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Anaerobic Conditions

Glycolysis

2@DPD+ 20F 2
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S

Fatigue

In the ABSENCE of oxygen the reduced form of NAD* (NADH + H*) builds up and
becomes a cellular toxin...

It, therefore, needs to be RECYCLED...
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Aerobic Conditions

In the presence of oxygen, however, the reduced form of NAD* (NADH + H*) can be
converted back into the oxidized form...

NADH + H* +k/2 OzJ---> NAD* + H20

...and just like the normal reaction this is an ENERGY yielding reaction... with almost
the same energy yield.

H2+1/202 ----> H20
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- 686 kcal/mol.



1 mole of Glucose —> = 686 kcal/mol

ADP ADP
> ( - 7.3 kecal/mol
ATP ATP

Energy Energy

1 mole of Glucose —> ';§=4\/ATP’S worth of energy

36 ...nottoo bad!
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Free energy

NADH + H* + 1/2 O2----> NAD* + H:20

Less stable
state (transition state)

Course of reaction



CeH1206 + 6 O2 ---> 6 CO2 + 6 H20 + energy (heat and light)

- 686 kcal/mol
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STAGE 2:

PYRUVATE
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6 1 A Few Examples of Nonprotein Molecular

“Partners” of Enzymes
TYPE OF MOLECULE ROLE IN CATALYZED REACTIONS
Cofactors
Iron Oxidation/reduction
Copper Oxidation/reduction
Zinc Helps bind NAD
Coenzymes
Biotin Carries —COO~
Coenzyme A Carries —CH,—CH,
NAD Carries electrons
FAD Carries electrons

Prosthetic groups
Heme

Flavin
Retinal

Binds ions, O,, and electrons;
contains iron cofactor

Binds electrons
Converts light energy
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NADH + H* + 1/2 O2----> NAD* + H:20

The AGO' of this oxidation reaction is -52.4 kcal/mol.
(For comparisons sake, remember that the AG°' of the ATP to ADP reaction is

~7.3 kcal/mol)

CeéH1206 + 6 Oz --->

Total Net yield = 4 ATP, 2 FADH;and 10 NADH + H* =

6 CO2

+ 6 H20 + energy (heat and light) (

NAD*

HO—CH
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Think of NADH + H*, therefore, as a pre-packaged form of available "potential”
energy source, that can eventually be turned into ATP (approximately 3 ATP’s)
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NADH + H* + 1/2 O2----> NAD+* +

Respiratory Chain:
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NADH + H* + 1/2 O2----> NAD* + H20

REDOX REACTIONS

Reduced Oxidized
compound A e compound B
(reducing (oxidizing

agent) agent)

Oxidized A 3 Reduced
compound A compound B

® 2001 Sinauer Associates, Inc.



NADH + H* +[1/2 Oz{-—-> NAD*+ H0

REDOX REACTIONS
Reduced Oxidized
compound A A compound B
(reducing 6 (oxidizing
agent) agent)
Oxidized A Reduced

compound A compound B

2001 Sinauer Associates, Inc.,




NADH + H* +[1/2 Oz{-—-> NAD*+ H0

REDOX REACTIONS
Reduced 6 Oxidized
compound A A ‘ compound B
(reducing 6 (oxidizing
agent) agent)

Oxidized A 3 Reduced
compound A compound B

® 2001 Sinauer Associates, Inc,




NADH + H* +[1/2 Oz{-—-> NAD*+ H0

REDOX REACTIONS
Reduced e8] Oxidized
compound A A . compound B
(reducing 6 (oxidizing
agent) agent)

Oxidized A 3 Reduced
compound A compound B

® 2001 Sinauer Associates, Inc,

3o




NADH + H* +[1/2 Oz{-—-> NAD*+ H0

REDOX REACTIONS
Reduced e8] Oxidized
compound A A . compound B
(reducing 6 (oxidizing
agent) agent)

Oxidized A 3 Reduced
compound A compound B

® 2001 Sinauer Associates, Inc.,




NADH + H* + 1/2 O2----> NAD* + H20

Respiratory Chain:

Mitochondrion

Plasma—[ e
membrane

Intermembrane
space

Matrix
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Exterior of prokaryote
or intermembrane space
of mitochondrion

space
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Transmission electron micrograph of a cell pen t
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Source . Cytoplasm of prokaryote 1 0; (ADP +(P)
: \ or matrix of mitochondrion

Mitochondrial

Cytoplasm Gm  Matrix

Copyright @ 2006 Pearson Education, Inc., publishing as Benja



NADH + H* + 1/2 O2----> NAD* + H20

Respiratory Chain:
Reduced (e]
oty D
agent)
Oxidized A
compound A
rg ® -~

/

5

Change in free energy relative to O, (kcal/mole)

NADH-Q

NaH) + @

Succinate-Q reductase

Ubiquinone

reductase

complex Cytochrome ¢

Cytochrome ¢

reductase Cytochrome ¢

complex oxidase
complex

750,




NADH + H* + 1/2 O2----> NAD* + H20

Respiratory Chain:
Reduced (e]
oty D
agent)
Oxidized A
compound A

6
Ag @

5

T

@)

&

= -10

(41

L

=

o)

[

v —20

-

i

(41

E

-

[sTH)

s =30

5

U

=

?:’c —40

=

&

U
-50

complex

Cytochrome ¢

reductase  Cytochrome ¢ —< |

complex oxidase 1
complex

750,

® 2001 Sinauer Associates, Inc.



NADH + H* + 1/2 O2----> NAD* + H20

Respiratory Chain:
Reduced (e]
oty D
agent)
Oxidized A
compound A

6
%6 @ 8

Change in free energy relative to O, (kcal/mole)

NaH) + @

Succinate-Q reductase

Ubiquinone

NADH-Q
reductase
complex Cytochrome ¢
Cytochrome ¢
reductase Cytochrome ¢
complex oxidase
complex

750,



NADH + H* + 1/2 O2----> NAD* + H20

Respiratory Chain:
sl N A6
(redﬁfﬁrg (]
agent)
Oxidized A

compound A

T

@)

&

= -10

(41

L

=

o)

[

v —20

-

i

(41

E

-

[sTH)

s =30

5

U

=

?:’c —40

=

&

U
-50

NaH) + @

Ubiquinone

NADH-Q
reductase
complex

Succinate-Q reductase

Cytochrome ¢

reductase Cytochrome ¢

complex oxidase
complex

750,



NADH + H* + 1/2 O2----> NAD* + H20

Respiratory Chain:
0
(NADH) +
o)
S o
= - — Sudcinate-Q reductase
Reduced Oxid % - 1 0
e ® g
o) NADH-Q
8 20 reductase
o @ op B, 2 ™| complex
[
2 Cytochrome ¢
)
ag () e) O £ 3 reductase Cytochrofne ¢
= complex oxidase
W complex
e
. o ® P = 4
T
=
5
-50 1/5 @




Eukaryotic Cell

mitochondrion
nucleus

plasma
membrane



cytosol

outer
mitochondria
membrane

inter- .

membrane
space

[mm r
mitochondnal
membrane

mitochondrial
matrix

R HH
0e® ®0,® ©
e © @
.

(5
® o ©
nigh
ncentration
2 ) su
U U‘ 'l
!Hf [ (GbLuLm ml (H
gen
Wcentration
H+

@ @

REWIND | STOP | PLAY | 4 SKIP | SKIP ) 9/10

CeH1206 +

6 O

--->6 CO: +

6 H2O |+

energy

(heat and light)

ATP






AUTOTROPHS AND

HETEROTROPHS
[ \
Glycolysis Glycolysis
Cellular
respiration Fermentation

Pyruvate oxidation reaction(s)

Citric acid cycle § o Incomplete oxidation
¢ * Waste products: Organic
compound

Respiratory chain
. % * Energy trapped: 2

* Complete oxidation

* Waste products: H,O, CO;

* Energy trapped: 36



AUTOTROPHS AND
HETEROTROPHS

Aerobic

Glycolysis

Cellular
respiration

Pyruvate oxidation

Y

Citric acid cycle

v

Respiratory chain

* Complete oxidation

* Waste productq H>0, CO,»
* Energy trapped % *

Fdrmentation
reaction(s)

* Incomplete oxidation

* Waslfe products: Organic
compound




