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.l Fueling Reactions

« Despite diversity of energy, electron, and carbon
sources used by organisms, they all have the
same basic needs

— ATP as an energy currency

— Reducing power to supply electrons for chemical
reactions

— Precursor metabolites for biosynthesis

mpames, Inc Permussion required for oduction or display

Energy source
| Chemoorganotroph—organic molecules

; Chemolithotroph—inorganic molecules
| Phototroph—light

Carbon source
Autotroph—C0; ——ou_____|
Heterotroph—arganic molacules — J

Electron source
Organotroph—organic molecules |
STUDENTS-HUB.com Lithotroph—inorganic moleculas
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Microorganisms May Change
Nutritional Type

e Some have great metabolic flexibility based
on environmental requirements

* Provides distinct advantage if environmental
conditions change frequently
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-I Chemoorganotrophic Fueling

Processes

 Also called chemoheterotrophs
 Processes

— aerobic respiration

— anaerobic respiration

— fermentation


https://students-hub.com

u | Catabolic(s¢) Pathways

« Enzyme catalyzed reactions whereby(daul 5)
the product of one reaction serves as the
substrate for the next

« Pathways also provide materials for
biosynthesis

* Amphibolic pathways
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Amphibolic Pathways

Copyright © The McGraw-Hil Companies, Inc. Permission required for reproduction or display

« Function both as catabolic
and anabolic pathways

* Important ones
— Embden-Meyerhof pathway
— pentose phosphate pathway
— tricarboxylic acid (TCA) cycle

STUDENTS-HUB.com

Glucose

Hexokinase | | Glucose 6-phosphatase

Glucose 6-phosphate
h
|
Y

Fructose 6-phosphate

Phospho-

fractelinase Fructose 1,6-bisphosphate

Fructose 1,6-bisphosphate

A
[

\
A

> > -

—> -

Y
Phosphoenolpyruvate (PEP)

Pyruvate| [ PEP carboxykinase

kinase
t Pyruvate carboxylase

Pyruvate

Glycolytic
reactions

Gluconeogenic
reactions

4 Freely reversible
v reactions
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Aerobic Respiration

* Process that can completely catabolize an
organic energy source to CO, using

— glycolytic pathways (glycolysis)
— TCA cycle

— electron transport chain with oxygen as the
final electron acceptor

* Produces ATP (most of it indirectly via the
activity of the electron transport chain), and
high energy electron carriers
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The Breakdown of Glucose to
Pyruvate

 Three common routes
— Embden-Meyerhof pathway
— pentose phosphate pathway
— Entner-Duodoroff pathway
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The Embden-Meyerhof Pathway

« Occurs in cytoplasmic matrix of most
microorganisms, plants, and animals

 The most common pathway for glucose
degradation to pyruvate in stage two of
aerobic respiration

* Function in presence or absence of O,

* Two phases
— Six carbon phase
— Three carbon phase
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M|dat"idn-Reduction Reactions

SSSSSSSSSSSSSSSS

Oxidation-reduction reactions (redox)-
Reactions in which electrons move from an
electron donor to an electron acceptor

As an electron moves from the donor to the
acceptor, the donor become less energy rich
and the acceptor becomes more energy rich

Acceptor + ne- donor

Standard equilibrium potential (EO)- It is the
measure of the tendency of the donor to lose
electrons

10
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uction oxidation couples

Redox couple Ey (V)
S0, HSO0," (-0.52) 2 ¢" - o
COy/glucose (-0.43) 24 &~ T —0.50
2H*M, (-0.42) 20" —_
COjmethanol (-0.38)6e ——| 0¥
) NAD*/NADH (-0.32) 2 &~ — = _0.30
CO/acetate (~0.28) 8 0"
SM,S (-0.28) 2 0 7 - —0.20
CO,/CH, (-0.24)8 0" / L caieé
FAD/FADH (-0.22) 2 &~
Pyruvato/actate (-0.19) 2 ¢”
S0,"M,S (-0.17)6 & - 0.0
80605 ( o 7-+oio
— Fumarate/succinate (+0.03) 2 e '
2] Cytochrome B (+0035) 1 / |- +0.20
Fe/Fe™ (4021, (pHT7) / B
UbIQUINone e (+0.11) 20~
CYIochrome Coyueg (¢0.25) 107 / = +0.40
CYIOChIOME g (+0.39) 1 &~ / -
e NO,"MNO,™ (+0.42) 20" :
- +0.60

NO; 7§ N, (+0.74) S o ~_[ *0-70
Fo'lFe™ (4078) 10, (H2) — | 545
$OM0 (082) 20 il

= +0.90

(1)H; + fumarate — succinate AG"” = —-86kJ
(2)H; + NO;~ —» NO; +H,0 AG" = -163kJ

11
(3)H; + + O, — H;0 AGY” = -237TkJ
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Wervation In fermentation and
~ respiration

Energy-rich
Intermediates intermediates
P; ADP ATP

(a) Substrate-level phosphorylation

*'b
2 b 2 2K I JE 2B K B R N K R K

ADP + P, \|.
‘ ATP

Less energized . ~
membrane ¥

+ + + <+ + + + <+ +

(b) Oxidative phosphorylation

12
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Glucese 800600

Glucose |s phosphorylated at the expense of ane
ATP, creating glucoss 6-phosphate, a precursor
maetabolite and the starting molecule for the pentoss
phosphate pathway.

Addition of phosphates
‘primes the pump”

lsomerization of glucose 6-phosphate (an aldehyde)
to fructose 6-phosphate (a ketone and a precursor
meatabolite)

ATP Is consumad to phosphorylate C1 of fructosa.
The cell is spending some of its energy

currency in ordar 10 aamn more in the next pan

of the pathway,

Fructose 1, 8-bisphosphate is spiit into two
3-carbon molecules, one of wivich |s a precursor
matabolite. DHAP is readily converted 1o
glyceraidehyde 3-phosphate.

Oxidation step —
generates NADH

Giyceraldehyde 3-phosphate is oxidized and
simultaneously phosphorylatad, creating a high-enargy
molecule, The sectrons released reduce NAD' to
NADH

ATP is made by substrate-level phosphorylation.
Another pracursor metabolite is made

High-energy molecules —

used to synthesize ATR e e
by substrate-level
phosphorylation

The oxidative breakdown of cne glucoss results
In the formation of two pyruvate molecules.
Pyruvate (s one of the most important precursor
metabolites.
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ATP

ADP

Clucosa G-phosphale lb—o—c—o—c—c

Fructose &Mﬁm 10-0—0—0—0—0

- o

Fructose 1, 6-bisphosphate

Y
1, 3-bisphosphoglycerate

l CADP
ATP

3-phosphoglycerate

2-phasphoghycarate

H0

Phosphoenolpyruvate
ADP

ATP
Pyruvate

oo i
@

00

gié':c

y .9

Glyceraldehyde 3-phosphate 0—0—0—;@ Glyceraldehyde 3-phosphate
i 1 : X
NAD
el C
NADH 1 H'

@—c—e—c—@ 1, 3-tisphosp

oL
\,C
)

| — aop
(-

3-phosphoglycerate

2-phosphoglycerate
H.0

Phosphoenolpyruvate
ADP

ATP
Pyruvate

NAD'

NADH 1 H'

hoglycerate
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Summary of Glycolysis

glucose + 2ADP + 2P, + 2NAD*

2 pyruvate + 2ATP + 2NADH + 2H*

14
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B e oot Pathovay

The Entner-Duodoroff Pathway

« Used by soil bacteria and a few gram-
negative bacteria

* Replaces the first phase of the Embden-
M eye rh Of p at h Way Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Glucose
ATP
. t: ADP
[ ) YI e I d p e r Glucose B-phr(\:;i%);t.e

ENADPH b H?

g I u C O S e 6-phosphogluconate Entner-Doudoroff

F pathway
. H.0
m O I e C u | e ] 2-keto-3-deoxy-6-phosphogluconate (KDPG)

— 1 ATP Pyruvate Glyceraldehyde 3-phosphate

.NAD*
NADH + H™
—_— . ADP _
1 NADPH Reactions of | = Bl g
. 3-phosphate by
— 1 NADH  glycolytic 1 1

pathway.

pathway

ADP
| =

STUDENTS-HUB.com Pyruvate

15
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The Pentose Phosphate Pathway
 Also called hexose monophosphate pathway

« Can operate at same time as glycolytic
pathway or Entner-Duodoroff pathway

« Can operate aerobically or anaerobically
« An amphibolic pathway

SSSSSSSSSSSSSSSS
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Produce
NADPH,
which is
needed for
biosynthesis

STUDENTS-HUB.com

y Oxidation

right @ The McGraw-Hill Comp&emﬁssmn requirad for reproduction or display,

ﬁ Glucose 6-phosphate, an intermeadiate
of the Embden-Meyerhof pathway and
a precursor metaboiite, is oxidized, The
reaction provides reducing power in the
form of NADPH,

3NADP*  3NADPH + 3H"
3 glucose-6-(P)
3H,0

3 6-phosphogluconat

9 6-Phosphogluconate is oxidized and
decarboxylated. This produces CO; and
more raducing power in the form of
NADPH.

3NADP* 3NADPH + 3H*

3 nbulose-s-(@
(5 carbons)

o

Ribose-5-(P)
(5 carbons)
L

Xylu!ose-S-@
{5 carbons)
J

Transkatolasa

o Sugar transformation reactions

Giyzeraidehyde-3-(P)
(3 carbons)

(blue arrows) are catalyzed

by the enzymes transaldolase
and transketolase. Soms of

the sugars can be used in
biosynthesis or to regenerate
glucose 6-phosphate. They also
can be further catabolized to

Sedaheptulose-7- @
{7 carborns)

Transaldolase

pyruvate.

L Fruclose»é-iéj

(6 carbons)

N

Erythrose-4-(P) |
{4 carbons) Xylulose-5-®)

e

Transketolasea

Fruc!ose-t}-iié;'

Pl
; Fructose-6-(P) #chtose-l.&bns@)

Glyceraldehyde-3-(P)

EMP reactions

Pyruvate

(6 carbons)

Sugar
trans-
formation
reactions

Produce
sugars
needed

for
biosynthesis

Sugars can
also be
further
degraded

17
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Summary of Pentose Phosphate
Pathway

glucose-6-P + 12NADP* + 7H,0O

6CO, + 12NADPH + 12H* P,

18
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" The Tricarboxylic Acid Cycle

 Also called citric acid cycle and Kreb’s cycle

« Common in aerobic bacteria, free-living
protozoa, most algae, and fungi

« Major role is as a source of carbon skeletons
for use in biosynthesis

19
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Summary TCA
Cycle

« for each acetyl-
CoA molecule
oxidized, TCA
cycle generates:

2 molecules of
CO,

3 molecules of
NADH

one FADH,
one GTP

STUDENTS-HUB.com

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
From glycolysis
0
1]

G—0-
I

e=0 o Pyruvate is decarboxylated (1.e,, it loses a
| carbon in the form of CO,). The two

CH, remaining carbons are attached to

Pyruvate

coenzyme A by a high-energy bond, The
\ energy in this bond will be used to drive
NAD* the next reaction, Acetyt-CoA s a
( ; precursor metabolite
0 Malate is oxidized, o NADH + H*
generating more NADH
and regenerating CcO,
oxaloacetate, which is 0 o
needad 1o accept the two I Com)
carbons from acetyl-CoA € —S—CoA Acetyl-CoA o The two remaining carbons of
and continue the cycle, | pyruvate are combined with the
Oxaloacetate is also a CHy four carbons of oxaloacetate, This
precursor metabolite.  Oxaloacetate Citrate creates the 6-carbon molecule
citrate,
OOOl €oo
NADH + H* =0 /"’_ \
| (2) CH,
) HO—~@—€00
NAD €00" eH o Catrate changes the
12 arrangemaent of atoms to
0 Co0 form isocitric acid.
Malate o
?00 Isccitric acid
HO ?H &-corbon 6-carbon co0
stage |
HC stago
| 61,
€00 HG—E00
o TCA Cycle HO_JPH
H,0 A\ == 5555
O Fumarate coo R €00 NAD*
reacts with H,0 { S-cart -
to form malate, CH YL
I stage NADH + H
HC 1
|
: CO
€00 S\ eH; 2 |
Fucisarate Coh) GH. o Another carbon is
£ \ o removed, craating the
ADH, coo =0 5-carbon precursor
| s metabolite
FAD ?H f €00 a-ketoglutarate. In
o Succinate is axidized to oH. o (l, 2 u-ketoglutarate :!se process, NADH is
fumarate. FAD serves as B ] NAD® + CoA ormed
the electron acceptor, coo0 CH,
Succinate (l:H NADH + H'
e CoA Is cleaved from the high-energy ATP ADP = co,
moiecule succinyl-CoA. The energy or or //C‘_\ e The last carbon of glucose s
released is used 1o form GTP, which  GTP GDP O S—CoA released as carbon dioxide. More
can be used to make ATP or used . NADH s formed for use In the ETC,
directly to supply energy 1o P, Succinyl-CoA and the 4-carbon precursor 20

processes such as translation metabolite succinyl-CoA is formed.
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Electron Transport and Oxidative
Phosphorylation

Only 4 ATP molecules synthesized directly
from oxidation of glucose to CO,

Most ATP made when NADH and FADH,
(formed as glucose degraded) are oxidized in
electron transport chain (ETC)

SSSSSSSSSSSSSSSS
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Bacterial and Archaeal ETCs

« Located in plasma membrane

« Some resemble(«x&) mitochondrial ETC, but
many are different

— different electron carriers
— may be branched
— may be shorter

22
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Paracoccus denitrificans

 Facultative, soil bacterium
« Extremely versatile metabolically

 Under oxic conditions, uses aerobic
respiration

— similar electron carriers and transport
mechanism as mitochondria

— protons transported to periplasmic space
rather than inner mitochondrial membrane

— can use one carbon molecules instead of
glucose

23
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CH,0OH HCHO

24
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oy 2 ey Branched pathway

. fad branch) . A TR (1 1 60 B3 80ELG

Different array Fnr-cela N W0
gy, a8  Upper branch —

of cytochromes oW stationary phase
used than in pace g Gy y pha

: : and low aeration
mitochondrial

NADH dehydrogenase
NADH + H*

Lower branch —
log phase and
high aeration

High aeration,
log phase oH* 25

STUDENTS-HUB.com (bo bfaﬂeh)


https://students-hub.com

'

Oxidative Phosphorylation

* Process by which ATP is synthesized as the
result of electron transport driven by the
oxidation of a chemical energy source

26
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'I ‘ ‘Chemiosmotic Hypothesis

* The most widely accepted
hypothesis to explain oxidative
phosphorylation

— protons move outward from
the mitochondrial matrix as e-
are transported down the
chain

— proton expulsion(:uk) during
e  transport results in the
formation of a concentration
gradient of protons and a 53
charge gradient oshonc s 2

{cytoplasm)

— the combined chemical and —
electrical potential difference R SR
make up the proton motive -
force (PMF) 27

STUDENTS-HUB.com
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Electron donors Light
A
4
Electron Photosynthesis
transport

\

Proton motive force

L\

ADP + P, % ATP Bacterial Active
flagella transport
rotation

28
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_— PMF Drives ATP Synthesis

 Diffusion of protons back across membrane (down
gradient) drives formation of ATP

ATP synthase

— uses PMF down gradient to catalyze ATP synthesis

— functions like rotary engme (conformational changes)

Cogytight © The N Cormpan Parrission regured for eeroduction o dagley
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ATP Yleld Durlng Aerobic Respiration

nght ® The McGraw-Hil Companies, Inc. Parmission requred for reproduction or display

Glucose o

+ GLYCOLYSIS

Fructose 1, 6-bis PO,

:

2 Glyceraldehyde 3 PO,

» 2NADH , —3 SATP

Oxidative phosphorylation
= 2ATP

Substrate-level phosphorylation

2 Pyruvate

2NADH _ —- SATP

Oxidative phosphorylation

l 2 Acetyl-CoA

—3 2FADH, - 3ATP
“  Oxidative phosphorylation

= 2ATP (GTP)

Substrate-level phosphorylation

Total aerobic yield 32ATP

STUDENTS-HUB.com

Maximum ATP yield can
be calculated

— Includes P/O ratios of
NADH and FADH,

— ATP produced by
substrate level
phosphorylation

o sammeene @@ The theoretical maximum

total yield of ATP during
aerobic respiration is 38

— the actual number closer
to 30 than 38 N
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Theoretical vs. Actual Yield of
ATP

« Amount of ATP produced during aerobic
respiration varies depending on growth
conditions and nature of ETC

* Under anaerobic conditions, glycolysis only
yields 2 ATP molecules

31
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Factors Affecting ATP Yield

Bacterial ETCs are shorter and have lower
P/O ratios

ATP production may vary with environmental
conditions

PMF In bacteria and archaea is used for other
purposes than ATP production (flagella
rotation)

Precursor metabolite may be used for
biosynthesis

32
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Table 11.3

Anaerobic
Respiration

* Uses electron acceptors
(carriers Wa)other than O,

* Generally yields less
energy because E, of
electron acceptor iIs less
positive than E, of O,

Aerobic

Anaerobic

STUDENTS-HUB.com
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Some Electron Acceptors Used

in Respiration

Electron
Acceptor

0,

NO;

NO;

Co,
co,
SO

Fe'’

HAsO,"

Se0,’”

Fumarate

Reduced
Products

H,0

NO,”

NO; ,N;O, N,

CH,
Acetate

H,S

Fe’!

HAsO,

Se, HSeO;

Succinate

Examples of
Microorganisms

All aerobic
bacteria, fungi,
and protists

Enteric bacteria

Pseudomonas,
Bacillus, and
Paracoccus

Desulfovibrio and
Desulfotomaculum

Methanogens
Acetogens

Desulfuromonas
and Thermoproteus

Pseudomonas,
Bacillus, and
Geobacter

Bacillus,
Desulfotomaculum,
Sulfurospirillum

Aeromonas,
Bacillus, Thauera

Wolinella

33
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n Example...
* Dissimilatory nitrate reduction

— use of nitrate as terminal electron acceptor, making it
unavailable to cell for assimilation(«=2.>1) or uptake

« Denitrification
— reduction of nitrate to nitrogen gas
— in soil, causes loss of soil fertility(4_) 4 gai)

34
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Fermentation

OX|dat|On Of NADH Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display
produced by glycolysis e o
Pyruvate or derivative
Glyceraldehyde 3-(P)
used as endogenous M e
electron acceptOr NADH + H* AjTg NADH + H*
. isphosphoglycerate
Substrate only partially M
oxidized t
) X Pyruvate
Oxygen not needed . R \
Oxidative phosphorylation A  NADH + H
does not occur ( NAD'
N

— ATP formed by
substrate-level
phosphorylatlon

35
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Succinate

Homolactic Alcoholic . /

fermentation "
fermenters /‘

Malate

Acataldehyde Acetoin™  NADH
fermenters

= o QAADH
Heterolactic N S~
A o Ace!olactate(
; CO

NADH -
LActats -~ —— Pyn]vﬂ!e ('()-_-

o rCoASH .
Food ] e Acotaiy ﬁ - Alcoholic
Spoilage (A2l J‘Wzﬁj‘ @i*)y,’m T beverages
| AT 0 bread, etc.
Yogurt, [Acetate Acetoacetyl-CoA Y\:H

- CO,

sauerkraut, 0 SN s § I
pickles, etc. (s=k(0d)/= ;siAdjéi.A/quM)t

1. Lactic acid bacteria (Streptococcus, Lactobacilius), Bacilus, enteric bacteria 5. Enteric bacteria
(Escherichia, Enterobacter, Salmonglla, Proteus) &. Enteric bacteria
2. Yeast, Zymomonas 7. Clostridium

. Propi i ¢ t . .
3. Propionic acid bacteria (Proplonibactenum) 8. Eriteric bacteria 36

4. Enterobacter, Serratia, Bacitlus . ,

9. Enteric bacteria
STUDENTS-HUB.com
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Mixed Acid Fermentation Products
of Escherichia coli

Table 11.4

FERMENTATION BALANCE
(wM PRODUCT/100 oM GLUCOSE)

Acid Growth Alkaline Growth
(pH 6.0) (pH 8.0)
Ethanol 50 50
Formic acid 2 86
Acetic acid 36 39
Lactic acid 80 70
Succinic acid 11 15
. Carbon dioxide 88 2
Hydrogen gas 75 0.5

STUDENTS-HUB.com
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Catabolism of Other
Carbohydrates
« Many different carbohydrates can serve as
energy source

« Carbohydrates can be supplied externally
or internally (from internal reserves)

38
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Carbohydrates

STUDENTS-HUB.com

Monosaccharides

— converted to other
sugars that enter
glycolytic pathway

Disaccharides and
polysaccharides

— cleaved by
hydrolases or
phosphorylases

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display

Monosaccharide interconversions

ATP
Pentose phosphate pathway
Galactose-1-(P)
l UTP Entner-Doudoroff pathway
UDP galactose

Mannose

¢ ATP
Mannose-6-P)

UDP glucose
Gal-1 @
UDP Gal RE

Glucose-1 -@ ——» Glucose-6-

Fructoie-6-®<£m

Embden-Meyerhof pathway

Disaccharide cleavage

1. +HQOM> 2 glucose
Maltose phosphorylase
Maltose Kl PTOSPTOYEE. B-o-glucose-1-(P) + Glucose

Sucrase
2.+H20————-—-—> Glucose + Fructose
Sucrose phosphorylase

+ P a-D-glucose-1 ® + Fructose

-gal i
3.+H20 b-ga actosudase; Galactose + Glucose
P¥Cellobiose) ppSaiotioss phosPhory'aiea-o-glucose-1-@ + Glucose

39
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Reserve Polymers

« Used as energy sources in absence of
external nutrients

— e.g., glycogen and starch
« cleaved by phosphorylases
(glucose),, + P, — (glucose),,; + glucose-1-P
 glucose-1-P enters glycolytic pathway
— e.g., poly-hydroxybutyrate
PHB — — — acetyl-CoA
 acetyl-CoA enters TCA cycle

SSSSSSSSSSSSSSSS
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Lipid Catabolism
 Triglycerides

—_— C O m m O n e n e rgy Copyright ® The McGraw-Hill Companies. Inc. Permission required for reproduction or display.

sources 0

— hydrolyzed to glycerol CH — O — C— R

gnd fatty acids by 0
lipases |l
CH—0— C—R,
. g_cheIroI (I:Iegraded ﬁ
via glycolytic
pathway CH,— 00— C—R,

e fatty acids often
oxidized via 8-
oxidation pathway

41
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!- r'oteiﬁ énd Amino Acid Catabolism

« Protease: hydrolyzes protein to amino acids

- Deamination: removal of amino group from amino
acid
— resulting organic acids converted to pyruvate, acetyl-
CoA, or TCA cycle intermediate
 can be oxidized via TCA cycle
« can be used for biosynthesis

— can occur through transamination

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

?OO' (I3OO_ ?OO_ C|300'
CH— NH + C=0 cC=0 + CH— NH
| | \:\ | | :
CH, CH, CH, CH,

| |

P P

COO COO

42
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Chemolithotrophy

« Carried out by chemolithotrophs

« E released from energy source which is an
Inorganic molecule

— transferred to terminal e~ acceptor by ETC
« ATP synthesized by oxidative phosphorylation

STUDENTS-HUB.com
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Inorganic energy
and

electron source » \
I

v ox phos

PMF —==>> ATP

e ( ) ATP ADP+P,

Carbon source | \ U

(often CO,)

43
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Table 11.5 Representative Chemolithotrophs and Their Energy Sources

Bacteria Electron Donor Electron Acceptor Products
Alcaligenes, Hydrogenophaga, and Pseudomonas spp. H, 0, H,0

Nitrobacter NO, 0, NO; ,H,0 |
Nitrosomonas NH," 0, NO, , H,0
Thiobacillus denitrificans S°% H.S NO;~ S0, N,
Acidithiobacillus ferrooxidans Fe?',S% H,S 0, Fe*', H,0, H,S0,

44
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Energy Yields from Oxidations Used

fable11.6 by Chemolithotrophs
AG*’
Reaction (kcal/mole)’
H, + 10, - H,0 ~56.6
Energy T
Sources NH" + 110, 5 NO;™ + HO + 24
S° + 130, + H,0 — H,S0, -1185
S,0;"" + 20, + H,0 — 250> +2H" —2237
| 2Fe’* + 2H" + 30, — 2Fe’" + H,0 —11.2
— — e —— ——————————

1 The AG®’ for complete oxidation of glucose to CO; is —686 kcal/mole. A kcal
is equivalent to 4.184 kJ.

Bacterial and archaeal species have specific
electron donor/acceptor preferences

Much less energy is available from oxidation of
Inorganic molecules than glucose oxidation due
__to more positive redox potentials .
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B crouce of

hree Major Groups of
Chemolithotrophs
« Have ecological importance

e Several bacteria and archaea oxidize
hydrogen

« Sulfur-oxidizing microbes

— hydrogen sulfide (H,S), sulfur (S°), thiosulfate
(S,05%)

* Nitrifying bacteria oxidize ammonia to
nitrate
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Sulfur-Oxidizing Bacteria
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(a) Direct oxidation of sulfite

N
SO’ sulfite oxidase » SO +2¢ 4 | ) J
/)

(b) Formation of adenosine 5-phosphosulfate 0 0 N N
250, +2AMP — 2APS + 4e” ‘O—:S:-—O—IIDI—O—CH? 0
2APS + 2P —» 2ADP + 280, 0 o
2ADP —» AMP + ATP
OH OH

250" + AMP + 2P, — 250" + ATP + 4e” (c) Adenosine 5-phosphosulfate

*ATP can be synthesized by both
oxidative
phosphorylation and substrate-level
phosphorylation
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' Reverse Electron Flow by

Chemolithotrophs
« Calvin cycle requires NAD(P)H as e source for fixing
CO,

— many energy sources used by chemolithotrophs
have E, more positive than NAD*(P)/NAD(P)H

 use reverse electron flow to generate NAD(P)H

o, Inc. Permisson (ogy

Y504
‘
e b
< Ravarse electron flow i Energy source Forward electron flow e
to make NADH for biosynthesis  — =~ tomake ATP
When Mitrobects: needs Cytoplasm When Mirctaciey needa
o make more NADH, roverse 1o syrshesze ATH
aaction fow is ised. This sattrons flow in a
5 dons ol Ihe axpanse of o w V]
ihe PMF. Notics thit peotons gerents PMFE Notice that 48
moving from the perplasm protons are being moved
1o the cytoplasm #reas the sambrane Dy
STUDENTS-HUB.com the cytochrome
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Metabolic Flexibility of
Chemolithotrophs

« Many switch from chemolithotrophic
metabolism to chemoorganotrophic
metabolism

 Many switch from autotrophic metabolism
(via Calvin cycle) to heterotrophic
metabolism
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Table 11.7 Diversity of Phototrophic Microorganisms

Eukaryotes Multicellular green, brown, and red algae; unicellular
protists (e.g., euglenoids, dinoflagellates, diatoms)

P h O t O t r O p h y Bacteria Cyanobacteria, green sulfur bacteria, green nonsulfur ’

bacteria, purple sulfur bacteria, purple nonsulfur
bacteria, heliobacteria, acidobacteria

Archaea Halophiles
" » |

* Photosynthesis

— energy from light trapped and converted to
chemical energy

— atwo-part process

* light reactions: light energy is trapped and converted
to chemical energy

- dark reactions: energy produced in the light reactions
IS used to reduce CO, and synthesize cell constituents®
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- tight Reactions in Oxygenic

Photosynthesis

- Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
° P h Oto Syn t h etl C Chlorophyli-based phototrophy
eukaryotes and Light

cyanobacteria

« Oxygen is generated |sesememt| -
and released into the N "
environment - FE > &

(Oﬂen 009 o Bic synthesis

* Most important
pigments are
chlorophylls
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Table 11.8 Properties of Chlorophyll-Based Photosynthetic Systems

Green Bacteria, Purple Bacteria,
Property Eukaryotes Cyanobacteria Heliobacteria, and Acidobacteria
Photosynthetic pigment Chlorophyll a Chlorophyll @' Bacteriochlorophyll
Number of photosystems 2 2 1
Photosynthetic electron donors H,0 H,;0 H;, H,S, 5, organic matter
O; production pattern Oxygenic Oxygenic’ Anoxygenic
Primary products of energy conversion ATP + NADPH ATP + NADPH ATP
Carbon source Co, co, Organic or CO,

1 Members of the cyanobacterial genus Prochlorococcus have divinyl chlorophyll @ and b,
2 A recently discovered cyanobacterium lacks photosystem |1
3 Some cyanobacteria can function anoxygenically under certain conditions. For example, Oscillatoria can use H,S as an electron donor instead of H,0.

STUDENTS-HUB.com
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| The Light Reaction in Oxygenic
Photosynthesis

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Bacteriochlorophyll a

* Chlorophylls
— major light-absorbing /

I H. /0
plg m ents H\?/CHZ '_I{ Cng"_' ?/ “Chlorophyll b
1 C
— different el s W gt
chlorophylls have /AG/N i N,

different absorption s +-d W
rings - .’ ¢ Bacteriochlorophyll a
peaks TR D

He—C WV & C—CH,
HH>/C/ \C/ \/C/ Chlorophyll a
e Hd-\c———C
[ h /N
=R 0=0C ©
\O \
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- | The Light Reaction in Oxygenic

Photosynthesis

pyright © The McGraw-Hill Compan red for reproduction or display

H.C

CHH CH3 CH3 HsC

™R AR R R R R R
L CH, CHs CH, CHs

[-Carotene (a carotenoid)

@ WWV\\V/\\/\A C\
O o
HO
HO OCOCH

Fucoxanthin (a carotenoid)

COOH COOH

CHy CH, CH, CHy
' | I |
CHqCH CIH3CH? CH?CH'; CH';CHQ
7N
0 N rh AP 0
N N N N

H H H

« Accessory pigments oo
— transfer light energy to chlorophylls
- e.g.,

— accessory pigments absorb different wavelengths of
_light than chlorophylls *
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Organization of Pigments

e Antennas

— highly organized arrays of chlorophylls and
accessory pigments

— captured light transferred to special
reaction-center chlorophyll

« directly involved in photosynthetic electron
transport

 Photosystems

— antenna and Its associated reaction-center
chlorophyll

 Electron flow —- PMF — ATP
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Oxygenic Photosynthesis
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) -1.4
NonCyCI IC 5 E Reaction center p‘:m
-1.2 4 :
electron flow — \
-1.0
ATP + NADPH i
. -0.8 ~ ” 1
made (noncyclic e gy
P 0.6 - \ Fd
photophos- 2 Pheo.a -~ LPyricine nucleotide
. 2 _04- 0 3 reductase (FAD)
phorylation) : \\ o x( o
% -02- -
> Cyt b ses PSI NADPH + H*
| E 0.0 poﬁ\»’l AD& p.ma 2 photons
Cyclic electron o2 5 5
ﬂOW - ATP +0.4 A CY”—’PC\ZE' _‘ Antenna
. ; P700
made (CyCI IC + 06 (Noncyciic) 2 photons
OEC
photophos- 00| Fghay o
phorylation) T R q
1,0, + 2H* P80
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ADP + P, ATP

Pyridine
nucleotide

Cytochrome reductase oy

bf complex 2NADP* 2NADPH

Thylakoid lumen 57
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The Light Reaction In
Anoxygenic Photosynthesis

H,O not used as an electron source;
therefore O, is not produced

Only one photosystem involved

Uses bacteriochlorophylls and
mechanisms to generate reducing power

Carried out by phototrophic green bacteria,
phototrophic purple bacteria, and
heliobacteria
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-1.0 -
- 1  Ps70
& § A \
E. BPh
2 0.5
£ -
a
s -
T - Q Succinate
g 04 hv Fumaratc’e, 4
z 7 Cyt F
7 bley| ---~ flow
7 Cytla | Fes
] Cs
+0.5 -

NAD*
4

/

.-~ Reversed electron

L Reaction center
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H+

ATP
| synthase

ADP + P, ATP
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- | Bacteriorhodopsin-Based

Phototrophy

« Some archaea use a type of phototrophy that
iInvolves bacteriorhodopsin

— a membrane protein
— functions as a light-driven proton pump
* A proton motive force is generated

* An electron transport chain is not involved

Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Rhodopsin-based phototrophy

Light

i

‘Bacteriorhodopsin photo phos

(archaeorhodopsin) f——= > PMF ————="> ATP
or proteorhodopsin

Carbon source
(probably always - Binavrithest 50
organic)
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