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Basic Mechanisms of Energy Conservation

Substrate-level phosphorylation
Formation of energy-rich intermediates

Elektron-transport phosphorylation

(Oxidative Phosphorylation)

produces ATP
° o
Intermediates in the
[ ] o
biochemical pathway
Compound G?% kJ/mol
High energy
Phosphoenolpyruvate —51.6
1,3-Bisphosphoglycerate| —52.0
Acetyl phosphate —44.8
ATP -31.8
ADP -31.8
Low energy
- AMP -14.2
Glucose 6-phosphate -13.8
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Fig. 5.13 Brock Biology of Microorganisms (11th edition) (Madigan et al.)



Energy-Rich Compounds
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Chemiosmotic Model

In this simple representation of the chemiosmotic theory applied to mitochondria, electrons from
NADH and other oxidizable substrates pass through a chain of carriers arranged asymmetrically
in the inner membrane.

Electron flow is accompanied by proton transfer across the membrane, producing both a chemical
gradient (ApH ) and an electrical gradient (Ay).

The inner mitochondrial membrane is impermeable to protons; protons can reenter the matrix only
through proton-specific channels (F,). The proton-motive force (PMF) that drives protons back
into the matrix provides the energy for ATP synthesis, catalyzed by the F; complex associated

Intermembrane
space (p side)

Matrix
(N side)

Succinate Fumarate

NAD* Chemical ATP Electrical
NADH +H* potential synthesis potential Seeees;
ApH } driven by ‘ Ay &
(inside proton-motive| (inside
alkaline) force negative)

Figure 19-19
Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company



PMF Energized Membrane

Proton-motive force (PMF)

Figure 12-11 Essential Cell Biology, 2/e. (& 2004 Garland Science)



ATP-Synthase/ATPase
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Figure 14-15 Essential Cell Biology, 2/e. (© 2004 Garland Science)

Fig. 14.15 Essential Cell Biology (2nd edition, Alberts, Bray et al.)




Energetics of Carbohydrate Metabolism
(Aerobic Respiration)

Glucose
2 i Glycolysis ) [EINADEE
2 Pyruvate
Pyruvate ‘
dehydrogenase l — | 2C0; -
2 Acetyl-CoA O, as final
l electron
acceptor
Citric Acid l -
Cycle = 4C0;

Aerobic respiration chain




Aerobic Respiration ,Eucaryotes”
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Abb. 9.6 Die Zellatmung im Uberblick.
Biologie (Campbell)



Regulation

Glucose
AMP
Fructose-6-phosphate Stimulates
lesphoﬁ:lmllhln ::J

Fructose-1,6-bisphosphate
Inhibits Inhibits

Pyruvate

N Citrate

ELECTRON
‘| TRANSPORT CHAIN
S| ANDOXIDATIVE
PHOSPHORYLATION

. S

Copynght & Pearson Education, Inc., publishing as Benjamin Cummings

Fig. 9.20 Die Kontrolle der Zellatmung.
Biology (6th edition, Campbell & Reece)



Conversion of different Nutrients

[Proteins| [ carbonyarates | Fats

Amino Sugars Glycerol Fatty
acids u acids
GLYCOLYSIS
Glucose

Glyceraldehyde-3-(F)

ELECTRON
TRAMSPORT
CHAIN AND
OXIDATIVE
PHOSPHORYLATION

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.

Fig. 9.19 Catabolism of different nutrients.
Biology (6th edition, Campbell & Reece)



,Platform Metabolism"
Anabolism

/nucleotides
glucose 6-phosphate .

| amino sugars
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glycoproteins

;
GLYCOLYSIS 4 dihydroxyacetone —. lipids
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Figure 13-23 Essential Cell Biology, 2/e. (©® 2004 Garland Science)




Fermentation




Atmung/Fermentation

RESPIRATION FERMENTATION A

Fermentation

Electron
transport
chain and
chemiosmosis

Energy

Fig. 5.14 Microbiology: An Introduction (Tortora, Funke, Case)



Lacitc Acid Fermentation

T.D.Brock

Lactococcus lactis

/

Glucose | GLYCOLYSIS
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0_ 2 NAD* 2 NADH
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2 Pyruvate

J

H— C OH =
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(b) Lactic acid fermentation

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings




Anaerobic Respiration

Alternative electron acceptors in absence of oxygen
Energy source:

mostly organic compounds (chemoorganotrophic org.);
but also inorganic compounds (chemolithotrophic org.)

Electron acceptors:
Inorganic compounds, NO5-, SO,%, Fe3*, NO,-, SO, CO,
Electron transport chain:

analogue to the aerobic chain (Cytochrome, Quinone,
Fe-S Proteine)

Facultative aerobes/anaerobes with aerobic and
anaerobic respiration;

Obligate anaerobes only anaerobic respiration



Nitrate Reduction (E. coli)

 Enterobacteriaceae (e.g. E. coli)
« Facultative anaerobic Bacteria (anaerobic fermentation)
* Only reduction of nitrate to nitrite (nitrate reductase A)

aerob anaerob (NOjy)

+ +
2H 2H Nitrate
reductase

3Ht +%02 H,0 NO,™ + Hy0
oyt ¥2 O,/H,0 +0,82 V vt NO3/NO, +0,43 V

Fig. 17.37 Vergleich aerobe und Nitrat Atmung.
Brock Biology of Microorganisms (10th edition) (Madigan et al.)




Knallgas-Bacteria

» Biologic knallgas-reaktion
,Oxidation of hydrogen®

H, + % 0, — H,0 AGY=-237 kJ out 2 H '1* H i
,2Hydrogenase" ! :

« Different Bacteria: . »

» G Pseudomonas, Alcaligenes, tm | !””mmm mm’ ' ‘ -‘
Paracoccus, = Q=x cytb—-cytc—>cyta

» G Nocardia, Mycobacterium, it mmmszmmsmmual’m
Bacillus ) >J ) ) .

* Hydrogenase (membrane-bound) — 17,0,
~-Electron transport®; some In COx+ATP ),
organisms in addition soluble SABH | Calvin ADP ,-p
hydrorgenase ,direct reduction of cycle
NAD* Cell material

Figure 17-25 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.

« Chemolithoautotrophe ,,CO,
fixation via calvin cycle”

« Chemoorganotrophic growth
(Calvin cycle and hydrogenase
repressed)



Photosynthesis
Light- and Dark- Reaction

Calvin cycle

Melvin Calvin (1940)

Chloroplast

CH,O
(sugar)

Fig. 10.4 Biology (6th edition, Campbell & Reece)




Non-cyclic Photophosphorylation

P700 absorbs dark red light (700nm)
P 680 absorbs red light (680 nm)

Primary
acceptor | R ‘,.:o,’

F 9
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@ @ %, © NaDP* [~ *
c W, 2 H*
o (1] \ %%? reductase
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% 2 :-|+ K Liaht
15 /40, (4] ‘:‘ =
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ngm % Electron flow provides C)
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S O
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Copyrighl @ Pearsen Education, Inc., publishing as Benjamin Cummings.

Fig. 10.12 Biology (6th edition, Campbell & Reece)

Plastoquinone (Pq), Cytochrome bs-f-complex (proton pump), Plastocyanin
(Pc, Cu?*-Protein)




The Light Reaction and Chemiosmosis

Cytochrome

complex
Photosystem |
] \ Light NADP*
raductase
" NADP* + 2H*
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Copyrght © Pearscn Education, Inc., publishing as Benjamin Cummings.

Fig. 10.16 Biology (6th edition, Campbell & Reece)



Comparison of Chemioosmosis In
Mitochondrion and Chloroplast

Mitochondrion Chloroplast

High H*

cuncentrationHi Diffusi
INTERMEMBRANE o 2% THYLAKOID
SPACE SPACE
_ ] MEMBRANE (;('r?
Mitochondrion Cj:& Chloroplast
structure q ; structure
MATRIX STROMA
. ADP +P);, 3 -
H-I-

Low H*

concentration

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.

Fig. 10.8 Biology (6th edition, Campbell & Reece)



CO, Fixation

Calvin cyle 7 ATP aerobes Products = sugars,
seperated from other
metabolic pathways

Reductive citric acid cycle  2(-3) ATP anaerobes, Suited for microaerobic
microaerobes  conditions, revers:
Oxidation of acetyl-CoA

Reductive acetyl-CoA 1 ATP strict Suited for the assimilation
pathway anaerobes of C1 units
3-hydroxypropionate 7 ATP aerobe Suited for mixotrophic
pathway assimilation of

fermentation products



The Calvin Cycle ,Dark-Reaction®

3-Phosphoglycerate

\f:n

1, 3-Bisphosphoglycerate

o [naDPA

6 NADP*
6@,

CALVIN
CYCLE

__6000B
Iyceraldehyde-3-phosphate .
a3 Phase 2:

7 // (828 Reduction

G3P h\GIucosa and
{a sugar) other organic
Output compounds

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.

Phase 3:
Regeneration of
CO; acceptor
(RuBP)

1

Fig. 10.17 Biology (6th edition, Campbell & Reece)



Key Reactions of the Calvin Cycle
(Reductive Pentose Phosphate Cycle)

HaC — 0—PO3H;

(a) HyC —0—PO3H; . . “00C—C~OH
HyC—0-—
C=0 2 i (o] PO3H2 H
| ~00C —C—OH
COZ + H—$—0H 0 ————+—6__.__ ——
H-C—OH s!bullfse - T ; |
isphosphate] H—C—OH H,0 H—C—OH
M2~ 0P carboxylase HaC —0—POZH ’ HaC— 0 —POH
. (Rubisco) [ "%~ o 2 2
Ribulose nstable intermediate = Two phosphoglyceric acid
bisphosphate (PGA)
(b)
H2$ —0—PO3H, HzCI —0—PO3H, NADPH H2CI —0—PO3H,
HO—C—H + ATP =) HO—?—H + ADP HO—?—H + P; + NADP*
| S
Ccoo- H03P-0—-C=0 HC=0
Phosphoglyceric acid 1,3-Bisphosphoglycericacid  Glyceraldehyde 3-phosphate
(c) 3 z
Hge = H2C—O— (R To biosynthesis
? =0 $= (o)
H=0=0H Phosphoribulokinase| H—§—©H Cytle.repe(.ﬂs
H,C— O—PO3H; H,C— O—PO3H; starting with (a)
Ribulose 5-phosphate Ribulose bisphosphate

Figure 17-21 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.




Balance of the Calvin Cycle

6 COy

2 3-Phospho- 12 ATP
glycerate

6 Ribulose (36 carbons)\q

1,5- blsphosphate

(30 carbons) 12 1,3-Bisphospho-
glycerate

12
(36 carbons) NAD(P)H

6 ATP
12 Glyceraldehyde
6 Ribulose 3-phosphate

5-phosphate (36 carbons)
(30 carbons)

Sugar Fructose
rearrangements = ;4 Glyceraldehyde 6-Phosphate

3-phosphate (6 carbons)
(30 carbons)

To biosynthesis

Overall stoichiometry:
6 CO> + 12 NADPH + 18 ATP —>
CgH1206(PO3H>) + 12 NADP* + 18 ADP + 17 P;

Figure 17-22 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.




Reductive pentose phosphate cycle

RubisCO = Ribulose-bisphosphate carboxylase/oxygenase

7ATP +5 NAD(P)H/

(Calvin-Benson cycle)

6CO, 12 3-Phosphoglycerat
(36 Kohlenstoffatome) 12 ATP

pyruvate

RubisCO

6 Ribulose-
1,5-Bisphosphat
(80 Kohlenstoffatome)

6 ATP Phosphoribulokinase

6 Ribulose-5-Phosphat
(30 Kohlenstoffatome)

Umlagerungen

10 Glycerinaldehyd-
des Zuckers 3-Phosphat

12 1,3-Bisphosphoglycerat
(36 Kohlenstoffatome)

12
NAD(P)H

12 Glycerinaldehyd-
3-Phosphat
(86 Kohlenstoffatome)

Fructose-6-Phosphat
(6 Kohlenstoffatome)

(30 Kohlenstoffatome)

Fiir Biosynthesen

From light dependent
reactions of

photosynthesis
(ETP reactions in
chemosynthesis)

7 4 ATP
2 NAD(P)H

2 Pyruvat

* Plants, algae, cyanobacteria, most aerobic and facultativ aerobic Bacteria
* Triosephosphates, 3-phosphoglycerate, sugar phosphates as intermediates



Photosynthesis
Light- and Dark- Reaction

Calvin cycle

Melvin Calvin (1940)

Chloroplast

CH,O
(sugar)

Fig. 10.4 Biology (6th edition, Campbell & Reece)




Pyruvate Dehydrogenase and
Oxidative Citric Acid Cycle

Pyruvate™ (three carbons)
NAD* + CoA

J co, Key

Acetyl-CoA

v AN

oA

N N N N

o

Oxalacetate? Citrate3~

. 3=
NAD* Aconitate

Malate? \

Isocitrate3"

t NAD(P)’
Fumarate?”
FADH ‘5 £
FAD Syccinate?

a-Ketoglutarate?” =

NADPH

Succinyl-CoA CoA + NAD*
Cohy i |
ap PP, 'NADH

Figure 5-22a Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.




Reductive Citric Acid Cycle

(Arnon-Buchanan cycle)

2 (-3) ATP + 3 NAD(P)H + 2 ferredoxin/
pyruvate ATP and ferredoxin from

light dependent
reactions of

NADH photosynthesis
Oxalacetat (ETP reactions in

chemosynthesis)
Malat

Fumarate - Fumarat Pyruvat
reductase

. ATP-citrate Pyruvate

lyase Ferredoxin,eq Co, synthase

ATP Succinyl-CoA Acetyl-
yl-CoA
2-Oxoglutarate

co, Ferredoxin,gq (
Citrat
synthase a-Ketoglutarat , NADPH ol

co, Isocitrat

Isocitrate
dehydrogenase

Anaerobic Green sulfur bacteria (Chlorobiales) and other Proteobacteria, Aquificales
(microaerophilic)

Acetyl-CoA, pyruvate, oxaloacetate, succinyl-CoA, 2-oxoglutarate, (PEP)

Advantages under anaerobic, microaerophilic conditions
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Prokaryotes & Eukaryotes

Ribosomes
Cytosol
Plasma membrane

Periplasmic space
Cell wall

Flagella

Figure 1-14 Principles of Biochemistry, 4/e
©2006 Pearson Prentice Hall, Inc.

Nucleus

Endoplasmic
reticulum

Cytosol

Cytoskeleton

Lysosome

Plasma
membrane D
= Peroxisome
Golgi \
apparatus :
PP —

Mitochondrion

Vesicles

Figure 1-15a Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.



Murein: Cell wall (Bacteria)

« Gram positive cell wall

Wall-associated
protein

D-Glucose —0—c¢
D-Alanine —o0—c¢
D-Alanine —o0—c

?_
H,C—O0—P—O0
N

iy
(a) (b) o

Figure 4-31 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.

Teichoic acid

Lipoteichoic
acid

Peptidoglycan

Cytoplasmic
membrane




Murein: Cell wall (Bacteria)

« Gram negative cell wall

O-polysaccharide Core polysaccharide

Out

Lipopoly-
— saccharide
(LPS)

Outer-
Cell - membrane

e o e

. —| £ ‘ ' - -#22~Phospholipid
Periplasm - - R
I P o Lipoprotein
Cytoplasmic -
membrane

V¥
JJJJJJJJJJJJJJJJ . In

Figur 435 B ck Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc



N-acetylglucosamine

* N-acetylglucosamine, a sugar derivative,
basic building block for chitin and murein.

Acetyl group 6CH20H

Figure 3-5 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.




Murein: Cell wall (Bacteria)

Structure of the polysaccharide

In bacterial cell wall
peptidoglycan.
The glycan is a polymer of
alternating GIcNAc and N-
acetylmuramic acid (MurNAc,
Lactic acid linked to C-4 atom)
residues.

Lysozyme-

I
Alternating peptide chains of D- NSy sensitive
und L-amino acids Peptide CHac —CH—cZ, '\ bond
cross-links <. oo Y

Linkage of the L-alanine amino N NHY_ _ _ ~L-Alanine
: : : « XC—CH,—CH,—CH —COOH
group (amide linkage) with the st A e e e e e tamilc idld
NH NH s 2
lactylcarboxylgroup of a MurNac |,---'1 ~ | =90
: \HOOC-C —CH,—CH,—CH,—CH — C, “————— Meso-diamino-
residue St =g i imelic aci
“w H L -~ NH pimelic acid
(HC—CH—COOH 'y planine

Figure 4-29 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.




Murein: Cell wall (Bacteria)

COOH COOH
HZN—(IZH H2N—(|:H

CH, CH,

i i+

CH, CH,
H,N—CH HN—CH

COOH H
(a) (b)

(a) Diaminopimelinsaure
(b) Lysin

Peptide bond

Figure 3-13 Brock Biology of Microorganisms 11/e
©£2006 I

Glycan
backbone\
-0-0-0- -0-0-0-
| Setid | /Interbrldge
L-Ala eptides L-Ala
| | it
D-Gllu / \ D_GhI’_N'yGIIy :
DII\P D-I-I\la L-Llys 1 GI|V :
1
p-Ala DII\P p-Ala 1 Glly :
|
D-Gllu 1 GI'V ’
1
LJ?Ia : GI'.V 1
- --AI - el
-0-0-0- o
(a) Escherichia coli L‘Llys
(gram-negative) |>-G|u|-NH2
L-Alla
0-0-0

(b) Staphylococcus aureus
(gram-positive)

(c) -

Figure 4-30 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.




Murein: Cell wall (Bacteria)

MurNAc

6
CH,OH

L-Alanine | CH—CH3

p-Isoglutamate

GlcNACc THg

(o]

N-Acetylglucosamine
(GlcNAC)

N-Acetylmuramic
acid (Mur2Ac)

cleavage by
lysozyme

Reducing
end

Pentaglycine
cross-link

Polysaccharide

o
I

II Il Il
L-Lysine CH—(CH3)4g—N—C—CH>—N—C—CH>—N—C—CH—N—C—CH,—N—C—CH>,—N—
y | ala—H N 3 N 3 N

| c=0

NH

I
p-Alanine | CH—cCH;

| coo®

Figure 8-31a Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.

Pentaglycine bridge

1 >

Pentaglycine Tetrapeptide

Figure 8-31b Principles of Biochemistry, 4/e
©2006 Pearson Prentice Hall, Inc.



» Glycolipids

Glycoconjugate

— Lipopolysaccharide (Gram negative Bacteria,
outer membrane)

0-specific polysaccharide Core polysaccharide Lipid A

o0deed

0 @ " /Amine este:'
O@® @e @)
O- OO @@ s
n (P) ®

Figure 4-34 Brock Biology of Microorganisms 11/e

© 2006 Pearson Prentice Hall, Inc.




Mode of Action of Some Major
Antimicrobial Agents

Cell wall synthesis DNA gyrase RNA elongation DNA-directed RNA polymerase

Cycloserine Quinolones —| Nalidixic acid Actinomycin Rifampin
Vangomycm Ciprofloxacin Streptovaricins
Bacitracin Novobiocin

Penicillins

Cephalosporins Protein synthesis
Monobactams (50S inhibitors)
Carbapenems |

Erythromycin (macrolides)
Chloramphenicol

: Clindamycin
Folic acid metabolism Lincomy‘::in

», Iy /0 Nq‘ :
Trimethroprim ;
Sulfonamides !
Protein synthesis
(30S inhibitors)
> Tetracyclines
) Spectinomycin
Ly Streptomycin
Gentamicin
structure and function _ Amikacin

Polymyxins | Nitrofurans
Daptomycin
Plantensimycin
PABA Cytoplasmic Cell wall Mupirocin
TS Puromycin

Figure 27.12



Antimicrobial Spectrum of Activity

L ]
Platensimycin

T |
Eukaryotes : Bacteria : Obligately parasitic Bacteria : Viruses
i ' 1
1 i I RNA DNA
Fungi ' Mycobacteria Gram-negative =~ Gram-positive'! Chlamydia Rickettsia : viruses  viruses
: : :
b L - Bacteria Bacteria___ - - > f— -
L] l I -
' — . A
i Penicillins ' ;
” : Tobramycin | : | 0 : Nonnucleoside
zoles . H reverse-transcriptase
Allylamines ' . - =ulfonanides : : inhibitors
Cvoloheximide y Cephalosporins 8 ! e
ycloheximide | . Oiilroloncs 1 Protease inhibitors
Polyenes Streptomycin | s I 1 Fusion inhibitors
NPoIIyQX|n§ 4 ' Tetracycline 1l T -
uc e:c aci : 1 | 1 ] e H : Nucleoside analogs
analogs . . . g Interferon
: : Isoniazid Polymyxins Vancomycin [
Echinocandins : Daptomycin '
] |
1] |

Figure 27.13



Antimicrobial Drug Resistance

 Antimicrobial druq resistance

— The acquired ability of a microbe to resist the effects of
a chemotherapeutic agent to which it is normally
sensitive




Mechanisms of Drug Resistance

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

Q 9
Efflux pump \
Antibiotic-degrading Pe’ @@
enzyme Z@j
Plasmid/

Antibiotic

@ ._Antibiotic

Q9

\
{ Antibiotic-resistance
£ genes

L P
W Antibiotic

Antibiotic-altering
enzyme

Antibiotic

Prevent entrance of
drug

Drug efflux (pump drug
out of cell)

Inactivation of drug

— chemical
modification of drug
by pathogen

Modification of target
enzyme or organelle

Use of alternative
pathways or increased
production of target
metabolite



Sites at Which Antibiotics are Attacked by

Enzymes
R
I
0
HO
HyC_
" RNH
S._ CH
_‘/ %CH:Z
. O=—-—N COOH
Phosphorylation
Adenylation B-Lactamase
Streptomycin Penicillin
0
H (|:|—CHCI2

Acetylation
Chloramphenicol Figure 27.27



Antimicrobial Drug Resistance

Most drug-resistant bacteria isolated from patients
contain drug-resistance genes located on R plasmids
The use of antibiotics in medicine, veterinary, and
agriculture select for the spread of R plasmids

— Many examples of overuse of antibiotics

— Used far more often than necessary (i.e., antibiotics used
In agriculture as supplements to animal feed)




Patterns of Drug Resistance in Pathogens

80
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40
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Percentage resistant fecal strains
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Gentamicin
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Tetracycline

_

Ampicillin
Sulfonamides
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Figure 27.28
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of N. gonorrhoeae
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Figure 27.28



