaketone
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(PDOA). Can bang phan mg nghigng manh vé phia phosphodioxyaketone
(PDOA) va khoang 90% triosophosphate nim & dang PDOA.

Pé ¢6 su dong héa CO; lién tuc thi chit nhan CO,, RuDP phai dugc tao
nén & mdt nong d6 nhit dinh. Pudng 3C dugc tao ra 1A
aldehydphosphoglyceric va phosphodioxyaketone duoc bién déi mét phan
thanh RuDP. Trinh ty phin tmg la mot qu4 trinh khép kin. Sir ddng héa CO,
va bién d6i cia triosephosphate duge giai thich béi Calvin va cdng su cla
6ng. Vi vy chu trinh nay dugc goi 12 chu trinh Calvin hodic la chu trinh khir
pentosophosphate vi su bién dbi tir phosphoglyceric acid thanh
aldehydphosphoglyceric 1a phan ing khur.

(CHO H,C-OH
|
HCOH C=0
|
HgC-O P H,C-0 (B
Aldehydphospho- Phosphodioxy-
glyceric (aldose) aceton {cetose)

6 ba loai phan ung déc trung cho chu trinh Calvin:

- Phan ung phosphatase

- Phan g aldolase

- Phan {mg transcetolase

Phan tng phosphatase dd duoc dé cap & chwong enzyme. Nhimng
enzyme aldolase c¢& thé gin két mét aldose vdi modt cetose, vi du
aldehydphosphoglyceric va photphodioxyacetone. Phan tmg nay chi c6 mét

su bién ddi nho vé niing luong, day 13 phan img thudn nghich, né duge biéu
dién nhir sau:

H,C-OF) H,C-0F)
i ) {
C e, C=0
HOCHz

D HOCH
-—»
+— =

c HCOH
|
HCOH HCOH
| |
H,C-0 {P) H,C-0 (P

Phasphodioxy aceton (cetose) + Aldehydphosphoglyceric (aldose)
— Fructose 1.6 diphosphate
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O phan {mg transcetolase 2C cua cetose duoc chuyén 1én mot aldose (vi
du aldehydphosphoglyceric).
Bing cich twong ty 2C cua fructosemonophosphate duge chuyén

l1én aldehydphosphoglyceric, tao thinh mdt pentosephosphate va mot
tetrosephosphate.

Chu trinh Calvin bét diu véi mot phan (mg aldolase (hinh 4.8). Khi tén
tai nhidu triosephosphate thi aldehydphosphoglyceric phan Ung véi
phosphodioxyacetone dé tao nén fructosel,6 diphosphate.

CHa,- OH H,C-OH
| |
:3:0 Transcetolase C|=O
HOCH > LocH C]"‘O
- i
HCOH CHO HCOH HC|0H
| i I
HCOH HCOH H,C-0F) H?OH
| |
CH, 0@ H,C-0 (P H,C 0@
Fructosemono- Aldehydphospho- Pentose- Tetrose-
phosphate glyceric phosphate phosphate

Bing cach ndy dwong 6C dhu tién dugc tao nén. Tir fructose 1,6
diphosphate mdt phosphate dugc tich ra nhé enzyme phosphatase, 1am xuét
hién fructosemonophotphate. Fructosemonophosphate cing v&i mét
aldehydphosphoglyceric khéc dugc bién dbi thanh mot dudng co 4C
(erythrosephosphate) va mot duomg c6 5C (xylulosephosphate) bang phan
umg transcetolase. Erythrosephosphate phan g védi mdt triosephosphate
bang phan ung aldolase tao thanh m{t dudng ¢c6 7C
(sedoheptulosediphosphate). Tir d4y mdt phosphate dugc tich ra nhd
enzyme phosphatase tao nén sedoheptulosephosphate. Sedoheptulo-
sephosphate phan ung véi mét triosephosphate khiac nhd enzyme
transcetolase dé tao thanh hai dudng c¢6 5C 1a xylulosephosphate va
ribosephosphate.

Trong phan tmg tdng quat thi cin 5 dudmg triosephosphate dé tao nén 3
dudbng  pentosephosphate, trong d6 1 ribosephosphate va 2

xylulosephosphate. Ba dudng pentosephosphate duqc_ bién d6i sang dang
dong phéin cua n6 la nbulosephosphate, dudmg nay duge photphoryl héa
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nhd ATP dé tao thanh ribulosediphosphate. Nh vy ma chit nhan CO,
duoc tai tao.

Ba phan tir ribulosodiphosphate cé thé két hop véi 3 phén tir CO, va
nhu vdy s& tao nén 6 phén tr triosephosphate. G diy 5 phin tir
triosephosphate can dé tai tao nén 3 phén tir ribulosediphosphate. M6t phéan
tir triosephosphate con lai cho myc dich téng hogp. Tuong ng cb phu'orng
trinh nhu sau:

3COz2 + 9 ATP + 6NADPH ~» 1 triosephosphate + 9 ADP + 6NADP*

Tir phuong trinh trén ta thay dé khir mot phan tir phosphoglyceric acid
cdn 1 ATP va | NADPH Dé tao nén 1 phan tr nbulosedlphosphate tir
ribulosephosphate thi cin thém mot phin tir ATP. Chu trinh téng quat cén 3
ATP va 2 phan tit NADPH cho ¢b dinh 1 phén tir CO,. Véi qua trinh quang
phosphoryl héa vong thi h¢ théng s& tao duge nhidu phan tr ATP hon
NADPH, nghia 14 ty 1€ yéu cAu theo ly thuyét ATP/ NADPH phu hop la 3/2.

NADPH + H* NADP" + P,

Diphospho ™
i i nose-
APG ¥ glyceric acid

phosphate
CQO; + H,O
PDOA/
Sedoheptulose-

RuDP diphosphate ©] AlPG PDOA

DpP i® AIPG /&Hzo Erythroso-
phosphate 1 6 FDP
Sedoheptuiose- AIPG H,0
Ribulose- monophosphale
monophosphate Xilulosophosphate

Ribosephosphate XﬂulosephOSphate

Hinh 4.8 Chu trinh Calvin, PGA: phosphoglyceric acid,
PDOA: phosphodioxyacetone, FMP: Sfructosemonophosphate,
FDP: fructosediphosphate

4.4.3 Hé hdp sdng- Chu trinh Glycolate

Cay xanh khi ¢6 4nh sang con tiép nhan 0O, va giai phong CO.. Ho hip
phu nay duge goi 1a hé hip sang. Sy tiép nhan O c6 thé do nhidu qua trinh
vi du ferredoxin tham gia vao quang hop chuyén e cua né tnre tiép dén O,
nhu vy H,O xuét hién (hinh 4. 7).
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Warburg d3 chi ra ring O, trc ché su ddng héa CO;. Enzyme xuc tac
cho dbng héa CO, 1A ribulosediphosphate-carboxylase thé hién khong
nhitng hoat tinh carboxylase ma con hoat tinh oxygenase. Sy thé hién hoat
tinh nao 1a phu thudc vao néng d6 CO, va nf’ing dé O,. CO,p tic ché
oxygenase, O; (tc ché carboxylase. Carboxyl héa va oxy héa cé cung trung
tdm hoat hod, 13 géc lysine. Nhimg didu kién nhw 1a Mg?* kich thich
carboxyl héa va gia tri pH cao kich thich su oxy hoa.

CO;

RuDP

Carboxylase 4——— RuDP

Oxygenase \

Q;

Hinh 4.9 Suw canh tranh gitta CO» va Oy vao cung mdt vi tri ciia enzyme
ribulosephosphate-carboxylase-oxygenase

Cubi cing thi ci hai phan {mg c6 cing co chit, d6 Ia
ribulosediphosphate. Su canh tranh gitra O; va CO; véi phan tr enzyme
dugc minh hoa & hinh 4.9.

Su canh tranh cua CO; va O, & cing mt vi tri clia enzyme tao ra su lién
quan véi qué trinh quang hop. Khi cuéng d6 quang hop cao thi ndng d6 O,
& trong té bao mesophyll tang lén do qua trinh quang phén ly nudc, trong
khi su dbng héa CO; thi nbng d6 CO, giam. Nhitng didu kién nay thuan lgi
cho phan ving oxy hod. Nhu vay nhimg didu kién thuéin loi cho quang hop
nhu nhiét 4§ thich hop, cudng d6 anh sdng manh kich thich sy oxy héa
ribulosediphosphate. Phan g duge bidu didn nh sau:

@®oH
H,0

H,C - OB

| _

H.C- 0@ COOH FiC - O

o=0 0, COOH

i Phosphoglycolate
pdommm
H:C-OH Ly Glycolate

Oxygenase COOH

HC < OH i
l HC - OH
H.C - OB E
H.C - 0P
RuDP Phosphoglycerate
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O day phén tir O, duge tach ra lam 2 nguyén tir: mot nguyén tr gin voi
gbc 2C (phosphoglycolate), nguyén tir oxy khac gin véi gde ¢6 3C.

Phosphoglycolic acid la din xudt cta acetic acid. Bing phan tng
phosphatase tir phosphoglycolic acid, glycolic acid s& dugc tao thanh.

Su oxy hoa ribulosediphosphate tao nén chu trinh glyoxylate, diy la
nhitng phan Ung quan trong cha quang hd hdp. Phan ‘mg tao thanh
phosphoglycolate va phan tng khir phosphoryl héa cita né duoc xuic tac boi
enzyme phosphatase xdy ra ¢ trong co chét cha luc lap. Hoat tinh cua
glycolate-phosphatase duge kich thich béi ndng d6 Mg va d6 pH cao va
déy 14 nhimg diéu kién thufn loi cho quang hop.

Glycolate tir lyc lap di dén peroxisome 1a vi co quan tir niim st canh luc

lap, dugc bao boc bdi mang va chita cic enzyme khiac nhau nhu
transaminase, oxidase va catalase.

H,0;
0,
H.C - OH \ f: CHO
i |
COOH COOH
Glycolic acid Glyoxylic acid

Trong peroxisome glycolate bi oxy héa & tao thanh glyoxilic acid nhd mét
oxidase. H,O, xuit hién dugce phan giai thanh H,0 + 1/2 O, va glyoxilic acid bj
bién dbi thanh mdt amino acid, 1a glycine nhdr mét transaminase. Transaminase
s& dugc & cap k§ hon & chuong proteine, & déy chi néu 1én nguyén 1y cia né la
nhém amin cia mdt amino acid duge chuyén 1én mdt nhém ceto hodfic nhdém
aldehyd. Amino acid tr& thanh cetoacid.

COOH
----- | CHO
' H-N-C H L
| COOH
R
Aminoacid Glyoxylic acid
COOH COOH
| o
c=0 H,C! N |
|
R
Cetoacid Glycine
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Glycine di tir peroxisome vao ty thé, 13 co quan tir ma trong d6 hé hép
xay ra. Glycine bi oxy héa dudi tic dung cia NAD™ va sau d6 bj khir amin.
hoa (giai phong NH3), xuét hién lai glyoxylic acid.

NADH + H”

COOH NAD®
HAC - NHh LJ, HC = NH ;._41 CooH

Glycine Iminoacid Glyoxylic acid
NADH tao ra & phan tmg khir va 1a co chét cho chudi enzyme hd hép.
Glyoxilic acid bi khir cacboxyl héa va phan img véi gbc = CH-OH ty do.

[COOH CO,

----- ' THFA
]
CHO /‘ # =CH-OH i'_|

Tetrahydrofolic acid (THFA) két hop véi mot gbe hydroxylmethyl, gbc
ndy dugc chuyén dén mdt glycine, tao nén aminoacid 14 serin va THFA lai
trés v& trang thai ban diu ciia né.

COCH COOH

' |
HC — NH, THFA HC - NH THFA
o S I ORI S
H: I H,C-OH! ' H,C-OH ! H
Glycine Serine

Serine bj khir amin hoa dé tao nén hydroxylpyruvate va chét niy c6 thé
duge bidn dbi thanh phosphoglyceric acid bing phan {mg khir va phan ung
phosphoryl héa.
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Aminoacid

Cetoacid COOH
?OOH | NADH + H’
HC = NH, ? =0

H.C - OH
H.C - OH 2 NAD*
Serine Hydroxypyruvic acid
COOH COOH
| ADP |
HC - OH ATP H? - OH
I
- H,C - OH
HeC - OB Kinase :
Phosphoglyceric acid ~ Pyruvic acid

Phan ‘mg cin 1 NADH. Phosphoglyceric acid 12 mot chét trao di cua
chu trinh Calvin. Chét nay lai di vao luc lap va & d6 n6 duge sir dung dé tao
nén triosephosphat. Nhu hinh 4.10 chi ra, chu trinh glyoxylate XAy ra trong
cic co quan tir khac nhau. Téng quat 13 cit hai phéan tir glycolate dwoc sir
dung d8 tdng hop nén mdt phan tr phosphoglyceric acid.

Luc lap 2x Glycolate \*I/

Q.

Ty thé Peroxisome
02
’ 2x Glyoxyiate
P-Glycerate \ 4
[ | 2x Glycine
NH; CO,;

Hinh 4.10 Nhitng chdt trao d6i quan trong cua chu trinh glycoxylate ¢ cdc
co quan ti khdc nhau

Chu trinh glyoxilate ¢6 méi lién hé chit ch& véi chu trinh Calvin qua
ribulosediphosphate-carboxylase-oxygenase. Téng quit cia chu trinh
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glyoxilate 1a & 2 vi tri O, duge tiép nhan (phan {mg oxygenase va phan tmg
oxidase) va CO, va NH; duoc giai phong ra. Nhu véy chu trinh glyoxilate
phan giai C va N hitu co. Y nghia sinh 1y cia sy phédn giai niy vin chua
duoc giai thich rd rang.

Quang ho hip bi anh hudémg béi nhidu yéu t§ ngoai canh. Nhing yéu tb
kich thich quang hop nhu cudng do chiéu séng cao, nhiét dd thich hop lam
tiéu hao nhidu CO; trong mé 14 va san sinh nhidu O, do quang phén ly nudc
1am cho hd hdp sing xiy ra manh mé&. CO, va NH; giai phong ra trong ho
hép sang lai dugc ddng hoa. Dic biét 13 NH;.

Chét kim ha&m ty nhién cila chu trinh glyoxilate 13 glutamate, aspactate
va glyoxylate. O nhitng thuc vit C4 ho hip sing khong c6 ¥ nghia. C day ¢6
thé do co ché déng héa CO; déc biét ma nf“mg d6 CO; twong déi cao & trong
luc lap, vi vy ma hoat tinh oxygenase cua ribulosediphosphat-carboxylase-
oxygenase khong thé hién.

4.4.4, Chu trinh Hatch va Slack

Ribulosediphosphate khong phai 1a chit nhin CO, duy nhit cho phan
{mg dAu tién cia sy ddng héa CO,. O mét sb lodi thue vit, dic bigt & loai
cdy ho co nhiét déi (ngd, cao lwong, mia) chit nhin CO, la
phosphoenolpyruvate (PEP). Quéa trinh bit diu bang phan img két hop
HCO; vao PEP. Béng cach nay nhd enzyme PEP-carboxylase, mét hgp chét
4C- oxaloaxetic acid, dugce tao thanh.

CcoO
O |
?OOH HOLC - O ek
+ 4 — |
C- o® ! c=0 + @oH
—_— |
CH, COOH
PEP Oxaloacetate

Nhur d3 chi ra & so 46, HCOs™ duge tach ra thanh 1 gdc hydroxyl va 1
géc carboxyl. Géc hydroxyl phan tmg v6i gbc phosphoryl ctia PEP dé tao
nén phosphate vé co (H;P0s). Gdc carboxyl két hop véi chét ¢ 3C (PEP)
dé tao nén chét ¢6 4C (oxaloaxetic acid).
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COCH

Aspartate r
COOH (|3=0
. B !
?00 H;N-CH R
P CH, : Cetoacid
|
H'COy ? =0 COOH
|
COOH  NADPH §
COOH H FN CH
é NG Oxaloacetate R
CH, pep NADP* iNoaci
‘COOH
f
CH,
®~ ® COCH F Malate
+ AMP @ ; HCOH
C=0 f
. f COO
ATP + Pj CH, @
NADP"
Pyruvate

NADPH + H' + "CO,

N K

Chu trinh Calvin
Hinh 4.11 Sir dc‘;ng héa CO; theo chu trinh C; nho enzyme PEP-carboxylase

Phan \ing nay giai phéng ning lwong, vi lién két cao ning trong PEP
dugce phén giai. Oxaloaxetic acid duoc tao nén (anion = oxalacetate} sau do
tiép tuc bj khir d& tao thanh malate hodic bi amin héa d¢ tao thanh aspartate.
Vi nhitng phan tng nay chia nhimg hop chét ¢6 4C, nén sw déng héa CO,
nh¢ PEP-carboxylase dugc goi 1a chu trinh C,. Nhitng loai thyc vat ma démg
héa CO, dau tién bﬁng con dudng nay, duge goi la thuc vét C; nguoc véi
thuc vit C;, 1a nhimg cdly dong hoa true tiép CO, qua chu trinh Calvin.
Trinh tyr phén ing ca chu trinh C4 duoc chira g hinh 4.11.

Phan {ing 1: HCO; duge két hop véi PEP tao thanh oxaloacetate. Phan
g ndy duge xic tac boj enzyme PEP-carboxylase.

Phan tng 2: Oxaloacetate bi khir tao thanh malate nhér NADPH

Phan img 3: Oxaloacetate duoc bién ddi thanh aspartate bang phan ung
chuyen amin hoa.
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Phan ing 4: Nho cac malatenzyme ma malate bi khir carboxyl hoéa va
oxy hoa dé tao nén pyruvate. CO, dugc gidi phong ra do khir cacboxyl hoa
duoc dua dén_ chu trinh Calvin.

Phan tmg 5: Pyruvate dugc bién ddi tr lai thanh PEP bing phan img
khir carboxyl hod. Phan img can ATP va photphate v co.

ATP dugc tach ra thanh AMP va pyrophosphate. Phan Umg nay c6 mét
gi4 tri 4m AG®' cao, nén phan tmg xay ra nhanh nén chét nhan CO, 1a PEP
duoc tao ra nhiéu. Enzyme xuc tac goi 1a pyruvate-phosphat-dikinase, gin
vao enolpyruvate theo phan ung dudi day:

AP +Er~®
cooH  ATR+P /‘ COOH
| |
C-OH \ , C-0®
I l
CHz CH2
Enolpyruvate PEP

Trao ddi CO, cua thuc vat C4 dugc hiéu khi ngudi ta chia ra nhimg qua
trinh riéng 1& & nhimg md 14 khac nhau va nhén biét & nhimg vi tri ctia t& bao.
Phén 16n nhimg thuc vat Cy c6 kiéu giai phdu Kranz dic tnmg, mot khai niém
da duoc Haberlandt (1904) d& nghi. O ddy 1a nhimg té bao xanh bao quanh b6
mach & dang xoén kép xép st xung quanh nhimg té bao b mach, trong khi d6
nhimg té bao mesophyll nhé hon sip xép long 1éo hon (hinh 4.12).

Hinh 4.12. Su sa:p xép ctia cdc té bao thit ld va cdc té bao bé mach & cdu
truc Kranz cua thuc vit Cy

1. Biu bi trén, 2. Té bao md gidu chira lyc lap, 3. Mach dan,
4. Khoang tréng gian bao, 5. Bidu bi dwéi véi khi khdng.
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Trong nhitng t¢ bio mesophyll CO; dwoc ddng héa nhe PEP-
carboxylase va oxaloacetate dugc tao ra bj bién dbi thanh malate hodc
aspartate. Nhimg té bio mesophyll cia thuc vat C, khdng chita RuDP-
carboxylase. San phim ddng héa 1a malate va aspartate, & lodi nay 13 malate
va loai kia 1a aspartate, duge van chuyén qua gian bao dén céc té bao bao
quanh b6 mach. § day chiing dugc khir carboxyl hod. Pyruvate xuét hién lai
tr vé té bao mesophyll. Qua trinh ndy Xdy ra & hai loai t& bao va dugc chi
ra ¢ hinh 4.13.

1
Té bao bao quanh H Té& bao thit |a ATP + Pi
bé mach :
[]
el AMP + Pyrophophate
Pyruvate |
Chu trinh H
Calvin |
*® i
PEP
co; ! _
i HCG,
NADPH E
*H i Oxaloacetata
; Malate
NA DPH N
NADPH + H

NADP*

Hinh 4.13. Sy t6ng hop PEP, phan g carboxyl hod, phan teng khi
oxaloacetate ¢ té bao thit ld, su k}n’r carboxyl héa va chu trink Calvin xdy ra
g té bao bo mach

O loai cdy “malate” pyruvate dugc tao nén tryc tiép tir malate bing cach
khir carboxyl hda oxy ho4. -

sssss

t NADPH + H* C|°°H

CH NADP*
. C=0 +CO,
H:C - OH \ |
- . ) CH3

Malate Pyruvate
O phan umg do malat-enzyme xtic tic bén canh CO, con tac nén .
NADPH, la chit cin trong chu trinh Calvin. Véi malate khéng nhimg céc
nguyén tir C ma con ca chét khir dugc van chuyén dén chu trinh Calvin, O
loai cdy “aspartate” aspartate duge khir carboxyl héa dé tao thanh alanine.
Alanine duoc bién déi thanh pyruvate nhé phan tmg chuyén amin hoé. Phan
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tmg chuyén amin héa xdy ra trong té bao chit cua t& bao thit 1a. Alanine
duge van chuyén tir té bao bao quanh b6 mach tré ve t€ bao thit 14

COOH co
2 COOH COOH

|
H,N-CH :f | |
| H2N-CH C=0

CH; | I
L CH3 . CH3
COOH Cetoacid

g Amincacid

Aspartate Alanine Pyruvate

Su phén chia cdc phan Umg riéng 1& & t& bao chit va luc lap cia té bao
thit 14 twong img véi ty 1€ nang lugng. Su phéin chia ndy duogc giai thich
trong hinh 4.14.

Pyruvate dugc dua vao té bao thit 14 phai chui vao luc lap cia té bao
nay, vi & day cd mét cia enzyme pyruvat-phosphate-dikinase va ATP, ATP
nay duoc tao ra tir quang hop. PEP tao nén trong luc lap dugc vin chuyén ra
té bao chét bang su trao dbi voi phosphat vé co. O day PEP cling vdi CO; la
co chit cua enzyme PEP-carboxylase. Oxaloacetate dugc tao ra di vao luc
lap ro1 bi khir thanh malate nhd NADPH. ATP va NADPH dugc tao ra trong
luc lap 1a nhd qua trinh quang hop.

/ Luc lap \
»  Pyrvate —___ | ATP + Pi
T& bao Pi ~——————
bac i
quanh bé HCO4 PEP AMP @@
mach
’ Oxaloacetate 4'4/ .
—_ NADPH + H
Mal NADP®
- alate g———m \ /
TE& bao thitla

Hinh 4.14. Sie vdn chuyén ndng luong va carbon gitta luc lap va té bdo chdt
cua té bao thit ld o thue vdt Cy

Malate sau dé dugc van chuyén dén té bao bao quanh bé mach. Té bao
thit 14 va t& bao bao quanh bé mach chita nhimg luc lap ¢6 hinh thai khac
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nhau: Luc lap cla t& bao bao quanh bé mach lon hon va khéng c6 grana va
tich Iuy tinh bdt. Luc lap cta t& bao thit 14 nho hon va ludn ludn chita grana.

Uu diém cua su ddng héa CO; & thuc vat Cq 1A enzyme PEP-
carboxylase ¢6 trong t bao chit tiép nhan CO, ¢ trong md 1a va CO; tir
qué trinh hd hip t6t hon su tiép nhan CO, & thuc vat Cs, vi ¢ thuc vét C;
CO, trude hét phai chui vao luc lap. Tuong ting diém bu CO, cta thuc vit
Cs coban la thép hon & thue vét C;, ndm trong khoang 0,5-1ul/LCO,, diém
bit CO; clia thye vat C; nim trong khoang 3-5 pl/LCO,. Diém bi quang hop
la né“mg dé CO; ma ¢ do6 khong cé su tich luy chét hitu co. Thuc vat C4 c6
kha ning giam ndng d6 CO, & trong moé 14 manh hon thue vat Ci. Vi vay
ching cé kha niing sir dung CO; trong khéng khi ¢6 hiéu qua hon.

Hon nita ndng d6 CO; cao duge tao ra trong té bao bao quanh bé mach
nhé qua trinh khir cacboxyl hod. Nh¢r vay ma diém bio hoa CO; cia RuDP-
carboxylase gin dat dugc va hoat tinh oxygenase cia enzyme bj trc ché. Vi
viy thyuc vat C4 ¢6 kha nang sir dung t6t anh sang ¢6 cudmg dé cao. Vi 1y do
ndy ma & ching thyc té khéng ¢6 diém bdo hoad 4nh sdng. Dac diém nay
duoc thé hién trén hinh 4.15. ( ddy dudng cong dbng hoa CO; cia hai cay
tréng C4 1a mia va ngd ting cao hon dudng cong cna thuc vt Cs.

3
Mia .
= 501
o Ngd
& ] /
p] 40 . Laa my
10-- /
L 304 « Cul caidudng
8
o 20 Thudc 1a
=
10 Cd cai nuéc
0 : : i |
100 200 300 400

Cudng dé 4nh sang Jm%s!

Hinh 4.15 Anh hucng ciia cuong do dnh sdng dén su dong héa CO, & mot
56 cdy trong
Tuy nhién thyc vt C4 cin nhiu ning luong cho s dbng hoa CO,, vi
chu trinh C4 khéi ddng trude chu trinh Calvin can cho su két hop 1 phan tir
CO; hai phan {mg phosphoryl hda (tao nén hai lién két cao niang) 3 téng
hop nén ATP tir AMP theo phuong trinh sau:
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AMP + ATP — 2ADP
2 ADP + 2 phosphate — 2ATP (quang phosphoryl hoa)

Téng qua’ﬁ: AMP + 2 phosphate —» 2ATP

Phén 1ém nhimg thyc vat Cs ¢6 ngudn gdc tir nhitng ving c6 cudmg dd
4nh sang manh, vi vy ATP duoc tao nén nhidu nhd quang phosphoryl ho4.
Déi v&i su ddng hoa CO; thi cudng dd 4nh séng 13 yéu b it han ché hon so
v&i ndng 46 CO,. Piéu d6 cling d& hiéu 1a trong qua trinh tién héa mét sb
loai thire vat phat trién co ché ddng héa CO, trong nhitng diéu kién thoi tiét
dic biét. Do sy thich nghi ndy ma enzyme pyruvate-phosphate-dikinase min
cam v6i nhiét d6 thdp. Vi du & diéu kién khi hau Trung chiu Au mia xuan
thé hién sy ngimg phat trién va vang 14 ngd, trong khi d6 cac loai ngil cbe
khac (lia my, lda mach, yén mach, kiu mach) phét trién t6t, 13 do sy min
cim clia enzyme pyruvate-phosphate-dikinase véi nhiét d thip. Khi thoi
tiét 4m 1én thi ngd bt du phat trién voi tée do nhanh, virgt nhidu so véi
thyc vét Cs. Toc d6 phat trién nhanh 14 do su ddng héa CO; ¢6 hidu qua, va
do & thuc vét C4 sy mét mat san phim dong hoa do hd hép sang thip hon &
thuc vit Cs,

Céu tao giai phdu kiéu Kranz cia té bao 14 ciing c6 mdt ¥ nghia dbi véi
trao dbi nude. Nhimg té bao xép sat bé mach ¢6 sy trao ddi khi thip hon va
nhd vay su mét nuéc do thoat hoi nude ciing it hon. Pidu nay giai thich tai
sao thye vat Cs ¢6 nhu ciu nuée turong déi thé‘ip hon.

4.4.5. Quang hop theo chu trinh CAM (Crassulaceae Acid Metabolism)

Cic loai thire vat khic nhau cta ho Crassulaceae va nhitng dai dién cla
Agavaceae, Bromeliaceae, Cactaceae, Euphobiaceae, Liliaceae va
Orchideaceae c6 kha niang tiép nhin CO, vao ban dém nhd khi khdng mé va
ban ngay thi khi khéng d6ng lai dé tranh su mét nude. Trai véi da sb céc
loai thye vét khéc, khi khéng déng lai ban dém va mé ban ngay, kha ning
nay gfm 1ién voi su trao dédi acid va CO, dic biét, trudc hét duoc nghién clru
& loai Crassulaceae. Nhimg thuc vit c6 hinh thirc trao di ndy duoc goi
thue vat “CAM”,
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CO, (d&m)

Oxaloacetate
l(dém)

Malate -—w-—-cop

Khbng bao

Malate
‘t{ngay)

PEG ‘\

T(dém) Pyruvate
Tinh bét (ngay)

+—— CO; + NADPH

Chu trinh Calvin

Luc lap /

Hinh 4.16. So dé déng héa CO; va trao déi acid & thyce va, CAM

Nguyén 1y cia su trao ddi chit dac biét nay dugc mmh hQa trong hinh
4,16. Ban dém CO, dugc tiép nhin nhd khi khéng mo enzyme PEP-
carboxylase carboxyl héa PEP dé tao thanh oxaloaxetate. Chét nay duoc
khr dé tao thianh malate. Sau d6 malate duge duy trir & tr?ﬁg khdng bao. ¢}
day ndng d6 malate ¢6 thé 1én d&én 100-200 mM, dic big inong d6 nay cao
trong nhitng gi¢r d4u budi sang. Ban ngay khi Khi - khong dong, malate &
trong khdng bao dugc huy déng vao luc lap_vé & day n6 duge khir carboxyl
hoa. CO, tir do va NADPH tao ra di vao chu-trinh Calvin. Bén canh d6 su
dbng héa CO, dugce cung clp bdi ATP va NADPH dugce tao ra tir quang
hop. San phim ddng héa nay médt phin dugc bién dbi thanh tinh bdt, tich
luy trong luc lap. Ban dém mot phan tinh bdt ndy duge phan gidi dé tao
thanh PEP, 13 chét tiép nhan CO, trong té bao chit. O sy khir carboxyl héa
oxy héa pyruvate duvgc tao thanh tir malate, sau d6 pyruvate duoc bién ddi
thanh PEP nhd enzyme pyruvate-phosphate-kinase. Bén canh malate va
oxaloaxetate thi aspartate, glutamate, alanine, glycine bing phan tmg
chuyén amin héa tao nén nhimg san phdm trung gian gin lién v&i sy trao dbi
chét cta thuc vat “CAM”.

Su tich lu§ malate trong khéng bao 1a mdt qua trinh chi dfng, duoc
diéu khién boi sitc truong ciia khong bao. Thé nude cha cay didu khién su
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déng mo khi khdng. Ngudi ta phén biét nhimg thyuc vat “CAM” bét bude va
khong bat bude. Thue vat “CAM?” khong bit bude chi thuc hién theo chu
trinh “CAM” khi thiéu nuée, dac biét 1a trong diéu kién ngay dai.

Khi khéng déng ban ngay thi sy mat nuée giam rat dang ké, nho vay ma
thue vat ¢6 kha nang vuot qua duge thi ki khd han. O mot thé nude frong
dat 1a 2200 kPa, vuet xa didm héo cia cic ciy tréng khac, nhung trong cac
mé clia loai cdy nay van duy tri duge thé nwde tir 500-1000 kPa.

4.4.6. Tong hop carbolydrate

Va&i mdt sd phan tmg tuong di don gian thue vét c6 kha ning téng hop
cic hexoscphosphate khac nhau, 1a nhimg nguyén liéu cdn thiét cho tdng
hop oligo- va polysaccharide.

Nguyén 1y sinh téng hop 13 tao nén lién két glycoside trude hét duoc
gidi thich bdi Leloir. Nguyén 1y nay duge chi ra & vi du téng hop glucan
(polysaccharide cta glucose) (hinh 4.17). O phan {ng nay c6 hai enzyme
tham gia: ADP-glucopyrophosphorylase va glucan- hoic ADP-gluco-c-
glucan-do-glucosyltransferase. Enzyme ADP- glucopyrophosphorylase hoat
héa glucosel-phosphate nhd ATP, véi sy tach ra pyrophosphate xut hién
dang glucose hoat hod, d6 1a ADP-glucose. O phan img niy nguyén tir H
cia nhém phosphoryl duge thay thé bing nhom acyl cuoa
adenosinemonophosphate. Acyl tuong Ung goi la adenyl. Sau do6 dang
glucosy! hoat héa duge chuyén Ién chudi glucan va thay thé nguyén ur H
ctia nhém OH & vi trf C4 (xem c6ng thirc). Nhu vay xudt hién mot lién két
glycoside gitra C, cua glucosyl méi di vao va C4 ciia glucosyl & chudi
glucan. Lién két nim & phia dudi cia mit phing glucose va do la lién két
glycosidic. Theo nguyén tic nay mot chudi dai cia cac gde glucosyl duge
tao thanh.

Chudi kéo dai theo hudmg C,— Cs. Su tdng hop polysaccharide phan
I6n bit diu bang mot phan tir mdi (primer), & day glycosyl dau tién dwoc
dinh vao. G su tong hop tinh bjt va glycogen thi primer la 1 glycoprotein.
Glucosy! 12 géc dudng cia glucose, fructosyl cna fructose, ribosyl cua
ribose.
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Hinh 4.17. Tong hop ADP-glucose nhé enzyme ADP-glucose-
pyrophosphorylase va su chuyén glucosyl Ién mét chuéi glucan

Bén canh tinh bdt, saccharose 1a san phim quan trong khac ciia qua
trinh quang hgp. Triosephosphate dugce tao nén tir chu trinh Calvin di tir luc
lap ra té bao chét, dé bién déi thanh UDP-Glucose, Fructose 6-P va sau do
thanh saccharose 6-P nho enzyme saccharose-P- synthase. Cudi cing
phosphate duoge tach ra bang enzyme saccharose-P-phosphatase.

biéu khién enzyme saccharose-synthase thuc hién & budc fructose-1,6-
disphosphate boi ndng do cta fructose 2,6-P, (xem gluconeogenese). Mot vi
tri didu khién khic 1a saccharose-P-synthase duoc hoat héa béi co chét
glucose 1-P va bi trc ché bang phosphate vo co. Ngodt ra hoat tinh cia
enzyme giam xudng do qud trinh phosphoryl héa va tidng lén do sy kha
phosphoryl héa (twong tu nhu glycogen-synthase). Nong do saccharose lai
di¢u khién su téng hop tinh bdt.
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Hinh 4.18. Su téng hop saccharosephosphate va saccharose
Saccharose vira la mdt dang carbonhydrate van chuyén vira 12 tién chit
cha tinh bdt (trong té bao, ndm cach ra khoi vi tri quang hop) va cua
cellulose. Enzyme saccharose-synthase c6 tic dung thudn nghich tao nén
nucleosid - dudng can thiét.
Saccharose + UDP = UDP-D-Glucose + Fructose

Tuong ty ATP la coenzyme cia ADP-pyrophotphorylase ¢ qua trinh
téng hop tinh bdt, UTP cung cip ning lugng cho sy tdng hop saccharose,
glycogen va cellulose. (J diy UDP-pyrophosphorylase xic tac téng hop
UDP-glucose tir glucosel-phosphate va UTP. O su téng hop saccharose mdt
glycosyl duge van chuyén tir UDP-glucose dén 1 fructosephosphate dé tao
nén saccharosephosphate, tir chit niy saccharose va phosphate vd co dugc
tach ra. Su tdng hop saccharose sau khi ¢dng héa CO; ciing nhwr sy tao nén
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saccharose tir tinh bt & trong hat nay mém dugc thuc hién theo con duong
nay (hinh 4.18). Enzyme xiic tac cho phan Uing nay la saccharosephosphat
synthetase. Huéng phan tmg dich vé& phia saccharosephosphate ciing nhu
saccharose, vi sy tao ra phosphate nh¢ phosphatase, 1d mdt qua trinh thuin
loi vé nhiét dong hoc. Khéng nén nhdm !4n gilta enzyme
saccharosephosphatsynthetase v&i enzyme saccharosesynthetase. Enzyme
saccharosesynthetase chi tdng hgp saccharose trong nhimg truéng hop ngoai
1€. Chitc néng quan trong clia né 1a tao nén UDP-glucose tir saccharose va
UDP theo phuong trinh phan \ing sau:

Saccharose + UDP <> UDP-glucose + fructose

CH,OH
OH
t> i |
OH 0O O O{
|~ T N
-
B O-P~0P~0-CH, O
CH, O O | ]
OH OH
HO
CH,OH OH OH
OH
Saccharose UDP
OH
7

CH,OH |
HOCH, O_ ©H 0{
N
@H@H C’) —P"-O—P-O—CHz o
OH OH o oH K

OH OH
Fructose UDP-glucose

Can bang phuong trinh nay dich vé phia tao UDP-glucose. Enzyme nay
la saccharose: UDP-glycosyltransferase, ddng vai trd quan trong & trong md
sinh trudng va trong nhitng co quan du trit dang 1én (cu, hat) ma & d6
saccharose dugc chuyén dén dé tong hop UDP-glucose. Sau d6 UDP-
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glucose duge sir dung chi yéu cho viée tbng hop céc chat cua thanh t bao,
nhu cellulose.

Co ché phan tmg cia saccharose: UDP-glycosyltransferase dugc thé
hién & so 46 trén.

Nhirng polysaccharide d3 mé ta trén cé chira nhiéu nhém OH, nén
phan tir ¢6 dc tinh wa nuéc va cé kha ning tao nén cac cdu hydro. Céac
nhém acid, carboxyl, nhém sulfate lam cho phan tir ¢6 tinh acid. Trong
didu ki¢n pH sinh 1y (pH 5,5-7,5) céc proton dugc tach ra, vi vay cac dai
phén tir mang nhiéu nhom anion, nén tich dién 4m va c6 kha ning két
hop v&i céc chat tich dién duong, vi dy nhém amin d3 bi proton hoa dé
tao lign két ion.

4.5. Hoa sinh hé hip

4.5.1. Dinh nghia hé hdp

H5 hép la qufi tﬁnh phan gidi, oxy hoa cac h0'p chét hiru co phirc tap
thanh c(:ic séq pham cuﬁi a}ng la CO; va H,O, dong thoi gidi phéng ning
lugmg can thiét cho co thé sdng.

Phuong trinh tong quat ciia hd hép:

CeHi1206 + 60, — 6CO; + 6H,0 + Ning luong

V& ban chit ho hip 1a qua trinh oxy héa sinh hoc duoc thuc hién bing
su téch cac nguyén tir hydro ra khoi co chét va van chuyén né (H' va e’} dén
nhimg chit nhin khéc nhau, chat nhan cudi cling 1a O,. H6 hép xay ra & hai
vi tri khéc nhau trong té bao. Giai doan thir nhdt xay ra & té bao chét (qua
trinh dudng phén), hodc bén trong ty thé (chu trinh Krebs), 12 sy tach hydro
ra khdi co chdt va chuyén né dén NAD va/hoic FAD dé tao nén NADH,; va
FADH,. G giai doan thir hai NADH; va FADH; bi oxy hod, d6 13 qu4 trinh
chuyén H™ va e cho cac chit nhan trung gian va cudi cing dén O,. Qua
trinh ndy xdy ra & mang trong cua ty thé. Két qua ciia qua trinh nay tao ra
cac phan tir ATP va H,0.

Hé hdp hdo khi:
Dic tinh cta hd hip hdo khi la giai phong CO;, va tiép nhin O,. Hé hap
yém khi theo dinh nghia truée déy 13 giai phéng CO; trong diéu kién khong

¢ O,. Hod sinh hoc dinh nghia hé hip yém khi 14 su phén giai carbohydrate
qua qua trinh dudng phén va tiép theo [4 su 1én men rugu. Toan bd qua trinh

106



nay khong cin O,, CO, duge giai phong ra trong qu4 trinh 1&n men bing su
khwr carboxyl héa pyruvate.

H6 hap hao khi xay ra trong ty thé. Khi qua trinh quang hop va hd hip
hdo khi dugc giai thich cang chi tiét thi su gibng nhau gitra ching nhur 1a
“may bién d6i nang luong” cang nhidu. O qué trinh quang hop ngudi ta bié
matrix chira nhitng enzyme cta chu trinh Calvin, & hé hip matrix cua ty thé
chtra nhitng enzyme cua chu trinh Krebs. Hé théng oxy héa khir cia quang
hop (chudi van chuyén e trong quang hop) dinh vi & mang thylacoid cua luc
lap, hé théng oxy héa khi cia ho hip dinh vi trén mang trong ctia ty thé. Sy
giong nhau gifra hai “mdy bién ddi nang lugmg”™ dén 1a ngac nhién.

Phia ngoai ty thé (pH 5) /22 o

— Ubichinol ——p»

< Ubichinone
Ubi- Cyto- a
FMN chinol chrome g
FAD b.o g2
Ubi- o2
chinone
a ;
* Succinate
NADH + H ) Fubharate w0, + 2H
NAD
Matrix (pH 8)

ATP

Hinh 4.19. Chudi vdn chuyén ¢ ciia hé hdp véi nhitng hé thong oxy héa khir
quan trong va cdc phitc hé vdn chuyén & mang

Chudi vin chuyén e trong hd hip, va sy dinh vi cia chiing trong mang
trong cita ty thé, duoc giai thich & hinh 4.19. Chudi van chuyén ¢ gbm cé
4 phitc hé protein vin chuyén ciia mang va hai phirc hé protein nho hon,
cuccinate dehydrogenase (FAD) va cytochrome. Ngodi ra con ¢b
ubichinol/ubichinone trong chudi van chuyén. Chét khir tuong ung la
NADH va FADH,, ca hai déu dugc tao ra trong chu trinh Krebs, duoc di
vao chudi hé hép qua phirc hé FMN-protein ciing nhu qua phue heé FAD-
protein. Hai phitc hé van chuyén H ctia né dén ubichinone va khi n6 thanh
ubichinol. H¢ théng ubichinone/ ubchinol va hé théng
plastochinone/plastochinol ¢ cdu tao va chirc nang rat gidng nhau (xem so
db trang sau).
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OH

CHs; CHa
HsCO 2H HaCO
—bl
CH CHyH CH CHiH
HsCO Y HsCO /N /
CH, ¢ CH ¢
0 | OH |
CHa n CH; n
Ubichinone Ubichinol

Ubichinone/ ubichinol ¢6 kha ning khuéch tan rit nhanh vio mang nhd
dic tinh ua lipid cia né. Hé sb khuéch tan ndm 10 cm?/sec. Ubichinol khir
phite hé cytochrome b, ¢, & day din dén sur tich H thanh H' va e,

OH
2x Cytochrome Fe®
2e-
OH
Q 20
2x Cytochrome. Fe
2H"

0

bién tir dugc tiép nhéan bai phitc hé cytochrome b, ¢y, trong khi dé
H' dugc thai ra & phia ngodi mang. Phirc hé cytochrome b, ¢, con
dugc goi cytochrome c-reductase, vi né khir cytochrome ¢, dién tir ctia
né duge chuyén cho cytochrome ¢. Pay ciling 13 1 phitc protein nhé
hon, cé thé khuéch tan d& dang ra phia mang ngoai. N6 chuyén e dén
phuc hé cytochrome a, con duge goi 1a cytochrome c-oxidase, vi nd
oxy hoéa cytochrome ¢. Phirc hé cytochrome a 1a thanh vién cudi cing
cta chudi vén chuyén e. Né chuyén ¢ dén O,, rbi phan tng véi H'
cda hé théng dé tao H,0. O, trong chudi hé hép ¢6 nhiém vu tiép nhin
e cudi clng.
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Chudi ho hip trong hinh 4.19 da 1am 13 sir van chuyén H va ¢ qua céc
thanh vién cua chudi din dén sy chénh 1&ch proton ciia mang. Su khéc biét
nay xuét hién & su khir cia phirc h€ cytochrom b, ¢ béi ubichinol. Va sy oxy
héa NADH ¢ phire hé FMN va sy khtr O; & phite ¢ytochrome a d3 1am cho
matrix kiém, vi né 1am giam H', nguor ta c6 thé nhan biét trén hinh 4,19,

Bﬁng céch ndy ma 1 thé dién hoa duoc tao nén. Matrix tich dién 4m va
¢6 mdt ndng dd H” thip (pH 8), ngoai mang tich dién duong v ¢ ndng 6
H' tvong déi cao. Su chénh léch thé ning giita 2 mang c¢6 do 16m 13 200mV.
Nang luong cua dién thé héa hoc nay duge sir dung dé téng hop ATP. Bén
phirc hé van chuyén mang c¢6 chira ATP-synthetase (ATPase). Proton di qua
cac kénh van chuyén cia phirc hé van chuyén tir ngodi mang vao matrix,
“thyc hién” tdng hop ATP tuong tu nhir trong quang hop.

Trude khi giai thich niing lwong cia chudi hd hip, cin néi r3 hon hé
théng oxy héa khir.

- Phirc hé¢ FMN, NADH-dehydrogenase gom it nhit 26 polypeptide
khéc nhau, chita FMN & trung tdm phan tmg va c6 khoang 20 nguyén tir Fe
va S linh dong/ FMN. Trong lugng phéan tir ¢ciia phirc hé 12 850 kDa.

- Phirc h¢ FAD la cuccinate dehydrogenase, chira FAD va phirc Fe-S
héa tri 2 va 4 ¢ trung tdm phan {ng.

- Phirc h¢ cytochrome b, ¢, chira cytochrome ¢; va 2 loai cytochrome b,
it nhat c6 8 chudi polypeptide va 1 phirc Fe-S ¢6 héa tri 2. Antimycin 1a 1
chét kim ham phirc h¢ cytochrome b, ¢;, nd lam ngimg sy vén chuyén e
giita cytochrome b va cytochrome ¢;.

Cytochrome a, a3, con dugc goi cytochrome c-oxidase gbm 7 chudi
polypeptide khac nhau. Né tiép nhén tir cytochrome ¢ 4 ¢ va chuyén chiing
dén mot phan tir O,. O su van chuyén nay cé su tham gia ciia heme trong
cytochrome a;, cytochrome a v nguyén tir Cu. Oxy dang khir (O,%) phan
Umg véi 4H" ¢6 ngudn gbc tir nude dé tao H,0.

0;" +4H 5 2H,0

Phan img oxy héa khir cuéi ciing cia chudi ho hip nay duge goi Ia “su
oxy héa cudi cing”. Phan {mg nay st dung khodng 90% nhu cdu O, clia té
bao. Su oxy hoa nay bj irc ché bai CO,, cyanid va acid. Nhimg chét nay két
hop v&i heme va phong toa sy két hop cita hem véi Oa, vi vy ching 13 chét
ddc d6i voi hd hip. Phite hé van chuyén mang, chita ATP-synthetase gbm
nhiéu chudi polypeptide khac nhau, trong dé chira mét kénh proton, thuc
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hién su v&n chuyén H' tir phia mang nay sang phia méang khac. ATP-
synthetase nay rat gibng ATP-synthetase & trong méng thylacoid cua lyc lap
va ATP- synthetase cia vi khun.

Su van chuyén e trong chudi hd hip 1a “sy van chuyén thuan chicu”,
theo thé oxy héa khir tidu chuin, nhu trong hinh 4.20. Ning lugng giai
phéng ra & day dugc bién déi thanh nang luong thdm thiu, thé hién & su
chénh 1éch ndng d6 H (gradient H'). Sy chénh léch ndng 46 H* & hai phia
ciia mang d3 tao nén mot thé dién hoa, ma d§ 16n ciia né dugc tinh theo
phuong trinh sau day:

P =-59 ApH + A

P=1Iyc

ApH = Grandient H"

A@ = sy khac nhau v& dién tich giira 2 mang

Thé oxy héa khit tiéu chudn, mV

-400 T
-200 T+ [FMN| |FAD
‘\\‘Ubichinone
0 —_
‘\ Cytochrome |

T b, & )i Cytochrome
+200 T+ c
+400 T ~
+600 +

T Cytochrome
+800 + & 3

1120, + 2H" H,O

Hinh 4.20. S vdn chuyén e- trong chudi hq hd;o phu thudc vao thé oxy hoa
khar tiéu chudan
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Phuong trinh nay tmg v6i mot nhiét d6 nhét dinh, mé ta “luc di chuyén
proton” nghia 12 tyc ¢ d¢hy mét H tr phia mang c6 ndng d6 H' cao (phia
ngoai mang) dén phia khac ctia mang véi ndng 46 H' thip (matrix). Lyc nay
duoc biéu difn mV 13 su chénh léch dién thé, & day 1 dom vi pH tuong 1ing
vl 59 mV, vi vay no [a hé sb cia phuong trinh. “Lic di chuyén proton”
phai du 1on, méi tdng hop duge ATP. Vay bao nhidu H* phai di vio matrix,
mdi 1dng hop duge 1 ATP? Ngudi ta cho ring sy chénh léch thé (luc tir ApH
va A, xem phuong trinh dudi day) 1 220 mV & sy van chuyén 1 mol H' tir
mang ngodi dén matrix thi nang luong tir do giai phong ra 1a 21.3kJ. Khi 2H
tir NADH trong chudi hd hip duge dua vao, né tach ra SH (c6 thé rit ra tir
hinh 4.19). Ba H' can trong matrix, hai H" duoc di ra ngoai mang. Khi 5
mol H' tr v& matrix, tao ra 5 x 21,3 = 106.5 kJ ning lugng tr do véi diéu
kién chénh léch thé 1a 220 mV. Gia sir ning luong nay da d2 tong hop 3 mol
ATP, vi AG” clia 1 lién két cao ning trong ATP 1a 30kJ. Hai nguyén tir H di
vao chudi enzyme hé hip qua phirc hé FMN, cin & su oxy hoéa cubi cung
1/20;. O thé nang 220 mV c6 thé tdng hop tir 2H (tir NADH) 3 ATP véi sur
ti€u hao 1/2 O;. Nhu vay ty 18 P/O 1a 3, d6 14 sé phan tir ATP duoc tdng
hep/nguyén tir O. Tuy nhién gia tri thu duge tir thuc nghiém chénh 1éch
nhiéu so v6i ty 18 P/O nay. Diéu niy d& hiéu vi ty 1¢ chi ding khi chénh I&ch
thé 12 220 mV. Khi tinh toan ning lugng bién déi ngudi ta cho ring co chét
ho hip NADH + H' tao ra 3ATP, co chit 1a FADH, 1a 2ATP. Tuy nhién ty
I¢ P/O véi NADH va FADH, theo gidi thich trén ¢é thé léch nhidu so voi
gia trj thyc t€. Sy chénh léch nay con do ning luong tu do dé thng hop ATP
duge tinh trong didu kién tidu chudn, ma trong thyc té phan 16n cac trudmg
hop khdng phai trong didu kién nay. Niang lugng cin cho tong hgp ATP
huéng vé trang thai cin bing phan ung:

ADP + Pi <> ATP

Ty 18 ATP/ADP diéu khién ho hép rit hiéu qua va ¢6 y nghia. O ndng
dd ADP cao, tuong Umg véi su thiéu ATP thi ATP duoc tzo nén nhidu va
nhanh v&i tiéu hao nang lugng it, nguoe lai voi né‘mg dd ATP cao thi sy téng
hop ATP cén nhiéu ning lugng. Pay l1a su thich nghi v&i niu cdu ning
lwong. Khi ATP dugc sir dyng nhiéu cho cic qua trinh sinh trudmg (tdng
hop protein, nucleic acid) hodc cho lao dong co bip, thi cuimg 4 hé hap
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ting 1én, lic nay ndng d6 ATP thip va ADP cao. Trong giai doan co bip it
hoat dong ndng 39 ATP cao, twong mg véi cudng d6 hd hép thép.

O ndng dd ATP cao phan mg tdng hop ATP ¢ thé theo chidu nguoc
lai. O d4y ATP duoc tach thanh ADP, Pi va nhé ning luong giai phéng ra
ma H" duge bom ra phia ngoai mang. ATP-synthetase trd thanh mdt bom
proton. Vi Iy do nay ngudi ta goi ATP-synthetase nguge ciing la ATPase.
Thye t 14 cic bom proton rit phd bién trong ty nhién. Nguoe véi ATP-
synthetase trong chudi ho hip, ATP-synthetase c6 trong mang thylacoid
khong thé tach ATP. -

Ho6 hdp dugc chia 13m hai loai: HO hip yém khi va hd hép héo khi. Ca
hai kiéu ho hdp ndy déu c6 mot qué trinh chung d6 13 qué trinh dudng phén.

4.5.2. Duong phin, s lén men rugu va lén men lactic

Nhd nhitng enzyme thuy phén d3 ké & trén ma chudi carbohydrate dy
trir duoc bién ddi thanh hex_oée, néu khong phai 13 glucose holc fructose, thi
ching ciing dé dang bién ddi thanh hai dang monosaccharide ndy. Glucose
va fructose 13 nhitng co chét trze tiép ciia qua trinh dudmg phan (glycolyse).

Glycolyse ¢6 nghia la phan giai dudng. Cac phén img duge giai thich
bdi Gustav Embden va Otto Mayerhof. Vi vady qua trinh nay dugce goi la so
dd phan tng Embden- Mayerhof. So d6 nay gém su phan giat duong va
polysaccharide yém khi chio dén pyruvate. Nhimg enzyme ciia qu4 trinh niy
¢6 mit & t& bao chit. Nho tac dung cua phosphorylase, glucose!-phosphate
duoc tach ra, 1a co chat truc tiép ciia qua trinh dudng phan. Chudi phan ing
gdm nhiing phan tmg riéng 1¢ nhu sau:

1. Tur chudi amylose nh& phosphorylase ma tao thanh glucosel-
phosphate. '

2. Glucosel-phosphate dugc bién dbi thinh glucose-6-phosphate nhd
isomerase. ' :

3. Glucose-6-phosphate dugc bién ddi thanh fructose-6-phosphate nhes
enzyme iSomerase. '

4. Fructose-6-phosphate dugc phosphoryl héa nhé ATP va: enzyme
- phosphofructokinase tao thanh fructose-1,6-diphosphate
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5. Tit  fructose-1,6-diphosphate nh® enzyme aldolase ma
aldehydphosphoglyceric va phosphodioxyacetone duge tao thanh.

Khi aldehydphosphoglyceric (AIPG) dugc sit dyung trong cdc phin tmg
tiép theo thi chit niy lai duge tao thanh tir phosphodioxyacetone (PDOA).
a trang thai cin bang c6 hon 90% la & dang PDOA.

6. Aldehydphosphoglyceric (triosephotphate) duoc két hop véi mot
HS-enzyme. Phirc hé¢ HS-Enzyme nay con két hop voi NAD*

7. Béng viéc nhuong 2H cho NAD', AIPG dugc oxy héa thanh
phosphoglyceric acid. Sy thay ddi trong phan tir 1am cho nhém acyl giau
nang lugng duoc gin vao S ciia phirc hé enzyme.

8. NADH gin vao phirc SH-Enzyme dugc oxy hod, trong d6 H va e
ctia n6 duge chuyén 1én mét NAD' tr do.

9. Nho gbc phosphate v6 co ma phosphoglycerinacyl dugc tich ra khéi
phic hé. O day nhém SH lai xudt hién khi tao thanh 1,3 phosphoglyceric
 acid.

0 qué trinh nay phosphoric acid (P-OH) dugc tach ra 1 nguyén tir H va
1 gbe P-O- (xem so d6). Gbéc P-O- dugc gin két vao acyl cia
phosphoglyceric acid, trong khi H dugc két hop véi nguyén tr S coa
enzyme. Enzyme lai tré lai trang thai ban diu.

®-O§H

co+s » HS

Enzyme
Enzyme

|
HCOH x
Il
O

CH, — y

2 (@ C/_ O"‘@
|
C=0

|
CH, o®

10. Nhém  phosphoryi mang nhiéu ning luwong cua 1,3
diphosphoglyceric acid dugc chuyén dén ADP, téng hop nén ATP.
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11. 3-phosphoglyceric acid duoc bién dbi thanh 2-phosphoglyceric acid
nho enzyme isomerase

12. Nh& enzyme hydratase H;O duge tach ra tir 2-phosphoglyceric acid.
Phosphoenolpyruvate dugc tao thanh. Céu tric phan tir cua lign két nay tao
nén nhém phosphoryl gidu ning lugng.

13. Nhém phosphoryl ctia phosphoenolpyruvate dugc chuyén dén ADP.
ATP dugc tdng hop.

14, Enolpyruvate & trang thai cin bing véi dang ceto cia pyruvic acid
(sor d).

COOH COOH
I |
C-0OH cC=0
Il - > i
CH, CHs;
Enoipyruvate Pyruvate

Hexose (glucose, fructose) ciling nhu triose (aldehydglyceric) dugc
phosphoryl héa nhé& kinase, trude khi ching tham gia vao phan img ctta qua
trinh dudng phan.

Toan b qua trinh dudmg phin dugc chia lam 3 giai doan:

1. Céc carbohydrate dugc bién ddi thanh triosephosphate do sir oxy hoa
dudmg.

2. Triosephosphate duge bién dbi do sur oxy héa thanh céc acid hitu co
{glycerate).

3. Phosphoglycerate dugc bién di thanh pyruvate. Vi sur giai phéng
ra nang lugng ty do, ATP dirgc téng hop.
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Hinh 4.21. Qua trinh duong phdn
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Téng quat: khi dua vao 1 glucosephosphate va két qua tao ra 2 phén tir
triosephosphate:

Diu vio Piu ra
1 glucosephosphate +1ATP + 2 NAD" ADP + 2NADH + 2H"
+ 2 HS-Enzyme + 2HS- Enzyme +4ATP +2H,0
2 P-OH +4 ADP + 2 pyruvic acid

Tdng quat: glucosephosphate + 2 NAD *+3 ADP +2P-OH —
2 pyruvic acid + 2 NADH + 2H" + 3ATP +2 H,0
So db téng quét ndy da 1am rd vai tro sinh 1y ciia qua trinh dudmg phéan:
hexosephosphate dugc phéan giai thanh pyruvic acid. Nang lugng giai phong
ra dugc ding dé téng hop ATP va d& khir NAD". Vi vay qué trinh dudng
phén vé ¥ nghia sinh ly twong (g véi phan {ing sang clia qué trinh quang
hgp. Qua trinh quang hop cdn ning lugng 4nh sang mat troi dé tdng hop
ATP va NADPH, & qué trinh dudng phén thi ning hrgng héa hoe duge sir
dung dé téng hgp ATP vi NADH. Su téng hgp ATP & qué trinh duong phén
xay ra trong diéu kién yém khi. Vi vy ngudi ta goi phosphoryl héa yém
khi, nghia 12 phosphoryl héa ADP dé téng hgp ATP khong cén O;.

4.5.3. Cdc logi hé hip

Pyruvate duge coi 14 san phdm cudi ciing clia qué trinh duong phéan. N6
¢ thé 18n men rugu dé tao ethanol hodc 16n men lactic dé tao lactic acid
hodc dugc phan giai qua chu trinh Krebs dé tao CO, va H,O.

3 su 1én men ruou trude hét pyruvate duge khir cacboxyl héa thanh
acetaldehyde, sau d6 dudi tac dung cia NADH né duge khir thinh ethanol.

'COOIH co NADH + H' NAD'
- +
¢=0 A *  cHo | z CHz - OH
l
CHs CHs CHa
Pyruvic acid Acetaldehyd Ethanol

NADH dugec ra trong quéa trinh duong phén duogc sir dung dé oxy héa
acetaldehyde, nhu véy su tai tao NADH 13 do oxy héa aldehydphospho-
glyceric (phan img 8 dudng phan) cung cip cho phan img nay.
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Qua trinh 1én men rugu gdm qua trinh dudmg phén tir carbohydrate cho
dén pyruvic acid, tir chdt nay dén acetaldehyde va ethanol 13 san phim cubi
cling. Duomg hexose (glucose, fructose) 13 nguyén liéu ban diu cua qué
trinh 1én men, thng quat dugce biéu didn nhur sau:

1 Hexose + 2ATP — fructose-1,6-diphosphate
Fructose-1,6-diphosphate — 2 aldehydphosphoglyceric

2 aldehydphosphoglyceric + 2 NAD' —» 2 pyruvic acid + 4ATP +2NADH
2 pyruvic acid + 2 NADH — 2 ethanol + 2 NAD "+ 2 CO,

Cubi ciing: 1 hexose — 2 ethanol + 2 CO; + 2 ATP

Nhiéu co quan nhu ré cia thue vét bic cao, ¢6 kha nang thuc hién su 1én
men rugu trong didu kién yém khi. Déi véi cong nghé quan trong 1a
Saccharomyces cerevisiae, la mét loai men ky khi khdng bét bude, nghia 13
né cé thé phat trién trong didu kién co hodc khong ¢6 O,. Khi khdng ¢6 O,
su phdn gidi glucose xay ra nhanh hon. Ngudi ta got hiéu tmg nay 13 hiéu
Ung ‘Pasteur. Pasteur da phat hién ra rang, sy phin giai dudng trong didu
kién yém khi xdy ra 7 lin nhanh hon so véi didu kién héo khi. Ngay nay
chiing ta biét rang, hidu img nay 13 do su diéu khién bién ddi céu tric (bién
céu) cua enzyme fructosephosphatkinase. (J sy phén giai hao khi thi ATP
duge tao ra twong d4i nhiéu, va khi né"mg dd ATP cao, né e ché hoat tinh
cua fructosephosphatkinase 1am cho su di vao cua glucosephosphat bi giam
xubng. Nguoc lai khi phan giai dudmg trong didu kién yém khi, nong d6
AMP cao, no kich thich hoat tinh cia fructosephosphatkinase. ADP dugc
tao ra & nhiéu phan img do kinase xic tac, duge bién ddi thanh ATP va
AMP nhu sau:

2 ADP — ATP + AMP

Lén men lactic cling gdm qua trinh bién ddi tir carbohydrate dén
pyruvate, chat nay duge khir & tao thanh lactic acid nhéd NADH dugc tao ra
trong qua trinh dudng phan.

COOH . NAD" COOH
| NADH + H |
C=0 \/‘ HCOH
| |
CH3 > CH3
Pyruvic acid Lactic acid
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Qua trinh nay dugc tdng quét nhu sau:
1 glucose — 2 lactic acid + 2 ATP
Nhimg vi khuén lactic quan trong thuc nhitng ching loai sau:
Streptococcus  khong man cam vdi O,
Lactobacillus khéng man cam vdi O,
Clostridium yém khi nghiém ngat
Vi khuén streptococus va lactobacillus khong min cam véi O,, nghia la
ching cé enzyme superoxiddismutase, c6 kha nang lam mét déc tinh cia
gbc O,. Streptococcus v lactobacillus c¢6 kha ndng st dung O; nhung
khdng phai cho sy phén giai hao khi (hd hip), vi chiing khéng ¢6 kha nang
téng hop heme. Ching khéng c6 cytochrome, 14 thanh phin quan trong cia
hé hip. Clostridium sbng nghiém ngit trong didu kién yém khi, nén O, 1a
chit déc dbi voi ching. Clostridium botulinum tong hop duge chét doc ti
nhién manh nhét 14 botulinus-toxin. Mot lugng rit nhé 0,03 ng/kg trong
luong co thé da gay chét.

Hau hét vi khudn lactic khéng mén cam voi nhiét do va pH thap. O qua
trinh 1&n men lactic nhanh thi pH méi truémg giam nhanh va vi nhiéu vi sinh
vit min cam véi d6 pH thap, vi du vi khudn gdy théi, nén ching khong cé
co hodi canh tranh véi vi khuén lactic, nho v&y ma néng san durge bao vé.

Khi san xuét thirc an chua thi sir gy chua nhanh nh& vi khudn lactic 1a
mot diéu kién co ban cho thanh cong cia 18n men lactic va bao quan. Lén
men chi yéu 1a nhd lactobacillus plantarum, loai vi khuén sbng trén 14 cay
va bing cach nao dé ma dugc dura vao ciing v6i ndng san. Dé 1&n men lactic
nhanh diéu quan trong 14 thuc vat ¢é du carbohydrate, dic biét la
saccharose. Nhimg bép cai tring d4 gia thoa man didu kién nay. Thyc phdm
xanh, non thi ham luong carbohydrate it, va cdy thirc n giau dam thi sur 1én
men lactic xay ra cham, pH chi dugc gidm rat it va nhimg vi khuin khac,
nhur vi khuén butyric ¢6 thé phén giai thuc phim xanh. Viéc cho thém mat
viao ¢6 thé han ché nhuogc diém trén, vi mat chira nhiéu saccharose va
raffinose, nhimg chét ndy sau khi thuy phén duoc phan giai nhanh bai vi
khuén lactic. Ng chin sira 1a nguyén liéu 1én men 1y tudmg, vi trong qua cua
n6 chira nhidu carbohydrate d& phan giai.

Khi san xuat phomat sir 1én men lactic ciing c6 ¥ nghia quan trong. Sita
chua duge gdy ra phan 16n 13 do streptococcus lactis v streptococcus
cremonis, pH thip din dén su két taa protein (sita dic lai), duoc goi la
phomat tring. Phomat niy khong nhimg chia protein ma con ca chit béo
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sita. Phomat ndy 1a nguyén liéu dé san xuit cac loai phomat khic nhau. bé
san xudt phomat cin c6 sy tham gia cua cac vi khuén lactic, streptococus,
lactobacillus, ching khong nhiing tao nén lactic acid ma con thuy phan
protein, nghia la phan giai thanh peptide va aminoacid. Trong phomat lactic
acid con ¢ chire nang bao quan.

Nguyén 1y clia sy phophoryl héa yém khi duge nghién ctru k§. Nhu &
hinh 4.21 phén tir co chét dugc bién dbi cho dén nhom phosphoryl ciia né &
dang lién két giau ning lugng. Nhém phosphoryl nay duge chuyén dén
ADP, téng hop ATP. Vi vay ngudi ta goi sy phosphoryl héa nay la
phosphoryl héa co chit.

So sanh hai giai doan clia phan giai carbohydrate (hd hép héo khi) thi
ning luong thu duge (ATP) tir qua trinh dudng phan chi chiém khoang 20%
tdng ning luong dy trir & trong phén tir glucose. Phén ning luong 16n nhit

Qui trinh duéng phan  duge diéu  khién boi  enzyme
fructosephosphatkinase (phéan 1tng 4 trong so dd). P6 ciing 13 enzyme quan
trong clia qua trinh dudmg phan, Enzyme c6 4 tidu don vi, b trc ché theo co
ché “tac dong bién cAu” boi ATP va citrate, nguoc lai duge hoat héa bdi
AMP. Vi vy ty 1¢ AMP/ATP cao kich thich va ty 16 ATP/AMP cao thi (1c
ché hoat tinh cia enzyme. Co ché nay rat cé ¥ nghia, vi khi trong hé théng
c6 nhiéu ATP thi khéong cin tdng hop qua qua trinh dudmg phin. Nguoc lai
khi ty 16 AMP/ATP cao biéu hién sy thiéu ATP, xay ra su tdng hop ATP.
Nong d6 citrate cao & cung cip ddy du co chét cho chu trinh Krebs. Qué
trinh duémg phén cung cip san phim cho chu trinh Krebs, nén sy didu khién
qua trinh dudng phin qua hiéu qua bién chu cua citrate dén
fructosephosphatkinase 12 mét co ché rét ¢6 y nghia.

4.5.4. Hé hdp hdo khi (chu trinh Krebs)

Chu trinh tricarboxylic, hay 1a chu trinh Krebs dugc giai thich bai Hans
Krebs, va Schueler Otto Warburg. Nho phat minh ndy ma Krebs nhén dugc
giai thudng Nobel vao nam 1953,

Chu trinh nay xay ra & trong ty thé. Co quan tir ndy cé thé so sanh duoc
voi luc lap, thue ra ndé nhé hon lyc lap (dudng kinh 0,5-1pum), tuy nhién vé
cu tao va chirc ning chiing turong tyr nhau (hinh 4.22).
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Mang ngoai bl

- Matrix

_________ -

Mang trong | Khoang gitra
hai mang
Mang ngoai
Mang trong
Khoang gitra
Matrix hai mang

Hinh 4.22. So d6 cdu tao cua ty thé: hinh phia trén la so do cdt ngang qua
ty thé, hinh phia dudi la cdt mét phan ty thé

Ngudi ta cho ring ciing nhu & luc lap, céc ty thé da xudt hién truée day
khoang 10° nim trong nhimg co thé dc 1ap, trong qua trinh tién héa chiing
duoc sinh vat nhan chuin “bat” va hoa nhap. Nhiing té bao c6 sy bién ddi
ning lugng 16n chira nhiéu ty thé, nhu t& bao mé co hoic té bao gan, ching
¢6 hon 1000 ty thé trong mot té bao. Ty thé xuét hién dudi kinh hién vi 1a
nhitng hat nho hoac soi.

Tuy nhién, dudi kinh hién vi dién tir, ty thé duge bao boc boi mang
ngodi va mang trong 13 mot hé théng mang kéo dan véi sy udn cong vao
phia trong. Nhor cdu triic ndy ma mang trong ¢ dién tich bé mit 16n hon
mang ngoai khoang 5 1dn. Mang ngoai cho nhimng phan tir c¢6 trong lugng
16n (d&én 10.000 Da) thAm qua, vi mang nay chira nhitng protein nhu la
nhitng kénh van chuyén. Mang trong khé thim qua hon va vén chuyén céc
chét ¢6 tinh chon loc. Mang trong bao quanh stroma, trong stroma chira cac
enzyme cua chu trinh Krebs va enzyme phin giai chit béo (hinh 4.22).
Nguoc lai trén mang trong ty thé c6 cic enzyme va hé théng oxy hoa. O day
tuong tu nhu luc lap, chudi van chuyén e dinh vi trén mang thylacoid va cac
enzyme cua chu trinh Calvin trong matrix.
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Co chét cua chu trinh Krebs, pyruvate 13 san phdm cta qua trinh
dudmg phén. N6 dugc van chuyén tir té bio chit qua mang trong ty thé dén
stroma va ¢ ddy no dugc khir carboxyl héa oxy héa nhd enzyme pyruvate
dehydrogenase. Pyruvate dehydrogenase 1a mot vi du vé da enzyme, gbm
mot phire hé chira carboxylase, transacetylase va dehydrogenase. Ngoai ra
con co cac nhém prostetic la thyaminpyrophosphate, liponic acid,
coenzyme NAD" va Coenzyme A. Sau day la cac bude cu thé cta chu
trinh Krebs (hinh 4.23). Pyruvate bj khit carboxyl héa oxy hda trude khi di
vao chu trinh.

Tuong tur qua trinh dudmg phan chu trinh Krebs 14 mdt vi du néi 1én
rang trong co thé séng cac phan tmg phan gidi cc chét chia nhidu ning
luemg thue hién theo timg bude. G mdi chu trinh Krebs 1dy vao mdt phén tir
acetyl CoA.

1. Pyruvic acid dugc chuyén thanh acetyl CoA bang phan tmg khir
carboxyl héa oxy hod. O phan img oxy hoéa ning lugng gidi phéng ra duoce

lién két trong NADH va trong lién két cao ning cta acetyl-CoA.

‘COOH _ NADH+H' +CO,
T CoASH + NAD
cC=0 \ /‘ CO ~ SCoA
|
CHs > ch
Pyruvic acid Acetyl - CoA

2. Nang lugng chira trong lién két cao nang cla acetyl-CoA du dé gén
acetate vao oxaloacetate tao thanh citrate.

O 4----- g OH
I ' //O + H,O |
CH,- C + HCH, - C'L —» CH,—- C ~ CH, + CoASH
| | SCoA | | |
COQH COOH ° COCH COOH COQH

Oxaloacetic acid Citric acid

3. Qua su ngung tu nady mdt phin tir ¢c6 6 nguyén tir C duoc tao nén.
Phéan ng duge xic tic bdi enzyme citrate synthetase. Bing phan {mg 3 va
4, citric acid dugc bién ddi thanh isocitric acid qua aconitic acid.
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CH, - COOH CH, - COOH CH; - COCH

—_— - H0 | -+ HO f

EHOE(‘.lt - COCH —DI ('T'lH - COOH ———+‘ C;,H - COOH

! HICH - COOH CH - COOH HOCH - COOH
Citric acid Aconitic acid Isocitric acid

4. Dudi tac dung clia aconitase (hydratase) xay ra su két hop voi nuée.

O trang thai can bing citric acid chiém 91%, aconitic acid 3% va
isocitric acid 6%.

COGCH
|
. NADH +H' CH,
CHz- COOH NAD CH; - COOH CO; !
] ;L’ i _4’ CH2
. ACO0! ! |
C;H COOH CIH 1COOH c=0
THIOC H- =C - |
'HIOC H- COOH 0=C - COOH COOH
Isocitric acid Oxalosuccinic acid tz-cetoglutaric acid

5. O hinh 4.23, phan umg 5 va 6 duge thyc hién bdi enzyme isocitrate
dehydrogenase. Trudc hét isocitric acid durge oxy hoa thanh oxalosuccinic
acid va sau d6 dugc khir carboxyl héa thanh axit o- cetoglutaric acid.

6. C6 hai dang isocitrate dehydrogenase, mdt dang chira NAD" va mét
dang chira NADP". O ty thé isocitrate dehydrogenase dang NAD' quan
trong hon.

7. Bing phan img khir carboxyl héa oxy héa o- cetoglutaric acid dugc
bién dbi thanh succinyl-CoA. Enzyme xic tic 13 mét phic hé o
cetoglutarate dehydrogenase. Phan tmg va enzyme tuong ty sy khir carboxyl
hoéa oxy hoa pyruvic acid.

COOH . COOH

| . NADH+ H |

CH, NAD CH,

| + CoA-SH \ | + CO,
CHZ ’ CH2

| =—--- ] |//0

COi COOH ol

""" LscoA
Succinyl-CoA
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8. Tir succinyl-CoA, succinic acid dugc tao thanh. Lign két giau ning
lugng cua succinyl-CoA duge bé gay, ning hrong giai phéng ra ding dé tdng
hop guanosmtnphosphate (GTP) ur guanosindiphosphate (GDP) va phosphate
vd co. Trong co thé thuc vat GTP duoc tao thanh tuong ti nhue ATP.

COOH
|

CH;
|

CH;

C'L
SCoA

Suceinyl-CeoA

GDP + P /

COQOH

|
CH,

|
CH;

i
COOH

Succinic acid

9. Dudi téc dung cia FAD succcinate bj oxy héa dé tao thanh fumarate.

COOH
-
HCH |
L
HC:I-_i

COOH

Succinic acid

AN

S,

COOH
&
b
CrOOH

Fumaric acid

Enzyme nay 1a mét flavoprotein, c6 nhém prostetic 1a FAD dugc goi 1a
succinate dehydrogenase. O sy oxy héa succinate thanh fumarate nang
luong g1a1 phong khéng di dé khir NAD", Tuy nhién né du dé khir FAD

(xem thé kh{r tidu chuén).

10. Dudi tac dung cia H;0, fumarate bién thanh malate

COOH

|
CH

I
CH

+ HO

éOOH

Fumaric acid

COOH
i

CH,

|
HCOH
|
COOH

Malic acid
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11. Malate dehydrogenase khir malate thinh oxaloacetate, 13 chit khéi
dau cita 1 chu trinh méi.

COQOH . NADH + H" COOH
| NAD ;
| |
HCOH > C=0
|
COOH COGCH
Malic acid Oxaloacetic acid

Nhitng phan tmg co ban trong chu trinh Krebs 1a sy khir carboxyl héa
va phan img oxy hoa. Néu tinh phan {mg tir pyruvate dén acetyl-CoA vao
chu trinh Krebs thi ¢é 3 vi tri khac nhau CO; dugc giai phong (phan img
1,6,7) va 5 vi tri khac nhau co chét bi oxy hoa (phan tmg 1,5,7,9 va 11). G
nhimg phan tmg oxy héa ludn ludn ¢6 1 coenzyme (NAD") hodc 1 nhém
prostetic (FAD) tham gia. Chiing chuyén thanh dang khir bing phan (mg
oxy hoa. Nang lwong dugc giai phong ra do sy oxy héa co chit duge sir
dung cho viéc khir coenzyme cling nhu prostetic. Quan trong la ning luong
& phan tmg 8 duge ding dé tdng hop 1 phan tir GTP, tuong duong vai 1
ATP, vi GTP ¢6 thé phan tmg véi ADP nhu sau:

GTP + ADP —» ATP + GDP

Trong chu trinh (hinh 4.23) CO; dugce tach ra nhung O; khéng dugc
tiép nhan vao. Nguyén tir O cd trong CO, khéng phai 14 oxy cho hé hap. Y
nghia cua chu trinh Krebs la tao ra cdc coenzyme khir (NADH, FADH3),
nhitng chat khir nay bi oxy héa trong chudi enzyme hd hap. Ngoai ra cac
acid khac nhau cta chu trinh con tham gia vao nhitng qua trinh trao doi
chat khac.

Qua chu trinh Krebs chudi carbon tir carbohydrate dugc di vao trao doi
lipid va protein.
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Pyruvate

HSCoA + NAD"
1
K NADH+ CO,

Acetyl-CoA HSCoA
NADH Oxaloacetate 0 2 Citrate
3 H.O
R 1 Aconitate
20
4
Malate ;
Isocitrate
NAD'
10 S
NADH
H20 Oxalosuccinate
Fumarate 6‘/&A
FADH: 9 a-cetoglutarate
SCoA + NAD'

Succinate

H
FAD Succi nﬂA(A
NADH+ CO;
GTP + HSCoA

GPP + phosphate
Hinh 4.23. Chu trinh Krebs

4.5.5. Chu trinh pentosophopiphate- oxy héa triec tiép glucose

Bén canh qua trinh dudng phan trong té bao chit con xay ra mét con
dudmg khac, goi 1a chu trinh pentosephotphate va qua trinh phan tng c6 phan
tuong tu chu trinh Calvin. Phan (mg bét ddu voi viéc oxy hoa glucose-6-
phosphate, vi vdy goi 1a oxy héa trirc tiép glucose. Enzyme xic tac cho phan
ing dau tién 1a glucose-6-phosphate-dehydrogenase, duge Otto Warburg phat
hién n&m 1931. Céc budc oxy héa dugce chi ra trong hinh 4.24,

- Phan tng 1: Tu glucose-6-phosphate 2 nguyén tr H dinh & C, dugc
tich ra nhd enzyme glucose-6-phosphate dehydrogenase, xuét hién dang
lactone. Glucose-6-phosphate dehydrogenase dic hidu déi v&i NADP'. Ai
tue ciia né dbi véi NADP” cao hon 1000 14n so v6i NAD',
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COOH

|
HC-OH
NADPH +H" cH,—0F)

|
HOCH
0 H NADP +HOH |
—‘—" HCOH
HCOH

i
CH, 0@
Glucose §- Lactenphosphogluconic acid 6-phosphogluconic
phosphate acid
CHO co,
|
HC-OH
| NADP*
HC-OH @
| +
HC-OH NADPH + H

|
CH; O® Ribose 5-phosphate

Hinh 4.24. Su oxy héa truc tiép glucose trong chu trinh pentosephosphate
- Phan ing 2: Dang lactone dugc thuy phén, tac nén 6 phosphogluconic
acid.

- Phan ung 3: 6-phosphogluconate duge khir carboxyl hoa oxy hoa.
Enzyme xuc tac la 6-phosphogluconate dehydrogenase.

CH;- OH
9=O Xylulose
HOC!H 5-phosphate
CH»- OH Epi i
C=0 i
| CH,0(®
HCOH
|
HCOH
|
CHO
CH,O @ Isomerase |
R H?'OH Ribose
ibulose  5- 5-phosphate
phosphate H?'OH
HC-OH
|
CH,0(®
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Trong chu trinh ¢6 2 vi tri (phan tmg 1 va 3) NADP® dugc khir,
NADPH duge tao ra c6 thé sir dung cho phan img téng hop, vi dy tdng hop
cac acid béo. Ribulose-1-phosphate khong phai 1a san phdm cubi cung cua
chubi phan img ndy. Né duoc bién ddi d& dang thanh c4c dang ddng phan
nhu ribose-5-phosphate hoZc xylulose-5-phosphate.

Chu trinh pentosephosphate cung cip nguyén liéu cho cac qua trinh
téng hop khac. Ribose-5-phosphate tham gia tdng hop nucleotide, nucleic
acid va nhidu enzyme. Xylulose-5-phosphate va ribose-5-phosphate nhé

phan Ung transcetolase tao nén sedoheptulosephosphate  va
aldehydphosphoglycic.

CH,- OH
|
c=0
|
CH, - OH CHO HO?H
| |
C=0 HC-OH H?OH
! | CHO HCOH
HOCE)H N H(|:-OH . Lo
HCOH HC-OH HCOH

| I
| I
CH2 @ CH2 @ CH2 @ CHQ c@

Xylulose Ribose Aldehydphospho- Sedoheptulose
5-phosphate 5-phosphate glyceric 7-phosphate

Transcetolase van chuyén 2 nguyén tir C tir dudng ceto dén aldose,
nhoém prostetic cta chiing 1a thiaminpyrophosphate, & vong thiazol clia né
duong ceto duge két hop vao khi bit din phan Ung.
Sedoheptulosephosphate phan img véi aldehydphosphoglyceric trong mét
phan tmg transcetolase dé tao thanh erythrose-4-phosphate. G phan tng nay
3 nguyén tir C duge vin chuyén dén aldehydphosphoglyceric.
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=0 CH,- OH
HO(|3H C{=
“i-;éal_l-!__ CHO HO('|,‘H
H(|30H + CHO —» H0(|3H + H(1)0H
H(lJOH Hé)OH H(|:OH H(JJOH
Cl,Hz o Cle P C|H2 oP céHz o®
Sedoheptulose Aldehydphospho- Erythrose 4- Fructose 6-
7-phosphate glyceric phosphate phosphate

Fructose-6-photphate 1a chit trao ddi ciia qué trinh dudng phén, cé thé
di vao céc qua trinh khéc. Erythrose-4-phosphate phan tmg vdi xylulose-5-
photphate d tao thanh fructose-6-photphate va aldehydphosphoglyceric.

CH,- OH
|
CHa - OH ?‘O
é= CHO HOCH
P ! |
HOCH HOCH HCOH CHO
_Hp | + | —_» | + |
HCOH HCOH HCOH HEOH
| ! .
CH, o(P CH, 0® CH, OB CH, OB
Xylulose Erythrose Fructose Aldehydphospho-
5-phosphate 4-phosphate B-phosphate  glyceric

Phan img ndy ciing vin chuyén 2C (transcetolase). Hai san phim cia
phén {mg 12 chét trao d6i cta qua trinh duong phan, c6 thé dugc phan giai
tiép tuc trong qua trinh nay.

Toan b céc phan img ciia chu trinh pentosephosphate dwrge biéu didn
trong hinh 4.25.
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NADPH + H' H,0

NADP" 6-phosphogluco-
lacton

6-phasphoglucuronat
Giucose 8-phosphate phasphoglu nate

NADP*
NADPH +H’
Glycolyse | cO.
}‘ "~ Fructose 6-phosphate Ribulose S-phosphate
' Sedo 7-phosphate - V__ g
Fructose 6-(P) . ?y;:ﬁ?::hate | Pentose
P) Glyceraldehyde ' \ -
(P) Glyceraldehy; Rbuoss €— _ °F)
5.phosphate . o

Erythrose Phospho-

- 4-phosphate  Glyceraldehyde Ribose 5-phosphate

v

Nucleic acid

-
-

Amino acid thom Xylulose 5-phosphate

Hinh 4.25. Chu trinh pentosephosphate

Cac bude oxy héa khir dau tién da din dén 2 vi tri khir NADP" thanh
NADPH. Dang khL‘r cia coenzyme can cho phan img tdng hop va & d6 mét
H dugce di vio ciu tao mét chét hiru co. NADPH dong vai trd quan trong
trong tbng hop chit béo. Nhimng té bao trong d6 acid béo dugc tdng hep
nhidu thi trao déi chét theo chu trinh pentosephotphate xdy ra manh mé, vi
du trong cdc mé tuyén cia dong vat bu sira. Ribulose-5-photphate 14 tién
chét cia ribose-5- -photphate, 13 thanh phan clia nhiéu nucleotide va nucleic
acid. Bdc bigt nhitng mé sinh truéng, tdng hop nucleic acid thudng xuyén
cin ribosephosphate, ¢ déy trinh ty phan Umg cia chu trinh cho dén
ribulose-5-photphate thue hién véi the do lon. Erythrose-4-photphate 1a tién
chdt cia cac aminoacid thom (phenylalanine, tyrosine) dugc sir dung de
tdng hop protein dic biét trong cdc mé sinh trudng. Khi ¢6 nhu cu léon vé
NADPH thi phéan tmg xay ra véi tdc d6 1om. T 6C cia mdt phén tir glucose
thi 5C di vao qua trmh dudng phan. Chu trinh pentosephotphate co kha néng
thich nghi v&i nhu ciu sinh ly, tuong tur chu trinh Krebs cung cdp cho cac
con dudng trao dbi chét khac nhau voi chudi carbon hifu co va chit khir
tuong Ung.
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Chwong V
LIPID VA SU TRAO BOI LIPID
TRONG CO THE THUC VAT

Lipid 12 nhém chét hitu co c6 cic dic tinh héa 1y gibng nhau, ching
khong tan trong nude, chi tan trong cdc dung mdi hire co nhu ether,
cloroform, benzene, acetone,... Khong phai tit ca lipid déu hoa tan nhur
nhau trong céc dung méi hitu co néi trén ma méi lipid hoa tan trong dung
mdi hitu co twong {mg cha minh, nhe ddc tinh nay nguoi ta ¢6 thé phén tich
riéng timg loai lipid. V& mat héa hoc lipid 13 nhimg ester giita ruou va acid
béo, dién hinh 1a triacylglycerid.

CH,-0-CO-R, L
: Ri, Ra, Ry cé thé gidng
CH — O0-CO-R, nhau, cé thé khéc nhau, c6 thé
bao hoa hodc chira béo hoa.
CH, - O-CO—-R;

Ngoai riurgu va cac acid béo, & cac lipid phic tap (lipoid), trong phén tir
ctia chiing con chira cdc din xuét ¢é phospho, nito, ...
Vai tro ciia lipid-

- La chét dy trit nang huong, khi oxy héa mét gam lipid c6 thé thu duge
9,3 Kcal.

- Lipid cu tir cia té bao chét 12 thanh phan ciu tao cia té bao va chita
trong t& bao véi s6 lwgng 6n dinh. Lipid 1a thanh phin cdu tric cua mang té
bio, mang ty thé, lap thé, ... Trong mang sinh hoc lipid & trang thai k&t hop
v6i protein tao thinh hgp chét lipoproteid. Chinh nhé hop chit nay da tao
cho mang sinh hoc ¢6 duge tinh thim thiu chon loc.

- Lipid duéi da dong vat c6 tac dung gbi dém va giiy 4m cho co thé.

- Lipid la dung mai cho nhiéu vitamin quan trong (nhu A, D, E, K}.

- Péi véi loai dong vat nga déng, ddng vat di cu, cic loai sdu kén,
lipid con 14 nguén cung cdp nudc, vi khi oxy héa lipid cho mét luong nude
sinh ra.
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- Céc hat cdy trong khac nhau c¢6 ham lugng lipid khéc nhau.

Vi du: ddu tuong (20 - 30%); gao (2,2%); ngd (4,9%); lua mi (1,9%);
cao luong (3,9%); lac (44 - 56%); thau dau (50 - 60%).

I. CAU TAO VA TiNH CHAT CUA LIPID

1.1. Ciu tao

Diu, m& duge tdng hop & cac co thé sbng va tuy theo nguf)n gbe ma
chiing duge phan ra diu thue vt va m& dong vat.

Glycerine 1a mdt rugu ¢6 3 chirc, do dé cé thé hinh thanh mono, di- hay
triester. Céac ester nay duoc biét tir ldu véi cac tén mono, di- va
triacylglycerid. Ddu, md c6 ngudn gbc ty nhién ludn 1a hdn hop cac
triacylglycerid.

Céc acid béo cua diu, md cb ngudn gc tu nhién déu cb sb nguyén tir
carbon chan. Bdi vi cac acid béo déu dugce tdng hep tir cac dom vi 2C (goc
acetyl).

Bén canh cac acid béo bao hoa, mét sb acid béo khong bao hoa di duoc
tim thdy trong dau, ma. Sau day 1a mét sé acid béo bdo hoa thudmg gap:

- Caproic acid (6C): CH; - (CH;)4— COOH
- Caprilic acid (8C): CH; - (CHa3)6— COOH
- Caprinic acid (10C):  CH; — (CH3)s— COOH
- Lauric acid (12C): CH; - (CHy);p - COOH

- Minstic acid (14C): CH; - (CH;);,— COOH
- Panmitic acid (16C):  CHj; — (CHx )4~ COOH
- Stearic acid (18C): CH; - (CH;),6— COOH
- Arachidic acid (20C): CHj — (CH,);s — COOH
* Cac acid béo chwa bdo hoa thuomg gip la:
- Oleic acid: CH; - (CH;);7 ~ CH = CH — (CH;); - COOH
- Linoleic acid:
CH; - (CHy)s - [CH; - CH = CH]; — (CH,); - COOH
- Linolenic acid: CH; — [CH; — CH = CH}; — (CH;); — COOH
- Eruxic acid: CH; — (CH3); — CH = CH — (CH3), — COOH
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1.2. Tinh chit

a. Nhiét dp nong chdy: Tuy thube vao lugng acid béo biao hoa hay chua
bao hoa chiém wu thé trong thanh phin cia diu m& ma nhiét do néng chay
khac nhau,

Néu trong thanh phén cta ddu, m& cé nhidu acid béo bio hoa thi nhiét
do néng chay cao, néu nhiéu acid béo chua bio hoa thi nhiét do néng chay
thép va & trang thai 1ong. Pa sé diu thuc vét & dang 1éng & nhiét dé thudng.

b. Chi sé acid: 1a lugng mg KOH can thiét dé trung hoa cac acid béo tu
do c6 trong 1 gam ddu, m&. Chi sb acid cang cao thi luong acid béo tu do
cang nhidu. Chit béo dé lau ngay, khéng bao quan cin thin s& ¢6 nhidu acid
béo tu do. Chi s§ nay cho ta biét dwoc chit lugng cuia chit béo.

¢. Chi 50 xd pkong héa: la lugng mg KOH cin thiét & trung hoa céc
acid béo ty do va cac acid béo két hgp voi glycerine khi xa phéng héa 1
gam chét béo. Chi s& niy dic trung cho phan tir lugng trung binh cua
glyceride c6 trong dau, ma.

d. Chi 56 iod: 13 sb gam i0d c6 thé két hop véi 100 gam ddu, m3.

Chi s6 nay dung dé mo ta muirc d§ khong béo hoa cla cic acid béo ¢
trong thanh phin diu, m&. Chi sb iod cang cao thi diu m& cang loang,
chung cang bi oxy héa nhanh hon vi cée acid béo bi oxy héa dé& nhét & vi tri
cac lién két doi.

Su gin iod vao acid béo chua bio hoa xay ra theo so dd sau:

P
~C=C- + I =~ —-C-C-
o ]

I 1

Chi sb iod cha m& dong vét dao dong trong khoang 30 - 70; con cha diu
thue vét trong khoang 120 - 160.

e. Sw 6i héa diu, mb":'Dﬁu, m& dé lau ngay s& c6 vi hdi, ding. Nguyén
nhén la do tac dung cua O,. Trudng hop nay thuong Xy ra khi ddu m& chira
nhiéu acid béo chura bio hoa. Oxy két hgp vao cac ndi dbi cua acid béo chua
béo hoa dé tao thanh peroxid:

)
~€=C- 40, ——» -C-C-

Peroxid
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hodc O, két hop véi nguyén tir C & bén canh lién két doi tao thanh
hydroperoxid:

| |
N S G

I I
O-0OH
Hydroperoxid
Peroxid va hydroperoxid dugc tao thanh l4p tirc bi phan giai dé tao
thanh aldehyd va cetone la nhimg chét ¢6 mii vi khé chiu.

Ii. SU PHAN GIAI TRIGLYCERID

Diu m& la nhitng chat dinh dudng c¢6 gia tri ning lugng cao, trong
hat cac cdy ldy diu vén ¢o it carbohydrate thi dau 1a chét dy trit chinh va
ching 13 ngudn ning lugng va ngudn vat liéu xay dyng cho mam dang
phat trién.

Khi phan giai ddu ngudi ta thiy ham luong carbohydrate ting 1én.

2.1. Phan ung thiy phin triglycerid

CH,-0-CO-R, CH; - OH R; - COOH
lipase

C‘H ~-0-CO-R; +3H,O0 ____ CH-OH + R; - COOH

CH,-0-CO-R; CH; - OH R; ~ COOH

Triglycerid Glycerine Cic acid béo

2.2. Phin giai glycerine

CH, - OH CH, - OH CH2 - OH
ATP  ADP | NAD  NADH, |
CH-OH _ N . CH-OH .Y __, C=0
() | ) |
CH, - OH CH, —O(P) CH, - O(P)
Glycerine Glycerol{P) (P)dioxiacetone

Phan ung I: do enzyme glycerolkinase xiic tac.
Phan ung 2: do enzyme dehydrogenase xiic tac.

- Phosphodioxiacetone dudi tac dung clia enzyme trioso(P)-isomerase
s& chuyén thanh aldehydphosphoglyceric.
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T‘ H, - OH s . // 0
11050-(P) - C-H
c=0 = e > |
I isomerase CH — OH
CH; - O(P) |
(P)dioxiacetone CH,; — O(P)
Aldehyd{P)glyceric

* Glycerine c6 quan hé gin véi carbohydrate hoac la duge sir dung dé
téng hop fructose va carbohydrate khac hodc bi phan giai nhu carbohydrate.
Sau dy l1a so dd cac dudmg hudng trao ddi glycerine:

Glycerine---—- - glycerol(P) ---—- » {(PYdioxiacetone----- +» Aldehyd(P)glyceric

Fructoso 1,6di{P) Pyruvic acid

] ] Acetyl-CoA
Carbohydrate khac

Chu trinh Krebs

2.3. Phan giai acid béo
Mot acid béo mudn duge oxy héa phai trai qua mét sb phan (mg sau:

2.3.1. Hoat héa acid béo: Nho hé théng enzyme Acyl-CoA-Synthetase,
gém 2 budc sau:

Budce 1:
R - Cl; - CHH. - COOIl + ATP e p R —CH>-CH.,—CO-AMP
-H4P205 Acyl-AMP
Budce 2:
R - (CH.); - CO-AMP + HS-CoA —-aeee- 4 R —CH;—CH-—CO ~ S.CoA
Acyl-AMP -AMP Acyl-CoA

Qua trinh nay duge thuc hién & té bao chat

2.3.2. Gin Acyl-CoA vio carnitine dé tgo thanh acylcarnitine: Chét
nay di qua mang ty thé. Trong ty thé cac gbe acyl cua acid béo duge vén
chuyén lai cho HS-CoA.

134



R (CH;)3 (Cl'I-lg)g

CH. + N Transferase N’
| S — »
TH: (|:H3 -HS.CoA (|:[ 12
CO ~S.CoA CH - OH CH -0 -CO-Cll,
Acyl-CoA | |
CH,; - COOH Cil, -COOH CH;
Carnitine

R
Acylcarniting
2.3.3. Tao Acyl-CoA tré Igi: Qua trinh nay nguoe lai budce gin acyl vao
carnitine, Carnitine duoce giai phong va tré lai mat ngoai cua ty the.
2.3.4. Qud trinh fi-oxy hoa acid béo

Trong co thé sinh vit, sy oxy hoa acid béo xay ra bang cich oxy héa
nguyén tir carbon & vi tri B so vdi nhom carboxyl, do d6 qud trinh nay con
duge goi la qua trinh P-oxy hoéa. Két qua cua sy P-oxy héa 1a timg ddi
nguyén tur carbon duge tich ra dudi dang acetyl-CoA va acid béo mdi tao
thanh ¢6 mach carbon ngin hon trude 2 nguyén tir carbon. Su oxy hoa
khéng thé tu xay ra, dé ¢6 thé tham gia phan ung, acid béo phai dugc hoat
héa nhd ning luong cha ATP, nhung & day niang lugng chuyén tir ATP téi
chét béo khdng thdéng qua con dudng phosphoryl héa nhir trong truéng hop
oxy héa glucose ma thong qua sur tao thanh hop chét acyl-CoA. Qua trinh B-
oxi hoa dugc Knoop (ngudi Duc) dua ra 1904, qud trinh nay xay ra trong
gian bao ty thé.

Phan img tdng quét cla sit tao thanh acyl-CoA nhur sau:

Acyl-CoA-synthetase

R - CHs — CHa — COOH + HS-CoA ~_ » R - CH; - CHz — C ~ 8.CoA
ATP AMP + H,P5O- 0
() Acyl-CoA

Sau dé acyl-CoA bj oxy hoa béi enzyme acyl-CoA-dehydrogenase c6
nhom hoat dong 14 FAD:

Acyl-CoA-dehydrogenase

R—-CH, - CH: - C~S.CoA / \ p» R-CH=CH- Q|‘~ S.CoA
!
0 FAD FADH, O
Acyi-CoA (2) Enoyl-CoA
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Dudi tac dung cua enzyme Enoyl-CoA-hydratase, phan tir HO két hop
vao ndi ddi va tao thanh B-oxyacyl-CoA:
Enoyl-CoA-hydralasc

R-CH=CH-C~S5.CoA + H;0O p R~ CH-CH.-C~5.CoA
3 | I
0O OH O
Enoyl-CoA B-oxyacyl-CoA

* B-oxyacyl-CoA lai bi oxy héa lan thit 2 dudi tac dung cia enzyme B-
oxyacyl-CoA-dehydrogenase ¢6 coenzyme 1a NAD dé tao thanh B-cetoacyl-
CoA:

NAD (4) NADH:

R~ CH —CH; - C ~ S.CoA —> » R-C—CH;~C~S.CoA
| B-oxyacyl-CoA- ||
OH O dehydrogenase O O

B-cetoacyl-CoA

* B-cetoacyl-CoA lai phan Ung véi HS-CoA d¢ tao thanh acyl-CoA méi
va acetyl-CoA dudi tdc dung cia enzyme B-cetoacyl-CoA-thiolase:

{3)
R-C-CH;-C~S8S.CoA + HS-CoA —— R- C~SCoA + CH;-C~ S.CoA
I I f-cetoacyl- ||
0 0 CoA-thiolase O 0
Acyl-CoA(mdi) Acetyl-CoA

Acyl-CoA mdi tao thanh nay chira gbe acid béo c6 it hon acid béo ban
ddu 2 nguyén tir carbon, né lai tiép tuc tham gia cac phan ing 2, 3, 4, 5 dé
tao thanh acyl-CoA mdi ¢6 mach carbon ngin hon 2 nguyén tir carbon va
tach ra mdt phin tir acetyl-CoA nita va qué trinh B-oxy héa cir tiép tuc lap
lai nhiéu l4n cho dén khi toan bd phan tir acid béo duge chuyén thanh céc
acetyl-CoA.,

Su B-oxy hoéa di duge Lynen mé ta duéi md hinh xoén bc.

Acetyl-CoA tao thanh do két qua clia sy B-oxy héa acid béo c6 thé di
vao chu trinh Krebs, chu trinh glyoxilate hodc tham gia vao nhiéu phan
umng khic.
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R -CH,-CH;- COOH

ATP
HS-CoA
Chu trinh AMP
<Krebs H.P;0;

R-CH,-CH: (, S.CoA
CH;-C~ §.CoA Acyl-CoA O FAD
2)
O Acetyl-CoA T tADH,
N
v /\§®\g JRoCHZCH-C - 8.CoA
|| Acyl-CoA /" i
Cha tinh R-C~8.CoA  2C 2C 2C 2C /! O Enoyl-CoA
glvoxilate
4 HS-CoA 2CH.-C - S.CoA 3) H.C
5) Acetyl-CoA |
O
R-C-CH:-C-5CoA R-CH-CH; - C-~S8.CcA
o TN | [
O NADH, NAD Otl 0
f-cetoacyl- CoA B-oxvacyl-CoA

Hinh 5.1. So d6 cia sw B-oxy héa acid béo (theo Lynen)
Hiéu qua nang liwong trong qud trinh p-oxy hoa acid béo
Vi dy B-oxy héa hodn toan palmitic acid (16C) té bao thu dugc ngudn
ning luong nhu sau: 7 vong B-oxy héa tac ra 7FADH,, TNADH; va 8 phéan
tir acetyl-CoA.

TFADH, __._.____ p 7 X 2ATP = 14ATP
INADHy e » 7 X 3ATP =21ATP
Tong cong : 35ATP

Nhung vi phai tidu t5n 1 ATP d hoat héa acid béo nén sé ATP tao ra
khi B-oxy hoa palmitic acid 1a: 35ATP — 1ATP = 34ATP.

Néu 8 phan tir acetyl-CoA di vao chu trinh Krebs sé tao ra:
8 x 12ATP = 96ATP

Téng cbng: 34ATP + 96ATP = 130ATP.

Ta cé thé 4p dung cong thirc tinh sau:
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{B-oxy hoa) (Krebs)
A la sb phan to ATP.

n 13 s6 nguyén tir C (n: chin).
IIL. SU PHAN GIAI CAC ACID BEO CHUA BAO HOA

Péi voi acid béo chua bio hoa nhu oleic acid, linolenic acid. .. qua trinh
B-oxy hoa dién ra binh thudng, cac phan tir acetyl-CoA duge tich din ra,
cho t&i gin lién két doi. Téi ddy, tay theo vi tri cua lin két d6i ma su phan
gidi c6 thé ¢6 cic dudng hudmg sau:

3.1. O nhing acid béo chua bao hoa ma ¢6 lién két doi khdng & gitta C,
va Cp thi nho tic dung clia enzyme isomerase ddy lién két doi vé ding gilra
vi tri Cq va Cp sau d6 chju sy B-oxy héa.

Ciing ¢6 nhitng thi nghiém ching minh rdng: & nhitng acid béo chua
bdo hoa ma cé lién két dbi & ding vi tri gitta Cq va Cp thi né chiu sur p-oxy
héa binh thuong.

3.2. Céc acid béo chua bdo hoa trirde khi bi oxy héa thi chiing chuyén
thanh acid bao hoa bing cach gan thém Ha va sau d6 lai chiu su B-oxy hoa
nhur binh thudng.

TV. SUPHAN GIAI CAC ACID BEO CO SO NGUYEN TU CARBON LE
Su phén giai cac acid béo nay vén tién hianh binh thudng bing su B-oxy
CH; — CH; - C ~ S.CoA

héa cho dén khi hinh thanh (propionyl-CoA),

|
O
sau dé propionyl-CoA (& ty thé thuc vat va vi sinh vét) & gial doan déu
gidng nhu sy -oxy héa cho dén khi hinh thanh B-hydroxipropionyl-CoA.
Nguyén tir Cp bi oxy héa 2 lan (chdt nhan H; 1a NAD va NADP) ¢ tao
maionyl-CoA. Tu d6 malonyl-CoA bi khir carboxyl héa dé tao
acetyl-CoA. Chiét nay ¢6 thé di vao chu trinh Krebs hodic di vao chu trinh
glyoxilate.
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B-oxy hda
Acid béo ¢6 C1é ——p CH3; — CH; ~ |C|‘ ~ 8.CoA

O
Propionyl-CoA

(1) FAD
&FADH;
CH,=CH - (|3| ~8.CoA
H.0 0
(2}  Propionolyl-CoA
(|3H2 -CHz-C~S.CoA

I
OH O
B-hydroxipropionyl-CoA
(3~ NAD

NADH;

CHO - CH; - (ﬁ ~S.CoA
O Aldehyd malonyl-CoA

%H]O
(4) NADP
|

v ANADPH,
HOOC — CH, — ﬁ ~S.CoA

O Malonyl-CoA
(5) F~»COs

COs
v
CHy - €~ 8.CoA m
T
O Acetyl-CoA \
H-0

Hinh 5.2. S0 do ctia su phan gidi acid béo ¢6 56 nguyén tur carbon lé

V. CHU TRINH GLYOXILATE
So v@i chu trinh Krebs thi chu trinh Glyoxilate khéng c¢6 ¥ nghia méy vé
mat ning lugng vi phai titu ton mbi vong méit 2 phan tir Acetyl-CoA.

Y nghia cia chu trinh nay 14 sur tao thanh succinic acid, nghia 13 cd su
chuyén héa chat béo thanh carbohydrate. Vi tir succinic acid s& hinh thanh
nén oxaloacetic acid va theo qua trinh nguge dudng phin sé& tao nén
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 carbohydrate. Ngoai ra tir chu trinh ndy s& hinh thanh glyoxilic acid. Bing
cach khir carboxyl héa acid nay s& chuyén thanh aldehyd formic 1a chit
tham gia vao hang loat qua trinh trao @i chat khac. Tir glyoxilic acid s&
tong hop duge glycine tham gia tao nén protein.

Acetyl-CoA
H,O HS.CoA
Oxaloacctic acid l \/ Citric acid
5 b
NADH, (2) H,O
NAD 6)
Malic acid Cis-Aconitic acid
(3) |l4— H-O
HS-CoA (5) CH2 - COOH
‘7 CH - COOH
H-O CH.OH.COOH
f /) Isocitric acid
AcetylCoA
\H 4)
COOH
Glyoxilic acid
F H, - COOH
CH, - COOH

Succinie acid—w Carbohydrate
Hinh 5.3. So d@6 chu trinh Glyoxilate
Phan ung I: Enzyme citratesynthetase xic tac.
Phan ung 2: Enzyme aconitate-hydratase xuc tac.
Phan ttng 3: Enzyme aconitat-hydratase xiic tac.
Phan ung 4. Enzyme isocitrat-liase xtc tac.
Phan vng 5: Enzyme synthetase xiic tac.
Phan ung 6: Enzyme malatdehydrogenase x1ic tac.

VL. SINH TONG HQP TRIGLYCERID

Do khdng tan trong nuéc nén diu khéng thé van chuyén duge trong cay.
Vi vy & thue vét viée tong hop chét béo (dau) phai tién hanh tai chd trong
tdt ca cac co quan cta thyc vat. Nguyén liéu dé tong hop chat béo 1a tir
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nhitng chdt hoa tan dugc dua vio cic co quan ndy. Du & ddng vét hay vi
sinh vat, thuc vét, chit béo déu duoc tao thanh tir carbohydrate. Trong co
thé chdt béo duoc tao thanh tir glycerol(P) va cac acid béo, béi vy mudn
téng hop diroc chét béo trude hét phai t6ng hop duge 2 ciu tir nay.

6.1. Tong hop glycerolphosphate

Nhimg chit ban diu d& tao thanh glycerolphosphate 13
aldehyd(P)glyceric hogc (P)dioxiacetone. Nhitng chit nay dugc hinh thanh
trong qua trinh quang hop (san phim ctia chu trinh Calvin) hoc tir su phéan
gidi carbohydrate ma ¢6 (vi dy tir qua trinh dudng phan hodc tir chu trinh
Pentoso(P)).

Co ché hinh thanh glycerol(P) nhu sau:

v
Trioso(P)- | NADH; NAD-
C=0 'y CH-OH N ¥ » CH-OH
| isomerase 1 Dehydrogenase
CH; - O(P}) CH> - O(P) CH; - O - (P)
Phosphodioxiacetone Aldehyd(P)glyceric . Glycerol(P)

6.2. Tong hop acid béo theo vong xoin Lynen-Wakil

- Acid béo dugc tong hop tir acetyl-CoA trong té bao chit.

- Qué trinh nay ¢6 sy tham gia ctia phic hop multienzyme, ciu tric cia
phirc hgp nay nhir sau:

+ O giita 1a phén tuir protein-ACP (acyl-carrier-protein) khéng c6 hoat
tinh enzyme, ¢6 nhiém vy mang nhém acyl trong qua trinh téng hop acid
béo. ACP dau tién dugc phan lap tir E.coli do 77 gbc aminoacid tao nén.
ACP dugc coi nhu mét cdi nhan ndm chinh gitra 6 phén tir enzyme cua phic
hop multienzyme. ACP gin véi mét phan tir pantoten (vitamin () tao thanh
mét by phan hoat dong trong tur CoA ¢6 nhiém vy mang nhém Acyl trong
qua trinh sinh tong hop acid béo. Géc acyl trung gian duge méoc vao ACP
qua lién két thioester v6i nhém SH ciia protein. Gée phosphopantoten hoat
ddng duoc vi nhu “canh tay di déng” van chuyén ge acyl tir enzyme nay
dén enzyme khic.

- Phirc hep multienzyme ¢é 2 nhém —SH
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+ Nhém SH cta ACP (SH-giira)
+ Nhém SH cua phéan tr enzyme (SH-bién)

Dé sinh tdng hop acid béo cin nhiéu phan tir acetyl-CoA va trir mét
acetyl-CoA ban diun di vao & dang khéng ddi, con tit ca nhimg acetyl-CoA
sau d6 déu phai & dudi dang carboxyl héa d6 1a malonyl-CoA.

HOOC - CH; - C ~ S.CoA

0
Theo Lynen-Wakil, qua trinh téng hop acid béo xay ra qua 3 giai doan
nhur sau:
* Giai doan I: Hoat hoa acetyl-CoA.

Tu acetyl-CoA tao thanh malonyl-CoA véi sy tham gia xic tac cia
carboxylase ciing véi sur ¢6 mat cia ATP va Mn*2.

ATP ADP+H;P0,
arboxylas
CH; -C~S.CoA + CO; \F\ /b HOOQOC - CH; ~ C ~ §.CoA
Biotin, Mn ™’
O 0O
Acetyl-CoA Malonyl-CoA

* Giai dogn 2: Kéo dai chudi carbon trong acid béo:
Buéc I: Gan acetyl-CoA dAu tién vai ACP @& hinh thanh acyl-ACP

SH-bién SH-bién
ACP-acyl transferase
CH;-C~8.CoA + E.ACP » EACP
i \ ~HS.CoA \
0 SH-giita S-C-CHy

o

SH-bién S-C-CH;
ACP-acyl transferase / ‘
E‘ACP\ > E.ACP\ 0

S-— ” —CH, SH-gita

0 Acyl-ACP
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Budc 2: Acyl-ACP két hop voi gnalonyl-CoA dé hinh thanh diacyl-
ACP.

5-C-CH; S—|C|‘~CH3

E.ACP O + HOOC-CH;- ﬂ ~8.CoA —» E.ACP 0O + CO; + HS-CoA

SH-gi%a O S-C-CH,
Malonyl-CoA | |
O

Diacyl- ACP

Buée 3: Ngung tu diacyl-ACP thanh B-cetoacyl-ACP.

S-C-CH; SH-bién
/ “ p-cetoacyt ACP-synthetase /
E.ACP \ 0 > E.ACP\
S-ﬁ—CHs S—H-CHz—([T—CHs
O O 0

Budc 4: P-cetoacyl-ACP bi khir nh dehydrogenase c¢6 coenzyme la
NADPH; dé hinh thanh p-oxybutiryl-ACP.

SH NADPH; NADP /SH
E.ACP/ N —> E.ACP
\ dehydrogenase \
Sul(ll—CHg—T'IFCH; S—l(‘Z—CHg—(JIl"I—CHg
0 o O OH

B-oxybutiry-ACP

Buéc 5: Loai nude nhod enzyme hydratase dé hinh thanh Crotonyl-ACP.

SH-bién SH-bién
H.0
E.ACP X > E.ACP
\ Hydratase \
S—ﬁ‘-CH:—CH-CH; §$-C-CH=CH-CH,
0 OH 0

Crotonyl-ACP
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Bude 6: Crotonyl-ACP bi khir nhd enzyime dehydrogenase c¢é
coenzyme la FMNH, d¢ hinh thanh Butiryl-ACP.

SH-biégn  FMNH; FMN SH-bién
E.ACP / N T » EACP /
\ Dehydrogenase \
S~—|C—CH:CH—-CH3 S5-C-CH,-CH; - CH;
0 O Butiryl-ACP

* Phan img hoan nguyén cua FMN:
FMN + NADPH; - FMNH; + NADP

+ Khi hinh thanh butiryl-ACP, qua trinh lai tiép tuc nhin mdt phén tr
malonyl-CoA va tiép tuc nhu trén. Mbi vong quay lai ndi dai thém mét cap
carbon cho dén khi phén tir acid béo ¢é dit d6 dai dap tmg véi phén tir acid
béo ma té bao can tdng hop.

* Giai dogn 3: Két thic tong hop acid béo: Giai doan nay nher sy xic
tac cua enzyme acyltransferase.

SH-bién SH-bién

§-C - (CHy)y—CH; SH-gi%a

E.ACP 2 ACP

acyltransferase

Acyl-ACP O CH; - (CHp), — C ~ S.CoA

HS-CoA O
Acyl-CoA

Hinh 5.4. So db sinh tong hop acid béo theo Lynen-Wakil
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SH-bién Acetyl-CoA
CH; - CO ~8.CoA

ACP €O,
ATP
S - CO - (Cl‘lg): - CH3 ADP + H ,;PO;
== . Butiry|-ACP .
= 5 . O0H
=\ /= CH, - CO~$.CoA |Acetyl-CoA ‘
SH-bién SCOCH, CH.,
E.ACP/ —pEACP CO ~8.CoA
Malony1-CoA
SH-bién S - COCH; SH-gi%
& ¢ E.ACP/
g = HS-CoA
SH-gi%a €O,
SH-bién SCOCH;,
E.AC E.ACP
S~CO-CH=CH-CH, SCOCH,
Crotonyl-ACP diacyl-ACP
H,0
b
/SH-bién NAUDPHg /SH-bién
E.ACP + E.ACP
§-CO-CH;-CH-CH,4 S—CO—CHz—ﬁ—CHJ
OH 0]
B-oxybutiryl-ACP B-cetobutiryl-ACP

6.3. Tong hop triglycerid

Qua trinh tong hop acid béo ndi trén da tao ra cac acid béo dudi dang
chc din xuit acyl-CoA. Trong té bao cé sin glycerol(P). Qué trinh gin acid
béo duge thue hién tiing phan tir 1in lugt va tao thanh céc san phdm mono,
diacylglycerid(P) va cudi ciing méi tao triacylglycerid.

145



CH;-OH CH;-0-CO-R

| 2HS.CoA
(|:H—0H + 2R—ﬁ-S.CoA — ¥, (|?H—O—CO—R
(1
CH2— O - (P) 8] CH;- O - (P)
Glycerol{P) Acyl-CoA Diacylglycerid(P)
H,0
(2)
3P0,
CH;-0-CO-R (3) (|:H2—0—CO-R
CH-0-CO-R /R;—C~S.C0A CH-0-CO-R
| HS-CoA | |
CH; -0 —CO - Rs 0 Cil, - OH
Triacylglycerid Acyl-CoA Diacylglycerid

VII. SINH TONG HQP VA PHAN GIAI PHOSPHOLIPID

Phospholipid 13 cic diglycerid lién két véi phosphoric acid bing lién két
ester & vi tri nhém hydroxyl thir 3. Sau d6 gc phosphoric acid bj ester hoa
béi rugu chita nhém amin (choline, ethanolamine,...). Céng thirc tong quat
cia phospholipid nhu sau:

CHZ"O_CO—RI

X) — hop chét phu
cnoo-cor, 00 M
| OH R;; R, — gde acid béo.
CHz—O—PéO

0-(X)

7.1. Sinh tdng h¢p phospholipid

Nguyén liéu can ¢6 1a: glycerine, céac acid béo va cac hgp chét phu (x).
Qua trinh téng hop d6i héi chi phi mét lugng nang lwong do ATP va CTP
cung cép.

Vi du: Sinh tdng hgp phosphatidyl-choline (tén cii 12 lecithin).
So dd sinh téng hop nhu sau:
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Glycerol(P)

Choline: {CH3;:N - CH: - CH, — OH

R, - CO ~ S.CoA ATP |
2Hs-CoA‘t 2 OH
R.—CO~ S.CoA ADP.
Diglycerid( P} Choline(P}
H-0 CTP
Kl—l;PCh }&Hd’goy
Diglycend ———  Cytidyldi(P)choline
gyeerid ytidyldi(

—»(CMP
C!'l"lz -0-CO-R,

CH-0-CO-R;

Choline

CH;~O-{P})-0-
Phosphatidyl-Choline(lccithin)

7.2. Phén giai phospholipid (Vi du phan giai lecithin)

Qua trinh phan giai phospholipid xay ra manh m& khi hat nay mim, su
phan giai chiing bang cach thiy phan voi sy tham gia cia H,O dudi tac
dung cia nhém enzyme dugc goi 1a phospholipase.

Déu tién phospholipase A xiic tic bing cach thiy phén acid béo khoi
nguyén tr C; cua glycerine; sau dé phospholipase B loai acid béo khoi
nguyén tr C, cua glycerine. Phospholipase C tach phosphoryl-Choline. Cén
phospholipase D thay phdn Cholinephosphate. Két qua cia sy tac dung hop
nhit ciia cac phospholipase 14 tao thanh cc acid béo; glycerine tr do;
H;POy4 va Choline.

So dd duge trinh bay nhu sau:

v Phospholipase B
CH; -0- (ﬁ - R-!
0
____________ Phospholipase A
CH-0O- ﬁ -R;
0
OH
/
CH,-O-P=
2 \ Q

O-CH>-CHy ~ T(C}'i3)3

OH

Phospholipase C Phospholipase D
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Chwong V1 . ]
NUCLEIC ACID VA SU CHUYEN HOA
CUA NUCLEIC ACID

A v - . .
6.1. Cau truc cua nucleic acid

Nucleic acid 1a nhimg chit mang thong tin di truyén va chuyén nhimg
théng tin di truyén nay dén trao dbi chat. C4u tao ciia ching gom nhiéu don
phan c6 ba thanh phin: base nito, phosphate va ribose hodc desoxyribose.

Base nito 1 din xuét ciia pyrimidine hodc purine. Pyrimidine dugc tong
hop tir carbamylphosphate va asparagine. Purine dugc tdng hop tir
asparagine, glycine, glutamine, CQO; va formiate dugc hoat héa bdi
tetrahydrofolic acid.

Asp ---- NZ~ N
Formiat ---- K )---- Formiat
N N
| H o
1 e
|
Glu-NH; Glu-NH:

3 3 . N —~ x A 3 . 1+ - N
Adenine va guanine la nhitng dan xuat clia purine. Cytosine, thymine va
uracil 13 dan xudt cia pyrimidine.

H \H: o
G C
CEL L Y
| I l I
HC\\‘*N/C\N’CH HC:::N/C\N/CH HCQ:N/C\N/CH
H H H
Purine Adenine Guanine
NH, OH OH
: ¢ ¢ :
N?C“‘cl:'H N \<|:|H NZ ~G-CHs NZ \clle
| l | | |
HC N N /CH HOC > N /CH HOC N N /CH HOC X N~
Pyrimidine Cylosine Thymine Uracil
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G trang thai can bang nguyén tir H cua nhém hydroxyl dich chuyén dén

nguyén t N.
NH; NH,
¢ .
T? \(‘3|H ——» NZ TCH
| |
IE?ESN/CH H= C\N/CH
H

O dang nay nguyén tir H dimng canh nguyén tir N c6 thé tao lién két N-
glycoside vé mét ribose.

HO-CH, :070** HO-CH, 7‘
OH OH
Ribose Desoxyribose

Ribose 1a thanh phin duong cia ribonucleic acid (RNA). Desoxyribose
1a thanh phin dudng cua desoxyribonucleic acid (DNA). Desoxyribose khac
vOi ribose chi ¢ vi tri carbon thir 2: & desoxyribose ¢6 1 nguyén tr H thay
cho nhém OH.

Desoxyribose dugc tao nén tir ribose & sinh vit nhin chuin bing phan
ung khir nhd enzyme nucleosidiphosphate-reductase, phan tmg khir dugc
thuc hién nher 2 nhom SH cua enzyme. Phan tng téng quat duge biéu didn
nhu sau:

®-~0-@r-o- CH;: 7’“’“9 ® ~0 - B-o0- CHzi 7’?*’359
/SH \' OH
\s +H,0

Pudng (ribose, desoxyribose) lién két véi base nito bing lidn két
glycoside. Ngudi ta goi ching 1a nucleoside. Su biéu dién nhitng base nito
quan trong nhét va nucleoside nhu sau:
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Base nito Nucleoside

Adenine Adenosine
Guanine Guanosine
Cytosine Cytidine
Thymine Thymidine
Uracil Uridine

Sir biéu dién c4c nucleotide va nucleotidphosphate cling theo quy luft
ndy, vi du: thymidinmonophosphate hodc adenosintriphosphate. G
nucleoside nguyén tir H ciia nhém OH dinh & vi tri carbon tht 5 duge thay
thé bing nhém phosphate, nhu vy ta duge mdt nucleotide.

Nucleoside: Ribose- Base nito
Nucleotide: Phosphate - Ribose - Base nito

DPudng lién két vai base nito bang lién két glycoside, v6i phosphate
béng lién két ester. O nucleotide nay, mdt nucleotide thir 2 két hop vao,
nghia [a I cia nhém OH dinh & vi tri carbon thar 3 duge thay thé bang mot
nucleotidyl, duge biéu dién nhu sau:

(®-0-CH 071‘\1-13858 (P-0-CH O7t‘~l-base
HO-'P=0 — HO-P=0
i
ClH o N-base CH, o7¥~\1-base
OH OH OH OH
Nucleotidyl Dinucleotide

Nguyén tr H ctia nhém hydroxyl & vi tri C; cia nucleotide thitr hai duge
thay thé bang mét “nucleotidyl” tiép theo, nghia 13 chudi kéo dai theo hudng
ribose & vi tri C;. Nucleotidyl Ia géc cua mdt nucleotide, 1A
nucleosidphosphoryl.
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P-O-CH; ¢ N-base
OH

OH OH
Nucleosidphosphoryl

O
Il
0=P-0O-CH, O N-base
|
OH

f

Nhém phosphate o OH

O OH
~0=POCH, o Nbase
|
OH

Nhom hydroxyl 6 C; ———» o OH

Hinh 6.1. Cdu tao chung cia mét ribonucleic acid

Theo nguyén tic ndy 6 thé tao nén mdt chudi dai polynucleotid. G mot
diu chudi mang nhém phosphate va ddu kia c6 nhém OH ty do cta duong
ribose. O hinh 6.1 biéu dién cu tric cia RNA, n ¢6 49 Ién tir 10? dén 10*

Nucleic acid 1a mét polymer, duge tao nén rit hé théng, véi mot nhém
phosphate & mét ddu va mot nhém OH & vi tri carbon thir 3 ctia ribose hoiic
desoxyribose & dau kia. Gde phosphate cta nucleic acid con chira mét nhom
OH tu do, nhém ndy c6 kha nang phan ly H'. Vi vay & khia canh nay phan
tir ¢6 tinh acid va ngudi ta goi 1a nucleic acid.

Trinh ty clia cac base nito riéng 1é va thanh phén coa né trong toan by phan
tlr 14 nhitmg tiéu chudn quan trong nhét ctia nucleic acid. DNA chira chi 4 base
nito khic nhau: adenme thymine, guanme va cytosme Trinh tir cia chilng
trong phén tir DNA gin lién v&i toan b6 yéu 6 di truyén cua sinh vét. Sinh vat
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cang phat trién cao thi soi DNA cuia ching cang dai va trong lugng cang 16n.
Trong luong phén tir cia DNA ciia vi sinh vét khoang 10°, ciia nguoi khoang
3,8. 10", C6 khoang hang nghin nucleotide trén mot phan tir. Phan tir dai nhat
da duoc biét co 10° nucleotide, twong tmg véi do dai la 3mm.

Phan tir DNA gom 2 soi quin vao nhau va chay d6i song theo hudng tir
Cs dén C;. Nhitng base nito hudng vé truc helix dugc bao vé trudc nhimg
anh huong bén ngoai nhd chudi ribosephosphate.

Tuong tu polypeptlde céc phén tir DNA ¢6 cdu tric bic mot 1a trinh tu
cac nucleotide va ciu tric bac hai 13 sy xodn ctia mach kep Trén mdi vong
xodn c6 10 base nito. O diy mdi base nito c6 mot base ddi dién xac dinh.
Adenine dbi dié_‘:ﬁ v6i thymine, guanine véi cytosine. Su ddi dién nay 1a do
céc cau hydro duoc tao nén giira dn xuét pyrimidine (thymine, cytosine) va
dAn xuét purine (adenine, guanine). Adenine ndi voi thymine bang 2 lién két
hydro va guanine v&i cytosine 1a 3 lién két (hinh 6.2).

Watson va Crick dua ra md hinh DNA gdm 2 soi bd sung. M hinh nay cé
y nghia ddi v&i cac qua trinh sinh hoc co ban s& dugc giai thich rd hon dudi
day. Lién két giira cac base bd sung thuc ra 1a khéng bén vimg nhung ching tao
diéu kién cho soi bd sung co thé duoc téng hop tir mdt soi riéng 1&.

(a) Cau tric clia DNA (b) Cau tric héa hoc clia mét phan DNA

Hinh 6.2. Chudi xodn kép ciia DNA
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H _____________
S NH - N/\/\F \N e HN
‘\ ) | 01—---HN )
N
d -Ribose d -Ribose dl Ribose &' Ribose
Thymine Adenine Cytosine Guanine

Hinh 6.3. Su cdp doi cua adenine va thymine bang 2 lién két hydro va ciia
guanine va cytosine bang 3 lién két hydro

Thymine
Adenine

Phosphate

Phosphate l

Besoxyribose Desoxyribose

Hinh 6.4 So d6 biéu dién cdu tric ba chiéu cia desoxyribosephosphate c6
base nito la thymine va adenine

Mach kép cia DNA cé duong kinh khoang 2 nm, do dai c6 thé dén nhiéu
mm. DNA cia Escherichia coli 1a mdt soi cé 4,2.10° cap base. Mach kép cua
DNA 1a “tay phai” nghia 13 nhitng vong xoén theo hudng quay cua kim dong
hd, tao nén ranh 16n va nho. Ranh lén hay nhé 13 nhimg diém tac dong dic
bi¢t clia enzyme. Enzyme desoxyribonuclease 1 (DNAase I) két hop tinh dién
& viing xodn nho, & day ddc biét nhom NH, tich dién dirong cua arginine va
lysine clia enzyme két hop v&i nhom phosphate tich dién dm clia DNA.
DNAase I 1a enzyme thuy phan, c¢6 kha ndng thuy phéan dé tach ra mét trong
hai s¢i. Nhimg enzyme endonuclease két hip voi mdt trinh tu xac dinh ¢6 6
base nito, thuy phan hai mach cia sgi kép. Nhimg nuclease nay 13 nhimng
enzyme giol han, déng mét vai trd quan trong trong ¢ong nghé sinh hoc.
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Bat ddu

44— Ranh Ign

44— Ranhnhd

Hinh 6.5. a) Mach kép DNA véi ranh lom va ranh nho
b) Xodn "tay phdi”, miii tén chi huéng xodn theo kim déng ho

Dang B-DNA ¢6 thé chuyén sang dang A-DNA bing sy khir nuée,
chung cling xoan theo hudng kim ddng hd. Nhimg nhém phosphate caa

ching hap thu nhitng phén tr nude it hon dang B-DNA. Dang A-DNA rong
hon va ngén hon dang B-DNA.

6.2. Phan loai nucleic acid

Bang 6.1. Gidi thiéu cic nucleic acid

Ky hiéu Ngudn Trong luong phan tir $6 luong nucleotide

DNA  nhan, ty thé lapthé  10°-3,8 x 10"° 4 x 10%-108
RNA

mRNA nhan, té bao 108 4x10°
rRNA  té bao chét, ribosome 108 4x10°
tRNA  té bao chét 25 000 80 -100
cRNA nhéan 10%-107 10°
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O ribonucleic acid ¢6 4 loai khac nhau (bang 6.1). mRNA chuyén théng
tin di truyén tir DNA dén trung tdm tdng hop protein cua té bao. Trong
lugng phén tir khoang 10°, biang 1/1000 dén 1/10 000 trong luong ciia DNA,
vi vay né c¢6 d6 dai ngin hon. Nhimg base nito quan trong nhit 13 guanine,
cytosine, adenine va uracil. Nguoc lai DNA chita base nito thymine thay
cho uracil va b sung véi adenine. mRNA duge téng hop trong nhan va &
mirc 46 nhét dinh dugc tng hop trong ty thé va lap thé.

TRNA 14 RNA ribosome, 14 noi tdng hop protein cua té bao. Thanh phin
ribosome gdém c6 cdc phan tir protein va cac rRNA. Cac rRNA c6 trong
luong phan tir khodng 10° Da. Bén canh adenine, uracil, guanine va cytosine
rRNA con chita nhitng base nito khac ma phén lon da duoc methyl hod.
Nhimg rRNA cta thue vét duge methyl hoa nhidu hon rRNA cia dong vit.
Khoang 80% RNA tong s6 clia mot t& bao 13 rRNA, phan con lai 1a tRNA,
trong khi 4 mRNA va cRNA chi chiém mét thanh phén nhé.

tRNA 1a RNA van chuyén aminoacid dén trung tim téng hop protein.
tRNA chi ¢6 khoang 80 nucleotide, vi vdy ¢6 trong lugng phin tir thip,
chi khodng 25 000 Da. Bén canh 4 base nito ¢4 ké trén chung con chua
nhitng base nito khac di dugc methyl hoa. Vi 1y do nay ma né khong thé
ton tai & trang thai mach kép hoan chinh. Trong phéan tir ctia né ¢ nhitng
doan khéng két hop v6i nhau, hinh thanh nén cdu tric 14 co tam diép (co
ba nhanh), cdu tric nay rit quan trong ddi véi chirc nang sinh 1y cla
chung (hinh 7.20).

cRNA la RNA chromosome, cén goi la hnRNA (heterogen nuclear
RNA) chi ¢6 & sinh vét nhan chudn. D6 13 dang tién chét clia cac loai RNA.

6.2. Sinh téng hop nucleic acid

6.2.1. Sinh téng hop nucleotide dgng purine

Qué trinh sinh tdng hop nucleotide dang purine dwoc bit dau tir o -D-
ribose 5-P, san phdm trung gian cia chu trinh pentosephosphate. Cac
nguyén tl clia base c6 ngudn gde tir nhimg hop chét khic nhau va dugc gin
14n luot vao gbe ribose.
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u-D-Ribose-5-P

P-0-CH,

L-glutamate

@e

5-P-B-D-Ribosylamine

10-Formyl-THF
H

N
“SCH,

| CH
N-" N\
H CH,
|
HC-N-R
I

H.0O © THF

N

Phosphoribosyl-glycine amide
ormyltransferase
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(AN

Glycine

o-D-5-P-Ribosyl-PP (PRPP)

P-0-CH, .0

0 -P-0-P

H,C-NH,
1
0=C-NH

P-O0-CH O _NH; aTP \ f P-O-CH,
Amino-P Ribosyl transferase @‘ L

5-P Ribosyl Glycinamide

(GAR)
HZC NH
N\ CcHO
0= c NH
P-O-CH, O
H H
H H
HO  OH

5-Phosphoribosyl
N-Foermylglycinamide
(FGAG)



HO L-glutamate | CHO
AT T L-glutamine ADP + P, HN=C-NH
\ \\ f P-O-CH, .0
> H o HA
Ribosyl-formyl-glycinamide synthase H
HC  OH

ATP App+p,

formyiglycine-
Amidinecycloligase

Agpartate
ATP K Pi
P-Ribosyl-
Aminoimidazole-

Succinocarboxamide
Synthase

>
/C— N
H:N
\ /4 P-O-CH, O
» H H
] v ; H
Phosphoribosyl- H
HO OH

5-Phosphoribosyl
N-Formylglycinamide

(FGAM)
HOOC_
H-C— N C-N
N CH I N CH
7

/C— N

HzN

Co, P-0-CH; .0

#, H H
H H
HC COH

1(5'-P Ribosyl)- 1(5'-P Ribosyl)-5-Armino-

S5-Aminoimidazole 4- Carboxymidazole
(AIR)
COOH
| 0 0
CH, | Ia
| C

HC-N" CN
| H ) CH
COOH ,C-N

HQN/ Fumarate
P-O-CH; 2 P-G-CH,
Adenylo-
H  Succinate lyase

HO  OH
1(5'-P Ribosyl)- 1(5'-P Ribosyl}-
5-Amino-4-(N- S-Imidazglecarboxamine
Succinocarboxamide}- {AICAR)
imidazole
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1G-Formyl-THF

H
N
I \C|H2
CH
N/ AN
CH E; 0
It
HC N-R
A THE  HN \c N HN/C\ o
CH ? %CH
H.0 | i
/ ©* C\ o ? HG  C-N" s
P-Ribosy-A N _Z, SN __p Mucleotide
ibosyl-Amino- . e
midazolecarboxaming  P-O- c;|-|2 o IMP cyclo- P-0-CH, .0 puzge
Formyitransferase hydrolase g )
H H H
H H H
HO OH HO o©oH

5'P-Ribosyl-5-Formanido inosine-5'-phosphate

4-Imidazolecarboxamine

Hinh 6.6. Cdc phdn g tong hop purine nucleotide

Ribose 5-P dugc hoat héa bang viéc tiép nhin moét nhém
pyrophosphate, tao nén 5-phosphoribosyl-pyrophosphate (PRPP). Sau dé
nhém pyrophosphate ndy duge thay thé bang mét nhém amin ¢6 ngudn gbe
tir glutamine, cho san phim 14 5-phosphoribosylamine. Phan tng nay dugc
thuc hién nh&r sy thuy phin pyrophosphate. Pdng thisi ribose & dang o
chuyén sang dang p. Enzyme ribose-P-pyrophosphokinase va amido-P-
ribosyltransferase xiic tic cho hai phan tmg, 13 nhitng diém tiép c4n cia cac
qua trinh didu khién.

Phan (g tiép theo la gén thém glycine trirc tiép vao nhom NH,, duoc
thuce hién do thuy phian ATP. Sau d6 Nm-fonnyltetrahydrofolat gn vao
mdt nhém formyl. Trong m{t phan (ng phu thudc vao ATP va glutamine
nhém oxo & C-2 duge thay thé bing mdt nhom imin. ATP cung cip ning
luong cho viéc déng vong va bién ddi vong imidazol thanh vong thom
1(5’-phosphoribosyl)-5-amincimidazol (AIR). Mot phan ing carboxyl hda
xdy ra khong cé biotin, tiép nhin CO, dé tao nén din xuit carboxyl. Phan
tr ndy gan véi aspartate bing mot lién két amide. Sau d6 khung aspartate-
carbon duge giam trés lai, giai phong fumarate. Aspartate dua vao chét tao
thanh 1(5’-phosphoribosyl)-5-amino-4-imidazol-carboxamid (AICAR) chi
nhém amine cta né. Sy formyl hoa tiép theo bai N'°-
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formyltetrahydrofolate cung cAp thanh phén cu01 cung cia vong 6 canh.
Vong dugc déng lai bing cach loai H,0, xudt hién inosin-5’-phosphate.
IMP khéng tich luy trong té bao, né duoc bién ddi nhanh thinh adenosine-
va guanisine-mononucleotide.

6.2.2. Sinh tong hop nucleotide dang pyrimidine

Sinh téng hop uridin-5"phosphate (UMP)

A ADR P H,N-C - OH A o hae OF
2N~ 2N =
. \/‘ n \ /‘ I
HCO, / \‘ > 5 » 5

Bicarbonate Gluta- Gluta- Carbamate Carbamoyl-P
mine mate
COOH
|
CH,
|
H-C-NH,
|
COOH
O
L-Aspartate P h
c
HO -~ \CH;,
\ . NH;_ ”
0= C\N /C H
H COCH

N-Carbamoyl-L-Aspartate

Chudi hé hap Orotate
[ 9
H:0 c UQH, &
hx S uQ HN “" " ch
— N
N N/C\ Dihydro-Orotate o= C
H COQH  Dehydrogenase {mang) N COOH

{5)-4,5-Dihydro-Orotate
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a-D-Ribose-5-P «-D-5-P-Ribosyl-PP (PRPP}

P-O-CH, .O._ H AMP p_0

ATP -CHy O H
(T ?OH LZ‘—P .:H VO—P-O—P
H Ribosephasphate  F
HO OH

HO OH  Pyrophophokinase

PP,

N
ng‘ _ I H
> 0=C ~N /C-COOH

Orotate P-Ribosy!
Transferase

P-O-CHp . O
KH H
H H
HO OH
Orotidin-5'-Phosphatate
P
Co, C
N7 CH
f > | H Céac nudletide
Ortidine-5'-P O=C\ /CH d?ng pyrimidine
Decarboxylase N
P-O-CH, . O
:H H b
HO  OH

Uridine-5'-Phosphate

Hinh 6.7. So dé téng hop uridine-5 phosphate (UMF)

(5 su thng hop purine thanh phin clia vong purine timg bude duge gan
vao nhom ribose, con & su tdng hop pyrimidine trude hét xudt hién vong
base, sau do ribose duge gin vao. Nhimg nguyén tir cha vong dugc gin vao
tir aspartate va carbamylphosphate.

() sinh vét nhin chuén carbamylphosphate 1a mgt thanh phén cta chu
trinh omithine, nhumg hai dudng huéng phan img nay xay ra & cac vi tri
khac nhau. Su tong hop pyrimidine, carbamylphosphate xay trong té bao
chit (nhimg phéan tmg tiép theo ciing x4y ra ¢ ddy), phan {mg tuong Ung cua
chu trinh ornithine xay ra & ty thé. Carbamyl-synthase tham gia vao hai qua
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trinh cé nhimg dic diém khic nhau: Synthase II tham gia vao téng hop
pyrimidine str dung glutamine 14 ngudn nito va khong duge hoat héa bién
cdu bdi N-acetylglutamate, synthase cia chu trinh ornithine phan ng va
duge hoat hoa bai NH;. O vi khuan chi ¢é carbamyl-synthase typ 1.

Phan img tiép theo duge xuc tic bdi enzyme aspartate-carbamyl-
transferase, 1a budc xac dinh cua sinh téng hop pyrimidine, & day cé tac
d6ng cta co ché diéu khién.

Bude tiép theo 1a dong vong va giai phong H,O. Su oxy héa tiép theo
tao thanh orotate. O sinh vat nhan chuén dihydroorotate-oxidase, dinh vi &
phia ngodi cua mang ty thé, chuyén chit khir dén chinone. §J vi khuén
enzyme gin két véi mang va phan {mg véi cic chinone. Phan img voi 5'-
phosphoribosylpyrophosphate (PRPP) dén dén sy két hop voi ribose,
pyrophosphate duge giai phong. Buéce cudi cling cia sinh tdng hgp uridin-5-
P 13 khir carboxyl héa orotidine-5-P.

Pyrimidine-mononucleotide duge bién ddi thanh di- va triphosphate
bing su phosphoryl hoa. Uridin-5’-triphosphate (UTP) duoc amine héa
bing glutamine (& dong vét c6 vit) hodc NHy (& E.coli) trong mdt phan (g
cin ATP, tao thanh cytidin-5'-triphosphate (CTP). Phan ung amine hoa nay
tuong tu phan Umg bién di cua xanthosin-5’-phosphate, tuy nhién Pi duoc
giai phong thay vi pyrophosphate.

6.3. Sinh téng hop DNA: DNA ¢6 kha ning tw téng hop (tw nhan d6i)

D¢ cho qua trinh sinh tdng hop DNA xay ra can phai ¢6 cac diéu kién
sau diy:

- Co6 DNA lam khuén
- C0 4 loai desoxyribonucleotide dudi dang triphosphate

(Nguyén liéu cho qud trinh tbng hop DNA la nhimg
desoxynucleotidtriphosphate)

Desoxyadenosintriphosphate = d’ATP
Desoxyguanintriphosphate = d'GTP
Desoxythymidintriphosphate = d'TTP
Desoxycytosintriphosphate = d'CTP
Chung 1d nhiing chét tuong tu ATP; GTP, TTP va CTP va chta

desoxyribose thay cho ribose.
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- Co cac enzyme DNA-polymerase xic tac

Nhimg enzyme quan trong nhit 1a DNA- polymerase, DNA-ligase va
helicase. Khudn 1a hai s¢i ciia mach xoén kép. Su téng hop bit diu bang viée
thuy phén lién két hydro ciia mach kép nhd mét enzyme nuclease, tach lidn két
ester gilta ribose va géc phosphate cua hai sgi, nhu vay tu vi tri ndy mach kép
c6 thé duoc dudi xodn. V& mat ning luong day khong phat 13 qua trinh don
gian vi nhu trén da dé cap hai soi dugce ndi voi nhau bing cac ciu hydro. Trong
éng nghiém ngudi ta ct lién két nay khi dua nhiét dé 1én 90 °C. D& dudi xofn
cAn mot phirc hé enzyme dic biét 14 helicase, 1a mét phuc hé dinh vi ¢ chd ché
ba ctta mach kép va lam dudi xodn DNA. O nhimg sinh vét khdc nhau (E.coli,
ndm men, dong vat va thue vat bic cao) ngudi ta théy helicase ¢d nhimg dic
tinh khac nhau:. V& nguyén tic co ché tic déng cia né nhu sau; soi kép duge
dudi xofn va helicase diy chd ché ba tiép tuc dich chuyén. Qu4 trinh m& xodn
thyue chét van chua duge giai thich can ké. Nhimg lién két hydre gitta cac base
nito dugc cat dirt. Rt co thé mdt sgi DNA duogc ¢t ra bang thuy phédn 1am cho
xo08n dirge mé ra, sau d6 duge ndi lai véi nhau. Toan bd qud trinh cin nang
hrong. Tuy theo loai helicase ma nang luomg cdn 13 ATP hodc cic
nucleosidiriphosphate khac, va cac desoxynucleosidtriphosphate cling dugce sir
dung dé& diy chd ché ba dich chuyén. Nho ¢6 cac nucleosidtriphosphate ma ciu
hinh clia protein enzyme thay d6i do qua trinh phophoryl héa enzyme, qua trinh
nay twong tu nhu co thit co.

4 /}\‘_\\ . DNA-poiymerase
%)

dATP
dGTP
dTTP
d'CTP

HO

Hinh 6.8 Sq dé biéu dién sie sao chép. Su mo xodn kép nho helicase va su
tong hop DNA ¢ hai sgi khuon nho DNA-polymerase
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Nhu & hinh 6.8 mét phé“m mach mé& xodn cé mot dau la ghe phosphate
va mot dau 1a mét nhém OH. Nhing doan téch ra nay 1a khudn cho viée tao
nén mot soi bd sung. So1 mai ndy chay theo hudng nguoc lai véi sgi khudn.
Ngudi ta phén biét gifta soi “leading strand™ la “sgi trude” va soi “lagging
strand” 14 “soi sau”. “Sgi sau” dugce cit ra bing thuy phan va sau dé duoc
ndi két lai va tao thanh dudmg cong l1ém duge thyc hién nhé phire hé helicase
bao gom nhidu phén tir protein theo hinh 6.9.

Puong cong ndy ¢6 tac dung 1am cho sgi DNA mdi tao thanh tir khudn
1a “soi sau” kéo dai ra hudng theo ché ba, tuy nhién huong kéo dai van dam
bao tir 5'— 3'. Vi vay khai niém lagging ¢6 nghia 12 nhimg base nito bd
sung cho soi “lagging strand” duoc doc cham hon. Bé dudi mach xoén kép
thi mét doan cla soi “lagging strand” duoc cit ra, mé xodn va céc doan
duge goi 1a “Okazaki” duge tdng hop. Trude khi nhimg doan nay ndi lai voi
nhau nh& enzyme ligase ching phai duoce hoat héa nghia 1a chung duoc két
hop vt “primer”. Primer (mdi) nay la mot RNA. Enzyme xtc tac cho phan
{mg téng hop cac doan méi nay la primase.

Phan ing cua primase xay ra sau khi dudi xodn, tiép theo la phan mg
polymerase, nghia 1a ldp rap cac nucleotide vao soi méi va cudi cung la
phan ang ligase. Chd ché ba chuyén dich v& phia truéc theo huong 5'— 3’
cua sgi “lagging strand”. Vin téc dudi xoin 13 700 cap base trong 1 gidy &
nhiét do 30 °C.

Polymerase tao lién két ester gitta OH & vi tri carbon thit 3 clia sgi méi
v&i phosphate ciia d'nucleosidtriphosphate méi di vao. G day pyrophosphate
duoc tach ra va nhanh chéng duge thuy phan dé tao photphate vé co.

Nang lugng cin dé tao lién két ester chira trong hai lién két cao nang &
trong d’'nucléotidtriphosphate. Sy két hop vao khudn theo nguyén tic bd
sung tién hanh theo cach H cita nhém OH & vi tri carbon thir 3 cua ribose
duoc thay thé bing 1 d'nucleotide, chinh xic hon nhom OH duoc thay thé
béi acyl cia 1 d'nucleotide (nucleosidphophoryl) (xem hinh 6.10). Chudi
eling kéo dai & vi tri 3 theo hudng C-5—> C-3 hodc tir gbe phosphate dén OH
cua vi tri carbon thir 3.
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Phurc hé helicase-primase-
polymerase

OH 3

Hinh 6.9. Soi trudc va soi sau o phircc hé
helicase-primase-polymerase

Su két hop vao khudn theo nguyén tic bd sung, nghia la thymine s& két
hop voi adenine, guanine két hop véi cytosine. Bing cach nay mét ban sao
chinh xac cta soi khudn dugc tdng hop. Néu trong qua trinh két hop ma bi
181, vi du hai base nito di dién nhau khong b sung tao nén khong gian ma
1 d'nucleotide méi vao khong két hop dugc véi nhém OH cuia ribose.
Polymerase c¢6 kha nang sira chita nhimg 18i nay, thuc chdt la né cit
nucleotide 13p sai ra va gin nucleotide chinh xac vao. Co ché stra chita quan
trong nay da lam cho ty 1& 18i & qua trinh nhan doi la rat thip, khoang 107,
Nhitng 13i trong qua trinh ny 1a nhitng dot bién dan dén nhing réi loan rat
16n trong trao doi chat. Tuy nhién né ciling can thiét vi tao nén tinh mém déo
dé thich nghi véi moi truong séng.
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Hinh 6.10. Sw két hop mét nucleotide vao soi DNA béng viéc tao lién két
ester. Nucleosidphosphoryl thay thé H ¢ OH cia d'ribose

Cac doan s¢i duoc téng hop nén dai khoang 1000 nucleotide, dugc gz‘in
két lai nho ligase. Enzyme nay xuc tac tao lién két ester gilta gbc phosphate
cua carbon thit 5 va nhém OH & vi tri carbon thir 3 cia d'ribose. Phan tng
nay gin lién véi su phosphoryl hod, gbe phosphate do ATP cung cip.
Nhitng soi méi duge tdng hop tao xodn véi soi khuén, d& tao nén mach kép.
Nguoi ta goi s nhan déi ndy la ban bao ton vi trong mét mach kép méi thi
mot soi ¢6 tir trude (bao thit) va mot soi méi tao thanh. Phin tr DNA méi
tao thanh hoan todn gidng véi DNA ban dau. Thong tin di truyén da ting 1én
gip doi.

Vi€e sao chép thong tin di truyén 1a mét qua trinh ¢d ¥ nghia sinh hoc
vi trinh tur cac base trong DNA 1a trinh tu céc chir cdi, ma voi nhimg chit
cai nay thong tin di truyén duge thé hién. Trudc khi té bio phéan chia
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(m1tose) DNA duge nhan dbi, nhu vay nhimg té bao con ¢c6 hé gen glong
nhu té biao me.

6.4. Sinh tfmg hop RNA (sy phién mai - transcription)

V& nguyén tic tuemg ty qué trinh téng hop DNA. O day mot sgi DNA Ia
khuén va cac nucleosidtriphosphate 13 nguyén liéu va két qua 12 mét phan tir
RNA dugc tdng hop. Pé sao chép cdn mot soi DNA khuon 1a s¢i giau base
pyrimidine, cac nucleosidtriphosphate va cdc enzyme, chii yéu 14 RNA-
polymerase. Nguyén liéu 14 ATP, GTP, CTP va UTP thay thé cho TTP.
Nhém OH & vi tri C; cua ribose duoc két hop vdi nucleoside tiép theo co su
tach ra cua pyrophosphate. Chudi ciing kéo dai & ddu C; cua ribose. Phan
ttng do RNA-polymerase xtic tic twong tur s tdng hop DNA.

Ning hrong cin cho su tdng hop niy 1a sy tach ra ctia pyrophosphate
(hinh 6.11) Chudi RNA kéo dai nguoc hudng véi sgi DNA khuén. O su
téng hop nay sé tao nén mot mach kép tam thoi, gdm DNA va RNA.

Vi viy nguoi ta goi hién tuong ndy 1a lai, mach kép 1a phan tr lai. RNA
co ban 1a nhd hon DNA, nén chi mét doan tuong dbi ngin caa DNA duoc
doc dé tdng hop RNA. Nho dac tinh nay ma mét doan duogce doc ké tiép
nhau bai nhidu enzyme polymerase. RNA méi duge tao thanh khéng chi [a
mdt ma cé tir 30 dén 100 phén tir. RNA-polymerase trirot trén doan DNA va
tong hop nén sgi RNA. Pé bit dau va két thuc doan DNA can ¢6 nhimg tin
hiéu héa hoc, nhitng tin hidu nay cho dén nay chua duoc bidt nhidu. Tuy
nhién nhitng doan riéng biét cia DNA thi hoan toan xac dinh, né mang
thong tin di truyén cho mét phan t RNA xac dinh.

® Soi giau pyrimidine
HO I A o
TACAGT
G UCA
|
PIICIGIC
GTP 4— ATP
4+— GTP
® ®-® < UTP
+4+— CiP

Hinh 6.11. Sy tong hop RNA ¢ soi gidu pyrimidine
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Néu & soi khuon DNA c¢6 13i, vi dy thiéu 1 base nito, s& cd mot co ché
d¢ sira chita. C6 nhimg enzyme lam nhiém vu nhan biét nhimg vi tri 131 trén
soi DNA. Co ché ndy rdt quan trong, néu khéng thi nhing théng tin “vé
nghia” dugce doc.

(J sinh vat nhan so thi mRNA dugc doc truc tiép tr DNA. O nhimg doan
DNA ma héa cho rRNA va tRNA thi trudc hét tién RNA duge téng hep
nén, sau d6 ching sé duge bién ddi dé tao rRNA va tRNA. Sy bién dbi nay
chit yéu 1a thay déi cac base nito. Mot phin duge methyl hoa, nghia 1a
nhu*ng nhém OH dLrorc thay thé bdi cac nhém methyl. Qua d6 anh hirémg
dén kha ning tao cau hydro cua cac base nito. Su methyl héa cac base nito
Xay ra sau khi sao chép ¢é y nghla ddi v&i cdu trirc bac hai cia rRNA va
tRNA. DNA & sinh vat nhdn so nim tu do trong té bao chit va chi yéu &
dang vong. O trong ty thé va lap thé c¢6 chita mot lugng nho DNA, DNA
nay tuong tuy DNA cia sinh vét nhdn so. Mét phén tr DNA dan‘g, vong
khong cé diém bat dau va diém két thac. Dé doc chiing phai ¢6 1 diém két
hop cla polymerase. Viing bit ddu nay (initiation sites) dwgc dic trung bdi
mét trinh tr base dac bidt, So d6 dudi ddy cé nhimg chit in dam 13 4 diém
khac nhau cho sir sao chép DNA tir ty thé clia ngd.

rrn 18 T 6 A A T T G A €C A T A G A T A A A T C T T
rzn 26 A A 6 A A A A T C G r A T A A A A AT C A A
atp 1 A A A A G T A A CGTATTAAGAGAGATZAATC A
atp 2 ¢ ¢ ¢ A T P T T C AT AGATCGU AG@ AU MG AT G
< >
Ngugc dong Xudi dong

0 sinh vt nhan chuan sy tdng hop RNA khéng thuce hién tryc tiép trén
DNA. Da sé doan sao chep tuong d6i dai, duge goi 1a hnRNA hodic cRNA,
sau do chang duoc bién ddi thanh mRNA, rRNA va tRNA. Qua trinh nay
goi la “processing” (hinh 6.12). Khi 20 nucleotlde dau tién duoc lap rap dé
téng hop mRNA th1 mdt mii (cap) duge gan vao dau soi RNA o vi tri Cs cita
r1bose Mii nay gém guanme da methyl hoa, duge két hop v RNA nhé ba
gbe phosphate. Qua trinh téng hop mRNA tiép tuc cho dén khi tao nén trinh
tv base adenin-adenin-uracil-adenin-adenin. Pay 1a tin hiéu cho sur két
thic qua trinh sao chép, ¢6 khoang 20 base nam sau tin hiéu két thiic. b du
cudi nay mdt sgi polyadenine duge gin vao, ¢6 tir 150 -200
adenylnucleotide. Phin nay bdo vé cho mRMA truée su tin cdng cua
enzyme & trong t€ bao chat Mi guanosme kich thich quéi trinh sao chep
Ban sao nay chira mét sé doan duge cét ra. Nhirng doan duge cit rési lai gin
két vai nhau theo thir tv. Bang cach nay mRNA dugc tdng hop. Nhitng trinh
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tu trén phan tr mRNA duge goi 1a “exon”, nhitng doan duoc cit ra goi la
“intron” (hinh 6.12).

Qua trinh “processing” xay ra truc tiép sau khi sao chép va chu yéu la
qua trinh methyl hoa. O diy nhém OH hodc nhém NH; cua base nito
dugc thay thé boi nhém methyl. Bing cach nay kha ning tao cau hydro
bi han ché.

Qua trinh “processing” ctia tRNA bén canh methyl h6éa con cé nhiing

thay ddi & cac base nito dé tao nén céc base nito moi nhu dihydrouracil va
pseudouridine.

rRNA va tRNA duoc tdng hop trong nhan, RNA-polymerase II xuc tac
cho téng hop mRNA, va RNA- polymerase III cho tRNA. Héau hét rRNA
dugc téng hop & trong hach nhan (nucleolus) nho enzyme RNA polymerase
I. Ca ba loai RNA déu dugc tf‘mg hop & trong nhan té bao va dugc dua ra té
bao chit, noi ma chung tham gia vao qué trinh tdng hop protein. Ba loai
RNA trong té bao cht chiém ty 1& nhu sau: rRNA chiém 80%, tRNA chiém
15% va mRNA chiém 5%.

Exon Intron

|
1 N 2 &\\\\}\\\\ 3

Su cét ra clia cac exon

\

1 2 3
Su gén vao clia cac exon /
1 2 3 mRNA

Hinh 6.12. Su cdt ra cdc exon tir ban sao va sw gén lai
dé tao thanh soi mRNA

168



A U

e C

-C G-

T A1 hn-RNA

A U+

WA JE
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Phén dau g&n vdi Methyl hca Methy! hda
GTP + polyadenyl dihydrouracil
Pseudouridine
MRNA rRNA tRNA

Hinh 6.13. So d6 biéu dién "processing” ban sao dé
tao mRNA, rRNA vg tRNA

6.5. Sy chuyén hoéa nucleic acid

Trong qu4 trinh trinh trao d6i chét cac phén tir DNA va RNA khong can
thiét nira s& bj phin giai dudi tac dung cua cac nuclease thinh céc
mononucieotide, Cic mononucleotide c6 thé dugc ding dé tbng hop cac

.....

phan tir anucleic acid méi, hay bi phan giai tiép tuc.

Nuclease xuc tac cho su cit lién két phosphodiester cia DNA (DNAse)
va RNA (RNAse) DNAse dong mot vai trd quan trong trong su téng hop,
stra chita va tai t6 hop DNA hodc 1a hé théng bao vé, trong do chung phén
giai DNA ngoai lai. RNAse tham gla vao qua trinh bién ddi tién mRNA
thanh mRNA (RNA- processmg) va diéu khién su phlen ma do su phén giai
mRNA. Nuclease ¢6 thé tich ra cic nucleotide & dau cudi (exonuclease)
hozc cit & bén trong phan tir (endonuclease).

Exodesoxyribonuclease (Exo-DNAase)

Exo-DNAse phan biét & hudng phan giai, trong d6 co chét 13 soi don
hoac s¢1 kép va mono- hodc oligonucleotide (hiém hcm) dugc tach ra. Mot
s6 enzyme c6 thé ¢d nhidu chire nang. Tuy theo co ché phan ung ma céc

nuclease tich ra khoi co chit hojc la gin vai co chét qua nhiéu chu ky
phén ing.
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Enzyme exonuclease III cua E.coli ¢o nhiéu chirc nang: cht dic hidu &
nhitng vi tri nhét dinh nhu DNA-nuclease hoic 12 nhu 3’-phosphatase.

Endodesoxyribonuclease (Endo-DNAase)

Thuong thé hién chii yéu dbi véi sgi DNA don va kép.

Endonuclease sira chira nhimg vi tri 16i, nhan biét DNA 138i va cit DNA
& mét phia clia vi tri 151 dé tach ra.

Mt déac tinh dédc biét khac cua nhitng enzyme nay 1a nhin biét cac trinh
tir base. Mt vi du 1a Ts-endonuclease IV cat ddc hiu & cytosine.

Enzyme cit gi¢i han (restriction endonuclease) ton tai s& luong 16n
trong vi sinh vit. Hon 2000 loai enzyme nay d3 dugc phat hién, ching
nhan biét trinh tr ¢6 dd dai tir 4 dén 8 nucleotide trén soi kép véi d6 chinh
Xéc cao.

Ribonuclease (RNAse)

Ribonuclease cling phin biét hoat tinh exo va endo, tac ddng vao nhimng
ddu cudi nhit dinh (exo-enzyme) hodc nhimng trinh ty dic hiéu (endo-
enzyme). Mot sé nucleasc cit ca DNA ciing nhu RNA.

Mdt s& phan tmg dang RNAse duge xuc tic bang trinh tu RNA
(ribozyme).

Cac mononucleotide bi thuy phén bing cic enzyme (phosphatase,
nucleosidase) tao nén cdc san pham cudi cing la cic base purine v
pyrimidine.

Cac cytosine dugc bién ddi thanh cac uridine tuong \mg bang phan img
khir amin hoa. Sw phan giai uracil va thymine bit ddu bing phan Gng khi
lién két doi gifra vi tri thir § va 6 va tiép theo 12 sy m& vong bing phan (mg
thuy phén. Su khir amin héa va khir carboxyl hoa tao nén B-alanine cling
nhur 3-aminoisobutyrate.

Cac base purine bi phin gidi thanh uric acid duge dao thai ra ngoal co
thé. Qua trinh nay dién hinh cho cac dong vét c6 xwong séng (ngudi, vuon
ngudi, chim va bo sat). Pdi voi cac dong vat khac san phidm phén giai cudi
cling clia céc base purine 1a allantoin. Trong co thé allantoin bi phin giai
thanh urea.

Cac base pyrimidine thuong bi phan giai thanh urea va NH.
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Chuwong VII
PROTEIN VA SU TRAO POI PROTEIN
TRONG CO THE THUC VAT

7.1. Pai crong vé protein

Protein dwoce tao nén tir cic géc aminoacid. Cac géc nay ndi voi nhau
bang lién két peptide. Lién két peptide 1a lién két gitra nhom carboxyl cua
mot aminoacid va thém amin clia mdt aminoacid tiép theo. Trong dipeptide
c6 hai, trong tripeptide c6 ba va trong oligopeptide ¢6 tir 3 cho dén 10 gbe
aminoacid lién két voi nhau bang lién két peptide. Polypeptide chira nhiéu
gdc aminoacid.

Nhimg hop chit gdm nhiéu géc aminoacid ndi véi nhau bing lién két
peptide dugc goi 14 polypeptide. Mdi aminoacid chira 3 nhém nguyén tir
(NH, CH va CO) céu tao nén theo so dd nghiém ngét sau:

Hooon
ANNH O
|
R

Ba nhém nguyén tir nay ludn 13p lai trong chudi polypeptide, phin con
lai cia cic gbe aminoacid (R) 13 chudi bén.

v
H.N CO CH L NH COOH
Nhdm amin \ / \ / \ RN ,
5 . CH : c Nhom carboxyl
dau cudi | NH © (|:H dau cudi
R | n R

Chudi polypeptide

Trong céc protein ty nhién cé mit 20 loai aminoacid khac nhau. Néu
mét chudi ngin ¢6 4 gbe aminoacid (tetrapeptide) thi tir d6 di c6 20* =
160.000 kha nang, nghia la ¢6 160 000 tetrapeptide khac nhau. Néu do dai
chudi gém 300 gc aminoacid, la d6 dai thuong pap d6i véi nhidu
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polypeptide, thi nguoi ta ¢ mot sb6 lwong khong tudng tugng duoc la 10°%
kha ning. Nhung trong ty nhién chi ton tai mot s6 lugng nho céc kha ning
trén.

Nhu trén dd néu, tit ca polypeptide cé cling mét trinh tw CO-CH-NH.
Dic tinh cta timg polypeptide va protein duge xac dinh do déc tinh hda hoc
cia cdc gbc aminoacid, né ¢6 thé tich dién 4m, duong, wa nudc hay ky
nude. Trong tw nhién, tuy thudc vao trinh ty va thanh phan, da tao nén rét
nhiéu ai luc héa hoc khac nhau, chiing cé y nghia Ion trong cidc phan (mg
héa hoc va déi vai su nhan biét trinh tu aminoacid. Trong d6 ¢6 nhitng viing
obc aminoacid chd yéu 13 acid hodc base, nhitng ving khac 13 nhing g6c
aminoacid wa nudce hay ky nudc. Nhimg protein cia mang thudmg ¢6 nhimg
gbc ky nuéc, nhitng gde hudng ra ngoai hodic nhd vao té bao chit 1a ua
nude. So ¢ & hinh 7.1 12 mét vi du.

T& bao chat T

Sdi polypeptide
Hinh 7.1. Chuéi polypeptid ¢ mang sinh hoc
7.2. Chitrc nang cia protein

Chitc nng cua protein dugc chia ra cdc nhom nhur sau;
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1. Chure ndng enzyme
. Chirc nang céu tric
. Chirc ning duy trir

. Chire ning van chuyén

. Chirc néng béo vé

2
3
4
5. Hormone
6
7. Chirc ndng co mt
8

. Chéat doc

Vé chitc nang enzyme cia protein da dwoc dé cap nhidu, dic biét
trong “ciu tao va co ché tac ddng cua enzyme”. Protein 13 chét xay dung
déng mét vai trd dac biét quan trong trong co thé dong vat. Chét khung
duoc tao nén tir protein. Thudc loai nay gém cé da, téc, simg, long va
collagen 13 thanh phin co ban ciia gin va cé khoang 18% tham gia vao
cAu tao cia xuong.

Mot chire ning phd bién khac cia protein 13 cdu tao nén mang sinh hoc.

Chirc ning clia mang sinh hoc 14 gi6i han nhitng ving trao déi chat va
tham gia vao viéc vén chuyén cdc chit. Mang sinh hoc cfing ¢6 kha ning
chuyén di nhing tin hiéu. Protein mang ciing cé thé 1a cic enzyme. Chitc
ning nay dugc thé hién & mang trong cda ty thé va lap thé. Mang sinh hoc
bao goém lép kép lipid véi nhimng protein phan bd & trong d6. Nhimg thanh
phan lipid quan trong nhit 13 phosphoglyceric, glycoglyceric, sterol va
sphingolipid. Lop kép lipid cua mang sinh hgc 14 nhitng phén tir lipid ¢6
nhitng dudi ky nuée quay lai véi nhau, trong khi d6 nhitng gde dwdmg va
phosphate huéng ra phia ngoai (hinh 7.2).

O day thanh phan glycerine 1a truc vudng géc voi mit phiing cita mang.
Lép kép lipid khong déi xtmg, nghia 12 & hai phia coa mang ¢6 nhitng phin
tir lipid khic nhau. Nhimg phan tir protein ndm trong 16p kép lipid 1am bén
vitng mang va nho ra & hai phia mang (hinh 7.2). Thanh phéan protein nim &
trong 16p kép lipid, ¢6 dic tinh chi yéu 14 ky nuée, thanh phin protein ma
nhd ra phia ngoai, ¢é dic tinh chi yéu 1a va nudc. Soi protein nhé ra & phia
té bio cht thuomg két hgp voi mdt protein ngoai vi, nhitng phan tir protein
huéng vé phia mang té bao thi thuomg két hop vai mdt chudi carbohydrate
(hinh 7.2).
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Oligosaccharide
Ving ua nudc cla

protein
4 Dau va nudc
7 ﬂ— DAau ky nudc
Lap kép “ ] 44— Lipid
phospholipid < ”
Protein

Viing ky nudc clia Protein phan bé trong mang

protein
Hinh 7.2. So dé biéu dién mét doan cit ciia mang sinh hoc

O trong 16p kép lipid phan tir protein c6 nhimng lién két ky nudc va lién
két ion. Nhirng lién két ion nhu lién két gitta nhom NH;" ctia protein va clia
gbc phosphate cta phospholipid. Nhitng lién két nay nhay cam véi d6 pH.
Vi vay mang sinh hoc bi anh hudng, thdm chi bi pha huy bai gia tri pH thai
qua. Mutc dd quanh dic nhiéu hay it cua mang sinh hoc bi anh hudng lon
boi nhiét do. O nhiét do thdp mang sinh hoc ¢6 cau tric glong nhu tinh thé.
Kh1 nhiét do tang 1én dén nhiét do chuyen pha, céu tric rin s& chuyén sang
cAu tric tinh thé 16ng. Nhiét do chuyén pha tang theo dé dai va do no cua
acid béo. Ca®* 1am én dinh mang, n6 lién két v6i nhitng nhém & phan dau
chu yéu tich dién am, vi du gbc phosphate ciia phospholipid. Ca** c6 kha
nang tao lién két véi hai nhém tich dién am. Vi viy Ca®* s& lam giam tinh
thdm ctia mang, trong khi nhing ion hoa tri mét, dic biét 1a H* 1am tang tinh
thAm. Tinh thim ciing bi anh hudng bdi dic tinh cua lipid. Thanh phin
steroid va nhimg gbc acid béo no va c6 mach carbon dai lam cho mang sit
lai, nhitng géc acid béo chua no lam cho mang long 1éo ra, do vay lam tang
tinh thAm ctia mang.

Khi ngudi ta n6i dén tinh thim cua mang chu yéu la néi dén tinh thim
ctia nhitng chét wa nudce. Nhimg chit nay thim qua mang rét it, trong khi d6
nhimng phan tir ky nuéc c6 thé thim qua hodc khuéch tan qua mang. Hau hét
nhitng chit trao ddi c6 dic tinh ua nudc, dbi voi chung mang sinh hoc 1a cai
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chan dang k& va o day ching cin mdt co ché dic biét hon dé van chuyén
qua mang.

Protein du trir duoc tich lu§ trong mé du trit va khi cin sir dung thi
duge huy dong Protein du trit dién hinh & ddng vat 1a protein tnmg va sira.
bo la protem can thiét d6i voi dong vit con non, tuong tu protein cua hat va
qua, 1a ngudn dinh dudng dbi vai cdy con.

Nbi nhii
———  Lép aleuron

Phéi

Hink 7.3. So dé cit ngang ciia hat ngii céc
Chiét luong protein dugc danh gi4 theo thanh phan c4c aminoacid khong
thay thé. D4 1a nhitng aminoacid ma co thé ngudi va dong vat khong co kha

ning téng hop duge. Ham lrong cac aminoacid khang thay thé cua cac loai
protein khac nhau dugc trinh bay & bang 7.1 va 7.2

Bang 7.1. Nhitng aminoacid khéng thay thé d_éi v&i nguoi

Valine Lysine Phenylalanine
Leucine Methionine Tryptophan
Isoleucine Threonine

Bing 7.2. Him lwong aminoacid khéng thay thé cia céc loai protein

khae nhau (%)
Protein trimg 51 Protein diu tuong 40
Protein sita 50 Protein gao 39
Protein mo co 47 Néim 35
Collagen 17 Protein lda my 33
Protein la cay 40 Protein hat lac 32
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Nhitng protein ddéng vit, va protein cua 14 cdy phin lon la giau
aminoacid khong thay thé. Protein cla hat va ngil cbe chira it aminoacid
khong thay thé. O protein ngii cde 14 lysine, & protein hat va déu céc loai la
methionine ¢6 ham luong thip va né gidi han gia tri sinh hoc cia nhitng loai
protein nay.

O su giai ddc cac kim loai ning nhd nhimg polypeptide don gian theo
kiéu phytochelatin c¢6 y nghia quan trong. Vi du polypeptide don gian ¢6
ngudn gbe tir glutation va ¢6 cdng thire chung nhu sau:

(y-glutamyl-cysteinyl),-glycine

Do ¢6 nhiéu nhém SH chiing ¢6 kha ning két hop chit véi cac kim loai
ning, lam cho nhiing kim loai nang nay khong thé gay rdi loan trao ddi chat.
Su téng hop phytochelatin duge kich thich béi nhitng kim loai néng nhwr Cd,
Cu, Ag va Au.

Protein bao vé c6 mdt vai trd 1ém trong sinh hoc mién dich. Péng vat cé
xuong séng cé mdt co ché phire tap, phét trién cao, véi co ché nay chiing
ngan ngira nhirng tac nhan vi sinh vat gay bénh (virus, vi khuin, nim, chét
ddc vi khuén). Chirc ning nay ¢6 phan lién quan dén dic tinh cda chudi
polypeptide. Hé théng tir vé toan bd, sinh hoc mién dich 1a mot linh vurc
khoa hoc phat trién doc 14p. M6t protein la (virus, vi khudn, nim) x4m nhép
vao méau hodc vao md thi co ché tr vé duge huy dong rat nhanh. Protein la
dugc goi la antigen. N6 ¢ mdt viing gém mdt trdt ty xac dinh cac nguyén
tir, voi viing nay né két hop véi 1€ bao lympho va kich thich té bao nay san
sinh ra khang thé. Nhimg té bao lympho ton tai trong hé thong mién dich
voi 6 lugng 10° va ¢6 trén bé mit cia né nhimg ving nhan, noi ma antigen
duoc két hop vao. Nhimg viing nhédn nay rét khac nhau va “phi hop” mdi
vung cho mot antigen xac dinh. Nhitng tdc nhan khac nhau cé nhitng té bao
lympho xac dinh khac nhau v&i nhitng vung nhin phu hop. Khi mét antigen
két hop véi 1é bao lympho thi né bit du san sinh khang thé dac higu dbi véi
tic nhan giy bénh. Nhiing té bao lympho khac khong duoc kich thich cho
viée san sinh ra khang thé. C6 sin mét sé luong lém cic té bao lympho khac
nhau, ching ¢6 thé téng hop duge rit nhanh nhimg khang thé khic nhau khi
khang nguyén xuat hién. Nhimg loai khang thé khac nhau nay xé4c dinh, ton
tai v6i sb lugng khong dém duoce, cé thé mot vai trién, & ddy m3i mot loa
c6 mdt vi tri két hop duy nhit ddc trung. Kha ning Ién khéng thé tuéng
tuong duge cua hé théng mién dich d4 lam cho protein la, protein cla tac

176



nhan gay bénh trd thanh vo hai. Nhimng khang thé nay duoc goi la globulin
mién dich. Ching chiém khoang 20% protein tong sb trong mau.

Globulin mién dich Ig dugc chia lam 5 nhém khac nhau. Tuy nhién
thanh vién co ban Ig cac nhom déu c6 dang chit Y. CAu tric nay gdm 2 soi
polypeptide ngin, xac dinh, mdi soi c6 khoang 220 gbc aminoacid
(hinh 7.4).

—y NH, 3.
a. ] [N ] cnset hop véi khang
| NH; nguyén (antigen)

COOH

Chd két hap vdi té bao
COOH Phage (cytophage)

— Khang nguyén
NH:

-——— Khang nguyén

Khang thé

Hinh 7.4. So do biéu dién khang thé va khéng nguyén.
a) Khang thé gdm 4 chubdi polypeptide
b) Khang thé két hop véi khang nguyén
c) Két hop gitra khang nguyén va khang thé

Co ché ma khang thé nhan biét vi tri khang nguyén cua protein la la dac
biét tha vi. Su két hop gitra khang thé va khang nguyén la thudn nghich va
c6 thé so sanh véi su két hop giita enzyme va co chét.
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Lién két nay khéng phai ddng hoa tri ma 1a nhimng lién két hydro va lién
két ion. Biéu do 1am rd réng trinh tu aminoacid cia vi tri két hop xéc dinh
tinh dc hiéu cia lién két. Tir d6 nit ra rang chudi polypeptide ngin hay dai
ctia khang thé Ja mot doan siéu bién ¢ tir 20-30 gdc aminoacid, ngudi ta
cho rang, trong viing siéu bién nay chia vi tri lién két dic hiéu déi voi
khang thé. Chd két hop thuc su chi gbm 5-10 aminoacid. Vi tri két hop rat
chon loc déi véi khang nguyén.

Vi du protein vin chuyén 1a albumin va hemoglobin trong mau,
myoglobin trong md co va leghemoglobin & trong mang cua Rhizobium.
Albumin van chuyén acid béo. Hemoglobin, myoglobin, leghemoglobin cé
kha ning két hop long 80 véi O, & heme cua ching. Ching gidng nhau &
chd déu 1a phuong tién vin chuyén Os. Su két hop nay chi xdy ra & dang Fe
khtr (Fe™"), nghia 1a két hop véi heme. Hemoglobin van chuyén O, tir phéi
qua méu dén nhitng co quan va md rat khac nhau. Leghemoglobin diéu
khién su cung c¢ip O, cho chudi enzyme hd hép cia vi khudn. Myoglobin
vin chuyén O, trong mé co, ¢6 nhiéu trong mé co cha ngudi 1an va la chit
du trir O;. Trong khi ldn (khi ding tha) thi O; duoc ké&t hop vai myoglobin,
duoc giai phong ra & ty thé. Fe*' ciia heme ¢6 thé két hop vai CN” va CO
lam cho vi tri hdp thu O; bj dong lai, hau qua la O; khdng duge van chuyén,
din dén chét ngat. Nong d¢ tuong dbi cao CO trong khéng khi ciing nhu su
ddt chay khéng hoan toan trong déng co, va khi hit thude 14, can trés su van
chuyén O, trong mau. Ngudi ta goi 12 “hut bj dong”, 1a nguyén nhan gy hai
dén sttc khoe. ‘

Vi du vé chirc niang hormone cia protein fa insulin, gbm mét chudi A
voi 21 aminoacid va mét chudi B v&i 30 aminoacid, hai chudi ndy dugc nbi
v6i nhau qua hai cau disulfide. Insulin didu khién ndng d6 dudmg glucose
trong mau. Khi khéng du insulin thi sur tiép nhén dudng trong té bao bi han
ché. Vi vdy mirc dudmg trong mau tang, din dén sy thai duong manh mé
qua nudc tiéu (bénh dai dutmg) va 1am cho toan bd co thé suy yéu.

MGt 56 peptide quan trong trong tu nhién:

- Glutation (tripeptide): glutamyl-cysteinyl-alanine: (3 moi tripeptide ¢6
chire nang sinh Iy quan trong, duge tao nén tir mot gbe glutamyl, mot gbe
cysteine va glycine,
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COCH

|
H,N-CH

éHz "
| NH co CH
/i/ \ CH e \!\NH 7N COOH
R
I SlH '
¥-Glutamyl Cysteiny Glycine

Hai nguyén tir glutatione ¢6 kha ning phan (ng dé tach 2H tao thanh
mét disulfide. Pay la hé théng dém sulthydryl, chirc ning quan trong nhét
cla nd la gilt nhém SH cua enzyme va coenzyme & trang thai khir.
Glutathione ¢é trong tit ca cic co thé séng, tham gia vao nhiéu phan g
oxy hda khir nhu giai doc cac goc doc. Ngodi ra trong thue vat glutathione
con la dang dy trit va van chuyén hru huynh & dang khur. Trong nhitng loai
¢0 ¢o nhitng tripeptide tuong tu nhu glutatione va trong cdy ho dau mot
glutamyl-cysteinyl-alanine dugc tim théy.

Glu —NH — CH - CO - Glycine

CH, - SH
Glutathion
dang khir
CH; - SH
Glu —NH - CH — CO — Glycine
Ca chét
Cd chat — M,
Glu -NH - CH - CO - Glycine
|
CH; -85 .
PR Glutathion
| #—— Cau disuffide dang oxy héa

CH; -8
Glu —=NH - C!H — CO - Glycire
Glu —-NH - CH - CO — Serine
éHz - SH
Glu -NH - CH -~ CO — Alanine

|
CH; - 8H
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Cysteine va cystine vé& nguyén tic ciing tao nén hé théng oxy hoa khir
turong tu glutatione, biéu difn nhur sau:

COOH - COQCH CCOH COQH
| .

| ! |
H:N-CH H.N-CH 4—7T> HN-CH H:zN-CH

| P —— I

CHz=8H HIS-CHy coennt CH,-8-58-CH,

\
Coch?t- Mz

2x Cysteine Cysteine

Oxytocin  va vasopressin:  Oxytocin  va vasopressin  1a nhiing
oligopeptide, c6 cu tric rit gidng nhau, phan tir gdm 9 gbc aminoacid khéc
nhau va cé mét cAu disulfide. Hormone oxytocin kich thich phan co phing
cia rudt gia, bang quang, tii mat va tr cung. Hormone vasopressin énh
hudng dén sy co rit cha phin co phing cuia mach maun va lam tang 4p huyét.
Vasopressin cé vai trd quan trong trong viée 1am ddc nudc tiéu. Néu ndng
d6 thip thi ddng vat ¢6 va thai ra mét luong lén nuéde tidu lodng, 1a mot
bénh dugce goi 1a bénh thao nhat.

Gly - NH; Gly - NH,
[ Leu T Arg |
Pro NH, Pro NH,
C);s — Asp Cys — Asp
/ / AN
S Glu—=NH, S Glu — NH,
[ |
S / S /
N N
Cys + lley Cys + Phe |
Oxytacin Vasopressin

- - L4 - - .
7.3. Cac bic cau triic cia protein

Phan Ién céc lién két ¢6 trong chudi polypeptide cé thé quay tw do va
truc clia mdt chudi polypeptide rit linh dong. Tuy thude vao luc tac dong
ma ching cé nhimg dang rit khac nhau. Sy bién dang ciia mdt chudi
peptide, sur sdp xép cua nhimmg phén soi, sy uén cong vi nhimg nép glp c6
trong mot chudi peptide, dugc goi 13 cdu truc.
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Dé thudn tién ngudi ta thudng phan biét cdu tric cua phén tr protein
thanh 4 bac nhu sau: bdc 1, béc II, bac III va bac IV (hinh 7.5)

Cdu triic bdc I 1a trinh tu sip xép cac gbc aminoacid trong chudi
polypeptide. Céu tric nay duge gitr vitng nho lién két peptide (lién két cong
hoa tri).

Vi mdi mdt aminoacid c6 gdc khac nhau, cac gbe nay cé nhimg déc tinh
héa hoc khéc nhau, nén mét chudi polypeptide & cac diéu kién khac nhau co
nhimg dac tinh héa hoc rit khac nhau.

Tuy nhién vé& téng quat thi tit ca cac soi polypeptide dugc xay dung mot
cach cé hé théng tir cic nhém nguyén tir CO, CH va NH. Su xay dumg cé hé
théng nay 12 co so d& tao nén cAu truc bac hai.

Cdu triic béc I1'1a twong tic khong gian giita cac gbe aminoacid & gin
nhau trong mach polypeptide. C4u truc duoc lam bén chu yéu nho lién két
hydro duge tao thanh gifta cac lién két peptide cach nhau nhimg khoang
xdc dinh.

CAu tric bic hai ctia phan tir protein: xodn o (o-helix), tAm xép B va
xoan collagen. Loai o-helix 1a soi & dang xoén dc, quin xung quanh mot
truc, mdi vong xodn ¢6 3,6 géc aminoacid. O day do nhém CO va nhém NH
ctia aminoacid thi tu trén chudi gan nhau, giita hai nhém nay c6 thé tao nén
mdt cau hydro. Cac lign két H twong dbi 16ng 180 va cd thé duoc cit dint khi
nhiét ¢ cao. Phén tir protein mét cdu triic béac hai thi enzyme mit hoat tinh
Xuc tac.

a-helix I3 cdu triic clia hau hét nhitng protein mach thing (protein soi).
Dang soi tdn tai & trong a-keratin cia toc, 16ng, méng va da tir chudi
polypeptide ¢6 cdu triic o Céu triic ndy trong phan tich Ronghen la nhing
chu ky ¢6 kich thuée 0,5-0,55 nm. Khi xir ly bang hoi nuée ngudi ta ¢6 thé
kéo dai chudi, ltc nay xuét hién chu ky 13 0,7 nm.

Céu tric t6n tai trong B-keratin duoc goi 12 cdu triic tim xép B. O hinh
7.6 chiing gém nhimg chudi polypeptide déi song, gin véi nhau bing cic
lién két hydro. Khac véi a-helix, nhimg lién két hydro duge tao nén khong
phai trong mdt chudi ma gilra cdc chudi khac nhau. Nhu vy c6 thé nhidu
chudi két hop véi nhau dé tao nén tAm xép B. Céu tric tAm xép tdn tai trong
so1 lua, nhung cling ¢é trong protein hinh cau,
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(d) CAu tric bac 4

Hinh 7.5. Cdc mikc d 16 chire cua phdn tir protein. Cdu triic bdc 1, 2, 3,
va 4 cua phan tir protein.

Thudc protein thiang con c6 collagen, gdm 3 soi polypeptide xoin vio
nhau, chiing lai két hop nhiéu soi lai v6i nhau bang lién két dong hoa tri (hinh
7.7). Dai phan tir nay chi c6 mot s6 cu hydro dugc tao nén, vi ngoai glycine
n6 duoc tao nén chi yéu tir proline va hydroproline. Khi mdt aminoacid di
vao dé tao lién két peptide, trong chudi peptide con lai mot N 1a yéu té cAu tao
chtr khong phai 1a -NH-, trong so d6 duéi day. O diy mot H ctia nhém NH
duge thay thé b?mg mot aminoacyl, nghia la thiéu H cho viéc tao lién két
hydro va vi Iy do nay ma s¢i peptide khong thé tu xoén duge.

COOH
|
HN_~ CO 'HIN — CH
; Y il } Proline
Aminoacyl CH H,C CH,
| N/
R CH,

co COOH
o I
H \ N — CH
1 1
R H.C  CH,
NA
CH,
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Nhiing soi1 collagen chay song song tao nén nhitng bd soi dai ctia gan.
Collagen cling ¢6 trong xwong va trong cic md ndi. Elastin la mdt protein,
gdm nhimg soi protein twong déi ngén, gin k&t véi nhau nho lign két déng
héa tri (hinh 7.7). Nhitng soi polypeptide quay thco dang xoan bc, tw dudi
xodn khi ¢6 ép lire (hinh 7.8).

@, 8 C/\.r\N A+
Co :
N/C\./\/‘ ONE@Y e >

OO — T

? f
\.(\ ”\./\/‘_

Hinh 7.6. Nhitng chubi polypeptide chay doi song trong cdu triic P-keratin
(tam xép f)

004—12

Hinh 7.7. So dé biéu dién mot soi collagen bao gém ba soi riéng lé

| Khéng ca luc

TS tac dang

| Khi cé e
R N N N T T e tac ddng

R N N W N Nt N

Hinh 7.8. Cdu triic Elastin khi khong cé va ¢é luc tde dong
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Nhimg vi du trén néi lén rdng polypeptide c6 nhiéu dac tinh va chirc
ning khac nhau.

Viée x4c dinh cdu tric bac I ctia phén tir protein ¢ y nghia quan trong:

- La budc dau tién quan trong, xac dinh co s& phan tir ctia hoat tinh sinh
hoc, tinh chét hoa, 1y cua protein.

- La co s& x4c dinh cAu tric khdng gian ctia phén tir protein dya vao cdu
tric khéng gian cta céc phén tir protein tuong dong.

- CAu tric bac [ 1a ban phién dich ma di truyén. Vi vdy cdu tric ndy noi
1én quan hé ho hang va lich sir tién hoa cua thé gidi sinh vat.

- La yéu té gop phin quan trong trong nghién ciru bénh 1y phén tir. Két
qua nghién ciru cho thiy: khi thay déi thir ty aminoacid, thim chi chi mot
gé)c aminoacid trong phin tir protein cé thé 1am thay déi hoat tinh sinh hoc,
gay nhimng bénh dic trung. Vi du dién hinh 13 bénh thiéu méau hdng cau hinh
ludi 1iém, 1a do céu tric bic [ clia hemoglobin thay déi: gbc aminoacid & vi
tri thir 6 trong chudi B cia hemoglobin A (binh thudng) bi thay thé bang gbc
aminoacid valin.

- La co s& dé téng hop nhan tao protein bing phwong phap héa hoc
hodc bang phuong phap cdng nghé sinh hoc. Frederick Sanger (1953) da dé
ra phuong phap va st dung phuong phdp nay thanh cong dé xac dinh trinh
tu sip xép cic aminoacid trong phan tir insulin (polypeptide c¢é hoat tinh
hormone). Pén nay rat nhiéu protein da duoc xac dinh cu tric bac 1. Insulin
14 protein dAu tién dugc tdng hop bing phurong phap héa hoc vao nam 1966.
Ngay nay bang phuong phap cong nghé sinh hoc ngudi ta sit dung E.coli dé
tdng hop insulin.

Cdu trite bde I 1a tuong tac khong gian gitta cac gdc aminoacid & xa
nhau trong chudi polypeptide, 14 dang cuédn lai trong khong gian cua toan
mach polypeptide.

Nhiéu sgi polypeptide trong co thé sng tdn tai khong phai & dang thing
ma gap khic va qua d6 ma tao nén cu tric khong gian ba chiéu. Tuy nhién
cdu tric ndy hoan toan xac dinh, chi yéu 1a do trinh tur cac aminoacid va
mai trwdmg. Khi mot chudi polypeptide tach ra khoi ribosome va duge thai
ra trong t& bao chit nhu 1 méi trudng tao hinh thi nd hinh thanh nén cdu
triic tu nhién rit nhanh, dac biét dbi véi ciu tric hinh ciu, mang lai cho
protein nhitng dac tinh sinh 1y quan trong. C6 thé do chuyén ddng nhiét cia
cac chudi polypeptide ma cac nhém cia cic gde aminoacid tiép xuc véi
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nhau, dan dén ¢6 thé két hop véi nhau. Trong nhiéu protein hinh ciu c6
chita cac gbc cysteine, sy tao thanh cac lién két disulfide gifra cac gbe
cysteine & xa nhau trong chudi polypeptide, lam cho mach bj cudn lai dang
ké. Cac lién két khac, nhu lién két Val de Waal, lién két tinh dién, phan cuc,
ky mude va hydro gilfa cdc mach bén cia cic gde aminoacid déu tham gia
lam bén céu tric bac 111, nhu protein hinh ciu biéu dién & hinh 7.5.

CAu truc hinh ciu cta protein duoe goi 13 cdu trac bac ba, 12 cAu tric
ctia enzyme. O ching mdt nhém prosthetic cé thé két hop déng héa tri, vi
du heme. Nhung nhing nhém gbc aminoacid riéng 1é cling ¢6 thé 1a céac
nhom hoat dong trong phan g enzyme. Sur hoa tan cna protein duge xac
dinh & mot mirc d6 nhat dinh nhd clu tric bac ba. O nhidy protein hinh
cdu cac nhém ky nuée dinh hudng vao bén trong, nhitng nhém wa nuéc
hudéng ra ngoai. Nhitng nhém ua nudc nay két hop vdi nude nhur 1a chit
hod tan bang céc ciu hydro, phitc hé nay tdn tai trong dung dich. Trinh tu
aminoacid cua protein enzyme cung chirc ning cho biét mirc dé quan hé
ho hang clia cic loai. Mirc d§ quan hé ho hang cang gén, thi mic dé twong
ng vé trinh ty aminoacid cang lén. Diéu rat tha vi ¢ day la nhitng doan
trinh tu quan trong nhét, vi du nhitng ving phan Ung, trong qua trinh tién
héa hau nhu khdng thay dbi, dugc bao tdn va nhu vy cu tric bac hai, bac
ba dugc duy tri.

Cdu triic bdc IV: Chu tric nay dugc hinh thanh & cic phan tir protein
gdm 2 hay nhiéu chudi polypeptide hinh ciu. Tuong tac khéng gian gitra
cac chudi ndy trong phan tir goi la cdu tric bic IV. MBi chudi polypeptide
ndy dugc goi 13 tiéu don vi (subunit). Su két hop gifra cac phéin tir nay long
180 va chil yéu la do lién két hydro va lién két ky nuéc. Bing cach nay ha
phén tir x4c dinh c6 thé két hop véi nhau tao thanh mét dimer. Mot thi dy vé
su két hop nay 1a hemoglobin, dugc tao nén tir 2 chudi o véi mdi chudi cé
141 va 2 chudi B v6i mi chudi 1a 146 géc aminoacid. Dai phan tir dang nay
bén canh protein ¢én 13 thanh phan cdu tao cua nucleic acid, cic ribosome.
Céc ribosome ciia sinh vat tién nhan gdm 55 chudi polypeptide khac nhau
va 3 phan tir nucleic acid khéc nhau két hop lai. Nhidu virus ¢é 16p vé bén
ngoai, ¢6 cAu tao tir nhidu phan tir protein xac dinh va bao quanh nucleic
acid xofn ¢ & bén trong. Céc dai phén t& trén két hop v&i nhau tu dong
trong mdi truomg ph hep dé thanh dang tdn tai trong tw nhién.
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Pac tinh vat ly ctua protein phy thude vao dac tinh hoa hoc cua cac géc
aminoacid & protein hinh cu va sir gap khiic cta ching. Chiém wu thé trong
si két hop clia céc aminoacid co tinh acid thi protein ¢6 tinh acid. Chu yéu
la aminoacid ¢6 tinh kiém thi protein kiém. Nhitng protein ¢6 nhiéu nhom
ua nuoc la do nhimg aminoacid phan cyc va hydroxyacid thi c6 dd hoa tan
lom. Nguoc lai, thanh phﬁn cla géc ky nudc (valine, leucine, isoleucine) thi
dd hoa tan ctia nhing protein nay thip.

Trong lugng phén t protein phu thudc vao dd dai cta ting chudi
polypeptide va so luong cac sgi polypeptide cdu tao nén mot phan tur
protein. Bang 7.3 chi ra su khic nhau dang ké gifra cac phan tir protein
riéng ¢,

Bing 7.3. Trong lugng phén tir va s lrgng chudi polypeptide
cita mét s phin tir protein

Trong lwgng Sé lwgng gbéc | Sé lwong chudi
phan te axit amin polypeptid

Insulin 5733 51 2
Ribonuclease 12 640 124 1

Myoglobin 16 890 153 1

Hemoglobin 64 500 574 4
Glutamate dehydrogenase 10° 8 300 40
Synthetase téng hep acid béo 23x10° 20 000 21

Cau tric cua mot hodc nhiéu chudi polypeptide ¢6 ¥ nghia quan trong
461 voi do hoa tan va chire niing ctta ching. CAu triic protein duoc hiéu 12 su
sép xép cla nhirng chudi riéng 1& hodc nhiéu chudi. Ching phu thude vao dd
pH ciia mdi trudmg. Protein va chudi polypeptide hoa tan tbt khi nhimg
nhom wa nudc huong ra phia ngoai, nhém ky nude hudng vae bén trong.
Khi mét protein thay ddi céu trac thi nhitng nhém ky nuéc quay ra ngoai,
protein mat kha ning hoa tan trong nude, vi du trudng hop két ta khong &
dang tinh thé cilia protein sita trong mdi truomg chua. Acid lactic duge san
sinh tir vi khudn, lam giam pH, din dén két tiia protein sira. Nhidu nhom ky
nuée duge hudng ra bén ngoai, protein mat kha nang tan trong nude. Vi vy
su thudong xuyén duy tri gia tri pH trong té bao chit rit quan trong, vi chi co
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nhu vy chire nang hoat dong cia cic enzyme trong té bao chit méi duoc
dam bao.

Bén canh H' ¢on ¢6 nhitng cation khéc ¢6 ¥ nghia dbi véi cac phan ting
enzyme, vi dy K*. Nong dd ciia né trong t& bao chét cao hon céc loai cation
khac va nim trong khoang 100 dén 150 mM. Néng d6 K* cao ¢6 ¥ nghia ddi
v6i su tdng hop protein.

Néng d3 Ca™ trong t& bao chat rit thap, tuy nhién né c¢é vai tré quan
trong ddi véi cdu tric cua cdc protein khdc nhau. Calmodulin 13 mét
polypeptide két hop véi Ca®* lam cho cée viung ky nuéde duge hudng ra
ngodi, cac ving nay két hop véi cac enzyme va hoat héa cdc enzyme nhur
phosphodiesterase, adenylate-cyclase, photoarylase va ATPase. Bang cach
tuong tw troponin C va paralbumin hoat héa nhimg enzyme khac bing viée
thay ddi cdu tric khi két hop véi Ca®*. Nhing Ca-protein nay thay ddi phan
tmg cnzyme. Nhimng lién két thuc hién & nhitng vi tri hoan toan xic dinh,
thuc chat 1a helix-dai ndi-helix (hinh 7.9).

Chudi x0én (helix)

Chut: xodn (helix)

Hinh 7.9. So d6 biéu dién lién két Ca trong chudi polypeptide néi hai cdu
trie helix lai véi nhau

Dang nay cia mét lién két Ca ton tai tung dbi va dac tnmg ddi véi
calmodulin, troponin C va paralbumin. Céu triic ndy gém mot chudi
polypeptide c¢6 12 gbc aminoacid, trong dé 7 nhém carboxyl c6 nguyén tir O
két hop véi Ca™. Cdu tric nay twong timg véi mdt hinh thap déi 5 mat, &
phia trén va phia dudi con ¢6 mét CO. O trung tim cdu tric khong gian ba
chiéu nay ¢ nguyén tir Ca®*, & m&i mdt géc ¢6 | nhém CO (hinh 7.10).

Lién két véi Ca®* ¢ trung tam lam thay ddi cdu tric cia protein.
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0

co ca' Cco
AN /
0—0

Hinh 7.10. Mgt phéing c6 hinh 5 goc ciia mot khidi chép déi véi Ca**
o trung tam

Troponin C ¢6 tong s6 4 vi tri két hop véi Ca®", trong d6 2 lién két c6 &
lue manh va 2 lién két ¢6 ai e yéu. Sy bdo hoa Ca?* phu thude vao néng
do Ca’* trong hé théng. Ciing nhwr vay déi v6i calmodulin. Néng do Ca®*
cling anh hudng dén nhimg qué trinh enzyme béng nhimg Ca-protein. Vai
tré quan trong nhit cua troponin C la diéu khién sy co rit ciia méd co.
Paralbumin ciling c6 mét trong mé co, c6 ¥ nghia dbi véi thu gian md co. Vi
tri két hop clia n6 voi Ca®* ciing 6 4i luc cao véi Mg

7.4. Aminoacid

Phén 16n nhét cia nhimg chét nito hiru co d& hoa tan trong thyc vét 1
aminoacid, amide va amine. Trong trao ddi chdt thi aminoacid c6 vai tro rat
quan trong. Ching 13 vit liéu tao nén protein. Cong thirc chung cla
aminoacid:

COOH

I
H;N -CH

I

R

Cong thirc tong quat ciia L-a-aminoacid

Nhom amine dinh & nguyén tir C;, theo tén cii 14 nguyén tir Ca. Vi vy
ngudi ta goi 1 nhém a-amine. Cac aminoacid ton tai chu yéu trong tu nhién
¢6 nhom amine dimg & bén trai truc, duge goi 12 aminoacid dang L. Dang
D-aminoacid ton tai chi riéng biét, vi du trong thanh té bao vi khudn.

MOdi mét aminoacid it nhit dugc dic trung bdi mdt nthom carboxyl va
mot nhom amine. Hon 100 loai aminoacid khac nhau ma nguoi ta da biét, co
khoang 20 loai 14 thanh phan cia protein. Duéi ddy la nhifng aminoacid
quan trong va cong thirc hda hoc ctia chiing. Dé don gian va theo thoi quen
nhom carboxyl cua aminoacid proton hod. Tuy nhién & dang nay khong c6
aminoacid nao ton tai, vi nhu da néu trén, khi nhém carboxyl phan ly, thi
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nhom NH, phai phén ly. Proton hoa hay khir proton héa luén ludn phu thude
vao pH cua méi trudmg.

Cac aminoacid r1eng bigt ¢6 nhimg didc tinh khéc nhau la do phan gbc
aminoacid. Khi chidu dai chudi tang thi ¢6 dic tinh ky nudc. Protein cé
chira nhleu aminoacid nhu valine, leucine, isoleucine co ddc tinh ky nudc la
cha yéu. Nhimg aminoacid cé tinh acid trong phan gdc ¢6 nhém carboxyl.
Protein chita nhiéu aminoacid co tinh acid 14 nhimg protein acid. Tuong tu
nhu vy dbi voi protein, cha yeu ducrc tao nén tir nhimg aminoacid cé tinh
kiém 14 nhitng protein kidm. Phin gdc ciia aminoacid ¢6 ¥ nghia quyét dinh
ddi v6i dic tinh cua protem ma chung tao nén. Didu nay khdng nhimg cé y
nghia ddi véi tinh chét héa hoc ma ca cdu tric cta protein.

7.4.1. Phdn logi aminoacid

Thiy phén hoan toan protein, thu duge chu yéu cdc L-c-aminoacid.
Mac du protein rit da dang nhung hau hét ching déu duoc ciu tao tir 20 L-
a-aminoacid. Dya vao dic tinh cla mach bén (géc R) aminoacid dugc chia
lam 7 nhém chinh sau day:

I, Aminoacid trung tinh mach thing

Nhém ndy goébm 5 aminoacid: glycine, alanine, valine, leucine,
isoleucine. Cac aminoacid ndy déu ¢ médt nhém amine vd mdt nhoém
carboxyl.

Glycine la axit amine don gian nhit, nhém R cua né la nguyén tir H, la
aminoacid duy nhat khong chira carbon bét @i. Bén aminoacid con lai co
mach bén khéng phin cuc.

Aminoacid trung tinh

COOH COOH COOH COOH COOH
! ! | | i
H,N-CH H,N-CH HoN-CH H,N-CH H,N-CH
! | ! | |
H CH, CH CH, CH
7\ | N
CH, CH, CH CH; CH;,
N |
CH; CH; CH;
Glycine Alanine Valine Leucine Isaleucine
{Gly) (Ala) (vVah (Leu) (ILeu)
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2. Cac hydroxyl aminoacid mach thang

Thude nhém nay c6 2 aminoacid 1a serine va threonine. Chung gidng
voi nhom trén & chd chi ¢6 mét thém amine, mot nhém carboxyl va ciing 1a
mach thang nhung cé chira mét nhém OH.

Aminoacid c6 nhém hydroxyl

COOH COCH

| H
H,N-CH HoN-CH

|

CH2-OH CH,-OH

CH,
Serine Threcnine
(Ser) (Thr}

3. Aminoacid chita luu huynh mach thing
Nhoém nay ¢é 2 aminoacid 1a cysteine va methionine. Khi oxy héa 2
nhém -SH ctia 2 phan ti cysteine tao thanh cystine c6 chira cu (-S-S-).

Aminoacid chira luu huynh

COOH COOH
HzN-(;H H2N~C!IH
ng-SH éHz
CIHZ-S-C Ha
Cystein Methionine
{Cys) (Met)

4. Cac aminoacid acid va cac amide

Thuge nhoém nay c6 aspartic acid va glutamic acid. Trong phan tir cua
ching ¢6 mdt nhém amine va hai nhém carboxyl. O pH sinh ly (6-7) cac
aminoacid nay tich dién am.

Amine héa nhém carboxyl & mach bén clia aspartate va glutamate tao
thanh cac amide tuong 1mg 1 asparagine va glutamine.

O su téng hop glutamic acid mt nhom amine tir mdt chéit cho duoc
chuyén dén cetoacid. Ngudi ta goi qua trinh nay 1a chuyén amine héa do
enzymc ftransaminase xuc tic. Enzyme ndy ¢6 nhom prosthetic 1a
pyridoxalphosphate.
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Aminoacid ¢ tinh acid

Cac amide
CCOH COOH COCH COCOH
H,N-CH HEN-éH HzN-(llH HZN—CliH
CH, CH, Cle CH,
(‘jOOH CE;HZ Ci=O Cng
LlOOH I\!IHz C,1=O
NH,
Aspartic acid Glutamic acid Asparagine Glutamine
{Asp) (Glu) (Asp-NH2) (Glu-NHz)

3. Cac aminoacid kicm

Trong nhém nay lysine va arginine tich dién duong (& pH =7), con
histidine chira nhém imidazol ¢6 tinh base yéu & pH = 7

Aminoacid ¢o tinh base

COQOH COOH COOH
! | i
H.N-CH H-N-CH H;N-CH

: |

CH2 CH2 CHZ

: i i
CH2 CHQ NHz CHQ — CH
| ! : !
CH, CH, C=NH, CH, NH
i N/ N\
CH;— NH, NH NH
Lysine Arginine Histidine
{Lys) (Arg) (His)

6. Iminoacid (proline)

Prolin khac véi tit ca cdc aminoacid khdc & ¢hd nhém amine bic mot &
Co két hop v6i mach bén tao thanh vong pyrrolidine, Do d6 proline la mot
imineacid chira nhom amine béc 2.

191



COOH COOH
! |
HN — CH HN — CH

I | | |
H,C CH, H.C CH;
N /S AN
CH; CH
|
OH
Proline Hydroproline
{Pro) {(Hypro)

7. Cdc aminoacid thom va di vong

Cac aminoacid thufc nhém nay 1a phenylalanine, tyrosine va
tryptophan. Do ¢6 chira vong thom nén cdc aminoacid niy cé mét sé phan
img dic trung.

Nhimg aminoacid thom la nhimg tién chit cia nhidu alcaloid,
phytohormone nhu indolacetic acid.

Aminoacid chira nhian thom

COOH COOH
1 | COOH
H,N-CH H-N-CH |
| | H,N-CH
CH CH |
CH
|
N
OH H
Phenylalanine Tyrosine Tryptophan
(Phe) (Tyr) (Try)

Nhimg gdc aminoacid cha histidine, lysin va cysteine 1a nhitng nhém
hoat hoa enzyme. Nhimg aminoacid thom tyrosin ¢6 ho hang gin véi
thyronine, ddy la tidn chit cua hormone tuyén giap trang thyrocine.
Thyrocine duge tao nén trong tuyén giap trang tir thyronin nhdr sy két hgp
véi iod.

192



COOH COoO COO
| | |
HzN-CH HsN*-CH HaN™-CH

| |
CH CH CH
1
@ J J
OH 0] O
Tyrosine
J J
OH OH
Thyronin Thyrocing

7.4.2. Tinh chit ciia aminoacid

Tinh chdt ludng tinh ciia aminoacid

Trong c4u tao c¢tia aminoacid vira ¢6 nhém amine (-NH,) thé hién tinh
base, vira c6 nhém carboxyl (-COOH) thé hién tinh acid, nghia la ching
mang tinh ludng tinh va cé thé phan ly thanh ion H" va OH". Trong dung
dich nudc, cac aminoacid ¢6 thé ddng thai phéan ly nhu sau:

R-CH-COOH +HQH R-CH-COCH R -CH - COOr
— — .
| - | «— | +H
NH;OH - HOH NH; NH;
Nhiing cong trinh nghién ctm vé quang phd khuéch tan da xac nhan
rang: phan tir aminoacid khong cod nhom carboxyl tir do, ciing nhu khéng ¢
nhom amine tu do va ching déu 1a mudi ndi co dang nhu sau:

R -CH-COOr R-CH-COO"
| —> |
NH;* NH;* /
Do ¢6 tinh ludéng tinh nén aminoacid 13 nhimg chit dém tét. Vi
aminoacid c6 tinh ludng tinh trong dung dich nude nén tuy theo pH cna

dung dich ma sy phén ly ctia nhom carboxyl hoic nhém amine s& bi kim
ham va aminoacid thé hién tinh kiém hodc tinh acid.
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Trong mdi trrdng acid, khi ndng ¢ H' cao, su phin ly cia nhém
carboxyl s& bi kim ham va phan tir aminoacid tich dign duong, trong dién
truedng néd s€ dich chuyén vé phia cuc am.

R -CH - COO R -CH- COOH
| + H |
NHs* NH;*
Trong méi trudmg kiém, dudi tic dung cia cac ion OH su phéan ly cua
nhém amine s& bi kim ham, nhém carboxy) s& bi phén ly, phén tir aminoacid
tich dién tich 4m va dich chuyén vé cuc duong trong dién trudng.

R -CH - COO R -CH-COOH R -CH - COO

| +OH —p | — |
NH;" NH:OH NH,

+ H,O

O diém dang dién pl (isoclectric point) phin tir aminoacid trung hoad v
dién va n6 khong dich chuyén trong dién trudmg.

Tuy theo s6 nhém carboxyl va nhdm amine trong phén tu aminoacid
ciing nhu tuy theo hdng 6 phan ly cua cac nhém nay ma dicm déang dién pl
cua cac aminoacid sé khac nhau.

Cac aminoacid monoamine dicarboxylic (aspartic acid, glutamic acid)
c6 diém dang dién trong moi trudng acid, cidc aminoacid diamine
monocarboxylic (acgining, histidine, lysine) ¢6 diém ding dién trong moi
truong kiém,

Bing 7.4. Di¢m ding di¢n cua cic aminoacid

Tén amincacid Biém dng dign Tén aminoacid Diém dang dign
{p) {pl}
Alanine 6,00 Lysine 9,74
Arginine 10,76 Methionine 574
Asparagine 541 Hydroproline 5,83

Ung dung tinh ludng tinh cua aminoacid

NI ¢6 tinh ludmg tinh ma aminoacid ¢6 vai trd 1a chit dém trong té bao
va trong trao d6i khodng cua co thé thuc vit.

Dua véo tinh chit nay dé dinh tinh va dinh lwong cac aminoacid trong dung
dich nghién ctru bang phuong phap dién di, sic ky trén gidy, sic ky cot...
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Ciing do tinh chat ludng tinh ma cac aminoacid cé thé tao mudi ndi
dong thoi voi acid cling nhur base:

R -CH- COO R -CH - COCH
| + HCI - [
N—H3+ 1\.H3+ Cl-
R-CH-COO R - CH - COONa
| + NaOH — | + H;O
NH;* NH,

Ngodi ra phin tir aminoacid con tao mudi ndt véi cac ion Kim loal ning
2 - . ,n - A . - i - v . .
nhu Fe™™, Cu®", Zn %*,... dic biét voi Cu ¥, Ciu hinh cua mubi phirc nay ¢o
X Y 4
thé bi¢u dién nhu sau:

R R -CH - NH; QO-C=0O
@ | Co: —
2CH-NH; +Cu? - 0=C-0 — ~H;N-CH-R

|
COOH

Phan ung tao ester

Véi ruou, aminoacid ¢é thé tao thanh ester

R-CH-COOH R - CH - COOC,Hs
| + CHOH - | + H0
NH; NH;

Cic ester cha aminoacid déu ]a nhitng chit long dé bay hoi, ¢6 tinh
kiém, dé diéu ché bing phép cét chan khéng.

Phan ting cia goc R

Gbc R 1a nhém nguyén tir trong phan tir aminoacid vén lién két voi
nguyén tir C, va khéng tham gia trong viéc hinh thanh lién két peptide.
Bén chat hoa hoc ciia goc dd cho phép aminoacid thuc hién nhiéu phan
Urng khac nhau:

- Phan tng tao mudi vol acid, base va kim loai néng (do nhém -NH; va
nhém -COOH c6 trong goc R) nhur da trinh bay & trén.
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- Phan img oxy héa khir (do nhém -SH va nhém -S-S-)

SH CH;-S8-8-CH;
| | |
CHz CH-NH; CH-NH;
| NE. g C|'300H (|:,'OOH
2 CH-
=
COOH +2H

Cysteine va cystine déng vai trd quan trong trong viéc van chuyén e va
H" cla qua trinh oxy héa khir néi riéng va qua trinh trao ddi chit néi chung
- Phan ung tao amide (do nhém -COOH)
COOH CO - NH,

1 |
CHZ CHZ

CH-NH; + NH; +ATP —» CH-NH; +H3;P0s + ADP

| I
COOH COCH

Phan {rng xay ra tuong tu véi glutamic acid.
- Phan ung khir amine héa boi HNO; (do nhém -NHj)
R -CH - COOH R -CH - COOH

| + HNO; —» | +N; +H0
NHa OH

Ngoai ra vong thom ciia aminoacid tham gia phan Ung nitro hod,
halogen hoa va mét sO phan mg dac trung cla aminoacid: phan tmg véi
aldehyd formic, véi ninhydrin...

7.5. Sinh téng hop aminoacid

O vi khudn va luc lap cia thuc vét con dudmg quan trong nhit dé tdng
hop glutamate 14 tir 2-oxoglutarate va glutamine. Phan tmg nay dugc xuc tac
badi enzyme glutamat-synthase.

O déng vit glutamate xudt hién ch yéu bang phan tmg chuyén amine
gifta 2-oxoglutarate va aminoacid. Phan tmg nay xay ra chi yéu & gan, 1a co
quan trung tdm ctia sur bién ddi aminoacid.
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O su chuyén amine héa glutamate va aspartate 13 nhimg chét cho nhém
NH,. Mot sur véin chuyén amine tir glutamate dén pyruvate dugc chi ra nhir sau:

HOOC - CH,- CH, - CH - COCH CH; - CO - COOH
|
NH;
Glutamate Pyruvate
HOOC - CH,- CH, - CO - COCQH CH; - CH - COOH
|
NH.,

a-Oxoglutarate

Enzyme xuc tac la glutamat-pyruvat-aminotransferase. o-cetoglutaric
acid duoc tao nén lai trd thanh chat nhidn NH;. Nho su chuyén amine ma
nhiéu aminoacid dirge tao thanh. Nhimg vi du quan trong nhat la:

o-cetoglutaric acid — glutamic acid
oxaloacetic acid — aspartic acid
glyoxylic acid — glycine
pyruvic acid — alanine

hydroxy pyruvic acid — serine

a-ceto hydroxybutyric acid — threonine

Glutaminsemialdehyde  — omithin

Tuy nhién khéng phai tit c¢a cac aminoacid ¢6 trong tr nhién duge téng
hop bang con dudng chuyén amine ho. Con ¢6 nhimg con dudng phan ing
quan trong khac dé tdng hop nén cic aminoacid. Ngudi ta biét cac con

dudmg phan tmg tuong ing cho 5 ho aminoacid khac nhau (bang 7.5). Vi du
& hinh 7.12 chi ra con duéng tdng hep cia ho glutamic acid.

1. Glutamic acid dugc phosphoryl héa nhd ATP & nhém 8-carboxyl dé
tao thanh glutamylphosphate
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2. Chat nay dugc khir nho NADPH @8 tao thanh aldehydglutamic acid
dbng thoi tach ra phosphate.
3. Chét nay duge amine héa nho enzyme transaminase & vi tri 8-carbon,

tao nén ornithine,

4. Chét nay dugc khir amine hoa nhd 1 enzyme transaminase & vi tri o
carbon lam xuét hién a-ceto-8-amino-valeric acid.

5. Qua sy ngumg tu mot vong 5 canh dugc tao nén (pyrrolidincarbonic acid)

6. Chit nay duoc khir thanh proline nhdy NADPH.

COoOoH
COOH C|OOH COOH COOH | COOH
C=0
HgN CH HZN CH H;N- CH HoN- CH | H,N- CH
NADP*
ATP t CHz NADPH+H: t CHz
CHQ CHZ
| | I
COOH / c// H,N - CH,
~o® “H
Glutamic acid Glutamylphosphate Semialdehyd- “rnithine
glutamic acid
COCH
|
C=0
COOH I
| ! R
COOH ' 0=CH
| NADP' o ] CooH
N“—CHz NADPH+H' N"“‘“ CHz Ha0 i H i (l:HZ HzN-(i:H
'K_ / < S, iy S |
CH2 CHz CHg CHz N CH, R
® N/
CHz CHg CH,
Proline Pyrolidin a-ceto-5-amino
carbonic acid valeric acid

Hinh 7.11. Cdc con duong phan ung cua ho glutamic
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Bing 7.5. Nhitng aminoacid quan trong nhit cia cic hg aminoacid

Ho giutamic Hg aspartate | Ho pyruvate Ho serine | Ho aminoacid thom
Glutamate Aspartate Alanine Serine Phenylalanine
Ornithine Lysine Valine Glycine Tyrosine
Arginine Methionine Leucine Cysteine Trypiophan

Proline Threonine
Hydroxyproline Isoleucine

Arginine ciing thudc vao ho glutamic acid ¢6 thé duoc téng hop nén tir
ornithine. Hydroxyproline dugc tdng hop tir proline nhd mot “oxidase c6
chie nang hdn hop”. Chét cho H 1a ascorbic acid (vitamin C). Nhu so db
dudi day nhém OH dinh vi & C; cua ascorbic acid ¢6 kha néing phén ly mét
H'. Phan tir nay ¢6 dic tinh acid. Gia tri pK cta né 1a 4,2. Ascorbic acid
tham gia vao phan img vdi proline khi tach ra phén tir O,, trong dé né cung
cAp nguyén tir H cén thiét cho su tao H,0 twong ung. _

CH;OH CH20H
HOCH HOCH
L L =O+H"
— 4
OH .
Ascaorbic acid Ascorbate

Su hydroxyl hoa proline xay ra khéng phai & nhitng phén tir proline
riéng bidt, ma xay ra sau khi phan tr proline da tham gia cu tao protein.
O dang nay hydroxylproline 13 thanh phéin quan trong cia collagen va
elastin. Néu thiéu aminoacid nay s& din dén su rdi loan trong cic mo lién
két, mo chdng d& (xwong, rang) va gin. Khi thiéu vitamin C thi viée xay
dung cac md ndy bi tdn thuong (bénh hoai huyét). Sy rdi loan nay dugc
giai thich 1a thiéu chat cho H, ascorbic acid, dé tdng hop hydroxylproline
tir proline.
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COCH CH,0OH
|
HN—CH;, HOCH

| | + 0O, O‘\\ _
CH;, CH, C=0
A4 /
o O O
Proline ‘/ Ascorbic acid
H,O
v
COOH
| CH,OH
HN— CH; !
| | HOCH o
CH, CH; o
N/
cH | .
(|)H © ©
Hydroxypraline Dehydro

Ascorbic acid
Proline va hydroxylproline 1a nhiing aminoacid di vong. O diy nguyén
tu N ¢ dang NH. Mic dit vdy nguoi ta khéng goi né 1a iminoacid, vi n6 thé
hi¢n nhu aminoacid. Thuc té nguyén tir H bj thidu dwoc thay thé bdi mot
chét khac. O iminoacid c6 nhém imine, & ddy nguyén tir N két hop vaoi C
bang mét lién két dbi (HN=C).

Cac aminoacid thom duge téng hop tir phosphoenolpyruvate va
erythrosophosphate. Su téng hop phirc tap nay khéng néu 1én & day. Mot
san phim trung gian quan trong cua qud trinh nay 13 shikimic acid.

Dé tdng hop cysteine, mdt aminoacid chira S, can khir sulfate. Qua
trinh nay chi xay ra & thyc vit va céc vi sinh vat khac nhau, tuong tu qua
trinh khir nitrate, khéng xay ra & dong vit.

San pham dAu tién cia sy khir sulfate 13 aminoacid chrra S, cysteine. N6
cung cip S cho téng hop nhilng aminocacid quan trong chita S khac:
methionine. Qua trinh phan img chi ra & hinh 7.12.
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1. Phosphohomoserine, mét hop chét tuong tu nhur serine, phdn tmg vai
cysteine dé tao thanh cystathionine va tach ra phosphate v co.

2. Cystathionine dugc tach ra thanh serine va homocysteine bang phan
ung thuy phén.

3. Nhd ¢6 chit cho nhém CH; nguyén tr H cba nhém SH cia
homocysteine (chdt nay gidng cysteine) dugc thay thé bing mdt nhém
methyl. Methionine durgc tao thanh.

COOH
|
COCH H,N-CH Phospho-
\ I | i
Cystein H,N-CH CH, homoserin

CH,-S|H (P-0+1CH,

@

COOH

COOH HZN‘(?H Cystathionine

H,N- CH CH2
i
CHy —§ e CHz

@

H,C

COOH COOH
COOH |
| mNCH WNCH
HoN-CH
i
CH,-OH

HS - CH2 mchat cho CHZ-Sm

Serine Homoserin Methionine
Chat nhan H*

Hinh 7.12. Tong hop methionine
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7.6. Qua trinh khi nitrate

Nhitng nguyén t6 co ban clia carbohydrate va lipid 13 C, H va O. Ngoai
ra con ¢6 cac nguyén t& S va P trong phospholipid va sulfolipid, nhung
ching khéng phai 14 cac nguyén t6 co ban. Trong protein va nucleic acid, N
1a nguyén té khong thé thidu dugc. Trudc khi dé cop k§ hon trao ddi chit
ctia chiing, chiing ta cAn tim hidu cac dai phén tir, cac chét trao ddi, cac chit
hiru co c6 trong lugng phén tir thip duge tao nén tir cée chit vé co nhu thé
nao. So db sau day dua ra 4 “dudng huémg phan {mg”: tdng hop
polysaccharid, lipid, protein va nucleic acid. Polysaccharid, lipid, protein va
nucleic acid ¢6 kha ning tao nén nhimg phic hop lon 12 nhimg thanh phin
cta té bao nhu thanh té bao, mang té bao, enzyme va ribosome.

Thuye vat va mét sb sinh vat tién nhan c6 kha niing tdng hop chét hitu co
tir nhitng chit v6 co nghéo ning luong. Ciing nhu viy déi véi su ¢b dinh
nito vo co.

Phospho-
L glyxerate —* Mono- - ?OIY' 7" Thanh 1€ bao
Oxaloacetate saccharide saccharide
Acetate . N .
— }A —» Glycerine — i —» Mang sinh
CQo, Malonate Acid béo Lipid hoc
lI:II;!H - OA:;; g{-j — Aminoacid —* Frotein —» Enzyme _, Eﬁe’o
3
NO, Ribose .
© | 7" Carbamyl- " Nucleoide > WIS > pitosome
- acid
phosphate
Céc? hop Hop chit Don phan Hop chit Cac két hop
chétvé  trung gian cao phan nfr dai phan ur
co
MG 50-250 100-300 10* - 10° 10° - 10°

Nito & dang NHs, NO;™ va mét phin & dang N; ¢6 thé duge ddng hod.
Sur ddng hoa truc tiép thue chit 13 sy két hop NH; véi mét phén tir hite co.
Nitrate va N, truede hét duoc chuyén sang NHs. Hai qua trinh nay s& duge dé
cdp & phin sau day.

Qua trinh khir nitrate va nitrite 13 chuyén NO;™ thanh NH; qua NO;,
duoc xtc tic bdi 2 enzyme khéc nhau 12 nitratreductase va nitritreductase.

Nitratreductase 14 enzyme phf) bién trong vi khudn, nim, thuc vit bac
cao va thuc vat bic thap. O nhitng nhém sinh vit khac nhau thi enzyme nay
¢6 nhitng déc tinh khac nhau. Chirc ning chu yéu 1a kit NOy™ thanh NO;~.
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Nhém prosthetic cia enzyme nay & thue vét bac cao 13 FAD, cytochrome b
va Mo. Trinh ty phan tmg ¢6 phin tuong tr chudi enzyme hé hép, dugc bidu
dién & trong hinh 7.13. NADH, & mét s6 loai sinh vat la NADPH chuyén e
dén FAD, tao thanh FADH,, sau d6 dién tr nay duoc chuyén dén
cytochrome b, cytochrome b & trang thi khir, khir Mo® thanh Mo*", Mo*'
¢ kha ning kéo mét nguyén tir O clia NO;™ va khir dé tao thanh NO;. Oxy
& dang khir phan img truc tiép véi proton dé tao thanh H,O. Trong so dd
2H" dugc gidi phong ra trong qué trinh oxy hoa khu gitra FADH; va
cytochrome b (hinh 7.13).

NAD(P)" > FADH, 2Cytehrb Fe " ‘>< > /NO;{
NAD(P)H + H® FAD X 2'Cyichrb Fe " oV Noz“
(02.

Téng quat: NAD(P)H + H + NOy — NO;” + H,0 + NAD(P)*
Hinh 7.13. Trinh t phan tng cua nitratreductase

Enzyme nay dinh vi trong t& bao chét va dang khir ctta né dugce tao nén
ft  qud trinh dudng phin (khit aldehydphosphoglyxeric thanh
phosphoglyxeric acid), & thuc vit C4 bing sy oxy héa malate thanh
oxaloacetate. Hoat tinh cla enzyme nitratreductase bi anh hudng manh bai
anh sang, nguyén nhan 14 do chit khir ctia nitratreductase dugc giai phong
truc tiép tir luc lap. O diy luc lap tidp nhan oxaloacetate hoic
phosphoglyxerate, trong quéa trinh quang hgp dugce khir thanh malate va
aldehydphosphoglyxeric. Hai chét ndy duge dua ra lai té bao chdt. O day
chiing bi oxy héa c6 sy tham gia cia NAD" dé tao thanh NADH. Co ché
nay dac biét ¢6 ¥ nghia & thuc véat Cy, vi & chiing mot lugng dang ké chat
khir duge tao thanh tir malate di ra tir luc lap.

Hoat tinh cua enzyme nitratreductase bi anh hudng bdi cic chit khac
nhau. Nitrate hoat hoa manh mé&, nguoc lai NH,' va cic aminoacid kim him
enzyme ndy. Enzyme niy c6 nira théi gian tdn tai 1a mét sé gi¢r, vi vay né
phdi uén ludn dugc téng hop méi. Su téng hop nay phu thude vao cudmg do
anh sang.
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Bén canh nitratreductase ddng héa nhu da néu trén, ngudi ta con biét
mot loai nitratreductase hé hép. Loai nay c6 mat cha yéu trong vi sinh vt
va duge tao nén dac biét trong didu kién yém khi. Chirc ning ctia n6 13 khi
khéng c6 O, dién tir bit ngudn tir chudi enzyme ho hép két hop voi nguyén
tr O clia NOy". Trong trudmg hop niy NO; ™ thay thé nguyén tir oxy trong
chudi hd hdp. Nitratreductase hd hip nay gin chit véi mang va ciing tdn tai
véi cytochrome, bi trc ché bai 0, Nguoc véi nitratreductase ddng hoa
khéng két hop va min cam vé6i O,, nitratreductase ho hép 1a enzyme Xuc tac
qué trinh phan nitrate hod. Phan nitrate héa duge hiéu 13 khir NO;y™ cho t6i
N0 va N;. Qua trinh ndy xay ra chii yéu trong dét, nudce trong didu kién
yém khi va ¢6 vai trd quan trong trong tu nhién. Su khir NO;™ theo kiéu ho
hép tao thanh NO, x4y ra trong hé théng tiéu hoa nguot va ddng vat.

NO, duge tao ra nhé enzyme nitratreductase trong té bao chét cia té
bao thuc vat 14 mot anion cia mot acid yéu. Vi vay mét phin NO5™ tao nén
ducc proton héa va thé hién & cin bang phuong trinh sau:

NO, + HOH — HNO, + OH"

NO; khé di qua mang ngodi ciia ty thé va lap thé, tuy nhién dé dang dbi
v6i HNO,. Luc lap va ty thé tiép nhédn chi yéu HNO; va 1am cho té bao chét
bi kiém hoa. Su kiém hoéa nay lam tang su téng hop céc anion hiru co.

Trong ty thé xay ra sy khir HNO, thanh NH;. Enzyme nitritreductase
gém mot chudi polypeptide véi mét siroheme (ciing tdn tai Fe va §) va mot
phirc hé 4 nguyén tir Fe-S.

Trinh ty phan (mg cla nitritreductase duge chi ra trong hinh 7.14. Trong
luc lap chét khir truc tiép la ferredoxin. O day c6 mét su két hop chit ché
giita quang hgp va khir mitrate.

Phén g xay ra nhr sau:

HNO; + 2¢ + 2H" - NH; + O,

Trong céc co quan thuc vat khong c6 mau xanh, nhu ré cay, NO, ciing
dugc khir dén NH;. Mot thoi gian dai qué trinh nay di khong dugc giai
thich, vi & nhitng bd phin khdng cé mau xanh, dic biét 1a ré cay khong co
ferredoxin, cho dén khi nhimg két qua méi chi ra ring, trong ty thé cua r& ¢o
mét ferredoxin tuong ti hé thdng oxy héa khir c6 kha ning khir HNO, thanh
NH;. Hé théng khir ndy chita chat khir 1a NADH hosic NADPH.
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NO, + H,0 == HNO,

yd

Luc fap % oH*
- - |

2e 2e
Ferredoxin ————== | 4 x Fe-§ ———= Sirchame A—

Phifc he | K
NH3 + O

Nitratreductase

Té& bao chét

Téng quat: HNO; + 2"+ 2H" - NH; + O,
Hinh 7.14. Trinh tir phan tmg cia nitratreductase

Hoat tinh cta nitritreductase dugc kich thich bdi nitrite va nitrate. Nong
dd nitritreductase cao hon ndng 46 nitratreductase, dé 1a nguyén nhan tai
sao khi cung cdp nhiéu nitrate cho ¢dy dan dén su tich lu§ nitrate ma khong
tich luy nitrite. Sy tich luy nitrate xay ra khi thuc vit duge bén qué nhiéu
nitrate hodc khi 4nh sdng cho quang hop yéu.

Trong truomg hop anh sang yéu thi thiéu chit khir. D6 13 nguyén nhan
tai sao ddi voi gibng rau ba lang nhimg gi¢s budi sang thi cé ndng 4 nitrate
cao hon budi chiéu. Ban dém chu yéu la phosphoglycerate va mot it
triosephosphate di ra khéi luc lap. Ban ngay thi nguge lai. Triosephosphate
¢6 kha ning khir NAD" thinh NADH khi phan giai theo qua trinh dudng
phin dé cung cdp chit khir cho qua trinh khir nitrate. Nguoc lat
phosphoglycerate khong thé khit NAD® va nhu vy khdng cung cép NADH
cho qua trinh khir nitrate,

Néng dé nitrate cao thudomg gdp o trong nhimg b phén sinh truéng dinh
dudng va ¢ déy ¢o thé anh hudng dén sinh ly dinh dudng. Dic biét déi vl
nhitng sin phim thyrc vat duge dung dé an song nhu xa lach, bap cai, ca rét.
Thue ra nitrate khoéng co hai nhung trong qua trinh bao quan vi sinh vét bién
d6i thanh nitrite va trong co thé ngudni, dac biét trong tuyén nude bot nitrate
duge khir thanh nitrite. Trong méi trudmg acid tao thanh HNO,, né ¢é thé
dugc tach thanh nitrosyl va hydroxyl.

HNO,=HO—N=0 +#* OH +NO'

Cation nitrosyl (NO+j c¢b kha nang oxy héa Fe?* cua hemoglobin bang
cach lay di le” cia Fe.

Fe’-heme + NO* — Fe’-heme + NO
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Hemoglobin & dang oxy héa khong thé két hop va véan chuyén O,, dan
dén sur ngat tho. Hién tuong nay gp & ngudi trong mot s6 thang dau vi sau
d6 co thé phat trién enzyme c6 kha nang khir hemoglobin & dang oxy hoa.

7.7. Qua trinh ¢6 dinh nito phén tir

Chi sinh vat tién nhin md&i c6 kha ning ¢ dinh N,, d6 13 11 trong 47 ho
vi khudn va 6 trong 8 ho vi khudn luu huynh. Mot s6 séng tr do, mdt sd
séng cdng sinh véi thye vat bic cao. Nhitng vi sinh vat cd dinh dam quan
trong nhit la;

- Rhizobium, séng cong sinh vé&i cdy ho dau.

- Bradyrhizobium, séng cong sinh v&i cdy ho dau, ching khic vai
rhizobium & chd 13 sinh trudng cham hon.

- Lodl frankia, vi khuan song trong dat.

- Vi khuan luu huynh heterocysten séng cong sinh vai cac loar thyc vat
khdac nhau nhnr véi béo hoa dau (azolla) o 4.

Nhimg loai vi sinh vit séng céng sinh va tu do co chira gen Nif trong hé
gen (Ni 1a viét tat ciia Nitrogen va f 1a fixing). Gen ndy ma hda cho enzyme
nitrogenase, 1a mdt da enzyme, xic tac cho phan ang cd dinh N, khtr N,
thanh NHs. Nitrogenase gdm 2 protein chira Fe-S, protcin nhé hon ¢6 trong
luzong phéan tir 60 kDa, chira mét chum Fe-5 cé 4 nguyén tir, phan tU protein
ldn hon ¢6 trong lugng phan tir 220 kDa va chita nguyén tur S linh dong, 36
nguyén tir Fe va 2 nguyén tir Mo. Phan tu protein nho hon ¢6 chirc ndng van
chuyén ¢, trong d6 e cua ferredoxin hodc flavodoxin vén chuyén Ién phirc
hé Fe-Mo (hinh 7.15).

Su van chuyén e nay cén ning lugng, do ATP cung cép. ATP két hop
v6i protein chira Fe qua mot ciu Mg va sau dé duoc thuy phan thanh ADP
va Pi. Su thuy phan da 1am thay doi hinh dang cua protein enzyme, e- dugc
van chuyén 1&€n phirc hé Fe-Mo. Pé van chuyén le” cdn 2 ATP. Phirc hé Fe-
Mo thuc chét 13 mot N-reductase. Phic hé nhd hon duge gach chéo la mot
protein chira Fe, phirc 16n hon 1a protein chira Fe/Mo, phirc lon nay thyc
chét 14 dinitrogen-reductase (hinh 7.15).
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Chét déng hoa

Ferredooxin

Flavodoxin \
/ . H’
e y N,

o]
8 -—— NADH
o -
Chudi |3 —— = ATP
enzyme 8
hé hap |& - ATP + P, &
§ o i ONH;
e . 2H" + 2¢”
Q; —» : Leghemogicbin k/Hz
Q0000
Hydrogenase

Hinh 7.15. Cdc phan ting xay ra & bacteroid cia vi khudn rhizobium

D¢ vén chuyén ¢ tir phitc Fe/Mo dén N; thi su thay déi hoa tri Mo c6
mét vai trd quan trong. nhur & hinh 7.16.

1. 2¢ va 2H" duoce két hop vai nguyén tir Mo

2. Nguyén tir H; dang gan véi enzyme bi ddy ra bdi N,
3. N3 duoc khir thanh -N=N do tiép nhain H +¢

4. -N=N dugec khir thanh =N-NH, do tiép nhin H" + ¢

5. =N-NH; duoc kha thanh NH; do tiép nhan H" + ¢, NH; duoc tich ra
khoi phire hé enzyme

6. Nguyén tr N dang gan véi enzyme duge khir thanh NH; do tiép
nhén 3¢  va 3H" va sau dé NH; duge tach ra khoi phirc hé.

Sy gin N, vdi phitc hé Fe-Mo cin mét lién két trude d6 coa phic hé
nay v&i Ha. Vi vay két qua 1a bén canh tao ra NH; ngoai ra con xudt hién Ha,
phan tir nay cé thé duoc tich ra thanh H vae va e nay duge dua trd lat hé
théng (hinh 7.16).
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H:
N2
Fe—-Mo=N=N
Fe —Mo - H;

Fe —Mo=N=NH

@ e 44—
2H" H*
Fe - Mo \

3e’ ) Fe -~ Mo=N—-NH;
e
NH, Fe-Mo=N B H
aH"
NH3

Téng quat: 8H' + 8¢+ N, — H; + 2NH;
Hinh 7.16 Su khit N; thanh NH3 ¢ phitc hé Fe-Mo cua nitrogenase

O rhizobium va bradyrhizobium hé théng nitrogenase duoc biéu dién &
hinh 7.15, hé théng nay dinh v1 & bacteroid duge tim thay trong “khéng bao
nhiém” cla nhng té bao nbt san. Bacteroid trong ty mot co' quan va cd the
so sanh voi ty thé. N6 duoc cung c¢ip cac hop chét carbon hiru co, chil yéu
la anion hitu co (succmate malate, pyruvate) bdi té bao chit cua ky cha,
nhimg chit nay duoc tiép tuc phén glal trong chu trinh Krebs. O déy xuit
hién NADH, duoc st dung mét phin 1a chét cho dién tir ferredoxin va
flavodoxin, mét phan duge sir dung lam nguyén li¢u hd hap H& théng oxy
hoéa khur cia chudi hd hip cu tao nén mang. Ching cung cap ATP va ATP
cén cho su hoat héa enzyme nitrogenase. Chudi hé hép dugc cung cip O,
baoi leghemoglobm Phirc h¢ protein chita heme cé trong khéng bao nhiém
nay c6 thé so sanh v&i myoglobin trong md co hodc hemoglobm trong méu.
Né cung cap Oz cho chudi _enzyme ho hép va né kidm soat O, di vao
bacteroid. Sur kiém soat nay rat quan trong, vi enzyme nay bi irc ché béi O;.

NH; duge tao nén boi mtrogenase dugc dua dén té bao chét cua té bao
chu va ¢ ddy dugc st dung dé tdng hop nén aminoacid. Sy tdng hop enzyme
nitrogenase dugc didu khién bdi enzyme glutamate synthetase, xic¢ tic cho
tong hop glutamin tir NH;. Néu trong hé théng cé it NH; thi glutamate
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synthetase kich thich tong hop nitrogenase, ndng 46 NH; cao tic ché su tong
hop nitrogenase. Co ché didu khién nay rat c6 y nghia, tuy nhién khi cung
cdp NH; du thira thi nitrogenase khéng duoc sir dung, vi 4 ¢6 du NH,. Vi
viy bén phan dam trc ché sir tao thanh nét sin clia ciy ho dau. O vi khudn
rhizobium sbng cOng sinh, NH; tao thanh duge dua nhanh dén t€ bao ch,
nén sy tong hop nitrogenase hiu nhu khéng bi kim ham. Hon nita vi khuan
trong té€ bao chu ludn dugc cung cip boi nhitng anion hiu co. D6 14 nhitng
nguyén nhin quan trong nhAt, tai sao sy cdng sinh vi khuanfcay ho déu co ty
1€ c6 dinh N; cao. Vi du ciy ¢o (¢rifolium pratence) sOng cdng sinh véi vi
khuin trong diéu kién sinh truéng t6t ¢6 thé ¢b dinh 300-400 kg N/ha/ndm.
Vi khuan song tu do ty I8 ¢ dinh n1t0' bi anh huorng do sir tich luy NH3 &
trong té bao vi khuan va sur cung cép khéng day du carbon hiru co. Loai vi
khuén ¢b dinh nito séng ty do cén cho sy trao ddi chit coa chung nhitng hop
chat hiru co d& phan giai, nhir dudmg va cac acid hitu co, thudng c6 trong
dét véi luong khong da. Vi vay kha nang ¢b dinh dam cta vi khudn séng ty
do co ban la thip. Nhimg vi khudn lwu huynh ty dudng thuge lodi
anabaena, nostoc va rivularia ty ddng hoa CO, bang quang hop va c¢b dinh
N>. Kha nang cb dinh N; bi anh huéng rét nhidu khi ndng dd O; cao.

7.8. Cac dwong huéng bién d6i NHs- chu trinh ornithine

S khir nitrate-nitrite va hé théng nitrogenase san sinh NH;, sau d6 NH;
két hop véi mét phin wr hitu co, thuong la a-cetoglutaric acid hodc glutamic
acid. Xic tac cho phan img gin NH; nay & thuc vét biac cao va béc thip 1a
glutmate synthetase {GS), enzyme nay thuorng hoat ddng trong mdt nhém.
Glutmate synthetase 1a mot protem c6 8 tiéu don vi véi trong lugng phén tir
tir 350 dén 400 kDa. Ngudi ta biét c6 2 loai enzyme ddng phan, mdt loai ¢6
trong té bao chét (GS1) va mét loai cé trong luc lap. Phén tng do glutmate
synthetase xuc tac nhu sau:

COOH COOH
| |
HzN—(|3H ADP + P, HZN-CllH
CH; CHa
| ATP |
CH2 \ CHz
| ’ |
C=0 C=0
pf=----- _ |
'OH H NH; _ NH,
Glutamate Glutamine
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Chét nhan NH; 1a glutamate. Trong phan tmg, enzyme duge phosphoryl
héa (kinase) va sau d6 duge khir phosphoryl héa (phosphatase). Cé hai phan
tmg vé tdng quan 13 sy thuy phan ATP. San phdm phan img 13 glutamine,
mét amide. M§t phin tir tuong tu glutamine 14 asparagine, dugce tao nén
twong tw glutamine. Tuy nhién né khdng phai la chit nhan NH; quan trong.

Vat tré trung tdm cua giutmate synthetase d6i voi sy ddng héa NH;
duoc giai thich glutamine 13 chét cho nhém NH; khi téng hop glutamate. O
déy a-cetoglutaric acid la chit nhan, dugc chi ra nhu sau:

COOH COOH COOH COOH
r=== |

I | I
HN-CH i OxC 2e H.N-CH H2N-CH
| R

| !
CH; + CH» \ : CH, + CH,
| t > | |
CHZ CH: CHZ CH2
| /

| . | |
c=0 COOH 2H COOH COOH

2-oxoglutarate Glutamic acid

Céc chét tham gia phan tng trao 1 mo6t nhém NH; véi nguyén tir O. G
mdi san phém tao thanh thiéu mét nguyén tr H, dwoc ferredoxin hoac
NAD(P)H cung cip. Bing cich nay tir glutamine va a-cetoglutaric acid 2
phén tir glutamate duoc tao nén. Qué trinh ndy gdm su chuyén nhém amine
va su khir. Phan img duoc xiic tac boi glutamate synthetase.

Glutamate synthetase ¢6 hai loai isoenzyme c6 cdu tao khic nhau.
Glutamate synthetase phu thudc vao ferredoxin la mét flavoprotein chaa Fe-S
¢d trong hugng phéan tir 140-230 kDa, enzyme nay co trong luc lap, nhin chét
khir qua ferredoxin truc tiép tir quang hop. Glutamate synthetase c6 trong té
bao chét ¢4 trong luong phén tir khoang 240 kDa. Chét khir coa né 13 NADH
(tr dudng phan) hoic NADPH (tir oxy héa truc tiép glucose). Ca 2 enzyme
glutamate synthetase va glutamine synthetase hoat déng trong mét nhém, lam
cho qua trinh phan ng thanh mt vong tron, nhu hinh 7.17.

Tbng quat chu trinh chi ra ring o-cetoglutaric acid dwgc amine héa nhes
NH; vdi su tigu tén 1 ATP va 2¢”. a-cetoglutaric acid (oxoglutarate) cé
ngudn gbe tir chu trinh Krebs. San phim cta phan tmg 13 glutamate, c¢6 ¥
nghia quan trong, vi nhd chuyén amine hoéa ma nhém amine dugce chuyén
dén mét chét khéac (cetoacid, aldehyd). Hiu hét nito c¢6 trong thuc vat xay ra
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qua phan tmg nay, mét 14n cé trong nhém amine cia glutamate, Glutamate
synthetase 12 mét glutamine-oxoglutarate-aminotransferase, dugc goi tat la
GOGAT. Vi vy ngudi ta goi chu trinh tong hop glutamate 1a con duéng
phan img GOGAT.

Nhiing enzyme clia chu trinh tdng hop glutamate dic biét c6 nhidu &
trong nhimg té bao cua ndt sin. O ddy nhitng phén tir NH; dugce cung cép
boi bateriod ctia vi khuln nét sin dugc ddng héa qua chu trinh nay. Con
dudng GOGAT cling c¢6 y nghia trong lyc lap cia thuc vat C;. NH; dugc
giai phong ra mét luong 16n & trong hé hip sang, néu NH; nay bay ra khong
khi thi day la mdt sy méit mat 16n déi véi thuc vat. NH; giai phéng ra duge
tiép nhan boi chu trinh tdng hop glutamate va nito cta né duoe sir dung lai
trong trao ddi cht cia thyc vat & dang aminoacid.

Glutamine Oxoglutarate
ADP + P
e"/ Ferredoxin
P NAD{P}H
NH, + ATP Glutamate Glutamate
(chuyé&n amine hoa)

Téng quat: NH; + ATP +2¢” + 2H" + Oxoglutarate
— Glutamate + ADP +Pi

Hinh 7.17. Chu trinh téng hop glutamate (con duong GOGAT)

D4 lau ngudi ta cho ring enzyme glutamate dehydrogenase (GDH) ciing
c6 y nghia d6i voi sy ddng héa NH; trong thyc vat. Glutamate
dehydrogenase xtic tac cho phan ing sau:

COOH NADH + H* COOH NH; COOH
HzN-(:.‘,H NAD® HN = <:: H,0 c%o
NS, NS
CH, CH, CH,
C|OOH CiOOH C.E‘OOH

Glutamate Iminoglutarate 2-oxoglutarate
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DPay 1a su khir amine héa oxy hoa, la mét qua trinh giai phéng NH;,
nguoc voi qua trinh ddng héa NHa. Tuy nhién khi nbng 46 NH; cao thi né
s& gy ddc cho thue vat. i v6i nhiéu loai vi sinh vét s ddng héa NH; nho
GDH ¢6 ¥ nghia. Trong thuc vat GDH c6 chil yéu trong ty thé. NADH ma
nd tao ra c6 thé di vao chudi hd hép, NH; c6 thé duge sir dung cho téng hop
asparagine nhé enzyme asparaginsynthetase theo phuong trinh sau:

COOH COOH
| ADP + P |
H:N-CH HzN-CH
I ATP |
CH; CH,
| \ 1
C=0 > C=0
| p=mm-- , |
OiH  H!NH, NH,
Aspartate . Asparagine

Chit nhan NH; 14 aspartate. Phan tmg ndy twong tw phan g téng hop
glutamine. Glutamate dehydrogenase ¢6 twong ddi nhiéu trong mé ré va
nhimg md da gia. Vi vdy ngudi ta cho ring, & diy nd san sinh NH; va la
diéu kién dé tdng hop asparagine, 13 dang nito van chuyén va duoc vén
chuyén ra khéi nhitng mé nay.

7.9. Cic dwomg hwéng téng quat cia sy bién d6i aminoacid

Céac aminoacid vé co ban dugc sir dung dé tdng hop protein song cling
c6 thé chju nhimg sy bién doi khac. D6 1a phan (mg theo nhém amine,
carboxyl va phan ing theo géc R ctia aminoacid.

- Céc phan img theo nhdém o-amine: 13 cic phan ung phéin gidi
aminoacid thanh NH; va cac san phim tuong tmg theo 4 hudng co ban sau:

a. Khir amine héa bing cdch thuy phdn

R-CH - COOH R - CH -COOH
| + H0 — | +NH;
NH; OH

Aminoacid Hydroxyacid
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b. Khir amine héa bang cdch khir

R -CH -COOH 7-?‘5 R-CH, - COOH + NH;
| NADH, NAD
NH- NADPH, NADP
Aminoacid Acid hitu co

c. Khir amine héa bang cdch oxy hod

R -CH - COOH R - C -COOH
| +120, I + NH;
NH-: Q
Aminoacid Cetoacid

Phan {ng nay tién hanh qua 2 giai doan: trude hét aminoacid bi loai
hydro @& tao thanh iminoacid tuong img véi sy tham gia ciia enzyme
dehydrogenase

R - CH -COOH R -C - COOH
| NAD » NADH, |

NH; NADP NADPH; NH
Aminoacid Iminoacid

Tiép d6 iminoacid két hgp voi phan tir H;O, NH; bi loai trir va gii
phong cetoacid
R - CH - COOH R -C -COCH

+ HOH —_ + NH;

] |
NH O
Aminoacid Cetoacid
d. Khir amine héa bang cdch chuyén hoa ndi phan tir
R - CH; - CH -COOH
| —»R-CH=CH-COOH + NH;
NHa,
Aminoacid Acid chua no

Trong c4c phan Umg trén thi phan tmg amine héa bing cach oxy héa la

phd bién trong thuc vét so voi dudong huéng khac. Céc a-cetoacid déu 14 san
pham chil yéu cua sy khir amine hda cac aminoacid.

- Céc phan (ng theo nhém carboxyl: dién ra cha yéu theo hai qu4 trinh:
su khir carboxyl hoa va su tao thanh aminoacyl adenylate.
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a. Qud trinh khir carbocyl héa cdc aminoacid

Qua trinh nay duge thuc hién & dong vat va thuc vét. Su khir carboxyl
tién hanh theo so dé sau:

R - CH - COOH Decarboxylase
| — = R - CH; - NH;
NHZ CO: Amj.ne

San phidm phan éng 13 cdc amine. M&i mot aminoacid riéng biét duge
x1ic tc bai mdt enzyme decarboxylase tuong tng.

San phim cia su khir carboxyl héa cac aminoacid 13 amine, diamine,
CO,, NH; va cac hop chét khac. Trir CO,, NHs, tht c4 cac hop chét khac déu
bi phén giai tiép tuc. Néu trong diéu kién bt lgi thi cac amine va diamine
tich tu lai gdy ddc cho ciy, trong diéu kién binh thuomg ching s& bi oxy héa
dudi tac dung cua enzyme oxydase dé tao thanh NH; va cac aldehyd.

Monocaminoxydase
R -CH; -NH; + H;O + O, — R- CHO +NHs; + HxO,
Aldehyd dehydrogenase
R - CHO +H;O I R -COOH

Céc acid va aldehyd lai bj oxy hoa tiép tuc d¢& tao thanh CO,, H;0 va
NH;. Chc san phdm nay chinh 1a san phdm cudi cing cia sy phin giai
aminoacid.

b. Phdn wung theo nhém carbocyl la qua trinh tgo thanh phirc hop
aminoacyl-adenylate. Chi tiét co ché cua phdn vmg nay trong phdn sinh
16ng hop protein.

- Nhitng chuyén héa ciia phdn tir aminoacid ¢6 lién quan dén géc R
trong phdn tiz,

Do tinh mudn mau muén vé cha gdc R nén cac phan (mg héa hoc cua
chung vb cling phong phii va da dang. Nhiéu phan {mg duge thue hién trong
qua trinh trao d0i aminoacid, trong d6 quan trong nhét 13 céc phan img bién
d6i tir mdt aminoacid nay thanh mét aminoacid khac. Nh& dudmg hudng nay
ma kha niing tdng hop cic aminoacid tang 1én rat nhiéu.

Sau day chi néu 1én mét sb vi du:

Khi oxy hoa phenylalanine s tao thanh tyrosine.

Thuy phén arginine thi ornithine dugc tao thanh va tir ornithine s& thu
dugc proline hodc glutamic acid.
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H,N-C=NH
l

NH NH, NH,
I Arginase | /
(CHgy ———— »(CH;); + O=C
| + HOH | N
CH - NH, CH - NH; NH,
1 I
COOH COOH
Arginine Ornithine Uré

Khi oxy héa nhom -SH cua cysteine s& thu duge cystine.

SH

| NAD NADH, CH;-S -§-CH:
CH: Cysting regactase i |

| : CH-NH; CH-NH;
CH - NH: | |

| N ADH; COOH COOH
COOH
Cysteine Cystine

Tir threonine néu loai trir gbc acetaldehyd s& thu dugc glycine.

CHj3
|
CHOH CH:z CH;-NH,
| - | o
CH - NH, CHO COCH
!
COOH
Threonine Acetaldehyd Glycine

7.10. Sinh téng hgp protein

Tham gia vao su tdng hop polypeptide va protein cé mRNA, tRNA,
rRNA, trong d¢ rRNA 13 thanh phé“m ctia ribosome. V6i su tdng polypeptite
théng tin di truyén duge chuyén tir DNA dén polypeptide. Truge khi nghién
clru qué trinh tdng hop protein cin phai dé cap dén timg nucleic acid va
ribosome.
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Ribosome Nhéan té bao

4
mRNA /
43— tRNA - aminoacyl

tRNA

P «— ®P AMP - aminoacyl
1
ATP Aminoacyl

Hinh 7.18. So d6 téng hop protein

1. Nguyén liéu dé tbng hop polypeptide 14 cic aminoacid. Dé tham gia
vao phan ng chung phai duge hoat hda nhér ATP, tao nén AMP-aminoacyl.

2. Aminoacyl duoc chuyén 1én tRNA.

3. tRNA van chuyén aminoacyl dén ribosome. O ddy aminoacyl tham
gia tao lién két peptide.

4. mRNA dugc tong hop trong nhén té bao rdi di dén ribosome, 12 noi
tong hop polypeptide. mRNA mang théng tin cho chudi polypeptide, xéc
dinh trinh tur ctia aminoacid trong chudi polypeptide.

Théng tin di truyén trong mRNA thé hién & trinh ti base cua ching va 3
nucleotide dimg canh nhau ma héa cho mdt aminoacid xac dinh. Cac bd ba
nay dugc goi 1a codon. Dudi dy 1a cac codon ctia mdt phin mRNA m3 héa
cho alanine, aspartic acid, cysteine va serine.
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TTTTTTTT T T T T T T 1T

G C U GAUUGTCUTCA
Ala Asp Cys Ser

Hinh 7.19. Mt doan DNA vdi nhitng codon md héa cho alanine, aspartic
acid, cysteine va serine

Bang 7.6. Nhitng codon trén mRNA ciia cic aminoacid

Base thir Base thir hai Base thir

nhat u c A G ba
Phe Ser Tyr Cys u

U Phe Ser Tyr Cys c
Leu Ser Term Term A

Leu Ser Term Trp G

Leu Pro His Arg )

c Leu Pro His Arg C
Leu Pro Glu-NH» Arg A

Leu Pro Giu-NH; Arg G

lleu Thr Asp-NH; Ser U

A lieu Thr Asp-NH; Ser c
lieu Thr Lys Arg A

Met Thr Lys Arg G

Val Ala Asp Gly u

a Val Ala Asp Gly c
Val Ala Glu Gly A

Val Ala Glu Gly G

Term: terminal: 14 nhimg codon két thic chudi polypeptide.

Ngay nay nhimg codon mi héa cho cic aminoacid ciu tao nén protein
da dugc biét. Piéu rdt tha vi 1a cdc ma di truyén cho tét ca moi sinh vét tir
sinh vét nhdn so don gian nhit cho dén nhimg ddng vét ¢6 vi 1a nhu nhau.
Tuy nhién ciing c6 mdt s6 ngoai 1é nhu & ty thé ngudi. Qua bang ma di
truyén ta thdy phin 16n cic aminoacid dugc mé héa bdi 2 codon, va cac
codon d6 ¢6 2 base nito du tién gidng nhau.
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Ribosome dugc tao nén tir IRNA va protein. O sy két hop nay ¢6 su
tham gia cia Mg’. Ribosome dugc tao nén tir mét tiéu phan lém va mét tiéu
phén nhé. D3 16m cha cac tidu phin duge dic trung boi hé sb ling S (hé sb
Svedberg).

x la khoang cach cua tryc ly tAm

& = vén tc gbe

t 1a théi gian

dx/dt, khoang cach ma tiéu phin di chuyén trong dom vi thoi gian.
Khodang cach nay cang dai khi tiéu phén cang ning.

Hé s6 ling S déi voi protein ¢6 do 16m tix 1 x 10" dén 200 x 10>, Sy
bién dbi don vi hé sb ling cia Svedberg 13 nhan véi 10", twong tmg hé sb
ldng ctia protein Ia 1-200. S cang 16 thi tidu phin d6 cang 16n (cang ning).
Bang 7.7 chi hé sb ling cua cic tiéu phan ribosome khic nhau va cia
nucleic acid.

Bang 7.7. H¢ sb king ciia cdc phin tir khic nhau va céc két hop (S)

tRNA 4

mRNA 6-25

rRNA 5-23

Tiéu dom vi nho ribosome 30 (sinh vat nhan so)
Tiéu don vi 16n ribosome 50 (sinh vit nhan so)
Ribosome 70 (sinh vat nhan so)
Tiéu don vi nhé ribosome 40 (sinh vét nhan chuin)
Tiéu don vi 16n ribosome 60 (sinh vét nhn chuin)
Ribosome 80 (sinh vét nhan chuan)
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Bing 7.8. Cac rRNA ciia ribosome cita tiéu phin 16m va nhé ciia sinh

véit nhdn chuin va nhan so:

Sinh vit nhén so

Sinh vat nhin chudn

Tiéu don vi nhé 16S rRNA

Tiéu don vi nho 18S rRNA

Tiéu don vi 16m 23S TRNA

Tiéu don vi 1ém 5,85 rRNA

Tiéu don vi 16n 58 IRNA

Tiéu don vi lém 28S rRNA

Tiéu don vi lon 58 rRNA

Bang 7.8 cho biét 49 Ion cia ribosome va céc tiéu don vi ribosome. Dya
trén don }ri S nay ta thé‘.y ribosome ciia sinh vt tién nhan nhé hon sinh vit
nhén chuan.

Ribosome & trong ty thé va lap thé twong tur vé d6 16n va chie néng nhu
ribosome & sinh vét tién nhén. Hai tidu phin cia ribosome duge gin véi
mRNA, nghia 12 khi khong c6 mRNA thi hai tiéu phin khong két hop véi
nhau ma & trang théi riéng lé.

Céu triic khong gian hai chiéu tRNA twong tur 14 co tam diép. Tuy nhién
tRNA cé cén tric khong gian ba chiéu, vi vy phitc tap hon va duge biéu
dién & hinh 7.20.

Trong tRNA c6 mét s6 base nito la nhur cytosine va guanine di methyl
héa d¢6 12 pseudouridine, dihydrouracil va hypoxanthine.

CH
O |
HNZ" N NZ Uracil
i\ ’ J Hypoxanthine J\ | ract
N © -
N N N
H H
OH OH
| |
N N I Ribose
oL oL
N Dihydrouracii N Pseudouridine (y)
H H
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Pseudouridine lién két véi ribose khong phéi N-glycosid ma la C-
glycosid (& vi tri Cg cuia uracil). Vi ddy la nhimg base nito la nén & cac vi tri
khéac nhau ciia tRNA khong c6 su cap dbi cac base. Y nghia dic biét hon vé
chitc ning cia tRNA 1a c6 vi tri “anticodon” va “chd két hop cua
aminoacyl”.

Anticodon

.. lién két hydro oo

| (P) €— Dau cusi dudc phosphoryl héa

I‘— Ché két hdp clia aminoacid

Hinh 7.20. Cdu triic ciia tRNA véi anticodon, ché két hop véi aminoacyl,
dihydrouridine va pseudouridine

Chd két hop clia aminoacyl cia tit ca cac phan tir tRNA 1a nhu nhau, d6
1a trinh ty cytosine-cytosine-adenine. Aminoacyl dugc két hop vao ribose
cua adenine. Anticodon ddc trung cho tirmg loai aminoacid, 1a nhitng base
bd sung cho codon & trén mRNA. Anticodon dugc doc tir phai sang trai.
Pic tinh cua anticodon 14 hai base dau tién dic hiéu déi v6i aminoacid.
Base thir ba c6 thé 1a khac nhau, né c6 thé “linh dong”, c6 nghia 1a khong
tao cau hydro véi codon. O bang sau anticodon C-A (codon = G-U) ma héa
cho aminoacid valine.
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Inosine la mét nucleoside duge tao nén tir hypoxanthine va ribose. Mt
aminoacid c6 nhiéu tRNA dic hiéu. Trinh tu cua mot tRNA didc hiéu cho
mot aminoacid nhit dinh c6 thé 1a khac nhau. Su khdc biét trong cu tric
bac mét clia tRNA giita ndm men va chudt da duogc khing dinh.

OH
|
N N
| ’JJ Hypoxanthine
N
N N

HOCH, .0

OH OH

Inosine
Truée khi aminoacid duoc st dung dé téng hop protein ching phai
duoc hoat héa nhé ATP, ATP két hop voi aminoacyl va pyrophosphate
dugc tach ra (hinh 7.21).

O day xudt hién mét adenosinphosphataminoacyl (aminoacid d hoat
hoa). ATP cung cip niang lugng cin thiét cho qua trinh téng hop.
Adenosinphosphataminoacyl mang gbc acyl & ribose cudi cing cua
tRNA. N6 két hop vdi aminoacyl & vi tri carbon thir 3 cta ribose ddng
thoi giai phéng AMP. Nhu vdy aminoacyl lidn két véi chét mang dic
hiéu va vin chuyén ching dén vi tri téng hop protein. Toan bd qua trinh
hoat héa aminoacid va két hgp aminoacyl vai tRNA duge xic tac boi
mot enzyme aminoacyl-tRNA-synthetase. Ribosome, mRNA va tRNA-
aminoacyl tao diéu kién cho viéc tao lién két peptide. Theo két qua thi
nghiém & vi khudn, dac biét 1a E.coli thi qua trinh xdy ra nhu sau: Tiéu
don vi nho cua ribosome két hop véi gbe phosphate cia mRNA cung voi
mdt tRNA-aminoacyl. Chung duge goi 1a “phirc hé khéi diu” va sau d6
méi ¢6 kha ning két hop véi tidu phén 1én cha ribosome, tao ra bd may
téng hop polypeptide. Tiép theo mét phan tir tRNA-aminoacy! thir hai
két hgp voi ribosome va dam bao tRNA-aminoacyl & ding vi tri cua
minh (hinh 7.22). Vi tri chinh xdc 13 base nito ciia codon dugc két hop bd
sung voi base nito ¢ anticodon.
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O 0 Q
It N ]
Adenosin—O—-P~0O~P-0O~P-0OH

| | ]
OH OH OH

R-CH-CO+OH

NH- : ®
®@ O

I
Adenosm-0—P—0 CO-CH-R

NH
{RNA-O-CH ojﬁ\demne 2
oH] ©OH

{RNA-O- CH O Adenine

0 OH
|
CO-CH-R

|
NH,

Hinh 7.21. Hoat héa aminoacid va sy két hop cia aminoacyl vao tRNA

- Amino acid dugc hoat héa bing cich gin véi tRNA ridng ciia né. Qua
trinh nay gdm 2 phan {mg, dwgc xdc tic bdi cling mdt enzyme dac hiéu ddi
v&i mdi amino acid, d6 13 cac amino acid-tRNA-synthetase. Nhu vay c6 20
amino acid thi cling c6 20 loai enzyme khéc nhau.

Trong phan tmng thit nhit amino acid phéan ing véi ATP tao nén AMP-
aminoacyl va mdt pyrophosphate (hinh 7.22, phan tmg 1). Hop chit dugc
tao nén bai nhém carboxyl ctia amino acid va mét gbc phosphoric acid va
gén v&i enzyme nén ¢6 kha ning phan img cao.

Trong phan (ng thir hai, né s€ phén ly, cho phép aminoacyl tir AMP-
aminoacyl dugc vén chuyén dén tRNA. O diy aminoacyl thay thé H cia
nhém OH & vi tri carbon thir 3 tao thanh aminoacyl-tRNA.
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- O giai doan khéi diu tdng hop chudi polypeptide cin c6 hai didu kién:
M4t 1a trén mRNA c¢6 mdt khu vuc khéng mi hoa, do 1a diu hlcu két hgp
v6i ribosome m& dau cho viing ma hoa. Hai 1a ¢6 bd ma khéi diu AUG lam
diém xuét phat. O vi khudn dbi khi thdy ma khéi ddu GUG thay cho AUG.

Nhu ta d3 biét bd md AUG mi héa cho methionine. O vi khuin, ngudi
ta thdy cé hai loai tRNA d&i véi methionine: mét 13 tRNA nhan gbc
methionine de dua vao thanh phan ctia chudi polypeptide Met-tRNA, hai 12
tRNA nhén goc formyl-methionine (fMet-tRNA) ¢6 vai trd quan trong trong
viéc khai déu tdng hcrp chudi polypeptide. & smh vét nhan so, nhom amine
ctia methionine ¢ thé duge formyl héa bdi N'° -formyl-tetrahydrofolic acid,
nhé enzyme transformylase dic hiéu. Do nhém amine d3 bi gbc formyl bao
vdy nén khong cho phép né tham gia vao qua trinh kéo dai chudi, ma chi
tham gia vao qua trinh khéi diu tdng hep protein.

O sinh vét nhin so anticodon dugc dinh vi & gifta cia 16STRNA. Base
bd sung két hop voi base cta codon trén mRNA & khoang cach tir 0.3 dén
0,4 nm, nhur vay s& xudt hién lyc hip din Van der Waal. Bing céch nay
trude hét tRNA-aminoacyl két hgp véi tiéu phin nhé cia ribosome va thuc
chit 13 véi mRNA. Phirc hé nay phan img v&i “nhén t6 kéo dai”. Nhan t§
nay c6 trén tiéu phan 16n cna ribosome.

O sinh vét nhan so, ngoai céc yéu t6 tham gia khoi déu tdng hop protein
nhu fMet-tRNA, mRNA céc tiéu don vi ribosome 308 va 50S, GTP, con ¢6
3 protein nita 1a cac yéu t6 khéi ddu: IF, (M 9000), IF; (M 65000-80000) va

IF3 (M 29000). Két qua cuia giai doan nay la tao thanh phitc hep khéi diu:
fMet-tRNA-mRNA-ribosome 708S.

Qua trinh dwgc bit déu bing sw két hop gitra yéu t6 IF, véi tiéu don vi
30S. Nhor yéu t6 ndy ma tiéu don vi 30S két hop véi mRNA & vi tri khéi
diu. Trong giai doan hai Met-tRNA gin voi phirc IF,-GTP @2 tao thanh
IF,-GTP-fMet-tRNA (td h0'p 3). O giai doan ba va bén phirc hgp IF5-30S
két hop vai td hgp 3. Nho yeu t IF, ma fMet-tRNA duge dua vao khu vurc
P. Ngudi ta chwa biét chinh xac vai tro cia IF,, c6 thé né tham gia vao viéc
d6i méi chu trinh bang cach giai phéng yéu t IF, ra khoi phic hgp. Cudi
ciing tiéu don v; 50S két hop voi tiéu dcm vi 30S dé tao ra phirc hop
ribosome 708, déng thoi gidi phéng ca 3 yéu t6 khéi du cling nhu giai
phoéng ca GDP va Pi.

O sinh vat nhan chudn, qua trinh tong hop polypeptlde trong t& bao chét
¢6 tRNA khéi diu ciing mang methionine nhung khéng duge formyl hod. O
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déy ciing ¢6 cic phan (ing véi cdc yéu td khdi du elF,, elF; va elF; tuong
tir nhu & sinh vét nhén so.

Trén tiéu phin 16n c¢é ba ving quan trong: ving A: 13 noi tRNA-
aminoacyl duogc két hop, viing P: noi gin tRNA-peptidyl va ving E: thuc
hién su kéo dai chudi peptide (hinh 7.22).

Tiéu don vi nhd

/
mRNA

T

Tiéu don vi ian

Hinh 7.22. Nhiing vang phdn ung quan trong cua ribosome
A: vi tri gén cla tRNA-aminoacyl, P: vi tri gén cla peptidylaminoacyl

-0 giai doan kéo dai chudi polypeptide, amino acid thir hai (do ma tiép
theo ctia mRNA quy dinh) gin véi tRNA riéng cia né s& duge dua vao phirc
hop khai ddu & ving A. Giai doan nay cin GTP va cic yéu t6 kéo dai chudi.
§ sinh vat nhan so yéu b kéo dai 1a EF-T (gdm 2 bd phan hop thanh 13 EF-
Tu va EF-Ts). Yéu t6 nay ¢ sinh vét nhan chudn 1a eEF-1. Céc yéu té nay 1a
nhitng protein: EF-Tu (M 43000), EF-Ts (M 74000). Chiing c6 vai tro dua
aminoacyl-tRNA vao viing A cua ribosome théng qua cic budce sau:

EF-Tu + GTP — EF-Tu. GTP (tb hop hai)

EF-Tu.GTP + amonoacyl-tRNA — aminoacyl-tRNA-EF-Tu-GTP (tb
hop ba).

Té hop ba chi két hgp vdi viing A trong ribosome vi viing P da c6 fMet-
tRNA (& giai doan sau 13 peptidyl-tRNA) chiém chd.

Piy 1a giai doan quyét dinh bao dam dinh hudng ding d2 tao ra lién két
peptide giita aminoacyl-tRNA va peptidyl-tRNA.

Truéce khi aminoacyl duge gén két vao peptidyl thi né két hop voi GTP
& ving E cia ribosome dé tao nén mdt phirc gdm ba yéu t6. Sau khi GTP
thuy phan thi lién két peptide dugc tao thanh. Qu4 trinh nay duge xic tic
bdi enzyme peptidyltransferase, chuyén peptidyl dén tRNA-aminoacyl vira
két hop vao (hinh 7.23). Enzyme nay duoc cu tao chi yéu tir rRNA. Phén
phi protein 508 rRNA thé hién ddy di hoat tinh ciia peptidyltransferase.
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Nucleic acid ¢é hoat tinh enzyme duge goi 14 ribozyme. Protein cua
ribosome tham gia qué trinh enzyme 13 do su thay d6i cdu hinh. Dbi véi
hinh thé cta timg thanh phén ribosome ion Mg” c6 mét y nghia quan trong.

Sau khi két hop véi ribosome, GTP bi thuy phan ddng thoi giai phong td
hop EF-Tu-GDP ra khoi ribosome. Phire hop EF-Tu-GDP khi tic ding
tuong hd véi EF-Ts va GTP sé& lai bién thanh EF-Tu-GTP. Do d6 né c6 thé
lai tuong tac véi aminoacyl-tRNA tiép theo. Céc nghién ciru cho thdy sb
lugng yéu t5 EF-Tu khoang bang sb lugng phan tir aminocacyl-tRNA. Tir d6
ngudi ta cho ring phén 1ém céc aminoacyl-tRNA 1a ndm trong thanh phan 16
hop ba chir khéng phai ¢ trang thai tu do.

Hinh 7.23 biéu dién sy hinh thanh lién két peptit. Vi tri “A” o
ribosome 1a viung nhédn, vi tri “P” la vung cho. g ving nhén két hop véi
tRNA-aminoacyl méi di vao (hinh 7.23), G vang cho thi tRNA-aminoacyl
da két hop vdi ribosome ciing nhu tRNA-polypeptidyl. tRNA-polypeptidyl
mang mdt chudi polypeptide. O vi tri ndy ca hai thanh phin tRNA-
aminoacyl va tRNA-polypeptidyl tham gia phan img: nguyén tr H cna
nhém amine cia aminoacid gan két véi polypeptidyl & ribose ciia tRNA
bang lién két ester. Chudi polypeptidyl dirge chuyén tir chit cho dén chét
nhan. tRNA gén & viing cho bay gi& & trang thai tu do, nghia 12 ribose cudi
cung cla né ¢6 nhém OH & vj tri C; tw do. Luc nay chudi polypeptide dai
thém mét don vi (aminoacyl) (hinh 7.23). D4y la phan {mg vén chuyén
peptidyl. Bing cach nay lién két peptide dugc tao nén va tRNA dugc gin
két trude d6 tr& nén ty do.

Phén tng kéo dai chudi cin ¢6 su tham gia cia GTP va mét yéu td kéo
dai khéac 13 EF-G (0 sinh vét nhan chuén 12 eEF-2). Yéu t EF-G la mdt
trong nhimg yéu td co ban cia té bao, c¢6 khdi lugng phén tir 72000. Yéu t5
nay khi két hop véi ribosome gop phan tao cho ribosome chuyén dich mét
khoang cich biang mot by ba trén phan tr mRNA, khi d6 peptidyl-tRNA
chuyén tir viing A sang ving P.

Sau khi két hop ribosome dich chuyén dén codon tiép theo, IRNA mang
aminoacid tiép theo doc két hop vao. Ribosome 14 hé thdng co hoa hoc ¢b
kha niing chuyén déng tuong tu nhu protein co.

- Giai doan két thic: Qua trinh tdng hop soi polypetide két thac khi &
trén mRNA ¢6 médt codon két thiic xudt hién hoic 12 da dén diu cubdi cia
mRNA. Nhimg codon két thic 13 UAA, UAG va UGA. Chudi polypeptide
tach khoi ribosome va ty dong hinh thanh cdu tric bac bdn. Sau dé
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ribosome bi phan ly thanh cac tiéu don vi 30S va 50S rdi nhip vao kho du
trit ribosome. Su nhén biét cac bd ma két thiic dugc thuc hién béi céac yéu td
két thic. D6 1a cac protein, & sinh vat nhan so 1a RF, (M 4000) nhan biét bd
ma UAA va UAG va RF; (M 47000) nhan biét ma UAA va UGA. O sinh
vat nhan chuan c6 mot yéu td két thic la eRF. De thuc hién phan tmg g1a1
phong chudi polypeptide thi peptidyl-tRNA phai nim & vung P, con cac yeu
t6 két thuc twong tac voi viing A cua ribosome.

Ribosome nhéan

tRNA-aminoacyl i)
tiép theo @

Hinh thanh lién
két peptide

Ribosome chuyén
dich vi tri

Hinh 7.23. Su tong hop polypeptide & ribosome

Bing cach nay hudng téng hop cia s¢i polypeptide dugc xac dinh, vi
aminoacid chi c6 thé dugc két hop véi nhém carbonyl ma khong két hop véi
nhém amine. O sinh vét nhan chudn su tdng hop polypeptide ciing bat dau
bing methionine, khong dugc formyl hoa. Methionine dugc formyl héa s&
tach ra bing thuy phan khi qua trinh tong hop polypeptide két thuc.
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Qua trinh tng hop protein xay ra & ribosome cua t& bao chét va ty thé,
lap thé. Chiing ¢6 h¢ thng téng hop protein riéng va ¢ nhimng enzyme can
thiét cho qua trinh d6. Tuy nhién & trong ty va lap thé khong c6 du tat ca cac
loai enzyme.

tRNA-O-CH, tRNA-O-CH,

N ]

co RICHO; R-H Cco
‘ e ] H l
HzN -CH 1OHC4N -CH
R |
CH,-S-CHs; CH,-S-CH3,
tRNA-methionyl Formyl-tRNA-methionyl
e Huéng dich ma RNA polymerase

N

r s

.

|~
Polypeptide o

Hinh 7.24. Cac tiéu don vi ciia ribosome, polysome va mRNA
xuyén qua cac ribosome

Trong nhiéu truomg hgp mot mRNA thuc hién giai ma trén nhiéu
ribosome, nhu vdy cing mot mRNA c6 20 dén 40 protein dugc téng hop.
Su tap hop mot loat ribosome trén mdt sgi mRNA duoc goi la polysome. O
hinh 7.24 biéu dién su sip xép clia cac ribosome. Trén so dd cho thiy nhiing
ribosome nao da trugt xa nhét trén soi mRNA thi so1 polypeptide duoc tao
nén la dai nhat.
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Mot sb khang sinh ¢6 thé anh hudng dén qua trinh sao chép va giai ma.
Qua trinh sao chép bi trc ché bai actinomycin D va rifamycin. Chat thir nhit
phong toa base nito guanine, chat thi hai (e ché RNA-polymerase. Qua
trinh giai ma bi {rc ché bai puromycin, streptomycin va chloramphenicol va
thue ra la chiing két hop v6éi viing phan {mg cua ribosonie. Khang sinh ciing
kim ham qua trinh tong hop protein cua vi sinh vat.

Tir cac vin dé néu uwén ta ¢d nhan xét ring: qua trinh sinh tdng hop
protein v§ cung phire tap, c6 su tham gia cua nhicu yeu t0. Ngudn ta da xac
nhdn ¢4 t&i hang trdm yéu t0 tham gia vao qua trinh sinh tong hgp protein
trong té bao.

V& mat nang lrong, qué trinh sinh tdng hop 1a mdt qua trinh thu ning
luong. O vi khudn cling nhu & sinh vat nhén chuén, nhu cau ning lugng cho
qua trinh 14 rat 16n. Dé dua mot amino acid vao chudi polypeptide can chi
phi 3 lién két cao nang:

- 1 ATP cho hoat héa amino acid & giai doan dau.

- 1 GTP d& dua amonoacyl-tRNA (trong t6 hop ba) vio viing A cla
ribosome.

- | GTP cén dé ribosome di chuyén mot bd ba trén mRNA.

Do giai doan khéi ddu con cdn | GTP tham gia, nén dé tdng hop lien két
peptide dau tién phai str dung téi 4 lién két cao nang.

Ngudi ta cho ring phan tir GTP tham gia vdo qua trinh nay c6 hai chitc
nang: mdt 13 tao cAu hinh thich hop cin thiét cho sur tuong tic tiép theo, hai
14 bao dam ning luong dé ribosome di chuyén trén mRNA.,

Vé mit tde do, qua trinh tdng hop protein xay ra rit nhanh va phu thuéc
vao nhiét d6. O vi khuén & nhiét d6 37°C trong mét gidy chudi polypeptide
tang tir 12 dén 17 aminoacid. Vi vay, dé tng hop mot phan tir protein trung
binh ¢4 do 16n 300 aminoacid mét khodng 20 gidy. Trong t& bao sinh vit
nhan chuan, tdc d6 tdng hop chim hon, vi du trong té bao hdng ciu ludi &
37°C tde dd kéo dai chudi peptide 1a 2 aminoacid trong mét gidy. So véi toe
dd giai doan kéo dai chudi thi giai doan khai dau va két thic xay ra cham
chap hon,

7.11. Sy phin gidi cic hop chét chira nito

Su phén giai protein, nhu & trong hé tiéu hoa cua déng vat, & hat nay
mam hodc & trong dat khi phan giai cac hgp chat hiru co nhé vi sinh vét, bat
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diu bang sy thuy phan. Cac lién két peptide bi cit ra do céc peptidase, xudt
hién cdc aminoacid ty do. Tuy thudc vao loai peptidase ma chudi peptide
duge thuy phin & gifta hodic & mét ddu chudi.

Lién k&t peptide

R

L/

CH ~ P NH COOH
HzN/ \CO / \CH /

H.0O

H\ % COOH

CH

! _

R

{ qua trinh nidy mim céc aminoacid duge tao ra duoce st dung dé téng

hop nén cac protein méi. Sy phén giai protein nh&r vi sinh vét trong dat va
trong hé tiéu héa dugce thuc hién tiép theo 13 cac aminoacid bi khir amine
hod, gidi phéng ra NHs. Nhimng vi sinh vat séng trong dét ¢ kha ning thue
hién phan Gng nay vi vy duge goi la vi sinh vat tac amén.

R
|

HEN/ CH\

COOH

Fumaric acid

Arginine ‘&

Urea Arginosuccinic acid

CO: + NH; ADP + P,

¢ Qrnithine

Carbamic acid
Warbamyiphosphate Citruline

ATP
Asparate

Hinh 7.25, Chu trinh Ornithine
Nguyén tic ctia sy khir amine hoa 1a phan img oxy hoa va sy tach NH;
(khir amine hoéa oxy hoa). O trong ddng vat, ddc biét 1a glutamate duge sy
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khir amine hoa bing cach oxy hoa. Enzyme xuic tac cho phan Umg nay 1a
glutamate dehydrogenase. Trong diéu kién yém khi nhirng aminoacid bi khir
amine héa bang phan tmg khir (xem so dd), mot qua trinh xay ra trong dét
ngap nude, nhu dat lGa,

COOH  Eap FADPHz  coon  h,0 NHs  coon
| \ t | !
H,N -CH C=NH ;_Z, c=0
| |
R R R
Aminoacid Iminoacid Cetoacid

Khir amin hda bing cich oxy héa

COOH NH, cooH
| 2e
H,N -CH \ { ?Hz
[
R R
/
Aminoacid 2H Monocarboxylic acid

Khir amin héa bing cdch khit
Trong co thé dong vit cé v urea dugce tao ra tir NH; qua chu trinh dugce
goi la ornithine (hinh 7.25). Trong chu trinh nay gdc carbamyl va guanidyl
déng vai trd quan trong. Ca hai déu xuét phat tir urea, nhir c¢ong thirc sau:

NH, NH; NH,
/ / /
C=0 C =NH C=0
N AN AN
NH;
Gac Carbamyl G6c guanidyl Urea
/NHQ
C=0 » Cc=0
AN + HNH; N\
0 OH

Carbamic acig
Chu trinh bit ddu véi su téng hop carbamic acid (xem so d4). Day 1a
phan ¥ng can bang tu nhién. Chét phan tmng duge cung ¢ip do qué trinh hé
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hdp (CO,) va qué trinh khit amine héa bing cach oxy héa (NH;). Carbamic
acid duge phosphoryl hda nhér ATP dé tao thanh carbamylphosphate:

ADP

N Hg N HZ
C/= O C/‘—* 0 Carbamylphosphate -

OH o~®

Carbamylphosphat phan g véi ornithine dé tao citrulline va phosphate
vd co duge tach ra.

COOH COOH

| i

HN-CH P, HoN-CH

CH, | CHz NH;

| C=0 | |

CH; Y CH, C=0
| {f’ O“\ l E
CH: -HNH B } CHz - NH

Ornithine Citruline

O diy nguyén tir H clia nhém amine cudi cung duge thay thé bang
nhém carbamyl. Citrulline phan img vd&i aspartic acid dé tao thanh
argininosuccinic acid. Phan img can ATP.

COOH COOH
: |
H,N-CH APP + P, H.N-CH
| ATP 1
CH, NH, COOH CH, NH, COCH
| | | \ - | i |
CH; C=0 H;N-CH CH, C=N-CH
| i ! | | |
CH, - NH CH. CH, - NH CH,
i
COQOH ' COOH
Aspartic acid Argininosuccinic acid

Su bién ddi ndi phan tir chét ndy dugc tich thanh arginine va fumaric acid.
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COOH COOH
| |
H,N-CH H,N-CH

| |
CH; NH, COOH CH; NH; COOH
! ! | | | i
CH, C=N-CH > CH, C=N+CH
| RS ! | [
CH;, -N HCH CH; - NH CH
| |
COOH COOH
Arginine Fumaric acid

Arginine 13 mdt din suit clia guanidyl. Nho arginase (hydrolase)
arginine dugre tach ra thanh ornithine va urea.

COOQOH COOH
| i NH;
HC-CH  NH, HN-CH /
| : | C\= NH
CH, ¢ —  » CH, +
! : OH
CH; l OoH CH,
| F
CH, - NH H CHa - NH, NH.
Crnithine C/= o) Urea
AN
NH.

Sau khi tao thanh ornithine chu trinh md&i lai bat dau. Chéat di vao chu
trinh: CO,, NHj3, asparagine va ATP. Chu trinh tao nén urea va fumaric acid.
Hai nguyén tir N cita urca bit ngudn tir NH; va asparagine. Nhu vay NH;,
dang d6c da duoc bién dbi thanh dang khong doc, va dugce thai ra cung vai
- nude tiéu. Fumaric acid 14 chdt trao di ciia chu trinh Krebs va ciing duoc
ti_é.p-tuc bién déi & d6. Viéc si dung ATP & ddy da néi 1én rang, viée giai
doc NH; cén nang luong. Khung carbon clia fumaric acid bét ngudn tir
asparagine. Nhu vy mt aminoacid trong qua trinh phén giai ¢ia chu trinh
Krebs da ndi v6i chu trinh ornithine.

Nhimg enzyme cua chu trinh ornithine phan thi dinh vi trong co chit
clia 1y thé d6 la glutamate dehydrogenase va citrullinsynthetase, nhimg
enzyme con lai cia chu trinh dinh vi trong t€ bao chat.
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Trong thuc vit bic cao ciing ¢6 cac enzyme cia chu trinh ornithine.
Trong hat ndy midm arginase va ornithin-transcarbamylase duoc tim thdy.
Trong dé enzyme cudi cing xic tac cho phan tng tong hop citrulline tir
carbamylphosphate va ornithine. Vi vay ngudi ta cho ring, nhimg enzyme
ké trén cé vai tro quan trong ddi vdi viée huy ddng cac protein du trit. Trong
¢@y nho arginine la mt dang dur trit nito, duoc tich lu§ vao mua thu & trong
canh (gb).

Trong nhiéu truomg hop urea duge tach thanh CO, va NH; trong dét nho
urease, nhu vdy nito duge bén & dang urea duoc tiép nhidn & dang NH,"
hogic sau d6 duogc bién ddi nho vi sinh vt sang dang NO;".

NH,
+ H,O
C\= O 2NH; + CO,
NH, Urease

Su bién ddi NHj trong dit thanh NO;™ duoe thue hién nhér vi khudn,
chung oxy héa (a6t chay) NH; cling nhur HNO; dé thu duge néing luong cho
qua trinh trao dbi chét. Nhirng loai vi khudn quan trong nhat oxy hoa NHj 13
lodi nitrosomonas, nitrosocystus, nitrospira. Su oxy héa can c6 O, tuong
ung theo phuong trinh sau;

NH; +3/20; - HNO; + H,0O

Su oxy héa HNO, thuc hién nhe loadi nitrobacter va tuong g véi
phuong trinh sau:

HNO; + 1/2 O3 - HNO,

O qua trinh nay mot acid manh, HNO; duge tao thanh. D6 1a nguyén
nhan thue té su phan giai céc chét hiru co chira nito lam cho dit chua. Qua
trinh tao nitrite (HNO,Y) va nitrate trong dit dwoc gol la qud trinh nitrate

hoa. Nhimg loai vi khudn can cho qué trinh ndy ¢6 nhiéu trong dit. Dét

trdng thong thodng v&i d6 pH trung tinh la diéu kign ly tudng ddi voi nhimg
Vi khuan nay.

Trong diéu kién yém khi c6 thé xdy ra sy khir NOs™ (khi nitrate hd hép
hoac la di hod). Qua trinh nay dugc goi 13 phan nitrate hoa. Ngay nay ngudi

ta biét 23 lodi khic nhau c¢6 kha nang nay. Do 1a Aicaligenes,
Agrobacterium, Azospirillum, Holobacterium, Pseudomonas va Rhizobium.
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Chung ¢ kha nang tao ra nhimg enzyme khu trong didu kién thiéu O,, sir
dung O trong NO3™ cho hd hép hao khi, 1a chit nhan ¢ cia chudi hd hap. O
qua trinh ndy NOj~ bi khur thanh N,O va N,. Trong qua trinh phéan nitrate
héa ciing xuét hién NO. Trinh tu phan tng duge gidi thich nhur sau:

2H,0

de + 4H" 2H* H,O
2NOy L-Z 2N02‘L> 2HN02—4N02 +NO 2¢ +2H"

=== ymm=——

I N, €—— | N;O! 2NO H,0

H,O 26" +2H' H0O 2e +2H'

O qua trinh ndy c6 4 enzyme khir tham gia: NOy™ -Reductase, NO;-
Reductase, NO-Reductase va NoO-Reductase. Enzyme quan trong nhit 1a
NO; -Reductase, xiic tic cho qua trinh chuyén ion NO, thanh dang chat khi
(NO). N;O-Reductase khong c6 trong tAt ca vi khudn phan nitrate hoa. O
mét s6 vi khudn qua trinh nay két thiic voi chudi phan img & N;O. Tir qué
trinh phan Ung rut ra ring, su phan nitrate héa tao tinh kiém, vi ching cin
H" & mdi bude ciia phan ing. Su phan nitrate héa ¢6 mdt vai trd 10n trong tu
nhién. Tir hop chét nito v& co va hitu co N; duge giai phong lai di vao
khong khi. Sy phan nitrate hoa dbi 1ap véi su ddng hoa N,. Trong d6 qua
trinh d4u tién san sinh N3, qua trinh thir hai cAn N;. Nho vi khudn ¢ dinh
dam ma hang nam tir 100-200 x 10° t N tir khong khi dugc dua vao dat.
Bang qué trinh phan nitrate héa ma hang nam ¢6 khoang 200-300 x 10°tN
& dang N duge giai phong ra trong khéng khi. N,O dugc tao ra trong qua
trinh phén nitrate héa 14 kho khin cho viée bao vé méi trudng sinh thai. D6
1a chit rAt bén vimg, bay 1én ting tinh khi va & d6 tham gia vao sy phén giai
ting ozon.
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Chuong VHI
MOI LIEN QUAN GIUA CAC CHAT
TRONG TRAO POI CHAT

Trén day chung ta da nghién clru sy trao dbi chat clia timg hop chét co
ban trong co thé séng. Tuy nhién sy phin chia nhu vay chi giup lam don
gian hoa nhimg vin dé muén trinh bay. Trong thuc té gifta cac chit c6 nhiéu
mdi lién hé tuong hé. Didu d6 budc ching ta phai nghién clru s trao dbi
chét cua té bao trong mot tdng thé cac méi lién heé.

That vay, trong co thé khéng thé tim thiy su trao ddi chat cia mot chat
nao d6 xay ra tach roi voi se trao ddi ctia cac hop chéat khac. Méi lign quan
tuong hd gifta sy trao dbi cac hop chit nay thé hién trén hai mat co ban:
nguyén liu va nang luong.

Méi lien quan vé mit nguyén lidu la kha nang chuyen héa mot chit nay
thanh mot chit khéc thong qua mdt sd san pham trung gian. Vi du,
carbohydrate 6 thé chuyén hoa thanh aminoacid bing cich amine héa mét
$6 cetoacid. Nguoce lai mét sé aminoacid c6 thé chuyén thanh carbohydratc
bang cach loai nhém aminoacid thinh cac cetoacid, réi tir d6 1dng hop
carbohydrate.

Mbi lién quan vé mat nang lugng thé hién & chd: khi phan giai mot hep
chét nao d6 nang luong dugc tich fuy trong ATP. Ngudn ATP nay duoc st
dung cho céc phan tmg téng hop. Vi du, ATP duge tao thanh trong qua trinh
dudmg phén, quang phosphoryl hoa (quang hop) va chi véu duge tao thanh
trong qué trinh phosphoryl héa oxy héa (hé hip). Su phosphoryl hoa oxy
héa qua chu trinh Krebs va chudi van chuyén dién ti cho thiy ré’mg bat ké
acetyl-CoA ¢6 ngubn goc tor carbohydrate, hodc acid béo hay aminoacid
ciing déu bi oxy hoa va téng hop ATP.

Nh& kha ning chuyén héa twong hd gifra céc chdt ma co thé sinh vat
thich mg véi méi truomg. Vi du vao mia déng, & cdy tréng xay ra su
chuyen hoa tinh bét thanh dudng va chit beo nho d6 kha nang chiu rét cua
cdy trong duoc ning cao. Hodc d01 v6i mét s6 dong vat nga dong, do d trir
lipid 16n, nén da dam bao cung cip du nang lugng va céc chit cin thiét cho
co thé sir dung trong sudt thoi gian dai mua dong.
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Dé nghién ctru mdi lién quan nay ching ta cAn xem xét su trao ddi cua
timg cap hop chét sau:
8.1 Moi lién quan giira carbohydrate va lipid
Carbohydrate d& dang chuyén thanh lipid théng qua hai hop chit trung
gian la dihydroxyacetonphosphate va acetyl-CoA
_-7 dihydroxyacetonphosphate — glycerolphosphate

carbohydrate — glucose

™S
glyceraldehydphosphate— acetyl-CoA —acid béo

- Glycerine hoidc glyceraldehydphosphate c6 thé bién dbi thanh
fructose-1,6- diphosphate (xem chuong lipid).

- Acetyl-CoA théng qua chu trinh Krebs khong thé tdng hop duoc
carbohydrate vi hai nguyén tir carbon cua né da bi loai thanh CO; trude khi
tao ra hop chit oxaloacetic 1a chét ¢6 vai trd tdng hop méi carbohydrate
{qua trinh ghuiconeogenese, hinh 8.1).

Khi mé co bj mét méi c¢é hién tuemg 1a chu trinh Krebs khéng thé tiép
nhin tit ca cac phan tir pyruvate tao ra tir qua trinh dudng phin. Pyruvate
duge khir thanh lactate, chit ndy duge tich luy va khi md co nghi ngoi
chung lai duge oxy hda thanh pyruvate.

NAD”
COOH NADH + H” COOH
Pyruvate ~|CO \ - HCIZOH Lactate
b b

Sau d6 pyruvate vao trong ty thé va dugc carboxyl héa nho enzyme
pyruvatcacboxylase tao thanh oxaloacetate. Pyruvate vao trong ty thé va cé
thé tham gia vao 2 dudmg hudng phan img khac nhau (hinh 8.1). N6 c¢6 thé
duge bién dbi nhe enzyme pyruvatdehydrogenase va sau do di vao chu trinh
Krebs. Pyruvate ciing c6 thé dugc carboxyl héa dé tao oxaloacetate va chiu
su bién d6i theo con dudmg gluconeogenese. Theo dudmg hudng nio 13 tuy
thudc vao ndéng dd acetyl-CoA, chdt c6 kha nang hoat héa enzyme
pyruvatcarboxylase theo co ché bién cAu, trong khi d6 ADP lai e ché
enzyme nay.
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CG; ADP + P, COOH
ATP |
COQH \ CH,
| |
C=0 : cC=0
(|3H3 Pyruvat-carboxylase LOOH
Pyruvate Oxaloacetate

Trong té bao chit malate dugc oxy hoa thanh oxaloacetate nhér NAD*

NADH+H"

| |

CH, \ CH,

! I
HCHO > C=0

I Malat-dehydrogenase |

COQH COCH
Malate Cxaloacetate

Oxaloacetate duge bién ddi tiép tuc thanh photphoenolpyruvate nho
enzyme quan trong cua gluconeogenese la phosphoenolcarboxykinase. Phan
mg nay gbm mdt phan tmg khir carboxyl héa va mét phan img phosphoryl
(phan (g kinase). Phan {mg cén 1GTP, tuong te ATP.

GDP+CO,

COOH GTP COCH
f

- !
(J: © > C-0O~ ®
CH. PEP-carboxykinase I
| CH,
COQH
Oxaloacetate PEP

PEP J& mét chdt dugc tao ra trong qua trinh dutmg phan. T chét nay di
nguoc lai nhitng phan t{mg riéng 18 ciia qua trinh dudng phin cho dén
fructozo-1,6-diphotphate. Chét nay duge khir phosphoryl hoa va ddng phan
héa cho dén glucose cling nhu glucose-1-phosphate. Cac nguyén tir C trong
lactate duge sir dung dé tdng hop nén glucose hoac glycogen nhdy ATP va
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NADH. Su phosphoryl héa truc tiép pyruvate dé tao thanh PEP 1a khong
thuc hién duge vi Iy do ning luong, nghia la mice ning luong cua pyruvate
thdp hon nhiéu so véi mirc nang luong cha PEP. Nhar hinh 8.1 sy bién ddi
nay dugc thuc hién qua oxaloacetate, nham d& di quanh “déc dimg” giita
pyruvate va PEP. Con dudng ndy doi héi mot ning lugng bd sung, 1a 1 ATP
cho carboxyl hoa pyruvate va 1 GTP cho tao thanh PEP. Hai ngudn ning
lugng nay du dé tdng hop PEP, lién két cao nang cua ching giai phéng 62
kJ/mol.

G'“/f\°se T& bao chat
1,6 Frudosediphosphate
A
Triosebhosphate
A
GDP+CO, Phosphoglycerate
GTP
@ PEP
Oxaloacetate
NADH+H™
AD" %
Malate  co,+aATP /A(/
© Acetyl-CoA
NAD* ADP+P, /
Glutamate
o Oxaloacetate |
NADH+H
croxoglutarate W NH,
NH,
Aspartate Chu trinh Krebs Ty thé

Hinh 8.1 So d6 Gluconeogenes
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Nhu & trén dé néu enzyme pyruvatcarboxylase duwoc diéu khién theo co
ché bién cau. Su didu khién ndy la mét co ché c6 y nghia. Khi ndng do
acetyl-CoA cao thi khéng can tao acetyl-CoA bd sung theo con dudmg khir
carboxyl héa bang cach oxy hod. Trong truomg hop nay pyruvatcarboxylase
duoc hoat hbéa nho acetyl-CoA va pyruvate duoc st dung dé tao
oxaloacetate. Nguoc lai khi ndng d6 ADP cao, nghia 12 néng dd ATP thip
thi pyruvatcarboxylase bi trc ché. Pyruvate duge thuc hién khir carboxyl héa
bang cich oxy hoa dé cung cép acetyl-CoA cho chu trinh Krebs, la chu trinh
cling vdi chudi enzyme hé hip téi tao ATP.

0 thue vat va mdt sd vi sinh vdt ¢6 chu trinh glyoxilate xay ra &
glyoxisome, cdu tric nay chira enzyme B-oxy hoa peroxesome. O day
acetyl-CoA c6 ngudn g acid béo s& tao thanh oxaloacetic acid, sau do la
phosphoenolpyruvate, rdi tir d6 tao glucose.

Ctr mdi vong chu trinh glyoxilate (xem chuong lipid) tir 2 phdn ur
acetyl-CoA tao ra dugc mdt phén tir succinic acid. Acid nay bi oxy héa dé
tao ra oxaloacetic acid. Oxaloacetic acid s& bi khir carboxyl héa dé bién
thanh phosphoenolpyruvic acid. Chit nay sé chuyén thanh glucose-6-
phosphate.

Nhur véy tir 4 phan tir acetyl-CoA tao ra 2 phan tir succinic acid, sau dé
2 phin tir oxaloacetic acid. Cac bién dbi tiép theo s& cho ra 2 phan tir
phosphoenolpyruvic acid. Cudi cling thu duge mat phén tr glucose.

8.2. Méi lién quan gilra carbohydrate va protein
Su phan giai carbohydrate tao ra mét sb a-cetoacid, khi amine héa
ching s€ tao thanh cac aminoacid teong tmg. Céc a-cetoacid do 14
pyruvic acid < alanine
a-cetoglutaric acid <> glutamic acid
oxaloacetic acid <> aspartic acid

Céc aminoacid nay nhd kha ning chuyén héa riéng 1é s& tao thanh cac
aminoacid khéc. Chang han tir glutamic acid 6 thé tdng hop thanh proline
(hinh 7.11). Aspartic acid c6 thé tao thanh lysine, threonine, isoleucine va
methionine.
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Glucose [ Tryptophan | Tyrosine |[ Phenylalanine |

O'AW‘;'SG""“E Fructose 1,6-bisphosphate Anthranilate  Prephenate
«—[Serin] +—— 3-Phosphoglycerate Chorismate
L Erythrose 4-phosphate
Phosphoenolpyruvate ——>~— DAHP —# Shikimate

AT Pyruvate —

Acenlcon

Aspartate | ¢———— Oxaloagt:le Citrate

Asptrtale Malatee Isocitrate

4-phosphate Wi :

+ Fumarate Oxalgsuccinate 4
Aspartate Suctinate o-Ketoglutarate ———»
4-se;}1ialdehyde k——/og /
Homoserine E}VDih)‘dm- Omithine
¥ dipicalinate &
Homoserine R C'rlrilline i
4-phosphate ,“ysieine -
I [Threonine ] Cystathionine
A Pyruvate
Pyruvate  gketobutyrate Homocystein
¢ !
A ¥

[Leuxine] Valine | [ Isoleucine |

8.2. Cic dudng hwéng tong hop aminoacid trong thue vt
Mot san phdm khiac cia su phan gidi carbohydrate la
phosphoglycerate. Chét nay tao thanh serine bing céch sau:

COOH NAD NADH +H* COOH
Glucose — | | NH;3

H.c.oh N c=0 —b—s
| dehydrogenase | transaminase
CH,0O-P CH,O-P
3-phosphoglycerate 3-phosphohydroxypyruvate
COOH H,0O COOCH
| |
H-C-NH; % H- C-NH;
| photphatase |
CH,OP CH,OH
3- phosphoserine serine
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Tir serine ¢6 thé tao thanh cysteine hodc glycine (nh& phan img loai bé
nhém gbc).

Nguoc lai mét sb aminoacid (alanine, phenylalanine, tyrosine, histidine,
tryptophan, serine, cysteine, glutamic acid, proline, aspartic acid) duge coi
12 cic aminoacid tao glucose. Trong qua trinh trao déi chit cac aminoacid
ndy tao thanh pyruvic acid hodc mét hgp chat trung gian cta chu trinh Krebs
nhu «-cetoglutarate, oxaloacetate. Tir oxaloacetate c6 thé tao ra
phosphoenolpyruvate, ri tir 46 s& tong hop nén glucose.

Ngoai ra gilta qua trinh di hda glucid (chu trinh Krebs) va qua trinh di
héa aminoacid (chu trinh ornithine) ¢é nhitng giai doan tao ra nhimg san
phim trung gian giéng nhau, d6 1a aspartic acid, glutamic acid, fumaric acid.
Diéu d6 chimg 6 su trao dbi carbohydrate cling anh hudng qua lai dbi véi
su trao déi protein.

8.3. Moi lién quan giira lipid va protein

Acid béo 1a tién chat cia mot sé aminoacid théng qua cac qué trinh sau:
hogc qua chu trinh Krebs, mdt sé aminoacid dugc tbng hop tir a-
cetoglutaric acid, hodc qua chu trinh glyoxilate, tao ra oxaloacetic acid.
Oxaloacetic acid bi loai carboxyl tao thanh pyruvate tir 2 chit nay mét sb
aminoacid cling duogc tong hop (hinh 8.2).

Nguge lai mot sb aminoacid (leucine, isoleucine, tryptophan) khi phén
giai s& tao thanh acetyl-CoA, tir d6 tdng hop nén acid béo. Mot sb
aminoacid khéc (alanine cysteine, serine) bi phan giai thanh pyruvic acid.
Theo con dudng téng hop méi glucose, pyruvic acid s& tao thanh 3-
phosphoaldehydglyceric (ngugc qué trinh dudmg phén).

Su chuyén héa protein thanh lipid 6 thé khdi quat trong so dd sau:
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tryptophan serine

i

acetyl-CoA : pyruvic acid
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Chwong IX
CAC CHAT CO NGUON GOC THU CAP

Ngoai cac chét carbohydrate, lipid, protein, nucleic acid, ... trong thue
vét con ton tai nhirng ho*p chit khic nhau do qua trinh trao ddi cac chit néi
trén tao thanh, Mic dau ching chi chiém mét ty 1& rét it trong cdy, nhung
-céc chit nay quy dinh tinh ddc thil cta su trao d01 chat trong tu'ng loai thuc
vat. Cac hop chit nay duoc goi 1a céc chit co ngudn gdc thir cép.

Mot sb trong ching vi du nhu cédc acid hiu co vira méi duge tao thanh
da dugc té bao sir dung vao cac qua trinh téng hop khac nhau, do véy ching
khong dugce tich liy voi lugng 1én ma 1 céc san phim trung gian cia qua
trinh trao d6i chét.

Mbt sb chat khac vi du nhu cac hop chét phenol, tannm alkaloid, tinh
déu lai duoc tich liy v6i luong 16n, do d6 ¢6 tinh dic thl vé trao ddi chét.

Trong pham vi gido trinh nay, chung t6i xin gidi thiéu mét sé nhém hop
chit quan trong.

1. Tannin

Tén goi tanmn duorc dé xuét vao nam 1796 dé ky hiéu nhém hop chit
chira trong mét sé cay vén dung dé thude da déng vit.

Tu “tan” ¢6 nguon goc tr tleng latinh cua ciy s6i, vi tlr v cly 501 nguot
ta thu dugc chit thude da.

Cac tannin dugc chia thanh 2 nhém: Céc tannin c6 thé thiy phan duoc
va cac tannin khong thé thay phan duoc.

1.1. Cdc tannin cd thé thity phéan duge: Co dac tinh ester. Chung la dan
xuét cua gallic acid va protocatechic acid. Hai gallic acid két hop voi nhau
tao thanh digallic acid. Acid ndy ¢6 vai tro trong viée tao thanh tannin.

1.2. Tannin khéng thé thiiy phdn dwgc: Trong thanh phan cé catechin
va gallocatechin. Hai chat nay khi phan ing voi gallic acid s& cho ta
catechingallate va gallocatechingallate.

Theo Kursanov thi tannin cta ché xanh co 12% gallic acid tur do, 78%
catechingallate va mot it catechin tu do.
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OH OH

HO COOH Ho—<_ (D >—cooH

OH Gallic acid Protocateclic acid
Ol1 OH

HO CO—0 COOH
OH OH Digallic acid

2. Cac acid hiru cor

Duoc hinh thanh do qua trinh trao d6i chét, ching tham gia vdo chu
trinh Krebs va nhimg bién déi trung gian khéc.

Tuy nhién mét s6 thuc vat cfing tich 1fiy mot s6 acid hitu co khac nhau &
c4c co quan khac nhau nhu & 14, qua, than,...chinh nhimg acid nay gay nén
pH khac nhau ctia t€ bao. C6 2 nhém acid hiru co:

- Nhom dé bay hoi: thudng ¢6 mui hic nhu acetic acid, butyric acid

- Nhom khong bay hoi: thuong la cic acid hitu co chira nhom -OH hoéac
nhom cetone nhu pyruvic acid, glycolic acid, oxaloacetic acid, malic acid,

Sau ddy 1a mot sb acid hiru co quan trong:

2.1. Citric acid: Acid nay ¢6 phd bién trong cy trdng. Trong qua cac
cay thude ho cam, quyt, citric acid 1a acid hitu co chi yéu. O chanh ham
lugng citric acid dat t6i 9% trong luong khoé. Citric acid dugc sir dung rong
rai trong cdng nghiép thure phim va nhu 1a chat bao quan trong truyén mau.

2.2. Malic acid (HOOC - CH,; — CHOH - COOH): Malic acid chiém vu
thé & qua tdo tiy va qua cac cdy ¢6 hat. Malic acid c¢é & hat va ¢ la céc cdy
ngii cbe, cac ciy dau dd. Trong thudc l1a va thude 130, ham lugng malic acid
dat 6,5%. Malic acid chira nhiéu & cac cdy mong nudc (l4 bong, xuong
rong), ca chua, ...

Malic acid c6 huong vi dé chiu, khong doc d6i voi co thé nguoi. N6
duge str dung réng rai 3 san xudt nude qua va banh keo.
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2.3. Oxalic acid (HOOC - COOH): C6 phd bién & trong cdy trdng &
dang tr do ciing nhu & dang mudi. O qua, oxalic acid thudng ¢6 lugng rat
nho 0,005-0,06% nhung trong Ia mot sb cdy nhir chua me, oxalic acid lai ¢6
mot ham luong 16n.

2.4. Tartric acid (HOOC - CH(OH) - CH(OH) - COOH): Tartric acid
thuémg cé trong céy dudi dang D-tartric acid, ciing co thé & dang L-tartric
acid. No chira nhleu trong qué nho. Tartric acid va mudi kali ciia né duge st
dung trong san xuit mirde qué, trong cong nghiép héa chit va cong nghiép dét.

3. Glycoside

Glycoside 13 nhitng din xuét cta carbohydrate (thudng 13 din xudt cia
monose) v&i cac hop chit ¢6 ban chit hoa hoc rat khac nhau khong phai la
carbohydrate. Phan khong phai carbohydrate dugc goi 13 aglycon (aglycon
¢6 thé 1a ruou, cac hop chit thom, cac alkaloid, ...)

Tuy thudc vao kiéu lién két giira phin carbohydrate va aglycon ma
nguoi ta chia ra cac nhém sau:

3.1. S-giycoside: Aglycon két hop voi carbohydrate qua lvu huynh. Vi
du: Sinigrin & ci cai ding, ¢6 mii hic:

S.C6H1105
CHy=CH -~ CH; —NC
080,0K
Sinigrin

3.2. N-glycoside: Aglycon két hop véi carbohydrate qua N.

Vi du cac nucleotide

3.3. C-glycoside: Aglycon két hop véi carbohydrate qua C.

3.4. O-giycosxde Aglycon két hop v6i carbohydrate qua oxi (O), vi du
- Solanin: rit phd bién trong mim khoai tay, trong than la khoai tay.

- Saponin: khéng chira nito trong phan tir clia ching. Saponin cé kha
niing pha hiy hdng ciu, lam hoa tan héng céu. Saponin c6 nhidu & cay
Ojf ninalis, ham leong Saponin dat cuc dai & thoi ky bit ddu ra hoa va cuc
tiéu & thoi ky chin qua.

O sén ¢6 loai glycoside sinh ra HCN. D6 14 linamarine va lotostraloside.
Céc glycoside nay tan trong nuéc. San phdm cla sy phan huy nay 1a glucose
va aglycon. Phén huy aglycon nay s& tao ra HCN:
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CeHi10s

0 OH

R—C—C=N + H,0 __.A'C(,HQO(, + R—C—C =N

E glucose E Aglycon
Hs Ha

Né&u R 1a CH,- thi d6 1 linamarine CN + JT =0
Néu R 12 C,H,- thi dé la lotostraloside (l
Acetone Hs

4. Alkaloid

La nhimg chét di vong chira nito, c6 dic tinh kiém va c6 tac dung sinh 1y
manh, nhiéu alkaloid la nhiing chét déc.

Dai bg phin alkaloid tac dong dén hé than kinh. O liéu luong thap ching
c0 tac dung kich thich, con & liéu luong cao chiing ¢6 tac dung e ché.

Vi du: Cocaine dugc sir dung trong y hoc nhu la chét giam dau tai chd,
tac dong dén nhing dau cam glac clia hé thin kinh ngoai bién. Trong qud ca
doc duge chia atropine 13 chat tac dong manh dén cac day than kinh vén
dong cta mat, 1am che dbng tir dan ra.

Sau day la mot s alkaloid dién hinh:

4.1. Hordenine: C6 trong hat dai mach lac nay mim véi mot lugng
khoang 0,2%. Tac dung cta hordenine 14 lam ting huyet 4p cia ngudi va
dong vat. Trong thuc vét, hordenine dugc tao thanh tu aminoacid i
tyrosine, theo so dd sau:

/CI Ia
H;N - CH - COOH HaN-ClHy CHs;—N
CHa CH> CH; CH,
COZ 2CH3 -
-2H
OH OH OH
Tyrosine Tyramine Hordenine
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4.2. Ricinin: la alkaloid c6 & cay thdu diu (trong hat chira khoang
0,15%, trong la non gan 1%). Ricinin ¢4 doc tinh vi chia nhém CN. Do
ham lugng ricinin ¢6 nhiéu trong ba khd thiu dau (dén 0,2%) nén ngudi ta
khong ding khé diu thiu dAu dé 1am thic an cho gia suc.

~{CH;

CN

No
N—-CH,
Ricinin
4.3. Piperin: ¢6 nhiéu trong 6t, trong hat hd tiéu (tir 5 - 9%). Piperin
khong doc, né chi gdy cam giae cay ndng & timg bd phén.
0—O0

N
‘ Piperin

CO- CH=CH-CH=CH

4.4. Atropin: C6 nhidu trong qua ca doc duogc va trong hat cdy ho ca.
Atropin c6 tic dung manh 1én hé than kinh hoat déng ctia mit. Atropin ¢6
thé duogc ding lam chét giai doc khi bi ngo doc boi nicotin. Cac lidu luong
diéu trj cao cua atropin 14 0,001-0,003 gam. O liéu lugng cao hon thi atropin
12 mot chit doe.

N— Cil; O -CO-CH-CyH;

CH,CH

Atropin

4.3. Cocaine: 1a alkaloid chu yéu cua loai cdy coca & mién Nam M§.
Cay nay hién nay cling dugc trong & An Dé va trén dao Java. Ham luong
cocaine trong 14 dat tir 1-2%.
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CO-0-CHa

S

N - CH; O - CO - CgHs

Cocaing

Cocaine 1am té 1iét hé than kinh cam giac va duge dung lam chét gly té
bd phan. Ngoai ra né ciing cé tic dung 1én hé thin kinh trung uong va gy
nén cam giac say rat dit trung. Khi ubng nhiéu lan cocaine, co thé s& quen
vOi cocaine va s& b bénh nghién cocaine. Liéu luong doc cia cocaine ddi
v& ngudl lam 14 0,2gam.

4.6. Morphin: Morphin va methylic ether cia né tirc 14 codein c6 ¥
nghia nhat.

HO HiC -0
0 ]

N - CH; N - CH,
HO Morphin HO Caodein

Morphin 13 mdt chét an thin, lam giam dau. Né ¢6 tac dung 18n hé thin
kinh trung wong va thin kinh ngoai vi.

4.7, Cafein: C6 trong hat ca phé (1-3%), trong 14 ché (dén 5%), con cé
trong cacao va mét s0 cdy khac.

| Cafein
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Cafein kich thich hé than kinh trung wong va hoat dfng cua tim. Dudi
tac dung cua cafein thi huyét ap sé cao.

Cafein c6 tc dung théng tiéu. Cafein dugce dung trong viéc diéu tri céc
bénh vé tim va duge ding lam thuée loi tidu.

4.8. Nicotin: Trong thude 14 (1 - 10%) trung binh 4 %. Nicotin 1a mét
chét rét ddc. Né ¢6 tac dung manh 1én hé thin kinh trung wong va hé thin
kinh ngoai vi. Dudi tic dung cua nicotin xay ra sy co mach mau do huyét ap
tang manh. Con ngudi c6 thé chét do té 1iét hd hip khi udng vio mot lugng
khoang 0,01 hay 0,04 gam nicotin. Vi ¢6 dfc tinh cao nén trong y hoc ngudi
ta khéng dung nicotin. Tuy nhién né cling duge (mg dung réng rai trong thu
y dé chéng cac bénh ngoai da hodc (ng dung trong viéc chéng sau bo pha
hoai miia mang.

N - CH,
N Nicotin

Nicotin duge phét minh tir ré. Ré phat trién 3t thi nicotin cang nhiéu.
Trdng thua, rudng khong di nuéce, ngat ngon som thi & thude 13 ham lugng
nicotin cang cao. Dét t5t, bén nhidu dam, nicotin cang nhiéu.

5. Terpen

La thanh phan chii yéu cta tinh diu. Sw ¢6 mit cla terpen quy dinh mui
vi cda nhicu thue viét (hoa hong, hoa nhai, 12 chanh, 14 sa, cer)

Mot s6 vi du vé terpen:

- Limonen: c6 trong tinh dau théng, tinh diu ho chanh.

- Cimol ¢6 trong diu khuynh diép, bach dan.

- Terpinene, xivestren cé trong dau théng.

- Pinen ¢4 trong dau thong.

- Menthol: ¢6 trong dau bac ha
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CH; CHs CH;

(l.‘ZCHz CH - CHs CH - CH;
| |
CH; CH; CH,
Limonen Cimol Terpinene
CH;, CH;
C= CH;
\CH; OH
Xivestren CH; CH,
Pinen ' Menthol

6. Cao su va nhua két (Gutta)

- Trong thue vat dugce tao thanh tir isopren:

—CH3—C$ CH—CHQ -

CH;

n = 500 - 5000: goi 1a cao su
n = 100: goi l1a gutta-percha

* Cao su 14 hop chét cao phén tir polyisopren dugce hinh thanh trong ma
cac cay thude 300 tde khiac nhau. Trong s6 nhimg cdy nay chi cé cdy cao su
Hevea Brasiliensis dugc stir dung véi quy md céng nghi€p.

Mu chira cac hat cao su duge tich liy trong cac té bao chuyén dung la
éng nhwa. O cdy cao su, mi duge hinh thanh va tich iy trong vo cdy va cac
éng nhua vong. Nho ¢6 cac éng ndi gilta cac 6ng dan canh nhau trong cac
éng nhua vong ma mu co thé chay ra tir mot vong lén cua vo cdy trong khi
khai thac mu.
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* Nhua két (gutta) duoc hinh thanh trong cac ciy toc Palaguium
(Sapotaceae) moc nhidu & ‘Malaysia. Mu céc céy nay khong chay ra dé dang
nhir ma cao su, do viy dé thu hoach mu phai chit cay. Piéu nay din dén
viée tiéu diét dan ngudn nhura két ban ddu Palaguium gutta.

N’hua két 1a chét déo vé nhiét. Thuat ngit chuyén médn goi 1a chét nhiét
déo. U nhiét d6 dudi 65°C né khdng déo va cimg nhung & nhiét 46 65°C thi
chuyén thanh dang mém, dan hdi nhung van chua déo.

7. Céc chit didu hoa sinh truéng thuwe vit

Céc chat diéu hoa sinh truong thuc vat Ja mét nhém chét c6 ban chét
héa hoc khac nhau nhung déu c¢6 mdt tdc dung diéu hoa qua trinh sinh
truong, phat trién clia cdy va dam bao méi lién hé giira céc co quan, bd phédn
cua cdy.

Chét di¢u hoa sinh trudng thire vét duoe chia ra [am 2 nhom:

a. Cac chét kich thich sinh truéng.

b. Cac chét Gc ché sinh trudmg.

Hai nhém nay cé tac dung dbi khang véi nhau vé mit sinh Iy,

- Cac chit kich thich sinh truéng bao gbm céc chit ma & ndng 46 sinh 1y
c6 tac dung kich thich qua trinh sinh truéng cla cdy (gém cdc nhém chat
auxin, gibberellin va cytokinin).

- Céc chét (¢ ché sinh trudng gay tac dung rc ché 1én qua trinh sinh
truong cha cdy (gbm cac chat nhu abceisic acid (ABA), ethylene; cdc chat
phenol, cac chit lam cham sinh trudng, cac chat diét ¢é, ...)

* Céc chat didu hoa sinh truomg do cdy tu tdng hop goi 1a chit tu nhién,

con cdc chit do con ngudi téng hop bing con dudmg héa hoc goi 13 chét
nhan tao.

Bang phin loai cic chit di¢u hod sinh truwéng thire vit

Chat diéu hoa sinh trirdng tir nhién | Chét didu hoa sinh trudng nhén tao
A. Chét kich thich sinh tridng (Stimulator)
1. Auxin (IAA, IAN, PAA) Auxin phan tao {IBA, a-NAA; 2,4D; 2.4 5T,
MCPA)
2.Gibberellin (GAr, GAz, GAa...., GAss)
3. Cytokinin (Zeatin, diphenylurea) Cytokinin nhan tao (kinetin, BA, ...)
B. Chét trc ché sinh trwdng (Inhibitor)

1. Abcisic acid (ABA) Chét lam cham sinh truéng (CCC MH, TIBA)
o e e
o 1.5E=
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Céc danh phdp quéc 1é:

[AA: f-indol acetic acid.

IAN: p-indo! acetonitril.

PAA: Phenyl acetic acid.

IBA: B-indol butyric acid.

o —NAA: a-Naphtyl acetic acid.

2,4D: 2,4 dichlorophenoxyacetic acid.
2,4,5 T: 2,4,5 trichlorophenoxyacetic acid
MCPA: 4 chloro, 2 methyl phenoxyacetic acid.
ABA: Abcisic acid.

BA: Benzyladenin,

CCC: Chlorocholine chlorid.

MH: Malein hydrazide.

TIBA: Triiodobenzoic acid.

CEPA: Chloroethylenphosphoric acid

A. CAC CHAT KiCH THICH SINH TRUONG THU'C VAT

1. Auxin

1.1. Lich sir phdt hi¢n

Nam 1880, Dacwin da phét hién ra hién twong huéng quang & thé gioi
thuc vit.

Huéng quang 1a kha nang hudng vé ngudn énh sang chiéu tir mét hudémg
nhu céc cay trdng & cira s6 ludn ludn viron ra ngodi cira sb.

Hién tugng hudng quang déc biét rd rét nhét d4i véi bao 14 mam céc cdy
hoa thao (Coleoptyl), vi vdy chiing 1 déi tvong duoc diing nhiéu trong viée
nghién ctru tinh hudéng quang & thye vat. Néu chidu sang tir mot huong dén
ngon bao 14 mam thi s& gdy nén su udn cong huéng vé ngudn sing, nhung
néu dé ching trong tdi hodc loai trir dinh ngon cta bao l4 mém thi hién
tugng d6 khdng xay ra. Ong cho ring dinh ngon cta bao 14 mam 14 noi tiép
nhén kich thich cua anh sang.
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Sau d6 Boyen Jensen da phat hién ra ré'mg dinh ngon bj loai trir d6 néu
dat tr lai trén bé mit ctia bao 1a mam d6 thi nd ¢6 kha ning gdy phan tng
hudéng quang binh thudmg nhir tridng hop cdy nguyén ven. Nhu vdy thi mot
chét gay hwdng quang nao d6 san sinh trong dinh ngon va vén chuyén theo
huéng gée da gay nén su sinh trdng khac nhau cia cac md phia dudi.

Paal (1919) da cdt roi dinh bao 14 m&m va dit lai [én bé mit cit nhung
1éch sang mot bén va dé trong tbi. Hién tuong udn cong huéng dong xay ra
manh m& nhu trudng hop cb chiéu sang mét huéng. Ong cho ring dinh
ngon da hinh thanh nén mot chat sinh truéng nao diy, con 4nh sang xac
dinh sy phédn bé ctia chit do vé hai phia ctia bao 14 mim.

Nim 1933 Kogh (Ha Lan) d3 bao cdo rang ong da tach dugc auxin A va
auxin B tir nuéc tidu ngudi. Ong da cong bd trong luong phén tir cia auxin
A 12 328. Céc chat ndy da gay ra phan ung udn cong manh cia bao 14 mdm
cdy laa mach. Nim 1934, Kogh va Kosterman d3 tach duge ching tir dich
chiét nim men va nam 1935 da tach duge ching tir dich cua moi trudng
nudi cdy nim Rhizopus.

Tiép theo ngudi ta da xac dinh ban chét hoa hoc ¢ita auxin. P46 chinh 14
B-indolylacetic acid (IAA). Vi lic diu ngudi ta chua xac dinh duoc sy tdn
tal clia auxin trong cdy nén ngudi ta goi chat do 13 hereroauxin. Nhitng nim
vé sau ngudi ta ldn luot tach dugce auxin tir cac dai dién cia thyc vat thugng
dang khac nhau va chiung minh ring day 1a mét phytohormone quan trong
nhit tn tai trong toan bd thé gidi thue vat. Dong thoi ngudi ta cing da tong
hop dugre rit nhiéu cac hop chét khac nhau nhung co hoat tinh sinh 1y tuong
tw nhir IAA va thdm chi nhiéu chat cd hoat tinh manh hon nhidu so v6i IAA
va chiing dugc sir dung rdng rdi trong san xudt nhim diéu chinh sinh truong
cla cdy trong ¢6 loi cho con ngudi. Chung thudng cé dang mach vong. Bé
1a cac din xut cua indol nhu B-indol butyric acid (IBA); B-indol propionic
acid (IPA), ...Cic din xuft cua naphtalen nhu a-naphtylacetic acid (a-
NAA); B-naphtylacetic acid (B-NAA), Cac din xuit cua
chlorophenoxyaxetic acid nhu 2,4 dichlorophenoxyacetic acid (2,4D); 2,4,5
trichlorophenoxyacetic acid (2,4,5T)
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CH; - COOH CHz - CH; - CH, - COOH

(1AA) (IBA)
NH NH

CH; - COOH
CHy - COOH

(B-NAA)
(a-NAA)
O CHs— COOM O — CH, ~ COOH
cl Cl
(2.4D) Cl 2.4.5T)
Cl ¢l

1.2. Cdc dang auxin trong cdy

Auxin dugc tdng hop chi yéu & dinh sinh truéng ngon, tir d6 vén
chuyén dén cdc co quan khac nhau theo hudng gde. Ngoai dinh sinh trudng
ngon, auxin con duge tdng hop mot phan & cic co quan con non nhu 14 non,
¢hd1 non, qua non.

Trong céy auxin tén tai & hai dang: dang tu do va dang lién két.

* Auxin dang i do: 1a dang c6 hoat tinh sinh hoc. Ching ton tai & dinh
sinh tridng ngon, sau d6 dén chdi bén, du ré va céc co quan non. Cang xa
dinh sinh truéng nbng dé auxin tr do cang giam dén.

Dang auxin te do chii yéu trong cdy la IAA. Auxin tu do trong cay
chiém mét ty 1& rat thfip. Nhiéu tai liéu da cong bb ham luong auxin tu do
trong cay chiém khoang 5% auxin téng sb.
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* Auxin dang lién kér: 1a dang auxin chu yéu trong cdy. Ham luong cua
dang lién két nay c6 thé chiém trén 90% lrrgng auxin c6 trong cdy. IAA ¢b
thé lién két vé6i rat nhidu cac hop chit khac nhau nén chung khéng c6 hoat
tinh sinh hoc hodc c6 hoat tinh rit thip. IAA c6 thé lién két voi dudng; cdc
aminoacid va amide dé tao nén cac auxin lién két nhu IAA-glycoside, IAA-
glucan,  indolacetamide,  indolacetylaspartate,  indolacetylglutamate,
indolacetylinositol, indolacetylarabinose, ...

COOH
v CH,-C = 1\‘. - (‘I‘.H
1. I
& \/ O H CH>-COCH
NH Indolacctylaspartate

* Chire ning cua auxin lién két trong cdy hét strc quan trong. Trudc hét
chiing 1a ngudn dy trir auxin trong cdy. Sy lién két cila IAA véi dudmg, véi
cac aminoacid v céc chét khac 1am cho chiing bén vimg vai cac tac nhan c6
thé lam pha hiy auxin va 1a phuong thic t6t nhit dé chdng lai su tac déng
clta cac peroxidase phan hiy auxin. Ngudi ta da chimg minh ring auxin lién
két 13 dang auxin van chuyén chu yéu trong cdy. Vi vdy, sy bién déi thuan
nghich cua IAA tur do &= IAA lién két dudi tac nhan kich thich cia mbi
truomg gép phan diéu chinh su can bing auxin trong cay va do dé diéu chinh
qua trinh sinh trudng cla ciy.

1.3. Su tong hop auxin trong cdy

Co quan tong hop auxin 14 dinh sinh truéng ngon. Tir mé phan sinh
dinh, IAA dugc véan chuyén xuéng cdc co quan phia dudi; auxin cOn duge
tong hop it hon & trong céc co quan dang sinh truéng nhu 14 non, qua non,
ré non, ...

Ngudi ta da xac nhan chét tién than dé tdng hop nén IAA 13 aminoacid
tryptophan.
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So b tdng hep auxin trong ciy

CH:~CH-COOH ML
5 O if
/4 CH; - C - COOH
NH; i |
Q
Tryptophan N

NH  Indolpyruvic acid

CH2 - (leg %A 02 NH3 CH; - ? =0
NH: ’ H

NH
Tryptamine Indolacetaldehyde

}* Yo O

]
o
=]

NH
CO,
NH

CH; - COOH

-l

NH {fAA}

1.4. Suw phdin gidi auxin trong cdy

Su phan gidi auxin trong cdy xay ra trong cac truomg hgp sau: Khi c6
thira auxin do su tong hop qua nhiéu auxin trong ciy va sau khi auxin da
gay hoat tinh sinh ly vé cdy xong.

Viéc 1am mét hoat tinh auxin cé thé xay ra bang hai con duémg: Su oxy
hoéa bang enzyme [AA-oxidase va su quang oxy hod.

* Sur oxy hoa bang enzyme [AA-oxidase: Day 1 enzyme oxy héa IAA,
enzyme nay hoat dong rit manh trong hé thong ré thue vat dé 1am mat hoat
tinh ctia IAA vén chuyén xubng d6 13 noi cudi ciing. Phan (g oxy hoéa cua
IAA xay ra nhu sau:
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CI"I: - COOH = L,Hg

' 1A A-oxidase
-H,0 o

NH -CO, NH
1AA Methylenoximdol

* Sur mét hoat tinh ciia IAA ¢6 thé xay ra do 4nh sang. Ngudi ta nhén
thiy ring 4nh sdng tr ngoai c¢6 thé 1am mét hoat tinh cua IAA, bai vi chu
tric vong ciia phén tir IAA hap thu 4nh sing tir ngoai A = 280 nm va giy nén
su phan giai IAA.

L5. Sy vin chuyén cia IAA trong ciy

Auxin dugce téng hop trong dinh ngon va tr dAy van chuyén xuéng cac co
quan phia dudi. Sy védn chuyén clia auxin trong cdy ¢é tinh phin cuc 1 rét,
theo huéng gbc, tir 14 tir ngon xubng ré ma khéng van chuyén nguoc lai.

- Co ché clia sir van chuyén phén cyre ciia TAA trong cdy da duoc ngudi ta
dua ra mét so do dua theo thuyét héa tham ciia Goldsmith (1977) nhar sau:

JAAS Ngoii t& bao
Trén ¢

IAA"

J y
1AA
4 «C- Trong t€bio O

v

IAA
Ky u

Duéi
IAA \Cha’t mang TAA

(Proteim)
—%

1IAA°

H+

Theo thuyét hoa thim cia Goldsmith thi:

- Chi c6 TAA® khong bi oxy héa méi khuyéch tan qua mang té bao phia
trén vi JAA® thdm qua dugc mang lipit.
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- Bén trong t bao, pH cao hon vi ¢6 cac bom H” hoat dong, do d6 IAA®
bi ion héa thanh IAA", Nong d6 IAA” ting 1én va khdng vén chuyén ra khoi
té bao duge vi khong tan dwoc trong lipid.

- Do néng d6 cia IAA® trong té bao giam nén tdn tai mot gradient IAA®
giita bén ngoai va bén trong té bao, [AA® s& khuyéch tan vao t bio.

- IAA” duogce van chuyén ra khéi té bao nho cac chit mang protein dac
hiéu nam o mang te bao phia dudi. Khi ra khoi t¢ bao, do pH thay ddi nén
IAA” > IAA® va tiép tuc van chuyén sang té bao & dudi né.

Ngoal s van chuyén phén cuc nay, bang nguyén tir danh déu ngudi ta
codn xdc nhén co mdt sy vin chuyén ngugce lai (huong ngon) nhung ty 1¢
thap. Su vén chuyén phan cyc 1a qua trinh ¢én néng lugng ATP, con su v4n
chuyén ngurpc lai Ia qua trinh khuyéch tan.

Téc d6 van chuyén cua auxin trong cdy rat thap, khoang 1 cm/h trong ré
va than.

1.6. Hi¢u qua sinh Iy ciia auxin di vdi céy

Céc co quan khac nhau ¢6 ham lugng auxin khac nhau. Ham luong nay
con phy thudc vao tudi cay, vao diéu kién ngoai canh. Cdc co quan con non
dang sinh trucmg c6 ham lugng auxin cao hon cdc co quan trudng thanh va
co quan gia. Tuy nhién, phéan (g sinrh trudng cua cic co quan khac nhau

phu thudc vao ham lugng auxin 13 rat khac nhau. ‘Noi chung than cdy cam
Umg kich thich v&i nong d6 auxin cao hon chdi va ré.

Sau day 1a d6 thi minh hoa méi quan h¢ giira nong dd auxin va su sinh
trurong:

%
+
+ 200
+ 100
0 f : | >
10°® 104 10 IAA
T -100 Than
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a) Auxin va linh hudng quang, hudng dia:

‘* Hudng quang (phototropism) la sy sinh trudng cua cdy hudng vé
ngudn sang kich thich mét hudémg.

* Tinh huéng dia ('geotropism) la phan Ung sinh truéng cua cdy dudi tac
dong cha lyc hit trai dat (trong luc).

Tir khi phdt hién ra auxin ngudi ta da giai thich tinh huéng quang va
huwéng dia ciia ¢y trén co so sy phén bd ciia auxin & hai phia clia co quan
khac nhau din dén sy sinh truémg khac nhau & hai phia clia co quan va két
qua 13 gay nén sy ubn cong hudng dong.

Co s& cua su phan bd cla auxin khéc nhau la do sy khac nhau vé dién
thé (dién sinh hoc).

Khi chiéu sang tr mt hudng thi phia khuét sang s& tich dién duong va
phia chiéu sing sé tich dién 4m. Mét co quan ndm ngang thi mit trén s tich
dién 4m va mit dudi sé tich dién duong. Ngudi ta cd thé do dién thé cua co
quan trong cac trudomg hop do.

O trong té bao IAA thuémg & dang JAA™ va do d6 ma phén bb vé phia
mang dién duong. Khi c¢6 dnh sang chiéu mét chidu thi auxin phén bb vé
phia khuét sang va ham lugng cla IAA & d6 cao hon gay su sinh trucmg
manh hon ¢ phia khuét sang va 1am cho cdy sinh truong udn cong vé phia
chiéu sang.

Trong trudng hop hudng dia thi véi co quan nim ngang, auxin s& phéan
bd & phia dudi nhiéu hon, giy nén su sinh truéng ctia mat dudi nhanh hon
miit trén lam cho chdi ngon sinh trudng udn cong Ién trén. Tuy nhién do ré
phéan img kich thich voi ndng dé auxin thdp hon nhiéu so véi than, nén nong
dd auxin cao s& gy tc ché va do d6 ma su sinh trudng ctia mit dudi cham
hon mat trén lam cho ré dam vao dat.
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b) Hién tuong wu thé ngon va auxin:

Hién tuong wru thé ngon 13 hién tugng phd bién cua thé gii thuc vat, khi
ma su sinh trudng clia chdi ngon, cia r& chinh s& frc ché su sinh truémg cua
chdi bén va 1& phy. Néu logi trir chdi ngon va r& chinh thi 1ap tirc chdi bén
va 1& phu s& sinh trudng manh. Trong thuc té€ khi ngudi ta bim ngon, tia
canh, dén cdy, ... tirc 1a da loai bé sur e ché cta chdi ngon, tao didu kién
cho cac chdi bén moc ra manh mé. Day la co s& cta k¥ thudt tao hinh cho
cly an qua, cy canh, cdy cong nghiép va cii tao drge quan thé cy trdng.

Khi phat hién ra auxin, nguéi ta cho ring auxin 13 tic nhan giy nén hién
tuong wu thé ngon. Néu loai bd chdi ngon thi l4p tic chdi bén moc ra,
nhung khi loai bo chdi ngon ma xir Iy IAA & vét cit thi chdi bén cling khéng
moc 1én duge, tuong tu nhu trong truémg hop ¢6 chdi ngon tdn tai.

C6 hai gia thuyét giai thich vai trd ciia auxin dbi véi hién tuong wu
thé ngon:

* Gid thuyét trc ché truc tiép ctia IAA: Cho ring chdi ngon [a noi tbng
hop IAA va do dé ndng d6 cua auxin trong chdi ngon ludn ludn cao. Trén
con dudng vin chuyén ctia [AA xubng dudi thi gy anh hudmg e ché 1én su
sinh truémg cua chdi bén vi phan img ciia chdi bén 1én ham luong auxin thip
hon chdi ngon. Trong trudmg hop cit bd chdi ngen tirc 1a 1am giam ham
luong IAA va do d6 cac chdi bén duge giai phong khéi trang théi e ché.

* Gid thuyét irc ché gidn tiép ciia auxin: Cho ring auxin khéng gy anh
huémg tryc tiép nhung auxin gy nén su tdng hop mét chit trc ché sinh
trudng nao ddy nhu ethylene chang han va dén luot ethylene lai gy (rc ché
sinh trudng ctia chdi bén.

Tuy nhién du gia thuyét nao thi ciing phai thira nhén vai trd ctia auxin
1&n hién tuong wu thé ngon.

Thuc ra, hién twgng wu thé ngon dwge diéu chinh bdi sy can bing
hormone cua auxin/cytokinin. Auxin ting uvu thé ngon, trc ché chdi bén,
con cytokinin nguec lai, lam giam wu thé ngon, kich thich chdi bén.
Auxin duge téng hop & dinh ngon va duge van chuyén xuéng t&, nén
cang xa dinh ngon thi anh huéng ¢ ché cia auxin cang yéu. Nguoe lai,
cytokinin dugce téng hop trong ré va dugc van chuyén tir ré 1én ngon, nén
cang xa ré anh huong kich thich 18n chdi bén cang yéu dan. Vi vay, tir
ngon xudng géc thi hién tuong wu thé ngon cang giam dén, chéi bén cang
moc nhiéu hon.
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¢) Auxin kich thich sy gidn ctia té bao:

Auxin 1am tang kich thuéc cia t& bio va do d6 ma lam cho cay sinh
truong duge. Tac dung cia auxin cd hai mit: Vira gdy gidn nd thanh té bao
lam cho té& bao phinh to ra va vira hoat héa cic qua trinh tdng hop cdc vét
chét cdu tao nén chat nguyén sinh. Auxin kich thich sy gian nd cia té bao
theo chiéu ngang manh hon 1a chiéu doc.

d) Auxin vdi su hinh thanh va su phdn héa ré:

Trong su hinh thanh &, ddc biét la r& bit dinh, auxin ¢6 tac dung rét dac
trung. Vi vdy ngudi ta xem auxin nhu 1a chét hinh thanh ré.

Sy hinh thanh r& bat dinh ctia canh giam, canh chiét co thé chia ra lam 3
giai doan:

- P4u tién la s phan phan hoa té bio manh mé & ving tién tuong tang,
tru b, ... noi xuét phat ciia r€ bit dinh thanh mét dam t€ bao 16n xon.

- Giai doan tiép theo 12 xuét hién mam ré.

- Giai doan cudi cing, ré sinh truéng, ddm thiing vo va ra ngodi thanh
cac ré bat dinh.

O giai doan diu tién 1a giai doan khoi xudng sy hinh thanh ré cin ham
luong auxin cao cho sy phan phén hoa té bao. Cac giai doan sau can ham
lugng thap hon va d6i khi khong cén.

Ngudn auxin cé thé 1a ngudn ndi sinh va ciing cé thé bd sung tir ngoai
vao. Thuong dé xuc tién qud trinh hinh thanh ré nhanh chéng & canh chiét,
canh giam ngudi ta thudng xir 1y auxin ngoai sinh.

Vai tro clia auxin voi sy hinh thanh ré duge ching minh d trong nudi
ciy md té bao. Néu chi ¢6 mit clia auxin trong méi trromg nudi cdy, md chi
phat sinh ré ma théi. Pé tao cdy hoan chinh thi cdn phai c6 choi nita, tic 13
phai bd sung cytokinin vio mdi trudmg nubi céy.

e) Auxin vdi sy hinh thanh qua, sw sinh trucong va tao qua khéng hat:

Hat phén rit gidu auxin 13 chét kich thich su nay mam cua hat phén va
su sinh truong cua dng phin. Ngoai ra nam nhuy ciing tiét ra cac chat kich
thich su sinh truong cua dng phén va déng thi cling san sinh ra céc chit ic
ché su nay mim cia hat phin va sy sinh truémg cia &ng phén khac loai, gay
nén sy tuyét giao gilra cac loai. Khi thu tinh xong, hop tir s& phat trién thanh
phdi va chinh phéi cling 1a ngudn téng hop auxin manh mé rdi khuyéch tan
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vao biu kich thich si 1¢én 1én coa bdu thanh qua. Vi vay kich thudc va ca
hinh dang cia qua hoan toan phu thude vao ham luong va su khuyéch tédn
cua auxin trong phdi hat.

Héu hét cac truémg hop su phat trién cua qua chi xay ra sau khi thu tinh
xong, tirc 1a da hinh thanh phéi vi bat diu san sinh auxin ndi sinh. Nhung
ciing ¢6 truong hop quéa duge hinh thanh khong ¢6 thy tinh va tao nén qua
khong hat.

Nam 1934, Yasuda da thanh cdng trong viéc tao nén qua khong hat &
bau bi bing cach xir 1y dich chiét cia hat phén 1&n hoa. Sau d6 ngudi ta
phan tich va thdy trong dich chiét cia hat phén ¢6 chira nhidu auxin. T dé
ngudi ta da xir Iy truc tiép auxin ngoai sinh cho hoa thi cling ¢6 thé loai trix
su thu tinh va tao nén qua khdng hat vi ré"mg auxin da truc tiép khuyéch tan
vao béu, kich thich sinh trirdng cua biu thanh qua khéng hat.

P Auxin va su rung ld, hoa, qua, ...:

Laibach (1933) d4 chi ra ring trong dich chiét ciia hat phin phong lan
c6 chira mot chét ¢ thé kim ham su rung. Chit d6 [a IAA.

Trude khi rung, ¢6 mét tang rdi duge hinh thanh & cubng cia co quan
thuc vat. Bay 12 mot vai 16p té bao nhu mé c6 thanh méng, hoan toan thiéu
lignin va suberin. Khi hinh thanh ting r&i thi ¢6 3 trudng hop xay ra:

- Lép vo gifta ciia té bao bi phan hay, ¢on 16p vo so cAp van gilr nguyén.

- TAt c4 thanh bj phan huy.

- T4t ca té bao bi phan huy.

Khi nghién ciru ham lugng auxin lién quan dén sy hinh thanh ting roi
da cho thdy ring 14 non ¢6 ham lugng auxin cao hon 14 gia, ban 14 ¢6 ham
lugng auxin cao hon cubng 4. Khi ham luong auxin cao s& ngin sy hinh
thanh tang roi. Vi vay, néu xir Iy auxin ngoai sinh s& lam ting ham luong
auxin trong 14 nén c6 thé ngdn ngira duge sy rung.

Thue ra sy rung cia co quan gdy ra do su tich liy cac chét tc ché sinh
trudng (abcisic acid, ethylene). Do do sy cén bing gilta auxin / (abeisic acid
+ ethylene) c¢6 anh hudng dén didu chinh sy rung & cdy.

Auxin con anh huong dén qua trinh bién déi sinh ly, sinh héa trong ciy:
Su van dong cla chit nguyén sinh «ic qué trinh trao déi chét, 1ang qua trinh
quang hop va hé hip, tang qué triah van chuyén vat chit trong cay, ...
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1.7. Co ché tdc dpng cia auxin

Hidu qua dic trung nhét cda auxin chinh [a kich thich sw gian clia té
bao. Sy gidn cua 1 bio xay ra do hai higu Gng: su giin ra cta thanh t€ bao
va sur tang thé tich, khoi lugng cua chat nguyén sinh.

Khi xir Iy auxin, khodng sau 10 - 15 phit thi phan {ng sinh truong xay
ra. Vdy thi auxin dong vai trd nhu thé ndo trong sur sinh truéng nhanh chdng
nhur vay?

Trude hét, ching ta d& cdp dén mét hién tuong duge phat hién tir nim
1930 14 hién tuong “sinh trudng acid”. Trong mdi truémg acid thi sur sinh
truong cua thyc vét trd nén nhanh chéng hon. Vay mdi quan hé giita hiéu
qua acid va auxin 1én sinh truong cua té bao 1a nhur thé nao? Hai anh hudéng
d6 duoce phin biét véi nhau la:

- Anh huéng cia acid 12 1én thanh té bao, con anh huéng cua auxin 14
1én té bao.

- Anh huéng cta acid xdy ra nhanh hon, con anh huéng cila auxin thi
cham hon nhiéu.

Hai anh hudng dé c6 thé lign két v6i nhau nhu sau: Auxin gy nén 4
acid cho thanh té bio, con acid thi gay nén d6 1ong léo, khéng bén vimg cua
thanh t& bao vA chinh nhd dé long 1éo d6 cla thanh té bio ma thanh té bao
mdi gidn ra duogc.

Cling trong thi gian d6 ngudi ta da phat hién ra nhing bom trao d6i
chit trong chit nguyén sinh. Mot trong nhitng bom d6 1a bom ion H”. Bom
H* tir chit nguyén sinh vao thanh té bao, lam giam do pH trong thanh té
bao. IAA la tic nhan hoat héa bom proton dé. Nhu vay khi ¢6 mét cua [AA
thi bom proton hoat déng va d§ pH cia thanh t& bao giam xudng.

Tai sao d6 pH thap lai lam gidin thanh t& bao? Dé tra 16i cau hoi do
chiing ta cAn xem xét cdu triic cta thanh té bao: Thanh té bao dugc cdu tao
tr cac sgi cellulose, gitra chung duge ndi véi nhau bing cac cdu ndi
polysaccharide, tao nén mét chu tric rit bén ving. Pé cho cac sqi cellulose
16ng 180, tach roi nhaw thi cin phai phan hiy cac cdu ndi polysaccharide.
Enzyme phin hiy cac cdu ndi nay 1a pectinmethylesterase hoat dong & do
pH thip (= 4) va khi hoat ddng s& methyl hoa nhém carbocyl va ngén chin
su hinh thanh cdu ndi ion voi canxi dé tao nén pectatcanxi, nén cac so¢i
cellulose tach roi nhaw, ching c6 thé trugt 18n nhau ma gidn ra,... Nho kha
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nang hat nuée thim thiu coa € bao ma tao nén sirc trvong tac déng lén
thanh té bao, 1am cho thanh té bao phai glan né ra.

Tuy nhién, do té bao tang kich thude nhanh chong nhu vdy nén cin cé
su tdng hop mdi va nhanh chéng céc thanh phan cdu tao nén thanh té bao
cling nhu chit nguyén sinh (cellulose, hemicellulose, pectm protein, nucleic
acid, ...). 0 day, auxin dong vai tro hoat hoa cac gen dé téng hop nén cac
enzyme can thiét cho su téng hop nén cac vét chét do.

DNA _ _p mRNA Protein-enzyme_— .

Auxin /

Sinh trudng

A A g ~ - . A e > £
So @b vé co ché tdc ddng ciia auxin Ién sy gidn cua té bao

p  DNA
mRNA
IAA > ;
N | Enzyme 1éng hop cic
Protcin ™ cdu ur clia thinh & bio
Vi nguyén sinh chat
h 4
linzyme gidn r -
thiwh t& bao Enzyme ho hap j r
' Cellulose, pectin,
Protein,. ..
y

Thanh t€ bao —— Té bao gidn, thé
idng léo, gidm N rl‘mg,‘h\é tch | o | tich, kich thuoe
1inh bén vimg 1€ bao 1& bao tang

1.8. Ung dyng cdc hgp chit auxin trong tréng trot

a) Nhdn gidng vo tinh cdy trong:

Hién nay ¢6 hai phuong phép xir 1y auxin cho canh chiét, canh giam:

* Phuong phdp xir ly ndng do hay phuong phap xir ly nhanh. Néng do
auxin dao déng tir 1000 dén 10000 ppm (1ppm = 0,1 mg% holic = 1x10™ %
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tirc 0,0001% hay = 1 mg/l}. Véi canh gidgm thi nhing phan gdc vao dung
dich trong 3-5 gidy rbi cim vao gia thé. Con voi canh chiét thi sau khi
khoanh vo, tim bdng bing dung dich auxin diic 1di bdi [én trén khoanh va,
noi xudt hién ré bit dinh. Sau dé b biu bang dat dm. Phuong phap nay hiéu
qua cao, don gian va hda chét tiéu tdn it hon.

* Phuong phép ndng do loang-xur ly chdm: Néng d6 auxin tir 20 dén
200 ppm tuy thude vao loai va mirc d6 khé ra ré clia canh giam. Déi véi
canh giam, ngam phan gbc vao dung dich auxin trong 10 - 24 gidr rdi cim
vao gia thé. V&i canh chiét thi tron dung dich véi dat bo bau.

Cac auxin sir dung & déy 1a IBA; «-NAA,; 2,4D;...trong d6 hiéu qua cia
IBA > 0-NAA > 2.4D.

b) Ung dung auxin tdng ddu qua, sinh triréng ciia qud va tgo qua khong
hat:

Su hinh thanh qua 14 mdt qua trinh dién ra c6 lién quan dén sy thu phin
va thu tinh. Sy thu phén la qua trinh ma hat phén roi trén nim nhuy. Hat
phén ¢6 chira nhifu auxin nén khi gap dich nim nhyy, ching s& ndy méam,
&ng phin moc va sinh trudng kéo dai xubng tin noin. Ong phén mang céc
tinh t&r xudng thy tinh cho té bao trimg dé tao nén hop tir va sau d6 hop tir sé
phat trién thanh phoi, vé sau phoi phat trién thanh hat. Biu hoa s& sinh
truong thanh qua.

Qua chi duge hinh thanh sau khi ¢6 qua trinh thu tinh xay ra, con néu
khéng thy tinh thi hoa s& bi rung. Diédu d6 dugc giai thich réng phéi hat
12 ngudn téng hgp nén cac chét kich thich sinh truong trong dé c6 auxin.
Céc chat nay s& duge van chuyén vao md cla biu dé kich thich biu 1én
1€n thanh qua. Vi vdy, hinh dang va kich thudc cua qua hoan toan phu
thudc vao ham lugng cac chét nodi sinh tir phdi hat. Chinh vi ly do d6 ma
ta c6 thé sir dung auxin va gibberellin ngoai sinh dé thay thé cho ngudn
nodi sinh.

Néu ching ta xir 1§ cho hoa chira xay ra thu tinh thi auxin ngoai sinh s&
khuyéch tan vao bau va kich thich sy 1on 18n cta bdu thanh qua ma khong
qua qua trinh thu tinh. Trong trudng hop ndy, qua tao nén khéng qua thu
tinh va do dé s€& khéng ¢6 hat.
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Mot s6 cdy tréng nhu ca chua, biu bi, cam chanh,...ngudi ta thudng xir
ly auxin dudi dang o -NAA (10-20 ppm); 2,4D (5-10 ppm). Con cac ciy
trong khac nhu nho, anh dao,.... thi xu Iy gibberellin (20-50 ppm) lai ¢6 hiéu
qué hon.

c) Phong ngira rung qua:

Su rung 13 do sy hinh thanh ting r&i & cudng 14, cudng qua. Auxin 1a chat
kim ham su rung. Chinh vi vdy ma ngudi ta xtr 1y auxin cho cdy va cho qua non
¢6 thé kim ham sy rung ctia chung. Vi dyu nhu phun o-NAA (10-20 ppm) cho 14
hodc qua non c6 thé kéo dai thoi gian ton tai ciia chung trén cay.

d) Kéo dai sy chin cua qud:

Sur chin cia qua dugc diéu chinh bing ty 18 auxin/ethylene. Mudn kim
him su chin ta cin ting ham lwgng auxin trong md qua. Phun dung dich
auxin 1&n qua xanh hoic qua sip chin dang & trén cly ¢4 thé kéo dai thoi
gian t6n tai cta qua. Trude ddy ngudi ta hay sir dung 2,4D (10-15 ppm).
Hién nay ngudi ta sir dung o-NAA(10-20 ppm) cling c¢6 hiéu qua tét ma
khong dgc hai.

e) Diét trir co dai: .

Khi st dung ndng d8 cao c¢6 tac dung diét trir ¢6 dai hai cdy trdng. Céc
chit nhu 2,4D; 2,4,5T trude ddy da duoc sir dung nhiéu dé diét trir c6 dai,
nhung ngdy nay ngudi ta da tao ra rit nhiéu chat diét 6 méi ¢6 hiéu qua cao
ma khdng djc hai cho méi trudng.

2. Gibberellin

2.1. Lich sir phat hi¢n

Viéc phat hién ra gibberellin gin lién vdi nhitng nghién ctru vé bénh
lua von ma céc nha khoa hoc Nhat Ban da quan tam tir {Au. Triéu chirng
dién hinh clia bénh 14 cdy lua ting truéng chidu cao qua muc, lam yéu
cdy, giam ning sudt trén 40%. Bénh lda von l1a do nim ky sinh & cdy lua
c6 tén 1a Gibberela fujikuroi gay nén. Nom nay da tiét ra mot chit nao d6
kich thich sy sinh truéng chidu cao cia cdy Ina giy nén bénh 1y.

Nam 1926, Kurosawa di thanh cdng trong viéc gdy bénh nhén tao cho
cdy lua va cdy ngd. Nam 1935, Yabuta di tach duge hai hop chét dudi dang
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tinh thé tir dich nudi cdy ciia ndm G fujikuroi va dng goi 1a gibberellin A va
B nhung chua xac dinh duge ban chét héa hoc cua chiing.

Nam 1955 hai nhém nghién ciru chia Anh va My da dbng thoi nghién
clru van dé nay. Brian (Anh) va Stodole (M¥) da xac dinh dugc cong thirc
héa hoc cha chang.

Sau d6 cac nha khoa hoc di chiét tach va xdc dinh GA tir cac thuc vat
bac cao khac nhau va xac dinh gibberellin 12 mdt phytohormone quan trong
va phd bién cua toan thé gidi thuc vat.

Ngay nay ngudi ta dd xac dinh dugce trén 50 loai gibberellin khac nhau
va duge ky hiéu la GAy; GA;; GAs, ... trong d6 GA; (Gibberellic acid) 1a c6
hoat tinh manh nhét.

0

c=0 <«— GA; (Gibberellic acid)
HO \/— OH

CH, COOH NCH,

2.2. S vin chuyén cia GA trong ciy
Khac voi auxin, gibberellin van chuyén khong phan cuc trong ciy:
6 thé theo hudng gbc hoic huéng ngon tiy theo nhu cdu va vi tri cla co
quan cin GA.
2.3. S téng hop GA ﬁ
Chat tién thin cia sy tong hop GA 1a acetyl-CoA: CH; - C ~ S.CoA

Qua4 trinh tdng hop GA cén ¢6 sir tham gia ciia ATP va NADPH,, ciing
nhr sy xuc tac cua MgJr2 va Mn*2,

Qua trinh tdng hop GA xay ra chii yéu trong luc lap.
C6 thé tém tat qua trinh téng hop GA nhu sau:
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2ZNADP CH; - COOH

2NADPH, |
3Acetyl-CoA —64. cl"(on) - CH3

3HS-CoA CH>—-CH>-0OH Mevalonic acid
2ATP

2C0;

CHs - ﬁ -CH; -CH; -0~ (P)- O - (P)

CH, Isopentenylpyrophosphate
[
v
/ =
CH; 7

————-p | Gibberellin

Kaurenic acid
CH;3 COOH

Qua trinh tng hop GA duge xic tac bai cic enzyme dic hiéu. Ton tai
mét s6 dot bién [un ma ¢ thé thiéu mot sb gen nhét dinh diéu khién sy tdng
hqp nén cac enzyme xiic tic cho sy hinh thanh cac chit trung gian nao do va
két qua 1a GA khong duge hmh thanh, cay khéng thé sinh truorng chiéu cao
dugc. Vé&i cac dot bién ndy, néu xir ly GA ngoai sinh c6 thé lay lai duoc
dang binh thudmg.

2.4. Hi¢u qua sinh Iy cita GA
a) Céc dét bién lun cria thuc vdt:

Céc dot bién nay do ¢6 sy sai léch nhit dinh trong qua trinh téng hop

enzyme can cho sy tdng hop nén GA; do d6 GA khong dugce hinh thanh nhu
binh thudng.

b) GA véi sw gidn va su sinh trudng cua té bao:

Cung voi auxin, GA ¢6 anh hudng quan trong 1én su gifin cua té bao.
GA kich thich gidn cua té bao lam cho t bao gidn vé chidu doc. Vi vay ma
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té bao kéo dai rit nhanh chéng. Két qua kich thich sir gidn cta té bao bai
GA da lam cho cay sinh truéng nhanh vé chidu cao. Mot sb cdy cén chidu
cao nhu ciy day, cay gai, ... co thé sir dung GA ngoai sinh dé diéu khién
chidu cao cua chung.

¢) GA voi su nay mam:

Trong hat, ndi nhii déng vai trd thu déng trong qua trinh nay mim, né
chi chira chat du trir. Khi nay mim thi ¢ cdc qué trinh thay phan cac chét
dy trir trong chuing. Su thuy phin ndy nh& cac enzyme thiy phén, trong do
amylase dong vai tro quan trong.

Sy hinh thanh nén cac enzyme thiy phin nay do su hoat héa cia GA
duoge téng hop hodic duge giai phéng tir trang thai lién két & trong phoi hat.
Chinh vi vdy ma ngudi ta ¢6 thé kich thich cho hat nidy mim bing cich xir
Iy GA ngoai sinh,

Vai cac loat ¢l Su nay méim cua ching cling dugc kich thich bdi GA
¢6 trong cu. Xur ly bing GA ngoai sinh cling pha bd duge trang thai ngu
nghi cla cu.

d) GA voi su sinh truong va tao qua khong hat:

Hiéu qua cia GA trong trudng hop nay cling tuong twe nhur cua auxin, Vi
vy néu xir Iy GA ngoai ciing ¢6 thé thay thé dugc GA ndi sinh trong phoi
hat va tao nén dugc nhitng qua khéng co hat. Trong mét sb trudmg hop,
auxin khéng gy hidu qua thi GA lai ¢6 hiéu qua t&t nhur truong hop dbi véi
nho, anh dao, téo, ...

e) GA v6i su ra hoa va su phdn héa gici tinh:

Trailakhian da xem GA 1a mét trong hai thanh phan clia hormone ra hoa
(florigen) trong hoc thuyct ra hoa cua éng. Khi xur Iy GA cho cay ngay dai
¢ thé lam cho ching ra hoa trong dicu kién ngay ngan vi trong dic¢u kién
ngay dai su tong hop GA rat kho khan.

- GA ciing c6 thé thay thé cho xir Iy lanh va lam cho cdy hai nim ra hoa
ngay trong nam dau.

- GA ciling ¢0 tac dung trong viéc phan hoa co quan sinh san dic biét 1a
su phén hoa gidi tinh duc va céi. Trong truong hop nady thi GA ¢6 tic dung
d6i khang véi cytokinin, tirc 1a kich thich su biéu hién va hinh thanh gidi
tinh duc: kich thich su hinh thanh hoa duc va tic ché su hinh thanh hoa cai.
Chinh vi vdy ngudi ta sir dung GA dé diéu khién s lwong hoa duc cla cac
cay ho bau bi.
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2.5. Co ché tic dpng ciia GA

M4t trong nhitng tdc dong dic trung cia GA 1a 1am ting hoat dong thuy
phan ciia hat, ct, ... trong qué trinh nady mam. Vi du nhur trong cac hat loa,
ng6, laa mi, ... phoi hat la noi tbng hop nén GA. GA dugc giai phéng ra
khéi phédi va khuyéch tan vao 16p 1é bao aleuron va tai ddy, GA kich thich
su hinh thanh va gidi phong cac enzyme thiy phan trong céc t bao aleuron.
Céc enzyme nay khuyéch tan vao té bao ndi nhil va tai dédy chiing xuc tic
cho sy thity phan cac hop chit hiru co phire tap thanh cac chit don gian cén
cho qua trinh ndy mém.

GA doéng vai trd 1a nhan t6 mé gen ma céc gen nay bi wrc ché hoan toan
trong qua trinh ngt nghi cia hat, ¢ii. Trong qua trinh ngl nghi, cic gen nay
bi bao vay bai mét loai protein goi 1a histone.

GA la nhan t6 hoat hoéa gen, giai phong gen nay khéi trang thai (rc ché
va do d6 cac enzyme thuy phin mdi dugce hinh thanh.

So db tic djng cia GA 1én sy nay mam

i
GA

Amylase
Tinh b6t %—b n.glucoso-(P)
n H,PO, \

DNA ———p mRNA —— Protein-enzyme

Ho hap —N
Té bao / \
hdt nuéc Nguyén li¢u ATP
b J A A
Strc truong » | NAYMAM

* Sy gidn cla té bao ciing ¢6 thé do co ché hoat héa bom H' ciia GA va
gy nén hiéu g mém té bao. Su c6 mit cia GA cling giy nén sy tang cac
chét hoat dong thdm thiu va p sut thdm thdu cta té bao tao diéu kién cho
té bao hut nude, sirc truong ting 1én, t& bio gian ra.
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* Cac tac dong khac cia GA nhu su ra hoa, s phan hoa gidi tinh: ¢6 thé
duoc thue hién thdng qua co ché hoat héa gen clia GA.
2.6. Ung dung ciia GA

a) Kich thich tang chiéu cao, tdng sinh khéi:

Véi cay day, ngudi ta phun GA (2-5 ppm) s& lam chiéu cao cdy ting Ién
nhidu, ting nang suit soi ma chit luong soi dam bao.

V6i cic cly rau nhur bap cai, su hao, xa lach viée xir [y GA (2-5 ppm) d3
lam ting nang sudt chit xanh.

b} Tang ndng sudt va tao qud khong hat.

¢) Pha bo su ngu nghi cua hat, cu.

Xir 1y GA (2 ppm) ¢6 thé ngdm hodc phun s& 1am cho cit khoai tiy nay
mAm nhanh.

d) Diéu chinh gidi tinh:

Xir Iy GA cho bau, bi, cc loai dua, ... 1am ting ty 1¢ hoa duc. Piéu nay
¢4 y nghia quan trong trong viéc san xult hat lai cia cac ciy ho biu bi.
Ngudi ta ¢6 thé bién mot hang thank cay mang hoa cai va xen mot hang 1a
cdy mang hoa dyc. Chang thu tinh cho nhau tao nén hat lai.

e) Ung dung trong san xudt malt bia:

Dé kich thich san xuit amylase trong cdng nghé san xuét bia npudi ta
xir 1y GA (2-5ppm) cho hat dai mach trong qué trinh ndy mim sé& ting ning
sudt malt va phim chit malt bia.

3. Cytokinin

3.1, Lich sir phdt hi¢n

Tir 1913, Haberlandt da chung minh ring: Cic mé thuong ton c6 kha
ning sinh ra mdt chat kich thich sinh truréng va khuyéch tin vao moé khéng
thuong tdn kich thich su phén chia ctia né.

Nam 1941, Overbeek d3 chirng minh 1a & nude dira ¢é kha ning tdn tai
mdt chét kich thich su phin chia va phéan héa té bao.

Nam 1955, Miller va Skoog d3 tach duge mdt hop chit tir viéc hip mau
DNA cua tinh dich cd modi, chat ndy cd kha nang kich thich sy phéan chia té
bao rit manh trong nudi cdy mé thudc 14 goi 13 Kinetin.
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Cytokinin trong ciy da duoe chiét tach tir 1963 (Letham va Muller) &
dang két tinh tir hat ngd non goi 1a Zeatin. Sau d6 ngudi ta chimg minh ring
Zeatin ¢6 mat trong tit ca thé gidi thuc vat. Truée d6 ngudi ta cling d3 phat
hién ra ngudn chit gidu c6 trong nude dira c6 hoat tinh cytokinin, do la
diphenylurea.

Céng thirc ciu tao tdng quét cua cytokinin nhur sau:
NH-R

N7 N

N\
N NH

NéuRla: _ CH, thi d6 1a Kinetin.

-]

—CH;—"CHZC_—CHz—OH

NéuR la " thi d6 1a Zeatin.
CH,
/ C=0
Diphenylurea

3.2. Su trao déi cytokinin tron g cdy

" R& 14 co quan tdng hop cytokinin. Tir r& cytokinin duoc van chuyén 1&n
cac'bd phéan trén mat dat. Cytokinin duge tdng hop manh nhét 13 & giai doan
‘cay con. Cytokinin phan b6 nhidu nhét & nhimg noi ¢6 hoat dng trao dbi
chét va sinh trréng manh nhét. Do vy cdy nao sinh truéng manh, chdi non
nhiéu thi ham lugng cytokinin & d6 cao.

Cytokinin t6n tai & trong cdy dudi dang tu do c¢6 hoat tinh sinh hoc va
dang lién két khong c6 hoat tinh hodc heat tinh yéu. Cytokinin c6 thé lién
két véi dudmg dé tao nén glycoside. Ngoai ra cytokinin ¢é mit trong RNA
vén chuyén cho serine, phenylalanine, tryptophan, tyrosine, cysteine.
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Cytokmm bi phén giai nh¢ hé thong enzyme diic hidu va san phim phén
gidi cudi cing d6 13 urea.

3.3. Hi¢u qud sinh Iy ciia cytokinin
* Cytokinin va sur gifin nd ciia té bao
* Cytokinin va sy phan hoa chdi.

* Cytokmm va sy hoa tré: Cytokinin 14 hormone hoa tré. Chiing cé tac
dung kéo dai tudi tho cua l4 va cta co quan, ciia toan cay.

Téc dung ddc trung nhit cia cytokinin 13 kim him sy hoa gia cua l4.
Khi cac la da gia thi ching ¢6 thé ryng di. Trong 14 sy phén hiy nhanh
protem trong ban 14, tach cac chét phi protein, lipid, nucleic acid qua mang
té bao gan 14, cudng 14 va din theo sy pha huy cua luc lap. Do vdy viée xir
ly cytokinin ¢6 tac dung kim ham su phén hiy protein nén kim ham dugce sy
phan huay cua diép luc va kéo dai tudi tho cia 14,

Trong thye t€ néu bd r& phat trién manh, tré lau vi 13 13 co quan tong
hop cytokmm Vi vay mudn kéo dai tudi tho cua co quan va cha toan cay thi
can phai diéu khién su sinh trudmg cta bo 1€ that tdt. Nguge lai mudn rat

ngin thési glan sinh truomg, nhanh chéng ra hoa két qua thi phai han ché sinh
trudng b ré, chit bét r&.

* Cytoklnm cling ¢6 anh huong dén sy ndy mam cia hat. Vi viy trong
mdt s trudmg hop nhét dinh, cytokinin ¢6 téc dung kich thich su nay mam,
pha bo su ngi nghi cia hat, cu.

3.4. Co ché tic dpng ciia cytokinin

Cytokinin tac ddng dén sw phan chia té bao, sy phén héa co quan, sy tré
héa co quan va cua toan cay Co ché tac déng cua cytokinin Ién su sinh
truomg clia cdy c6 thé tém tit nhur sau:

- Khi thiéu cytokinin thi t bao khong phén chia duge mic du DNA vin
tiép tuc duoe tdng hop, nhu‘ng ma sy tong hop protein khéng xay ra. Vi vay
¢6 thé cho rang cytokinin kiém tra s téng hgp protein & giai doan dich m3
(translation):

Transcription Translation
DNA ———» mRNA ~—a ” Protein-Enzyme —| Sinh trudng
Cytokinin
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- C6 thé ¢6 co ché thir hai 13 cytokinin ¢6 mit trong RNA van chuyén
nén né anh hudng dén su téng hop protein. Cytokinin trong RNA van
chuyén & vi tri lién két véi anticodon trén ribosome. Vi vay chirc ning diéu
chinh cua cytokinin ¢6 1§ bang co ché ngan chin sy nhian mit sai 1Am coa
céc codon trong qua trinh tng hop protein.

- Hi€u img cta cytokmm trong viéc ngan chiin sy hda gia cia cdy lién
quan nhiéu dén kha nang ngin chin sy phin hiy protein, nucleic acid va
diép luc.

3.5, Ung dung cita cyfokinin

Cytokinin duge img dung chu yéu trong vide nudi cdy mé té bao thuc
vit. Céc cha{ cytokinin nhan tao nhu benzyladenine (BA), kinetin cling nhu
cytokinin tur rthién trong nurdce dira da dugc img dung rong rai trong nudi ciy
md. Viée co mit clia ching trong mbi trudmg quyét dinh sw phén ch1a va
phan hoa c(l'le trong mé nudi cy.

B. CAC CHAT U'C CHE SINH TRUONG THUC VAT
1. Abcisic acid (ABA)
1.1. Lich sir phdt hi¢n

* 1961- Luc Carn (M¥) da tach dugc mot chit dudi dang tinh thé tir qua
bong gia va khi xir ly [&n 14 bdng non thi giy nén hi¢n tugng rung 14 va dit
tén la abcisin 1.

1963 — Ohkuma va Eddicott d3 tach duge mét chét khac tir 14 bong tré
cling gy nén hién tugng rung, ho goi la abeisin II.

Ddng thoi Waring va cdng su bang phuong phap sic ky da tach dugce
mot chit (¢ ché tir 14 cay Betula va khi xir 1§ cho cdy di gay nén hién tugng
ngi nghi cia chdi. Ho goi chit d6 14 dormin.
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Nam 1966 nguoi ta d3 xac dinh duge ban chit héa hoc clia chit dé.
Nam 1967 ngudi ta goi chét do 13 abeisic acid (ABA).

CH; CH;
CH=CH-C=CH- COOH
OH |
CH;
74 CH, |
0 Abcisic acid (ABA)

* ABA duoc tong hop & hdu hét cac bd phan cua cay, tich liy nhiéu
nhét & trong céc co quan sinh san, co quan du triY, trong cic co quan gia, co
quan dang ngti nghi.

- ABA gay nén sy rung (14, hoa, qua, ...), hoat héa sy hinh thanh tang
rdi chi yéu 13 sy hinh thanh cac enzyme thity phin vé t& bao. ABA e ché
su sinh trudng cia chdi, clia cy, gy nén sy ngu nghi.

- ABA 13 chit déi khang cua auxin.

- ABA ]a hormone hoa gia.

- ABA diéu chinh sy déng md khi khdng: Viéc phat hién ra vai tro ciia
ABA trong viéc diéu chinh nay xuft phét tir viéc phat hién ra mét dot bién
héo & ca chua. Cay ca chua luén ludn bi héo nay vi khi khéng cia né ludn
ludn mé ma khong dong dugc. Phén tich ham lugng ciia cdc chét trong dot
bién nay thi thiy thiéu ABA. Khi xir ly ABA cho né thi khi khéng ddng lai.
Dot bién nay 1a do thiéu gen tong hop ABA nén ABA. khéng hinh thanh
dugc. Vai trd ciia ABA 1a trc ché sy hip thu K* bi té bao khi khdng. Mot
dong vat chét khac co lién quan dén sy déng md cua khi khéng dudi tac
dong cua ABA 14 malic acid. Acid nay dugc giai phong cung v6i K™ khi c6
mit cua ABA va tao nén mét su thiéu hyt K & té bao khi khdng, thiéu st
truong, té bao mét nudc va khi khéng déng lai.

- ABA c6 thé xem 14 “hormone stress™: Céc didu kién bt thuan cia moi
trrong nhu han, dng, néng, lanh, man, sdu bénh, ... goi 1a diéu kién stress
cua mdi trudong. Khi gdp mét tac nhan stress bét cir nao thi ham luorng ABA
lap e tang Ién rat manh. D6 1a phan Umg thich nghi clia cdy chbng lai céc
didu kién bat thudn cua méi truong Khi gip han, ham lugng ABA trong 14
tﬁng [én manh (c6 1& do sy téng hop mai) va do dé khi khéng déng lai,
chéng duge sir thoat hai nude.
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Ngudi ta xac nhan ring ABA dugc téng hop trong lyc lap va dugc giit
trong luc lap khi té bao dt nuée. Khi t& bdo mét nudce thi tinh thdm cua
mang luc lap ting lén va ABA dugc thim ra ngoai té bao chit, van chuyén
vio té bao khi khéng d& giy nén sw dong ciia khi khdng. Khi hét stress thi
tinh thAm cua mang luc lap véi ABA giam xuéng va do d6 ABA dugce du
trix trong luc lap. Vi vdy, ABA c6 vai tro nhét dinh trong tinh chéng chiu
cia cly dbi voi cac didu kién bat thun ciia méi truong.

1.2. Co ché tdc dpng ciia ABA

a) Tdc déng ctia ABA lén tinh tham ciia mang:

ABA lam thay dbi dién thé qua mang va do d6 ma diéu tiét dugce su tiét
ion K qua mang. Co ché nay lién quan dén s dong mé cia khi khong.

Co ché v& vai trd cia ABA 1én sy déng mé khi khéng nhu sau: Khi
thiéu ABA, bom H* khong bi wc ché, malate va ca K van chuyén vao
khong bao va do d6 t& bao hit nuéce, din dén khi khdng mé.

Khi xit ly ABA, bom H' bj (¢ ché nén H' khéng vao thanh té bao;
malate va K khong qua mang vao khong bao ma vén chuyén thu dong ra
khoi té bao, lic do té bao mét nude va khi khdng déng lai.

Thanh t& bao Chét nguyén sinh  Khong bao

Glucose

v

ABA (¢ ch&bom H®,

1ic ché ATP -ase CO, PEP
—=» tic ché tham K* va malate $
vao khong bao
H Malate
K* K* K*

b) ABA tdc dong lén co ché tong hop protein va nucleic acid:

Nim 1964, Dorothy va Bonner cho rang trong cac té bao dang ngu nghi
thi vat liéu di truyen (DNA) hoan toan bi trdn ap va qua trinh tdng hop
protein khong dién ra; qué trinh sinh trudng bi ngimg tré.

Néu xir ly céc chit déi khang cia ABA nhu GA ching han da lim giam
va e ché tac dung cua ABA lén hé thong dé va do vay ma qua trinh sinh
trudng dien ra.

Hidu qua e ché cia ABA 13 hiéu qua déng gen (khéa gen), do dé qua
trinh phién ma (Transcription) va dich mi (Translation) khéng dién ra duge.
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Gibberellin (GA) s& 1am mit tac dung trc ché gen cia ABA, lam cho cic qua
trinh dién ra binh thudmg. Cé 18 ABA tac dong 1én giai doan transcription:

Transcription Translation Sinh
DNA————» mRNA ——_ Protcin ——» .
) trudmg
(Enzyme, cdu triic)

1.3. Ung dung nhing hiéu biét vé ABA trong tréng trot

Trong cay ABA thudmg gay hiéu qué e ché 1&n qua trinh sinh truéng
phét trién khac nhau. Dé loat b6 tac dung (rc ché cua ABA d6i véi cdy trong
ching ta thudmg sir dung céc tic nhan dbi khing véi ABA dé 1am thay dbi
s can bing hormone trong ¢y theo huéng lam mét tic dung cia ABA:

- Dé pha bo ngit nghi, kich thich sy ndy mim thi hodc 1a lam giam
luong ABA hodc 1am ting gibberellin (GA) hay ca hai.

- Kim ham sy ryng cia 14, qua bing cich ting ham luong auxin, giam
ham lugng ABA.

- Didu chinh sy héa gia: Ty e € A‘é‘j{“‘“ wy dinh d6 gia héa cha cdy.

Mutn chéng sy gia hoa c¢6 thé tién hanh bing cich phun cytokinin
ngoai sinh, cho cytokinin vao méi trudng nudi cdy hodic bing cich tang
cudng s phat trién cia b r& dé tdng hop nhiéu cytokinin cung cép cho céc
co quan trén mit dit dé kéo dai tudi tho cia ching.

2. Ethylene (CH; = CH;)

La san phdm cna sy trao dbi chét, n6 12 mdt chit khi don gian. Ethylene
kich thich sir chin cta qua. Ethylene cung tuong tic véi ABA giy nén su
rung cua la, qua. Ethylene kich thich sy ra hoa ctia mét sé thyue vat nhir kich
thich cho dira ra hoa trat vu. Trong nghé tréng dira viéc sir dung chit tao ra
ethylene (d6 1a ethrene) hodc dit dén (cho acetylene) da lam cho dira ra
thém mdt vu qua.

Ethylene 14 mdt chét khi nén trong thuc 1€ khong st dung truc tiép
ethylene ma ngudi ta sir dung céc chét tao ra ethylene nhu CEPA:

0
[ H,0 Cl _Hs5PO,

CI(CH,), — F - OH K/E ¥ ' CH,=CH,
OH Ethylene

CEPA (Chlorocthylenephosphoric acid)
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- Trong viéc phén héa gidi tinh clia cdc cdy thude ho bau bi thi ethylene
¢6 anh huong 1én sy hinh thanh gidi tinh cdi. Xir Iy ethrene s& lam cho
ching phat trién chi yéu hoa ci.

3. Cac chit phenol

La san phim cia syt trao ddi chét trong cdy. Ching c6 tac dung trc ché
hoat dong trao dbi chit va \rc ché sinh trudng. Cac phenol kich thich hoat
ddng cua enzyme phén hily auxin; kim hdm sy gifn cua té bao va lam cho té
bao héa gb nhanh.

Mot sb phenol thudng glip nhu:

Q)

COOH

= HO
O

I
0

Cumarin Oxybenzoic acid
Urgon

4. Céc chat 1am cham sinh truémg (Retardant)

Retardant 12 mot nhém chét nhan tao, c6 ban chét héa hoc khac nhau,
ching gay uc ché gifin cia té bao, 1am cay thip, m& rong phién 14, gy sir ra
hoa s6m.

Mot 56 vi du diénhinh:
4.1, CCC (Chlorocholine chlorid):

[(CH3);N —CH; - CH, - CI]* CI

- CCC 1 chét khang GA, n6 1am cho ciy thdp di. Lam ting sy hinh
thanh diép luc. Khi xir Iy CCC lén céy, téc d6 thAm vao cay rat nhanh, ton
tai vai tudn rdi bi phan huy, mét hoat tinh.
4.2. MH (Malein hydrazide)

MH 14 chit khing auxin vi nd lam ting hoat tinh enzyme phan huy
auxin, d6 la TAA-oxidase
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NH

NH
Il
0

MH 14 chét e ché sinh truorng, trc ché sy nay mim va kéo dai thoi gian
ngi nghi; vic ché sy sinh tnrémg chdi bén cia cdy nén duge sir dung dé ngan
chin sy moc chdi nach cna thude 14, tranh duge viéc danh tia nhanh bing
tay rit tdn cong lao dong.

4.3. TIBA (Triiodobenzoic acid)
I

COOH
I I

TIBA ciing 14 chit khang auxin, kim ham sy van chuyen auxin trong
cdy; lam giam su sinh truong ciia chdi ngon, han ché chidu cao, xuc tién sy
phén canh; TIBA con xtic tién su ra hoa va sy hinh thanh ¢,
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