Microbial Metabolism

Sum of all biochemical reactions
Catabolic and anabolic
Enzymes:

— Catalyze reactions

— Lower energy of activation
— Do not change equilibrium
— Specific

— Cofactors or coenzymes

Oxidation reduction reactions
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Patterns of Energy Production
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electron
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Glycolysis

4 ATPs
-2 ATPs
2 ATPs

2 NADH
2 Pyruvates

Fig. 9.5

ATP Glucose

ADP
Glucose 6-phosphate

Six-carbon stage

Fructose 6-phosphate
ATP

ADP
Fructose 1,6-bisphosphate

Aldolase |
Glyceraldehyde-3-P -=—» Dihydroxyacetone-P

NAD* P,

NADH]| + H* Three-carbon stage

1,3-bisphosphoglycerate
ADP

ATP
3-phosphoglycerate

Substrate-level phosphorylation

2-phosphoglycerate
Ho0O

Pgnﬂgphnennipyruuate
Substrate-level phosphorylation

ATP

Pyruvate




Lansing M. Prescott, Jahn P. Harley, Donald A. Klsin, Microbiclegy, 4a Copyright © 1585 The McGraw-Hill Companies, Inc. Al rights reservad.,

Procaryoles ELhearyoles
CHoOH CHOH
b ] i
H H H H H H
nongt B on AV
H ©OH H ©OH
Glusose Glucoze
PEP ATP
F",'r:n.'u[l: Hexckinass
(EroLEp ADP
trcl:lsi:-{lﬁ H;C'@
BIEY IS 8]

H Glucoss &-
phosphata

oH

H
Phospho-
hexose
igomerasa
O

(B on,c

Fruciose &- H
phosphate  H OH

OH H

ATF Phosphalructo
Kirage
ADP

B one 2O chof)
. o

CHOH

Fructoss 1.6-
bisphosphate H

OH H

\.

r,o'_

Glycolysis

Fructose bisphosphate
aldalasa

Gilycersldehyde

Iphosphate  CHO CH
-hosphate ] lzﬂ@ﬂlnydm:'.'-
H—-Ii:— OH {I:= (] EEE!EIHE
[=]-3 ale
) chon  POPY

AN

i Giycoeraidehyde
NAD 2-phosphate
chih y chr oo @ e S

HADH+ H*
g:c:n:lEE} app ATP COOH
A O e osphaglycarte I oH  Ehosphoghycerit
AP Y ERrale B PETCR L Fy T R
'E:H;._rl:l'@ kirase ﬂ*ﬁ;ﬂ@'rm:i;l::ﬂ ’
{.2-bisphospho- F-phospho-
ffycarate glycerata

%ﬁl]i‘li-l ATF pop

C=(

I'_Zrl_«,
Pyruvete

COOH

I 2 phospho.
c=0E) Gitornte

CH,OH

Enataass
HyD
Ilﬁﬂﬂ!'i
G- o(®)

CH

Phosphosnolpyruvate



Lansing M. Prescaott, John P Hadey, Donald A, Klein, Micraticlogy, 4 Copyright & 1959 The MeGraw-Hill Companies, Ine, All rights resarved,

Bacterial PTS j.onitor1p ¢
Transport

Yoot
o o

Pyruvate

Fig 5.5

OO

i

G a

S ——"

Glucose-6-P

E toplasmic & —
vl =3 Periplasm

matrix Z‘f?:' f—

Mannitol

Glucose



Lansing K. Prescott, John P Harfey, Denalbd A, Klain, Microbialogy, 48, Copyright € 1989565 The MeGraw-Hill Companies, Ine. All rights resered,

Three Stages of Catabolism

Proteins Polysaccharides Lipids

Stage 1
Y
Amino acids Monosaccharides  Glycerol + Fatty acids

ATP s
Stage 2 - FADH,
MNH- /
Pyruvate I
5 - ..i

Acetyl-CoA r

Oxaloacetate Citrate

e !
FADH; /
|

Tricarboxylic  |socitrate | /
acid cycle ’um? 1/

cc-kKetoglutarate J

‘( CoQ
! ATP
Succinyl-Coh L0, i - AT

C yiochromes

Fig, 013 Electron
transport
chain O,




Lansing K. Prescott, John P Harfey, Denalbd A, Klain, Microbialogy, 48, Copyright € 1989565 The MeGraw-Hill Companies, Ine. All rights resered,

Entner-Doudoroff Pathway

Glucose
ATP

ADP
Glucose 6-phosphate

NADP*

NADPH
6-phosphogluconate

t‘ H,0O
2-keto-3-deoxy-6-phosphogluconate

Pyruvate Glyceraldehyde 3-phosphate
NAD*

NADH
ADP

ATP

l

Fig 9.8 ADP

ATP
Pyruvate



Lansing M. Frascott, John P. Harley, Donald A. Klein, Microbiclegy, 4a Copyright © 19948 The McGraw-Hill Companies, Inc. All rights reservad.,

Pentose Phosphate Pathway
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Transketolase & Transaldolase
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Electron Reduced Examples of
Acceptor  Products Microorganisms
Acrobic O, H,0O All acrobic bacteria, fungi,
protozoa, and algae
Anaerobic NO;~ NO; Enteric bacteria
NO;~ NO;-, N;O, N, Pseudomonas and Bacillus
SO+ H.S Desulfovibrio and
Desulfotomaculum
CO, CH: All methanogens
SY H,S Desulfuromonas and
Thermoproteus
Fe't Fe’* Pseudomonas and Bacillus
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. 1. Lactic acid bacteria (Streptococcus, Lactobacillus), Bacillus
Flg, 010 2. Yeast, Zymomonas
3. Propionic acid bacteria (Propionibacterium)
4. Emterobacter, Serratia, Bacillus
5. Enteric bacteria (Escherichia, Enterobacter, Salmonelia, Proteus)
6. Closiridium
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7 ] Cellular Locations for Energy Pathways in Eukaryotes and Prokaryotes
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