
Metabolism : Anabolism & Catabolism

Anabolism

nutrients are used to build up cell components

energy carrier >

ATP ,
NADH

-> redox carrier

>
rich energy carriers Waste products

energy input is required builds up from ADP+ P -> ATP & NAD + -> NADH

energy carriers are emitted

poor energy carriers

ADP
,

NAD +

L > reduced

phosphorylated to NADH Energy source is taken up
to ATP

Cell components sunlight . (in) organic chem .

proteins , entymes , lipidss...

↳
many microbs use only

simple organic carbon sources Catabolism

Where microbs get their energy from

Energy sources

L X
Chemicals Light↓
Chemotrophy Phototrophy
L ↓

organic inorganic
glucose , Hz

, HzS ,

acetatee...↓ ↓ Fezt , NHy ... v

Chemoorganotrophs Chemolithotrophs Phototrophs
↓ ↓

↳"Litho"Stones

↓
ATP ATP ATP

Coupling of endergonic & exergonic reactions - redox reactions

glucose is burned with O2 - producing CO2 & H2O
-> 1 mol of glucose↳) this encloses G" =

-2863h]/mol of
energy ,

which is released through this

exergonic reaction

2 H1206 + 602 6 CO2 + 6Hz0
reverse reaction ,

USES the

same amount of energy in

form of ATP to make glucose
11G" = + 2863k]/mol)
-> endergonic reaction

Half reaction :

donating e-

Hz > 2 + 2H
+

2 -> 2 elections

H20 < H2 + E02 -> H20 -> net charge = C

= 8 + 2e- 02- ↳ (protons2

Half reaction,

accepting e-



Calculating free energy (1G")

AGO =
- n . F . AEO' -> redox potential difference

↓ ↳ ↳ Faraday's constant 96
. 5h] mol"Vor

number of transferred electrons

free energy change
*G < 0 -> exergonic
A G > 0 -> endergonic

ex : SEO = + 820mV -- 414mV = 1234 mv = 1
. 234V

=> AGU = - 2 - 96 . 5k7/mo+V
-1

. 1
.
234V = - 238k] mol -1 = - 238k]/md

Chemoorganotrophs
Respiration-

respiratorychain> 20Fermentation => 38 ATP

=> less /e-used to reduce - ↑ NAD + is

organic intermediates regenerated
ATP ↑NAD + is I

- &

e- are transferred
regenerated

--

Ito a - carriers e-

! I

↑I

I
Glucose > 2 Pyruvate

CAC
> 6 CO2broken down

Glycolysis

General fermentation cycle

> Excretion

Uptake of organic compound fermentation product
NAD +

Chem , transformation gets reduced
NADH

Substrate-level
Phosphorylation

energy-rich compound > oxidized compound

allow direct phosphorylation of ADA ABP ATP ex
· pyruvate

ex , glucose

Homofermentative Lactic acid fermentation
e-

-PEP

Lactose Glycolysis 1 & II I 2 Pyruvate + 2 NADH
1 ADP ATP

NAD-NADH Substrate-level
- 25k]/molphosphorylation↓ Lactase ↑ - ↓

-

Galactose + Glucose 2 NAD + + 2 Lactate

-> excreted

Heterofermentative lactic acid fermentation

Lactose Entner-Duodoroff pathway -> 1
,
3 -Biphosphate glyceraldehyde

ADP ATP
substrate-level

-
↑

1

↓ Lactase G phosphorylation ↓
Galactose + Glucose Lactate & ethanol - pyruvate & acetate

NADADR
↳ are excreted



Alcohol fermentation

Glucose

Stage 1 & 2

V

PEP

ADP

substrate - Level phosphorylation
> ATP

~

2 Pyruvate + 2 NADH

Pyruvate decarboxylase
La produce CO2 by chapping

it off pyruvate v

2 acetaldehyde + 2 CO2
↳ very toxic

Alcohol dehydrogenase
↳ reduces acetaldehyde ~

2 ethanol + 2 CO2 -> released to environment
↳ fermentation products

Chemiosmotic coupling

Aerobic respiration

Free energy released/2e-

- 0 .05mV AG"= - nFDEd' = - 2 (96
. 5)(1 .14) = - 220k]

NADH
e-travelgives through

NADH heme-groups
Dehydrogenase SH

↳ Quinons are oxidized

gives winon DL

Iron-Sura ↳ ↳ Quind

-> reduced to

i
membrane-bound
e

-

carrier
here only=> Quinon is cytochromes

reduced
to Quino



Citric acid cycle/TCA cycle

Glucose ->> Glycolysis -> Pyruvate (13)
NAD+ + CoA

V" NADH

Acetyl CoA(22)
binds to

Oxaloacetate (C4)
Oxaloacetate &
T

C
FAD Citrate (CG)

> FADH2
&

succinate dehydrogenase
(complex 11 in ETC) GNAD multiple↳ reduces Quirons

transformations

Succinyl-CoA
~

in order to regenerate X-ketoglutarate
Oxaloacetate

AD + P/GDP + P &M

> ATP/GTR

2 NADH & 2 C- atoms

! are released
go to aerobic

respiration

Overall energetic balance

Glycolysis : Glucose > 2 Pyruvate + 2 ATP + 2 NADH

Substrate level phosphorylation 2ADP + P-2ATP 28 ATP ↓ ↓
Oxidative phosphorylation 2 NADHEGATP - CAC Complex I

CAC : Pyruvate + 4 NAD + + GDP + FAD > 3 CO2 + 4 NADH + FADH2 + GTP/ATP

Substrate Level phosphorylation ADP/GDP + P-ATP/GTB) ↓ ↓
Oxidative phosphorylation Y NADH -> 12 ATP Complex / Complex I

1 FADH2-2 ATP SATP

Glycolysis + (A) -> 38 ATP per Glucose

Not all energy is harvested - some is released as heat => reaction can go forward

Decision chart : fermentation or fermentation

Glucose

↓

Pyruvate
O present ?

yes ↓ & no

Acetyl-CoA + O2 other e-acceptors present ?

↓ (Noz- , Soh+ ,
Febt)

TCA cycle yes ↓nor
d Anaerobic respiration Fermentation

Aerobic respiration -> ATP synthase
-> Substrate-level phosphorylation

-> ATP synthase
↳

AGo
, depends on

↳ lowest AGOe-acceptor

↳ highest AGO



Anaerobic respiration with sulfate

pretty sure we don't
need to know this by heart

-

(cytoplasm) sulfite
reductase

-
ATP sulfurylase

activation
of sulfate => HIS is a waste product

↳ releasesan
↳Adenosine Sulfide ↳ hydrogen sulfite ↳ sulfite
5'phosphosulfate

substrate Facetylphosphate
level

phosphorylation S /acetate kinase

-> reversible

Lecture 6
-

Methanogenisis US Methanotrophy

CH4
71 + IV

CO2

Methanogens Methanotrophs (an) aerobic
↓↳ ferredoxin

+ 1

produce biogenic oxidize 50-80 % methanofuran - CHO

methane of the product of methane ↓ Facotea

- Il

HuMPT - CH2
W

CO2 ↓ Faz0Hz

CoM-2He'll
↳ CoB↓

Acetogens CHI

Acetate

Hydrogenotrophic methanogenesis
3 types of methanogens

+ IV

CO2 · 2 Hydrogenases are key to delivering e- from H2 to redox carriers

↓↳ ferredoxin

+ 1

methanofuran - CHO Hz + Fuzo hydrogenase FuzoHz
↓ Facotea

- Il

HuMPT - CH2 · Bifurcation : ego I different ways

↓ Faz0Hz
- 1 goes to reduce COM-S-S-CoB-> CoM-SH & CoB-SH => stops metabolism

CoM-2He'll - 1 goes to reduce ferredoxin
of

-> ferredoxin red

CoB->-> CoM-S-S-CoB

- IV
↳) flavins are used to give 1 at a time

CH4



Methylotrophic methanogenesis
+ IV

CO2 N - (CH3)3
ferredoxin ( A

substrate-

+ 1 Specific

methanofuran - CHO methyl
transferase

FacoHz <- A

: - Il

HuMPT - CH2

F F420Hz -1 CH3-corroinoid
* 2 Natin

CoB CoM-2HI" <
methyl transferase

=
> CoM-S-S-CoB

V
- IV

CH4

Acetoclastic methanogenesis

ATP ADP + F > CO2 + Ferrodoxin red
- split by 10 dehydrogenase/Acelyl-CoA synthaseAcetate activation AcetylCoA I key enzyme

of acetate v - III (also in actogenesis)

(CH3-c00t H4 MPT-CHy
-

-> 2 Nat

*
Methyl group

↓ is reduced respiratory chain

- III

CoM-CHy

CoB
Y CoM-S-S-CoB <~

- IV

CH4

methanotrophy
2 typesofmethane oxidisers

Aerobic Methanotrophy - naerobic methanotrophyM
ANME

Con Sulfate reducer

1

- e- >

SOy"
· -Ch ~

> e- >

~
- 11

- CH2
- ~

PMF
- III

> e- -

H2S
- CH3

-

> e- -

- IV

Methand gdeced CH4
to ->

From this
,
electrons make PMFI

from which 02-H20 & ATP synthesys



Wood-Ljungdahl Notes :
->Anaerobic process · First part same

as methanogenesis,
only thing diff

1. is the electron

O
Electron donors
-& //// carrier

↳ Need Xtra ATP
weI/I

↳
eyenzyCodehydrogenaseaPhase also in acctoclastic to kind it

-C-carrier methanogens
,

reaction1// is just reversed S
Electron

donor 1 Tetrahydrofolate ~ /////////O
Bifurcating B.

1.
hydrogenase

S keyenzyme 2
..

* By substrate
*same as in

methanogenesis
level phospho-
rylation

/1114s (same as SRB)

RNF 4 . ↓-
complex

establishes a Nat motive force
->These both contribute

to energy conservation

Lecture 7 .

Peptideband
formation

H
O

...
- - CH + H -

N - ... (From TCA cycle)

of
t (How ammonium

can be put into

...-- - ...

L-ketoglutarate Amino acid
aminoacids

-

&
Nz Nitrogen fixation t

biosynthesis
↓ Only way

howal

H
,
C NHyt

No ,
Assimilatiae

↓ Transaminase

glutamate
t

NHy+
s Donate ammonium

↓ Transaminase 7 to other aminoids

Yu
Glutamine



Lecture 8.

Sulfite oxidation Hydrogen oxidation

mine 1.

- B. ATPfrom
-electron

A: level

"reverse"
phosphorylation 2. 2L

(pathway
is the same as sulfate ATPfrom

33. 4
.

reduction
, just reversed substrate- * Used boy Knallgas (the tube

level

phosphorylation warm bacteria)

Lecture 9
-

-

a

~mmm
vey experie

*- :ngementf
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