Chem 30B

Ch20/21: The Generation of

Biochemical Energy



Metabolic Pathways
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Catabolism and Anabolism
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. y LIPIDS CARBOHYDRATES PROTEINS
Stage 1. Digestion
Bulk food is digested in
the mouth, stomach, and
all intestine to yield
. Z$;H ﬁoelz;zfes? T Fatty acids Glucose and Amino acids
Ove r‘VI eW O and glycerol other sugars
. Fatty acid Glycolysis Amino acid
C a t a b O | I S m oxidation catabolism
ATP
. Pyruvate
Stage 2. Acetyl-CoA Production
Sugar and amino acid molecules
are degraded in the cytoplasm of
cells to yield acetyl-CoA. Fatty acid
molecules are degraded in the ~
mitochondria of cells to yield acetyl-CoA. BROSYSCoN
Stage 3. Citric Acid Cycle Citric
Acetyl-CoA is oxidized seid
inside mitochondria by evill
the citric acid cycle to ATP y co,
yield CO, and reduced -
coenzymes.
REDUCED
COENZYMES
Stage 4. ATP Production Electron 0,
The energy transferred to the transport
reduced coenzymes in stage chain

3 is used to make ATP by the

coupled pathways of electron

transport and oxidative

phosphorylation. ATP H,O
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[Handout] Catabolism Flow Chart
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F Acid llzh:)hsphate Glycogenesis Amino Acid
atty Acids athway .
5-C sugars - Gl 6-ph h ———— Glycogen Catabolism

+ NAPDH
Glycolysis

v

*Glycolysis yields 2 pyruvates,
so multiply everything below by 2x!

\VZNADH + 2 ATP

I Anaerobic
HyC—C—C—0 —~—F—

Pyruvate Aerobic

o
Steroids --———

Il
/ H3C-C—SCoA
Ketone

Lactate

n NADH
+n FADH,

(n depends on carbon
length of fatty acid)

-« 3 Protein

bodies Acetyl-CoA metabolism

'

Citric Acid
Cycle
1 ATP 2COo,

3 NADH, 1 FADH,

v

Oz Electron Transport
Chain & Oxidative
H>0 Phosphorylation
11 ATP

(3 ATP/NADH + 2 ATP/FADH,)



Diagram of a Eukaryotic Cell
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Microvilli

Golgi apparatus

Smooth endoplasmic
reticulum

Lysosome

Cell membrane



Mitochondrion

Intermembrane space

Outer membrane

Inner membrane

Glucose, O,,
ADP, HOPO52~

Enzymes
and
coenzymes
of cristae

ATP synthase
enzymes—
sites of ATP production
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Free Energies of Hydrolysis

TABLE 20.1 Free Energies of Hydrolysis of Some Phosphates

I I
R—O—IT—O‘ + H,0 &—= ROH + HO—I|’—O‘
N on
Compound Name Function AG (kcal/mol) AG (kJ/mol)
Phosphoenol pyruvate Final intermediate in conversion of -14.8 —61.9
glucose to pyruvate (glycolysis)—
Stage 2, Figure 20.5
1, 3-Bisphosphoglycerate Another intermediate in glycolysis —11.8 -49.4
Creatine phosphate Energy storage in muscle cells =10:3 —43.1
ATP (—>ADP) Principal energy carrier —7.3 -30.5
Glucose 1-phosphate First intermediate in breakdown of -5.0 -20.9
carbohydrates stored as starch
or glycogen
Glucose 6-phosphate First intermediate in glycolysis -3.3 -13.8
Fructose 6-phosphate Second intermediate in glycolysis -3.3 -13.8
000
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Nicotinamide Adenine Dinucleotide (NADH)

Site of reduction
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(NADPH if —OH is (Often written
replaced by —OP0,?%) as NADH/H")



Flavin Adenine Dinucleotide (FADH,)
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Citric Acid Cycle
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Citric Acid Cycle, in more detail
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Citric Acid Cycle, even more detail

Step 1. The acetyl group is
transferred from acetyl-CoA
to oxaloacetate produced in step 8.

Oxaloacetate C—5CoA
. H—SCoA
$OO (|~Oo~ Citrate
C= Step 2. Citrate is
| 9 CH, isomerized by transfer of
Step 8. The cycle of CH, H,O i ___the OH group to yield
reactions is completed : HO—% — COO isocitrate.
by oxidation of malate COOF
to regenerate 8 ?Hz 2\‘ Cl'OO
oxaloacetate. NADH + H'
' COO™ ? H,
S NAD 5 3 =
ST ?OO H? Coo Isocitrate
alate
HO—CH HO—?{
| .
CH, L oo Step 3. Isocitrate loses
I Citric acid NAD 3 CO, and is oxidized to
ST COO cycle vield a-ketoglutarate.
Step 7. Addition of water )
to the double bond of 7 H.O NADH + H”
fumarate yields malate. Z + CO,
COO CcOO™
dn |
—SC - AD,” CH g
Fumarate Il H—SCoA NAL 4 2 «-Ketoglutarate
HC NADH + H” CH
| FADH, + CO; [ 2 s
COO™ 5 Step 4. a-Ketoglutarate
- - C=0 reacts with coenzyme A
FAD CcOO X
: COO~ | éOO_ and loses CO; to yield
Step 6. Two hydrogens are 6 | H—SCoA CH, succinyl-CoA.
removed from succinate Cl' H, 5 |
to yield fumarate. y CH-,
Succinate CI:Hz [ &
T hnn  C=0
SCoA

Step 5. Succinyl-CoA is set free Succinyl-CoA
to give succinate plus CoA in
a reaction coupled with

GTP formation.



[Handout] Citric Acid Cycle
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Chemistry of Citric Acid Cycle
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Electron Transport Chain and ATP Synthase
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The Mobile Components of Electron Transport Chain

Coenzyme Q

O OH
CH,O CH, CH,O CH,
CH,;0 (CH,CH= (ECHZ)nH CH;0 (CH,CH :(|3CH2)”H
9 CH, s CH,
Oxidized coenzyme Q Reduced coenzyme Q
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Cytochrome C (with heme cofactor)
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(@) A heme group (b) A representative cytochr ome protein
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Energy Diagram for Electron Transport Chain
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