Vi sinh vdt hoc co sé PGS.TS. Trén Linh Thuéc

CHUONG 3

SINH LY VI SINH VAT

Chuong 3 dé cip dén dinh dudng cla vi sinh vit, mdi trudng nudi ciy, su sinh
tdng hdp cdc don phin la nguyén liéu clia cic dai phan t¥, mot s& phdn &ng di héa & vi
sinh vat di dudng héa hitu co. Bié€n dudng dudc dé ciap & dang dong héa (anabolism) va
di héa (catabolism), sy phdi hop gifta hai qud trinh ndy 12 nén tdng cla su ting trudng
cua vi sinh vat.

Chuong nay ciing dé cap d&€n cd sd sinh hoc va sinh héa hoc clia sy ting trudng
cia t€ bao. Sy ting trudng clia vi sinh vat 1a sy gia ting sd lugng va tong sinh khdi t&
bao. Mic du dugc dé cAp chd y&u & trudng hgp prokaryote nhung cdc nguyén tic chung
dugc trinh bay trong chuong nay ciing ding vdi su ting trudng cla cdc vi sinh vat don
bao khéc.

Mot phan ndi dung ctia chuong dé cap dén sy ki€m sodt ting trudng ctia vi sinh
vat: sy tc ch€ ting trudng bdi cdc bién phdp st trung, khit tring va héa liéu phép.

Chuong nay con dé cip dén su da dang vé kha ning bi€n dudng ciia thé gidi vi
sinh vat. Su da dang sinh hoc ctia dong va thuc vat dugc thé hién ro & hinh thdi clia sinh
vat. Ngudc lai, & vi sinh vat, nhitng khdc biét vé& hinh thdi giita cAc nhém vi sinh vat kha
hep. Tuy nhién, trong th€ gidi vi sinh vat c6 sy da dang 16n vé bi€n dudng dic biét 1a
qué trinh di héa d€ thu 1dy ning lugng. Cic co ché thu nhan ning lugng khic nhau nay
¢6 vai trdo quan trong ddi v6i hoat dong chiic ning binh thudng clia sinh quyén va cé y
nghia thyc tién ddi véi ndng nghiép va cdng nghiép.

1. Dinh dudng va bi€n dudng & vi sinh vat
1.1. Cdc dang bién dudng & vi sinh vit

Hinh 4.1 t6m tit cdc con dudng phan hiy di hda cdc chit dinh dudng trong t€ bao
dé€ cung cAp ning luong cin thi€t cho t& bio va cic con dudng déng héa dé tdng hop cic
thanh phan ciu thanh clia t€ bao.

Vi sinh vt dugc chia thanh nhitng nhém bién dudng khic nhau theo thudc ngudn
niang lugng st dung. Vi sinh vat quang nang (phototroph) nhian niang lugng tir 4nh sdng,
vi sinh vat héa ning (chemotroph) nhin ning lugng tir hdp chat héa hoc. Cdc vi sinh vat
héa ning hitu co dung hgp chit hitu cd, vi sinh vat héa ning vd co st dung hgp chit vo
Ca.

1.2. Nhu cdu dinh dudng ctia vi sinh vt

Khi thi€t k&€ moi trudng d€ nudi cAy mot vi sinh vit, cAn xem xét thanh phan héa
hoc ctia t&€ bao vi sinh vat tuong ng d€ cung cip diy di nhu ciu dinh dudng ciia chiing
vi sinh vat quan tam.

Céc vi sinh vat di dudng can dudc cung cAp hop chi't carbon hitu cd d€ 1am ngudn
C va ning lugng. Nitrogen 12 thanh phin quan trong clia protein va nucleic acid, thudng
dudc cung cAp & dang NH;. Trong khi @6, phosphate thudng dudc cho vao moi trudng dé
lam ngudn phospho cin cho sy sinh tdng hdp nucleic acid va phospholipid; sulfate dudgc
diing 1am ngudn sulfur can cho sy sinh tdng hop cda hai amino acid quan trong 1a
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cysteine va methionine. Tuly vao khdi lugng can cho t&€ bao, cdc chat dinh dudng dugc
chia thanh nhém da lugng (macronutrient) g6m C,H,O,N, P, S, K, Mg, Na, Ca va Fe va
nhém vi lugng (micronutrient) g6m Cr, Co, Cu, Mn, Mo, Ni, Se, W, Vva Zn.

Waste products
(fermentation
products; acids,
alcohols, CO,, and
so on; reduced
electron acceptors)
Nutrients for
biosynthesis

Precursors for
biosynthesis

Macromolecules and other Catabolism
- cell components

Chemicals, light
{energy source)

FI; URE 4.1 A simplified view of cell metabolism. Note
th'_ upling between catabolic and anabolic processes.

1.3. Méi truong nudi cdy

Mbi trudng nudi cdy vi sinh vt cé thé 13 hdn hdp cé thanh phan don gidn gdm
mdt vai hgp chit héa hoc tinh khi€t hoic cé thanh phan phiic tap chita nhiéu nhan t&
ting trudng khdc nhau. N&u thanh phian dugc bi€t chinh xdc thi mdi trudng dudc goi 1a
moi trudng xdc dinh (defined medium). Tuy nhién, trong thyc t&, moi trudng c6 thé chita
vai amino acid, vitamin vd mdt s6 monomer khiac & dang ché phim thdy phan tho tir
dong hoic thuc vat (vi du cao thit, tryptone, peptone), nén thanh phan chinh x4c clia moi
trusng nay khong thé dugc xdc dinh. Cdc mdi trudng dudc goi 12 mdi trudng khdng xdc
dinh.

1.4. Ning lugng hoc té bao

Té& bao dudc trang bi cdc cd ché thu 14y ning lugng do phdn ng 6xi héa cdc hdp
chat trong qué trinh di héa.

Ning lugng dugc dinh nghia 1a kha ning tao ra cdng. Lugng ning lugng hoic
cong dugc gidi phéng dugc dinh lugng & dang mitc dd bi€n d6i ning luong tu do (G). o)
mot phadn ng gidi phéng ning lugng thi bi€n ddi ning ludng tu do AG (dugc tinh bing
cach 1ay ning lugng tu do clia sdn phdm trir ning ludgng tu do cla co chat) 1a Am.
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Céc phan tng trong di héa c6 AG la 4m; ngugc lai, cdc phin Gng sinh tdng hgp
c6 AG duong. Trong trudng hdp nay, t€ bao cin st dung ning lugng dé€ thuc hién phin
trng theo chiéu mong mudn.

1.5. Xic tdc va enzyme

Céc phan tng thuin 1gi vé nhiét dong hoc, tic 1a ¢6 AG la Am, khong phéi ludn
dudc x4y ra ngay khi cdc tdc chat dugc ti€p xic v6i nhau. Hiu hét cdc phdn tng nay déu
cAn c6 ning lugng hoat héa (activation energy) dé phd v& cic lién két hién cé trong
phan tit, € phan ng dién ra va cdc nguyén ti dugc sip x€p lai trong phan ti.

Ning lugng hoat héa c6 thé dudc cung cAp & dang nhiét. Tuy nhién, dang ning
lugng hoat héa nay khong thich hop véi t€ bao song. Trong t& bao, d€ phan ng x3y ra
can c6 sy tham gia clia cdc enzyme c6 vai trd xiic tdc nhim lam gidm ning lugng hoat
héa d&€n miic ma phdn ng c6 thé dugc x3y ra & nhiét do binh thudng. Enzyme khong bi
thay d8i sau phan ng.

Enzyme 12 cdc phan tif protein gdn cédc tdc chat héa hoc (dugc goi 1a cd chit) &
trung tAm hoat dong (active site) c6 ciu tric khdng gian ba bu trit, b6 sung (nhu chia
khéa vdi & khéa) véi cAu tric khong gian clia co chit. Do vy, enzyme c6 tinh chuyén
biét cao ddi v6i ¢d chdt va phdn dng xic tdc. Sy gin clia cd chdt vao trung tAm hoat
dong chd y&u thong qua cdc lién k&t khong cong héa tri nhu lién k&t hydrogen va tuong
tdc ky nudc. Khi co chat gin vao, enzyme thay d6i cAu hinh tao sifc cing 1én lién két
cong hda tri nhat dinh trong cdc phin tif cd chat, 1am lién k&t nay bi phd va.

1.6. Phan iing 6xi héa - khit

Phin tng di héa quan trong nhit dé chuyén ning lugng c6 trong cdc co chit
thanh ning lugng dung cho t€ bao 1 cdc phdn tng dxi héa khit (oxidation — reduction
reaction).

Sy 6xi héa mdt hgp chit dugce dinh nghia 1a sy 14y dién tir khdi mot hgp chat. Su
khit mot chat dugc dinh nghia 1a sy thém dién tf vao mdt chat.

Trong cdc phdn tng dxi héa — khi¥ trong t& bao, hau hét sy dxi héa hay khir con
lién quan d&n proton H'. Vi du, mot phan t bi 6xi héa khi phan ti nay bi 18y di mot
dién t& hodc mot proton; ngugc lai, phan t& sé& bi khit khi phdn t& nay nhian vao mot
electron hodc proton.

V6i dinh nghia nhu trén, sy 6xi héa khong nhat thi€t phdn ¢ sy tham gia clia Oxi.

1.7. Chdt truyén dién tit (electron carrier)

Trong mot phan tng 6xi hda khit, dién ti dudce cho tir mot hgp chat (hgp chit nay
bi 6xi héa, hay con dugc goi 1a cht cho dién tir — electron donor) va dugc nhan bdi mot
hdp chat (hgp chit nay bi khi¥, hay con goi 1a ch4t nhin dién tf — electron acceptor). Do
vay mdi phan ting dxi héa khi¥ ¢6 thé dugc chia thanh hai bdn phan tng 1a: (1) bdn phan
ttng 6xi hda, md td sy 1dy dién t khdi hop chat cho (hgp chat bi 6xi héa) va (2) ban
phin ng khit, md t4 sy thém dién tif vao chit nhan (Fig. 4.6).

Céc hgp chit khdac nhau & khuynh hudng cho hay nhan dién tit. Khuynh huéng
nay clia hgp chat dugc dic trung bing thé khit Eo (reduction potential Eo). Fig. 4.7 trinh
bay thit tu cdc hgp chat 6xi héa khit theo th€ khit tir thap (Am) dén cao (duong) dugc si
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dung trong hé thong sinh hoc. Pién tif sé dudc chuyén tir hop chit c6 thé khit thap sang
hdp chit c6 thé khir cao hon. Do vay, trinh ty sip x&p nay dudc goi 1a thip dién ¥
(electron tower) (Fig. 4.7).

H,—>2¢e +2H"
Electron-donating half reaction

%02 + 28— 02_

Electron-accepting half reaction

2H ¢ OF = o

Formation of water

Electron — Electron
donor—H, + 10, -+ H,0 acceptor

Net reaction

Fig. 4.6 Hai thanh phin clia phdn tng 6xi héa khit H, va O, thanh H,0.

Nhu vay, thé khit clda cdc hdp chit cho chiing ta biét cic hop chit nio cé thé
phan tng dugc vdi nhau va dién ti dugc chuyén theo chiéu nao. Mot hop chat cé thé
khit cang nhd hay cang am thi khuynh huéng cho dién tt cang manh (dé tr§ thanh chat
cho dién ti¥). Hop chit nay c6 thé cho dién tir cho hgp chit ¢ thé khit cao hon.

1.8. Hop chét chita ndng luong cao va sy luu trit nang lugng

Mtc do khédc biét giita th€ khit cda hai bdn phdn tng quyét dinh s lugng ning
lugng dugc gidi phong trong phdn tng 6xi héa khit. Ning ludng nay dudc t&€ bao giit lai
dé duing cho cic phan ng sinh tdng hdp. Dang hdp chit héa hoc chita ning lugng phd
bi€n nhit trong t&€ bao 12 ATP (adenosine triphosphate). ATP chita hai lién két
phosphate niing lugng cao. Sy thiy phan mot trong hai lién k&t nay sé phéng thich mot
s6 lugng 16n ning lugng tu do.

Nhiéu phdn trng dxi héa khir ¢6 sy tham gia cla cdc enzyme trong t€ bao chit.
Trong trudng hdp nay, cdc coenzyme nhu NAD hoic NADP déng vai trd 1a cdc chat
mang dién tf trung gian (intermediate electron carrier) bing cdch nhan dién t tr mot cd
chat trong mot phdn ng enzyme va sau d6 chuyén dién t cho cdc phan ti khic trong
cdc phan @ng enzyme khac nhau (Fig. 4.9).

Ho hap (respiration) va l1én men (fermentation) 1a hai phuong thifc bi€n dudng
thu niing lugng clia cdc vi sinh vat di dudng hod ning tir hgp chit C hitu cd. Trong sy hd
hap, mdt phan tir & ngoai moi trudng nhu O,, NO;*... dugc dung lam chat nhan dién ¥
cudi cting. Trong su 1én men, mdt chat hitu cd bi 6xi héa vad mdt sdn phdm hitu co trung
gian bi khit d€ can biing phan ng 6xi héa khi.
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FIGURE 4.7 The electron tower. Redox couples are arranged from the strongest reductants (negative reduction potential) at
he fop to the strongest oxidants (positive reduction potentials) at the bottom. As electrons are donated from the top of the
wwey, they can be “caught” by acceptors at various levels. The farther the electrons fall before they are caught, the greater the
dilference in reduction potential between electron donor and electron acceptor and the more energy is released. As an example
s this, on the left is shown the differences in energy released when a single electron donor, H,, reacts with any of three differ-
wt clectron acceptors, fumarate, nitrate, and oxygen. The E,’ of the Fe’* /Fe?* couple is highly pH dependent. At acid pH, the
Ey'is +0.76V but at neutral pH, the E,' is substantially less positive, about +0.2V.

Trong 1&én men, chit hitu co 12 ngudn ning lugng khong thé bi dxi héa hoan toan
nén chi mot phin cla ning lugng trong céc lién k&t héa hoc clia hgp chat hitu co dugc
phéng thich. Sy sinh tdng hgp clia ATP trong phudng thitc 1én men dién ra theo co ché
phosphoryl héa mitc co chit (substrate level phosphorylation), trong d6 mdt lién két
phosphate ning ludng cao tif mot hgp chat hitu co duge chuyén thing qua ADP &€ tao
thanh ATP (Fig. 4.11).

1.9. Lén men: con duong Embden — Meyerhof (duong phdn)

Pudng phin (glycolysis), tic 1a con dudng Embden — Meyerhof (Embden —
Meyerhof pathway), 1a con dudng chung d€ di dudng glucose trong 1én men. Trong con
dudng nay, trudc tién, glucose dudc hoat hda can ATP, sau d6 bi 6xi héa. Pién tir dugc
chuyén cho NAD va x4y ra su phosphoryl héa miic cd chat. Lugng ATP tao ra trong
phuong thitc 1én men thap: chi 2 — 4 phan t& ATP tif mot phin t¥ glucose. San phadm cudi
clia con dudng dudng phan nhu pyruvate hay mot din xuat bi€n dudng tir pyruvate sé tr§
thanh chi't nhan dién ti¥ tir NADH d€ ti tao lai NAD. Bu6c nay rat quan trong vi t&€ bao
chi c6 mot s6 lugng nhd NAD diing 1am chat nhin dién t& trung gian. Sdn phim cudi
cling ctia si 1én men rat khac nhau tily vi sinh vat. Nhiéu sin phaAm nay c6 gid tri thuong
mai (Fig. 4.12).
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NAD* Q - ;Substrate

- ax
73 B
57 & /' NADH Substrate
_:-1' NAD*  Substrate { L P oxidized

"—&
ks bt (electron -
e donor)
Enzyme |
Enzyme and substrates Enzyme-substrate complex Enzyme and products

Reaction 1. Enzyme | reacts with substrate (electron donor)
and oxidized form of coenzyme, NAD*.

Substrate
(electron
acceptor)

Enzyme-substrate complex

- Q- G
Reaction 2. Enzyme |l reacts with substrate (electron acceptor) NAD* Substrate
and reduced form of coenzyme, NADH. reduced

FIGURE4.9 Schematic example of an oxidation-reduction reaction involving the oxidized and reduced forms of the coen-
zyme nicotinamide-adenine dinucleotide, NAD* and NADH.

Energized
membrane

FIGURE 4.11 Energy conservation in fermentation and
respiration. (a) In fermentation, ATP synthesis occurs as a
result of substrate-level phosphorylation; a phosphate group
ADP +F gets added to some intermediate in the biochemical path-
AT way and eventually gets transferred to ADP to form ATP. (b)
In respiration, the cytoplasmic membrane, energized by the

R proton motive force, dissipates some of that energy in the
= formation of ATP from ADP and inorganic phosphate (P,) in
kK the process called oxidative phosphorylation. The coupling of
Vs the proton motive force to ATP synthesis occurs by way of a
S membrane protein complex called ATP synthase (ATPase)
o) Oxidstive phicaghorylation (see Section 4.11 and Figure 4.19).

Less energized i
membrane
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Fructose-6- I;' ATP

Phosphofructokinase (
ADP

e

E-‘_ Fructose-1,6- P i
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Making ATP;
making pyruvate ; dehydrogenase
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P 1,3-Bisphosphoglycerate”, P

ADP
|Phosphoglycerokinase (

AT P

ATP Net Enolase
(gain/loss) ATP
-1 -1
-1 -2
+2 0
| +2 +2

Making

fermentation

products

Alcohol
dehydrogenase

Ao ; . -Summary of energetics of glycolysis b

es of overall stoichiometries: A (e _;i:ae—energy yields
AN e e 3 '
=2 athanci 42 0O,
2 lactate™ + 2 H*

DR e e R B - T
Ethanol/C0y -238.8 kiimol %
glucose-fermented. Assumes an
energy value for the high energy ..
phosphate bond in ATP of -31.8 kJ/m

=t

Fig. 4.12 Embden-Meyerhof pathway (glycolysis)
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1.10. H6 hdp va chudi truyén dién tit

Ning lugng c6 thé thu dudce tir phuong thitc hd hap 13 16n hon so vdi phuong thitc
1én men do C hitu cd bi 6xi héa hoan toan thanh CO; va lugng ndng lugng dudc phong
thich khi dién t¥ dugc chuyén d&€n chit nhin dién t sau ciing kha 16n. Trong phuong
thitc nay, cdc phan ng sinh héa ban dau d€ bi€n dudng glucose 1a tuong ty nhu phuong
thitc dudng phan. Sau d6, pyruvate dudc bi€n dudng trong chu trinh tricarboxylic acid
(tricarboxylic acid cycle, TCA cycle) thanh CO, va dién t& dugc chuyén dén NAD.
Nhiéu phan tf NADH dugc tao ra bdi phdn ng nay va cin dugc 6xi héa d€ phuc vu
bi&n dudng (Fig. 4.20). Trong hd hip, cdc phin tng dugc thuc hién bing chudi truyén
dién tt (electron transport) trén mang (Fig. 4.17). Pay 1a tap hop cdc chadt mang dién tf
trung gian nhu flavoprotein, cytochrome, quinone dudc sip x&€p mot cich dic biét trong
mang t€ bao chit sao cho dién tif va proton dudc truyén tir chit mang ndy sang chat
mang kia.

E,
—0.40
—0.30
-0.20
-0.10
0.0
R, s
5 . )
] ; FIGURE 417 One example of an electron transport sys-
a2 5 tem, leading to the transfer of electrons from substrate to O,.
g " | This particular sequence is typical of the electron transport
2 Orediries chain of the mitochondrion and some Bacteria (for example,
3 2 Paracoccus denitrificans). The chain in Escherichia coli lacks cy-
& +0.30— tochromes c and aa;, and instead electrons go directly from
2 cytochrome b to cytochrome o or d, which is the terminal ox-
idase (o2 Figure 15.39,b). By breaking up the complete
N Cytoct sa, oxidation into a series of discrete steps, energy conservation

is possible through proton motive force formation leading
to ATP synthesis. Compare color-coding here with those in
Figure 4.7.

1.11. Pjng luc proton va su luu trit nang lugng tir chudi truyén dién tir

Trong mot s& budc clia chudi truyén dién t¥ (trudng hop chidt mang 1a
flavoprotein va quinone), cdc proton dudc ddy ra bén ngoai mang t&€ bao va dién t thi
quay vao trd lai t&€ bao chit. H& quad 12 mot gradient proton dudc hinh thanh véi bén
ngoai mang c6 pH thdp hon va nhiéu dién tich duong hon (Fig. 4.18). Pay la trang théi
dugc tich ning lugng clia mang, dude goi 1a dong lyc proton (proton motive force) cé thé
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tao mot cong hitu ich. Sy cho qua c6 ki€m sodt cdc proton qua mang thong qua cic
protein mang dic biét dugc dung d€ van chuyén ion, quay tiém mao, tdng hgp ATP. Sy
tdng thgp ATP trong trudng hgp nay cin c6 sy tham gia ciia mot ATPase (Fig. 4.19). Co
ché tao ATP thong qua viéc tao thanh mdt dong luc proton va chudi truyén dién tir dugc
goi la phosphoryl héa 6xi héa (oxidative phosphorylation).

3H*

Second molecule

jof QHe
=

FIGURE 4,18 Generation of a proton motive force. (a) Ori-
entation of electron carriers in the bacterial membrane,
showing the manner in which electron transport can lead to
charge separation and generation of a proton gradient. The
+and — charges originate from the protons (H") or hydrox-
ylions (OH") accumnulating on opposite sides of the mem-
brane. NDH, NADH dehydrogenase; FP, flavoprotein;
NHFe, nonheme iron-sulfur protein; Q, coenzyme Q: oy,

i cytochromes. TN and OUT refer to the cytoplasm and the
environment (the periplasm of gram-negative bacteria), re-

_ spectively. (b) The Q cycle. Electrons shuttle between QH,
and the cytochrome be, complex. For each molecule of QH,

" oxidized to QH- (semiquinone), one electron is passed to

oyt cand one proton is passed to the outside. The be, com-

- plex can also disproportionate two QH- to QH, plus Q, with

- the uptake of a proton from the cytoplasm. This mechanism

- increases the number of protons pumped at the Q-bc, site of

the electron transport chain.

ADP+P; ATP

X FIGURE4.19 Structure and function of the membrane-as-
R sociated ATP synthase (ATPase), which functions as a pro-

Y XY ton channel between the cytoplasm and the cell exterior
%m “ u u (environment). F, consists of five polypeptides, a (three
] copies), B (three copies), v, §, and e. This is the catalytic pro-
| tein complex responsible for the interconversion of ATP and
mm mm ii }} n i i n n il ﬁ n i} i} ADP + P;. Fyis integrated in the membrane and consists of
sespesens | FILS three polypeptides, a, b (two copies), and ¢ (four copies). It

is responsible for channeling protons across the membrane.

Out As protons enter, the dissipation of the proton motive force
R Ry N drives ATP synthesis from ADP + P,. The reverse reaction,
. ~ Ht ATP — ADP + P, drives the extrusion of protons to the
SA cell exterior. Thus, ATP synthase is reversible in its action.
H+
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Pyruvate™ (three carbons)
NAD* + CoA

(b) QOverall reaction: Pyruvate™ + 4 NAD* + FAD—= 3 CO‘;' + ENAD

(1) Substrate-level ~ GDP + P —GTP
phosphorylation GTP + ADP— GDP + ATP

PGS.TS. Trén Linh Thudc
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FIGURE 4.20 The citric acid cycle (CAC). The
three-carbon compound pyruvate is oxidized
to CO,, with the electrons used to make NADH
and FADH. The reoxidation of NADH and
FADH in the electron transport chain leads to
the generation of a proton motive force and
thus to the synthesis of ATP. The CAC begins
when the two-carbon compound acetyl-CoA
condenses with the four-carbon compound ox-
alacetate to form the six-carbon compound cit-
rate. Through a series of oxidations and
transformations, this six-carbon compound is
ultimately converted back to the four-carbon
compound oxalacetate, which then begins an-

{2) Electron transport 4 SIAEIE == 12 ATP 1S AP other cycle with addition of the next molecule
phosphorylation ~ FADH =2 ATP of acetyl-CoA. (b) The overall balance sheet of
fuel (NADH/FADH) for the electron transport

{3) Sum: CAC plus glycolysis — 38 ATP per glucose chain and CO, generated in the CAC.

(a) Aerobic respiration
Organic compound —— o §GO

Carbon flow
Proton | Electron
ATP . motive | flow
force e~y

(b) Anaerobic respiration
Organic compound

b / Electron Carbon flow
2 | roton flow
ATP |~ hotive l

/force Biosynthesis
PR AR 4. 8, TR "4

o Rt
<l a0, R - ml
7S5] NOsj SOF [Organic sleciron accoptors

CuuDuongThanCong.com

(c) Chemolithotrophic metabolism

Hnorganic compound

m:}‘,ﬁa xfziam:i o hre2
ATP ———— Proton | Electron Carbon
motive | flow flow
force \ \
¥

AR S, L. — s
50 *OE] NO; | S0.2 Biosynthesis
& = | i Laniiard
(d) Phototrophic metabolism
: Co4
Ulght w.ﬁ
Electron
ﬂm: Carbon
Proton motive flow
forcel
LATP
b o i ]

FIGURE 4.22 Energetics and carbon flow in (a) aerobic
respiration, (b) anaerobic respiration, (c) chemolithotrophic
metabolism, and (d) phototrophic metabolism. Note the
importance of electron transport leading to proton motive
force formation in each case.
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Nhu vy, trong ho hiap hi€u khi, NADH bi 6xi héa bing chudi truyén dién ti.
Ngoai ra, ning ludng tao thanh tif sy truyén dién ti tit NADH bi khit d€n O, 13 dd dé
tdng hdp 3 ATP. Vé Iy thuyét, tir mot phan ti glucose c6 thé tao thanh 38 phan ti ATP,
chd y&u bing phosphoryl héa dxi héa. Nhu vay, ho hap hi€u khi cho phép tao ra ning
lugng nhiéu hon so v 1én men. Tuy nhién, hiéu qua cta phdn &ng 1én men c6 thé kha
cao. Van toc tdng hdp va phian hity ciia ATP la khd cao trong t€ bio vi phan ti nay
mang ning lugng cao va khong that bén. ATP khong phai 12 phén ti¥ Ivu trif ning lugng
ma chi phuc vu cho ning lugng xiic tic. PE luu trit ning lugng dai han, hau hét t€ bao sé
tich luy ndang lugng dudi dang cdc polymer cia glucose (nhu tinh bot hodc glycogen)
hodc la dang polyhydroxybutyrate, polyhydroxyalkanoate.

1.12. Cdc phuong thiic tao ndang luong khdc

Sy hd hap khong nhat thi€t cAn O, 1am chat nhan dién tif cudi cuing. Khi khong
c6 Oxi, nhiéu vi sinh vat c6 thé dung nitrate, sulfate, carbonate 1Am chit nhan dién
cudi cung (Fig. 4.22). Trong trudng hop nay, cdc qua trinh nay dugc goi 1a hd hap ky khi
(anaerobic respiration). Ngoai ra, mot s6 vi khuan khong st dung hdp chdt hitu co lam
ngudn ning lugng. Cdc hgp chdt vo cd khit bi 6xi héa bdi cdc vi sinh vat héa ning v co
(chemolithotroph) d€ thu ning lugng va cédc vi sinh vat quang ning (prototroph) sé thu
ning luong 4nh sdng d€ tao dong luc proton va tdng hgp ATP.

1.13. Pong héa va sinh tong hop cdc don phin

Mic du vi sinh vat khdc nhau nhiéu vé cdc phan tng di héa, nhung cdc phin tng
sinh todng hop (ddng héa) cla ching 13 cuc ky gidng nhau. Sy sinh tong hdp cin ning
lugng dudc cung cidp bdi ATP, dong luc proton (Fig. 4.23) va khung carbon. Khung
carbon ciing dudgc cung cAp bdi cdc con dudng di héa, dic biét 1a dudng phan va chu
trinh TCA.

- Céc phan t dudng dudc st dung d€ sinh tdng hgp vach t&€ bao, polysaccharide,
nucleic acid. Pudng c6 thé dugc cung cip tif moi trudng bén ngoai hoic duge tdng hop
bén trong t& bao. Su tdng hop glucose tif nguyén liéu khong phdi 13 carbohydrate dudc
goi 12 gluconegenesis. Piém khdi diu cda qud trinh nay 13 phosphoenolpyruvate dugc
tao thanh tir chu trinh TCA. Hai ch4't trung gian then chét 1a glucose-6-phosphate (mot
chat bi€n dudng trong dudng phan) vai UDP-glucose 1a mot tién chdt cla sy sinh tong
hop polysaccharide. Do vay, glucose-6-phosphate 12 chat trung gian trung tAm trong di
héa glucose va UDP-glucose 13 chat trung gian trung tAm trong déng héa glucose.

- Hai muoi amino acid c¢6 thé dudc chia thanh 5 nhém duwa viao tién chit cla
chiing. M&i nhém c6 con dudng sinh tdng chung dé tao thanh tién chit tuong wng (Fig.
4.25). Nitrogen dugc dwa vao hau hét cdc amino acid bdi cdc phdn tng chuyén amin
(transamination), trong d6 nhém amine dugc cho bsi glutamate. T bao 1am dy du trit
glutamate bing NH; bén ngoai dugc dua vao thdong qua enzyme glutamate
dehydrogenase.

39

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vi sinh vdt hoc co sé PGS.TS. Trén Linh Thudc

Substrates Product;
1

CATABOLISM
Energy generation

ATP

§ 1

Proton motive force

ANABOLISM }
Energy consumption Phospho-

¥ enolpyruvate

Chorismate —-—b

Monomers
Erythrose-4-P

Ribose 5-P —— Histidinol T———" >} H|stdin'e'm

FIGURE 4.23 Scheme of anabolism and catabolism sho:ﬁ'

ing the key role of ATP and the proton motive force in Lnlé FIGURE 4.25 Amino acid families. Note how the carbon

grating the processes. Monomers can come preformed as, skeletons for most amino acids are derived from either the
nutrients from the environment or from catabolic pathwaf citric acid cycle or from glycolysis. 5)'n:hesis of the various
like glycolysis and the citric acid cycle. _ amino acids in a family fréquemiy requires many separate

enzymatically catalyzed steps starting from the parent
amino acid (shown in bold).

- Su sinh téng hgp cédc base nitric trong nucleic acid 12 cdc qud trinh phic tap va
c6 sy khac nhau giita sinh tdng hop purine va pyrimidine. Purine dudc tong hop bing
cach thém tirng nguyén t& vao khung dudng-phosphate. Ngugc lai, vong pyrimidine
(orotic acid) dugc tdng hgp trudc khi gin dudng vao.

- Acid béo 12 thanh phan quan trong cda lipid va 13 chit cho dién ti¥ cho nhiéu vi
sinh vat héa ning hitu cd. Acid béo dudc tdng hgp bing cdch thém din cdc phan tk
acetyl-CoA d€ tao thanh mach dai. Su thém lién k&t ddi vao acid béo bio hoa d€ tao
thanh acid béo khong bio hoa c6 thé dugc thuc hién bdi mot phdn wng can O, (§ vi
khuin hi€u khi) hoic bdi su loai nudc tir hydroxyl fatty acid (& vi khuan ky khi).

2. Tang trudng & vi sinh vat

Mic dii cdc phdn tng sinh tdng hop dudc thuc hién trong tiing t€ bao riéng biét
nhung do t&€ bao vi sinh vat c¢6 kich thu6c nhd nén cdc nghién cifu vé ting trudng phai
dudc thuc hién trén quin thé cdc t€ bao. Su ting vé kich thudc t&€ biao sé din d&n sy hinh
thanh t€ bao mdi bing cach phan d6i. Do vay, su ting trudng c6 thé dugc khio sit bing
cach gidm sat sd lugng hoic sinh khdi t&€ bio trong quan thé.

2.1. Tdang trudéng ciia qudn thé vi sinh vt

Khi mot t&€ bao phan ddi thanh hai, mdi t€ bao mdi lai thyc hién sy sinh tdng hop
cdc vat liéu cin cho t€ bao (Fig. 5.1). Nhu vdy, s6 lugng t& bio sé ting theo thdi gian va
sinh khéi sé dugc tdng hop vdi van tdc ting dan khi quin thé ting trudng. Céc t&€ bao
ting trudng véi van tdc khong ddi nhung s6 lugng t&€ bao ting 1én nhiéu. Su ting trudng
nay dugc goi 13 ting trudng ham mii (exponential growth) va dugc bi€u dién bing
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phuong trinh: N = N, 2", trong d6 N 1a sd t& bao clia quan thé § thdi di€m cudi ciing, N,
12 s6 t&€ bao clia quan thé § thdi di€m bit ddu va n 12 s6 th€ hé (generation), tic 1a s&
1an t&€ bao phan do6i. Thoi gian gitta hai 1an phin ddi dugc goi 1a thdi gian thé hé
(generation time) dugc biu dién 13 t/n trong d6 t 13 tdng thdi gian va n 13 s6 thé hé.
Bié&n thién cla s& luong t&€ bao theo thdi gian c6 thé bi€u dién bing dd thi tvong quan
gifta ham logarithm ctda s6 t&€ bao theo thdi gian nudi.

T Cell
';L _ : J elongation
W Septum formation

e —

"' Completion of
] A ™M septum with
; 4 formation of

distinct walls

Cell separation

Fig. 5.1 Sy phan d6i ¢ vi khuin hinh que

2.2. Do dac su tang trudng

Su ting trudng clia mdt quin thé c6 thé dugc theo dbi bing cich xdc dinh s6
lugng t& bao hoic tdng sinh khdi bing nhiéu phuong phap khic nhau. Tuy nhién khong
c6 phuong phdp nao la hoan hdo. Su Iya chon phuong phéap thich hgp s€ phu thudc vao
tinh hudng cu thé.

S& lugng t&€ bio c6 thé dugc xdc dinh biing cich d€m truc ti€p bing kinh hién vi
hoic biing cach d€m s6 t& bao sdng. Phuong phap d&€m tryc ti€p bing kinh hién vi khong
cho phép phan biét giita t& bao song va t& bao chét. Hon nita, d€ c¢6 thé d€m dugc, cin
c6 mat do t€ bao trén 10%ml. Ngugc lai, phuong phap d€m t€ bao song c6 thé d&€m dugc
s6 lugng t&€ bao rat thap, nhung can phdi bi€t can cho lugng miu bao nhiéu 1én bé miit
mdi trudng rin. Phuong phdp nay chi phdt hién nhitng t&€ bao sdng c6 khd ning hinh
thanh khuén lac trén mot moi trudng dinh dudng rin thich hgp. Do viy phuong phidp nay
con dudc goi 1a phuong phdp d€m khudn lac. Phuong phdp d€m khudn lac cé thé dugc
thuc hién bing kj thuat hdp trdi (spread plate) hay hop dd (pour plate). Cd s3 cia
phuong phdp d€m khuin lac 1a cho cdc t€ bao tich biét nhau 1én bé mit moi trudng rin
sao cho mdi t& bao c6thé phan chia, ting trudng thanh sinh khdi 12 mot khudn lac c6 thé
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thdy dugc bing mit thudng. Pidu kién nay chi dat dudc khi lugng miu dudc dua 1én bé
mit moi trudng khong qua nhiéu dé€ cic t€ bao khong tich biét duge nhau. Mit khic,
néu miu chita qua it t€ bao, thi s6 liéu thu dugc sé& khong chinh xdc. Thong thudng, miu
can dudc pha lodng thich hgp sao cho mdi hdp cho sy xuét hién tir 30 — 300 khuén lac.

Téng sinh khdi c6 thé dudce theo ddi bing cdch cin khdi lugng sinh khdi. Trong
thuc t&, can si'y kho miu d€ loai nuéc. Phuong phap nay can mot lugng 16n t& bao dé c6
dudc s6 liéu can chinh xdc. Mot phuong phap don gidn, nhanh va thuén tién d€ xdc dinh
sinh khoi va s6 ludng t€ bao 1a do dd duc. T€ bao lam ph4t tdn d4nh sdng va lugng dnh
sdng phat tdn ty 1& v6i mat do t€ bao.

2.3. Chu ky tdng trudng ciia qudn thé vi sinh vt

Khi vi khudn dugc cdy vao binh nudi c6 chita mot lugng chi't dinh dudng nhat
dinh (nudi cAy mé, batch culture), sy ting trudng cda chliing s& dién ra theo mot chu ky
gdm cic pha dic trung (Fig. 5.4).

Growth phases

Stationary

- e em o

Turbidity
(optical density)

0.1

By

FIGURE54 Typical growth curve for a bacterial population. See Section 5.4 for a description of the counting methods

Trong pha lag hay pha tiém tang (lag phase), t& bao ti€n hanh tdng hdp cic
enzyme can thi€t d€ st dung chit dinh dudng va ting trudng dudc trén mot moi trudng
nhat dinh. Do vay, pha nay thudng rit dai n€u gidng dudc ciy vao l1a nhitng t€ bao dang
& trang thai khong ting trudng hoic di dugc nudi tir mot mdi trudng cé thanh phan rat
khéc biét so véi moi trudng dugc ciy vao.

Pha ham mii (exponential phase) 1a giai doan ting trudng cla gidng trong moi
trudng mdi. Trong pha ndy, t& bao phan ddi va sd lugng t& bio trong quan thé dudc ting
theo him mii. Pha nay khong thé dudc duy tri dai vo han trong diéu kién nudi cdy mé.

DP&n mot thdi diém nhat dinh trong qud trinh nudi cAy, mdt chi't dinh dudng nha't
dinh c6 thé bi can kiét hoic mot chit bi€n dudng c6 doc tinh nhit dinh c6 thé dugc tich
tu d&€n ndng do e ché ting trudng clia t€ bao. Khi d6 su ting trudng s& dirng lai va mat

42

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vi sinh vdt hoc co sé PGS.TS. Trén Linh Thuéc

dd t€ bao trong quan thé s& bio hoa, quin thé di vao pha 6n dinh (stationary phase).
Trong pha nay, t€ bao van ti€p tuc bi€n dudng va bit diu tao ra cdc chit bi€n dudng thit
cap (secondary metabolite), trong d6 ¢6 nhiéu chi't cé gid tri cong nghiép.

Sau mot thdi gian nhat dinh ciia pha &n dinh, t& bao trong quin thé c6 thé x3y ra
tu phan (autolysis) 1am gidm s6 t& bao song hién dién trong quin thé. Thdi ky nay cida
quan thé dugc goi la pha chét hay pha suy tan (death phase).

Céc pha néu trén 13 dic trung ting trudng cla quan thé t&€ bao vi sinh vat, khong
4p dung cho tirng t& bao riéng 1&.

2.4. Nuéi cdy lién tuc (continuous culture)

Nudi ciy lién tuc 12 mot phudng thitc nudi cdy trong d6 moi trudng mdi dudgc bs
sung lién tuc vao hé thdng cling nhu dich nudi cdy dugc riit ra sao cho dung tich clia hé
thong giit nguyén khong d6i. Thdi gian can dé€ bd sung thay mdi 100% mdi trudng trong
hé théng goi 12 tdc do pha lodng (dilution rate). Trong hé thdng ndy, pha ting trudng
ham mii s& dugc kéo dai. Ngoai ra, hé thong con cé dic diém 1a dat trang thdi 6n dinh
(steady state) trong d6 ndng do cla chit dinh dudng gidi han va so lugng t€ bao khong
thay d6i theo thdi gian. Do vdy, hé thong dung d€ nudi cidy trong trudng hgp nay dudc
goi 12 hé &n héa (chemostat) (Fig. 5.9).

Fresh medium—s- Flow-rate
from reservoir /' regulator
Sterile air or —» ————~
other gas
|_— Gaseous
headspace
— Culture
vessel
— Culture

Py 0t ....I..l.t.l.

P

Effluent containing
microbial cells ———_ o

Fig. 5.9 So @6 ciiahé thdng nudi cdy lién tuc (hé 8 héa, chemostat)

Trong nudi cdy lién tuc, c6 thé diéu ti€t, ki€m sodt chi't dinh dudng gi6i han ting
trudng bing cdch di€u chinh thanh phan clia moi trudng dong vao sao cho mdt chit dinh
dudng nhit dinh c6 ndng dd tuong d6i thap. Toc do ting trudng cla t&€ bao trong moi
trudng duge quyét dinh bdi van téc moi trudng dugc bom vao hé thdng. Mat do t€ bao &
trang thdi 6n dinh dugc quyé&t dinh bdi ham lugng cda chit dinh dudng gidi han trong
moi trudng dong vao, chi nhu vay nhiéu sinh khdi méi c6 thé dugc tao thanh tir s6 lugng
nhat dinh ctia mot chit dinh dudng. Khi mdi trudng dugc cung cip nhiéu hon, t€ bao sé
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ting trudng nhanh hon vi chit dinh dudng gii han dugc cung cAp nhanh hon. Tuy nhién
mat do t€ bao khong thay d6i vi dich nudi cdy ciing dudc rit ra khdi hé thdng nhanh hon
(Fig. 5.10, 5.11).

€ | F=—"———steady state ——1
= s 25k | Baciterial concentration
| R ...If.f. : é i
U aa*: "'.5.’“'"}.‘-‘ v 5 46
ol i ol R 1 ; 3 )
=l ] = " - - &
Ea M’ "Lﬂ *"t*J?‘J..‘ué 2 E 2
g . '.-;1’ -f'rb* 18524 g w 44 =
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A Fist 2otk :" v ) 0 >
ifaz ’--f'-'s.'mh. 00 EVGAMER m;gn ﬁ')"{fﬁ! "2 12 8
L= i L ! L ? o E-.oub"-"-"lgt,'
Ols e 52gqe. 0 3t 4_ w35 'g' gl ’
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FIGURE 5.10 Relationship among nutrient concentration, e
growth rate (solid line), and growth yield (dashed line) in a Fig.5.11 Steady-state relationships in the chemostat

batch culture (closed system). At low nutrient concentra-
tions both growth rate and growth vield are affected.

Trong pha ting trudng hAm mii & nudi cAy mé ciing nhur nudi cay lién tuc, ting
trudng cda quin thé dugc cin bing. Tic 1a khi mot t€ bao phan ddi thi sd lugng mdi
thanh phan cla t& bao ciing ting ddi. Tuy nhién, thinh phan cda t& bao lai thay d6i theo
diéu kién ctia moi trudng. Do vay, néu mot dich nudi cdy mé dudc chuyén sang mot moi
trudng mdéi hodc n€u van tdc pha loing clia mdt hé thong nudi cdy lién tuc bi thay ddi,
thi su ting trudng sé& trd nén khong cin bing va t&€ bao s& diéu chinh thanh phin cic dai
phan ti¥ trong t& bao. Trong cdc trudng hop ndy ngudi ta ghi nhan sy thay ddi trong tdc
dd sinh tdng hdp RNA ribosome do van toc ting trudng 13 sy phdn dnh van tdc sinh tdng
hdp protein trong t& bao. S& lugng ribosome trong mdt t&€ bao ty 1& véi van toc ting
trudng. Ribosome RNA chi€m 80% tdng RNA trong t&€ bao va rat bén. Ngugc lai, RNA
thong tin bi thdy phan vai phiit sau khi dugc sinh tdng hop. Nhu vdy, cin phdi c¢6 su
phién mai lién tuc cia mdt gen khi sdn phdm protein clia gen nay dudc sinh tdng hop lién
tuc.

Trong mot s6 diéu kién, E. coli ¢é thdi gian thé hé khodng 30 phiit. Tuy nhién, sy
sao chép nhiém sic thé lai cAn d&n 40 phiit. Sy chénh léch nay dugc gidi quyét bing
céch bt dau 1an sao chép DNA thit hai trude khi 1an thit nha't két thic. Trong trudng hdp
nay, bd gen da dugc sao chép modt phan khi né dudc tich vé t€ bao con trudc khi két
thic sy phan bao.

2.5. Anh hudng ciia chét dinh dudng lén su ting truéng ciia quén thé vi sinh vt

Nong dd clia chi't dinh dudng trong moi trudng 4nh hudng dén toc do ting trudng
(growth rate) hodc ning sudt ting trudng (growth yield) clia giong. Nong do thip clia
chat dinh dudng c6 thé dnh hudng dén tdc d6 ting trudng do luong chi't dinh dudng dudgc
thu nhan vao t€ bao khong ddp tng dugc nhu cAu ting trudng clia t€ bao. Nhu trén da dé
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cip, mot quan thé sé di vaio pha 6n dinh n€u mot chat dinh dudng bi can kiét. Trong
trudng hgp nay, ndng d6 ban du clia chit dinh dudng nay s& quyét dinh téng sinh khdi
clia quan thé. Lugng sinh khdi c6 thé dugc sinh tdng hop tir mdt ngudn chi't cho ning
lugng nhat dinh sé& phu thudc vao lugng ning lugng ma t€ bao thu nhian dudc trong qué
trinh di héa ngudn chat nay. Thong thudng, tit 1 mole ATP thu dudc tif qud trinh di héa
c6 thé tao ra 9 — 10g sinh khdi khd ciia t&€ bao.

2.6. Anh huéng ciia cdc yéu t6' méi trudng 1én su ting truéng ciia quin thé vi sinh vt

Sy ting trudng cda vi khudn khong chi phu thudc vao chit dinh dudng, su cung
cip ning lugng ma con can cé cic diu kién moi trudng thich hop nhu nhiét do, pH,
nudc va sy thong khi. C4c loai vi sinh vat c6 khodng gidi han khdc nhau trén mdi yéu t&
cho phép t&€ bao c6 thé ting trudng.

- Khi nhiét dd ting, cidc phan tng héa hoc cé thé xdy ra nhanh hon. Nhu vay, t&
bio c6 thé ting trudng nhanh hon khi nhiét d ting. Tuy nhién, c6 mot gidi han nhiét do
ma vugt qua né cdc dai phan t nhu protein, nucleic acid, lipid ¢6 tinh min cdm vé6i
nhiét dd s& bi bié€n tinh va khong hoat dong (Fig. 5.12). Ngoai ra, cling c6 mot gidi han
nhiét dd thap cho sy ting trudng, dudi nhiét do nay mang lipid khdng dd do linh dong dé
hoat dong ding din. Cin chid ¥ ring nhiét do t6i vu cho sy ting trudng 1a gan gidi han
nhiét do trén hon la gidi han dudi.

s E&zymau:;@om‘,
P accurring at maximal
Y possible rate-"

natic reachonsm 9]
occurr!ng ar;ncreasmﬂ;

g "L’iﬂ’i
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' 50 slow that growth
Fcannot occur -

FIGURE 5.12 Effect of temperature on growth rate and the
molecular consequences for the cell.

N6i chung, sinh vat c6 thé ting trudng trong khodng nhiét do tir 30 - 40°C. Tuy
nhién, cdc loai c¢6 khodng nhiét do ting trudng khdc nhau. Dya vao khodng nhiét do
nay, vi sinh vat dudc chia thanh 4 nhém:

+ Vi sinh vat 6n hdoa (mesophile) c¢6 nhiét do ting trudng toi vu trong khodng 20 -
50°C, 1a nhiét @6 phd bi€n nhat trén bé mit trai di't va trong dong vat.
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+ Vi sinh vat ua han (psychrophile) c¢é nhiét do t6i wu dudi 15°C. Cdc vi sinh vat
nay bi ché&t & nhiét do binh thudng. Chiing hoat dong & nhiét do thap do c6 mang c6 ham
lugng acid béo khong bdo hoa cao. Cdc phin t ndy van & dang 1dng & nhiét thap trong
khi mang chta acid béo bdo hoa khong con hoat dong. Cac psychrotroph cé thé giy
héng thitc in, m4du dudc gitt lanh. Céc vi sinh vat ndy ting trudng nhanh nhi't & nhiét do
trén 20°C, do vay c6 thé giy nhiém cdc san phaAm nay, mit khic cé thé ting trudng
cham di & nhiét do trong tu lanh.

+ Vi sinh vat va nhiét (thermophile) ting trudng t&t nha't & 50°C. Mot s6 vi khuin
c6 thé ting trudng & nhiét soi clia nudc.

+ Vi sinh vat wa nhiét cyc doan (extreme thermophile) c¢é nhiét dd ting trudng toi
vu trén 75°C. Hau hét cdc vi sinh vat wa nhiét cuc doan 1a Archaea. Khoéng c6 vi sinh vat
nhan that nio c6 thé ting truéng dudc nhiét dd ndy va vi sinh vat quang dudng khong
hién dién & nhiét d6 nay. C4c vi sinh vat wa nhiét chita protein va lipid khong bi bién
tinh & nhiét do cao.

- HAu hét vi sinh vat ting trudng trong pham vi pH ctia hau hét moi trudng tu
nhién tr 5 — 9. Tuy nhién, nhiéu loai c¢6 kh niing tn tai va ting truéng & pH cuc doan.
Nam s¢i thudng ting trudng & pH thap hon so véi trudng hdp clia vi khuin.

- Céc loai vi sinh vt c6 nhu cau vé nudc khic nhau. Khong chi phu thudc va him
lugng nudc nhung cic chi't hoa tan nhu mudi, dudng ciing c6 vai tro quan trong do c¢6 thé
giy ra st thim thau 1am nudc thodt ra khéi t&€ bao. Vi khuidn & bién thich nghi t8i uu véi
ndng d6 mudi trong nudc bi€n; su ting trudng clia ching bi tc ché & cic ndng d6 mudi
thap hon ciing nhur cao hon t&€ bao. Enzyme clia cdc vi sinh vt ndy cin c6 ion Na* méi
hoat dong. Cdc loai ting trudng dugc trong moi trudng cé ndng dd chat tan cao thi tao
can bing v6i chat tan bén ngoai bing ndng dd cao clia mdt chit tan bén trong t&€ bio.
ChA't tan nay phdi tuong thich (compatible solute), khong itc ch& hoat tinh cdc enzyme
trong t€ bao chat.

- Oxi phén t& 12 y&u t& quan trong giéi han sy ting trudng cda vi sinh vat. Cin
loai bd khong khi trong mdi trudng mdi cé thé nudi dugc vi khuan ky khi (nap moi
trudng ddy binh nudi d€ loai bd khodng khong ctia khong khi hoic bd sung cic tic nhan
khit phdn tng manh véi O,). Cdc vi sinh vat ky khi b4t budc sé& bi chét khi hién dién
trong moi trudng c6 O,. Khi nudi cdy cdc vi sinh vt nay, tit ci thao tic can dugc thuc
hién trong td cdy ky khi.

TAt c4 sinh vat st dung O, déu tao din xuidt c6 doc tinh tir 6xi. PE tu bdo vé
minh, tit cd vi sinh vat ndy déu c6 enzyme dé loai bd ddc tinh clia cdc doc chat nay.
Cé4c din xudt c6 ddc tinh dudc tao thanh do phin ng clia oxygen vdi cic chit truyén
dién tt hodc sic t& (khi c6 hién dién clia 4nh sdng). C4dc din xuit nay c6 tinh phdn Gng
cao, c6 thé pha hdy cdc thanh phin cin thiét clia t& bao nhu lipid, protein, nucleic acid.
Superoxide dismutase, catalase, peroxidase 12 ba loai enzyme phan hly cdc din xuit c6
doc tinh.

3. Kiém soit ting truéng ciia vi sinh vat
3.1. Cdc phuong phdp kiém sodt ting truéng

C6 thé ki€m sodt su ting trudng clia vi sinh vt bing cdch tc ché ting trudng,
diét t€ bao hoic loai vi sinh vat ra khéi moi trudng.
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Chat khdng khudn c6é thé dudc chia thanh cdc chat diét khuidn (bactericidal) va
cdc chat c ché ting trudng vi sinh vat (bacteriostatic). Su khit tring (sterilization) 1a
qué trinh diét hoidc loai tit cd sinh vat sdng, virdt ra khdi moi trudng.

Kht tring c6 thé dugc thuc hién bing phuong phap vat 1y nhu nhiét, loc va chi€u
xa, trong d6 nhiét 13 phuong phap thong dung nhat.

3.2. Khit tring bang nhiét

O nhiét do cao c6 thé diét t& bao vi sinh vat. Toc do chét cla t€ bao phu thude
vao nhiét do va thdi gian x ly theo mot ham mil. Thoi gian gidm thdp phan (decimal
reduction time) 12 khodng thdi gian 1am gidm sd ludng t€ bao trong quan thé theo hé s&
10" (Fig. 18.1, 18.2).
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: i 1 10
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Fig. 18.1 Effect of temperature on

tha viahilitv af macanhilinc hantaria

Temperature (°C)

Fig. 18.2 The relationship between the
temperature and the rate of killing

Noi hap 4p luc (autoclave) thudng diing nhiét @6 121°C, 12 nhiét 6 ma ndi bao
tlf cia vi khudn c6 thdi gian gidm thap phan khodng 4 — 5 phiit va t& bao sinh dudng la
0,1 — 0,5 phiit. Do noi bao ti khong bi diét & nhiét dd soi clia nudc nén ndi hap 4p luc si
dung hdi nuéc 4p suat cao (151b/in). Thong thudng thdi gian khi¥ triing cAn thi€t sau khi
dat 4p suit 12 10 — 15 phiit, nhung ddi v6i vat thé cdng kénh hoidc dung tich chat 1dng
16n thdi gian khit triing c¢6 thé 1au hon.

Khit tring Pasteur (pasteurization) 12 qud trinh 1am gidm mat do t€ bao vi sinh
vat trong chat 18ng (sita, vang, dich trdi cdy). Phuong phdp dudc dit tén cta Louis
Pasteur, ngudi dau tién da st dung phuong phiap nay d€ lam vang. Khi khi tring
Pasteur, dich 16ng dugc dun & 63 - 65°C trong 30 phiit. C6 thé khi triing nhanh (flash
pasteurization) & 71°C trong 15 gidy rdi lam ngudi nhanh. Phudng phap nay cé thé dudc
ap dung d€ khit tring dong lién tuc. Khit triing Pasteur cho phép kéo dai thdi gian bdo
quan clia san pham va lam gidm so luong vi sinh vat gy bénh trong sdn pham.

3.3. Khit tring bang chiéu xa

Chi€u xa dién tir: ddy 12 mot phuong phdp hitu hiéu khac dé khit tring hoic lam
gidm mat do vi sinh vat. C6 thé sit dung cdc vi séng, chi€u xa tia ti ngoai, tia X, tia
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gamma va chim dién tif cho muc dich ndy, tuy nhién mdi loai chi€u xa c6 cd ché& khit
trung khdc nhau.

Tia tif ngoai khong xuyén thau cdc vat liéu rin, duc hodc hdp thu 4nh sdng nén
dudc dung dé€ sat tring bé mit. Khong khi hoic chit 16ng khong hap thu cic budc séng
UV. Ciéc tia gamma, tia X c6 tinh xuyén thdu cao hon, khé st dung va dic tién hon
nhung dugc &ng dung dé€ bdo quin thuc phdm va trong cdc qui trinh cong nghé khic. Su
chi€u xa da dugc st dung d€ thay thé ethylene oxide trong sdn xuét cic dung cu giai
phiu vo triing.

3.4. Khit tring bang phuong phdp loc

Vi sinh vat ciing c6 thé bi loai ra khéi chit 1dng bing sy loc khtt triing. Gidy loc
day (depth filter) gdm cdc 16p loc dugc san xuat tir gidy, amiing, sgi thly tinh, c6 tdc
dung giit cdc vat thé lai trong dudng di khé khin clia chit 16ng qua gidy loc. Mang loc
(filter membrane) dugc ché tao tir cellulose acetate hoidc cellulose nitrate sao cho mang
c6 nhiéu 15 kich thudc nhd va vi sinh vat bi giff lai trén bé mit mang loc. Mang chi€u xa
hat nhan (nucleation track filter) dudc tao thanh bing cdch chi€u xa hat nhAn mdt mang
polycarbonate thit méng sau d6 khic cdc dudng chi€u bing mot héa chit. Trong trudng
hdp nay cé thé ki€m soat dugc chinh xic kich thudc 15. Khit triing biing phuong phap loc
gitip bdo vé dugc cdc phan tif ¢6 hoat tinh sinh hoc bi bat hoat bdi nhiét.

3.5. Kiém sodt tdng truéng ciia vi sinh vdt bang héa chat

Chat khdang khuin 13 cdc hgp chdt ¢6 thé diét hodc e ché vi sinh vat. Cic chat
diét vi sinh vat (cidal agent) c6 thé dugc phan thanh diét vi khudn (bactericidal), chat
diét nAm (fungicidal) va chat diét viridt (viricidal). Cdc chat tc ch€ vi sinh vat (static
agent) c¢6 thé dudc chia thanh chit e ch€ vi khudn (bacteriostatic), chit #c ché nim
(fungistatic) va chit tc ché& virtt (viristatic).

Nong @ e ché t8i thi€u (minimum inhibitory concentration) 13 lugng tic chit
can d€ tc ché ting trudng cla vi sinh vt thit nghiém. MIC thudng dugc x4c dinh bing
ky thuat dng pha loang st dung cic ndng d6 khidc nhau clia chit khiang khudn trong moi
trudng chita mot lugng khong ddi chiing cdy. Phuong phap nay sé thay d6i tuy loai moi
trudng, lugng chling cay, thdi gian nudi ciy va bdn chit clia vi sinh vat thi nghiém. Hoat
tinh khdng khudn ciing c6 thé dudc nghién ctu bing phuong phiap khuéch tin thach
(agar diffusion method) Trong phuong phdp ndy, bé mit mot hop petri chita mdi trudng
thach thich hgp dudc ciy déu vi sinh vat thitr nghiém. Nhitng lugng khdc nhau cia mot
chat khdng khuin dugc bd sung vao cic dia gidy loc dugc dit 1én bé mit moi trudng
thach. Trong qu4 trinh 4, chit khdng khuin khué&ch tin tir dia gidy vao mdi trudng va tao
thanh vong vd khuin trong sudt quanh dia gidy. Pudng kinh vong vo khudn cang 16n thi
hiéu qua khang khuén cang cao.

Tuy vao ddi tugng can dudc khit tring 13 sinh vat hodc phi sinh vat ngudi ta phan
biét héa chi't ding cho muc dich khit tring thanh hai loai: (1) chat sat khuén, tiét khudn
(disinfectant) 12 cdc chit khi tring héa hoc, thudng dugc goi 13 chat diét mam
(germicide) dugc st dung trén vat liéu khong song; (2) chat khang khuin (antiseptic) 1a
céc chat dung trén mo song.
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Ki€m sodt sy ting trudng clia vi sinh vat ¢6 vai trd quan trong trong cong nghiép
thuc phdm do mdt s6 vi sinh vat 1am hu hdng thyc phadm hoic sy ting trudng clia chiing
trong thuc phim tao ra cdc doc t6. Mot thuc phdm dé& bi hu hdng khi né 13 moi trudng
ting trudng tot cho vi sinh vat. Do vy, thuc pham c6 ham lugng nudc thap thi khé bi hu
héng bdi vi sinh vat. Thuc phdm c6 thé dugc bdo quin bing mot s6 phudng phdp nhu:
(1) 1am gidm nhiét d6 bdo quan; (2) 1am gidm pH; (3) bd sung dudng hoic mudi 1 gidm
nudc hoat tinh. Péng lon 1a qud trinh ché bién trong d6 thyc phdm dugc déng kin va gia
nhiét d€ diét hét vi sinh vat song va ddm bdo cdc vi sinh vat con sét lai khong ting
trudng dugc. Do vay, déng lon 1a mot dang khi tring nhiét.

3.6. Cdc chdt khdng khudn ding trong tri liéu

Nhiéu chat khdng khuin dugc diing cho muc dich tri liéu va ki€m sodt bénh do vi
sinh vat.

Chat d6ng dang nhan t6 ting trudng (growth factor analog) 12 din xuit cia nhian
t6 ting trudng cla vi sinh vat, dugc st dung nhim muc dich st dung chit nay d€ canh
tranh, ngin cdn viéc st dung nhan t§ ting trudng clia vi sinh vat gdy bénh, lam cho
chiing khong ting trudng dudc. Vi du, thudc thudc nhém sulfa 1a dong dang clia p-
aminobenzoic acid va ngin cdn sy sinh tdng hgp clia nhin t& ting trudng folic acid.

3.7. Khadng sinh

Chat khdng sinh (antibiotic) 12 hop chit c6 ngudn gdc tir vi sinh vat hoic tdng
hop héa hoc c6 tdc dung e ché ting trudng clia cdc vi sinh vat khdac. Chi mot s6 khang
sinh 14 c6 gia tri thuc tién dé chita tri bénh truyén nhiém vi da s ¢6 thé c6 tic dung phu,
doc tinh trén dong vat hodc ngudi st dung. Hiéu luc cia khdang sinh c6 thé dugc ting
cudng bdi nhitng bién ddi héa hoc sau khi chiing dudc sinh tdng hop bdi vi sinh vat. Muc
tiéu tic dung clia cic chit khang sinh 13 vach t€ bao, mang va ribosome. Vi khudn cé
thé c6 tinh khang khang sinh bAm sinh hodc c6thé trd nén khang. Tinh khang khdng sinh
c6 thé do: (1) sy khong hién dién ctia muc tiéu tic dung; (2) tinh khong thim ciia thudc;
(3) su tdng hgp clia mot enzyme 1am mat hoat tinh clia khdng sinh. Khdng sinh 12 mot ho
chat héa tri liéu dic biét vi 1a sdn pham tu nhién khong nhu trudng hgp cdc thudc sulfa
(Fig. 18.14).

4. Cac phuong thic bi€n dudng vat chat va ning lugng & vi sinh vat
4.1. Su thu nang lugng va bién duong C

Ning lugng c6 thé dudc vi sinh vt thu nhan tif hgp chi't héa hoc: héa ning (héa
dudng) hitu cd (chemoorganotroph), h6a ning (héa dudng) vo cd (chemolithotroph) hodc
tlr 4nh sdng (quang ning hay quang dudng, phototroph). Cdc trinh bay vé bién dudng
trong cdc phin trude lién quan d&én héa ning hitu cd, st dung hdp chit hitu co 13 ngudn
ning lugng. Trudng hgp héa ning vo co, vi khudn thu 14y ning lugng tir su 6xi hda cic
hdp chat vd c¢d va thudng ngudn C dugce st dung cho sinh tdng hgp vat chat cia t& bao 1a
tir CO,. Hau hét cdc vi khudn quang ning déu cé kha ning tu dudng (autotroph) diing
CO, lam ngudn C. Khai niém tu dudng c6 nghia 13 vi sinh vat c6 thé nhan dugc tat ca
carbon can thi€t tir hgp chi't vo cd. Ngudc véi tu dudng 1a di dudng (heterotroph), trong
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trudng hdp nay, vi sinh vat dya vao chat hitu ¢d 1am ngudn C va phu thudc vao kha ning
c6 dinh CO, cda vi sinh vat tv dudng (Fig. 15.1).
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Fig. 15.1 Classification of organisms interm of energy and carbon sources.
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4.2. Quang tong hop (photosynthesis)

Ning lugng 4nh sang dugc chuyén thanh ning lugng héa hoc thdng qua qua trinh
quang tong hop. Phan tng dugc khdi diu bing sy hdp thu quang t 4nh sdng bdi cic sic
t6 dic biét nhi't 12 bdi cdc diép luc t& chlorophyll. Diép luc t& chuyén ddi ning lugng
anh sdng thanh niang lugng hdéa hoc. Sy ting trudng clia cdc vi sinh vt quang ning dugc
chia thanh: (1) cdc phan ng sdng trong d6 ning lugng biic xa clia 4nh sdng dugc chuyén
thanh niing lugng héa hoc nhuw ATP va (2) cdc phdn tng t6i trong d6 ning lugng dugc sit
dung dé kht CO, thanh vt liéu t& bao.

4.3. Sdc t6'va vai tro trong quang tong hop

C4'u tao phan t& cia chlorophyll 12 cdc vong porphyrin chita Mg?* (tuong tu nhu
cytochrome, trong trudng hgp nay la Fe®* thay cho Mg2+). Diép luc t& c6 mach carbon
dai ky nu6c khié€n phan tif nay dé két tu v6i mang. C6 nhiéu loai diép luc t& khic nhau
chi bdi nhém thé€ trén vong porphyrin c¢6 budc séng d4nh sdng hap thu cuc dai khdc nhau.
Do vy, cdc phin tif chlorophyll nay dugc phan biét vdi nhau dwa vio phd hap thu 4nh
sang. Chlorophyll a 1a diép luc t& hién dién & thuc vit, tdo va vi khuidn lam
(cyanobacteria) hip thu manh dnh sdng xanh va dé. Hau hét t&€ bao vi sinh vat c6 kha
ning quang tong hgp déu chita mot vai sic td khac nhau gidp cho vi sinh vat c¢6 th€ hap
thu 4nh sing & cic buc séng khdc nhau dé thu ning lugng hiéu qua hon cho qu4 trinh
quang téng hdp.

Ciéc sic td dude sip x&€p thanh nhém gém hang trim phan tf sic to trong mang
quang tong hop (photosynthetic membrane). Trong mang nay, mot s& phin ti
chlorophyll dugc lién k&t v6i cdc protein dic biét va cdc phin tif nhd 13 chat truyén dién
tl gidp chuyén ning lugng 4nh sdng thanh ning lugng héa hoc. TAp hdp cdc phan tif sic
td va cdc chit truyén dién tir dudc goi 12 hé quang (photosystem). Cdc phan tif sic t&
chlorophyll nay dugc goi la trung tdm phdn dng (reaction center). Cidc phin ti
chlorophyll khic c6 vai trd thu gom cdc quang tif 4nh sdng, chuyén vé cho trung tim
phan tng.

0 prokaryote, mang quang tdng hop 1a mot hé thong mang trong c6 ngudn goc tir
mang t€ bao chit. Ngugc lai, & eukaryote va thuc vat, miang quang tdng hop dugc hinh
thanh trong cdc bao quan riéng 1a diép lap thé (chloroplast).

C4c sic t& khong 1a chlorophyll ¢6 vai trd phu trd. Vi du carotenoid hap thu d4nh
sdng xanh va truyén mot phan ning lugng dnh sdng cho chlorophyll biing sy phdt huynh
quang. Khic vé6i cdc sic td khac, phicobiliprotein (gdm sic t& phicobilin gin v6i mot
protein va tan dudc trong nudc ) hién dién & vi khudn lam va tdo dd. Céc sic t& nay
dugc sip x&p thanh ciu tric goi 13 phicobilisome gin vio mang quang tdng hop. Biing
cich ndy, dnh sidng nhin dugc bdi phicobiliprotein dudc truyén rat hitu hiéu dén
chlorophyll trong mang.

4.4. Tong hop ATP trong quang hop

Su tdng hgp ATP trong quang tong hdp xay ra theo cd ché quang phosphoryl héa
(photophosphorylation) c6 mdt s§ di€m tuong dong v6i hd hap hi€u khi. Qud trinh nay
ciing cAn dén chudi truyén dién tif gdm cdc chdt mang dién ti dudc sip x&p trat tu trong
mang nhim tao dugc dong luc proton. Trong chudi truyén dién tir nay, dién ti dugc
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truyén tir chdt mang c6 th& khit thip sang chdt mang c6 th& khi¥ cao hon tuong ty nhu
trong ho hip hi€u khi. Pong luc proton dude ding cho su tdng hdp ATP nhd enzyme
ATPase gin trong ming. Pi€m dic trung clia chudi truyén dién ti¥ trong quang tdng hdp
12 ning lugng dnh sing dugc dung d€ thuc hién mot phan tng khong thuin Igi vé nhiét
dong hoc 12 sy 6xi héa sic td c6 thé khit kh4 thap (khdng c6 khuynh huéng cho dién tir).

4.5. Quang tong hop hop khéng sinh 6xi (anoxygenic photosynthesis)

Trong qud trinh quang tdng hdp khong sinh dxi & vi khuin quang ning luc va tia,
sy tdng hop ATP trong quang tdng hop dudc thuc hién khd dé dang va dxi phin t khong
dudc tao ra trong qud trinh nay. Khi bi 4nh sdng kich thich, cdp bacteriochlorophyll trong
trung tAm phan &ng sé truyén dién tif cho phin tif bacteriophaeophytin. Sau d6, dién ti¥
nay dugc truyén cho quinone, r6i cho mdt loat cytochrome. Trong qué tinh nay, proton bi
ddy ra khéi mang. Sau cuing, dién ti quay trd vé bacteriochlorophyll di bi 6xi héa &
trung tAm phdn tng. Do dién tif dugc truyén trong mot vong kin nén cd ché sinh ATP
nay dugc goi la phosphoryl h6a vong (cyclic phosphorylation) (Fig. 15.14).

-1.0r-
-0.75}
0.5}
Cyclic electron
E, flov\tv generates v
005+ proton motive Ve
™ force yielding Qs Ve
ATP (cyclic
photophosphorylation) y p; 7 /\ Reverse electron flow
pool (energy-consuming)
0.0
External electron 2
d <
+0.25} B sg'n?;g*()st' SR
+0.5

jinfrared
iLelL b

Fig. 15.14 General scheme of electron flow in
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+ Nhiéu vi khudn c6 kh3 ning bi€n dudng quang ning khong sinh 6xi nay la ty dudng
tic 12 ¢6 thé c6 dinh CO,. € khit CO, thanh hdp chit hitu co can c6 ATP va lyc khit
(NADP khit). Tuy nhién, sy khit truc ti€p NADP & cdc vi sinh vat nay 1a khong thuin 1gi
vé nhiét dong hoc (chénh léch vé vé thé khit gitta NADP va cdc chat cho dién t dugc
str dung bdi cdc vi sinh vat nay khong cho phép phan Gng xay ra). Trong trudng hdp nay
ATP dugc dung dé€ truyén dién tif ngugc chiéu nhiét dong hoc tir chi't khit y&u sang chat
khtt manh hon dé khit NADP. Qua4 trinh nay dugc goi 13 su truyén dién t¥ ngudc (reverse
electron flow). C4c vi sinh vt héa ning vo cd ciing si dung qud trinh nay d€ khic phuc
khé khin tuong tu khi ¢& dinh CO..

Céc vi khuan quang ning khong sinh 6xi thuéc nhém ky khi bit budc, mot s6 lodi
c6 thé ting trudng trong diéu kién hi€u nhd phuong thitc héa niang hitu cd. Oxi tc ché sy
sinh tdng hgp bacteriochlorophyll trong céc loai nay nén chiing khong thé ti€n hanh
quang téng hdp trong diéu kién hi€u khi. C4c loai nay ciing thudng st dung hgp chat
hitu co 1am ngudn carbon khi thyc hién quang tdng hop, tic 12 chi thyc hién phan ng
sang d€ thu ning lugng. Do viy c6 thé xem la vi khuin quang ning di dudng
(photoheterotroph).

4.6. Quang tong hop sinh 6xi (oxygenic photosynthesis)

Trong quang tdng hop sinh 6xi, cAn ¢ sy tham gia cta hai loai chlorophyll khac
nhau. Mdi loai chlorophyll k&t hgp v6i cdc chit truyén dién tif tuong ng va hinh thanh
hai hé quang (hé quang I va hé quang II) hoat dong tudn ty nhau. Sau khi chlorophyll
trong hé quang II bi 6xi hda (cho dién tf) do ning lugng dnh sang, phin t& nay sé bi khu
(nhin dién ) trd vé trang thai binh thudng nhd nhin dién t tif phan t nudc. Tuy nhién
can luu y: (1) dién tf von bi 1dy khdi chlorophyll bdi 4nh sing khong quay trd lai phan
tr chlorophyll nay nén qué trinh tao ATP bdi hé thong ndy dudc goi 1a phosphoryl héa
khdng vong (non-cyclic phosphorylation); (2) sin phAm 6xi hda cudi ciing 1a 6xy.

Trong hé quang II, dién t¥ tif trung tAm phan ng II dudc truyén qua hang loat
cdc chat mang dién tit. Trong qud trinh ndy, mdt dong Iyc proton dugc hinh thanh va
dudc dung dé tao ATP. Cdc phan tf ATP nay dugc tao thanh bdi su phosphoryl héa
khong vong. Sau d6, dién t niay dugc chuyén dén d€ khit chlorophyll bi 6xi héa bdi 4nh
sdng § trung tAm phan Gng cia hé quang I. Dién t& tr chlorophyll cia hé quang I dugc
truyén vao chudi truyén dién tif va truyén dén ferredoxin (Fd). Protein nay c6 thé cho
dién tir cho NADP" tao ra luc khit cAn cho ¢& dinh CO,. Ngoai ra, chdt nhin dién t& & hé
thong quang I c6 thé truyén ngudc dién tir cho cic cytochrome (cyt bf) § hé quang II va
dudc truyén trd lai chlorophyll clia trung tim phan tGng II. Trong trudng hdp nay, ATP
dudc tao thanh. Trong trudng hop nay, hé quang I tao ra sy quang phosphoryl héa vong
(cyclic phosphorylation) (Fig. 15.19).

4.7. Su tw duong hay cé dinh CO,, chu trinh Calvin

TAt c4 cdc vi sinh vat ty dudng carbon déu diing chu trinh Calvin dé c¢6 dinh CO,
va tao ra hop chit hitu c¢d (Fig. 15.22). Chu trinh nay gdm c6 ba buéc: (1) gin CO, vao
mot phin t& nhin; (2) khit C clia CO, dén trang thai 6xi hda cia vat liéu trong t€ bao;
(3) tai sinh phan t& nhan. Budc 1 dugc xic tic bdi ribulose bisphosphate carboxylase
trong d6 ribulose bisphosphate 12 phan tif nhin. Budc 2 can ATP va NADP khir. Budc 3
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gdm nhiéu phan ng sip x&p lai dudng d€ tii tao ribulose bisphosphate. Mugi hai phan
tf NADP va 18 phan tit ATP cin cho sy tdng hgp mdt phin ti glucose tir 6 phan ti¥ CO,.
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+0.25 - flow
(generates proton : |
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Q:[>- - Light
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+0.75 -
+1.0 \-

Photosystem Il

Fig. 15.19 Electron flow in oxygenic photosynthesis

4.8. Héoa ndng vo co (chemolithotrophy)

Vi sinh vat héa ning vd cd (chemolithotroph) 13 cdc prokaryote c¢6 thé thu nhan
ning lugng bing cdch 6xi héa hgp chat vo cd. Cdc vi sinh vat ndy dugc phan thanh mot
s6 nhém khdc nhau dua vio ngudn ning luong. Tuy nhién ching c6 mot s dic di€ém
chung nhu sau: (1) St dung chu trinh Calvin d€ ¢& dinh CO, khi ting trudng theo phuong
thic ty dudng; (2) Mot s6 12 héa nidng vo co tuy ¥, c6 khad ning ting trudng di dudng
carbon khi méi trudng c6 ngudn C hitu cd thich hgp; (3) Mot s& héa ning vd cd ty y sé&
ting trudng theo phuong thiic hdn dudng (mixotroph), c6 khi ning sit dung déng thdi
ngudn ning lugng v cd va hitu cd khi mdi trudng cé sy hién dién ciing lic hai ngudn
ning lugng nay; (4) Hiu hét vi khuin héa ning vo cd thudc loai hi€u khi, tao ATP bing
phosphoryl héa 6xi héa; (5) Trit nhém vi khudn 6xi héa Ha, cdc vi khudn héa ning vo cd
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khic déu dung co ché truyén dién ti ngugc d€ tao ra lyc khit. Ngudn ning lugng ma cic
vi sinh vat nay st dung khong di manh d€ lam chat kht truc ti€p NAD.

ATP (from light reactions)
NADPH (from light reactions or

reverse electron flow)
12 3-Phospho- ' 12 ATP
glycerate b
(36 carbons)
6 Ribulose :
" 12 1,3-Bisphospho-
1.5-bisphosphate glycerate
12 Glyceraldehyde
6 Ribulose ?sg';‘;fggﬁ;? Overall stoichiometry: :

5-phosphate 6 CO, + 12 NADPH + 18 ATP ——— 1~
(30 carbons) CgH4204(PO3H,) + 12 NADP* + 18 ADP + 17 P,

Sugar \ Fructose
rearangements “~ 10 Glyceraldehyde

6-phosphate———— Biosynthesis
3-phosphate (6 carbons)
(30 carbons)

Fig. 15.22 The Calvin cycle

Mot s& dang héa ning vo co va ngudn ning lugng (chit cho dién ti, electron
donor) dugc trinh bay & Table 15.1.

1.-IRRER I Energy yields from the oxidation of various inorganic electron donors®

E,' of

Type of couple  AG" Numberof  AG" |
Electron donor Reaction chemolithotroph V) (kJ/reaction) electrons (ki2e]
Hydrogen H, + 310, =+ H,0 Hydrogen bacteria -0.42 —237.2 2 -
Sulfide HS™ + H* +30,— 5"+ H,0 Sulfur bacteria -0.27 —209.4 2 -2
Sulfur 8"+ 110, + H,0 =502 + 214 Sulfur bacteria -0.25 —587.1 6 - {447
Ammonium NH,* + 130,—+NO,” +2H* + H,0  Nitrifying bacteria o —274.7 6 -1
Nitrite NO,” + 10, = NO,~ Nitrifying bacteria +0.43 -74.1 2 -
Ferrous iron Fe!* + H* 4+ 10, = Fe** + I1H,0 Iron bacteria +0.77 -32.9 1

a Data calculated from values in Appendix 1; values for Fe** are for pH 2, and others are for pH 7. At pH 7 the Fe®" /Fe?" couple is about +0.2'V.
b Ey' of the NH;/NH,OH couple.

- Vi khuin hydrogen (hydrogen bacteria) gdm nhiéu giong vi khuin khic nhau c6
thé ding H, 1am ngudn ning lugng, thudc loai héa ning vo co tily . G céc vi khudn nay
c6 mdt enzyme hydrogenase gin véi mang hoic tan trong t&€ bao chit c6 vai trd truyén
dién t& tir H, d€n mot hé thong truyén dién tif.

- Vi khuin luu huynh (sulfur bacteria) 13 cdc vi khuin khong mau c6 kha ning
oxi héa cdc hdp chi't luu huynh khit thanh sulfuric acid, trong qud trinh nay, sdn phim
trung gian 13 nguyén t& Ivu huynh c6 thé dugc tich tu trong t& bao. Mot s vi khudn nay
thudc loai va acid va c6 thé 1am gidm pH moi trudng xudng dén tri s6 2.
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- Vi khudn 6xi héa sit (iron-oxidizing bacteria), vi du nhu Thiobacillus
ferrooxidans 13 vi khuan luu huynh wa acid c6 thé diing sit khit (ion sit nhi) 1am ngudn
ning lugng. Vi khudn nay st dung gradient proton tu' nhién giita t&€ bao chat c6 pH trung
tinh va moi trudng acid bén ngoai d€ tao ning lugng. Khi dxi 12 chit nhin dién t& cudi
cung va tao thanh nuéc thi cdc ion hydrogen bi tiéu thu. Phdn ng ndy x4y ra § phia t&
bao chit cia mang sao cho proton dugc tiéu thu bén trong t€ bao. Lugng proton bi mat
di ndy dudc bu didp biing dong proton tif mdi trudng bén ngoai vao bén trong t&€ bao di
qua ATPase trén mang va tao ATP.

- Vi khu&n 6xi héa nitrogen (nitrogen oxidizing bacteria) c6 kha ning sit dung
cdc dang khtt clia nitrogen nhu NH 3, NO, lam ngudn ning lugng biing cdch 6xi héa
thanh NO, hoidc NO5". C6 hai nhém chinh 1a Nitrosomonas 6xi héa NH 3 thanh NO, va
Nitrobacter 6xi héa NO, thanh NOs".

4.9. Ho hdp ky khi (anaerobic respiration)

H6 hap ky khi 13 qué trinh trong dé chudi truyén dién ti dudc ding d€ tao dong
luc proton véi chidt nhan dién tif sau ciing khdng phdi 13 6xi (Fig. 15.37). Phan 16n céc vi
sinh vat c¢6 phuong thitc bi€n dudng nay déu thudc nhém héa ning di dudng (ngudn ning
lugng hay chi't cho dién tif 1a chdt hitu cd) va chit nhan dién tf sau cung 1a hgp chit vo
co khong 12 6xi phan tir. Mot s& vi sinh vat ky khi ding ngudn ning lugng tir hydrogen
nén 12 héa ning vo cd (vi khuin sinh methane va vi khuin sinh acetate ddng hinh).

Anoxic R ity ""-'."'?ﬂ'_H_TZ e A M ~
CH3—COO~ Carbonate respiration;
homoacetogenic 0
bacteria, obligate
Co, anaerobes Ak

Sulfur respiration; -
.. facultative aerobes . .
... andobligate - """ ; 0.4
TIEENC anaerobes i

C HS™
s°
CH, Carbonate respiration; _
methanogenic Archaea; +0.75
o,
C HS™
oK

i

obligate anaerobes

Sulfate respiration
(sulfate reduction); +0.82
obligate anaerobes

FIGURE 15.37 Examples of anaerobic respirations. The
couples are arranged in order from those that are most elec-
tronegative Ey’ (top) to those that are most electropositive
E,' (bottom).
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Ning lugng dugc phéng thich hay ATP dugc tao thinh & hd hip ky khi thap hon
hd hap hi€u khi do d6 chénh 1éch thé& khit giita chit cho va chit nhan dién ti 1a nhd hon
nhiéu so véi trudng hop O, 14 chi't nhan dién tf sau cling.

Khi cdc hdp chat 6xi héa nhu nitrate, sulfate va carbon dioxide dugc dung lam
chat nhin dién tif sau cling trong di héa, mot s6 lugng 16n cdc sdn phdm khir dugc tiét
vao mdi trudng. Mot lugng nhd cdc hop chit nay c6 thé dude bién dudng ddng héa dé
ddp tng nhu cau tdng hgp vat liéu t& bao.

- Trong phan &ng phén nitrate héa (denitrification), nitrate bi khit thanh NH3 hodc
thanh N,. Sy that thodt nitrate & dang N, 1am gidm dam c6 thé dudc st dung bdi cay
trong dat. TAt cd vi khudn phdn nitrate héa (denitrifying bacteria) c6 thé hd hap hi€u
khi. Tuy nhién khi moi trudng khong c6 Oxi, cdc enzyme gin vao mang nhu nitrate
reductase va nitrite reductase c6 thé gidp su truyén dién t tif chudi dién ti¥ d€n nitrate
hoic nitrite (h6 hap ky khi).

- Vi khuin khir sulfate (sulfate reducing bacteria) thudc nhém di dudng carbon va
ky khi bit budc tao ra san phdm cudi ciing 13 H,S. Trudc khi sulfate c¢6 thé bi khtt, ion
ndy cin dugc hoat héa bing ATP tao thanh adenosine phosphosufate. Enzyme
hydrogenase c6 vai trd trong viéc luu trit ning ludng clia qud trinh khit sulfate bing hé
thong truyén dién tf. Hydrogenase hién dién & phia ngoai clia mang t&€ bao chit sé
truyén dién tif cho cytochrome C; nim trong mang va dién t nay dugc sit dung d€ khi
sulfate. Tuy nhién ion hydrogen con nim lai bén ngodi mang nén hinh thanh mot
gradient proton dé tdng hop ATP.

- Vi khudn sinh methane (methanogen) va vi khuin sinh acetate ddng hinh
(homoacetogen) 12 cdc vi khuan ky khi bit budc sit dung CO, lam chit nhan dién ti cudi
cuing. Ngudn ning lugng chi y&u cda nhém nay 1a H, va sdn phdm sau ciing 12 CH,
hodc acetic acid.

- Ngoai nitrate, sulfate va carbon dioxide, Fe**, Mn** va mot s6 hdp chat hitu cd
(fumarate, glycine, trimethylamine oxide) ciing c6 thé 1a chit nhin dién t¥ sau clng
trong ho hap ky khi.

4.10. Khia canh ndang luong va dxi héa khii cia sy lén men

Su 6xi héa mot hgp chdt hitu cd d€ thu 14y ning lugng can thuc hién dudc hai
viéc: (1) luu trit mdt phdn ning ludng phéng thich; (2) thdi bé dién tir. Néu c6 mot chat
nhan dién t& bén ngoai t&€ bao nhu O, (hd hap hi€u khi), NOs™ (h6 hap ky khi)..., thi ¢4 hai
viéc trén déu c6 thé hoan thanh nhd mot chudi truyén dién tr tao ra dong lyc proton dé
tdng hgp ATP va truyén dién ti cho chit nhin cudi cling.

Tuy nhién, trong 1én men, vi sinh vat phai tdng hdp ATP biing phosphoryl héa cd
chit trong d6 mot lién k&t phosphate ning lugng cao dugc chuyén tir mot trong mudi dan
Xuat trung gian ning lugng cao clia qué trinh dudng phian d€n ADP. Hon nita, mot trong
nhitng sdn phd&m hitu cd trung gian clia trao ddi chat dugc dung lam chit nhin dién td.
S& lugng clia san pham 6xi héa va sdn phdm khif clia qud trinh 1én men phdi cin bing
nhau. Su cin biing dién tif c6 thé dat dudc bing sy tao thanh H, bdi hydrogenase dung
ferredoxin 1am chat cho dién ta.

4.11. Su cong duong (syntrophy)
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Trong mdi trudng ky khi, sin phdm ctia mot qud trinh 1én men nay 13 ngudn ning
lugng cho vi khuin cla qu4 trinh 1én men kh4c. Sdn phim cudi cling clia sy phan hdy ky
khi 13 CH4 va CO,. Trong mot s6 trudng hop, su ting trudng clia mot loai vi khuin cia
mot qud trinh 1én men lai phu thudc vao viéc sit dung sdn phim cla qud trinh 1én men
nay bdi mot loai khac. Trong trudng hgp nay, qué trinh 1€n men nay 12 khong thuén 1gi
vé nhiét ddong hoc trir phi ndng dd clia sin pham 1én men dugc giit § mitc thap nhd sy
tiéu thu bdi mot loai khdc. Hién tudng nay dudc goi 1a su lién k€t cong dudng (syntroph)
va trudng hop tiéu thu H, theo cd ché truyén hydrogen giita hai loai da dugc nghién citu
1o nhat.

4.12. Bién dudng vat chdt hitu co béi vi sinh vt

HAu hét cdc hdp chdt hitu co ty nhién déu dudc bi€n dudng hi€u khi hoic ky khi
bdi cdc vi sinh vat. Tuy nhién, lignin va cdc hydrocarbon mach thing 13 hai nhém khong
bi phan hiy ky khi. Tinh bén vitng clia chiing 12 nguyén nhan din d€n sy hinh thanh than
dd va mé dau.

Trong nita cudi ctia th& ky 20, nhiéu chit hitu co von khong hién dién trong tu
nhién di dudc tdng hgp va st dung vdi sd lugng 16n. Céc chit nay dugc goi 1a chat di
sinh (xenobiotic) va mdt s6 khong bi phan hiy bdi vi sinh vat, ¢6 1& do chua cé co hoi
ti€n héa hinh thanh nhitng vi khudn c6 kha ning ting trudng trén cic cd chit nay.

4.13. Bién duong polysaccharide

Pudng 12 hdp chit hitu co phd bi€n nhit trong ty nhién, phan 16n nim & dang cdc
polysaccharide khong tan nhu cellulose. P& bién dudng ngudn chit hitu co nay, vi sinh
vat phdi ti€t cdc enzyme ngoai bao d€ phin hily cdc phin tf ndy thanh cdc phin t nhé
hon hoic don phin trude khi ¢ thé hap thu vio t& bao.

Ngudc lai, cdc polysaccharide ndi bao diing 1am ngudn du trit ning lugng cla t&
bao dugc thily phan khic so v6i v6i cdc phan tif bén ngoai t&€ bao. Khi mot don phan
dugc 12y ra khéi mdt polysaccharide, vi du nhu trudng hgp glycogen, thi don phan nay bi
phosphoryl héa. Co ch& nay cho phép ti€t kiém ning lugng vi buc diu tién trong di héa
glucose 1a sy phosphoryl héa glucose bing ATP.

Su bi€n dudng dudng sucrose bdi vi sinh vat déng vai tro then chot dé€ khdi mao
sU siu ring. Streptococcus mutans diing enzyme dextran sucrase dé thily phin sucrose.
Pudng fructose sinh ra dugc st dung dé€ tao ning luong va glucose dudc ding dé tong
hgp dextran 12 mdt polysaccharide ngoai bao c6 tinh k&t dinh gitip vi khuidn gin chit
vao bé mit ring.

4.14. Bién dudng cdc acid hitu co

Cic acid hitu cd 12 din xuat trung gian cda chu trinh TCA c6 thé dudc st dung
lam ngudn ning lugng bdi nhicu vi sinh vat. Tuy nhién, khi cdc din xui't nay dudc ding
dé sinh tdng hop vat liéu t&€ bao thi phan tf oxaloacetate déng vai trd 13 chit nhin cin
dugc tdi tao. Oxaloacetate dugc tao thanh bdi chu trinh glyoxylate vGi sy tham gia ctia
enzyme citrate lyase va malate synthase vd mot s6 enzyme khic cla chu trinh TCA.
Ngoai ra, khi pyruvate hoic phosphoenolpyruvate dbi dio, cic chit ndy dudc carboxyl
héa thanh oxaloacetate.
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4.15. Bién duong lipid

MG va lipid bi thiy phan bdi enzyme lipase thanh glycerol va acid béo. Cac acid
béo c6 thé bi 6xi héa bdi vi sinh vat, trong d6 hai don vi carbon cia acetyl CoA sé& tuan
ty dugc 1dy ra khéi mach dai ctia phan o acid béo. Sau d6, acetyl CoA dugc bi€n dudng
trong chu trinh TCA.

4.16. Bié¢n duong hydrocarbon

Ciéc hydrocarbon mach thing va mach vong thudng chi chita C va H. Bu6c dau
tién trong sy bi€n dudng cdc hgp chit nay thudng 1a sy gdn thém vao nguyén tf O tr O,
bing enzyme oxygenase. DAy 12 cdc enzyme chita kim loai va thudc mot trong hai dang:
(1) dioxygenase gin cd hai nguyén t O ctia O, vao hgp chat va (2) monooxygenase gin
mot nguyén t O dudi dang hydroxyl OH, nguyén tr O kia k&t hgp véi proton va dién
tirt NAD khtr d€ tao thanh nu6c. Sau budc 6xi héa khdi mao nay, cic hydrocarbon sé
dugc chuyén héa ti€p thanh cdc acid hitu co va duge bi€n dudng trong chu trinh TCA.

4.17. Bién dudng nitrogen

Nitrogen can cho sy sinh tdng hdp vat liéu t€ bao dudc cung cap tir ngudn hitu co
(nhu amino acid) hodc vd co. Hiu hét vi sinh vat st dung dam vd co & dang NH; va
NO;, mdt s6 vi khudn cé thé khit N, d€ tdng hgp nitrogen hitu co (vi khudn cd dinh
dam).

Khi ndng d6 NH; cao, enzyme glutamate dehydrogenase xitc tic sy gin NH3 vao
cdc hgp chat hitu c¢d. O ndng d6 NH; thap, hé thong glutamine synthetase — glutamate
synthase hoat dong hitu hiéu hon chuyén NH; va a-ketoglutarate thanh glutamate va
tiéu tdn mot ATP. Hoat tinh clia enzyme glutamine synthetase dudc diéu hoa theo ndng
ddo NHs. 6] ndng @6 NH; cao enzyme nay bi adenyl héa va gidm hoat tinh.

Co6 dinh dam (nitrogen fixation) 12 qud trinh khitr N, thanh NH3 dudc xic tic bdi
mdt phiic hdp enzyme 1a nitrogenase. Mot s vi sinh vat c6 thé thuc hién dudc qué trinh
nay va gin NH3 vao glutamate nhu trén. Dinitrogenase 13 mot thanh phan cla phitc hgp
nitrogenase c6 vai tro lién k&t véi mot cofactor chita nguyén tit sit va molybden, khit N,
thanh NH;. Thanh phin thit hai clia phitc hgp 1a dinitrogenase reductase c¢é vai tro gitp
su truyén dién ti tir ferredoxin dén nitrogenase. Su khit mdt phan t& N, cin sy thdy
phan cta 15 — 20 phan ti¢ ATP. Sy thily phan ATP lam gidm th€ khit ctia dinitrogenase
reductase d€ phan ng xdy ra. V& ly thuyét 6 dién ti cAn cho phdn ng xdy ra nhung
thuc t€, 8 dién tlir dugc tiéu thu trong phdn ng trong d6 2 dién tit bi mat dudi dang mot
phan tif H,. Dinitrogenase reductase bi bat hoat bdi O,. Do vay, trong t& bao vi khuin
hi€u khi, cin sy hién dién clia mot vi moi trudng thi€u 6xi trong t&€ bao thi qud trinh ¢d
dinh dam m&i dién ra. Hoat tinh cda dinitrogenase dugc xdc dinh dya vao sy gin phan ¥
acetylene. Enzyme nay khii acetylene c6 ndi ba thinh ethylene ndi doi va dudc xdc dinh
bing sic ky khi.
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