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Figure 14.1. Energy relationships between energy production (catabolism) and energy utilization (anabolism).

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.



ATP and NADPH are sources of free energy for
biosynthetic reactions.
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Figure 14.5. Transfer of reducing equivalents during catabolism and anabolism using NADPH and
NADH.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.

Redox reactions (FAD, NAD*) are a
major source of free energy in living
systems (Nernst equation).
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Figure 14.13. Metabolic fates of pyruvate.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.
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Figure 14.18. Sources and fates of acetylCoA.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.
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Figure 14.11. General precursors of acetyl CoA.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.
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Generating metabolic blocks by genetic manipulation

NH, NH,
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Ornithine Citrulline Arginine

Pathway of arginine biosynthesis deduced from studies of three
arginine-requiring auxotrophic mutants (mutants requiring a specific
nutrient for growth). In this case, the mutants were isolated after
X-ray irradiation,

All mutants grow in the presence of arginine. Mutant 1 also grows in the
presence of ornithine or citrulline, and mutant 2 grows in the presence of
citrulline. Mutant 3 does not grow on ornithine or citrulline.



(a) Control liver ATP
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The expression of creatine kinase* in

transgenic mouse liver as demonstrated by
localized in vivo 3P NMR.
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(b) Creatine kinase
positive liver

A. Normal mouse liver after fed a diet
supplemented with 2% creatine

B. Mouse liver transgenic for
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*CK converts creatine into creatine phosphate.



Use of stable isotopes and NMR spectroscopy
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Use of stable isotopes to establish metabolic origins of
complex metabolites and precursor-product relationships
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Establishing precursor-product relationships
(order of appearance of metabolic intermediates)

Starting materials
Schem% weme I1
CH27070H 7CH7RI O CH2 CH2
R Vinyl ether Ether
l reduction i oxidation

CH, O —CH; CHy, R CH,—0O—CH-—CH—R
| Ether Vinyl ether
R R

Two possible pathways for the biosynthesis of ether—
and vinyl ether—containing phospholipids. The
pathway shown in Scheme Il is the correct pathway.
How is this information obtained?




Radioactive tracers: pulse-chase experiments

A pulse of radiolabeled starting material is administered to an organism and
the specific radioactivities of the resulting metabolic products are followed

over time.

The flow of a pulse of radioactivity from

Specific radioactivity

precursor to product.

A
[A*]
[B*]
/Ix
1 2 3

Time after addition of labeled starting material

Criteria that must be met to
establish that A* is the precursor
of B*:

1.

While the radioactivity of a
product is rising, it should be
less than that of its precursor.
When the radioactivity of a
product is at its peak, it should
be equal to that of its
precursor. The radioactivity of
a product peaks after that of its
precursor.

After the radioactivity of a
product has peaked, it should
remain greater than that of its
precursor.







Function

Rough endoplasmic reticulum

Smooth endoplasmic reticulum

eroxisomes (glyoxisomes in plants)

Citric acid cycle, electron transport and oxidative
phosphorylation, fatty acid oxidation, amino acid breakdown

Glycolysis, pentose phosphate pathway, fatty acid biosynthesis,
many reactions of gluconeogenesis

Enzymatic digestion of cell components and ingested matter
DNA replication and transcription, RNA processing

Posttranslational processing of membrane and secretory proteins;
formation of plasma membrane and secretory vesicles

Synthesis of membrane-bound and secretory proteins
Lipid and steroid biosynthesis

Oxidative reactions catalyzed by amino acid oxidases and catalase;
olyoxylate cycle reactions in plants




Subcellular organelle isolation in the laboratory

Ultracentrifugation

Swinging bucket

rotors

A selection of preparative
ultracentrifuge rotors



— Slow-sedimenting

centrifugation component fractionation
_— _—

Stabilizing Fast-sedimenting

zuc crlc.)set component
radien




Soluble proteins {

Svedbergs
- 0

L

Cytochrome ¢

Collagen
Albumin

Luteinizing hormone

Immunoglobulin G

Aldolase

Catalase
asMacroglobulin

[

I
© 0 ~ o u slw N

|
[y
o

— 20

Subcellular
particles

<

Ribosomes

Polysomes

Microsomes

Plasma
membranes

Mitochondria =<

r
Ribosomal subunits

— 60
— 80

<

J — 200
J—

100

— 600
— 800
— 1000

Yeast tRNA

E. coli tRNA
Calf liver DNA

— 40 ——Vesicular stomatitis virus RNA——

Bacteriophage T5 DNA

Bacteriophage T2 & T4 DNAs
Broad bean mottle

Polio

Tobacco mosaic
Equine encephalitis

Rous sarcoma

Feline leukemia
Bacteriophage T2

—

} Nucleic acidsw

> Viruses

— 2000
— 4000
— 6000

— 8000
— 10,000

— 20,000
— 40,000
— 60,000

— 80,000

— 100,000

Sedimentation
coefficients
in Svedbergs (S)
for some
biological
materials



Isopycnic ultracentrifugation (also called equilibrium density gradient
ultracentrifugation): Separates particles according to their densities.
CsCl or Cs,50, solutions are spun at high speed to create a density
gradient. Sample components band at positions where their densities
equal that of the solution. Used for fractionation of
subcellular organelles, not for fractionation of protein mixtures
(proteins have similar densities).
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Densities of biological material

Density (g - mL

Material Density (g/cm?3)

Microbial cells 1.05-1.15

Mammalian cells 1.04-1.10

Organelles 1.10 - 1.60

Proteins 1.30
DNA 1.70
RNA 2.00

60 6.2 64 6.6 68 7.0 7.2
Radius (cm)




Omics hierarchies in the study of biological metabolism

Genotype

Proteome

— Metabhtes

Phenotype
Figure 16-20 The relationship between genotype and directs the synthesis of the proteome, whose various activities af¢
phenotype. The path from genetic information (genotype) to responsible for synthesizing and degrading the components of
metabolic function (phenotype) has several steps. Portions of the the metabolome.

genome are transcribed to produce the transcriptome, which




Calories”

Tissues

Fat (adipose triacyglycerols) 15 141,000
Protein (mainly muscle) 6 24,000
Glycogen (muscle) 0.150 600
Glycogen (liver) 0.075 300
Circulating fuels
Glucose (extracellular fluid) 0.020 80
Free fatty acids (plasma) 0.0003 S
Triacylglycerols (plasma) 0.003 30

Total 166,000

“One (dieter’s) Calorie = 1 kcal = 4.184 kJ.
Source: Cahill, G.F,, Jr., New Engl. J. Med. 282, 669 (1970).




Glucose

glucose-6-
phosphatase

fructose-1,6-
bisphosphatase

gluconeo|
genesis

ATP —]

\
lucogenic ———— Oxaloacetate
amino
acids

hexo-
kinase

Glucose-6-phosphate

syntha

B Phosphoenol- NAPDIH ~1
pyruvate
NADPH
A pyruvate
Ribose-5-phosphate "kmase
> Pyruvate <————————" Lactate
/ / pyruvate lactate
dehydro- dehydrogenase
genase
pyruvate
carboxylase acetyl-CoA carboxylase
phosphoenol- @ P <
ruvate .
carbo)?;’kinase ‘; Ketone bodies

acid
cycle

NADH + FADH,

'

Oxidative

phosphorylation

glycogen

Glycogen Triacylglycerols

glycogen triacylglycerol hormone-
se hosphorylase synthesis sensitive
PRSP o triacylglycerol
lipase

Fatty acids

A5

phosphofructokinase

fatty acid B oxidation

glycolysis synthesis

[2=ATP

Ketogenic amino acids

¥
ATP




Metabolic interrelationships between brain,

adipose tissue, muscle, liver and kidney in humans
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The flow of phosphoryl groups from “high-energy” phosphate
donors, via the ATP-ADP system, to “low-energy” phosphate

acceptors,
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Equilibrium (reversible) and non-equilibrium (irreversible) reactions
in metabolic pathways

100 (Vf)

—> A B———> flux is 10 units

90 (v;)

near-equilibrium reaction in vivo

10.01 (v
A flux is 10 units

——— A
0.01 (v;)

non-equilibrium reaction in vivo

The net flux through the pathway is given by (v-v,). In the
non-equilibrium reaction, the rate of the forward reaction
dominates, so that the net flux is almost identical to this rate.
In the near-equilibrium reaction, both forward and reverse rates
are almost identical but considerably in excess of the flux.



