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Bién soan: Nguyén Pinh Quyén, Nguyén Léin Diing

17.1. PAI CUONG VE TRAO POI CHAT

Sau khi di dé cap dén cac nguyén tic co ban cta nhiét dong hoc, chu trinh ning
luong va vai trd ciia ATP nhu dong tién ning luong, ban chat va chirc niang cia cac
enzyme ciing nhu viéc diéu chinh hoat tinh enzyme trong chuong nay ching ta s& ban vé
trao doi chit. Trao ddi chét 13 tong s6 cac phan tng hoa hoc dién ra bén trong té bao nho
c6 dong nang lugng va sy tham gia ctia cac enzyme. Trao d6i chat ¢ thé dugc chia thanh
hai phan chu yéu: di ho (catabolism) va dong hoa (anabolism). Trong di ho4 céc phan tir
16n hon va phirc tap hon bi bé v& thanh céc phéan tir nhé hon va don gian hon dong thoi
ning luong duoc giai phong. Mot phan ning lugng ndy duoc giit lai va tao thanh cong,
phan con lai thoat ra & dang nhiét. Sau d6, ning luong giir lai c6 thé dugce dung trong
dong hoa 1a giai doan sau ciia trao doi chat. Pong hoa 1a viéc tong hop cac phan tir phirc
tap tir cac phan tir don gian hon va can ning luong. Qua trinh dong hoa st dung ning
luong dé lam tang trat tu cia mgt hé théng.

Maic du viéc phan chia trao ddi chat thanh hai phén chu yéu la tién lo1 va duoc st
dung pho bién, tuy nhién, can nhd rang, khong phai tat ca cac qua trinh san sinh ning
luong déu phu hop véi dinh nghia néi trén vé su di hod néu nhu dinh nghia nay khong
dugc mo rong bao gdm ca cac qua trinh khong ¢ sy phan giai cac phén tir hitu co phtrc
tap. Theo nghia rong hon céac vi sinh vét thuong st dung mét trong ba ngudn ning luong.
Vi sinh vét quang dudng thu nhan nang lugng birc xa tor mat troi (Hinh 17.1). Vi sinh vat
hoa dudng hitu co oxy hoa cc phan tir hitu co dé giai phong niang lugng, trai lai cac vi
sinh vat hoa dudng vo co lai sir dung cac chat dinh dudng v6 co 1am ngudn ning lugng.
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Hinh 17.1: Cdc nguon nang lugng dwoc sir dung boi vi sinh vit

Hau hét vi sinh vit sir dung 1 trong 3 nguén ndang luong. Cdc vi sinh vt quang dudng
thu nhdn ndng luong birc xa tir mdt troi nho cde sdc té nhw bacteriocholorophyll va
cholorophyll. Cdc vi sinh vt héa dudng oxy héa cdc chat dinh dwong hivu co va vé co khir dé
gidi phéng va thu nhdn nang lugng. Hoéa nang dan xudt tir 3 nguén nay sé dwoc ding dé san ra
cong. (Theo: Prescott va cs, 2005)

Vi sinh vat khong chi khac nhau vé ngudn nang luong ma con khac nhau vé cac
chat nhan electron duoc sir dung & cac co thé hoa dudng (Hinh 17.2).

Céc chat nhan electron gém ba loai chinh. Trong 1én men co chat mang ning lugng bi
oxy hoa va phan giai khong co sy tham gia ctia mot chat nhan electron tir bén ngoai hodc
c6 ngudn gdc tir bén ngoai. Thong thuong con dudng di hoa san ra mot chat trung gian
nhu Pyruvate tac dung nhu chat nhan electron. Néi chung, 1én men dién ra trong diéu
kién ky khi nhung d6i khi ciing dugc thuc hién ngay khi c6 mit oxy. Di nhién, trao dbi



chat san sinh nang luong ciing c6 thé sir dung cc chat nhan electron tir bén ngoai hoic c6
ngudn gdc tir bén ngoai. Qua trinh trao ddi chat nay dwoc goi 1a ho hap (respiration) va
duoc chia lam hai loai khac nhau: 1. HO hép hiéu khi: chat nhan electron cubi cung la
oxy; 2. Ho hap ky khi: chat nhan electron c6 ngudén goc khac nhau tir bén ngoai. Chat
nhan electron trong hd hap ky khi phé bién nhét 1a chit v co (ching han, NO;y, SO,*,
CO,, Fe’*, SeO4>...) nhung d6i khi ciing 1a chét hitu co (nhu fumarat). Trong hd hip
thudng ¢ sy tham gia ctia mot chudi van chuyén electron. Ning luong thu dugc trong
1én men va hé hap rit khac nhau. Chat nhan electron trong 1én men c6 cung trang thai
oxy hoa nhu chat dinh dudng ban dau va khong c6 su oxy hoa hoan toan chat dinh
dudng. Do dé chi mot lugng nhd nang lugng dugc tao thanh. Chat nhan electron trong
cac qua trinh ho hap co thé khir dwong hon nhiéu so véi co chat, do d6 trong hd hap ning
luong dugc giai phong nhidu hon dang ké. Trong ho hap hiéu khi ciing nhu ky khi ATP
duoc tao thanh nho hoat dong cta chudi van chuyén electron. Cac electron tham gia trong
chudi c6 thé thu duoc tir cac chat dinh dudng vo co va ning luong c6 thé bat ngudn tir sy
oxy hoa cac phan tr v co hon 13 tir cac chat dinh dudng hitu co. Kha ning nay gip ¢
mot sb vi sinh vat nhan nguyén thuy goi 1a vi sinh vét hoa dudng vo co.
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Hinh 17.2: Cdc kiéu gidi phéng nang luong

Lén men la qud trinh gidi phong nang lugng trong dé mét chat cho electron hitu co
chuyén cdc electron cho mét chdt nhén néi sinh thieong la mét chdt trung gian bdt nguon tir sie
phan gidi chat dinh duéng. Trong hé hdp, cdc electron dwoc chuyén cho mét chdt nhdn tir bén
ngodi (ngoai sinh) nhu Oy (hé hdp hiéu khi) hay NOs, SO, (hé hap ki khi). Cdc hop chat khir
V6 co ciing ¢ thé dwoc ding nhu cdc chdt cho electron trong viéc tao thanh ndng luong (sw héa
duong vo co). (Theo: Prescott va cs, 2005)

Ciing can nhé rang nhing dinh nghia vé 1én men, ho hap hiéu khi va ho hap ky khi
no6i trén hoi khéac véi nhitng dinh nghia dung bdi cac nha sinh hoc va sinh hoéd hoc. Lén
men ciing c6 thé dugc dinh nghia nhu 13 mot qué trinh sinh ning luong trong d6 cac phan



tir hitu co duoc ddng thoi ding 1am chat cho va chat nhan electron. Ho hap 1a mot qua
trinh sinh nang lugng trong d6 chat nhan 1a mot phan tir vo co nhu oxy (h6 hap hiéu khi)
hay mot chat vo co (hé hap ky khi). Vi vi sinh vat rat linh hoat va thay d6i trong trao doi
nang lugng nén nhitng dinh nghia ndi trén ching nao rong hon s€ dugc dung & day.

Chu trinh acid
' tricarboxylic

Hinh 17.3: Ba giai doan cua su di hoa

So do tong quat ciia si di héa hiéu khi trong 1 vi sinh vét héa di dwéng hitu co chi ra 3 giai
doan trong qud trinh ndy va vi tri trung tdm cia chu trinh acid tricarboxylic. Mdc dii c6 nhiéu
protein, polisaccarid va lipit nhung chung bi phdn giai chi qua hoat tinh cua 1 vai con dwong
trao doi chat phé bién. Chii ¥, cic dwong ... & ddy chi dong cdc electron mang béi NADH va
FADH, t6i chudi vdn chuyén electron. (Theo: Prescott va cs, 2005)



Trao d6i chit trong diéu kién hiéu khi c6 thé dugc chia thanh 3 giai doan (Hinh
17.3). Trong giai doan thtr nhat cua su di hod cac phan tir chat dinh dudng l6n hon
(protein, polisaccarid va lipit) bi thuy phan hodc bi phan giai theo kiéu khac thanh cac
phan nho hon. Cac phan tng hod hoc dién ra trong giai doan nay khong san sinh nhiéu
ning luong. Cac acid amin, monosaccarid, acid béo, glycerol va cic san pham khac cia
giai doan nay bi phan giai theo kiéu khac thanh mot sd phan tir don gian hon trong giai
doan hai nhu Acetyl-coenzyme A, Pyruvate va cic chat trung gian cta chu trinh acid
tricarboxylic. Giai doan thir hai c6 thé hoat dong trong diéu kién hiéu khi ciing nhu ky
khi va thuong tao thanh mat s6 ATP cling nhu 4 ADH va/hoiac FADH,. Cubi cung carbon
trong chat dinh dudng duoc chuyén vao chu trinh acid tricarboxylic trong giai doan ba
cua sy di hoa va cac phan tr dugc oxy hoa hoan toan thanh CO, déng tho1 vo1 su tao
thanh ATP, 4 ADH va FADH,. Chu trinh hoat dong hiéu khi va giai phong nhiéu ning
luong. Phan 16n ATP bat ngudn tir chu trinh acid tricarboxylic (va cac phan tng cia giai
doan 2) 1a do sy oxy hoa cua 4 ADH va FADH, nhd chudi van chuyén electron. Oxy
hodc do61 khi, mot phan tir vo co khac la chit nhan electron cudi cung.

Mic du so d6 trinh bay trén da dugc don giadn hoa di nhiéu nhung van thuan tién
cho viéc phan tich m6 hinh téng quat cua su di hoa. Can cha y réng, vi sinh vat bat dau
v6i rat nhiéu phan tir va 6 mdi giai doan s6 lugng va su da dang cta ching bi giam di.
a ghia 13, cic phén tir chat dinh dudng duoc chuyén thanh cac chét trung gian trao d6i
chat véi sb lugng lién tuc nhd hon cho toi khi, cudi cung, chung di vao chu trinh acid
tricarboxylic mot con dudng chung thuong phan giai nhiéu phan tir tvong ty, chang han
nhiéu loai dudng khac nhau. Cac con duong trao ddi chat nay bao gdm céc phan tng do
enzyme xuc tac dugc sip xép sao cho san pham cta phan Gng nay sé dung lam co chat
cho phan Ung sau. Sy tdn tai cia mot sd con duong di hoa chung, mdi con duong phan
giai nhiéu chat dinh dudng, sé ting rd rét hiéu qua trao doi chat nho tranh duoc nhu cau
dbi voi mot sd lugng 16n cac con dudng kém linh hoat vé trao doi chat. Cac vi sinh vat
thé hién tinh da dang vé dinh dudng chinh 13 trong pha di hoa. Hau hét cac con dudng
sinh téng hop & vi sinh vat va & cac sinh vat bac cao 1a kha chi nhau. Tinh doc ddo cua
trao d6i chat & vi sinh vat 13 su da dang cc ngudn tao thanh ATP va a ADH (Hinh 17.1
va 17.2).

Céc hidrat carbon va cac chit dinh dudng khac dam nhiém hai chirc ning trong
trao d6i cht ctia cac vi sinh vat di dudng:

1. Bi oxy hoa d¢ giai phong ning luong.

2. Cung cip cac khdi carbon hodc khéi xdy dung dung cho tong hop cac thanh
phan cuia té bao méi.



Mic du nhiéu con dudng dong hoa va di hoa tach riéng nhau nhung c6é mét sb con
duong 13 ludng hoa (amphibolic) hoat dong ca trong dong hoa va di hoa. Hai trong sb céc
con dudng quan trong nhét 1a duong phan va chu trinh acid tricarboxylic. Hau hét cac
phan mg trong hai con dudng nay déu thuan nghich dé dang va c6 thé dugc dung dé tong
hop va phan giai cac phan tr. Mot s6 budc di hoa mot chiéu dugc di vong trong sinh tong
hop vo1 cac enzyme dac biét xtc tac phan ung nguoc lai (Hinh 17.4).
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Hinh 17.4: Con duong luong hoa

Pay la so dé cua 1 con dwong ludng héa, chang han dwong phdn. Can chii ¥, sw chuyén
héa qua lai ciia cdc chdt trung gian F va G dwgc xiic tdc béi 2 enzyme riéng biét: E; hoat dong
theo hudng phén gidi va E; theo hiedng tong hop. (Theo: Prescott va cs, 2005)

Ching han, enzyme fructo-bisphosphatease xtic tic ngugc chibu voi budc
phosphorusfructokinase khi glucose dugc tong hop tir Pyruvate. Su ton tai cua hai
enzyme riéng 18, enzyme nay xuc tac phan (mg ngugc chiéu véi enzyme kia cho phép
churc nang di hoa va déng hoé cua céc con dudong noi trén dugc diéu chinh doc lap.

17.2. SU PHAN GIAI GLUCOSE THANH PYRUVATE

Vi sinh vt str dung mot s6 con dudng trao ddi chat dé chuyén hoa glucose va cac
duong khac. Do tinh da dang vé trao doi chat nhu vay ma trao d6i chat cua ching thuong
ric r6i. Dé tranh nhimng rac rdi co thé xay ra cac con dudng vi sinh vét phan giai duong
thanh Pyruvate va céc chit trung gian twong tu s& duoc tip trung vao ba con dudng:



dudng phan, con dudng pentose-phosphate va con duong Entner - Doudoroff. Tiép theo
d6, cac con duong phan giai Pyruvate hiéu khi va ky khi s& duoc dé cap. Dé don gian,
ciu trac hoa hoc ctia cac chit trung gian trong trao ddi chat s& khéng duge ding trong so
d6 ctia con duong.

17.2.1. Con duwong dwong phan (con duwong Embden-Meyerhof)

Pay 1a con dudng phd bién nhat dung phan giai glucose thanh pyruvate trong giai
doan hai cia di hoa. Puong phan gip & tit ca cac nhom chu yéu cua vi sinh vat va hoat
dong trong su c6 mat cling nhu vang mit cia oxy. Qua trinh nay dién ra trong phan nén
té bao chét cia co thé nhan nguyén thuy va nhan that

Puong phan c6 thé dugc chia thanh hai phan (Hinh 17.5). Trong ching mo dau 6-
carbon glucose dugc phosphoryl hod hai 1an, cudi cing dwoc chuyén thanh fructo-1,6-
bisphosphate. Cac duong khac thuong nhap vao con duong duong phan thong qua viéc
chuyén hoa thanh gluco-6-phosphate hodc fructo-6-phosphate. Ching mé dau nay khong
sinh nang luong, trai lai phai tiu thu hai phan tot ATP cho mdt phéan tir glucose. Tuy
nhién, nho viéc gan phosphate vao mdi dau cua duong ma cac phosphate nay s& duogc
dung dé tao thanh ATP.

Chang 3-carbon cua duong phéan bit dau khi enzyme fructo-1,6-bisphosphate
aldolase xtic tac phén giai fructo-1,6-bisphosphate thanh hai nira, mdi nira déu chira nhém
phosphate. Mot trong cac san pham 1a glyceraldehyde-3-phosphate duoc chuyén truc tiép
thanh Pyruvate trong qua trinh gom 5 budc. San pham thd hai 14 dihydroxyacetone-
phosphate c6 thé d& dang chuyén thanh glyceraldehyde-3-phosphate, do d6 ca hai ntra
cia fructo-1,6-bisphosphate déu duoc s dung trong ching 3-carbon. Trudc hét,
glyceraldehyde-3-phosphate bi oxy hoa nho 4 AD"' 14 chat nhan electron, dong thdi mot
nhom phosphate dugc gin vao dé tao thanh 1,3-bisphosphate glycerate 1a mot phén tir
cao ning. Sau d6 phosphate cao ning & carbon 1 dugc chuyén cho ADP va xuét hién
ATP. Viéc tong hop ATP nodi trén dugc goi 1a phosphoryl hoa & mirc d6 co chat vi qua
trinh phosphoryl hoa ADP lién két véi sy phan gidi ngoai ning clia mdt phan tir co chat
cao nang.

Mot qua trinh tuong ty tao thanh mdt phan tr ATP thtr hai cling nhd phosphoryl
hoa ¢ muc do co chat. 4 hdm phosphate trén 3-phosphorusglycerate dugc chuyén sang
carbon 2 va 2-phosphorusglycerate bi loai nuéc dé tao thanh mot phan tir cao ning thir
hai 13 phosphorusenol pyruvate. Phan tir ndy chuyén nhom phosphate sang ADP tao
thanh mot ATP tht hai va pyruvate 13 san pham cudi cung cta con dudng.
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Hinh 17.5: Con dwong dwong phan

Trong hinh la con dwong dwong phdn phdn giai glucose thanh Pyruvate. 2 giai doan cua
con dwong va cdc san pham dwoc trinh bay & day. (Theo: Prescott va cs, 2005)

Con dudng duong phan phan giai mot glucose thanh 2 pyruvate qua chudi phan
rmg mo ta nhu trén. ATP va 4 ADH ciing dugc tao thanh. San luong cua ATP va a ADH
c6 thé tinh duoc khi xem xét hai ching riéng r&. Trong ching 6-carbon hai ATP duoc
dung dé tao thanh fructo-1,6-bisphosphate. Vi 2 glyceraldehyde-3-phosphate xuét hién tir
mot glucose (1 tir dihydroxyacetone-phosphate) chiang 3-carbon tao thanh 4 ATP va 2
a ADH tir 1 glucose. 4 éu trir ATP dung trong ching 6-carbon ta s& duoc san luong thuc
1a 2 ATP/glucose. Do d6 sy phan giai glucose thanh pyruvate trong dudng phan cé thé
duogc biéu thi trong phuong trinh don gian sau:

Glucose + 2ADP + 2Pi + 24 AD" — 2 Pyruvate + 2ATP + 24 ADH + 2H"



17.2.2. Con dwong pentose-phosphate (con duwong hexo-monophosphate)

Con dudng nay cé thé dugc dung ddng thoi véi con dudng dudng phan va con
dudng Entner - Doudoroff, dién ra trong diéu kién hiéu khi ciing nhu ky khi va cé vai trd
quan trong trong sinh tong hop ciing nhu trong phén giai.

Con dudng pentose-phosphate bat dau véi viéc oxy hoa gluco-6-phosphate thanh
6-phosphorus-gluconat, tiép theo 13 oxy hoa 6-phosphorusgluconat thanh ribulo-5-
phosphate va CO, (Hinh 17.6).

a ADPH duoc tao thanh trong cac phan tng oxy hoa ndi trén. Sau dé ribulo-5-
phosphate dugc chuyén thanh mot hdn hop gom cac duong phosphate 3 dén 7-carbon.
Hai enzyme dic trung ctia con duong dong vai tro trung tdm trong nhitng su chuyén hoa
nay la: 1) Transketolase xtc tic chuyén nhom ketol 2 carbon va 2) Transaldolase xtic tac
chuyén nhém 3-carbon tir sedoheptulo - 7 - phosphate voi glyceraldehyde-3-phosphate
(Hinh 17.7). Két qua chung 13 3 gluco-6-phosphate dugc chuyén thanh 2 fructo-6-
phosphate, glyceraldehyde-3-phosphate va 3 phan tir CO, theo phuong trinh sau:

3 gluco-6-phosphate + 64 ADP" + 3H,0 — 2 fructo-6-phosphate

+ glyceraldehyde-3-phosphate + 3CO, + 6 4 ADPH + 6H"

Cac chét trung gian noi trén duoc st dung trong hai con duong. Fructo-6-
phosphate c¢6 thé duoc chuyén tré lai thanh gluco-6-phosphate, con glyceraldehyde-3-
phosphate dugc chuyén thanh Pyruvate boi cic enzyme cua dudng phan.
Glyceraldehyde-3-phosphate ciing c6 thé trd lai con dudng pentose-phosphate qua viéc
tao thanh gluco-6-phosphate. Diéu nay dn dén su phan giai hoan toan gluco-6-phosphate
thanh CO, va tao thanh mot lugng 16n 4 ADPH:

Gluco-6-phosphate + 124 ADP" + 7H,0 — 6 CO, + 124 ADPH + 12H" + Pi

Con dudng pentose-phosphate c6 mot sé chirc ning di hoa va doéng hoa, ching
han:

1. 4 ADPH tir con dudng pentose-phosphate duoc dung 1am ngudn electron cho
viéc khtr cac phan tir trong sinh téng hop.

2. Con duodng tong hop cac duong 4-carbon va 5-carbon dung vao mot sé muc
dich. Pudng 4-carbon erytro-4-phosphate duoc ding dé tong hop cac acid amin thom va
vitamin B6 (piridoxal). Ribo-5-phosphate 1a thanh phan chu yéu cta cac acid nucleic va
ribulo-1,5-diphosphate 13 chat nhan CO, dau tién trong quang hop. Tuy nhién, khi mét vi
sinh vét dang sinh trudng trén mot ngudn carbon 13 pentosese, con dudng ciing co thé
cung cap carbon cho viéc tong hop hexose (glucose can cho viéc tong hop peptidoglican).
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Hinh 17.6: Con duong pentose-phosphate

O ddy, 3 phin tir gluco-6-phosphate dwoc chuyén héa thanh 2 fructo-6-phosphate va
glyceraldehyde-3-phosphate. Fructo 6-phosphate dwoc chuyén héa tré lai thanh gluco-6-
phosphate. Glyceraldehyde-3-phosphate c6 thé dwoc chuyén thanh Pyruvate hay két hop véi 1
phan tir dihydroxyacetone-phosphate (tir glyceraldehyde-3-phosphate tao thanh o vong thir 2 cua
con dwong) dé san ra fructo-6-phosphate. (Theo: Prescott va cs, 2005)
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Hinh 17.7. Transketolase va transaldolase
Trong hinh la cac phan ung xuc tac boi 2 enzyme nay. (Theo. Prescott va cs, 2005)

3. Cac chat trung gian trong con dudng pentose-phosphate cé thé dugc dung dé tao
thanh ATP. Glyceraldehyde-3-phosphate tir con duong c6 thé di vao ching 3-carbon cua
con dudng duong phan va dugc chuyén thanh ATP va Pyruvate. Pyruvate c6 thé bi oxy
hoa trong chu trinh acid tricarboxylic dé cung cip nhiéu ning lugng hon. 4 goai ra, mot
phan 4 ADPH c6 thé duoc chuyén thanh 4 ADH dé san ra ATP khi 4 ADH bi oxy hoa
trong chudi van chuyén electron. Vi cac duong 5-carbon 13 nhitng chit trung gian trong
con duong do d6 con duong pentose-phosphate co6 thé duoc dung dé chuyén hoa
pentosese cling nhu hexose.

Mic du c6 thé 13 ngudn niang luong ddi véi nhiéu vi sinh vt nhung con duong
pentose-phosphate thuong cé vai trdo quan trong hon trong sinh tong hop. Hon nita, tuy ca
hai con dudng dudng phan va pentose-phosphate déu str dung gluco-6-P nhung muc do



hoat dong ctia mdi con duong tity thudc vao trang thai sinh trudng cia té bao. Trong giai
doan sinh truéng manh mé& nhit 2 con dudng dugc st dung véi ti 16 2:1 (EM: pentose-P).
Tuy nhién khi sinh truéng cham lai nang luc sinh tong hop ciing giam theo, dong thoi
a ADPH ciing nhu cac phosphate dudng Cs va Cy can it hon khién cho ti 18 giita hai con
duong bay gio tr¢ thanh 10:1 tham chi 20:1.
17.2.3. Con dwong Entner-Doudoroff

Mic du dudng phan 13 con duong phd bién nhit dung chuyén hoa cac hexose
thanh pyruvate nhung mgt con duong khéc, tuong tu cling da dugc phat hién. Con duong
Entner-Doudoroff mé dau véi cac phan Gmg chi nhu con dudng pentose-phosphate tirc 1a
tao thanh gluco-6-phosphate va 6-phosphorus-gluconat (Hinh 17.8).

Glucose
ATP

ADP
Glucocse 6-phosphate

KM_DFI—
G-phosphogluconate

}‘ H,0

2-keto-3-deoxy-G-phosphogluconate

Pyruvate Glyceraldehyde 3-phosphate
K NAD
NADH
KADF‘
ATP
KADP
ATP
Pyruvate

Hinh 17.8: Con dwong Entner-Doudoroff

Thir tw twr glyceraldehyde-3-phosphate toi Pyruvate dwoc xuc tac boi cac enzyme chung

cho con duong dwong phan. (Theo: Prescott va cs, 2005)

Tuy nhién, sau d6 6-phosphorus-gluconat khong bi oxy tiép ma bi loai nuéc tao
thanh 2-keto-3-deoxy-6-phosphorusgluconat (KDPG) 1a chat trung gian chi yéu trong
con duong nay. KDPG s€ bi phan gidai béi KDPG aldolase thanh Pyruvate va
glyceraldehyde-3-phosphate. Glyceraldehyde-3-phosphate duoc chuyén thanh pyruvate &
phan cudi ctia con dudng dudng phan. Con dudng Entner-Doudoroff phan giai glucose
thanh pyruvate, 1 ATP, 1 4 ADH va 1 4 ADPH.

Hau hét vi khuén str dung cac con dudng dudng phan va pentose-phosphate nhung
mot sd lai sit dung con dudng Entner-Doudoroff thay cho dudng phan. Con dudng



Entner-Doudoroff thuong gip & cac chi Pseudomonas, Rhizobium, Azotobacter,
Agrobacterium va mot vai chi vi khuin gram am khac. Trong sb cac vi khuin gram
duong mai chi phat hién Enterococcus faecalis st dung con duong noi trén.

Do con duong Entner-Doudoroff khong tao thanh cac phosphate duong Cs va C,
nén té bao van can su hoat dong dong thoi cua ca con duong pentose-P.

Thir nghiém dbi v6i kha ning oxi hoa glucose boi con dudng Entner-Doudoroff
d6i khi dugc st dung dé xac dinh Pseudomonas trong phong thi nghiém 1am sang.

17.3. LEN MEN

Khi vang mit ho hap hiéu khi hodc ky khi 2 ADH khong bi oxy hoa bdi chudi van
chuyén electron do thiéu chat nhan electron tir bén ngoai. Tuy nhién, 4 ADH tao thanh
trong con dudng dudng phan van can phai duoc oxy hod tro lai thanh 4 AD". 4 éu 4 AD”
khong duoc tai tao viée oxy hoa glyceraldehyde-3-phosphate s& khong dién ra va dudng
phan s& nging hoat dong. Vi vdy chirc ning chu yéu cta 1én men 1a tai san 4 AD" cho
duong phan. Pé khic phuc tinh trang trén nhiéu vi sinh vat d3 giam hodc 1am ngimg hoat
tinh ctia enzyme pyruvate dehydrogenase va sir dung pyruvate hay mot trong cac chit dan
xuét cta pyruvate nhu chat nhan electron va hydro nham tai oxy hoa 4 ADH trong mot
qua trinh 1én men (Hinh 17.9). O day chi gi6i thiéu mot sé qué trinh 1én men thudng gip
nhat. Trong 1én men vi sinh vét can cha y hai diém: 1) 4 ADH dugc oxy ho4 thanh 4 AD"
va 2) chét nhan electron thudng 1a pyruvate hodc mot chat dan xuét tir pyruvate. Trong
1én men co chét bi oxy hoa mot phan, ATP chi dugc tao thanh béi phosphoryl hoa ¢ mirc
d6 co chat va O, 1a khong can thiét.

a hidu nAm va mot sd vi khuén, tao va dong vat nguyén sinh 1én men duong thanh
etanol va CO, trong mot qué trinh goi la 1én men etylic. Pyruvate bi loai CO, thanh
Acetaldehyd, sau d6 Acetaldehyd bi khtr thanh etanol nhd sy xuc tic cua alcohol-
dehydrogenase v6i & ADH 1a chét cho electron (Hinh 17.10, s6 2). Qua trinh 1én men thtr
hai goi 13 1én men lactic con gip phd bién hon. Day 1a su khtr Pyruvate thanh lactat (Hinh
17.10, sb 1). Lén men lactic dién ra ¢ vi khuan (vi khuan lactic, Bacillus), tio (Chlorella),
mot s6 mbc nude, dong vat nguyén sinh tham chi ¢ ca co xuong ctia dong vat. Cac vi
sinh vat 1én men lactic c6 thé dugc chia thanh hai nhom: nhém 1én men lactic déng hinh
st dung con duong duong phan va truc tiép khir hau hét pyruvate thanh lactat nho sy xuc
tac ciia enzyme lactat dehydrogenase; nhom 1€n men lactic di hinh tao thanh mét lugng
16n cac san pham khong phai lactat, trong d6 nhiéu loai tao thanh lactat, etanol va CO,
qua con duong phosphorusketolase.
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Hinh 17.9: Oxy hoa lai NADH trong lén men

NADH tir dwong phén dwoc oxy héa lai nho duwoc dimg dé khir pyruvate hay 1 chat dan xudt cia
pyruvate (X). Két qua la xudt hién lactat hodc san pham khi Y. (Theo: Prescott va cs, 2005)

Lén men etylic va 1én men lactic 13 hai qua trinh 1én men rat c¢6 ich cho con nguoi.
Lén men etylic do ndm men duoc dung dé san xuét cac loai do udng co chira con; CO,
thoét ra tir qua trinh 1én men nay c6 tac dung 1am nd bot mi. Mic du ¢6 thé gay hu hong
thuc phém nhung 1&én men lactic dugc dung phé bién dé mudi dua, ca, san xuét sita chua,

nem chua, U chua thirc an cho gia stc.

4 hiéu vi khuan, dic biét 1a cac ca thé trong ho Enterobacteriaceae co thé chuyén
hoa Pyruvate thanh acid formic va cic san pham khac trong mot qua trinh d6i khi duoc
goi 1a 1én men formic (Hinh 17.10, sé 5). 4 ho formic - hydroliase (14 phtrc hop gdm it

nhat hai enzyme) acid formic c6 thé bi phan giai thanh H, va CO,:

HCOOH — CO, + H;
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Hinh 17.10: Mét s6 qud trinh 1én men phé bién & vi sinh vit

DPé cho don gian ¢ ddy chi gi6i thiéu cdc qud trinh 1én men Pyruvate; trén thuc té nhiéu
phan tir hitu co khdc ciing ¢é thé dwoc 1én men. Hau hét cac qud trinh lén men nay da dwoc don
gian héa bang cdch logi b6 1 hodc nhiéu bwde va cac chdt trung gian. (Theo: Prescott va cs,

2005)

Vi khudn acid lactic (Streptococcus, Lactobacillus, Bacillus)

Ndam men, Zymomonas

Vi khudn acid propionic (Propionibacterium)

Enterobacter, Serratia, Bacillus

Vi khudn dwong ruét (Escherichia, Enterobacter, Salmonella, Proteus).
Clostridium

C6 hai loai 1én men formic. Lén men acid hdn hop cho san pham 1 etanol va mot
hdn hop céc acid dic biét 1a acetic, lactic, succinic va formic (bang 17.2).4 éu formic
hydroliase c6 mat acid formic s€ bi phan gidi thanh H, va CO,. Dang Ién men nay gap ¢

SR~



Escherichia, Salmonella, Proteus va mot s6 chi khac. Lén men butandiol dic trung & cac
chi Enterobacter, Serratia, Erwinia va mot s6 loai cua Bacillus (Hinh 17.10, sb 4).
Pyruvate duoc chuyén hoa thanh acetoin, sau do acetoin b1 khir thanh 2,3-butandiol voi
4 ADH. Mot lugng 16n etanol ciling duogc tao thanh cung véi nhitng lugng nho cac acid
gip trong 1én men acid hon hop.

Bdng 17.1: Cdc san pham 1én men acid hén hop ¢ E. coli. (Theo: Prescott va cs, 2005)

Lén men Can bang lén men
(uM san pham/100uM glucose)
Sinh trudng acid Sinh truong kiém
(pHO) (pH8)

Ethanol 50 50
Acid formic 2 86
Acid acetic 36 39
Acid lactic 80 70
Acid succinic 11 15
CO, 88 2

H, 75 0,5
Butandiol 0 0

Lén men formic rat c6 ich trong vi¢c xac dinh céc ca thé cua ho
Enterobacteriaceae. Cic vi khuan 1én men butandiol c6 thé dugc phan biét véi cac vi
khuan 1én men acid hdn hop & ba diém sau:

1. Thur nghiém (test) Voges-Proskauer 1a mot phuong phap so mau dung phat hién
tién chét acetoin ciia butandiol (Hinh 17.10). Thir nghiém nay chi duong tinh véi cac vi
khuén 1én men butandiol.

2. Cac vi khuan 1én men acid hdn hop tao thanh cac san pham acid nhiéu hon 4 lan
cac san phém trung tinh, trong khi céc vi khuén 1én men butandiol tao thanh cac san
pham trung tinh 1a chi yéu. Do d6 céc vi khuan 1én men acid hdn hop acid hoa rét rd rét
mai truong nudi cay. Pay 1 co so ciia thir nghiém d6 metil (methyl red). Thir nghiém la
duong tinh chi v6i 1én men acid hdn hop vi pH giam xudng dudi 4,4 va mau cia chat chi
thi chuyén tir vang sang do.

3. CO, va H, xuét hién déng luong do hoat tinh ctiia formic-hydroliase trong 1én
men acid hon hop. Cac vi khuén 1én men butandiol tao thanh du thtra CO, va ti 1€ CO,/H,
xap xi 5:1.



Céc vi khuan 1én men formic d6i khi tao thanh ATP trong vi¢c tai oxy hoa 4 ADH.
Chung sir dung Acetyl-CoA dé tong hop Acetyl-phosphate sau d6 nhom phosphate nay
duoc chuyén dén ADP.

Acetyl-CoA + Pi — CoA.SH + Acetyl-P
Acetyl-P + ADP — Acetat + ATP

Céc vi sinh vat tién hanh cac qua trinh 1én men khic véi cac qua trinh néi trén.
DPong vit nguyén sinh va ndm thuong 1én men duong thanh lactat, etanol, glycerol,
succinat, format, acetat, butandiol va cac san ph'?lm bod sung.

Alanine 2 Glycine
Has NAD*

NH, NADH
.- 2 NADH

Pyruvate

H 0
NAD* E
2 NAD* 2 NH,
NADH

Acetyl-CoA

P, 2 Acetate
CoA

Acetyl-

-3

Acetate

Hinh 17.11: Phan ung Stickland

Alanin bi oxy héa thanh acetat va glixin dwoc ding dé oxy héa lai NADH sdn ra trong sw
phan giai alanin. Lén men ciing tao thanh ATP. (Theo: Prescott va cs, 2005)

Céc chat khong phai dudng ciing dugc 1én men bai vi sinh vat. Chang han, mot s6
lodi ctia chi Clostridium thudng 1én men cac hon hgp acid amin. Céc clostridia phan gidi
protein nhu cac vi khuan gy bénh. C. sporogenes va C. botulinum thuc hién phan tng
Stickland trong d6 mot acid amin bi oxy hoa trong khi m¢t acid amin thtr hai tac dung
nhu chat nhan electron. Phan tng Stickland dién hinh 13 phan tng trong d6 alanin bi oxy
ho4 va glixin bi khtr dé tao thanh acetat, CO, va 4 Hy. ATP duogc san ra tir Acetyl-P nho
phosphoryl hoa & mirc do co chat va kiéu 1én men nay rat thich hop cho cac vi khuan khi



sinh truéng trong moi truong ky khi giau protein. Phan tung Stickland duoc dung dé oxy
hoa mét s6 acid amin nhu: alanin, leucin, isoleucin, valin, phenylalanin, tryptophan va
histamin. Cac acid amin khac nhu glicin, glutamate, threonine, arginin va ca alanin ciing
duoc vi khuan 1én men nhung theo co ché khac. a goai dudng va acid amin cac acid hitu
co nhu acetat, lactat, propionat va citrat cling dugc 1én men. Mt s6 qua trinh 1én men noi
trén co ¥ nghia rit quan trong trong thuc té ching han citrat c6 thé dugc chuyén thanh
diacetyl tao cho sita 1én men huong vi thom ngon.

17.4. CHU TRINH ACID TRICARBOXYLIC

Mic di mot phan ning lugng cé thé thu dugc tir sy phin giai glucose thanh
pyruvate qua cac con dudng noi trén nhung phan 16n ning luong lai dugc giai phong khi
pyruvate bi phan giai hiéu khi thanh CO, trong giai doan 3 cua su di hoa.

Phirc hop da enzyme pyruvate dehydrogenase truéc hét oxy hoa pyruvate thanh
CO, va acetyl - CoA ciing 1a mot phan tir cao ning bao gdm coenzyme A va acid acetic
nbi voi nhau qua lién két cao nang tiol este (Hinh 17.12).

Acetyl-CoA xuét hién tir sy phan giai ciia nhiéu hidrat carbon, lipit va cac acid
cling goi 13 chu trinh Krebs. Co chét ddi voi chu trinh TCA 1a Acetyl-CoA (Hinh 17.12).
Khi xem xét chu trinh ndy ta can chil y dén cac chat trung gian, cac san pham va hoa hoc
ciia mdi ching. Trong phan ung thtr nhat Acetyl-CoA két hop v&i Oxaloacetate (chat
trung gian 4C) thanh citrat va md dau ching 6C. Citrat (chtra 3 gdc COOH) duge sip xép
lai tao thanh izocitrat. Sau d6 izocitrat bi oxy hoa va loai carboxyl hai lan san ra [1-
ketoglutarat rdi succinyl-CoA. O ching nay 24 ADH dugc tao thanh va 2C bi tach khoi
chu trinh nhu CO, (Cha y: O vi khuan phan tmg izocitrat — a-ketoglutarat str dung
a ADP"). Vi 2C duoc bd sung ¢ dang Acetyl-CoA luc ban dau nén can bang dugc duy tri
va khong co carbon ndo bi mét. Bay gid chu trinh di vao giai doan 4C trong d6 qua hai
budc oxy hod xuét hién moét FADH, va mot 4 ADH. a goai ra, GTP (mdt phan tr cao
nang tuong duong ATP) dugc tao thanh tir succinyl-CoA nho phosphoryl hod & mirc do
co chat. Cudi cung Oxaloacetat duogc tai tao va sin sang két hop véi mot phan tir acetyl-
CoA khéc. Tir hinh 5.12 nhén thay chu trinh TCA san ra 2 CO,, 3 4 ADH, 1 FADH, va
1GTP dbi v&i mdi phan tir Acetyl-CoA bj oxy hoa.
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Hinh 17.12: Chu trinh acid tricarboxylic

Chu trinh cé thé dwoc chia thanh 3 giai doan dwa vio s6 heong cdc chat trung gian. 3
giai doan dwoc tach riéng boi 2 phan ung logi carboxyl. (phan wng trong do nhom carboxyl bi
mat di ¢ dang CO,. Phirc hé Pyruvate-dehydrogenase tao thanh Acetyl-CoA qua oxy héa
Pyruvate. (Theo: Prescott va cs, 2005)

Putng vé mit chirc ning c6 thé xem chu trinh TCA 14 con dudng oxy hod Acetyl-
CoA thanh CO,. O déy, budc dau tién 12 viéc gan nhom acetyl vao chat mang acetyl tirc
1a oxaloacetate dé tao thanh citrat. Budc thir hai bat dau véi citrat va két thuc véi viée tao
thanh succinyl-CoA. O ddy, phin mang acetyl cua citrat mat di 2C khi bj oxy hoa dé cho
2CO0,. Budc thtr ba va budc cubi cing chuyén succinyl-CoA trd lai oxal-acetat (chat
mang acetyl) roi chat nay lai két hop voi mot nhom acetyl khac.

Céac enzyme cua chu trinh TCA gip phd bién trong vi sinh vat. Chu trinh hoan
toan hoat dong & nhiéu vi khuan hiéu khi, dong vat nguyén sinh séng tu do, hau hét tao
va nam. DPiéu nay 1a dé hiéu vi chu trinh 14 nguon ning lwong rat quan trong. Tuy nhién,
E. coli ki khi khong bét budc khong stir dung chu trinh dﬁy dua trong diéu kién ki khi hay
khi ndng do glucose cao nhung sir dung chu trinh ddy du trong nhimg trudng hop khac.



Mic du thiéu chu trinh hoan chinh nhung E. coli thudng van c6 hau hét cac enzyme ciia
TCA vi mdt trong cic chirc ning chu yéu cta chu trinh nay 1 cung cip bd khung carbon
ding cho sinh tong hop.

17.5. SU VAN CHUYEN ELECTRON VA PHOSPHORYL HOA OXY HOA
Khi mét phan tir glucose bi oxy hoa thanh 6 phan tir CO, qua con duong dudong

phan va chu trinh TCA chi khoang 4 phan tir ATP dugc tao thanh, con hau hét ATP thu
duoc 1a tir sy oxy hoa 4 ADH va FADH, trong chudi van chuyén electron.

17.5.1. Chudi van chuyén electron

Chudi van chuyén electron dugce nghién ciru ki nhét 13 chudi ¢ ti thé. Chudi bao
gom mot diy cac chat mang electron hoat dong phdi hop véi nhau dé van chuyén electron
tir cac chat cho nhu & ADH va FADH, tdi cac chat nhan nhu O, (Hinh 17.13).
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Hinh 17.13: Chudi vin chuyén electron ti thé

Cdc chdt mang quan trong hon dwoc sdp xép theo thé khir va thir t twong déi chinh xdc.
Trong ti thé ching dwoc té chire thanh 4 phirc hop lién két véi nhau boi CoQ va Cytochrome c.
Cdc electron di chuyén tir NADH va succinat xuéi theo gradien thé khir t6i oxy. (Theo: Prescott
va cs, 2005)



Céc electron di chuyén tir cac chat mang véi thé khir 4&m hon téi cac chat mang voi
thé khir duwong hon, cudi cung két hop voi O, va H' tao thanh nude. Céc electron van
chuyén xubi theo gradien thé ning tuwong tu nhu nude chay xudi qua mot diy thac ghénh.
Su khéc nhau trong thé khir gitta O, va 4 ADH 1a 16n, khoang 1,14V gitp cho viéc giai
phong mot lugng 16n ning luong. Sy thay dbi thé ning & mot sé diém trong chudi du 16n
dé cung cip ning luong cho viéc tao thainh ATP twong tu nhu ning luong tir thic nude
chay xudng cac banh xe dung dé san xuat dién. Chudi van chuyén electron di phan tach
toan b ning luong thoat ra thanh cac bude nho. Mot phan ning luong giai phong duoc
bao ton & dang ATP. Viéc van chuyén electron ¢ nhimg budc nay c6 thé tao ra cac
gradien proton va gradien dién tich. Sau d6 cac gradien nay c6 thé huéng dan tong hop
ATP.

Khoang giira mang
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Hinh 17.14: Gida thuyét héa tham thau dp dung vao ti thé

Trong so do cdc chdt mang dwoc 16 chire khéng doi ximg bén trong mang trong sao cho
cdc proton di chuyén qua mang trong khi cdc electron dwge chuyén doc theo chudi. Viéc gidi
phéng proton vao khoang giita cdc mang dién ra khi cdc electron dwoc chuyén tir cdc chit mang
nhir FMN va CoQ (vdn chuyén ca electron va proton) téi cdc thanh phan nhw cdc protein sdt
khéng-hem (cdc protein FeS) va cdc Cytochrome a téi Os. CoQ vdn chuyén cdc electron tir cdc
phike hop I va II dén phire hop III. Cytochrome ¢ vdn chuyén cdc electron giita cdc phirc hop II1
va IV. 86 heong proton di chuyén qua mang & méi vi tri doi voi mét cap electron dwoc vin
chuyén van con chwa chdc chan nhwng ¢6 1€ it nhat 10 proton phdi di chuyén ra phia ngodi
trong quda trinh oxy hoa NADH. (Theo: Prescott va cs, 2005)

Céc chat mang trong chudi van chuyén electron nim bén trong mang trong cia ti
thé hodc mang sinh chat & vi khuan. S¢ di vay vi: (1) Cac chit ndy cin & sat gan nhau dé
thuan tién cho viéc chuyén cac electron cho nhau; (2) Muc dich cua chudi 1a bom H qua
mang dé tao thanh gradient H", do d6 néu khong c6 mang ciing s& khong c6 gradient. Hé



thdng ti thé dugc sip xép thanh 4 phic hop cac chit mang, mdi phirc hop c¢6 thé van
chuyén mot phan cua céac electron cia con dudng téi O, (Hinh 17.14). Coenzyme Q va
Cytochrome c lién két cac phirc hop véi nhau.

Qua trinh nho d6 ning luong tir sy van chuyén electron dugc dung dé tong hop
ATP dugc goi 1a phosphoryl hoa oxy hoa. Do d6 ¢t 3 phan tir ATP c¢6 thé duoc tao thanh
tir ADP va Pi mdi khi mot cap electron chuyén tir 4 ADH t6i mot nguyén tir cia O,. Didu
nay ciing chi nhu néi ti 1é ciia phosphorus déi véi oxy (P/O) 1a bang 3. Vi cac electron tir
FADH, chi di qua hai diém phosphoryl hoa oxy hoa nén ti 1¢ P/O cuc dai d6i v6i FADH,
1a 2. O ti the ti 1& P/O thyc su ¢6 thé nhé hon 3 va 2.

Mic du mot s6 chudi ho hip ¢ vi khuan twong ty nhu & ti thé nhung noi chung
chung rat khac. Chang han céc chat mang electron (vi du cac Cytochrome) thudng khong
chi nhau va cac chudi ¢ vi khuan c6 thé phan nhanh manh mé. Céc electron thudng c6 thé
di vao chudi & mot sé diém va roi khoi chudi qua mot sé oxydase tan cing. Cac chudi &
vi khuan ciing c6 thé ngin hon va c6 ti 18 P/O thip hon céc chudi & ti thé. 4 hu vay, cac
chudi van chuyén electron & sinh vat nhan nguyén thuy va sinh vat nhan that khic nhau
trong chi tiét vé cdu tric mic du ching déu hoat dong theo cac nguyén tic co ban chi
nhau.

a hitng su khac nhau trong chudi van chuyén electron thé hién 16 rét & E. coli va
Paracoccus denitrificans. Hinh 17.15 1 so @5 don gian chudi van chuyén electron ¢ E.
coli. Mic du vi khuén nay van chuyén cac electron tir & ADH t6i cac chit nhan va véan
chuyén céac proton qua mang sinh chat nhung chudi van chuyén & E. coli hoan toan khac
v6i O ti thé. Chéng han, chudi & E. coli phan nhanh va chia cac Cytochrome rat khac
nhau. CoQ hoic ubiquinol cung cdp céc electron cho ca hai nhanh nhung chang hoat
dong dudi cac diéu kién sinh truéng khac nhau. 4 hanh Cytochrome d c6 4i lyc rat cao
dbi voi oxy va hoat dong & néng do oxy thap. a hanh nay hoat dong kém hiéu qua hon
nhanh Cytochrome o vi khong chi dong bom proton. a hanh Cytochrome o c6 ai luc cao
trung binh d6i voi oxy,la mot bom proton va hoat déng & néng dd oxy cao hon.

Paracoccus denitrificans 1a mot vi khuén dat, gram am, ki khi khong bét budc, co
thé sinh truong di dudng véi hang loat chat dinh dudng hoidc tu dudng véi H, va CO,
nho a O; 1a chat nhan electron. Chudi van chuyén electron hiéu khi gdm 4 phtic hop chi
nhu & ti thé (hinh 17.164). & goai cac chat cho nhu & ADH, succinat vi khuan noi trén con
oxy hoa metanol, metylamin nhu nguén carbon duy nhat cho sinh truéng. Céc electron di
vao chudi ¢ vi tri Cytochrome c. Metanol bi oxy hod thanh formaldehit, chat nay dugc



chuyén thanh CO, va di vao chu trinh Calvin. Khi vi khuan sinh truong ky khi voi

a O;1la chat nhan electron chudi s& dugc sip xép hoan toan khac (Hinh 17.16b).
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Hinh 17.15: Hé thong hé hdp hiéu khi ¢ E. coli.

NADH la nguén electron. Ubiquinone-8 () lién két NADH-dehydrogenaza véi 2 hé
thong oxydaza tén ciing. Nhanh phia trén hoat ddng khi vi khudn & pha 6n dinh va chira it oxy. It
nhat 5 Cytochrome tham gia vao day la bsss, bsso, bsss, d va o. Nhanh phia duoi hoat dong khi E.
coli sinh trieong nhanh va nong dé oxy cao. (Theo: Prescott va cs, 2005).



Phitc hop Cytochrome aa3 khong hoat dong. Cac electron tir Cytochrome ¢ cua chudi
duoc chuyén t6i nitrite -, oxyd nitric - va oxyd nitro reductase. a itrate reductase nhan
electron tir CoQ. S6 lugng proton tach khoi mang sip xép theo kiéu nay 1a khong 16n
nhung nho vy vi khudn c6 kha ning sinh truong ky khi.
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Hinh 17.16: Cac chuoi van chuyén electron o Paracoccus denitrificans

(a) Chudi van chuyén hiéu khi chi véi chuéi van chuyén electron & ti thé va sir dung oxy
la chat nhén electron. Metanol va metilamin ciing c6 thé chuyén electron cho Cytochrome c. (b)
Chudi véin chuyén ki khi phdan nhanh manh mé dwoc thuc hién boi ca cdc protein cua mang va
cdc protein chu chat. Nitrate bi khir thanh nito phdn tir nho tac dung phoi hop ciia 4 reductase
khdc nhau tiép nhdn cdc electron tir CoQ va xit.c. Vi tri di chuyén ciia proton dwoc chi ré nhung
$6 lwgng proton bao gom thi con chira chdc chan. Ghi chii: FP= flavoprotein; MD = metanol-



dehydrogenase; Nar = nitrate reductase; Nir = nitrite reductase; Nor = oxyt nitric reductase;
Nos = oxyt nitro reductase. (Theo: Prescott va cs, 2005)

17.5.2. Phosphoryl hoa oxy hoa

Mic du dd duoc nghién ciru tich cuc trong nhidu nim nhung chi gan day co ché
ctia phosphoryl hoa oxy hoa méi duoc chap nhan rong rii theo gia thuyét hoa tham thau
(chemiosmosis) do nha sinh hod ngudi Anh Peter Mitchell dé xuat dau tién vao nim
1951. Theo gia thuyét nay chudi van chuyén electron dugc sip xép sao cho cac proton
dugc day tir chat nén ti thé ra phia ngoai, con cac electron thi dugc van chuyén bén trong
chudi (hinh 17.17). Sy di chuyén cia proton ¢ thé xuat phat tir cac num (loop) cua chit
mang (hinh 17.14) hay tir tdc dung cua cadc bom proton dac bi¢t thu dugc nang luong nho
su van chuyén electron. Két qua la xuét hién mot dong luc proton (proton motive force,
PMF) bao gdm mét gradien proton va mot thé hiéu mang do sy phan b khong déu cia
dién tich. Khi cac proton di chuyén trd lai chat nén ti thé nhd PMF ATP s& dugc tong hop
nguoc chidu véi phan tng thuy phan ATP (hinh 17.17).

Khoang trong
mang
4H* aH* 2H* au+
Ty +4+++++++++++++ ok 4 +4++ 4+ + 44+ +++ +
Q
1 111 IV,
| | ]
MADH 4H* NAD* 4ut 2054 2H*  H,0
+HF Fy

Chit nén

ADP + P ATP

Hinh 17.17: Hba tham thdu



So do gia thuyét héa tham thau dp dung cho chirc ndng ciia ti thé. Dong electron tir
NADH t6i oxy tao diéu kién cho cdc proton di chuyén tir chdt nén (matrix) ti thé t6i khoang giita
cac mang. Két qua la sw xudt hién cia cac gradien proton va gradien dién tich. Khi cdc proton
chuyén tré lai chdt nén qua phirc hop FiFy, F; sé tong hop ATP. O vi khudn qud trinh dién ra
twong tw nhung cdc proton di chuyén tir té bao chdt dén chu chat. (Theo: Prescott va cs, 2005)

O vi khuén cling dién ra qua trinh twong tu: dong electron tao diéu kién cho cac
proton di chuyén ra phia ngodi qua mang sinh chét (Hinh 17.15 va 17.16) sau d6 ATP
duoc tong hop khi cac proton nay khuéch tan tro lai té bao. PMF ciing c6 thé huéng din
van chuyén cac phan tir qua mang ciing nhu sy quay cta tién mao nghia 1a dong vai trd
trung tdm trong sinh 1y hoc cua vi khuan (Hinh 17.18). Gia thuyét hoa tham thau duogc
chép nhan bodi hdu hét cac nha vi sinh vat hoc. Viéce tao thanh gradien proton va gradien
dién tich qua mang da dugc chimg minh 10 rét. Tuy nhién, chirng c& gradien proton la
dong luc truc tiép cua phosphoryl hoa oxy hoa van chua dugce khang dinh. O mét sb vi
khuén bién ua man cac ion natri c6 thé dugc dung dé hudéng dan tong hop ATP.

Reductants Light

Van chuyén Quang hgp
electron Photosynthesis

LTINS /

})ﬁng Iwe proton

/quay ciia tien  Van chuyén

ADP + P, = ATP chi dong
v R

rotation

mao vi khuan

Hinh 17.18: Vai tro trung tam cua dong luc proton (Proton Motive Force

Can chii y rang viéc van chuyén chii dong khéng phdi bao gio ciing dwoc hirdng dan béi PMF.
(Theo: Prescott va cs, 2005)



ATP

(b)

Hinh 17.19: Cdu triic va chirc ning ciia ATP-synthase

(a) Céc déc tinh cdu tric chii yéu ciia ATP-synthase. F la cdu triic hinh cau bao gém chii yéu la
cdac dudi-don vi luan phién ava f; 3 vi tri hoat dong nam trén cdc dudi-don vi p. Duoi don vi y
kéo dai Ién trén qua trung tam cua cdu triic hinh cau va c6 thé quay. Phan cuéng (cdc dudi don
Vi yva & noi hinh cdu véi Fy; Fy la phitc hop bén trong mang dong vai tro nhw 1 kénh proton. F
chira 1 dudi don vi a, 2 dwoi don vi b va 9-12 dwdi don vi c. Nhanh stato bao g&m dudi don vi a,
2 duéi don vi b va dudi don vi 8 nhdnh stato nam trong mang va gan véi Fi. Mt vong cdc dudi
don vi ¢ trong Fy dwoc néi voi cudng va cé thé tic dung nhw 1 roto va chuyén dong qua 1 duéi
don vi cua stato. Khi vong dudi don vi c quay no sé lam quay truc (cac dwoi don vi y ¢). (b) So
d6 tong hop ATP theo co ché lién két thay doi trong dé thé cau F1 dwoc nhin tir phia mang. 3 vi
tri hoat dong cé thé ton tai & 3 hinh thé khdc nhau: 1 hinh thé mo, bat hoat (O) véi di luc thip
déi véi co chat va 1 hinh thé L bat hoat ¢6 di lyc khd long léo déi véi co chat va 1 hinh thé chdt
hoat déng (T) c6 di lwc cao doi véi co chdt. Trong budc dau tién ADP va Pi géin vdo vi tri O.
Tiép theo duéi don vi y quay 120° nho ning luong ¢é 1€ tir dong proton di chuyén qua Fy. Su
quay nay gdy ra nhitng thay doi hinh thé trong tdt ca 3 dudi don vi dan dén viéc gidi phong ra
ATP méi duwoc tao thanh va viéc chuyén héa vi tri L thanh 1 hinh thé T hoat déng. Cudi ciing
ATP duoc téng hop o vi tri T mdi trong khi ADP va Pi lai duoc lién két vao vi tri O con tréng va



moi viéc lai san sang cho sw quay tiép cia dwdi don vi y hiéng dan nho ndng luong. (Theo:
Prescott va cs, 2005)

Du co ché nao 1a chinh xAc, viéc téng hop ATP déu dién ra trén F,F, ATPase
hoic ATP-synthase (Hinkh 17.19). Thanh phan F, & ti thé c¢6 cdu tric hinh cau gin vao bé
mat mang bén trong ti thé boi mot cuéng, con thanh phén F, duoc lép vao mang. FF -
ATPase ¢ vi khuan lai nim & bé mit bén trong clia mang sinh chat. F, tham gia vao viéc
di chuyén cua proton qua mang va viéc di chuyén nay qua mét ranh trong F, c6 thé dung
dé hudng dan phosphoryl hod oxy hoa. F, 1a mét phirc hop 16n chira 3 duéi - don vi a
luan phién vé6i 3 dudi - don vi B Duéi - don vi y kéo dai tir phtrc hop asp; xudng phia
dudi. Dudi - don vi nay bao gdm mot phan ciia cudng va tuong tac véi Fy. Dudi - don vi
8 cling nam & phan cudng. Phan 16n dudi - don vi y gip ¢ trung tdm cua F, duoc bao
quanh boi cac duéi - don vi a va . Dudi - don vi ¥ quay nhanh theo hudng trai chiéu
kim dong ho bén trong phirc hop asp; twa nhu tryc quay 6 t6 va gy ra nhiing thay doi
hinh thé huéng dan tong hop ATP & céac vi tri hoat dong trén cac dudi - don vi B (Hinh
17.19b). Do @6 ATP - synthase 13 mot dong co quay nho nhat hién biét, nhé hon nhiéu so
voi tién mao vi khuan.

O ndng d6 du cao nhiéu hoa chat kim ham tong hop ATP trong diéu kién hiéu khi
va tham chi c6 thé giét chét t& bao. Cac chat kim hdm nay, néi chung, c6 thé dugc phan
thanh hai loai. Mot sb ngan can truc tiép viéc van chuyén electron. Chat khang sinh
pierixidin canh tranh v6i CoQ; chat khang sinh antimixin A can tré viéc van chuyén
electron giita cac Cytochrome b va c; xianit va azit lam ngimg viéc van chuyén electron
giita Cytochrome a va O, do chiing c¢6 ciu triic twong tu v6i O,.

Mot nhom chat kim ham khac goi 14 chét cach li (uncoupler) c6 tic dung dinh chi
tong hop ATP nhung khong e ché viée van chuyén electron. Trén thuc té, cac chat cach
li cling c6 thé nang cao tbc do di chuyén cua electron. Thong thudng, su van chuyén
electron lién két chit ché vai phosphoryl hoa oxy hod sao cho téc do tong hop ATP diéu
hoa téc d6 van chuyén electron. Tong hgp ATP trong phosphoryl hoa oxy hoa dién ra
cang nhanh thi chudi van chuyén electron hoat dong dé cung cap ning luong can thiét
cling cang nhanh. Cac chat cach li tach riéng phosphoryl hoa oxy hoa khoi van chuyén
electron. Vi vay, ning luong do chudi thai ra s& & dang nhiét chir khong phai ATP. 4 hiéu
chat cach 1i nhu dinitrophenol va valinomixin c6 thé cho phép cac ion H', K* va cac ion
khac qua mang ma khong hoat hoa F,Fy-ATPase. Két qua 1a cac gradien pH va ion bi pha
huy. Valinomixin ciing c6 thé lién két truc tiép v6i F Fy-ATPase va kim him hoat tinh
cua enzyme nay.



17.5.3. San lwong ciia ATP trong dwong phan va hd hap hiéu khi

San luong cuc dai cua ATP & céc sinh vat nhan that trong qué trinh duong phan,
chu trinh TCA va van chuyén electron c6 thé dugc tinh toan d& dang. Sy chuyén hoa
glucose thanh 2 pyruvate trong dudng phan cho 24 ADH va 2 ATP. Vi 1 4 ADH 6 té bao
chat co thé san ra cuc dai 2-3 ATP trong van chuyén electron va phosphoryl hoa oxy hoa
(ti 16 P/O = 2 hodc 3), tong san luong ATP khi ¢6 mat O, ctiia con duong phan 13 6-8 phan
tu.

Badng 17.2: San heong ATP tir s oxy héa glucose & té bao nhan thét.
(Theo: Prescott va cs, 2005)

Con duwong dwong phdn :
Phosphoryl héa & mtrc 46 co chit (ATP) 2ATP

Phosphoryl hoa oxy héa véi 24 ADH  4-6ATP

2Pyruvate thanh 2Acetyl-CoA

Phosphoryl hoa oxy héa véi 24 ADH . G6ATP

Chu trinh TCA

Phosphoryl héa ¢ miic 46 co chat (GTP) 2ATP

Phosphoryl héa oxy héa voi 63 ADH 18ATP
Phosphoryl hoa oxy hoa véi 2FADH?2 . 4ATP
Tong san leong hiéu khi 36-38ATP

a/ San luong ATP duoc tinh véi ti 16 P/O dugc thira nhan 1a 3 d6i voi 4 ADH va 2 dbi
véi FADH,

b/ San lugng ATP dugc tinh tuy thudc vao viéc cac electron ctua 4 ADH di vao ti thé
nhu thé nao.

Khi O, c¢6 mit va chudi van chuyén electron hoat dong pyruvate s& bi oxy hoa tiép
thanh Acetyl-CoA tlic co chat cho chu trinh TCA. Phan mg nay san ra 22 ADH vi 2
pyruvate xuat hién tir mot glucose, do d6 6ATP nita duogc tao thanh. Viéc oxy hod mot
phan tir Acetyl-CoA trong chu trinh TCA san ra 1GTP (hoic ATP), 34 ADH va 1FADH,



nghia 12 néu 2 phén tr Acetyl - CoA bi oxy ho4 trong chu trinh trén thi s& xuat hién 2GTP
(ATP), 64 ADH va 2FADH,. Theo bang 9.2 viéc oxy hoa 4 ADH va FADH, trong chu
trinh théng qua chudi van chuyén electron s& cung cip t6i da 1a 38ATP. Tuy nhién,
nhitng tinh toan duoc tom tat va trinh bay & bang 9.2 chi 1a Iy thuyét va dua vao ti 18 P/O
(sé lugng ATP tao thanh khi mdt nguyén tir oxy bi khir béi 2 electron trong su van
chuyén electron) 1a 3 ddi v6i viéc oxy hoa a ADH va 2 d6i voi viée oxy hoa FADH,.
Trén thuc té ti 18 P/O ¢6 18 vao khoang 2.5 d6i v6i 4 ADH va 1,5 d6i v6i FADH,. 4 hu
vay tong san lugng ATP trong diéu kién hiéu khi c6 thé x4p xi chi 30 hon 1a 38ATP.

Vi cac hé thong van chuyén electron ¢ vi khuan thuong cé ti 16 P/O thap hon hé
thong & ti thé nén san lugng ATP & vi khuan trong diéu kién hiéu khi co thé it hon.
Chéng han, E. coli v6i chudi van chuyén electron ngén co ti 1€ P/O khoang 1,3 khi su
dung nhanh cytochrome bo & ndng d6 oxy cao va chi 0,67 khi st dung nhanh
Cytochrome bd (Hinh 17.15) & ndng d6 oxy thip. Trong trudng hop nay viéc tao thanh
ATP thay doi tuy theo diéu kién méi truong. Co6 1& vi thuong sdng & nhing noi nhu
duong rudt rat giau chat dinh dudng ma E. coli khong can phai tong hop ATP that hiéu
qua. Chudi van chuyén electron chi hoat dong khi E. coli séng trong méi trudng nudce
ngot, hiéu khi gifra cac vat chu.

RS rang, ho hap hiéu khi hiéu qua hon rat nhiéu so vé6i cic qué trinh ky khi khong
bao gém su van chuyén electron va phosphoryl hoa oxy hoa. Chang han, duéi diéu kién
ky khi khi 4 ADH khong bi oxy hoa bai chudi van chuyén electron chi 2ATP dugc tao
thanh trong sy phan giai glucose thanh pyruvate. Khi chuyén tir diéu kién ky khi sang
diéu kién hiéu khi nhiéu vi sinh vat giam manh mé téc d6 phan giai duong va chuyén
sang ho hap hiéu khi. Pay 1a mot hién tugng diéu chinh duoc goi 1a hi¢u ung Pasteur.
Hiéu g nay c6 loi rd rang cho vi sinh vat vi chi can phan giai mot luong dudng it hon
ma van thu dugc san luong ATP nhu nhau do qu4 trinh hiéu khi dem lai hiéu qua hon.

17.6. HO HAP KY KHi

Céc electron dan xuat tir duong va cac phén tir hitu co khac thuong duoc chuyén
cho céc chit nhan electron hitu co ndi sinh hodc cho O, thong qua chudi van chuyén
electron (hinh 17.2). Tuy nhién nhiéu vi khuan c6 cac chudi van chuyén hoat dong voi
cac chat nhan electron tir bén ngoai khac O,. Qua trinh san sinh ning luong nay dugc goi
1a ho hap ky khi. Cac chit nhan electron chi yéu 1a nitrate, sulfate va CO, nhung cac kim
loai va mot s phan tir hitu co ciing ¢ thé bi khir (bdng 17.3).

Mot s6 vi khuan c6 thé st dung nitrate 1am chat nhan electron va tong hop ATP.
Qua trinh nay thuong duogc goi la sy khur nitrate di hoa (dissimilatory nitratee reduction).



a itrate c6 thé bi khir thanh nitrite boi nitrate - reductase 14 enzyme thay thé Cytochrome-
oxydase.
!

405 +2e+2H" — 4 0,+H,0

Tuy nhién sy khir nitrate thanh nitrite khong phai la con dudng thu nhan ATP c6
hiéu luc vi dé sinh trudng vi khuan can mot lugng 16n nitrate (1 phan tir nitrate chi nhan 2
electron). a itrite tao thanh lai rat doc. Vi vay nitrate thuong bi khir tiép thanh 4 , trong
qua trinh goi 13 phan nitrate hoa (denitrification). Mdi nitrate s& nhan 5e va san pham s&
la khong doc.

2405 +10e + 12H" — 4, + 6H,0

Phan nitrate hoa 13 mot qua trinh nhiéu budc bao gdm 4 enzyme tham gia: nitrate-,

nitrite-, oxyt nitric- va oxyt nitro-reductase.
407540, 540 —>4,0 54,

Pang chil ¥, mot trong cac chat trung gian 1 oxyt nitric (4 O). O dong vat c¢6 via
a O tac dung nhu mot chat din truyén than kinh dong vai trd diéu chinh huyét ap va duoc
cac dai thuc bao sir dung dé tiéu diét vi khuan cling nhu cac té bao u. O vi khuan c6 hai
loai nitrite reductase xuc tac sy tao thanh 4 O: mot loai chta cac Cytochrome c va d; (&
Paracoccus va Pseudomonas aeruginosa) va mot loai 1a protein chita dong (O
Alcaligenes). O vi khuan gram am nitrite reductase ¢ 1& nam trong chu chat. Oxyt nitric
reductase x(c tac viéc tao thanh oxyt nitro tir 4 O va 1a mot phtrc hop Cytochrome be gin
vao mang. Phan nitrate dugc nghién ctru k§ ¢ vi khuan dat, gram am Paracoccus
denitrificans; vi khuan ndy c6 kha ning khir nitrate thanh 4 , trong diéu kién ky khi.
Chudi van chuyén electron & chung chira nitrate - reductase va oxyt nitric - reductase gin
vao mang con nitrite reductase va oxyt nitro - reductase thi t6n tai trong chu chét (Hinh
17.16b). 4 enzyme sir dung céc electron tir CoQ va cac Cytochrome typ ¢ dé khir nitrate
va san ra PMF.

Phan nitrate hod gap & mot so loai thudc cac chi Pseudomonas, Paracoccus va
Bacillus. Ching str dung con dudng nay thay cho ho hap hiéu khi binh thudng va co thé
duoc xem 1a cac vi khuan ky khi tuy tién. Khi O, c6 mit chiing thuc hién ho hap hiéu khi
(téng hop nitrate reductase bi kiém ché bai O,). Trong dat ky khi phan tng nitrate hoa
dan dén sy mat (ton that) nito ctia dat va anh huéng xau dén do phi cia dat.

Hai nhom vi khudn chu yéu khéc str dung hé hap ky khi 1a cac vi khuan ky khi bat
budc. Bon str dung CO, hoac carbonat lam chit nhan electron tin cung duogc goi la cac vi
khuén sinh metan vi chiing khir CO, thanh metan (CH,). Sulfate ciing c6 thé dong vai trd



nhu chét nhan electron tan cung ¢ vi khuén Desulfovibrio. Sulfate bi khur thanh sulfua
(S* hodc H,S) va 8 electron duoc tiép nhan.
SO,” + 8¢ + 8H' — S + 4H,0
Badng 17.3: Mét s6 chdt nhdn electron dwoe ding trong hé hdp.
(Theo: Prescott va cs, 2005)

Chat nhan Céc san pham Céc vi sinh vat dung lam vi dy
electron khir
Hiéu khi O, H,O TAt ca cac vi khuan hiéu khi, ném, dong

vat nguyén sinh va tdo

Ky khi 405 40, Vi khuan duong rudt
405 40,,4,0,4, Pseudomonas, Bacillus, Paracoccus
SO~ H,S Desulfovibrio va Desulfotomaculum
CO, CH,4 T4t ca céc vi khuan sinh métan
S° H,S Desulfuromonas va Thermoproteus
Fe* Fe?* Pseudomonas, Bacillus, va Geobacter
HAsO,* HAsO, Bacillus, Desulfotomaculum,
Sulfurospirillum
SeO,” Se, HSeO,™

) Aeromonas, Bacillus, Thauera
Fumarat Succinat

Wolinella

So véi ho hap hiéu khi - ho hap ky khi kém hiéu qua hon trong viéc tong hop ATP
nghia 13 viéc phosphoryl hoa oxy hod véi cac chat nhan electron tan cung 1a nitrate,
sulfate hodc CO, cho it ATP hon. San lugng ATP giam di bat ngudn tir chd cac chat nhan
electron ndi trén ¢ thé khir kém dwong hon so v6i O,. Su khac nhau trong thé khir gitra
chit cho nhu & ADH va nitrate 1a nho hon sy khac nhau gitra 4 ADH va O,. Vi san lugng
nang luong tryc tiép lién quan voi d6 16n cua sy khac nhau trong thé khtr nén it ning
luong hon duoc cung cip cho viéc tao thanh ATP trong ho hip ky khi. Tuy nhién hé hap



ky khi 12 ¢6 ich vi c6 hiéu qua hon 1én men va cho phép tong hgp ATP nhd van chuyén
electron va phosphoryl hoa oxy hoé trong diéu kién ving mat O,. H6 hip ky khi chiém
vu thé trong cac dat va cac bun ky khi.

Thudng ta quan sat su ké tiép cua cac vi sinh vat trong mot méi trudng khi c6 mit
mét s6 chit nhan electron. Chéng han, néu trong moi truong dac biét tdn tai O,, nitrate,
ion mangan, ion ferric (Fe’"), sulfate va CO, ta s& thy dién ra tht tu du doan cua viée st
dung chét nhén electron khi c6 mit mot co chét co thé oxy hod thich hop véi ching quan
(population) vi sinh vat. Oxy duoc sir dung trude tién nhu mot chit nhan electron vi né
kim him viéc str dung nitrate bdi cac vi sinh vat c6 kha niang hé hap véi O, ciing nhu véi
nitrate. Khi O, c6 mit cadcvi khuan khir sulfate va vi khuan sinh metan bi kim him vi
chung 1a bon ky khi bat budc.

Mot khi O, va nitrate bi can kiét va cac san pham 1én men, ké ca hydro, dugc tich
luy thi s¢€ bt dau din ra su canh tranh sur dung cac chét nhan electron khac. Mangan va
st s& duogc str dung dau tién, tiép theo 13 sy tranh gianh giira vi khuan str dung sulfate va
vi khuan sinh metan. Sy canh tranh chiu anh hudéng boi san luong ning luong 16n hon
thu duoc véi sulfate 13 chat nhan electron. Ciing quan trong 13 su khac nhau trong ai luc
ctia enzyme dbi v6i hydro vi ddy 1a co chit pho bién cia ca hai nhom vi khuan. Vi khuan
khir sulfate Desulfovibrio sinh truéng nhanh va st dung hydro sin c6 voi tbe dd nhanh
hon Methanobacterium. Khi sulfate can kién Desulfovibrio khong oxy hoa hydro nira va
noéng do hydro ting 1én. Cudi cing vi khuan sinh metan chiém wu thé va khir CO, thanh
CH,.

17.7. SU PHAN GIAI CAC HIDRAT CARBON VA CAC POLIME DU TRU NOI
BAO

a goai glucose vi sinh vat co thé phan giai nhiéu loai hidrat carbon. Céac hidrat
carbon c6 thé bat nguodn tir bén ngoai té bao hay tir nhitg ngudn ndi bao. Cac budc mé
dau trong su phan giai cac hidrat carbon tir bén ngoai thudng khac véi cac bude md dau
st dung v&i cac polime du trir ndi bao.

17.7.1. Cac hidrat carbon

Mot s6 con dudng phan giai cic monosaccarid (dudng don) nhu gluco-, fructo-,
manno- va galactose duoc trinh bay & Hinh 17.20. Ba dudng don dau tién duogc
phosphoryl hoa nho ATP va dé dang di vao con dudng dudng phan. Trai lai, galactose,
sau phan Gng phosphoryl hod mo diu phai duwoc chuyén thanh uridin diphosphate
galactose r0i trong mot qua trinh 3 budc dugc chuyén thanh gluco-6-phosphate (hink
17.20).
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Hinh 17.20: Sy phdn giai hydrate carbon

Trong hinh la nhitng vi du vé cdc enzyme va cdc con dwong ding phdn gidi disaccarid va
monosaccarid. (Theo: Prescott va cs, 2005)

Céc disaccarid thong thuong bi phan giai thanh cdc monosaccarid bdi it nhat hai
co ché (Hinh 17.20). Malto-, saccaro- va lactose ¢ thé bi thity phan tryc tiép thanh cac
duong don. 4 hiéu disaccarid nhuw  malto-, xenlobio- va saccarose ciing bi phan giai boi
sy tn cong ctia nhanh phosphate trén lién két ndi giita hai duong; qué trinh nay dugc goi
1a phan giai nhd phosphate hay goi tit 1a 1an phan (phosphorolysis). Ciing nhu cac
disaccarid cac polisaccarid bi phan giai béi ca thuy phan va lan phan. Vi khuan va nim
phan giai cac polisaccarid ngoai bao nhd tiét ra cic enzyme thuy phan phan giai cac
polisaccarid thanh cac phan tir nho hon, sau d6 cac phéan tir nay dugc dong hod. Tinh bot
va glicogen bi thuy phan boi amilase thanh glucose, maltose va cac san pham khac.



Cellulose kho bi phan giai hon; nhiéu ndm va mot s6 vi khuan (vi khuén truot, clostridia
va cac xa khuan) tong hop xenlulase thuy phan cellulose thanh cellobiose va glucose.

Mot s loai thude chi Cytophaga phan lap tir bién co kha ning tiét ra enzyme
agarase phan giai thach. a hidu vi khuan dat va vi khuan gy bénh thuc vat tong hop
enzyme phén giai pectin 1a polime ciia acid galacturonic (mot dan xuat cia galactose),
acid nay 1a mot thanh phan quan trong ctia md va thanh té bao thuc vat.

Pang chd y, vi sinh vat ciing c¢6 kha ning phéan giai cac chit la (xenobiotic) rat bén
vitng. Pay khong phai 14 cac chat do sinh vat tong hop ma lado con ngudi tao ra. Chang
han céac chét trir sinh vat hai (pesticides) va cac hop chit thom khac nhau. 4 ho sir dung
cac enzyme va cac con dudng dic biét vi sinh vat chuyén hoa cc chit nay thanh cac chat
trung gian trao ddi chit binh thudng sau d6 tiép tuc phan giai theo con duong théng
thudng. Phanerochaete chrysosporium 1a mot lodi nAm dic biét co kha niang phan giai
cac chat la
17.7.2. Cac polime du trir

Vi sinh vat thuong phai séng timg thoi gian dai trong diéu kién thiéu ving chat
dinh dudng tir bén ngoai. Trong hoan canh nhu vy chung phai tién hanh phan giai cac
chat duy trir ndi bao nhu glicogen, tinh bot, poli-B-hydroxybutyrat... Glycogen va tinh bot
bi phan giai nho cac enzyme phosphorylase. Enzyme nay xtc tac phan ung lan phan dan
t61 1am ngdn chudi polisaccarid mot glucose va san ra gluco-1-phosphate.

(Glucose), + Pi — (Glucose),.; + gluco-1-P

Glucos-1-phophate c6 thé di vao con duong dudng phan qua con dudng gluco-6-
photphate (Hinh 17.20). Poli-p-hydroxybutyrate (PHB) 1a mot chéat du trit quan trong,
pho bién va su phan giai PHB di duoc nghién ctru ki & Azotobacter. Vi khuan nay thuy
phin PHB thanh 3-hydroxybutirat sau d6 oxy hod hydroxybutirat thanh acetoacetat.
Acetoacetat duogc chuyén thanh Acetyl-CoA va Acetyl-CoA c6 thé bi oxy hod trong chu
trinh TCA.

17.8. PHAN GIAI LIPID

Vi sinh vat thuong st dung lipit 1dm ngudn ning luwong. Céc triglixerit hodc
triaxilglycerol, cac este ciia glycerol va cac acid béo (hinh 17.21) 13 cdc ngudn ning
luong phd bién. Chung c6 thé bi thuy phan thanh glycerol va cac acid béo boi cac lipase
vi sinh véat. Sau d6 glycerol duoc phosphoryl hoa rdéi duoc oxy hoa thanh
dihydroxyacetone phosphate va bi phan giai trong con duong duong phan (hinh 17.5).



Hinh 17.21: Mot triaxilglycerol hodc triglixerit
Cdc nhém R biéu thi cdc chudi bén la acid béo. (Theo: Prescott va cs, 2005)

Céc acid béo tur cac triaxilglycerol va céac lipit khac thuong bi oxy hoa trong con
dudng p-oxy hoa sau khi chuyén thanh cac este ctia coenzyme A (Hinh 17.22).

8]
Il

R — CH,— CH,— C— SCoA FAD
'ﬁl Fatty acyl-CoA
0 == et FADH,
| 0
CH,— C — SCoA Il
Acetyl-Cod R— CH= CH—C— SCoA
CoASH H.0
0 0 OH (o]
| I ]
R = C—= CH, — G SCoA R = CH—=CH, — C— SCoA

NADH® NAD

Hinh 17.22: - Oxy hoa acid béo. (Theo: Prescott va cs, 2005)

Trong chu trinh nay cac acid béo bi phan giai thanh acetyl-CoA; Acetyl-CoA c6
thé di vao chu trinh TCA hay dugc sir dung trong sinh tong hgp. Mdi vong cuia chu trinh
san ra Acetyl-CoA, 4 ADH va FADH,. 4 ADH va FADH, c6 thé bi oxy hoa trong chudi
van chuyén electron tao thanh nhiéu ATP hon. Acid-CoA ngan di 2C lai sin sang di vao
vong tiép theo ctia chu trinh. Cac acid béo cua lipit 1a ngudn gidu nang luong ddi véi sinh
truéng cta vi sinh vat. Theo cach twong tw, mot sd vi sinh vat c6 kha ning sinh trudng tot
trén cac hydrocarbon ctia dau ltra trong diéu kién hiéu khi.

Su phén giai cac axit béo giai phong niang lugng chu yéu ¢ dang nhiét hon 13 su
tao thanh ATP. Piéu nay 1a do su két hop phan tmg tai oxi hoa cia FADH, véi oxi tao
thanh H,O,. Sau d6 H,O, bi phan giai boi catalaza cho H,O va 20, véi su gidi phong



nhiét 1 cha yéu. Vi vay céc vi sinh vét sinh trudng trén axit béo va cac chét c6 lién quan
nhu cac alkan chudi dai thuong tao thanh lwong 16n nhiét.

17.9. PHAN GIAI PROTEIN VA ACID AMINE

Mot s6 vi khuan va ndm, dic biét 1a cac vi sinh vat gdy bénh, vi sinh vat lam hu
hong thuc pham va vi sinh vat dét, c6 thé st dung cc protein lam ngudn carbon va ning
luong. 4 hiéu vi sinh vat khic phan giai protein va acid amin chi khi ving mat cac ngudn
C nhu glucose va lipid. Chiing tiét ra enzyme protease thuy phan céc protein va polipeptit
thanh acid amin; cic acid amin duoc van chuyén vao té bao va duoc phan giai.

IIJDD' tlim} Cocr Coo-
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Hinh 17.23: Sw chuyén amine

Trén day la 1 vi du phé bién ciia sy chuyén amin. Nhém a-amino cua alanin dwoc
chuyén sang chdt nhdn a-ketoglutarat tao thanh pyruvate va glutamate. Pyruvate cé thé dwoc
chuyén héa trong chu trinh acid tricarboxylic hodc dwgc ding trong sinh tong hop. (Theo:
Prescott va cs, 2005)

Budc dau tién trong viée sir dung acid amin 13 loai amin (deamination) tirc 1a tach
nhom amin khoi acid amin. Piéu nay thuong dugc thuc hién béng su chuyén amin
(transamination): nhém amin duoc chuyén tir mot acid amin sang mot chat nhan 1a acid-
a-keto (Hinh 17.23).

Acid hiru co xuit phat tir viéc loai amin c6 thé dugc chuyén thanh pyruvate,
Acetyl-CoA hay mot chat trung gian cua chu trinh TCA va, cudi cing, dugc oxy hoa
trong chu trinh TCA dé giai phong nang luong. Acid hitu co néi trén ¢ thé duoc sir dung
lam ngudn C cho viéc tong hop cac thanh phan cua té bao. 4 ito du thira do loai amin c6
thé dugc thai ¢ dang ion ammonia do d6 1am cho méi trudng tré nén kiém. Pang chd ¥,
oxit trimetilamin (TMAO) 1 phé pham chtra 4 trong trao d6i chat ciia c4 va c cong thirc
(CH;);a O. TMAO déng vai trd trong viéc tao thanh mui “ca”. Pay 1a dang 4 du thira
trong su phan gidi acid amin va bi thai ra. TMAO la chat khong mui do d6 khong anh



hudng dén mui, vi va ngoai hinh cta ca tuoi. Tuy nhién mdt s6 vi khuén s dung TMAO
nhu chit nhin electron tin cung trong hd hap ki khi va khir TMAO thanh trimetilamin
(TMA) c6 mui “ca” kho chiu tham chi miii nguoi chi vai phan tt TMAO da cam nhan
duoc vi vi¢e phan giai ca do vi khuan va viéc tao thanh TMA bit dau ngay khi ca chét
nén khi cd khong c6 mui 14 cé tuoi hodc dugc udp lanh ngay khi ca con tuoi.

17.10. OXI HOA CAC PHAN TU HUU CO

ahu di n6éi & trén, vi sinh vat c6 thé oxy hoa cac phan tir hitu co nhu hidrat
carbon, lipit, protein va tao thanh ATP nho ning luong dugc giai phong. Chit nhin
electron la: (1) mdt phan tir hiru co khéac ndi sinh, oxy hod hon xuét hién trong 1én men;
(2) O, trong ho hap hiéu khi hodc (3) mot phan tir oxy hoa khac O, c¢6 ngudn gbc tir bén
ngoai dung trong ho hap ky khi (hink 17.2). Trong ca ho hip hiéu khi va ky khi ATP déu
duoc tao thanh do két qua hoat dong cta chudi van chuyén electron. Cac electron di vao
chudi c6 thé bat ngudn tir cac chét vo co va niang luong c6 thé thu dugc tir sw oxy hoa cac
phan tir vo co hon 1a tir cac chat dinh dudng hitu co. Kha ning chi gip & mot nhom vi
khuan duoc goi 13 hoa dudng vo co (chemolithotroph). Mdi loai déu doi hoi cac chét cho
va chit nhan electron dic trung (bdng 17.4). Chat nhan electron thuong 13 O, nhung ciing
c6 thé 1a nitrate hodc sulfate. Cac chét cho electron phé bién nhat 12 H,, cac hop chét nito
khtr, cac hop chét sulfur khtr va sit ferro (Fe*).

Vi khuan hoa dudng vo co thuong 13 tu dudng va st dung chu trinh Calvin dé cb
dinh CO, 1 ngudn carbon. Tuy nhién mét s6 ching co thé sinh trudong nhu vi khuan hoa
di dudng khi c6 mét cac hop chét hitu co khir. Qua trinh khir CO, thanh hidrat carbon tiéu
tén nhiéu ning luong. Viéc gdn mot phan tir CO, vao chu trinh Calvin cin 3ATP va
24 ADPH.

Tuy nhién phan ing oxy hoa cac phan tir vo co (bang 17.5) cho nang lugng it hon
nhiéu so véi oxy hoa hoan toan glucose thanh CO,; sy oxy hod hoan toan nay di kém véi
su thay d6i nang luong tu do chuan 1a - 686 kcal/mol. Ti 1& P/O ddi voi phosphoryl hoa
oxy hoa & vi khuan hoa dudng v6 co chi vao khoang 1,0 (ti 1 ndy cao hon nhiéu trong
phan tng oxy hoa H,). Do san luong ATP thip vi khuan hoa dudng vo co phai oxy hoa
mot lwong 16n chat vo co dé sinh truong va sinh san, diéu nay ting cuong tac dong sinh
thai cua chung.



Bang 17.4: Cdc vi khudn héa duéng vé co tiéu biéu va cdc nguon ning luong ciia
chung. (Theo: Prescott va cs, 2005)

Vi khuan Chat cho Chat nhan San pham
electron electron
Alcaligenes, Hydrogenophaga, va H, 0, H,0
Pseudomonas spp. 5
Nitrobacter 40, 0, 405, H,0
Nitrosomonas AH, 0, 40, H,0
Thiobacillus denitrificans S° H,S 40y SO, 4,
Thiobacillus ferrooxydans Fe*, S°. H,S 0, Fe*', H,0
; ; H,S0,

Bdng 17.5: San heong ndng luong tir nhitng sw oxy héa sir dung béi cdc vi khudn
hoa duong vo co. (Theo: Prescott va cs, 2005)

Phan {mg AG® (kcal/mol)”
H,+%0, — »H,0 - 56,6
a0, + %0, — 405 -17.4
AH, +1%0, — 40, +H,0+2H" - 65,0
S°+1%0,+H,0 —H,SO, -118,5
S,0;" +20,+ H,0 — 2S0,” +2H" -223.7
2Fe* +2H + % 0, — 2F¢’” +H,0 -11.2

a/ AG® doi véi sw oxy hoa hoan toan cua glucose thanh CO, la -686
kcal/mol. I kcal twong dwong voi 4,184 kJ.

Mot s6 chi vi khuan (bdng 17.4) c6 thé oxy hoa khi hydro dé san ra ning luong vi
chung c6 enzyme hydrogenase xuc tac phan ting oxy hoa hydro:

H, > 2H" +2¢




Céc electron duoc chuyén vao chudi van chuyén electron hodc chuyén dén a AD"
tuy thudc vao hydrogenase. 4 éu 4 ADH duoc tao thanh n6 co thé duoc dung dé tong hop
ATP nho viéc van chuyén electron va phosphoryl hoa oxy hoa véi O, 1a chat nhan
electron tan cung. Tuy nhién khi ddy du chat dudng cac vi khuan hydro noi trén lai
thudng st dung chat hitu co 1am ngudn ning luong.

Céc vi khuan hoa dudng vo co oxy hod nito duge nghién ctru k§ nhit 13 vi khuan
nitrate hoa. Py 1a nhimng vi khuan dat va vi khuan nudc c6 y nghia sinh thai 16 rét. Sy
oxy hoa ammonia thanh nitrate phu thugc vao hoat tinh cua it nhét hai chi khac nhau.
Ching han, Nitrosomonas va Nitrosospira oxy hoda ammonia thanh nitrite:

aH, +1%0,—> a0, +H,0+2H"
Sau d6 nitrite c6 thé bi oxy hoa tiép boi Nitrobacter va Nitrococcus thanh nitrate:
a0, + 40, 40;

Periplasm u*
H* 2H*
” ” ” 1 ” F 2 il 3 et 4
l - - CoQ - - l l 1 |
u* oH*
H* 7,0
NAD* NADH NOs +HsO  NOg + 2H* et HP
. oH*
Cytoplasm

Hinh 17.24. Dong electron trong chudi vin chuyén electron ¢ Nitrobacter
Nitrobacter oxy hoa nitrite va thuc hién viéc van chuyén electron binh thuong dé san ra PMF
ding cho tong hop ATP. (Nhanh bén phdi ciia so d). Mgt phan PMF ciing dwoc ding dé day
cdc electron di chuyén nguoc voi thoi gradien thé khir tir nitrite dén NAD" (nhanh bén trdi ciia
so do). Xit.c va 4 phirc hop tham gia vao day la: NADH-Ubiquinone oxydoreductase (1),
ubiquinol-xit.c oxydoreductase (2), nitrite oxydase (3) va xit.aas oxydase (4). (Theo: Prescott va
cs, 2005)

Khi hai chi hoat dong phbi hgp ammonia trong dat bi oxy hoa thanh nitrate. Qua
trinh nay duoc goi 1a nitrate hod (nitrification).



a ang luong thoat ra trong qua trinh oxy hod ctia ca ammonia va nitrite dugc ding
dé tong hop ATP nho phosphoryl hoa oxy hoa. Tuy nhién dé khir CO, va cic phan tu
khac vi sinh vat cin mot ngudn electron (lyc khir) ciing nhu mot ngudn ATP. Vi amon va
nitrite ¢6 thé khir dwong hon 4 AD" chung khong thé truyén truc tiép céc electron dé tao
thanh 4 ADH va 4 ADPH can thiét. 4 guyén nhén 1a vi cc electron chuyén dong ngiu
nhién chi tir cac chat cho véi thé khir Am hon t6i cac chat nhan véi thé khir duwong hon
(Hinh 17.7). Vi khuan oxy ho4 sulfur ciing gip phai khé khin nhu trén. Ca hai nhom vi
khuan hoa dudng v co da khic phuc tré ngai nay bang cach sir dung PMF dé dao nguoc
dong electron trong chudi van chuyén electron va khir 4 AD" véi céac electron tir cic chat
cho nito va sulfur (hinh 17.24). Vi ning luong dugc dung dé tao thanh 4 ADH va ATP
nén san lugng thuc cia ATP la rat thép. Vi khuén hoa dudng vo co chiu dugc su kém
hiéu qua nay vi chiing khong c6 cac doi thii canh tranh vé cac ngudn niang luong dic
trung.

{a) Direct exidation of sulfite
50 sulfite oxidase g | og-
5 — A

) Formation of adenosine 5-phosphosulfate
250, + 2AMP — 2APS 4 4o

2APS + 2P —= 2ADP 4+ 250,
ZADP —== AMP + ATP

280" +AMP + 2P — 2507 4+ ATP + 4o

NH,
N
74 SN
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OH OH
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Hinh 17.25: Sy tao thanh nang luong boi su oxy hoa sulfur

(a) Sulfit c6 thé bi oxy héa truc tiép dé cung cdp electron cho vin chuyén electron va
phosphoryl héa oxy héa. (b) Sulfit ciing cé thé bi oxy héa va chuyén thanh APS. Con dwong nay
sdn ra cdc electron dimg cho viéc van chuyén electron va san ra ATP nho phosphoryl héa ¢ mikc
dé co chdt véi APS. (c) Cau triic ciia adenozin - 5° - phosphorussulfate. (Theo: Prescott va cs,
2005)



Vi khuan oxy hoé sulfur 1a nhém quan trong thir ba trong sé cac vi khuan hoa
dudng vo co. Trao doi chat cua Thiobacillus di duoc nghién ciru chi tiét nhat. Vi khuan
nay oxy hoa sulfur (S°), sulfua hydro (H,S), tiosulfate (Szoi‘) va cac hop chat sulfur khir
khac thanh acid sulfuric, do d6 chiing c6 ¥ nghia sinh thai 16 rét. Pang chu y Thiobacillus
tong hop ATP nho phosphoryl hoa oxy hoé ciing nhu phosphoryl hod & muc do co chat
bao gém adenozin-5-phosphorussulfate (APS) 1a phén tir cao ning tao thanh tir sulfit va
adenozin monophosphate (Hinh 17.25).

Mot sb vi khudn oxy hoa sulfur rat linh hoat trong trao d6i chit. O, ching tién
hanh hé hap ky khi va oxy hoa chét hitu co vé6i sulfur 1a chit nhan electron.

Ciing nhu céc vi khuan hoa dudng v co khac vi khuan oxy hoa sulfur c6 thé sir
dung CO, 1am ngudn carbon. 4 éu duoc cung cip cac ngudn carbon hitu co khir (glucose
hay acid amin) nhiéu loai s sinh truéng di dudng.

17.11. QUANG HOQP

Chang han, Sulfolobus brierleyi va mot vai vi khuan khac cé thé sinh truong hiéu
khi nh¢ oxy hod sulfur véi O, 1a chét nhan electron; khi Véng mat

Bang 17.6: Tinh da dang ciia cdc co thé quang hop (Theo: Prescott va cs, 2005)

Co thé nhan that Co thé nhan nguyén thuy
Thuc vat bac cao Vi khuan lam
Tao da bao mau luc, mau nau va mau doé Vi khuén sulfur mau luc, vi khuan khong

) L sulfur mau tia, Prochloron
Téo don bao (tdo mat, tdo giap, tdo silic)

Vi sinh vat thu dugc ning lugng khong chi tir sy oxy hoa cac hop chit vo co va
hitu co nhung nhiéu trong s6 chung c6 thé thu nhan ning lugng anh sang (quang ning) va
sir dung ning lugng nay dé tong hop ATP va a ADH hodc & ADPH (Hinh 17.1). Qua
trinh trong d6 quang ning dugc thu nhan va van chuyén thanh hoa ning goi 13 quang hop.
Thudng mot co thé quang hop khir va ¢6 dinh CO, va ddy ciing 1a cic phan tng nam
trong qua trinh trén. Quang hop 1a mot trong cic qué trinh trao doi chat quan trong nhat
trén trai dat vi hdu hét ning luong ciia ching ta tyu trung déu bat ngudn tir nang luong
mit troi; ning lwong ndy cung cip cho cac sinh vat quang hop ATP va 4 ADPH dung



tong hop chat hiru co can cho sinh truéng. Cac sinh vat quang hop lai 1a co s¢ cho hau
hét cac chudi thic an trong sinh quyén. Quang hop ciing c6 chirc ning bd sung O, cho
con ngudi, ddy 1a qua trinh quan trong do nhiéu co thé thyc hién, ca sinh vat nhan that 1an
nhan nguyén thuy (bang 17.6). Mac du con nguoi thuong gan quang hop cho céc thuc vat
béc cao nhung trén thuc té qua nira quang hop trén trai dat 1a do vi sinh vat gop phan.

a hin chung, c6 thé chia quang hop thanh hai phan. Trong cic phin tng sing
quang nang bi thu giit va dugc chuyén thanh hoa ning. Sau d6 niang luong nay dugc dung
dé khtr hodc ¢ dinh CO, va téng hop cac thanh phan cta té bao trong cac phan tGng tbi.

17.11.1. Phan {ng sang & cAc sinh vat nhan that va vi khuin lam
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Hinh 17.26: Céu triic chlorophyll

Trong hinh la cdu tric cua cholorophyll a, cholorophyll b va bacteriocholorophyll a. Chi 1
nhém trong cholorophyll a bi thay déi dé san ra cholorophyll b, trdi lai dé chuyén cholorophyll a
thanh bacteriocholorophyll a phdi can 2 sw cdi bién trong hé thong vong. Chudi bén (R) cia
bacteriocholorophyll a c6 thé la phytil (1 chudi gom 20C ciing gdp trong cdc cholorophyll a va
b) hay geranilgeranil (1 chudi bén gom 20C twong tw phytil nhung nhiéu hon 3 néi doi). (Theo:
Prescott va cs, 2005)



Céc sinh vat quang hop déu co cic sic td dung hdp phu anh sang trong do6 sic tb
quan trong nhét 13 cholorophyll (chat diép luc). Py 1a cac vong phang, 16n gébm 4 nhan
pirol thay thé boi 1 nguyén tir magié phéi hop v6i 4 nguyén tir nito ¢ trung tdm (hinh
17.26). Mot s6 cholorophyll gip & sinh vat nhan that ma quan trong nhat 1a cholorophyll
a va cholorophyll b (hinh 17.26). Hai phan tir cholorophyll nay hoi khac nhau vé cau trac
va cac dic tinh quang phd. Khi hoa tan trong axeton cholorophyll a ¢6 dinh hip thu anh
sang & 665 nm; con cholorophyll b c6 dinh hip thu ¢ 645nm. 4 goai dic tinh hap thu 4nh
sang do cac cholorophyll ciing hap thu manh 4nh sang xanh (dinh hap thu thir hai d6i véi
cholorophyll a 1a & 430nm). Vi cac cholorophyll hap thu chi yéu trong ving d6 va xanh
do d6 4nh sang luc dugc truyén qua. Hau qua 13 cc sinh vt quang hop c¢6 mau luc. Pudi
dai ky nudc gan vao vong cholorophyll gitip cho sic t6 nay gin vao mang 13 vi tri cua cac

phan ing quang.
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Hinh 17.27: Céc sdc t6 phu tiéu biéu.

Beta-caroten la I carotenoit gap o tdao va cac thuc vat cao cap. Sdc 16 nay chita 1
chudi dai ciia cdc noi déi va néi don ludn phién goi la cdc néi doi tiép hop. Fucoxantin la 1 sdc
16 phu ctia carotenoit gap trong mot sé nganh tdo (Ddu chdm trong cdu triic biéu thi 1 nguyén tir
C). Phycoxyanobilin la mét vi du ciia tetrapirol dwong thang lién két véi 1 protein dé tao thanh
phycobiliprotein. (Theo: Prescott va cs, 2005)

Céac sic to quang hop khac ciing thu giit quang ning ma phd bién nhat 13
carotenoit. Pay 1 cic phén tir dai thuong c6 mau vang nhat c6 mot hé théng lién két kép
tiép hop (hinh 17.27). B-caroten giap & Prochloron va hau hét cac nhém tao; flucoxantin
c6 mat & khué tao (diatoms), tdo giap (Dinoflagellates) va tao nau (Phaeophyta). Tao do



va vi khuan lam chira cac sac t6 quang hop goi 1a phycobiliprotein bao gdm mdt protein
lién két voi mot tetrapyrol (hinh 17.27). Phycoerytrin 13 mot sic t6 d6 c6 dinh hip thu
cuc dai & 550nm va phycocyanin 13 sac td xanh (hap thu cuc dai & 620-640nm).

V& vai tro trong quang hop carotenoit va phycobiliprotein thudng dugc coi 1a sic
t6 phu. Mic du cac cholorophyll khong thé hap thu quang ning mot cach cé hiéu qua
trong ving xanh - lyc dén vang (khoang 470-630nm) nhung céc sic t6 phu hp thu anh
sang trong ving nay va truyén ning luong thu duoc dén cholorophyll. 4 ho vay ching
gitip cho quang hop ¢ hiéu qua hon qua mot ving rong hon ciia chiéu dai sang. Céc sic
t6 phu ciing bao vé vi sinh vat khoi 4nh sang mit troi gay gat c¢6 thé oxy hod va giy hu
hai cho b may quang hop trong trudng hop thiéu ching.

Céc cholorophyll va sic t6 phu dugc tap hop thanh ting diy c6 to chirc cao goi la
ang-ten v6i chirc ning tao ra mot dién tich bé mat rong ding thu giit cac photon cang
nhiéu cang tot. Mdi dngten chira khoang 300 phan tir cholorophyll. Quang ning duoc thu
gil trong mot angten va duoc chuyén tir cholorophyll nay sang sang cholorophyll khac
cho dén khi dat t6i mot cholorophyll dic biét & trung tdm phan tng; cholorophyll nay
truc tiép tham gia vao viéc van chuyén electron quang hop (hinh 17.28).

Special bacteriochlorophyll b pair

/Voyeur bacteriochlorophyll a

Bacteriophaeophytin a

Menaquinone (Q,)

Hinh 17.28: Mét chudi phdn vmg quang hop

Trung tam phdn vmg ciia vi khudn khong sulfur mau tia Rhodopseudomonas viridis. So
dé cdn canh cua cac nhom thém ¢ trung tam phan img. Truée hét 1 photon dwoc hdp thu béi 1
“cap dac biét” cua cac phan tw bacteriocholorophyll a va kich hoat chung. Sau do 1 electron
duwoc kich hoat chuyén dong t6i phan tir bacteriopheophytin & nhanh bén phdi ciia hé thong.
(Theo: Prescott va cs, 2005)

O cic té bao nhan that va vi khuan lam c6 hai loai angten lién két v6i hai hé quang
khac nhau. Hé quang I hap thu anh sang véi bude séng dai hon (> 680nm) va chuyén



nang lugng td1 phan tor cholorophyll a dac biét goi 1a P700. Thuat ngtr P700 c6 nghia
rang phan tir hap thu anh sang hiéu qua nhit & chiéu dai séng 700nm. Hé quang II hip
thu 4nh sang & cac budc sdng ngan hon (<680nm) va chuyén niang luong tdi cholorophyll
dac biét P680.

Khi dngten ciia hé quang I chuyén quang ning t&i cholorophyll P700 & trung tam
phan tmg P700 s& hip thu ning lugng va duoc kich hoat khién thé khir ctia n6 tré nén rat
am. Sau do P700 chuyén electron dugc kich hoat hodc electron cao nang cho mot chét
nhan dic biét c6 18 13 mot phan tir cholorophyll a dic biét (A) hoic mot protein sat -
sulfur (hinh 17.29).
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Hinh 17.29: Quang hop o cdy xanh
Dong electron trong quang hop ¢ thuc vit bdc cao. Vi khudn lam va tdo nhédn thét ciing twong
tw nhwe thuee vt bdc cao & ché déu cé 2 hé quang mdc du gitta chung co nhitng khac nhau vé chi
tiét. Cdc chat mang tham gia trong vin chuyén electron la ferredoxyn (Fd) va cdc protein FeS



khdc; cdc Cytochrome bs, bss3 va f- plastoquinon (PQ), plastoxyanin chira dong; pheophytin a
(Pheo a); c6 thé cholorophyll a (A); va quinon O chira ré c6 1€ la plastogquinon. Ca hé quang I
(PS I) va hé quang II (PS II) dé tham gia vao quang phosphoryl héa khéng vong; chi PSI tham
gia vao quang phosphoryl vong. Phirc hop gidi phong oxy (OEC = oxygen evolving complex) ldy
cdc electron tir mede chira cdc ion mangan va chat Z c6 chire nang chuyén cdc electron tdi trung
tam phan vung cua PSII. (Theo: Prescott va cs, 2005)

Cudi cung electron dugc chuyén cho ferredoxyn, sau d6 c¢6 thé dugce di chuyén
theo mot trong hai huéng. Theo con duong vong electron di chuyén qua mot diy cac chat
mang electron va quay tré vé P700 bj oxy hoa. Con dudng dugc goi 1a vong vi electron
tir P700 lai tré' vé P700 sau khi da trai qua chudi van chuyén electron quang hop. Dong
luc proton (PMF) dugc hinh thanh trong viéc van chuyén electron vong trong ving cia
Cytochrome bg va dugc sir dung dé tong hop ATP. Qua trinh nay dugc goi 1a quang
phosphoryl hoa vong vi cac electron di chuyén theo dudng vong va ATP dugc tao thanh.
Chi hé quang I tham gia vao qua trinh nay.

Céc electron ciing co thé di chuyén theo duong khong vong véi sy tham gia ctia ca
hai hé quang P700 duoc kich hoat va chuyén céc electron t6i ferredoxyn nhu dd néi trén.
Tuy nhién trong con dudng khong vong ferredoxyn bi khir s& khir 4 ADP" thanh 4 ADPH
(Hinh 17.29). Vi céc electron cung cap cho 4 ADP" khong thé dung dé khar P700 bi oxy
ho4 nén sy tham gia ctia hé quang II 13 can thiét. Hé nay chuyén cac electron cho P700 bi
oxy hod va san ra ATP trong qua trinh. Angten cta hé quang II hip thu quang ning va
kich hoat P680, sau d6 P680 khir pheophytin a. Pheophytin a chinh la cholorophyll a
nhung & day hai nguyén tir hydro da thay thé magié ¢ trung tdm. Céc electron chuyén tiép
cho Q (c6 18 1a 1 plastoquinon) va xudi theo chudi van chuyén electon téi P700. Sau d6
P680 bi oxy hoa nhan 1 electron tir sy oxy hoé ctia nudc thanh O,. a hu vay cac electron
di chuyén subt tir nudc dén 4 ADP" nho ning luong tir hai hé théng quang va ATP dugc
tong hop nhd quang phosphoryl hoa khong vong. Mot ATP va 1 4 ADPH c6 thé duogc tao
thanh khi 2 electron di chuyén qua con dudng khong vong.

Ciing nhu sy van chuyén electron & ti thé, su van chuyén electron trong quang hop
dién ra bén trong mang. Cac mang dang hat cta luc lap chtra ca hai hé thdng va cac
angten. Mang tilacoit thuc hién quang phosphoryl hoa khong vong nhd co ché hoa tham
thau. Cac proton di chuyén vao bén trong tilacoit trong qua trinh van chuyén electron
quang hop va quay trd lai chat dém (stroma) khi ATP dugc tao thanh. Cac phién cia chit
dém c6 1& chi chira hé quang I va don doc tham gia vao quang phosphoryl hoa vong. O vi
khuan lam cac phan tmg quang trong quang hop ciing nam bén trong cac mang.

Céc phan tng t6i can 3ATP va 24 ADPH dé khir 1 CO, va sir dung CO, dé tong
hop hidrat carbon (CH,0)



CO, + 3ATP + 24 ADPH + 2H" + H,0 — (CH,0) + 3ADP + 3Pi + 24 ADP"

Hé thong khong vong san ra 14 ADPH va 1ATP d6i véi mdi cap electron, do d6 4
electron di qua hé théng s& san ra 24 ADPH va 2ATP. Tong cong 8 lugng tir (quantum)
ciia quang ning (4 luong tr cho mot hé quang) 1a can dé day 4 electron tir nudc dén
4 ADP". Vi ti 1¢ ctia ATP d6i v6i 4 ADPH can cho ¢6 dinh CO, 14 3:2 nén it nhat 1ATP
nira phai dugc cung cp. Quang phosphoryl hod vong c6 1€ hoat dong ddc lap véi viéc
san ra ATP thém nay. Diéu nay doi hoi sy hap thu 2-4 luong tir nita. 4 hu vay khoang 10-
12 luong tir quang nang 1 can dé khir va c¢b dinh mét phan tir CO, trong quang hop.
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Hinh 17.30: Co ché quang hop

Trén ddy la minh hoa mang tilacoit cia luc lap chitng minh chirc ning ciia chudi van chuyén
electron quang hop va quang phosphoryl héa khéng vong. Chudi bao gom 3 phirc hop: PSI,
phitc hop Cytochrome bf va PSII. Dong electron hwéng dan béi danh sang bom cdc proton qua
mang tilacoit va tao ra 1 gradien dién héa, sau dé gradien nay cé thé duwoc ding dé tong hop
ATP. Nuéce la nguon electron va phire hop gidi phéng oxy (OEC) san ra oxy (Theo Prescott va
cs, 2005).

17.11.2. Phan t&ng quang & vi khuin luc va vi khuin tia



Vi khuan luc va vi khudn tia quang hop khac véi vi khuan lam va cac co thé
quang hop nhén that & mot sé diém quan trong (Bang 17.7). Dic biét, vi khuan luc va vi
khuan tia khong sir dung nudc 1a ngudn electron hodc tao thanh O, trong quang hop
nghia 1 chung tién hanh quang hop khong thai O,. Tréi lai, vi khuan lam va cic sinh vat
quang hop nhan that hau nhu bao gid ciing thai oxy (mét sé vi khuan lam c6 thé tién hanh
quang hop khong thai oxy). Trong phan mg sang ctia quang hop & vi khuan tia 8 ADPH
khong dugc tao thanh tryuc tiép.

Bdng 17.7: Pdc tinh cia cdc hé thong quang hop vi sinh vit. (Theo: Prescott va cs, 2005)

Dic tinh ~ Sinhvitnhan = Vikhuidnlam  Vikhuin mau lyc va
' that mau tia

Séc t6 quang hop Cholorophyll a Cholorophyll a Bacteriocholorophyll

H¢ quang II Co6 mat Co6 mat Véng mat
Céac chat cho electron H,O H,O H,, H,S, S, chat hitu
quang hop co
KiéusinsinhO, :  ThaiO,  : Thai O," . Khong thai O,
Céc san phdm so cip ATP + 4 ADPH ATP + 4 ADPH ATP
ctia sy chuyén hoa :
nang lugng
a guén carbon CO, CO, Carbon hiru co

va/hoac CO,

* Mot s6 vi khudn lam cé thé hoat dong khong thai O, dwdi 1 sé diéu kién, chang
han Oscillatoria cé thé sir dung H,S lam chdt cho electron thay cho H>O.

Tuy nhién, vi khuan luc cé thé khir 4 AD" tryc tiép trong phan ung sang. Dé tong
hop 4 ADH va 4 ADPH vi khuan luc va vi khuan tia phai str dung cac chat cho electron
nhu hydro, sulfua hydro, sulfur nguyén t6 va cac hop chit hitu co 1a cac chat c6 thé khu
am hon nuéc va vi vy dé oxy hoa hon (nghia 14 céc chét cho electron t6t hon). Cubi
cung, vi khuan luc va vi khuan tia chta cac sic t6 quang hop hoi khac nhau goi 1a
bacteriocholorophyll (Hinh 17.26), nhiéu trong s6 chung c6 diém cuc dai hap thu o



nhitng budc song dai hon. Céc bacteriocholorophyll a va b c¢6 dinh cuc dai trong éte lan
luot & 775 va 790 nm. Pinh cyuc dai in vivo cia bacteriocholorophyll a 1a khoang 830-890
nm va cua bacteriocholorophyll b 1a 1020-1040 nm. Sy chuyén dich cua cuc dai hép thu
vao ving hong ngoai nhu vay sé& gitp cho vi khuan thich Gmg tot hon véi cac 6 sinh thai.
C6 4 nhoém vi khuan quang hop mau luc va mau tia, mdi nhém déu chira mot sb
chi: vi khuan sulfur (Chlorobium), vi khuan khong-sulfur mau luc (Chloroflexus), vi
khuan sulfur mau tia (Chromatium) va vi khuan khong-sulfur mau tia (Rhodospirillum,

Rhodopseudomoanas).
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Hinh 17.31: Quang hop ¢ vi khudn khéng-sulfur mau tia

Hé thong vin chuyén electron quang hop & vi khudn khéng sulfur mau tia, Rhodobacter
sphaeroides. So do trén la chiea hoan todn va méi la gia dinh. Ubiquinone (Q) rdt giong voi
CoQ.BPh la bacteriopheophytin, NAD" va succinat (nguon electron) dwoc dinh dau. (Theo:
Prescott va cs, 2005)

Do thiéu hé quang II nhiéu sy khac biét gip & vi khuadn mau lyc va mau tia. 4 hirng
vi khuan nay khong thé sir dung nuéc lam chat cho electron trong su van chuyén electron
khong vong. Thiéu hé quang II chung khong thé tao thanh O, tir H,O trong qua trinh
quang hop va bi han ché & quang phosphoryl hoa vong. Trén thyc t& hiu nhu tat ca vi
khuan sulfur mau tia va vi khuan sulfur mau luc 1 bon ky khi bat budc. Trén hinh 17.31
1a so do gia dinh d6i voi chudi van chuyén electron quang hop ctia mot vi khuan khéng -

sulfur mau tia.



Khi cholorophyll P870 dic biét ciia trung tim phan mg bi kich hoat n6 s& chuyén
mot electron cho bacteriopheophytin. Sau dé cac electron di chuyén dén cac quinon rdi
qua mot chudi van chuyén electron lai tré vé P870 dong thoi ATP dugc tong hop. Mic du
ca vi khuan luc va vi khuan tia déu thiéu hai hé quang nhung vi khuan tia c6 mot bo may
quang hop twong tu nhu hé quang II, con vi khuan sulfur mau lyc c6 mot hé thong twong
tu hé quang 1. Do cling can 4 ADH va 4 ADPH dé c6 dinh CO, nén vi khuén luc va vi
khuén tia con phai doi mat véi mot van dé nira. Chung cé thé téng hop a ADH theo it
nhat ba con duong. a éu vi khuan dang sinh trudng trong sy c6 mit ciia H, c6 thé khir am
hon cua 4 AD”, hydro c6 thé dugc st dung tryc tiép dé san ra 4 ADH. Ciing nhu bon hoa
dudng v6 co nhiéu vi khuan tia quang hop st dung PMF dé day nguoc dong electron
trong chudi van chuyén electron va chuyén cac electron niy tir cdc chit cho vo co hoic
hitu co t6i & AD" (Hinh 17.31 va 17.32). Céc vi khuan sulfur mau luc nhu Chlorobium co
1& khir 4 AD" nho mot dang don gian cua dong electron quang hop khong vong (Hinh
17.33).

ATP  ADP +P

H.S, or 5 4 5 or
5, or + NAD' =580 or |+NADH+H
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fumarate

Hinh 17.32: Su khir NAD 6 vi khudn mau luc va vi khudn mau tia.

Dong electron ngwoc dwge sie dung dé khir NAD". Miii tén trong so dé biéu thi 1 chuoi
vdn chuyén electron chuyén ngirgc hirdng nho déng luc proton hodc ATP, nghia la cdc electron
di chuyén tir cdc chdt cho véi thé khir dwong hon t6i 1 chat nhdn (NADY) véi thé khir am hon.
(Theo: Prescott va cs, 2005)
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Hinh 17.33; Quang hop ¢ vi khuan sulfur mau luc.

Hé thong véin chuyén electron quang hop & vi khudn sulfur mau luc Chlorobium limicola.
Quang nang dwoc ding dé tong hop ATP nho quang phosphoryl héa vong va van chuyén cdc
electron tir chat cho S t6i NAD". Chudi vin chuyén electron chita 1 quinon goi la menaquinon
(MK). (Theo: Prescott va cs, 2005)



