Chuong 18
SU DUNG NANG LUONG TRONG
SINH TONG HQP O VI SINH VAT

Bién soan : Nguyén Pinh Quyén, Nguyén Lan Diing

Nhu trén da ndi vi sinh vat c6 thé thu nhan ning lugng qua nhiéu con duong.
Phan 16n ning luong niy dugc dung cho sinh tong hop hodc dong hoa. Trong qua
trinh sinh tong hop vi sinh vat bat ddu véi cac tién chat don gian nhu cac phan tir
vb co va cac monome va kién tric nén cac phan tir ngdy cang phuc tap hon cho toi
khi xuét hién cac bao quan va cac té bao méi (Hinh 18.1). Mdi té bao vi sinh vat
phai san xuat ra nhiéu loai phan tir khac nhau; tuy nhién, trong chuwong nay chi co
thé gidi thidu viéc tong hop nhitng thanh phan té bao quan trong nhét.
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Hinh 18.1: Kién triic cia cdc té bao

Sinh tong hop ciia cdc thanh phan té bao nhdn nguyén thiyy va nhan thdt. Sinh tong hop
dwoc to chirc 0 cdc cap do ngay cang phirc tap hon. (Theo Prescott va cs, 2005)

Vi déng ho4 1a tao ra mot trat tu va moi té bao duoc sép Xép o muc do cao,
cuc ky phtec tap, do d6 sinh tong hop doi hoi nhiéu ning luong. Diéu nay dé nhan
thdy khi ta xem xét ning lyc sinh tong hop cua té bao E. coli dang sinh trudng
nhanh (bang 18.1). Mic du hau hét ATP danh cho sinh tong hop dugc ding cho
téng hop protein, nhung ATP ciing dugc dung cho tong hop cac thanh phan khéc
cua té bao.

Bang 18.1: Sinh téng hop ¢ E. coli (Theo: Prescott va cs, 2005)

Thanh phan S6 phan ta/té | Cac phan tir duoc Céc phan tir ATP
& bao bao® tong hop/gidy | can/gidy cho téng hop
DNA 1° 0,00083 60.000
RNA 15.000 12,5 75.000
Polysaccarid 39.000 32,5 65.000
Lipid 15.000.000 12.500 87.000
Protein 1.700.000 1.400 2.120.000

a/ Tinh cho 1 té bao ¢ thé tich 2,25 unr’, trong lwong Ix107° g, trong lwong
khé 2,5x10°7 g va chu trinh phén bao la 20 phuit.

b/ Chii y: vi khudn c6 thé chira nhiéu ban sao ciia ADN genom.

Nang luong tu do can cho sinh tong hop trong céc té bao trudng thanh co
kich thuéc on dinh vi cac phan tir ctia té bao lién tuc bi phan giai va duoc tong hop
lai trong mot qua trinh duoc goi 1a vong quay (turnover). Cac té bao khong bao gid
chi nhau & timg thoi diém khac nhau. Mic du vong quay ctia cic thanh phan té bao
1a lién tuc nhung trao d6i chat van dugc diéu hoa can than sao cho tdc do sinh tong
hop néi chung, duoc cin bang voi tc to phan gidi. 4 goai ning luong dung cho
quay vong cac phan tir nhiéu té bao khong sinh trudng ciing sir dung ning luong dé
tong hop cic enzyme va cac chat khac giai phong vao mdi trudng.

18.1. CAC NGUYEN TAC PIEU CHINH SINH TONG HQP

Trao ddi chat trong sinh tong hop tuan theo mot sé nguyén tic chung, 6

trong s cac nguyén tac nay duoc tom tat dudi day:



1. Mbi té bao vi sinh vat chira mot luong 16n cac protein, acid nucleic va
polisaccaride. Tat ca déu la cac cao phan tir tirc 1a cac polime gdm cac don vi nho
hon lién két véi nhau. Viée kién tric cac phan t 16n, phuc tap tor mot vai don vi
ciu trac don gian hoac monome tiét kiém dwoc nhiéu dy trir di truyén, nguyén liéu
cho sinh tong hop va ning luong. Ta hiy xem xét tong hop protein dé hiéu rd van
dé nay. Cac protein, bat ké c6 kich thudc, hinh dang hodc chirc nang nhu thé nao,
déu duoc tao thanh chi bai 20 amino acid thong thuong ndi v4i nhau nho lién két
peptide. Céc protein khac nhau don gian chi 1a do c¢6 thtr tu amino acid khéc nhau
nhung khong phai 14 cic amino acid méi va khac. Gia du, néu céc protein duoc tao
thanh khong phai bang 20 ma bang 40 amino acid khac nhau, t& bao s& phai can
cac enzyme dé san xuat ra cic amino acid nhiéu gap d6i (hoic phai nhan duoc cac
acid bo sung tir thirc dn). Cac enzyme bd sung doi hoi phai ¢ cac gen va té bao lai
phai dau tu thém nguyén liu va ning luong cho viéc tong hop cic gen, cac
enzyme va cac amino acid b sung ndy. R rang, viéc st dung mot vai monome
nbi v4i nhau bdi mot lién két cong hoa tri duy nhat khién cho viéc tong hop cac
cao phan tir trd thanh mot qué trinh rat c6 hiéu qua. Hau nhu tat ca cc cdu trac té
bao déu duoc kién tric chu yéu bai khoang 30 tién chat nho.

2. Té bao thuong tiét kiém cac nguyén vat liéu va ning luong bang cach su
dung cac enzyme dung cho ca di hoa va dong hoa. Ching han, hau hét cac enzyme
duong phan déu tham gia tong hop va phan giai glucose se.

3. Mic du nhiéu enzyme trong cac con dudng ludng hod hoat dong trong ca
phan giai va tong hop nhung mot sd budc lai duoc xuc tac boi hai enzyme khac
nhau: mot xtc tac phan Gng theo hudéng phan giai va mot theo hudng téng hop
(Hinh 18.2). Vi vay, cic con dudong di hod va dong hoa khong bao gid chi nhau
mic du c6 nhiéu enzyme chung. Viée str dung cac enzyme riéng 1& theo hai hudng
& mot budc don ddc cho phép didu chinh di hoa va déng hoa mot cach doc lap. Can
nhd rang viéc diéu chinh ddng hoa hoi khac v&i diéu chinh di hoa. Ca hai con
duong déu co thé diéu chinh dugc bdi san pham cubi cing ciing nhu bdi néng do
ATP, ADP, AMP va 4 AD". Tuy nhién, trong cic con dudng ddng hoa viéc diéu
chinh bai san pham cubi cung, ndi chung, cé vai trd quan trong hon.

4. Bé tong hop cac phan tir mot cach hiéu qua cac con dudng déng hoa phai
hoat dong khong thuan nghich theo hudng sinh tong hop. Té bao c6 thé thuc hién
diéu nay bang cach lién két mot sd phan ung sinh tong hop véi su phan giai ATP



va cac nucleoside triphosphate khac. Khi hai qua trinh ndy duogc lién két ning
lugng tyr do thodt ra trong su phan giai nucleoside triphosphate s& huwéng dan phan
g sinh tong hop hoan thanh.

5.0 céc vi sinh vat nhan that cic con duong sinh téng hop thudng dién ra
bén trong cac khoang té bao khac véi cac con duong phan giai twong ung. Chang
han, sinh tong hop acid béo gip trong té bao chat trong khi su oxy hoa acid béo
dugc thuc hién bén trong ti thé. Su phan khoang tao diéu kién cho cac con duong
hoat dong ddng thoi khong phu thude vao nhau.
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Hinh 18.2: Mot con dwong sinh tong hop gid thuyét.

Cdc con dwong lién két G véi X, Y va Z hoan toan la dong héa vi ching chi dwoc ding dé
tong hop cac san pham cuoi cung. Con duwong tw A den G la luong hoa, nghia la co ca churc
nang di hoa va dong hoa. Hau hét cac phan ung dwoc dung trong ca 2 vai tro, tuy nhién, su
chuyén hoa qua lai cua C va D dwoc xuc tac boi 2 enzyme riéng biét, E; (di hoa) va E, (dong
hoa). (Nguon Prescott va cs, 20035)

6.Cudi cung, cac con dudng dong hoa va di hoa thuong st dung cac cofactor
khac nhau. Cac phan Gmg oxy hoa trong phan giai, néi chung, san ra 4 ADH 1a mot
co chat cho van chuyén electron. Trai lai, khi mét chét cho electron 13 can cho sinh
tong hop thi 4 ADPH chir khong phai 4 ADH thudng dam nhiém chirc ning nay.
Trao d6i chat cua acid béo cung cap vi du thir hai. Cac phan tir acyl-CoA cua acid
béo bi oxy hoa dé san ra ning luong trong khi tong hop acid béo co sy tham gia
cua cdc tioeste cua protein mang nhéanh acyl.



Sau khi cic cao phan tir d3 duogc kién trac tir cac tién chat don gian hon
chung s& duoc tap hop thanh cac cdu tric 16n hon, phirc tap hon nhu cac hé théng
siéu phan tir va cac bao quan (Hinh 18.1). Cac cao phan tir thuong chira thong tin
can thiét dé tao thanh mot cach ngiu nhién trong mot qua trinh goi 1a tu tap hop.
Chang han, riboxom 13 nhiing tdp hop 16n gdm nhiéu protein va cac phan tir acid
ribonucleic nhung ching dugc tao thanh nho su tdp hop cta cac thanh phan khong
can c6 sy tham gia cia cac yéu to bo sung.

18.2. CO PINH QUANG HQP CO,

Mic du hau hét vi sinh vat c6 thé cd dinh CO, it nhat 13 trong cac phan tGng
bd sung tuy nhién chi cac co thé tu dudng méi co kha ning st dung CO, lam
nguon carbon duy nhat hoic chil yéu. Su khir va ¢b dinh CO, doi hoi nhiéu ning
luong. Cac co thé tu dudng thuong thu nang luong nhd sy hap thu anh sang trong
quang hop nhung mét s6 nhan duoc ning luong tir phan (mg oxy hod cic chét cho
electron vo co khtr. Su ¢b dinh CO, ty dudng co ¥ nghia quyét dinh déi voi su
song trén trai dat vi no cung cp chat hitu co cho céac co thé di dudng.

Vi sinh vit c6 thé ¢b dinh CO, hoic chuyén phan tir v co ndy thanh carbon
hitu co va dong hoa né theo ba con dudng chi yéu. Hau nhu tat ca cac vi sinh vt
tu dudng déu c¢b dinh CO, qua con duong trao doi chét dic biét duge goi 1a chu
trinh Calvin (cling goi la chu trinh Calvin-Benson hoac chu trinh pentose-
phosphate khir). Mic du hoat dong trong cac co thé quang hop c6 nhan that va hau
hét co thé quang hop c6 nhan nguyén thuy nhung chu trinh Calvin lai ving mit &
Archaea (C6 khuan), mot s6 vi khuan ky khi bat budc va mot sé vi khuan hiéu khi.
a himg vi khuan nay thuong st dung mot trong hai con duong khac. Mot sb
archaea (Thermoproteus, Sulfolobus) va cac vi khuan Chlorobium va
Desulfobacter st dung con duodng acid tricarboxylic khir. O cac vi khuan sinh
metan, vi khudn khtr sulfate va cac vi khuan sinh acetate (cac vi khuan tao thanh
acetate tir CO, trong qu4 trinh 1én men) lai ton tai con duong Acetyl-CoA.

Chu trinh Calvin gip trong chat nén (stroma) ctia lyc lap ciia cac vi sinh vat
nhan that ty dudng. Vi khuin lam, mot sb vi khuan nitrate hod va cac thiobacilli
chtra cac thé vui, da dién goi 1a cacboxysom. Cacboxysom chtta enzyme ribulo-
1,5-bisphosphate carboxylase, co thé 1a vi tri c6 dinh CO, hodc vi tri du trit
carboxylase va cac protein khic. C6 thé chia chu trinh Calvin thanh 3 pha:



carboxyl hoa, khir va tai san. So d6 chung cua chu trinh duoc gidi thiéu & hinh
18.4.
18.2.1. Pha carboxyl hoa (carboxylation phase)

Su ¢d dinh CO, dugc xuc tic boi enzyme ribulo-1,5-bisphosphate-
carboxylase hodc oxygenase (rubisco) (Hinh 18.3) xuc tic viéc gin CO, vao
ribulo-1,5-bisphosphate (RuBP) tao thanh 2 phan tr 3-phosphorus-glycerat (PGA).
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Hinh 18.3: Phan ung ribulo-1,5-bisphosphate carboxylase

Enzyme xiic tic bé sung CO; vao ribulo-1,5-bisphosphate tao thanh 1 chdt trung gian khéng
bén, sau dé chdt nay bi phan gidi thanh 2 phdn tir 3-phosphorusglycerat. (Theo: Prescott va cs,
2005)

18.2.2. Pha khir (reduction phase)

Tiép theo, PGA bi khir thanh glyceraldehyde-3-phosphate. Su khtr dugc xuc
tac boi 2 enzyme, thuc chat 13 su dao nghich mot phan cta con dudong dudng phan
mac du glyceraldehyde-3-phosphate-dehydrogenase khac v&i enzyme duong phan
trong viéc st dung 4 ADP" thay cho & AD" (hinh 18.4).

18.2.3. Pha tai sinh (regeneration phase)

Trong pha nay RuBP duoc tdi san va san ra cac hidrat-carbon nhu
glyceraldehyde-3-phosphate, fructose za va glucose (Hinh 18.4). Phan nay cta chu
trinh chi v6i con dudng pentose-phosphate va bao gdm céc phan tng cia trans-
ketolase va transaldolase. Chu trinh dugc hoan thanh khi phosphorusribulokinase
tai tao RuBP.Dé tong hop fructose -6-phosphate hodc glucose -6-phosphate tir CO,
chu trinh phai hoat dong 6 1an dé san ra hexose can thiét va tai tao 6 phan tir RuBP.



6RuBP + 6CO2 — 12PGA — 6RuBP + Fructose -6-P

Viéc ¢b dinh mot CO, thanh chét hitu co can 3ATP va 24 ADPH. Glucose
dugc tao thanh tir CO, theo phuong trinh sau:

6CO, + 18ATP + 124 ADPH + 12H" + 12H,0 — glucose + 18ADP + 18Pi +
124 ADP"
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Hinh 18.4: Chu trinh Calvin

Trén day la so do van tat cia chu trinh chi véi cdc pha carboxyl héa va khir dwoc trinh
bay chi tiét. 3 ribulo-1,5-bisphosphate dwoc carboxyl héa tao thanh sdu 3-phosphorusglycerat
trong pha carboxyl héa. Cdc chdt nay dwoc chuyén héa thanh 6 glycerat-3-phosphate réi cé thé
thanh dihydroxyacetone phosphate (DHAP) 5 trong sé 6 triose (glyceraldehyde phosphate va



dihydroxyacetone phosphate) dwrgc ding dé tao lai 3 ribulo-1,5-bisphosphate trong pha tdi san.
Triose con lai dwoc dung trong sinh tong hop. Nhitng con so trong ngodc don ¢ bén phai phia
dudi chi ra dong carbon nay. (Theo: Prescott va cs, 2005)

ATP va 4 ADPH dugc cung cip boi cac phan ung sang quang hop hay boi
su oxy hoa cac phan tir vo co & cac vi khuan hoa ty dudng. Sau d6 cac duong tao
thanh trong chu trinh Calvin c¢6 thé dugc dung dé tong hop cac phan tir can thiét
khéc.

18.3. TONG HQP CAC PUONG VA POLISACCHARIDE

a hiéu vi sinh vat khong c6 kha ning quang hop va 1a cac co thé di dudng

phai tong hop duong tir cac phan tir hitu co khir thay cho tir CO».
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Hinh 18.5: Su tdi tao duong



Con dwong tdi tao dwong gap ¢ nhiéu vi sinh vdt. Tén ciia 4 enzyme gdp trong dwong
phan dwoc dong khung. Cac budc duwong phan ciing dwoc biéu thi dé so sanh.(Theo: Prescott va
cs, 2005)

Viéc tong hop glucose tir cac tién chat khong phai hidrat carbon duoc goi 1a
su tai tao duong (glucose neogenesis). Mac du con dudng tai tao dudong khong chi
con duong dudng phan nhung chung c6 7 enzyme chung (Hinh 18.5).

Ba budc duong phan sau day 1a khong thuan nghich trong té bao: 1) Chuyén
hoa phosphorusenolPyruvate thanh pyruvate; 2) tao thanh fructose -1,6-
bisphosphate tir fructose -6-phosphate va 3) phosphoryl hoa glucose. Cac buéc nay
phai di vong khi con duong hoat dong theo hudng sinh tong hop. Chang han, sy
tao thanh fructose -1,6-bisphosphate bdi phosphorusfructose kinase duogc dao
nghich bdi enzyme fructose -bisphosphatease, enzyme nay loai bo nho thuy phan
mot phosphate tir fructose -bisphosphate. Thong thuong it nhat hai enzyme tham
gia vao viéc chuyén hod pyruvate thanh phosphorusenol pyruvate (dao nghich
budc pyruvate kinase).

Tir hinh 18.5 c6 thé thy con duong tong hop fructose za twong ty nhu con
duong tong hop glucose se. Mot khi glucose va fructose za da duoc tao thanh cac
duong phd bién khac ciing dugc san sinh. Chang han, mannose dugc hinh thanh
truc tiép tir fructose za qua mot sy sap xép lai don gian:

Fructose -6-phosphate = Mannose-6-phosphate

Mot sé duong duoc téng hop trong khi lién két véi mot nucleoside
diphosphate. Puong nucleoside diphosphate quan trong nhat 1a uridine diphosphate
glucose (UDPG). Glucose dugc hoat hoa nho gan véi pyrophosphate cua uridine
diphosphate qua phan img v6i uridine triphosphate (Hinh 18.6).
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Hinh 18.6: Uridine diphosphate glucose (Theo. Prescott va cs, 2005)

Phan UDP ctua HDPG duoc cac enzyme nhdn ra va mang glucose di khap té
bao dung tham gia vao cdc phan ung hét nhu ADP mang phosphate & dang ATP.
UDP-galactose dugc téng hop tir UDPG qua viéc sip xép lai cia mot nhom
hydroxyl. Mot enzyme khac xtc tac viéc tong hop UDP - acid glucuronic qua viéc
oxy hod UDPG (hinh 18.7).
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Hinh 18.7: Uridine diphosphate galactose va téng hop glucuronate

Trén hinh la viéc tong hop UDP-galactose va UDP-acid glucuronic tir UDP-glucose se.
(Theo: Prescott va cs, 2005)

Cac duong nucleoside diphosphate ciing dong vai tro chu chét trong viée
tong hop cac polisaccaride nhu tinh bot va glycogen. Ciing lai & dy, sinh tong hop



khong don gian chi 1a sy dao nguoc truc tiép cta phan giai. Su phan giai glycogen
va tinh bot dién ra qua sy thuy phan dé tao thanh cac duong tu do hay qua viéc gin
thém nhanh phosphate vdo cac polime nay dé san ra glucose -1-phosphate. Cac
duong nucleoside diphosphate khong tham gia vao qua trinh trén. Trai lai trong
viéc tong hop glycogen va tinh bot ¢ vi khuan va tao adenosine diphosphate
glucose dugc tao thanh tir glucose -1-phosphate va sau d6 chuyén glucose vao cudi
chudi glycogen va chudi tinh bot:
ATP + Glucose -1-phosphate — ADP-glucose + PPi
(Glucose se), + ADP-glucose — (Glucose se),+; + ADP

Cac duong nucleoside diphosphate ciing tham gia vao viéc tong hop cac
phan tir phirc tap nhu thanh té bao vi khuan.
18.4. SU PONG HOA PHOSPHORUS, LUU HUYNH (SULFUR) VA NITO
(NITROGEN) VO CO

a goai carbon va oxy vi sinh vat cling can mot lugng phosphorus, sulfur va
nitrogen cho sinh tong hop. Mdi nguyén té néi trén duoc dong hod hoic duoc cd
dinh thanh cac phan tir hitu co qua cac con dudong khac nhau.

18.4.1. Sy ddng ho4 phosphorus

Phosphorus gdp trong cac acid nucleic, protein, phospholipid, ATP va cac
coenzyme nhu 4 ADP. 4 gudn phosphorus pho bién nhit 13 cac este ciia phosphate
v6 co va phosphate hitu co. Phosphate vo co duge ¢ dinh qua viée tao thanh ATP
thong qua mdt trong ba con duong: 1) quang phosphoryl hoa; 2) phosphoryl hoa
oxy hod va 3) phosphoryl hoa & mirc d6 co chat.

Puong phan cung cip mét vi dy cua con duong thi ba. Phosphate duoc gan
v6i glyceraldehyde-3-phosphate tao thanh 1,3-bisphosphorusglycerat, sau d6 chat
nay duoc dung dé tong hop ATP.

Glyceraldehyde-3-phosphate + Pi + 4 AD" — 1,3-bisphosphorusglycerat + 4 ADH
+H'
1,3-bisphosphorusglycerat + ADP — 3-phosphorusglycerat + ATP

Vi sinh vat c¢6 thé thu nhan cac phosphate hitu co tir mdi truong bao quanh &
dang hoa tan hay dang hat. Cac este cua phosphate hitu co thuong bi thuy phan béi
cac phosphatease va tich ra phosphate vo co. Vi khuan gram am chta cac



phosphatease trong khoang chu chat ndm gitta thanh té bao va mang sinh chat;vi
vay sau khi dugc giai phong phosphate duoc hap thu truc tiép qua mang. Pong vat
nguyén sinh, trai lai, ¢6 thé sir dung truc tiép cac phosphate hitu co sau khi an hoic
thuy phan chung trong lyzosom va tiéu thu phosphate.
18.4.2. Sy dong ho sulfur

Sulfur can cho viéc tong hop amino acid (cystein va methionine) va mot s6
coenzyme (coenzyme A, tiamine-pyrophosphate va biotin) va cé thé thu dugc tir
hai ngudn. 4 hiéu vi sinh vat str dung cystein va methionine dan xut tir cic ngudn
bén ngoai hodc tir dy trir amino acid ndi bao. 4 goai ra, sulfate c6 thé cung cap
sulfur cho sinh tong hop. 4 guyén tir sulfur trong sulfate oxy hoa hon nguyén tir
sulfur trong cystein va cac phan tir hitu co khac, do do6 sulfate phai bi khur trude khi
6 thé duoc déng hod. Qua trinh nay duoc goi la sy khir sulfate déng hoé dé phan
biét v&i sy khir sulfate di hod dién ra khi sulfate tic dung nhu chit nhan electron
trong ho hép ky khi.

Su khir sulfate dong hod doi hoi phai hoat hod sulfate qua viéc tao thanh
phosphoadenosine-5’-phosphosulfate (Hinh 18.8) tiép theo 1a su khu sulfate. Pay
12 mot qua trinh phuc tap (Hinh 18.9) trong d6 sulfate trude hét bi khir thanh sulfit

(SO ) sau d6 thanh H,S. Cystein c6 thé duoc tong hop tir sulfua hydro qua hai

con duong.
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Hinh 18.8: Phosphorusadenosin 5 -phosphorussulfate (PAPS). Theo: Prescott va
cs, 2005)



Adenosine 5'-phosphosulfate

/.-—.G\TP

\",’-‘DP
Phosphoadenosine 5'-phosphosulfate
/_a—r.-:-_DFI— +H

[ Phosphoadenosineg 5 -phosphate
\‘L. NAMOBP"

| — NADPH + H

F> napp

Organic sulfur compounds
fe.g., cysteing)

Hinh 18.9: Con duong khu sulfate (Theo. Prescott va cs, 2005)
a am co thé két hop H,S véi serine tao thanh cystein nhung nhiéu vi khuén
lai gan H,S v&i O-Acetylserine (qua trinh 1 va 2, 1an lugt)
(1) H,S + Serine —Cystein + H,O
Acetyl- H.S Acetat

(2) Sermuo Acetylsermu Cystein

Mot khi duoc tao thanh cystein c6 thé duoc dung dé tong hop cac hop chat
hitu co khac co6 chira sulfur.
18.4.3. Su dong ho4 nitrogen

Do 1a thanh phan chu yéu cua cac protein, acid nucleic, coenzyme va nhiéu
thanh phan khac nén ning lyc dong hod nitrogen ctia té bao 13 cuc ky quan trong.
Mic du khi quyén giau khi nitrogen nhung chi mot s it vi khudn c6 thé khir khi
nay va st dung 1am ngudn nitrogen. Con hau hét vi sinh vat c6 kha nang dong hoa
ammonia hodac nitrate.

Sw dong hoa ammonia

a itrogen ciia ammonia c6 thé duoc chuyén hoa thanh chét hiru co twong ddi
dé dang va truc tiép vi nitrogen & ddy gip trong trang thai khir hon cac dang khéc



cua nitrogen vo co. Mot s6 vi sinh vat tong hop amino acid alanine trong mot phan
ung amine hod khur xtic tac boi alanine-dehydrogenase:

Pyruvate + 4 H] +4 ADH (4 ADPH) + H' alanine == +4 AD'(4 ADP") + H,0

=-Kgtoglutarate

Glutamate w=Kato acid

Hinh 18.10: Con dwong dong hbéa ammonia. Su déng héa ammonia nho
glutamate.dehydrogenase (GDH) va transaminease. Cac GDH phu thuoc NADP hoac NAD co
thé tham gia vao dday. Con dwong nay hogt dong manh nhat o nhitng nong do ammonia cao (
Theo Prescott va cs, 2005)

Con duong chu yéu ddng hoid ammonia 1a tao thanh glutamate tir o-
ketoglutarate (mot chét trung gian cua chu trinh TCA). 4 hiéu vi khuan va nim sir
dung glutamate-dehydrogenase khi ndng d¢6 ammonia cao:

o -ketoglutarate +4 H} +4 ADPH (@ ADH)+H®  —  Glutamate +4 ADP' (A AD") + H,0

Viéc sir dung 4 ADPH va 4 ADH (tac nhan khir) trong tong hop glutamate
thay doi tuy theo loai.

Mot khi alanine hodc glutamate da dugc tong hop nhom a-amine méi duoc
tao thanh c6 thé dugc chuyén sang cic b khung carbon khac thong qua cac phan
mg chuyén amine, tir d6 s& xuat hién cic amino acid khéac. Céc transaminease
chtra coenzyme pyridoxal phosphate ¢ chirc ning chuyén nhém amine. Vi sinh
vat c6 mot sb transaminease, mdi enzyme nay xuc tac viéc tao thanh mot s6 amino
acid bang cach st dung cing mot amino acid 1am chit cho nhém amine. Khi
glutamate-dehydrogenase hoat dong phdi hop véi cac transaminease ammonia co
thé duoc chuyén thanh nhiéu amino acid (hinh 18.10).
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Hinh 18.11: Glutamine synthetase va glutamate synthase

Cdc phan iing do 2 enzyme ndy xiic tdc tham gia vao viéc dong héa ammonia. Mot sé
glutamate synthetase sw dung NADPH la nguon electron, so khdc lai swr dung ferredoxin khur
(Fd). (Nguon Prescott va cs, 2005)

Con dudng thir hai dung déng hoa ammonia bao gdm 2 enzyme tic dung
theo tho tu, d6 la glutamine synthetase va glutamate-synthase (hinh 18.11).
Ammonia dugc ding dé tong hop glutamine tir glutamate, sau d6 nitrogen amit cila
glutamine dugc chuyén dén a-ketoglutarate dé tao thanh mot phan tir glutamate
méi. Vi glutamate tic dung nhu mot chit cho amine trong cic phan Gng cua
transaminease nén ammonia c6 thé dugc dung dé tong hop tat ca cac amino acid
thong thuong khi c6 mat cac transaminease thich hop (hinh 18.12).

Ca ATP va mot ngudn cac electron nhu 4 ADPH hay ferredoxin khtr déu
can. Con duong nay gip & E. coli, B. megaterium va nhiéu vi khuan khac. Hai
enzyme tac dung theo thir tu hoat dong rat hiéu qua & cac néng do ammonia thép
khac véi con duong glutamate dehydrogenase. 4 hu dd néi & trén glutamine
synthetase dugc diéu hoa chit ché nhd su cai bién cong hoa tri thuan nghich va cac
effector di lap thé.



0
I
Glutamate R —C— COOH
u=Kaeto acid

Glutamate

NADP'
Flox) |

Glutamate
synthase

Glutamine

synthatasa Transaminasas

ADP <« NADPH _—
a Faired) IHz
F|
Glutamine u-Ketoglutarate R — CH — COOH
Amino acid

Hinh 18.12: C6 dinh ammonia nho glutamine synthetase va glutamate synthase

Con dwong nay hoat déng cé hiéu qud ¢ nhitng nong do ammonia thap. (Theo: Prescott va cs,
2005)

Sw khir nitrate dong hoa

a itrogen trong nitrate (4 O3 ) ¢ trang thai oxy hoa hon nhiéu so véi nitrogen
trong ammonia. a itrate trudc hét phai bi khtr thanh ammonia trude khi nitrogen c6
thé duoc chuyén hoa thanh mét dang hitu co. Sy khir nay cua nitrate dugc goi 1a
khir nitrate dong hod. Qua trinh nay khac véi qué trinh dién ra trong hé hap ky khi
va khir nitrate di hod. Trong sy khir nitrate dong hod nitrate dugc chuyén thanh
chat hitu co va khong tham gia vao viéc san sinh nang luong. Khir nitrate dong hoa
gip phd bién & vi khuan, ndm va tao.

Qua trinh n6i trén dién ra trong té bao chat & vi khuan.

Budc thir nhat trong dong hoa nitrate 1a khir nitrate thanh nitrite xtc tac boi
nitrate reductase 13 enzyme chita FAD va molipden (Hinh 18.13), 4 ADPH la
ngudn electron:

40; +aADPH+H" — 4 0,+4 ADP' + H,0

Sau d6, nitrite bi khir thanh ammonia thong qua mdt sb lan bd sung 2
electron dugc xuc tic boi nitrite reductase va co thé ca cac enzyme khac.
Hydroxylamine c6 thé 1a mot chét trung gian. Tiép theo ammonia dugc chuyén hoa
thanh cac amino acid nho cac con duong da mo ta.
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Hinh 18.13: Khir nitrate dong héa

Con dwong nay gdp ¢ cdc vi khudn cé thé khir va dong héa nitrogen ciia nitrate. Theo: Prescott
va cs, 2005)

18.4.4. Sy ¢6 dinh Nitrogen (Nitrogen fixation)

Su khtr khi nitrogen cta khi quyén dugc goi 14 su ¢b dinh nitrogen. Vi nong
d6 cia ammonia va nitrate thuong thap, hon nira chi mot sé vi khuan c6 kha ning
trén (cac té bao nhan that hoan toan khong thé thyuc hién duogc ¢ dinh 4 ») nén tdc
do cua qua trinh nay trong nhiéu hoan canh, han ché sinh trudng cua thuc vat. Co
dinh nitrogen gdp o: 1) cac vi khuan song tu do (vi du: Azotobacter, Klebsiella,
Clostridium va Methanococcus); 2) cac vi khuan cong sinh véi thuc vat nhu cac
cay ho Pau (Rhizobium), ciy phi lao (xa khuan Frankia) va béo dau (vi khuan lam
Anabaena azollae) va 3) cac vi khuan lam (Nostoc va Anabaena).

Su khir nitrogen thanh ammonia dugc xuc tac boi enzyme nitrogenase. Mac
du cac chat trung gian gin vao enzyme ta con chua rd nhung c6 18 nitrogen bi khir
qua mot sb 1an bd sung 2 electron nhu Hinh 18.14 mé ta. Sy khir nitrogen phan tir
thanh ammonia phat nhiét manh nhung phan ing c6 nang luong hoat hoéd cao do
nitrogen phén tir 13 mot khi tro véi mot lién két ba giira hai nguyén tir nitrogen.



Vi vay, su khur nitrogen 1a tdn kém va tiéu thu nhiéu ATP. {t nhit 8 electron
va 16ATP, ctit 4ATP 1a can cho mdt cip electron.

4,+8H +8e+ 16ATP — 24 H; + H, + 16ADP + 16Pi

Enzyme

Enzyme *

Enzyme »

Hinh 18.14: Khir nitrogen. Gia thuyét khir nitrogen nho nitrogenase. (Theo:
Prescott va cs, 2005)

Céc electron bat ngudn tir ferredoxin d bi khir béi mot s con duong, chang
han qua quang hop & vi khuan lam, qua cic qua trinh ho hip o cac vi khuan cd
dinh nitrogen hiéu khi hodc qua 1én men ¢ cac vi khuan ky khi. Vi du, Clostridium
pasteurianum (mot vi khuan ky khi) kht ferredoxin trong qua trinh oxy hoa
Pyruvate, trong khi Azotobacter (mot vi khuan hiéu khi) lai sit dung electron tir
4 ADPH dé khtr ferredoxin.

a itrogenase 1a mot phirc hé gém 2 protein cha yéu: mot protein MoFe (hay
nitrogenase, MW 220.000) lién két v6i 1-2 protein Fe (hay nitrogenase reductase,
MW 64.000). Protein MoFe chtra 2 nguyén tir molipden va 28-32 nguyén tir sat;
protein Fe chira 4 nguyén tir sit hinh 18.15). Fe va Mo cua protein MoFe dugc
chtra bén trong mot cofactor goi 1a FeMo-co va su khir 4 , dién ra ¢ cofactor nay.

Truéc hét protein Fe bi khir boi ferredoxin sau d6 nd lién két ATP
(hinh18.16). Su lién két ATP lam thay d6i hinh thé cta protein Fe va ha thip thé



khtr ctia protein nay (tir 100mV dén ~ 400 mV) tao diéu kién cho protein Fe khtr
protein MoFe. ATP bi thuy phan khi dién ra su chuyén electron nay. Cudi cing,
protein MoFe khir chuyén céc electron t6i nitrogen nguyén ti.

Hinh 18.15: Céu triic ciia protein Fe o nitrogenase (Theo: Prescott va cs, 2005)

Mot s6 vi khuan chira enzyme hidrogenase oxi héa H, thanh H,O va lién
két phan (mg nay vdi viéc tao thanh ATP hay véi viéc khir ferredoxin (Fd) hodc
flavodoxin (FId) rdi cac chat nay lai c6 thé chuyén electron cho protein Fe.
a itrogenase rat min cam voi O, va phai dugc bao vé sao cho khoi bi bat hoat boi
O, bén trong té bao. O nhiéu vi khuan lam sy bao vé nay dugc thuc hién nho mdt
cAu trac dic biét goi l1a di bao nang (heterocyst), co6 vach day, chi chira hé¢ quang I
(dung tong hop ATP nhung khéng tao thanh O,). a itrogenase c¢d dinh 4, bén
trong di bao nang va nhan duogc saccarose tur cac té bao 1an can sau d6 truyén
nitrogen ¢d dinh duge cho cac té bao trén. O cac vi khuan hiéu khi, ¢6 dinh 4 ,
nhu Azotobacter nitrogenase dugc bao vé nho: (1) Lop vo nhdy bao quanh té bao
can trd su khuéceh tan caa O, vao té bao; (2) Van tdc ho hép cao nho do O, bi loai
bo nhanh; (3) 4 itrogenase duoc két hop véi mot protein dic biét nho d6 khong bi
bat hoat bsi O,. 4 &t 18 cia cac cay dau thudc ho Leguminosae tao thanh mot
protein mau d6 goi la leghemoglobin c6 kha ning lién két O, ty do dii cho qua
trinh ho hép tao thanh ATP nhung khéng kim him hoat tinh cta nitrogenase ctia
vi khuan Rhizobium.
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Hinh 18.16: Co ché tac dung ciia nitrogenase. Qué trinh di chuyén ciia 2 electron
tir ferredoxin tGi nitrogen dwoc Idp lai 3 lan dé khir N thanh 2 phdn tir ammonia. Cén bang &
phia dudi bao gom ca viéc khw proton thanh H,. (Theo: Prescott va cs, 2005)

Pang cha y, & ddy co sy cong sinh di truyén giita hai co thé: cay tong hop
phan protein con vi khuan téng hop nhom hem. Tong hop nitrogenase khong
nhitng bi kim hdm bdi O, nhung ciing bdi cac hop chét nitrogen vo co va hitu co.
Khi thiéu ngudn ning lugng ADP duoc tich liy lai va wc ché hoat tinh cua
enzyme. Diéu nay lam ting céi gia cua sy khir 4 ,. Theo tinh toan dé c¢d dinh dugc
1 mg a Clostridium pasteurianum phai tiéu thu 1g C hitu co trong glucose khi do
vi khuan hiéu khi Azotobacter chroococcum tham chi can téi 30g.

Trong diéu kién dat thiéu Mo mot s6 vi khuan cé thé tong hop 2 loai
nitrogenase khac: chtra Va (vanadi) Fe hay chi chira Fe. Cac cofactor tuong tu
FeMo-co gdp trong ca 2 nitrogenase noi trén nghia la FeVa-co (trong nitrogenase
vanadi) va 1 nhém Fe-S (twong tu FeMo-co va FeVa-co) nhung thiéu ca Mo va
Va (trong nitrogenase sat)



Su khtr nitrogen thanh 4 H; dién ra qua ba budc, mdi budc can 2 electron
(hinh 18.14 va 18.16). a hu vay 6 electron s& dugc chuyén va can tong cong
12ATP dbi véi mot phan tir nitrogen bi khir. Tuy nhién trén thuc t& qua trinh
thuong tiéu thy it nhat 8 electron va 16ATP vi nitrogenase ciing khir cic proton
thanh H,. Hydro phan tmg voi diamine (HA = 4 H) tao thanh nitrogen va hydro.
Chu trinh v6 ich ndy san ra mdt phan a , ngay trong diéu kién thuan loi khién cho
viéc ¢b dinh nitrogen tré nén tdn kém hon. Céc vi khuan c6 dinh nitrogen cong
sinh ¢6 thé tiéu thy t&i 20% ATP do ciy chi san ra 4 itrogenase c6 thé khir mot sd
phan tir chira lién két ba (nhu Acetylen, xianit va azit)

HC =CH + 2H" + 2e¢ — H,C = CH;,

Téc d0 khir Acetylen thanh etilen duoc dung dé danh gia hoat tinh
nitrogenase.

Mot khi nitrogen phan tir 3 bi khtr thanh ammonia, ammonia c6 thé dugc
chuyén thanh cac chat hiru co. O Rhizobium (vi khuan cb dinh nitrogen cong sinh),
c6 18 ammonia khuéch tan khoi té bao vi khuan va duoc dong hoa bai cac té bao
ciia cdy dau bao quanh. Viéc dong hod ammonia c6 1& chi yéu la téng hop
glutamine boi hé thong glutamine synthetase - glutamate synthase (Hinh 18.11).
Tuy nhién, allantoin va acid allantoic (cac din xuat cua Purine) ciing duoc tong
hop va duge ding cho viéc van chuyén nitrogen téi cac phan tir khac cia cay.

18.5. TONG HQP CAC AMINO ACID

Vi sinh vt thay d6i vé cac ngudn nitrogen duoc sir dung nhung hau hét c6
thé déng hoa mot vai loai nitrogen v co nhd cic con dudng di mo ta. Viée tong
hop amino acid ciing doi hoi su kién tric nén cac bd khung carbon thich hop va
thong thudng day 1a mot qua trinh phirc tap bao gdm nhiéu budc. Do nhu cau bao
ton nitrogen, carbon va nang luong nén cic con dudng tong hop acid amine, néi
chung, dugc diéu hoa chit ché boi cac co ché di 1ap thé va co ché kim ham béi san
pham cudi cling.

E. coli, tao va hau hét thuc vat c6 kha niang tong hop tat ca amino acid tir cac
tién chat. Cac sinh vat khac ké ca ngudi khong c6 kha ning tong hop mot s amino
acid khong thay thé va phai thu duoc chung trong thire dn. Mot s6 vi khuan lactic
nhu Lactobacillus hoan toan khong tong hop dugc mot amino acid nao va phai thu
nhan ching nho phén giai protein trong méi trudng. Trong muc nay khong thé trinh



bay chi tiét con dudng sinh tong hop cua timg amino acid ma chi gi6i thiéu khai

quat vé sinh tong hop amino acid.
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Hinh 18.17: Té chitc ciia sw dong héa

Cdc san pham sinh tong hop dan xudt tir cac chdt trung gian ciia con dwong luéng hoa.

Chii ¥ 2 phan vng c6 dinh CO; b sung chii yéu. (Theo: Prescott va cs, 2005)

Hinh 18.17 md ta quan hé cua con dudng sinh tong hop amino acid véi cac

con dudng ludng hoa. B khung cta amino acid bt ngudn tir Acetyl-CoA va céc

chat trung gian cta chu trinh TCA, dudng phan va con duong pentose-phosphate.



Dé cho hiéu qua va kinh té nhit cac tién chit dung cho sinh tong hop amino acid
dugc cung cdp chi tir mot vai con dudng ludng hoa chi yéu. Thir ty din dén céc
amino acid riéng r€ phan nhanh tir cac con duong trung tam nay. Alanine, aspartat
va glutamate dugc dugc téng hop nho sy chuyén amine lan luot, truc tiép tur
Pyruvate, Oxaloacetatee va a-ketoglutarate.

Oxaloacetate

Aspartate
Aspartate f-semialdehyde

3
Homoserine

Methionine

Iscleucine

Hinh 18.18: Con dwong phdn nhdnh ciia tong hop amino acid. Céc con duong
déan t6i methionine, threonine, izoleucine va lysine. Mdc du 1 s6 mili tén biéu thi 1 buoc tuy
nhién hau hét nhitng sw chuyén hoa qua lai déu doi hoi sw tham gia cua 1 so enzyme. (Theo:
Prescott va cs, 2005)

Hau hét cac con duong sinh tong hop déu phirc tap hon va cac chit trung
gian quen thudc thudng duoc dung trong sinh tong hop cta cac ho amino acid ¢o
lién quan nham muc dich tiét kiém hon. Chéng han, lysine, threonine, izoleucine
va methionine déu duoc tong hop tir oxaloacetatee tir mot con duong dong hoa
phan nhanh (Hinh 18.18). Con duong sinh téng hop cic amino acid thom
phenylalanine, tyrosine va tryptophan ciing c¢6 chung nhiéu chét trung gian (Hinh
18.19).
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Hinh 18.19: Téng hop cdc amino acid thom (phenylalanine, tyrosine,
tryptophan). Chii y: hau hét cdc miii tén déu biéu thi trén 1 phan vmg enzyme. (Theo: Prescott
va cs, 2005)

18.6. CAC PHAN UNG BO SUNG

Khi xem xét hinh 18.17 ta thdy cic chat trung gian cta chu trinh TCA duoc
dung trong sinh tong hop cac pyrimidine va nhiéu acid amine. Trén thuc té, cac
chtic ning sinh tong hop ciia chu trinh ndy quan trong dén murc hau hét chu trinh
hoat dong ky khi dé cung cip cac tién chat sinh tong hop mic du 4 ADH 1a khong
can thiét cho viéc van chuyén electron va phosphoryl hod trong sy vang mit cila
0,. Do d6 chu trinh TCA c¢6 vai tro dang ké trong viéc cung cap carbon cho sinh
téng hop va cac chat trung gian cta chu trinh c¢6 thé bi can kiét néu té bao khong
c6 bién phap duy tri chiing. Tuy nhién vi sinh vét c6 cac phan Gng hoan lai cac chat
trung gian cta chu trinh gitp cho chu trinh TCA c¢6 thé hoat dong lién tuc khi sinh
tong hop dang dién ra manh mé&. Cac phan tng thay thé cac chét trung gian ctia chu
trinh dugc goi 1a cac phan tmg bo sung (anaplerotic reactions).

Hau hét vi sinh vat c6 thé thay thé cac chat trung gian cua chu trinh TCA
bang ¢b dinh CO,, trong d6 CO, duoc chuyén hoa thanh carbon hitu co va duoc



ddng hoa. Can phan biét 13, cac phan Gmg bd sung khong dam nhiém cing chirc
ning nhu con duong ¢b dinh CO, cung cap carbon can thiét & cac co thé tu dudng.
C6 dinh CO, & céc co thé tu dudng cung cép hau hét hodc toan bd carbon can cho
sinh trudng. Cac phan mg bo sung ¢ dinh CO, chi nham thay thé cac chét trung
gian va duy tri cAn bang trao doi chit. Thuong thudng CO, dugce gin vao mot phan
tir chat nhan (Pyruvate hodc phosphorusenolPyruvate) dé tao thanh chat trung gian
ctia chu trinh 1a Oxaloacetatee (Hinh 18.17). Arthrobacter globiformis va nAm men
st dung Pyruvate-carboxylase xuc tdc phan trng nay.

Pyruvate + CO, + ATP + H,0 —22™ 5 Oxaloacetatee + ADP + Pi

Enzyme trén can cofactor 13 biotin va sir dung niang luong ctia ATP dé lién
két CO, vao Pyruvate. Biotin thudng 13 cofactor clia cac enzyme xuc tac phan tng
carboxyl hoa. Do c¢6 chitc nang quan trong nhu vdy nén biotin 13 yéu t6 sinh truong
can thiét d6i v6i nhiéu loai vi sinh vat. C4c vi sinh vét khac nhu E. coli, Salmonella
typhimurium lai st dung enzyme phosphoenolpyruvate-carboxylase xtic tdc phan
ung dudi day:

Phosphoenolpyruvate + CO, — Oxaloacetatee + Pi

Mot sb vi khuan, tdo, nam va dong vat nguyén sinh cé thé sinh trudong véi
ngudn carbon duy nhét 13 acetate bang cach sir dung acetate dé tong hop cac chat
trung gian cua chu trinh TCA trong chu trinh glioxylat (Hinh 18.20). Chu trinh
dugc thuc hién nho hai enzyme ddc biét - Izocitrate liase va malat synthase - xtic
tac cac phan tng sau:

izoxitrat lyaza

Izocitrate

Glioxylat + Acetyl-CoA —2kisintza_, Nalat + CoA

> Succinat + Glioxylat

Chu trinh glioxylat, thyc ra 1a mot chu trinh TCA cai bién. Hai phan tng loai
carboxyl cua chu trinh TCA (budc Izocitrate dehydrogenase va a-ketoglutarate
dehydrogenase) dugc bo qua giup cho viéc chuyén hoa Acetyl-CoA dé tao thanh
Oxaloacetatee ma khong dé mat carbon ciia Acetyl-CoA nhu CO,. Theo cach nay,
acetate va bat ky cac phan tr nao dugc chuyén hoa thanh acetate déu co thé dong
gbp carbon vao chu trinh va gitp cho sinh truéng cia vi sinh vat.
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COwerall equation:
2 Acety-Cod + FAD + 2NAD™ + 3H O —® Oxalpacetate + 2Cef + FADH, + 2NADH + 2H

Hinh 18.20: Chu trinh glioxylat. Chu y: cac enzyme cua chu trinh TCA o
phan dwedi dwoc bo qua. (Theo: Prescott va cs, 2005)

18.7. TONG HQP CAC PURINE, PYRIMIDIN VA NUCLEOTIDE

Sinh tong hop cua purine va pyrimidine 13 séng con cho moi té bao vi cac
phan tir nay duoc dung dé tong hop ATP, mét sd cofactor, acid ribonucleic (AR4 ),
acid deoxyribonucleic (ADA ) va céc thanh phan quan trong khac cta té bao. Hau



hét vi sinh vat co6 thé téng hop cac Purine va pyrimidine cho ban than vi cac chat
nay c6 vai tro quyét dinh ddi v6i chire ning cia té bao.

Purine va pyrimidine 1a cac bazo nitrogen vong chtra mot s6 nbi doi va cé
cac dic tinh thom rd rét. Purine gdm 2 vong ndi voi nhau, con pyrimidine chi co
mot vong (hinh 18.21 va 18.23). Trong vi sinh vat thuong gap cac purine adenin va
guanin va cac pyrimidine uracyl, xitozin va thymine. Mot base purine hodc
pyrimidine nbi véi moét dudng pentose (ribose hodc deoxyribose) 1a mot
nucleoside. Mot nucleotide 14 mot nucleoside ndi v&i mot hodc trén mot nhom
phosphate lién két véi duong.
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Hinh 18.21: Sinh tong hop Purine.

Chii ¥ sw chi ddn cdc nguon N va C ciia bé khung Purine. (Theo: Prescott va cs, 2005)

18.7.1. Sinh téng hgp Purine

Con duong sinh tong hop cac purine 1a mot the tu phitc tap gdm 11 budc
trong d6 7 phan tir khac nhau goép phan vao bd khung purine cudi cung (Hinh
18.21). Vi con dudng md dau voi ribo-5-phosphate va bd khung purine duoc kién
trac trén dudng nay nén san pham purine dau tién cta con dudng 1a nucleotide acid
inosinic chtr khong phai 1a mot base purine tu do. Trong sinh tong hop cta purine
cofactor acid folic dong vai tro rat quan trong. Cac dan xuat cta acid folic dong
gop carbon 2 va 8 vao bo khung purine. Trén thyuc té, thudc sulfonamide kim him
sinh truéng cta vi khuan 1a do trc ché tong hop acid folic. Piéu nay s& anh hudng
dén sinh tong hop ctia purine va cic qua trinh khac can acid folic.



Mot khi acid inosinic da dugc tao thanh, cac con dudong tuong ddi ngén s€
tong hop adenosine monophosphate va guanosine monophosphate (Hinh 18.22) va
san ra nucleoside diphosphate va triphosphate bing cach chuyén phosphate tir
ATP. ADA chtra deoxyribonucleotide (ribose thiéu mot nhém hydroxyl trén C,)
thay cho ribonucleotide gip trong AR4 . Cac deoxyribonucleotide xuat hién tir su
khtr ctia cic nucleoside diphosphate hoac nucleoside triphosphate qua hai con
duong khac nhau. Mot sd vi sinh vat khir triphosphate nho hé thdng can cofactor
vitamine Bi,. S6 khéc, nhu E. coli, lai khir ribose trong nucleoside diphosphate. Ca
hai hé thdng déu sir dung mot protein nho chira S goi 1a thioredoxin lam tac nhan
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Hinh 18.22. Sinh tong hop adenosine monophosoahte va Guanosine
Monophosphatee

18.7.2. Sinh tong hop pyrimidine
Sinh tong hop pyrimidine m& dau voi acid aspartic va cacbamoyl-phosphate
(mot phan tir cao ning duoc téng hop tir CO, va ammonia) (Hinh 18.23).



Aspartate-cacbamoyltransferase x(ic tac viéc ngung tu hai co chit nay dé tao
thanh cacbamoyl-aspartat, sau d6 chat nay duoc chuyén thanh san pham
pyrimidine dau tién d6 13 acid orotic.

Sau khi by khung pyrimidine dugc téng hop, mot nucleotide s€ duogc tao
thanh bang cach thém vao ribo-5-phosphate nho tac dung cta chét trung gian cao
ning 5-phosphorusribosyl-1-pyrophosphate. Do d6 viéc kién triic vong pyrimidine
dugc hoan thanh trudc khi ribose duoc thém vao trai véi viéc tong hop vong
Purine bit dau véi ribo-5-phosphate. Viéc loai carboxyl hod cua orotidine
monophosphate san ra uridine monophosphate va cudi cing uridine triphosphate
va cytidine triphosphate.
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Hinh 18.23: Tong hop pyrimidine.

PRPP la acid 5-phosphorusribose 1- pyrophosphorusric, chdt cung cdp chudi ribo-5-phosphate.
Phan dan xudt tir cacbamoylphosphate dwgc in ddm. (Theo: Prescott va cs, 2005)



Pyrimidine th& ba phd bién 1a thymine - mot thanh phan ciia ADA . Ribose trong
cac nucleotide pyrimidine bi khir theo cung cach nhu trong cac nucleotide purine.
Sau d6 deoxyuridine monophosphate dugc methyl hod véi din xuét cua acid folic
dé tao thanh deoxythymidine monophosphate (Hinh 18.24).
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Hinh 18.24: Tong hop deoxythymidine monophosphate. Chii y:
deoxythymidine khdc véi deoxyuridine & chd c¢é thém nhém methyl. (Theo: Prescott
va cs, 2005)

18.8. TONG HOQP LIPID

Vi sinh vét chira nhiéu lipid dic biét 1a & mang té bao. Lipid thuong chira
cac acid béo hodc dan xuit cua acid béo. Acid béo 1a cac acid monocarboxylic véi
cac chudi alkyl dai thuong c6 mot sé chin carbon (chiéu dai trung binh 1a 18
carbon). Mot s6 ¢6 thé 1a chua bdo hoa nghia 1a ¢c6 mot hoac trén mot ndi d6i. Hau
hét acid béo cua vi sinh vat 1a chudi thang nhung c6 mot s phan nhanh. Cac vi
khuan gram am thudng co cac acid béo cyclopropan (tic 1a cac acid béo chira mot
hoic trén mot cac vong cyclopropan trong chudi).

Viéc tong hop cac acid béo duge xtic tac boi phirc hé synthetase acid béo voi
Acetyl-CoA va malonyl-CoA nhu co chit va 4 ADPH nhu chat cho electron.
Malonyl-CoA dan xuét tir sy carboxyl hod ctia Acetyl-CoA voi sy tiéu thu ATP.
Viéc téng hop dién ra sau khi acetate va malonat d3 dugc chuyén tir CoA dén
nhom sulfihidril cta protein mang acyl (ACP, acyl carrier) 12 mot protein nho
mang chudi acid béo dang sinh truéng trong tong hop. O mdi thoi diém synthetase
lai thém 2 carbon vao dau carboxyl ciia chudi acid béo dang sinh trudng trong mot
qua trinh gdm hai ching (Hinh 18.25). Trudc hét, malonyl-ACP phan tmg véi acyl-



ACP acid béo dé san ra CO, va mét acyl-ACP acid béo co6 2 carbon dai hon. Viéc
mat di CO, hudng cho phan ung hoan thanh. O day ATP dugc dung dé bd sung
CO, vao Acetyl-CoA tao thanh malonyl-CoA. Ciing CO, nhu vdy mit di khi
malonyl-ACP chuyén céc carbon cho chudi. Do d6 CO, 14 can thiét cho tong hop
acid béo nhung khong phai luén luon duoc ¢ dinh. Trén thyc té, mot sd vi sinh vat
can CO, dé sinh truéng tot nhung ching van c6 thé sinh truéng thuan loi khi
khong c6 CO, ma c6 mat mot acid béo nhu acid oleic (mot acid béo 18 carbon
khong bio hod). Trong ching thir hai cua tong hgp nhom a-keto xuét hién tir phan
g ngung tu ban dau bi loai di trong mot qua trinh ba budc bao gdm hai sy khir va
mot su loai nudc. Sau dé acid béo sin sang cho viée bo sung thém 2 nguyén tu

carbon nura.
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Hinh 18.25: Téng hop acid béo. Chu trinh duoc ldp lai cho t6i khi chiéu dai chudi
thue sw da dat duwoc. ACP = acyl carrier protein (protein mang acyl). (Theo: Prescott va cs,
2005)



Céc acid béo khong bdo hoa dugc téng hop theo hai con dudng. Cac té bao
nhan that va vi khuan hiéu khi nhu Bacillus megaterium st dung con dudng hiéu

khi v6i su tham gia cta ca 4 ADPH va O,. o
0

R—(CH2)9—¥:7SCoA + NADPH + H+ Op—R—CH =CH—(CH2)7—£ —SCoA + NADPH* + 2H20
Mot no1 doi tao thanh gitra cac carbon 9 va 10 va O, bi khir thanh nuéc nho
cac electron do ca acid béo va 4 ADPH cung cap. Cac vi khuan ky khi va mot s6 vi
khuan hiéu khi tao ra cac ndi d6i trong qua trinh tong hop acid béo bang cach loai
nuéc cac acid béo hydroxy. Oxy khong can cho viéc tong hop ndi do6i theo cach
nay. Con duong ky khi hoat dong & mot sé vi khuan gram am quen thudc (vi du: E.
coli va Salmonella typhimurium), vi khuan gram duong (vi du: Lactobacillus

plantarum va Clostridium pasteurianum) va vi khuan lam.
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Hinh 18.26: Tong hop triacylglycerol va phospholipid.
(Theo. Prescott va cs, 2005)



Céc vi sinh vat nhan that thuong du trlt carbon va nang lugng & dang
triacylglycerol, glycerol duoc este hoa véi 3 acid béo. Glycerol xuét hién tir sy khir
dihydroxyacetone phosphate (1 chat trung gian cua dudng phan) thanh glycerol-3-
phosphate, sau d6 glycerol-3-phosphate dugc este hoa vai 2 acid béo dé cho acid
phosphateidic (Hinh 18.26). Phosphate bi thuy phan khéi acid phosphateidic tao
thanh diacylglycerol va acid béo thi ba duoc gan vao dé san ra mot triacylglycerol.

Phospholipid 14 thanh phan chu yéu ctia mang té bao nhan that va hau hét té
bao nhan nguyén thuy. Toéng hop phospholipid ciing thuong dién ra theo con
duong cua acid phosphateidic. Mot chidt mang dic biét-cytidine diphosphate
(XDP)-dong vai trd tuong tu vai trd ciia cac chat mang cua uridine va adenosine
diphosphate trong sinh téng hop hidrat carbon. Chang han, vi khuan tong hop
phosphateidinetanolamine (mot thanh phan chi yéu ctia mang té bao) qua viéc tao
thanh XDP - diacylglycerol dau tién (Hinh 18.26). Sau d6 dan xuat XDP nay phan
tmg voi serine dé tao thanh phospholipid phosphateidilserine va qua viéc loai
carboxyl s& xuat hién phosphateidinetanolamine. Theo cach nay, mét lipid mang,
phtc tap duoc tao nén tir cac san pham ctia duong phén, sinh tong hop acid béo va
sinh tong hop acid amine.

18.9. TONG HQP PEPTIDOGLYCAN

Hau hét thanh té bao vi khuan chira mot phan tir 16n, phirc tap bao gdm cac
chudi polisaccaride dai tao thanh bdi cac nhanh luén phién acid 4 -Acetylmuramic
(& AM) va a -Acetylglucose semin (3 AG). Gan vao cac nhanh 4 AM 1a cac chudi
pentapeptide. Cac chudi polisaccaride dugc lién két v6i nhau boi cic pentapeptide
hay bai cac cau ndi gian - peptide phirc tap cta peptidoglycan, di nhién, cang doi
hoi moét qué trinh sinh tong hop phirc tap, dic biét con vi cac phan ung tong hop
dién ra & ca bén trong va bén ngoai mang té bao. Tong hop peptidoglycan 1a mot
qua trinh nhiéu budc va da duoc nghién ctru chi tiét ¢ vi khuan gram duong
Staphylococcus aureus. O diy c6 sy tham gia cta hai chat mang la uridine
diphosphate (UDP) va bactoprenol (Hinh 18.27). Bactoprenol 1a mot alcohol 55
carbon gin vao 4 AM bdi mot nhom pyrophosphate va van chuyén cac thanh phan
cua peptidoglycan qua mang ky nudc.
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Hinh 18.27: Bactoprenol pyrophosphate. Chii y: Chdt nay dwgc gan vio NAM. (Theo:
Prescott va cs, 2005)

Téng hop peptidoglycan (Hinh 18.28 va 18.29) dién ra qua 8 budc:

1.Cac dan xuit UDP cua acid 4 .Acetylmuramic va 4 -Acetylglucosamine
dugc tong hop trong té bao chat.

2. Cac amino acid 1an lugt duogc thém vao UDP-4 AM tao thanh chudi
pentapeptide (2 D-alanine tin cung dugc thém vao ¢ dang dipeptide). a dng luong
cia ATP duoc dung dé san ra céc lién két peptide nhung khong c6 su tham gia
ctia tR4 A va riboxom.

3.
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HHinh 18.28: T(fng hop peptidoglycan. Chii y: pentapeptide chira L-lysine &
peptidoglycan cua S. aureus va acid diamineopimelic (DAP) ¢ peptidoglycan cua E. coli. Tac
dung kim ham ciia bacidraxin, xicloserine va vancomixin dwoc chi ré. Cdc con sé tuwong g voi
6 trong 8 buoc noi trong bai. Buoc 8 dwoc mo ta o hinh 18. 29. (Theo: Prescott va cs, 2005)

4.4 AM-pentapeptide dugc chuyén tir UDP sang phosphate cuia bactoprenol
& bé mat cia mang.

5. UDP-a AG bb sung a AG vao 4 AM-pentapeptide tao thanh don vi lap lai
ctia peptidoglycan. 4 éu mot cau ndi pentaglycine 1a can thiét cac glycine s& duogc



thém vao bang cach st dung cac phan tir glycyl-tR4 A dic biét nhung khong can
riboxom.

6.Sau khi d4 hoan thanh don vi ldp lai cta peptidoglycan 4 AM-a AG duoc
chuyén qua mang dén bé mit bén ngoai nhd chdt mang bactoprenol

pyrophosphate. Pon vi peptidoglycan dugc gin vao dau dang sinh truong ctia mot
chudi peptidoglycan kéo dai chudi mot don vi lip lai.

7.Chit mang bactoprenol trd lai bén trong mang. Trong qua trinh ndy mot

phosphate dugc tach ra dé cho bactoprenol phosphate gid lai c6 thé nhan mot
a AM-pentapeptide khac.

8. Cubi cung, cac lién két peptide chéo giita cac chudi peptidoglycan duoc

tao thanh nho phan ung chuyén peptide (Hinh 18.29). O E. coli nhém amineo tur
do cua acid diamineopimelic lién két v6i D-alanine gan tin cing tach ra nhanh D-
alanine tan cing. ATP dugc dung dé tao thanh lién két peptide tan cting bén trong
mang. Khi sy chuyén peptide dién ra bén ngoai ning luong cua ATP 13 khong can
nira. Qua trinh nhu vay cling duoc thuc hién khi c6 su tham gia cua mot cau ndi;

chi nhom phan g v61 D-alanine gan tan cung 1a khac.
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Hinh 18.29: Chuyén peptide



Cdc phdn g chuyén peptide trong viéc tao thanh peptidoglycan ¢ E. coli va S. aureus.
(Theo: Prescott va cs, 2005)

Téng hop peptidoglycan rat man cam véi cc tac nhan khang khuan. Sy kim
ham bt ky budc nao trong tong hop déu 1am cho thanh té bao bi yéu di va co thé
dan dén pha v& té bao do tham thau. 4 hidu chat khang sinh anh huong dén tong
hop peptidoglycan. Chang han, penixilin kim hdm phan Gng chuyén peptide (Hinh
18.29) va bacitraxin trc ché viéc loai phosphate khoi bactoprenol pyrophosphate.
18.10. CAC KIEU TONG HQP THANH TE BAO

Pé sinh truong va phan chia dugc thuan loi té bao vi khuan phai bd sung
peptidoglycan méi vao thanh té bao ctia minh mét cach chinh xac va co diéu hoa
can than trong khi van duy tri dugc hinh dang va tinh nguyén ven cia thanh néu
phai ton tai & diéu kién ap sudt thAm thau cao. Vi peptidoglycan cua thanh 13 mot
mang luéi khong 16 duy nhat nén vi khuan dang sinh truéng phai c¢6 kha nang phan
giai ludi sao cho di dé cung cdp cac dau nhan dung lip vao cac don vi
peptidoglycan moi. Sy phan giai peptidoglycan han ché nay dugc xtc tic boi
enzyme goi 1a autolyzin, trong d6 mét sd autolyzin tic dung 1én cac chudi
polisaccaride, s6 khac thuy phan cac lién két chéo peptide. Cac chat kim hiam
autolyzin diéu hoa chit ch& hoat tinh cua cic enzyme nay.

Mic du vi trf va su phan bd cta hoat tinh tong hop thanh té bao thay d6i tuy
theo loai nhung c6 18 ton tai hai kiéu pho bién (Hinh 18.30) sau day.
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Hinh 18.30: Céc kiéu tong hop thanh
Trong hinh la cdc kiéu tong hop thanh té bao & cdc vi khudn dang sinh trwéng va phan
chia (a) Cdc streptococci va mét sé cocci khdc gram dwong. (b) Tong hop & cdc vi khudn hinh
que (E. coli, Salmonella, Bacillus). (Theo: Prescott va cs, 2005)



a hidu cau khuan Gram dwong (Enterococcus faecalis va Streptococcus) chi
c6 mdt té1 mdt vai vung sinh trudng. Vung sinh trudng chinh thuong ¢ vi tri tao
thanh vach ngang va cac nira t& bao méi duge tong hop giap lung nhau. Kiéu tong
hop tht hai gip & cac truc khuan E. coli, Salmonella va Bacillus. Téong hop
peptidoglycan manh mé dién ra & vi tri tao thanh vach ngin ngang nhu trén nhung
cac vi tri sinh trudong ciing nam rai rac doc theo phan hinh tru cua truc khuan. Do
d6 sinh trudng dugc phan bd ¢ truc khuén tran lan hon ¢ cau khuan. Viée tong hop
phai kéo dai cac t& bao hinh que cling nhu phan cit chung. Co 1& diéu nay giai
thich cho nhitng su khac nhau trong kiéu sinh trudng cua thanh.



