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4.1. Gidi thiéu

Eukaryote don bao thuong da dang déng ké vé ciu trGc, nhung prokaryote lai
khong cd sy da dang nay. Prokaryote chi khac biét d6i chut vé kiéu hinh co ban, d6 1a kha
ning di dong va sy hinh thanh bao tir. Sy khac biét ddng ké nhét c6 thé néi dén chinh la
biéu hién mau nhuém Gram, da dang vé sinh hoa hay 1a vé bién dudng, nhit 13 bién
dudng tao ning lwong va sinh tong hop cac chit bién dbi thir cAp. Prokaryote tién hanh
tat ca cac kiéu bién dudng co ban twong tu nhu & eukaryote. Tuy nhién nhiéu kiéu bién
dudng tao ning luong & prokaryote lai khong ton tai & eukaryote. Sy da dang bién dudng
nay ¢ prokaryote dugc biéu hién qua su thay doi dang ké vé kiéu san sinh ning lwong va
bién dudng cua ching. Pay ciing chinh la dic diém cho phép prokaryote phat trién trong
tat ca méi truong thich hop cho su sdng trén trai dat.

Ngay ca cling mot loai prokaryote, ¢ thé c¢6 su thay doi 16n vé bién dudng. Nhu
trong truong hop & E.coli, vi khuan nay c6 thé tao ning lugng dé ting truéng bang con
duong 1én men hodc ho héap. E.coli ¢6 thé ho hip hiéu khi nho str dung O, 1am chit nhan
dién tir cudi hodc né ciing c6 thé ho hap trong dicu kién ky khi. Khi d6 ching sir dung
nitrate (NO3") hodc fumarate (C4H4O4) 1am chét nhan dién tir cubi. E. coli c¢6 thé sir dung
glucose hodc lactose l1am ngudn carbon duy nhat dé ting truong. V4i kha niang bién
dudng nhu vy, ching chuyén dudng thanh acid amin, vitamin va nucleotide can thiét dé
xay dung té bao. Tuong ty nhu E. coli, Rhodospirillum rubrum cé tit ca kha ning di
dudng nhu E. coli, nhung thém vao d6 1a kha ning ting trudng trong cac diéu kién quang
tur dudng, quang di dudng hodc vo co hoa dudng. Tuy nhién dé cé nhimng kha ning nhu
vay, khuan nay doi hoi mot yéu t6 thiét yéu cho su ting trudng do 1a biotin.

V& co ban hau hét eukaryote déu tao ning luong ¢ dang ATP thdng qua Ién men
rugu nhu ndm men; 18n men tao lactic acid dién ra & céc té bao co, bach cau da nhan
trung tinh; ho hép hiéu khi dién ra & nhu nam, dong vat don bao va dong vat; hoac quang
tong hop co oxy dién ra ¢ tao va thyc vat. Nhitng kiéu bién dudng tao ning lugng niy
déu ton tai & prokaryote. Hon nita tat ca cac kiéu san xuat ning lugng sau day ¢
prokaryote thi khong ton tai & eukaryote, do 1a:

(a) 18n men duy nhat bat dau tir con dudng Embden-Meyerhof.
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(b) str dung cac con duong 1én men khac nhu: con duong phosphoketolase hay Ién
men acid lactic di hinh va con duong Entner-Doudoroff.

(c) hd hip ky khi str dung co chat khac ngoai O, dé nhan dién ti.

(d) v6 co hoa dudng sir dung co chit vo co lam ngudn ning luong.

() quang di dudng sir dung cac hop chét hitu co 1am ngudn carbon trong qué trinh
quang tong hop.

(f) quang téng hop khong c6 oxy la quang phoshporyl héa trong diéu kién khong
c6 Oo.

(9) sinh tong hop methan, mot dang bién dudng c6 xua cia c6 khuan sir dung
Hz nhu 13 ngudn ning luong tao methane.

(h) quang phosphoryl héa nhd anh sang nhung khong phai 14 quang tong hop, day
|2 sy bién dudng cb xua nhét, bién ning luong anh sang thanh ning luong hoa hoc.

Hon nita trong sb cac prokaryote tu dudng, c6 ba con dudng c¢d dinh COy, hai
trong sd d6 thi khong phat hién duoc & eukaryote, d6 1a CODH (con dudng acetyl
CoA\) va chu trinh Krebs con goi la chu trinh TCA theo chiéu ngugc.

4.2. Bién dudng tao ning lwong

Thuat ngir bién dudng duoc dung dé chi tom tit cac phan Gmg sinh héa tao ning
lugng va st dung ning luong nay dé tong hop vat chat té bao tir cac phan tir nho trong
moi trudong. Theo d6 bién dudng tao nang lugng dugc goi 1a qué trinh di hoa (catabolism)
va bién dudng c6 st dung ning luong, sinh tong hop cac chat, duoc goi 1a qué trinh dong
hoa (anabolism). Céac phan tng di hoa hoic trinh ty tao ning luong nhu ATP, chét nay c6
thé duoc st dung cho cac phan tng dong hoa dé tao vat chat té bao tir ngudn dinh dudng
c6 trong méi truong. Moi quan hé gitra di hoa va dong héa duge minh hoa ¢ Hinh 4.1.
4.2.1. ATP

Trong sudt qué trinh di héa, niang lwong hitu ich tam thoi dugc bao ton dudi dang
“cau ndi ning luong cao” d6 1a ATP - adenosine triphosphate (Hinh 4.2). Cho di hinh
thirc nao di ching nita thi ning luong cua té bao duoc stir dung 1am ngudn ning luong chu
yéu thi cudi cing ching ciing duge chuyén hoa va bao ton & dang ATP - dang tién té

chung cua sy trao d6i ning luong trong cac hé thdng sinh hoc. Khi té bao can doi hoi
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cung cap ning luong cho qua trinh dong hoa thi cau ndi ning lwong cao (8 kcal/ mole)

ciia ATP duoc sir dung dé dap tmg nhu ciu nay. Chinh vi thé khi chuyén d6i ADP thanh

ATP do1 hoi 8 keal nang lugng va khi thuy giai ATP thanh ADP s€ phong thich ra 8 kcal.
Di hoa DPong hoa

Bién duong tao nang luong Bién duong sinh tﬁng hop

Ngudn niang luong

Cac cao phan t&r
sinh hoc nhuw protein

»
>

i ATP San pham trung gian cda sinh
Nhict «— ung ninglug \) téng hop nhu amino acid

rF

»
L

ADP~ Nhém tién chit ndi bao

A

Y

»
>

Cac san pham
bién dudng Cac chat dinh dwéng ngoai bao

Hinh 4.1. So' @6 biéu dién mdi quan hé giira di héa (bién dudng tao niing lwong) va
dong héa (bién dudng sinh tong hop) dién ra trong té bao. Trong sudt qua trinh di
hoa, ning hrong sé bi thay doi tir dang nay sang dang khac va dwoc giit lai nho
nguyén ly nhiét dong lwe hoc, sw bién ddi niing lwong nay chwa bao gio' dat hiéu suat
day di, vi ning lwong sé bi that thoat trong qua trinh sinh nhiét. Hiéu suit ciia qua
trinh ti di héa ciia cac phan ng 13 lwong niing hrong dwoc tao ra cho té bao (dé sir
dung cho qua trinh dong héa) dwge phan chia tir tong sé ning lwong phéng thich ra
tur cac phan ung.

ATP hoat dong nhu 12 mot coenzyme trong cac phan tng két hop manh mé dién ra
& mot hodc ca hai nhém phosphate ¢ dau cubi bi di chuyén khoi phan tir ATP, cing véi
d6 1a nang luong lién két duoc sit dung dé chuyén ATP thanh phan tir khac. Vi du:
glucose + ATP — glucose-P + ADP hoac amino acid + ATP — AMP-Amino acid + Pi.

Do vai trd trung tim ciia ATP trong bién dudng tao ning luong, nén ATP ciing
dong vai trd 13 mot coenzyme trong hau hét qué trinh san sinh ning luong dién ra trong té
bao (Hinh 4.3).

Khi ATP duogc bé gay thanh adenosine diphosphate (ADP) va orthophosphate (Pi),
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s€ phong thich nang lugng hitu ich cho hoat dong. Sau d6 ndng lugng san sinh tir cac qua
trinh quang téng hop, ho hip hiéu khi, ho hip ky khi va 1én men s& duogc tai tong hop
thanh ATP tir ADP va Pi. Chu trinh nang luong dugc tao ra trong té bao duoc biéu dién &
Hinh 4.3.

Hinh 4.2. Céau tric ciia

ATP. (a). ATP c6 ngudn
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goc tur nucleotide
adenosine monophosphate
(AMP) hoac acid adenylic,

(a) Adenosine diphosphate (ADP)

Adenosine triphosphate (ATP)

hai nhom phosphate dwgc
thém vao bang cach dinh 1én lién két ddi pyrophosphate (biéu thi mau dé). Cac lién
két d6i giau ning hrong nay (hai lién két c6 mau d6) khi thiy giai sé tao ra mot
lwgng ning lwong 16n hon lién két cong hoa tri twong ung. (b). Cau triac khong gian
ba chiéu ciia phan tit ATP. Carbon 13 mau xanh 14 ciy, hydrogen mau xanh da troi,
nitrogen mau xanh dam; oxygen mau doé va phosphorus mau cam.

Hinh 4.3. So do minh

ADP+P,
H6 hap hiéu khi Phan ing hod hec hoa chu trinh ning
H6 hap ky, khi - Hoat  déng vin *
Lén men chuyem lwgng trong té bao. ATP
Quang tong hop Hoat dong lap ghép °

ATP dwgc hinh thanh tir qua

trinh ho hap hiéu khi, hd hap ky khi, 1én men va quang tong hop. Phéan tir nay dwoc
bé giy thanh ADP va orthophosphate (Pi) khi ¢6 nhu ciu ning lwong cho cic hoat
dong hoa hoc, van chuyén va lap ghép.
4.2.2. NAD

NAD (Nicotinamide Adenine Dinucleotide) 1a mdt coenzyme thuong li€n quan
dén qua trinh bién dudng tao ning lwong. NAD xuat phat tlr vitamin niacin, 1a mot
nucleotide pyridine. Vé co ban su bién dbi hoa hoc dé tao nang luong chu yéu dua trén
cac phan tng oxi hoa/khir. V& phuong dién sinh héa, dé duoc oxi hoa dién tir phai duoc
di chuyén nho yéu t6 oxi héa. Yéu t6 oxi hoa nay 1a mot chat nhan dién tr. Chat nhan

dién tir ndy s& bi khir trong phan ung. Trong phan mg oxi héa/khtr, yéu té oxi héa dugc
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chuyén thanh yéu t6 khtr va dién tir cia nd duoc chuyén sang chat hoa hoc khac dé hinh

thanh yéu t6 khtr va theo cach nhu vay tu no s¢€ bi oxi hoa lai.

0 0 H 0 OH

o]
Il Il Il
X~ C—NH, y o CTNH, C—NH,
o ‘ Nicotinamide s G = 5 + ‘ | . B
I = v N
HO—P — 0—CH N o + o
| 20 Ca chat bi khu FI< Cd chat bi oxi hda '!‘
Ribose )
NAD NADH
HO—P=0 OH OH N (b)

0
|
FI
| &
o} /N = N
| ‘ Adenine
CH, &
o N N
Q Ribose

OH OH
“NADP 6 mot phosphate tai day

Dan vi ribose

Hinh 4.4. Céu triic cia NAD. (2) NAD dwoc cAu thanh tir hai phan tir nucleotide d6
la: Adenosine monophosphate (adenine céng vai ribose-phosphate) va nicotinamide
ribotide (nicotinamide cdng véi ribose-phosphate). NADP ¢6 cdu triic dong nhat trir
khi n6 co chira thém nhom phosphate dinh thém nhém chire 1€n ribose. (b) Cac dang
oxi héa va khir ciia phan dic biét nicotinamide thudc phan tir NAD. (c) Kiéu céu
tric ciia NAD™ khi lién két véi enzyme lactate dehydrogenase. Nicotinamide 1a phan
hoat dong ciia phén tir noi xay ra phan wng oxi héa khir thuin nghich. Dang oxi hoa
cia NAD sé c6 it hon mgt nguyén tir hydrogen so véi dang khir va hon nira dién tich
dwong trén nguyén tir nitrogen cho phép ching nhan dién tir thir hai vao lic khir. Vi
vy cach chinh xac dé biéu dat phan wng 1a NAD* + 2H — NADH + H*. Tuy nhién
dé thuan tién, nguoi ta thuong siv dung cac biéu twong NAD va NADH,.

Chtrc ning cta phan tir NAD thudng dugce xem nhu 14 chat mang dién tir trong céac
kiéu phan mg cdp oxi héa/khtr dién ra & cac hé théng sinh hoc 1a NAD va din xuét cia

né 1a NADP do bi phosphoryl hda. NAD hodc NADP c¢6 thé 1an lugt bi oxi hoa hodc khir
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béng cich mat di hodc nhan hai dién ti. O trang thai oxi hoa cua NAD duogc biéu dat &
dang NAD. O trang thai khir dugc biéu dat & dang NADH, NADH; hoic NADH + H*.
Céu trlc va trang thai oxi hod/khtr cia NAD dugc minh hoa & Hinh 4.4.

Nhiéu doc td protein cia vi khuan bao gom doc td gy bénh ta do Vibrio cholera
sinh ra, doc t6 gay bénh ho ga tir vi khuan Bordetella pertussis va doc td gay bénh bach
hau biéu hién hoat tinh enzyme ctia chiing bang cach st dung NAD nhu 12 déng co chat
(co-substrate). Cac doc td nay duoc xem 1a nhitng doc t6 ribosyl hod ADP-ribose, do
chung ché NAD thanh nicotinamide cong vdi ADP-ribose (ADPR) va sau d6 chuyén
ADPR dén mot sb phan tir cua dong vat chu. Vi du doc tb gay bénh bach hau chuyén
ADPR dén yéu t6 kéo dai 2, 1am bat hoat hoan toan chtrc ning cua yéu té nay trong kéo
dai chudi tong hop protein. Vi vay hoat tinh sinh hoc ctia doc t6 gay bénh bach hau 1a wc
ché sy tong hop protein & té bao eukaryote.

4.2.3. Coenzyme A

0 0 ”s‘f 2 o R
A AAOP-0.p_
i il Lm0 8 AN NAD NADH,
i ‘irN ' U
N 7 CH;COCOOH + CoA-SH CH;-CO-S-CoA
Coenzyme A (CoA hay CoASH) N om . .
9 Pyruvic acid co Acetyl - S- CoA
(a) 0-P—0 2
9 (b)

Hinh 4.5. Cau triic ciia Coenzyme A(a). COA-SH 1a din xuit cia ADP. Trén hinh
biéu dién, pantothenic acid dinh 1én ADP, c6 nhom thiol (-S) & diu cudi. Phan ing
oxi hoa cia keto acid, pyruvic acid, véi acetyl~SCoA. Pay la phin &ng dwa hai
carbon tir pyruvate vao chu trinh TCA (b).

Coenzyme A thuong lién quan dén bién dudng tao ning lugng & prokaryote.
Coenzyme A lién quan dén kiéu phan tng tao ATP duoc phat hién trong mot sb vi khuan
1én men va trong tat ca cc vi khuan ho hap. Phan (mg ndy xuét hién c6 lién quan dén sy
oxi hoa cac keto acid nhu pyruvic acid va alpha ketoglutaric acid. Hai co chat nay 1a
trung tim ctia qué trinh glyco giai va chu trinh TCA twong ung. Ching 14 chét tién than
(precursor) dong vai trd truc tiép hay gian tiép trong viéc hinh thanh mét sé dai phan tir

thiét yéu trong té bao. Cac phan g oxi hoa pyruvate va alpha ketoglutarate déu lién
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quan dén Coenzyme A, NAD, la phan tng khir hydrogen va phan tmg khir carboxyl, 1a
hai trong s cac phan tmg quan trong va phirc tap nhit cua sy bién dudng.

Trong phan ing oxi hoda céac keto acid, coenzyme A (CoA hodc CoASH) s€ dinh
1én nhom carboxyl cua san phdm duoc oxi héa nho lién két thioester (~S). Phan ning
lwong dugc phong thich ra trong phan tmg oxi héa duge bao ton trong lién két thioester.
Lién két ning luong ndy c6 thé duoc str dung sau d6 dé tong hop ATP, nhu & truong hop
O clostridia 1a acetyl~SCoA +ADP + Pi — acetic acid + CoASH + ATP. Hodc trong
truong hop & vi khuan ho hap, lién két thioester dugc st dung khi acetyl~SCoA c¢b dic
v6i oxalacetate dé dua vao chu trinh TCA va nhanh oxi cuia né.

4.2.4. Tong hop ATP & prokaryote

Muc tiéu ctia con duong di hoa 1a tao ATP, tirc 1a chuyén d6i hodc nang lugng hoa
hoc hodc nang lugng dién tir (&nh sang) thanh nang luong hoa hoc dugce chira dudi dang
cac lién két cao niang luong ctia ATP. V& co ban céc té bao co thé san sinh ATP theo hai
cach: (a) phosphoryl héa & mirc co chat va (b) phosphoryl héa chuyén dién tir.

(a). Phosphoryl héa ¢ mitc co chat (SLP) 1a hinh thirc don gian nhét, c¢6 nhat va
it tién hoa nhét dé tao ATP. Trong phan ung phosphoryl hda & murc co chat, ATP dugc
sinh ra trong sudt qua trinh chuyén d6i mot phéan tir chat hitu co tir dang nay sang dang
khac. Mot phan niang lwong duoc phéng thich trong qua trinh chuyén d6i nay duoc bao
t6n dudi dang tong lién két nang lugng cao ctia ATP. Phosphoryl hoa ¢ mirc co chat xay
ra trong qué trinh 1én men va ho hap (chu trinh TCA) va thdm chi xuét hién & cac qua
trinh chuyén doi vo co hoa dudng mot s6 co chat vo.

(b). Phosphoryl héa chuyén dién tir (ETP) dién ra voi nhiéu budce phuc tap, da
tién hoa tir 1au sau SLP. Phosphoryl héa chuyén dién tir xuat hién & qua trinh ho hap,
quang tong hop, vO co héa dudng va cé thé c6 & bién dudng khac cua vi khuan. ETP doi
hoi dién tir di chuyén khoi co chat dé vao hé chuyén dién tir (ETS) ¢ mang té bao. Céc
dién tir ndy di chuyén xuyén qua hé chuyén dién tr dé di dén mot s chat nhan dién tir
cudi trong mang t& bao (nhu O trong hé hip hiéu khi), trong khi d6 sy di chuyén dién tir
ngang qua ETS la do cac proton day ra va dong luc proton (PMF) xuyén mang dugc thiét

1ap. Mot thanh phan thiét yéu cia mang dé tong hop ATP I1a enzyme ATPase (ATP
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synthetase) lién két véi mang té bao. Enzyme nay van chuyén cac proton, do d6 st dung
dong lyc proton trong qua trinh tong hop ATP. Piéu 1y tudng trong Phosphoryl héa
chuyén dién tir 1a dwa cac dién tir xuyén qua hé chuyén dién tir (ETS) ¢ mang, thiét lap
dong luc proton (PMF) va st dung dong luc proton nay dé téng hop ATP. R& rang
phosphoryl héa chuyén dién tir (ETP) sir dung nhiéu céng cu hon so véi phosphoryl héa
& muc co chat (SLP), d6 12 mang té bao, hé chuyén dién tir, enzyme ATPase, ... .

ADP  ATP Hinh 4.6. Ba vi du
phosphoryl hoa ¢ mirc
co chat (SLP). (a) va

U (b) 1a hai phan Wwng

> Pyruvic acid i
SLP xuat hién & con

u dwong Embden
() Acetyl~SCoA Aceticacid Meyerhof, nhung

(a) 1,3-diphosphoglyceric acid > 3-phosphoglyceric acid

(b) Phosphoenolpyruvic acid

chiing lai xuit hién ¢ tit cd con dwong l1én men Kkhic c¢é thanh phin Embden-
Meyerhof. (¢) la phan @ng SLP dwoc phat thién & cdc vi Kkhuan
Clostridium va Bifidobacterium. Pay la hai vi khuan 1én men ky khi, chiing ta ciing
di biét cach thirc dé tao ra thém mot ATP tir con dwong glyco giai thong qua hinh
thanh pyruvate

Mot vi du thuong thdy vé chiic ning tao ning luong va sir dung ning luong cua
mang té bao vi khuan. Qua trinh nay c6 lién quan dén viéc thiét 1ap va st dung PMF ciing
nhu san xuat ATP dién ra & mang plasma cta vi khuan Escherichia coli.
4.2.5. Bién dwdng kiéu di dudng

Di dudng (heterotrophy) 1a goi bién dudng day du, sir dung hop chat hitu co 1am
ngudn carbon va ning lugng. Té bao oxi hoa cac phan tir hitu co dé tao ning luong (su di
hoa) va sau d6 sir dung niang luong nay dé tong hop vat lidu té bao tir nhitng phan tir hitu
co nay (sy dong hoa). Pong vat thuong co kiéu bién dudng di dudng. Nhiéu vi khuan va
mdt it cd khuan, nhat 14 nhimg vi khuan sdng & nhitng diéu kién c6 lién quan dén dong
vat thudc nhém di dudng. Vi khuan di dudng 1 nhiing bac thay trong phan hiy cac chat

tir moi trudng. Bién dudng di dudng c6 hai qua trinh bién dudng chu yéu d6 1a (a) Ién
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men va (b) 1a ho hap.

(a). L&n men dugc biét 1a kiéu bién dudng cd xua nhat. Kiéu bién dudng nay tién
hoa cing véi sy xuat hién chét hitu co trén trai dat. Lén men la sy bién dudng ma ning
lwong duogc 14y tir su oxi hoa timg phan hop chat hitu co dong thoi st dung chit trung
gian htru co lam chit cho va nhén dién tu. Khong lién quan dén chét nhan dién tir bén
ngoai; khong can dén mang té bao hay h¢ chuyén dién tir; tit ca ATP duge tao ra nho
phan Gng phosphoryl hoa & mirc co chat.

Hinh 4.7. Kiéu 1én men. A. Co

Co chit Glucose
chat bi oxi héa thanh chat hiru
ADP+Pi — Je—— NAD «— INAD :
2ADP+Bi— . 2 .z L,
co trung gian; yéu to oxi hoa
ATP — NADH: — 2IMADH:

ZATP«—— thwong duwgc sir dung la NAD.

Chét trung T Mot so nang lwgng phong thich

gian bi oxi hoa . , Y A
do oxi hoa dwgc bao ton trong

ay Bhett [ 2NAPH:  ATP nh& qua trinh phosphoryl
I — INAD héa & mirc co chat. Cuodi cung
, chat trung gian oxi héa bi khw

San phim cudi A 2 lactate B . . ;
bi ke dé tao thanh sian pham cuoi.

Lwu y 1a NADH: 13 yéu t6 khir, vi viy sw cAn bing vé kha ning oxi héa ciia ching
xuit phat tir cac phan tng tao ning lwong. B. Lén men cia Lactobacillus, co chat
(glucose) bi oxi héa thanh pyruvate va pyruvate sé bi khir dé thanh lactic acid. Su
cAn bang phan t&ng oxi héa khir dwoc duy tri nhd cic phan ng oxi héa khir ndi tiép
nhau trong con dwong bién dudng nay. Vi du trong 1én men lactic acid thong qua
con duwong Embden-Meyerhof, phian ung oxi hoa glyceraldehyde phosphate thanh
phosphoglyceric acid dwogc ghép ddi dé khir pyruvic acid thanh lactic acid.

Bang cach dinh nghia nhu vay, 1én men c6 thé 1a qua trinh don gian gom hai budc
nhu mo6 ta & Hinh 4.7. Thuc t& mot sd qué trinh 1én men amino acid do vi khuén
Clostridia thyc hién thi don gian nhu vdy. Tuy nhién cic con duong 1én men cé nhiéu
budc phirc tap hon, thudng lién quan dén mot sé budc so khai nham khoi mao nguén

nang luong cho cac phan tng oxi hoa va phosphoryl hoa co chit.
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Chuong 4. Pa dang bién dudng & Prokaryote

Trong sinh hoa, dé tién loi cac con dudng 1én men déu bit dau tir glucose. Diéu
nay 1a do glucose 14 phan tir don gian nhit, doi héi cac bude xtc tac it nhat, dé di vao con
duong glyco giai va bién dudng trung tim. O prokaryote, ton tai ba con dudng glyco giai
chinh con goi 1a sy di hoa chat duong, d6 1a: (i) con duong Embden-Meyerhof cb dién,
con duong ndy ciing dugc hau hét eukaryote sir dung ké ca nAm men Saccharomyces; (ii)
con duong phosphoketolase hay 1én men lactic di hinh lién quan dén sy chuyén hudng
hexose-pentose Vva (iii) con dudng Entner-Doudoroff. DU gi di ching nita thi vi khuan van
12 mot ¢6 may 18n men, n6é dudng nhu s& phan giai dudng qua mot hodc nhidu con duong
nay. Ba con dudng oxi hoa glyco giai dién ra & nhiéu vi khuan dugc tom tit & Bang 4.1.

(i). Con dwong Embden-Meyerhof, day 1a con duong glyco giai ¢6 dién. dugc ndim
men Saccharomyces sir dung dé san sinh ethanol va CO,, duoc vi khuan sinh acid lactic
dong hinh str dung dé tao lactic acid va ciing dugc nhiéu vi khuan khac sir dung dé san

sinh ra nhiéu san pham nhu acid béo, rugu va nhiéu loai khi.

Glucose ATP
\t ADP

Glucose-6-phosphate

Fructose-6-phosphate

\p ATP
ADP

Frutose-1,6-diphosphate

Glyceraldehuyde-3-phosphate
NAD

NADH,
1,3-phosphoglyceric acid

ADP
= am
3-phosphoglyceric acid

|

2-phosphoglyceric acid

l- 1,0

Glyceraldehuyde-3-phosphate
NAD

+P, +P
NADH,
1,3-diphosphoglyceric acid
\g ADP
ATP

3-phosphoglyceric acid

2-Phosphoglyceric acid
-H,0

Phosphoenolpyruvic acid Phosphoenolpyruvic acid
\g ADP C; ADP
ATP ATP
Pyruvic acid Pyruvic acid

Hinh 4.8. Con dwong

Embden  Meyerhof
dung dé phan giai
glucose. Phian ung
chung la oxi hoa
glucose  thanh 2
pyruvic acid. Hai

nhanh cua con duong

nay sau khi duwgc
tach ra thi twong tu
nhau. V& ra dic diém
nay dé so sanh véi
cac con dwong glyco
giai khac

khuén.

caa vi

Mot sé san pham cudi cta 1én men Embden-Meyerhof 1 cac thanh phan thiét yéu
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Chuong 4. Pa dang bién dudng & Prokaryote

trong thuc phim va nudc udng cd ga, nhidu san pham bién dudng tir con duong nay duoc
sit dung trong mot s6 nhién liéu hitu dung va cic dung moéi trong nganh cong nghiép.
Trong chan doan, cac nha phan tich s& sir dung dic diém lén men cia vi khuan dé xéac
dinh ching hodc xac dinh & cép d6 loai vi khuan. Vi du thir nghiém kha nang 1én men
mot s6 loai duong cua vi khuan hodc xét nghiém day cac san phim cudi cia vi khudn sau
Ién men.

Ba budc dau tién quan trong ciia con duong nay 1a phosphoryl hda va sip xép lai
hexose dé cat thanh 2 triose (glyceraldehyde-phosphate). Trong con dudng Embden-
Meyerhof, Fructose 1,6-diphosphate aldolase 1a enzyme chinh dé phan cit. Mdi phan tir
triose s& bi oxi hoa va phosphoryl hoa tiép theo sau 13 hai phan Gmg phosphoryl hoa &
mirc co chat dé tao ra 4 ATP trong con duong di dén pyruvate.

Vi khuan lactic khtr pyruvate thanh acid lactic (lactate); nim men khir pyruvate
thanh rugu ethanol va CO- (Hinh 4.9).

Hinh 4.9. Bién dudng theo con

dwong Embden Meyerhof 1én
Glucose Glucose . o .
K 2ATP |~ 2am men tao lactic acid ¢ vi khuan
V2o > 2aDp lactic 1a Lactobacillus va Ién
Fructose diphosphate Fructose diphosphate ] .
l men tao ruwgu ¢ nam men
. Saccharomyces. Hai con duong
2GRS TS 2 Triose phosphate
N 2ADP 2NAD 2ADP nay san sinh ra 2 mole sin
INADH, 2ATP P A s
EES A — INADH, 2ATP pham cuoi va 2 ATP/1 mole
PHOELY 2 Phosphoglyceric acid
~— 2ADP \K 2ADP glucose dwge Ién men. Ciac
S 2ATP I e - 3
o ek budc pha huy glucose thanh
2 Bpree e 2 Pyruvic acid . X
Q 2NADH SNADH pyruvate thi giong nhau. Sw
INAD COZJK INAD khac nhau chi dién ra khi khir
2 Lactic acid 2 Alcohol

san sinh ra cdc san pham cuoi khac nhau.

pyruvic acid va diéu nay lam

Khi oxi hoa glucose thanh lactate, mdi phan tir glucose s& tao ra 56 kcal tong cong.

Do cac té bao thu hoach 2 ATP (16 kcal) 1am ning luong hitu ich, vi vy hiéu qua cua sy
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Chuong 4. Pa dang bién dudng & Prokaryote

1én men lactate chi khoang 29% (16/56). Lén men rugu dat hi¢u qua tuong ty.

Bén canh acid lactic, 1én men Embden-Meyerhof & vi khuan s& din dén hang loat
cac san pham cudi tiy thudc vao nhitng con duong tién hanh & cac bude khir sau khi 1én
men acid pyruvic. Hinh 4.10 biéu dién mét s6 con dudng tiép dién tir acid pyruvic & mot
s6 vi khuan. Sy 1én men cua cac vi khuan nay thuong phan biét duoc nho cic san phdm
cudi ctia chiing theo nhitng nhém sau.

(1). Lén men lactic dong hinh (Homolactic fermentation): trong 1&n men nay,
lactic acid 1a san pham cudi duy nhét. Pay 1 con duong 1én men duoc cac vi khuan lactic
doéng hinh nhu Lactobacillus, Lactococcus va hau hét Streptococcus st dung. C&c Vi
khuan nay duoc sir dung dé 1én men sita va cic san pham sira trong cac nha may ché bién
yogurt, bo sira, kem chua, pho mat sira tich kem, pho mat cheddar va hau hét cic san
pham 1én men tir sira.

(2). L&n men acid hdn hep: 13 con duong chu yéu dién ra ¢ vi khuan dudng rudt
Enterobacteriaceae. Cac san phém cudi 1a hdn hop lactic acid, acetic acid, formic
acid, succinic acid va ethanol, ciung véi d6 1a khi CO2 va Hz néu vi khuan co enzyme
formate dehydrogenase, n6 sé& phan cat formate thanh cac khi nay.

(2a). Lén men Butanediol: 1én men nay hinh thanh c4c acid hon hop va khi nhu
da dé cap ¢ trén. Tuy nhién thém vao d6 1a 2,3 butanediol duoc hinh thanh tir 2 pyruvate.
Viéc str dung con duong nay s€ lam giam sy hinh thanh acid (butanediol la trung tinh) va
tao ra mot trung gian khac biét do la acetoin. Pay la dac diém duoc st dung trong thu
nghiém chuyén biét nham phat hién acid thap va acetoin dé phan biét cac vi khuan dudng
rudt khong phai xuét phat tir phan hinh thanh butanediol nhu Klebsiella and Enterobacter
v6i cac vi khudn duong rudt xuat phat tir phan sinh hdn hop acid nhu E. coli,
Salmonella va Shigella.

(3). L&n men butyric acid: ciing nhu 1én men butanol-acetone, kiéu 1én men nay
Xay ra ¢ vi khuéan Clostridia. Bén canh butyric acid, clostridia con hinh thanh acetic acid,
CO2 va Hztlr 1én men dudng. Mot lwong nhé ethanol va isopropanol ciing ¢ thé duoc
hinh hanh.

(3a). Len men butanol-acetone: trong thé chién thtr I, butanol va acetone dugc
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Chuong 4. Pa dang bién dudng & Prokaryote

kham pha 14 san pham chinh tir qua trinh két thiic qua trinh 1én men do vi khuan
Clostridium acetobutylicum. Kham phé nay da giai quyét duoc van dé khing hoang cua
nha may san xuat thudc nd do acetone can thiét trong san xuat thubc sing.

(4). L&n men propionic acid: day la su 1én men khong thuong xuyén dugc cac vi
khuan sinh propionic acid gdm Corynebacterium, Propionibacterium va Bifidobacterium.
Mic du dudng co thé dugc 1én men thiang dé tao ra propionate, nhung cac vi khuin
propionic acid s& 1én men lactate (12 san pham cudi cia 1én men lactic acid) dé tao acetic
acid, CO2 va propionic acid. Sy hinh thanh propionate 1a mgt phirc hgp va qua qua trinh
gian tiép c6 lién quan dén 5 hodc 6 phan tng. Nhin chung 3 mole lactate dugc bién doi
thanh 2 mole propionate + 1 mole acetate + 1 mole CO, va 1 mole ATP dugc ép ra tu
qua trinh nay. Vi khuan sinh propionic acid dugc st dung trong san xuat pho mat Thuy
sy. Pho mat nay phan biét dugc nhd mui vi khéc biét cia propionate va acetate, cling nhu

cac 10 trén san pham dugc tao ra tiu CO-.

+2H +Pyruvic acid

Lacticacild ——————> Pyruvic acid <o. a-acetolactic acid
Lactobacillus ATP Klebsiella -Co,
Streptococcus Enterobacter )
Staphylococcus H, Bacillus

+2H
co,

Oxalacetic acid Formic acid Acetyl-S-CoA 2,3-butanediol
\L Lon galmlonﬁ .
: +
v 0 (r:O \H — > Ethanol
Malic acid 2 2 - CoA-SH
+2H . .. -CoA-SH+ Acetyl-S-CoA
_H,0 Aceticacid <—— '\ oy
AR Clostridium
Succinic acid
Acetoacetyl-S-CoA
-CO,
l Clostitidium
Propionic acid Acetone <€<———=2 4H > Butyryl-S-CoA
, _ _CoA-SH
Bifidobacterium a4l
Propionibacterium +2H “CoA-S
Isopropanol Butyric acid Butanol

Hinh 4.10. Qua trinh 1én men & nhirng vi khuan tiép dién theo con dwong Embden-
Meyerhof. Vi khuin dai dién sir dung cac con dwdng nay dwoc biéu thi bang chir in

nghiéng.
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Con duong Embden-Meyerhof dé di hoa glucose (Hinh 4.8) ciing nhu chu trinh
TCA (Hinh 4.14) 14 hai con duong trung tAm cua sy bién dudng dién ra ¢ gan nhu tit ca
vi khuan va eukaryote. Cac con duong nay khong nhiing chi c6 di hoa cac hop chit hitu
co va cung cap ning luong ma ching con cung cip céc tién chét (precursor) dé sinh téng
hop cac dai phan tir dung dé xdy dung cac hé théng séng. Cong bing ma ndi cac con
duong nay dugc goi 1a con duong hai hudng (amphibolic pathway) do c6 ca hai chiic

nang di héa va dong hoa.

Glucose Hinh 4.11. Con dwong lén
ATP
ADP men lactic di hinh hay con
Glucose'é'Phoslgl:];e dwong phosphoketolase. So
/"
> NADH, véi con dwong Embden-
6-phosphogluconic acid 2 3
NAD Meyerhof ¢ Hinh 9, con
o, < s xapH, duwong nay khac nhau & cac
Pent hosphat p p p . X
cHiose phosphate bwdc sém truwdce khi co chat
+P. . A Z - ,
1 bi phan cat. Phan ng
Glyceraldehuyde-3-phosphate €—————>  Acetyl phosphate
NAD P, By K NADH, chung cia Ién men glucose
NADH, NAD 5. i i
1,3-diphosphoglyceric acid Acetyladehyde la: Glucose — Lactic acid +
ADP
NADH: ethanol + CO2+ 1ATP
ATP NAD £ 1a
3-diphosphoglyceric acid Ethanol rong (thwc te la tao ra 2
l-Hzo ATP nhung da s dung
Phosphoenolpyruvic acid mat 1 ATP).
ADP . A .
(i). Lén men lactic
X . ATP
PWVEI%ADHE di hinh hay con goi 1a con
NAD dwong Phosphoketolase

Lactic acid )
duoc phan biét nho enzyme

phan cat quan trong do la phosphoketolase. Enzyme nay cit pentose phosphate thanh
glyceraldehyde-3-phosphate va acetyl phosphate. Con duong Ién men nay duoc thuc hién
chu yéu do cac vi khuan sinh acid lactic di hinh géom mot sé loai

Lactobacillus va Leuconostoc. Trong con duong nay glucose-phosphate dugc oxi hoéa
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thanh 6-phosphogluconic acid. Chat nay sé& bi oxi hoa va bi khir nhém carboxyl dé hinh
thanh pentose phosphate (Hinh 4.11).

Khong giéng nhu con dudng Embden-Meyerhof, cac phan wng oxi héa qua trung
gian NAD xay ra trude khi co chit bi cit dé s dung. Sau d6 pentose phosphate bj cit
thanh glyceraldehyde-3-phosphate (GAP) va acetyl phosphate. GAP duoc bién d6i thanh
lactic acid nho cac enzyme gidng nhu enzyme ¢ con dudng E-M. Nhanh nay cua con
duong 18n men lactic di hinh c6 cap oxi hoa khtr trong ic 2 ATP dugc tao ra bai co chat
& muc phosphoryl hoa. Acetyl phosphate bi khir trong hai budc dé hinh thanh ethanol,
chat nay can bang hai phan ang oxi héa truéc khi cat nhung lai khong tao ra ATP. Phan
ung chung la Glucose —1 lactic acid + 1 ethanol +1 CO» cung véi 1 ATP rong. Hiéu qua
thi chi khoang mot nira ctiia con duong E-M.

Cac loai vi khuan lactic di hinh d6i khi dugc sir dung trong cong nghiép 1én men.
Vi du kefir, 1a mot kiéu 18n men sira dé tao yogurt, san pham nay cé st dung cac loai vi
khuan lactic di hinh Lactobacillus. Twong tu san pham 1én men sauerkraut c6 str dung vi
khuan lactic di hinh Leuconostoc.

Bang 4.1. Cac con dwdng oxi hoa glucose gii dién ra & nhiéu vi khuan.

Vi khuan Con dwong E-M Con duong Con dwong E-D
Phosphoketolase

Acetobacteraceti - + -
Agrobacterium tumefaciens - - +
Azotobactervinelandii - - +
Bacillus subtilis Chinh Thi yéu -
Escherichia coli + - -
Lactobacillus acidophilus + - -
Leuconostocmesenteroides - + -
Pseudomonas aeruginosa - - +
Vibrio cholerae Thir yéu - Chu yéu
Zymomonasmobilis - - +

(iii). Con dwong Entner-Doudoroff

Con duong Entner-Doudoroff 1a mot phuong thire 18n men nghiém khac va chi co
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mét s6 it vi khuan thyc hién con duong nay, dang chi ¥ nhat 1a Zymomonas . Tuy nhién
nhiéu vi khuan nhat 1a nhiing vi khuan thuéc nhom pseudomonads, sir dung con duong
nay dé phan hay carbohydrate ding cho bién dudng hd hap (Bang 4.1). Con duong E-D
tao ra 2 pyruvic acid tir 1 glucose (twong tu nhu con duong E-M) nhung gidng nhu con
duong phosphoketolase & chd phan tng oxi héa xuit hién truéc khi phan cit va ning

lwong rong (sau khi da trir phan st dung) 1a 1 mole ATP/ 1 mole glucose sir dung.

Glucose
ATP

ADP
Glucose-6-phosphate
NAD
\K NADH,
6-phosphogluconic acid
-H,0

\%
2-keto-3-deoxy-6-phosphogluconic acid

Glyceraldehuyde-3-phosphate < > Pyruvic acid
NAD ADP
Con duong E-M \L
NADH, ATP
Pyruvic acid Acetyladehyde + CO,
\L K NADH,
NAD
Acetyladehyde + CO, Ethanol
LG
NAD
Ethanol

Hinh 4.12. Con dwong Ién men Entner-Doudoroff. Phan wng chung la: Glucose — 2
ethanol + 2 CO; + 1 ATP rong.

O con duong E-D, glucose phosphate bi oxi héa thanh 2-keto-3-deoxy-6-
phosphogluconic acid (KDPG). Chat nay bi enzyme KDPG aldolase cat thanh pyruvate

va GAP. GAP bi oxi hoa thanh pyruvate nho cac enzyme & con duong E-M enzymes nho
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thé 2 ATP duoc tao ra tir phosphoryl héa & muc co chat. Pyruvic acid tir mdi nhanh cua
con dudng nay bi khir thanh ethanol va CO,. Vi sinh vt c6 kiéu 1én men twong tu dwgc
phat hién & nam men, vi khuan Zymomonas (Hinh 4.12). Phan tng chung la: Glucose —
2 ethanol +2 COzva 1 ATP rong.

Béang 4.2. Cac san pham cuoi dugec tao ra trong l1én men vi sinh vit.

Con duong Enzyme chinh Ethanol Lactic Acid CO, ATP
Embden-Meyerhof

Saccharomyces fructose 1,6-diP aldolase 2 0 2 2
Embden-Meyerhof

Lactobacillus fructose 1,6-diP aldolase 0 2 0 2

Heterolactic
Streptococcus phosphoketolase 1 1 1 1
Entner-Doudoroff
Zymomonas KDPG aldolase 2 0 2 1

- (b). HO hép: khi so sanh vai 1én men vé phuong dién oxi héa hop chét hiru co, thi
hd hap la qua trinh rat phic tap. HO6 hap 1am oxi hda hoan toan co chat nhd chat nhan
dién tr bén ngoai. Bén canh con dudng glyco giai, bon thanh phan cau tric thiét yéu hay
thanh phan bién dudng can thiét la: (1). Chu trinh tricarboxylic acid (TCA), (2). Mang va
hé thong chuyén dién tir, (3). Chat nhan dién tar bén ngoai va (4). Enzyme van chuyén
Xuyén mang ATPase.

(1). Chu trinh tricarboxylic acid (TCA) con goi la chu trinh citric acid hay chu
trinh Krebs: khi hop chat hitu co duoc st dung 1am co chét, vi khuan st dung chu trinh
TCA dé oxi héa hoan toan co chat nay. San pham cudi cia qua trinh oxi hoa hoan toan
hop chét hitu co 1a CO».

(2). Mang va h¢ thong chuyén dién tir: h¢ thong chuyén dién tir (ETS) 1a trinh tu
cac chat mang dién tir & mang sinh chit tién hanh chuyén dién tir tir co chat qua chudi cac
chat mang dé di dén chat nhan dién tir cudi. Pién tir di vao ETS c6 thé oxi hoa khir (E'o)
rat thip va khi di ra c6 thé oxi hoa khir twong d6i cao. Su sut thé nay lam phdng thich

ning lugng va ning lugng nay duoc cac té bao thu hoach trong qua trinh tong hop ATP
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nhd co ché phosphoryl héa chuyén dién tir. Sy van hanh cua ETS thiét 1ap luc dong hoc
proton (PMF) do hinh thanh mot gradient proton Xxuyén mang.

(3). Chat nhan dién tir bén ngoai: bén ngoai & day nghia 1a ngoai ndi bo con
duong bién dudng nhu pyruvate trong 18n men. Déi voi ho hip hiéu khi, chit nhan dién
tir di nhién 13 Oz. Oxy phan tr duoc khir thanh H,0 ¢ budce cubi cung trong hé chuyén
dién tir. Tuy nhién & cic qua trinh ho hap ky khi cta vi khuan, cac chat nhan dién tir cudi
6 thé 1a SO4 hodc S hodc NOs hodc NO2 hodc mét sb hop chét v6 co khac hodc tham chi
c¢6 ca hop chét hitu co nhu fumarate.

(4). Enzyme véan chuyén xuyén mang ATPase (ATP synthetase): enzyme nay
st dung dong luc proton duoc thiét lap trén mang nho van hanh cua ETS dé téng hop
ATP trong qua trinh phosphoryl héa chuyén dién tir. Tiéu don vi xuyén mang Fo 1 mot
hé théng chuyén proton. Hé thong nay chuyén 2H* thanh tiéu don vi F1 (thuc té la
ATPase) vao bén trong mang. Qua trinh tong hop ATP tir ADP cong véi Pi can c6 2
proton. Piéu quan trong danh giad dung tinh thuan nghich ciia phan tGng nay dé tinh toan
vi khuan 1én men nhu thé nao, khi khéng c6 ETS, c6 thé thiét 1ap PMF can thiét trén
mang cho van chuyén hodc 1am xoay tron tién mao. Néu mot vi sinh vat co ATPase
xuyén mang thi khuin nay c6 thé tao ATP nhd SLP va cubi cing ATPase co thé thuy giai
thanh ATP, nho d6 phong thich proton ra bén ngoai mang.

So d6 ho hap hiéu khi dugc mo ta & Hinh 4.13. So d6 nay tong hop cic qué trinh
bién dudng, dai dién cho qua trinh tong thé cta bién dudng ho hip. Co chat nhu glucose
dugc oxi hoa hoan toan thanh COz nho cac con dudng két hop giita glyco giai va chu
trinh TCA. Cac dién tir di chuyén tir glucose nhod NAD dugc dua vao ETS ¢ mang. Khi
cac dién tir di qua ETS, mot thé dong luc xuyén mang s& duogc thiét 1ap. Cudi cling cac
dién tir nay khir chat nhan dién tir bén ngoai, tir Oz va khir nd thanh H,O. Thé dong hoc
trén mang duoc enzyme ATPase st dung dé tong hop ATP nhd qué trinh phosphoryl hoa
oxi hoa.

Cao hon nita d6 13 sy hiéu duogc vai trd cua chu trinh TCA. Chu trinh TCA 14
nham dé oxi hoa hoan toan co chat va tir mot phan tir glucose cung cap 10 cip dién tur

cho hé théng ETS. Dbi v6i mdi cap dién tr dat vao ETS, ¢ thé ¢ 2 hodc 3 ATP dugc
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tao ra, vi vay mot lugng 16n ATP dugc san sinh trong ho hép so vo1 1én men.

Glucose dugc di hoa theo con dudng glyco giai dé tao thanh chét trung gian la
pyruvate va pyruvate dugc chuyén vao chu trinh TCA dé cudi cung bi oxi hoa thanh 3
COz. Do 2 pyruvate duoc hinh thanh tir mot glucose, vi vay tir mdi mot phan tir glucose,

chu trinh ndy phai chay hai 1an dé oxi hoa thanh 6 COx.

H6 hip hiéu khi Hinh 4.13. So' @ minh hoa kiéu hé hip hiéu
Glyco gidi + khi dién ra trong té bao. Glucose qua chu
chu trinh TCA . i
Glucose > 6CO:  trinh TCA bi oxi héa thanh CO,. Hau hét
cac electron dwoc di chuyén tir glucose nho
NAD NAD va dwa vao hé chuyén dién tir & mang
\ v té bao. Chét nhéin dién tir sau cung 1a O; sé
NADH,

bi khir thanh H.O. Thé dong hoc proton

ATPase

ATP < PAE < Hé chuyén dién ti (PMF) dwoc thiét 1ip trén mang 13 két qua

ciia qua trinh chuyén dién ti. PMF kich

thich tong hop ATP trong qua trinh
0, » H,0 , L,
phosphoryl héa oxi hoa.

Ban dau pyruvate bi oxi hoa va bi khir nhém carboxyl trong mot phirc hgp phan
mg c6 lién quan dén NAD, Coenzyme A va enzyme pyruvate dehydrogenase (pyruvate
decarboxylase), dé hinh thanh phan tir trung tim 1a Acetyl CoA. Acetyl CoA c6 dic voi
hop chét 4C, oxalacetic acid, dé hinh thanh chat trung gian bén virng dau tién cta chu
trinh TCA 1a 6C - citric acid (hay citrate), tricarboxylic acid. Citrate dugc dong phan héa
thanh isocitrate. Chat nay dugc oxi hoa va khir nhom carboxyl thanh alpha-ketoglutarate
(akg). Alpha ketoglutarate dehydrogenase st dung CoA va NAD dé oxi hoa akg thanh
succinyl CoA trong mdt phan ing tuong tu v&i phan ing pyruvate dehydrogenase & trén.
Succinyl CoA duoc chuyén doi thanh succinate trong qua trinh phosphoryl héa & mirc co
chat tao ra GTP ning luong cao (twong dwong v&i ATP). Pyruvate bi khir hoan toan
nhém carboxyl dé hinh thanh 3 CO2. Ba budc con lai trong chu trinh TCA oxi hoa hoan
todn succinate va tao ra oxalacetate can thiét cho chu trinh nay. Trong qua trinh oxi héa

pyruvic acid thanh 3 CO2, mét vong chu trinh TCA s€ tao ra 4 NADH2, 1 FADH> va 1
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ATP (thyc té 13 GTP). Do chu trinh TCA 13 mot con dudng hai huéng quan trong, nén
mot s6 chit trung gian cua chu trinh nay c6 thé dugc rat ra cho qua trinh déng héa hay
con goi 1a sinh tong hop.

Phéan mg chung cho sy hé hap hiéu khi phan ttr glucose la: Glucose + 6 Oz — 6
CO2 + 6 H20 + 688 kcal (tong).

C6 thé viét: Glucose — 6 CO2+ 10 NADH2+ 2 FADH:+ 4 ATP
(2NADH: tur glyco giai, 8 NADH:z tir 2 vong TCA, 2 FADHz tir 2 vong TCA; 2 ATP
(rong) tr glyco giai, 2 ATP (GTP) tir 2 vong TCA)

O E. coli, 2 ATP qua

Pyruvate

Co, NADH; duoc tao ra cho moi
cdp dién tr duoc dua vao

ETS. Mot ATP qua FADH:

Xy Citrate dugc tao ra cho mot cap
\

Onal dién to dugc dua vao. Vi

xXaloace
NADH CoA vady phuong trinh c6 thé

<&, +
\ J\} NADH, viet: Glucose + 6 O — 6
0, CO+ 6 H0 + 20 ATP
Cho el (ETP) + 2 ATP (ETP) + 4
rate

ATP (SLP) + 688 kcal

\ co, %ADHE (tong).

Hinh 4.14. Minh hoga chu

Succinyl-
CoA trinh  tricarboxylic acid
- >"\ (TCA) hay chu trinh

FADH, ATP  ADP Krebs.

Do tong 26 ATP duoc hinh thanh trong quéa trinh phong thich 688 kcal niang
luong, nén hi¢u sudt ciia qua trinh ho hap 1a 26 x 8/688 hay khoing 30%. O
Pseudomonas (hoac mitochondria), do tinh chinh xac cua ETS, 3 ATP qua NADH:> duogc
tao ra cho mdi cip dién tir duoc chuyén vao ETS va 2 ATP qua FADH2 duoc tao ra cho

mot cap dién tir duwoc dua vao. Vi vay phan tmg chung & Pseudomonas khi sir dung cac
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con duong di héa nhu & E. coli, thi Glucose + 6 O2 — 6 CO2 + 6 H20 + 38 ATP + 688
kcal (tong) cho hiéu suit trong tng khoang 45 %.

Sy ho hap trong mot sb truong hop cé thé sir dung cac chat nhan dién tir khac
ngoai oxygen (Oz). Kiéu ho hap nay khong co oxygen duoc goi 14 ho hip ky khi. Mic du
hé hip ky khi phtc tap hon nhung ¢ hinh thirc don gian nhét, quéa trinh ho hip nay st
dung mot s6 hop chat khac hon 1a Oz dung 1am chét nhan dién tir cudi trong chudi chuyén
dién tr. Chat nhan dién tir duoc st dung cho hd hap hoidc sinh khi methan (mét kiéu
tuong tu nhu su tao nang lugng & khuan cé) duoc mo ta & Bang 4.3.

Bang 4.3. Chit nhan dién tir cho hd hép va sinh khi methan & prokaryote.

Chit nhin Khi& sian sin

i i i Tén qua trinh Tén vi sinh vat
dién tir cuoi pham cuoi
, , Escherichia,
(0)) H20 Ho6 hap hiéu khi
Streptomyces
Ho6 hap ky khi: khir nitrate Bacillus,
NOs NO2, N20 hoac N> o
(denitrification) Pseudomonas
SOs4 S hodc H,S H6 hap ky khi: khir sulfate  Desulfovibrio
Ho hap ky khi:
Fumarate Succinate Str dung chat nhan dién tr Escherichia
1a hitu co
CO2 CHas Sinh khi methan Methanococcus

Sinh khi methan sinh hoc tao ra nguén khi methan tu nhién trén trai dat. Methan
duoc bao tén dudi dang nhién liéu héa thach nhd duoc san sinh va luu giit dudi nhitng
diéu kién yém khi. Oxygen can thiét dé oxi hoa CHa. Thuc ra sy sinh khi methan khéng
phai la mot dang hd hap ky khi, nhung né la mot kiéu cua bién dudng tao niang luong doi
hoi chat nhan dién tir bén ngoai ¢ dang CO,. Methan la khi gay hiéu ang nha kinh dang
ké do dugc sinh ra trong tu nhién véi sé luong twong ddi 16n va khi nay hap thu nhiét cao
hon CO; gap 15 lan.

4.2.6. Khir nitrate

Khtr nitrate (denitrification) la mot qua trinh quan trong trong ndng nghiép do qua
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trinh nay chuyén NOs tir dat. NOs Ia ngudn phan nitrogen chii yéu trong néng nghiép.
Hau hét mot phan ba chi phi trong mét s6 vu canh tac cay tréng nam ¢ phan nitrate. Mot
sd vi khuan sir dung nitrate 1am chat nhan dién ti trong hd hap, nitrate thuong duoc lya
chon dé thay thé viéc sir dung oxygen. Vi vay vi khuan dat nhu Pseudomonas s& str dung
02 lam chit nhan dién tir néu ching c6 sin trong dat va khéng mang téi NOs. Day 1a Iy
do can ban dé duy tri sy thong khi tot cho dat nhu cay va xdi. E. colis& su dung
NO;s (ciing nhu fumarate) lam chat nhan dién tir trong hd hap va vi vay vi khuan nay co
thé hé hap trong mai truong ky khi & duong ruot.

Trong s6 cac san pham kht nitrate, N2O 1a mot san pham chinh can quan tam vi
chat nay s& gay hiéu @ng nha kinh va cé kha nang hap thu nhiét gap 300 lan so véi CO..
Trong ho hap vi khuan khu nitrate sir dung N2O 1am chat nhan dién tir dé tao N2 va vi vay
lam giam mitc N2O, mic du diéu nay khong lam cai thién hon sy khir nitrate trong dat.
4.2.7. Khir sulfate

Khir sulfate khong phai la su luya chon thay thé cho viéc st dung Oz nhu 1a chat
nhan dién tir. Khir sulfate 1a qua trinh bat budc chi xay ra dudi nhimg diéu kién ky khi. Vi
khuan sinh khi methan va vi khuan khu sulfate c6 thé cung chia sé moi truong séng, dac
biét trong cac khu vuc tram tich ky khi nhu ao hd, noi sinh khi methan va hydrogen
sulfide.

Vi khuan ho hap ky khi va vi khuan sinh khi methan déng vai tro thiét yéu trong
cac chu trinh sinh hoc carbon, nitrogen va sulfur. Nhin chung cac vi khuan nay bién doi
cac dang oxi héa caa cac nguyén té thanh trang thai khir. Prokaryote vo co héa dudng
bién dudng cac dang khir caa nitrogen va sulfur thanh trang thai oxi héa dé tao ning
lugng. O vi khuan methan dudng (methanotrophic bacteria) co6 enzyme duy nhat la
monooxygenase ¢6 thé oxi héa methane dé tao ning luong. Tat ca cac nhom nay cua
prokaryote c6 vai trd trong tiéu chu trinh (minicycle) cac nguyén té trong hé sinh thai.
4.2.8. Bién duwdng vo co dudng

V6 co dudng (lithotrophy) la sy sir dung hop chat vo co 1am ngudn ning luong.
Hau hét vi khuan v6 co dudng la nhitng vi khuan hé hap hiéu khi tao ning luong, tuong

tu nhu vi sinh vat hd hap hiéu khi & chd, chung di chuyén dién tir tir co chat va dua vao
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hé chuyén dién tir dé tao ATP nho phosphoryl héa chuyén dién tir. Vi khuan vé co dudng
chi khac vi sinh vat ho hip & chd 1a lay dién tir tir chat vo co thay vi tir chat hitu co.

Mot sb vi khuan vo co dudng thudc nhom vé co dudng Ky khi tuy nghi, nghia la
chang co thé sir dung cac hop chét hitu co 1am nguén ning luong. Cac vi khuan vé co
dudng khac khong sir dung cac hop chit hitu co 1am ngudn ning luong; trong thuc té
chung s& khong van chuyén cac chat hitu co. CO2 la ngudn carbon duy nhat cho vi khuan
sinh khi methan, vi khuan kht nitrate va mét sé it loai khac phan tan ¢ nhiéu nhom khac.
Céc vi khuan vo co dudng nay thudng duoc goi bang tén khéc 1a vi khuan hoa tu dudng
(chemoautotroph). Tuy nhién thuat ngit vi khuan vo co ty dudng (lithoautotroph) la su
md ta chuan xac hon cho kiéu bién dudng nay. Vi khuan vé co dudng la nhom rat da
dang cua prokaryote. Chung chi hop nhat & chd kha ning oxi hoa chat vé co 1lam ngudn
nang luong.

Bang 4.4. Cac nhém sinh 1y ciia vi khuin vé co dudng.

Nguén ning San pham cudi

Nhém sinh ly n Vi sinh vat
lrgng bi oxi hoa
Vi khuan hydrogen H2 H20 Alcaligenes, Pseudomonas
Vi khuan sinh methan Ho H.0 Methanobacterium
) Rhodospirillum,
Carboxydobacteria CO CO2
Azotobacter
Vi khuén nitrate hoa* NHs NO:2 Nitrosomonas
Vi khuan nitrate hoa* NO; NOs Nitrobacter
Vi khuan oxi héa sulfur ~ H.ShoicS  SOs Thiobacillus, Sulfolobus
Vi khuan sat Fe2* Fe3* Gallionella, Thiobacillus

* Qua trinh tong thé nitrate hoa la bién d6i NH3 thanh NOs, doi hoi phai co su két hop
cua nhiéu vi sinh vat.

V6 co dudng la kiéu bién dudng duoc vi khuan va cb khuan tién hanh. Néu ching
ta xem oxi hoa Hz dé tao methan Ia mot dang vo co dudng, thi hau hét cac ¢ khuan la
nhém vé co dudng. Vi khuan vé co dudng thuong duoc to chic thanh cac nhom sinh 1y

khéc nhau dya trén co chat ma chung str dung dé san sinh nang luong va tang truéng.
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Bang 4.4 1i¢t ké mot s6 nhom vi khuan vé co dudng dugc xép cum dua vao dac tinh sinh
1y cta ching.

Vi khuan bién dudng hydrogen (hydrogen bacteria) oxi héa khi Hz lam nguon
ning luong. Chang la nhitng vi khuan vo co dudng ky khi tiy nghi nhu Pseudomonads,
c6 enzyme hydrogenase dung dé oxi hoa Hz va chuyén dién tir vao ETS trong qua trinh
hd hap caa chung. Vi khuan nay s& sir dung Hz néu chang tim thay chat nay trong mai
truong. Tham chi chang 1a nhiing vi sinh vat di dudng (heterotrophic) dién hinh. Thuc
vay hau hét vi khuan bién dudng hydrogen linh hoat vé kha niang st dung nhiéu ngudn
carbon va nang luong. Mot s6 vi khuan bién dudng hydrogen co NAD lién két voi
enzyme hydrogenase chuyén dién tir tir H2 ¢&én NAD trong qué trinh chi gdm mét budc.
Sau d6 NAD chuyén dién tir vao ETS. Cac vi khuan khac c6 enzyme hydrogenase chuyén
dién tir dén cac thé mang khac nhau trong hé chuyén dién tir caa vi khuan,

Nitrosomonas | NH, + 0, +2H- ———> NH,OH+ H,0 Hinh 4.15. Oxi héa vo co

dwéng caa vi khuin nitrate

NO, <————— (NOH) héa va vi khuan oxi hoa sufide
-2e . Y
) va Co khuan.
e Vi khuan sinh methan

H,S 7 S0 7 S0, 7 so, thuong dugc xem la nhom

chinh cua vi khuan bién dudng
hydrogen va ngay nay chung duoc kham pha 1a C6 khuan (Archaea). Vi khuan sinh
methan c6 kha niang oxi hoa Hz lam ngudn nang luong duy nhat trong luc chuyén dién tir
tir Hz sang CO; trong qué trinh khir Hz thanh methan. R3 rang Hz ¢6 nhiéu ning luong
hon CHa. Bién dudng sinh khi methan la kiéu bién dudng doc nhat vé nhi, vi khuan sinh
khi methan dai dién cho nhom phé bién va da dang nhét caa C6 khuan. Vi khuan sinh khi
methan st dung Hz va CO2 dé tao vat liéu té bao va tao methan. Chang co coenzyme va
c6 qua trinh chuyén dién tir doc nhat. Kiéu bién dudng tao nang luong nay cia chang
chua bao gio nhin thiy ¢ vi khuan va co ché tu dudng cb dinh CO; cua chang thi rat
hiém gap ngoai trir & vi khuan sinh khi methan.

Vi khuén bién dudng CO (Carboxydobacteria) 1a nhitng vi khuan cé kha ning oxi
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hoa CO (carbon monoxide) thanh CO., st dung enzyme carbon monoxide
dehydrogenase (CODH). Carboxydobacteria 1a vi khuan sir dung CO khéng bit budc, vi
du mot sé trong chung ciing 1a vi khuan bién dudng hydrogen va mot sé 1a vi khuan
quang dudng (phototrophic). Diéu thu vi la enzyme CODH duoc vi khuin
carboxydobacteria str dung dé oxi hoa CO thanh CO,. Enzyme nay ciing duoc vi khuan
sa dung trong phan tng dao nguoc la khir CO;thanh CO trong qua trinh ¢é dinh
CO2 bang con duong CODH (Hinh 4.23).Vi khuan nitrate héa (nitrifying bacteria) c6 hai
gidng dai dién d6 la Nitrosomonas va Nitrobacter. Chiing phdi hop véi nhau dé oxi héa
NHas thanh NOg, qua trinh nay goi la nitrate hoa (nitrification). Khéng c6 mét vi sinh vat
don 1 nao c6 thé tién hanh ca qua trinh oxi hoa nay. Nitrosomonas oxi héa ammonia
thanh NO2 va Nitrobacter oxi héa NOz thanh NOs. Hau hét vi khuan nitrate hoa thuoc
nhom vo co ty dudng bit budc, ngoai trir mot vai ching Nitrobacter s dung duoc
acetate, c6 dinh CO, str dung enzyme RUBP carboxylase va chu trinh Calvin. Vi khuan
nitrate hoa phat trién trong moi truong giau ammonia, noi dién ra sy phan hay rong rai
protein. Nitrate hoa trong dat va trong méi treong thay sinh 1a mot phan thiét yéu caa chu
trinh nitrogen.

Vi khuan vé co dudng oxi hoéa sulfur (Lithotrophic sulfur oxidizer) gom ca vi
khuan (vi du Thiobacillus) va C6 khuan (vi du Sulfolobus). Vi khuan oxi héa sulfur c6
kha ning oxi héa H2S (sulfide) hoic nguyén to Iuu huynh (S) lam ngudn ning luong.
Tuong tu nhu vay, vi khuan luu huynh tia va xanh oxi hoa HzS hoac S nhu 1a chat cho
dién tr cho quang tong hop va str dung cac dién tir nay dé c6 dinh CO», day 1a phan {ng
trong pha téi cua quang tong hop. Tu dudng bat budc gan nhu 1a phuong thirc bién dudng
hoan toan trong s vi sinh vat nitrate hoa va da dang trong s6 vi khuan oxi héa sulfur. Vi
khuan vo co dudng oxi héa sulfur dugc tim thy trong méi truong giau H.S nhu sudi
nudc noéng tir nai Iira, 16 phun & nai lira va 16 phun nhiét ¢ bién sau. Mot sb trong nhom
nay duoc phat hién nhu la vi sinh vat cong sinh (symbiont) va noi cong sinh
(endosymbiont) trong sinh vat bat cao. Do ching co thé tao nang lwong tir chat vo co va
¢d dinh CO2 nhu 1 vi sinh vat tu dudng, nén ching cé thé dong vai tro san xuat chinh

trong cac mdi truong thiéu anh sang. Vi khuan vo co dudng oxi hoa sulfur tao sulfuric
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acid (SO4%) trong qua trinh oxi héa vo co dudng va vi vay cé khuynh huéng acid hoa
moi trudng ma chang séng. Mot sé vi khuan oxi hoa sulfur 13 nhém va acid (acidophile)
chung c6 kha ning ting truong & pH < 1. Mot s6 la vi khuan wa nhiét cao
(hyperthermophile), chung c6 thé ting treéng ¢ nhiét d6 115°C.

Vi khuan bién dudng sit (Iron bacteria) 13 vi khuan c6 kha ning oxi héa Fe** (sét
1) thanh Fe*** (sat 111). it nhat c6 hai vi khuan c6 kha niang oxi héa Fe** lam nguén ning
lrong va/hoac dién tir va co6 kha nang tang trudng theo cach vo co tu dudng dé 1a vi
khuan c6 cudng Gallionella va Thiobacillus ferrooxidans ciing thuéc nhém vé co dudng
oxi hoa sulfur.
4.2.9. Bién dudng quang dudng

Quang dudng (phototrophy) la viéc st dung anh sang lam nguén ning luong cho
tang truong, d6 la sy chuyén d6i nang lwong anh sang thanh ning luong hoéa hoc dudi
dang ATP. Prokaryote cé thé chuyén ddi nang luong anh sang thanh ning lwong hoa hoc
gom khuan lam quang tong hop, khuan tia va xanh va c6 khuan wa mudi (halobacteria).
Khuan lam tién hanh quang téng hop giéng nhu thuc vat, duoc goi la quang tong hop co
oxygen (oxygenic photosynthesis). Khuan tia va xanh tién hanh quang tong hop vi khuan

hay la quang tong hop khéng tao ra oxygen (anoxygenic photosynthesis). C6 khuan wa

X —> ¢ man cuc doan st duyng kiéu quang
M
~L phospryl hoa khéng phai la quang
Quinolone 2 .
hv . tong hop (nonphotosynthetic

~
-

l PMF ATP photophosphorylation) qua trung gian

. Cytochrome bacteriorhodopsin dé chuyén ning
/ luwgng anh sang thanh ATP.

Chlorophyll * Hinh 4.16. So¢ do minh hoa H¢

(RC) quang |: so do chu trinh dién tir

tudn hoan ghép Vvéi quang
phosphoryl héa.
Quang tong hop (Photosynthesis) la sy chuyén d6i niang lwong anh sang thanh

ning lugng hoa hoc c6 thé duoc st dung dé hinh thanh vat liéu té bao tir nguon COx.
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Quang tong hop la mot kiéu bién dudng tach biét vai thanh phan di hoa va déng hoa.
Thanh phan di hoa cua quang tong hop la phan tng sang, nhd d6 anh sang duoc chuyén
thanh nang luong dién, sau d6 thanh ning lugng hoa hoc. Thanh phan di hoa co lién quan
dén ¢ dinh CO, va CO2 duoc st dung lam ngudn carbon cho ting trudng. Qua trinh nay
duoc goi la phan wng tdi. O cac prokaryote quang tong hop, cé hai kiéu quang tong hop
va hai kiéu cb dinh CO..

Phan g sang phu thudc vao su hién dién caa chlorophyll, sic té co ban thu nhan
anh sang nam & mang sinh vat quang téng hop. Su hap thu luong tir (quantum) anh sang
qua phan tir chlorophyll 1am dich chuyén dién tir ¢ trung tdm phan tng. Dién tir dich
chuyén nay la ngudn ning luong dugc chuyén qua hé théng chuyén dién tir quang tong
hop trén mang, dién tir dugc chuyén lién tyc tir protein c¢6 luu huynh va sat (X) dén
quinone, dén cytochrome va chuyén lai chlorophyll (Hinh 4.16). Khi dién tar duoc van
chuyén thi dong luc proton (PMF) s& dugc thiét 1ap trén mang va ATP dugc tong hop

nho enzyme ATPase. Kiéu bién doi ning lugng anh sang nay thanh ning luong hoa hoc

duoc goi la quang phosphoryl hoa vong (cyclic photophosphorylation).

GHy
/4

f.o Hinh 4.17. Cau triic hoa hoc ciia

‘° Chlorophyll a va bacteriochlorophyll a.

Thanh phan chtic ning ctia hé quang

i \ | 1 7 14
' b, o /” hoa (photochemical system) gom sac to thu
17 0o\ wd w \ /
ool | sk ool T fons nhan anh sang, h¢ chuyén dién tu trén mang
Chlorohyll a Bacteriachlorophyll a Vé enzyme ATPase. Hé Chuyén dién tfr
e i " o i quang tong hop vé co ban thi twong tu nhu

e - hé chuyén dién tir (ETS) ¢ hd hap, ngoai trir
chét nhan dién tir co thé oxi hoa khu thap (vi du ferredoxin) tai dinh (diém cudi c6 thé oxi
hoa khtr thap) caa chudi chuyén dién tir, ma trudc tién bi khir do su dich chuyén dién tir
tur chlorophyll.

Mot s6 kiéu sic t6 duoc phan bd trong mot sb vi sinh vat quang
dudng. Chlorophyll 13 mot sic té chi yéu thu nhan anh sang ¢ tat ca cac sinh vat quang

tong hop. Chlorophyll 1a mét tetrapyrrole chira magnesium tai vong trung tam porphyrin.
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N6 co chudi bén dai ky nuéc lien két véi mang quang tong hop. Khuan lam co
chlorophyll a giéng nhu & thyc vat va tao. Cac chlorophyll caa vi khuan tia va xanh dwgc
goi la bacteriochlorophyll (chlorophyll vi khuan) cé cau trac héa hoc khac voi
chlorophyll do thay thé cac chudi bén. Diéu nay phan anh phd hap thu anh sang cua
chung. Chlorophyll a hip thu anh sang trong hai vang caa phd, ving thtr nhét trong
khoang budc song 450nm va vung con lai trong khoang budc song tur 650 - 750nm. Cac

chlorophyll cua vi khuan hip thu trong vang cé buéc séng tir 800 - 1000nm 1a ving can

do cua pho.
Ferredoxin Hinh 4.18. So' @ minh hoa chuyén dién tir
/ ) vong trong qua trinh quang tong hop khong
. Quinolone sinh oxygen. Cac phan tir carotenoid va

P1+ ADP

chlorophyll tum lai tai trung tam phan ong
ATP © thu nhan luwgng tir 4nh siang. Phin ti
Cytochrome chlorophyll ciia vi khudn bi oxi héa tirc thi
e do miat mot dién tir. Niing lwong anh sing

| .__+. | Trung tam phin tug dugc s dl{ng dé day dién tﬁ” vao chit trung

Chlorophyll gian c6 the oxy héa khir thap la ferredoxin

T (hoic mot so protein sulfur sit khac) chat

Nang lwong anh sing nay c6 thé dwa dién tir vao hé chuyén dién tir

quang tong hgp nam ¢ mang. Khi dién tir

duwgc chuyén vao ETS, mdt dong lwe proton dwoe thiét 1ap va PMF nay dwoc sir

dung dé tao ATP trong qua trinh phosphoryl héa. Cytochrome & cudi ETS sé

chuyén dién tir vé chlorophyll. Do ning lweong anh sing lam cho cic dién tir di

chuyén vong trong mét chu trinh, khi 46 ATP dwoc tong hop nén qua trinh nay

dwoc goi 1a quang phosphoryl héa vong. So véi quang tong hop & vi khuén véi so dd

van hanh & Hé quang I tai Hinh 4.16. Quang tong hop & vi khuéin chi sir dung H¢
quang I dé bién d6i ning lwong 4nh sang thanh ning lwgng héa hoc.

Chlorophyll c6 mét phan chire nang cho thu nhan anh sang tai trung tam phan ang

quang héa. Nang lwong cua mot photon anh sang duwoc hiap thu nho mot phan tu

29



Chuong 4. Pa dang bién dudng & Prokaryote

chlorophyll dic biét tai trung tdm phan ng, phan tr nay s& bi oxi héa tirc thi bai chat
nhan dién tir & gan d6 c6 thé oxi hoa khir thap. Nang luong hién dién trong photon anh
sang duoc bao ton & dang dién luong (electrical charge) tach biét. Khi té bao can, dién

lwong nay c6 thé duoc st dung dé tao mét gradient proton cho tong hop ATP.

/ Ferredoxin\ Hinh 4.19. So' @6 binh thwong chuyén
dién tir vong trong qua trinh quang

Quinolone NAD(P)
Pi+ ADP i tong hop cia vi khuan phai dwgc mé
ATP e ra dé thu nhan dién tir cho cd dinh
Cytochrome NAD(P)H, 2 < . 2 ,
n CO,;. O trwong hop vi khuan tia
X sulfur, chiing sir dung H>S 1am nguon
(+ ) Trung tam phan tmg dién tir. Su oxi hoa H2S duwgce ghép voi

Chlorophyll 2
o PSI. Nang lugng anh sang day dién tir

c6 nguon goc tir HoS Ién miic
Nang lione dal sdne ferredoxin, chit nay khir NADP cung
cap cac dién tir cho c6 dinh CO; tw dudng.

Hé quang I va cac co ché cua phosphoryl héa vong dugc van hanh & thuc vat, tao
va khuan lam, y nhu van hanh trong quang tong hop cta vi khuan. O quang tong hop
thuc vat, chlorophyll a 13 kiéu chlorophyll chinh tai trung tim phan tng. Pic diém chinh
xéc ctia chat nhan dién tir so cap (d6 1a X hoic ferredoxin) va cac thanh phan caa ETS thi
khac voi quang tong hop & vi khuan. Nhung co ché co ban cua quang phosphoryl vong
thi tuong ty nhau. Tuy nhién khi dién tir phai rat lui khoi H¢ quang I (ferredoxin--€-
—NADP ¢ phén trén bén trai Hinh 20), thi cac dién tr s€ dugc bu vao nho van hanh cua
Hé quang II. O Trung tdm phan ung cua PSII, phan tng giita 4nh sang, chlorophyll va
nuéc Hz0 s& lam di chuyén dién tir ra khoi H2O (hinh thanh O2) va chuyén céc dién tu
nay vao mét thanh phan cua Hé chuyén dién tir ciia quang tong hop (d6 chinh 13 chat
nhan dién tir so cdp). Sau d6 cac dién tir ndy duoc chuyén dén chudi cic chat mang dién
tir gdm cytochrome va quinone cho dén khi chung dén dugc chlorophyll & PSI. Két qua 1a
lam sut thé oxi hoa khir cho phép téng hgp ATP trong mot qua trinh goi 1a quang
phosphoryl héa khong vong. Su van hanh ctia Hé quang II trong quang tong hop & thuc
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vat 1a diém khac nhau cin ban so voi quang tong hop ¢ vi khuan. Hé quang 11 gidi thich
cho ngudn chit khir d6i v6i cb dinh CO2 (duoc H20 cung cip), san sinh O, va tdng hop
ATP nh¢ qua trinh goi 1a quang phosphoryl héa khong vong.

.~ Ferredoxin Chat nhan Hinh 4.20 . So dd ChHYéll
/ dién tit so cap
NADP dién tir quang tong hgp &
giioi&mﬂzzn thue vat (c6 tao ra
tong h ! ADP+P;
e ghep - oxygen).
ATP A
NADPH, Carotenoid ludn
1,0 ludn lién quan dén bo may
Trung tm phan tng 1 C+D Trung tAm phan ting IIC 2 i
120, quang tong hop. Chung
déng vai tro nhu 1a nhiing
sic s6 thtr hai thu nhén,
hap thu anh sang trong
Nang lwong anh sang Nang lwong anh sang vUng xanh lam - xanh 1a cé

budc song tir 400 - 550 nm. Carotenoid chuyén ning luong t6i chlorophyll véi hiu suat
gan 100%. Thém vao d6 carotenoid c6 chirc ning rat can thiét dé bao vé bo may quang
téng hop khoi sy hu hong do quang oxi hoa. Carotenoid ¢ cac chudi hydrocarbon bén
dai tiép giap voi hé ndi doi. Carotenoid dap tit sirc manh cia gbc oxygen, oxygen mirc
don (singlet oxygen), 1a mot dang xoygen & muc ning luong cao, cac chat nay ludn

duoc tao ra trong phan tng giita chlorophyll va phan tir oxygen (O2). Mot s vi khuan
gay bénh khong c6 quang tong hop, vi du nhu Staphylococcus aureus, san sinh
carotenoid dé bao vé té bao khoi sy oxi hoa gay chét do oxy mirc don trong cac thuc bao
tao ra.

Phycobiliprotein 1a cac sac td thu nhan anh sang chu yéu ciia khuan lam. Céc sic
t6 nay ciling xuat hién trong mot sé6 nhom tao. Sic to phycobiliprotein cé thé c6 mau do
hay xanh lam, hap thu 4nh sdng trong viing pho giira, c6 budc séng giita 550 va 650 nm.
Phycobiliprotein gdm cac protein c6 phycobilin gdm bdn pyrrole thang c6 cau ndi cong
hoa tri. Phycobiliprotein duoc chira trong cc thé hat goi 1a phycobilisome, c6 lién quan

mat thiét v6i bo may quang tong hop. Do c6 lién két gan véi chlorophyll nén ching c6
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thé chuyén ning luong anh sang mot cach hiéu qua téi chlorophyll tai trung tim phan
ung.

Tat ca cac vi khuan quang dudng c6 kha ning tién hanh quang phosphoryl hoa
vong nhu mé ta & Hinh 4.16 - 4.19. Co ché chung nay cta quang phosphoryl hoa duogc
goi 13 Hé quang L. Quang tong hop & vi khuén chi st dung Hé quang I (PSI). Tuy nhién
nhiéu khuan lam tién hoa cling nhu tdo va thyc vat c6 thém h¢ thu nhan anh sang dugc
goi 1a Hé quang II (PSII). Hé quang II dugc str dung dé khir Hé quang I khi cac dién tir ra
khoi PSI dé cb dinh CO,. PSII chuyén cac dién tir tir H2O va tao Oz nhu mé ta & Hinh
4.20.

Hau hét cac prokaryote quang dudng 13 nhitng vi sinh vat tur dudng bat budc hoic
tiy nghi. Piéu ndy c6 nghia la ching c6 thé ¢6 dinh CO2 nhu 1a ngudn carbon cho sy ting
truong. Khi oxi héa chat hitu co tao nang lugng, dién tir va CO2 nham chuyén CO; thanh
vat liéu té bao (CH20), doi hoi phai co ning lugng (ATP) va dién tir (kha ning khir).
Phén tng chung cho ¢6 dinh CO2 trong chu trinh Calvin 12:

CO2 + 3ATP + 2NADPH2 — CH20 + 2ADP + 2Pi + 2NADP.

Céac phan tng pha sang van hanh dé tao ATP cung c4p ning luong cho cic phan
g trong pha téi ¢6 dinh CO,. Cac phan ng pha tdi cling can chat khir (cac dién tir).
Céc dién tir thuong dugc cung cp theo cach ndi véi cac phan ung sang. Kiéu ghép cac
phan ng sang va tdi ciia quang tong hop dugc minh hoa & Hinh 4.21.

So dd chung cho su tim kiém dién tir cho ¢6 dinh CO; thi Hé quang I cn phai mo
ra cho cac dién ttr di chuyén, dé cudi cung dién tir s& dugc tiép nhan tai NADP va chat
nay s& dua dién tir vao phan mg trong pha t6i. Quang tong hop ¢ vi khuan c6 thé 1a qua
trinh kha phuc tap. Cac dién tr dugc di chuyén tir Hé quang I & mic cytochrome, sau do
duoc chuyén qua h¢ chuyén dién tr thuan nghich cé st dung nang lugng dé vao protein
sulfur sat 1a ferredoxin, chat nay khir NADP thanh NADPH.. Céc dién tir b sung vao Hé
quang I dén tir qua trinh oxi hoa chat cho (donor) dién tir cho quang tong hop nam & bén
ngoai. Chat nay c6 thé 1a H2S, hop chat sulfur khac, H, hodc mot s6 chat hitu co.

Trong quang tong hop thuc vat, chat nhan dién tir quang tong hop 1a H20, chat nay
bi ly giai do hé quang Il, tao Oa. Céc dién tir tir H20 di chuyén qua Hé quang Il dén Hé
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quang | dugc mod ta ¢ Hinh 20. Cac dién tir di chuyén khoi Hé quang | khir truc tiép
ferredoxin. Bén luot ferredoxin chuyén dién tir dén NADP.

Su khéac nhau gitta quang tong hop thuc vat va vi khuan dugc tom tit Bang 4.5.
Quang téng hop & vi khuan 1a mot qué trinh khéng sinh oxy. Chét cho dién tir bén ngoai
ctia quang tong hop & vi khuan thi khong bao gid 12 nuée H20 va vi vy vi khuan sulfur
tia va xanh thi khong bao gid san sinh ra Oz trong qué trinh quang tong hop. Hon nira
quang tong hop & vi khudn thuong bi e ché boi Oz va qua trinh quang tong hop & vi

khuan chi xay ra trong méi truong vi hiéu khi va ky khi. Cac chlorophyll vi khuan str

co2 » CH20 dung anh sang ¢ cac budc song dai hon

NADPH; khong duoc quang tong hop o thuc vat
AFeS e X——pe- su dung va vi vay chung khong canh
NADP l tranh anh sang voi sinh vat quang dudng
J_ quinone sinh oxy. Vi khuan chi dung phosphoryl

— 5 pmf—sy atp 0@ vOng (Hé quang 1) cho sy tong hop

H,a  ATP vathiéu Hé quang II.

cytochrome . \ ) 2 ]

& / \ Hinh 4.21. So d0 minh hoa kieu ghép
A

chlorophyll+
(RC)

ciia phan wng ¢ pha sang va pha tbi

ciia quang tong hop.

Trong khi quang tong hop 1a su tién héa cao & prokaryote, thi rd rang rang no co
ngudn gdc ¢ vi khuan nhung lai khong lan rong hoic tién héa & C6 khuan. C6 khuan vin
gilt cach ciia ching nhung khong c6 nghia 13 khong c6 dai dién tién hanh kiéu quang
phosphoryl hoa theo hudng anh sang. Céc vi khuan wa min cuc doan d6 1a c¢6 khuan séng
trong cac moi trudng tu nhién nhu Bién Chét va H6 Mudi Lon (Great Salt Lake) c6 nong
d6 mudi rat cao (25 % NaCl). C6 khudn nay thich nghi duoc véi moi trudng mudi cao 1a
do chiing phat trién dugc mang mau tia, thyc té 13 nhitng mang sic td hap thu anh sang
trén mang té bao chat. Sic t6 nay l1a mot dang rhodopsin dugc goi 1a bacteriorhodopsin.
Chat nay phan tng véi anh sang theo cach hinh thanh mot gradient proton trén mang dé
cho phép tong hop ATP. Pay chi 1a mét vi du trong tu nhién vé quang phosphoryl hoa
khong phai quang tong hop. Cac vi sinh vat nay 13 nhém di dudng, ho hap binh thuong
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nhd cac phuong tién hiéu khi. Nong do NaCl cao trong mdi trudng ma chiing song sé& gisi
han ham luong Oz sdn c¢6 cho ho hip vi vay ching c6 thé bd sung kha ning tong hop
ATP bang cach bién d6i ning lugng anh sang thanh ATP nho str dung bacteriorhodopsin.
Bang 4.5. Sw khac nhau giira thyuc vt va quang tong hop vi khuan.

Sinh vat Quang tong hop thwe vit  Quang tdng hop vi khuén

Thuc vat, to, khuan lam Vi khuén tia va xanh
, chlorophyll a hip thu & A Bacteriochlorophyll hap thu

Kiéu chlorophyll
650 - 750nm & A 800 - 1000nm

H¢ quang I

(Quang phosphoryl héa Hién dién Hién dién

vong)

H¢ quang II

(Quang phosphoryl hdéa Hién dién Khéng

khong vong)

Tao O2 Co Khéng

, H2S, cac hop chat sulfur
Chat nhan dién tr quang , .
, H.0 hodac mot s0 hgp chat hiru
tong hop
co

4.3. Co6 dinh CO; tw dudng

Str dung enzyme RUBP carboxylase va chu trinh Calvin 1a co ché pho bién nhat
dé c6 dinh CO; trong mot s vi sinh vat tu dudng. Thyuc té enzyme RUBP carboxylase
duogc cho 13 enzyme phong phu nhét trén hanh tinh, ding tha hai 1a enzyme nitrogenase
ding dé ¢ dinh N2. Pay chi 1a mot co ché tu dudng c¢d dinh CO; trong s6 eukaryote va
n6 duge str dung boi tit ca khuin lam va khuan tia. Vi khuan v co tu dudng ciing st
dung con dudng nay. Nhung vi khuan xanh va vi khuan sinh methan cling nhu mot s6
nhom phan 1ap dugc cia prokaryote lai ¢6 co ché lya chon khac dé ¢6 dinh CO; tu dudng
va chung cling khong s¢ hitu enzyme RUBP carboxylase.

Enzyme RUBP carboxylase (ribulose bisphosphate carboxylase) str dung ribulose

bisphosphate (RUBP) va CO; nhu 14 déng co chat. Trong mot phan tmg phirc tap,
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CO2 duoc ¢ dinh bang cach thém vao RUBP, chat nay ngay lap tic bi ché ra thanh hai
phan tir 3-phosphoglyceric acid (PGA). Cb dinh CO; s& két thuc tai chirc -COO clia mot
trong cac phan tir PGA. Thuc té ddy 1 phan tng khoi dau chu trinh Calvin (Hinh 4.22).

Protein c——
Amino acid

Ribulose QCOZ /</L\1pld
Pyruvic acid
\ ‘ Mang té bao

bisphosphate

Pentose (2) Phosphogly-
phosphate ceric acid
Chu trinh
Calvin
. 2ATP
""—‘__\_—_'_/
Mang té bao \ / J
L (2)NADPH,
DNA/RNA
Hexose (2) Triose
phosphate phosphate
<
i Q Thanh té bao
Polysaccharide
——> Capsule

Hinh 4.22. So' 6 minh hoa chu trinh Calvin va méi quan hé trong tong hop vat liéu
té bao.

Chu trinh Calvin bién d6i PGA thanh céc chit trung gian trong qua trinh glyco giai
c6 thé duge str dung cho sinh tong hop va véi viée san sinh RUBP, co chét nay di vao
chu trinh. Sau khi ¢6 dinh CO bat dau, 2 PGA bi khir va két hop lai dé hinh thanh
hexose-phosphate nhd cac phan tng can thiét dé dao nguoc con dudng oxi hod Embden-
Meyerhof. (Hinh 4.8, con duong E-M tai vi tri PGA va glucose-phosphate). Hexose
phosphate dugc bién d6i thanh thanh pentose-phosphate, chat nay duoc phosphoryl hoa
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dé tao ra RUBP. M6t chirc ning quan trong cta chu trinh Calvin d6 14 cung cdp cac chat
hitu co tién than cho sinh tong hop vét liéu té bao. Cac chit trung gian phai duoc rat ra
thudng xuyén tir chu trinh Calvin dé san xuat vat liéu té bao. Didu dang quan tim 1 chu
trinh Calvin 13 con dudng dong héa. Su c¢b dinh CO2 thanh glucose (CsH1206) doi héi co
18 ATP va 12 NADPH..

Vi khuan sinh methan 1a nhém vi khuan rat phong phu cia prokaryote, s dung
CO2 lam ngudn carbon cho s ting trudng va lam chit nhan dién tir cudi trong qua trinh
tao ning luong tir 6 san sinh ra khi methane. Néu mot c¢6 khuan sinh khi methan dugc
cho an CO; ¢ danh dau, thi c6 dén 95 % bién thanh khi methane va chi c6 5 % dung dé
xay dung vat liéu té bao. Co khuan sinh methan c6 dinh CO, nho enzyme CODH (carbon

monoxide dehydrogenase) va con duong Acetyl CoA (Hinh 4.23).

Co, Con duong sinh methan khir CO2 thanh methyl

! (CHs), trung gian qua coenzyme methanopterin (MP),
HCOOH lién quan véi folic acid. MP-CHs ¢ thé bi khir thanh

2H ~mp methan hodc MP c6 thé bj thay thé bang phan tir twong

\ . .
2H ~ tu nhu vitamin B12 dé di vao con duong co dinh COo.

"B12"-CHz 13 co chat cho ¢6 dinh CO qua trung gian

N

MP - CH; CODH. CODH khir CO2 thanh CO va thém CO vao
“B™), :

2 phitc hop "B12"-CHs dé thanh acetyl-{CODH]. Sau d6

“By,”— CH; 2H Coenzyme A (CoA) thay CODH dé hinh thanh Acetyl

ATP A, a_ 1s A ) e ~ . 2
[CO] éCO%COz CoA. Chat nay la trung tam cuta bién dudng sinh tong

[&I))SH] i C;‘?Cg”” hop, nd Iyc ké tiép 1a khir 2 CO2 thanh Acetyl CoA.
CoA \l Hinh 4.23. CODH hay con duwong acetyl CoA ciia ¢6
Acetyl— CoA + CODH dinh CO; & vi khuan sinh methan.

Cudi cung, Khuan xanh quang tong hop, con duong c6 dinh CO: tu dudng
c6 lién quan dén cac phan ung twong tu nhu khir carboxyl dao nguge xung quanh chu
trinh TCA. Hai phan tng cin ban dugc Vi khuan Xanh st dung 13 hai phan tmg qua trung
gian Ferredoxin (FD), khir Acetyl CoA thanh pyruvate va khtr succinyl CoA thanh alpha-

ketoglutarate. Didu nay duoc cho 1a nhu chu trinh TCA dao ngugc dé hap thu CO».
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Céc con dudng trung tdm bién dudng (vi du nhu glyco giai va chu trinh TCA), véi
mot it bién ddi, ludn ludn van hanh theo mot huong hoac hudng khac & tat ca sinh vat. Ly
do - nhitng con dudng nay cung cp cac tién chét (precursor) cho sinh tong hop vat liéu té
bao. Khi mot con duong, nhu con dudong Embden-Meyerhof hodc chu trinh TCA, chuc
ning cua chung 1 cung cip ning lwong va cing véi d6 1a cac chét trung gian cho sy tong
hop vat liéu té bao, con duong nay duge xem nhu 1 con dudng hai huéng (amphibolic
pathway). Cac con duong glyco giai va chu trinh TCA la nhiing con duong hai hudng vi
ching cung cép ning luong ATP va chat héa hoc trung gian dé xay dung vat liu té bao
méi. Cac con duong bién dudng chinh ndy va mdi quan hé giira chung véi sinh tong hop

FDH, vét liéu t& bao duoc minh hoa

Acetyl-S - Co% \/ Pyruvic acid & Hinh 4.25.
Hinh 4.24. Hai phdn in
CO, CoA p g

qua trung gian ferredoxin

FDH, (FD) dwge siv dung dé hap
thu CO2 & vi khuan xanh |

Succinyl - S - CoA \5 \/ o - ketoglutaric acid
(_7 la sy ddo nguwgc cua sw oxi
Cog CoA

héa keto acid qua trung

gian NAD va CoA.
4.4. Sinh tong hep

Sinh tong hop hay bién duwdng trung gian (biosynthesis/intermediary
metabolism) 14 mot chu dé cua sinh hda, hon 13 vi sinh vat hoc. N6 s& khong giai quyét
chi tiét & ddy. Cac con dudng bién dudng co ban cua sinh tong hop thi twong tir & tat ca
sinh vat, theo cach giéng nhu vdy sy 6ng hop protein hodc cau tric DNA thi twong tu
trong tit ca sinh vat. Khi sinh tong hop duogc tién hanh tir bién dudng trung tim nhu mo
ta & hinh Hinh 4.25, thi mot sd tién chat (precursor) chinh can thiét dé tong hop cac ciu
trac va thanh phan té bao prokaryote nhu sau:

(a). Capsule dang polysaccharide hay thé vui 1a cic polymer cua glucose va chat
duong khac.

(b). Thanh té bao peptidoglycan (NAG va NAM) c6 ngudn gbc tir glucose
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phosphate.

(c). Amino acid cho san xudt protein xudt phat tir nhiéu ngudn, trong do quan
trong nhat 1a tir pyruvic acid, alpha ketoglutaric acid va oxalacetic acid.

(d). Nucleotide (DNA vd RNA) duoc tong hop tir ribose phosphate. ATP va
NAD 12 mét phan cia sy bién dudng purine (nucleotide).

(e). Triose-phosphates 1a nhirng tién chat cta glycerol va acetyl CoA, 1 tién chat
chinh cua lipid mang va

(f). Vitamin va coenzyme duogc tong hop tir nhidu con dudng xuat phat tir su bién
dudng trung tim. Trong vi du Hinh 4.25, su tong hop heme xuét phat tir con dudng serine

va tu succinate & chu trinh TCA.

I : I Thanh té bao Capsule, biofilm
— (Murein) D triv DNA, RNA, Ribosome

P T

ATP,NAD, CoASH

Glucose Polysaccharide Nucleotide
Glycerol Histidine
phosphate T
) Hexose Pentose Tetrose
Cysteine \ Phosphate Phosphate Phosphate
DNA/RNA Seri
erine

Triose phosphate

Purine Shikimic acid
— Phosphoglyceric acid: Tryptophan
) Shikimic acid
Alanine Tyrosine
Pyruvic acid _4 Valine Phenylalanine
y Leucine
Lipid
Tsoleucine Acetyl - CDAt Acid béo A
\ Oxaloacetic acid %/ Ciéc_ hop Ché?:d C
L __ polyisoprenoi Quinone
Threonine Aspartic acid [REUSEHCRSNNY] Citric acid
\ /K v—" Proline
Asparagine Methionine a-ketoglutaricacid —> Glutamic acid
Arginine
Pyrimidine
DNA/RNA Glutamine

Hinh 4.25. Minh hoa cic con dwong chinh ciia sinh tong hop & té bao prokaryote.
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