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Alanine
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Protein turnover (intracellular)

TasLE 23.2 Dependence of the half-lives of cytoplasmic
yeast proteins on the identity of their
amino-terminal residues

Highly stabilizing residues

(t,,, > 20 hours)
Ala Cys Gly Met
Pro Ser Thr Val

Intrinsically destabilizing residues
(t,, = 2 to 30 minutes)
Arg His lle Leu
Lys Phe Trp Tyr

Destabilizing residues after chemical modification
(t,, = 3 to 30 minutes)
Asn Asp GIn Glu

Source: J.W.Tobias, T. E. Schrader, G. Rocap, and A.Varshavsky. Science
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TABLE 23.3 Processes regulated by
protein degradation

Gene transcription
Cell-cycle progression
Organ formation
Circadian rhythms
Inflammatory response
Tumor suppression
Cholesterol metabolism
Antigen processing

Table 23-3
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Proteasome diges
the ubiquitin Ubiquitinated protein
tagged pro

N © o
Peptide fragments Released ubiquitin

Figure 23-7 part 1
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Isopeptide

C terminus

Figure 23-2
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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E1l: ubiquitin
activating enzyme
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+ ATP #
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®

Figure 23-3

Biochemistry, Sixth Edition E3: ubiquitin-protein ligase

© 2007 W.H.Freeman and Company
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Figure 23-6
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LUMEN

Amino acids

Proteolytic

enzymes
Proteins

Oligopeptides

Figure 23-1
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

oligpeptides

INTESTINAL CELL

Amino
acids

Tripeptides [ Peptidases
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absorbable
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shed adult is said to be in nitrogen eq
Iitrogen balance if

etary intake of nitrogen = Nitrogen loss (th
on and other processes, such as perspiratio

Itrogen balance occurs when:

Intake of nitrogen > Nitrogen loss

n balance occurs when:
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| balance (app

orotein recommendation: 0.8
/day

.7 g/kg/day for strength athletes
tain muscle mass

ce between the rate of protein
asis and protein breakdown

Intake > 3 g/kg/day have ne
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0 0 O
I N\ I _
H.C—C—CO00™ €—CH,—C—000
Pyruvate Q Oxaloacetate
Arfldhm Amino
aminotransferase |1 ¢ aminotransferase |9  acid
“'K’Em a-Keto
acid acid
H 0 H
| _ N | o)
H,0—0—000 C—CH,—0—C00
NHy 0 NH}

Alanine Asp artate
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N\ I _
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aminotransferase |g  acid
a-Keto
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ansaminase, aminotransferase

transfer of a-amino group from c
0 acid to an a-ketoacid—usu. a-

lgutarate

rtate aminotransferase:
e + a-ketoglutarate <» oxaloacetate + gl

> amino transferase:
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0)
Aspartate

Aspartate Oxaloacetate

COOT

THzN

a-Ketoglutarate
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COO~
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COO~
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Enzyme l I
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CO0~ COO0~
a-Ketoglutarate L-Glutamate

amino-
transferase

fOO' <|:00'
HBE—cl:—H c|=o
R R

L-Amino acid a-Keto acid
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OH CHs ___

Pyridoxal phosphate Pyridoxamine
(PLP) phosphate
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aminotrans

0
a-Amino acid a-Ketoglutarate NADH + NH;t —— )J\
H>N NH-

Urea

a-Ketoacid Glutamate NAD* + H,0
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NAD(P)*

NAD(P)H

Release free €00~
ammoniu Glutamate

Occur In
mitochona

C00~
a-Ketoglutarate
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Active pathways:

1. Glycogen breakdown,

2. Glycolysis,

3. Citric acid cycle,

4. Oxidative phosphorylation,
5. Gluconeogenesis,

6. Urea cycle,

LIVER MUSCLE

> =

Glucose Glucose €= Glycogen

of \@

Pyrliirate Pyruvate

Glutamateq | CNH.* - Branched-chain
{ < 4 7 amino acids
Alanme

Alanine
Carbon
skeletons for
cellular respiration

-

Figure 23-16
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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oyl phosphate synthetase I:

Ine transcarbamoylase: ornithine is
amoylated citrulline

Inosuccinate synthetase: condensatio
line and aspartate

nosuccinase: cleavage of argininosuc
Jinine and fumarate
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C
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Fumarate Arginine

4

Malate

. . Arginino- Urea
Aspartate-argininosuccinate gyccinate cycle Ornithine

shunt of citric acid cycle
Aspartate Citrulline Cytosol

7

Aspartate Citrulline Ornithine

a-Ketoglutarate

Glutamate Carbamoyl
phosphate

NADH
NAD*
Malate  Citric
acid ) )
cycle Mitochondrial
Fumarate matrix

N

—
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2 —>—> oxaloacetate = the
Amination to aspartate
rsion into glucose via gluconeol

ay
sation with acetylCoA to form
jon into pyruvate
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8IS toxic
wvelling (increase in the braiff
t)
S€ In Intracranial pressure
jal depletion of ATP

atel —glutamate?)
fain astrocyie
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H,N—C—NH —(I:—H
CH,

|
CH,

|
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Carbamoyl glutamate
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CHz m— CHz — CHZ m— COO-

Phenylbutyrate

CoA-SH
3 oxidation

Acetyl-CoA
COO CH,—COO0

+ CoA-SH + CoA-SH

Benzoate Phenylacetate
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CoO
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NHZ HoN—C—NH>

Ammonia (as g
ammonium ion) Urea

Ammonotelic animals: most Ureotelic animals:
aquatic vertebrates, such asbony many terrestrial
fishes and the larvae of amphibia vertebrates; also sharks

O

I

\
l I C=0
/

/C\N/c"“‘N
o 4y H

HN

Uric acid

Uricotelic animals: birds, reptiles
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Arginine
Glutamine
Glutamate [ ;i dine

Proline

Leucine
Lysine
Phenylalanine Ketone

Tryptophan  podies
Tyrosine

a-Ketoglutarate

I Isocitrate

+_/‘

Acetoacetyl-CoA

Isoleucine
Methionine
Threonine
Valine

Citric
acid
cycle

I Citrate

h 4
Acetyl-CoA

Succinate

Phenylalanine
Tyrosine

Oxaloacetate

] Pyruvate

1

Alanine
Cysteine
Glycine
Serine

Glucose

[_1 Glucogenic
[_1 Ketogenic

Isoleucine
Leucine
Threonine

Tryptophan

Threonine
Tryptophan

Asparagine
Aspartate
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ay/s converge to 6 major procti

2 to fumara
2 to oxaloaceta
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g, Leu, Trp, Thr, Lys—>—ace
etyl CoA——ketone bodies||
Btate—acetone—p-hydroxybu

ICaa = —>—>pyruvate, a-ketog
DA, fumarate and/or oxaloag

6 Thr, lle both ketogenig
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(CHz—CHy—CHy—CH,—C00",
valerate methionine
Biotin

H p -aminobenzoate

g
4 CHz—NH—@—C—NH—CH—CH;—CH;—COO’
[ |

6-methyl pterin glutamate adenosine

Tetrahydrofolate (H,folate) S-Adenosylmethionine (adoMet)
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N_ CH ATP H {4  Mmethionine |
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N CH, o S-Adenosyl-
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CHz cCOoO™ coO- @ methyl
+ | i | transferases
cn, HsN—fli—H HsN—?—H R—CH;
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NHs
CH3—S—CH>—CH,—CH—CO0O0 "

Methionine
3 steps Associated with

+ atherosclerosis
'}""3 and neural tube

HS —CH,—CH,—CH—COO defect

.. |pp Homocysteine
cystathionine Ser:
[ -synthase eiie

cystathionine | PLP .
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+
(") threonine OH NH3

Hs—CH L VI N e
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+
NH; 0
T NAD* NADH

| 0, H,0 NH;

cH, —~—<—-2 > cH ~_ < 00"
| p-amino acid | |

CO0" S CO0" CO0"
‘ Glycine ‘ Glyoxylate Oxalate

High leve
75% Kidney
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TABLE 18-2 Some Human Genetic Disorders Affecting Amino Acid Catabolism

Medical condition

Approximate
incidence
(per 100,000
births)

Defective process

Defective enzyme

Symptoms and effects

Albinism

Alkaptonuria

Argininemia
Argininosuccinic
acidemia

Carbamoyl phosphate
synthetase |
deficiency

Homocystinuria

Maple syrup urine
disease (branched-
chain ketoaciduria)

Methylmalonic
acidemia

Phenylketonuria

<3

Melanin synthesis
from tyrosine

Tyrosine degradation
Urea synthesis
Urea synthesis

Urea synthesis

Methionine degradation

Isoleucine, leucine, and
valine degradation

Conversion of propionyl-
CoA to succinyl-CoA

Conversion of phenyl-
alanine to tyrosine

Tyrosine 3-
monooxygenase
(tyrosinase)

Homogentisate
1,2-dioxygenase

Arginase
Argininosuccinase

Carbamoyl phosphate
synthetase |

Cystathionine B-synthase

Branched-chain a-keto
acid dehydrogenase
complex

Methyimalonyl-CoA
mutase

Phenylalanine hydroxylase

Lack of pigmentation:
white hair, pink skin

Dark pigment in urine;
late-developing
arthritis

Mental retardation
Vomiting; convulsions

Lethargy; convulsions;
early death

Faulty bone develop-
ment; mental
retardation

Vomiting; convulsions;
mental retardation;
early death

Vomiting; convulsions;
mental retardation;
early death

Neonatal vomiting;
mental retardation
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+
NH3
CH,—CH—C00"~
e
I
-~ =N
c H

Tryptophan

*NH3
+
NH3
CH3;—CH—COO0"~

Alanine
l 2C0,

9 steps Lysine

4 steps

o]

"00C—CH;—CH>—CH,—C—CO00"~

I
CH;—C—CO00 a-Ketoadipate

Pyruvate
/- NAD*
\') NADH

CoA-SH -\

Co; 4-/

“00C—C

. Il
“00C—CH;—CH;—CH,—C—S-CoA
Glutaryl-CoA

4 steps o,

amino acids

tyl CoA

|
CH;—C—CH,—C—S-CoA
Acetoacetyl-CoA

+
NH3

cng—cuz—clzu—cn—coo- CHa_('l_s

+
H3N—CH2—CH2—CH2—CH2—£H—COO'

Fumarate

\
C—CH H—C00~
Vi 2

Phenylalanine

+
NH;
2—CH—CO00"~

c=cC
HO—C/ \C —CH

i

Tyrosine

[chs
5 steps
3

ﬁH3
—CH,—CH—C00"~

Leucine

H=CH—C00™ «’

6 steps

(o]
(G5t eh,—coo- —

Acetoacetate

CoA-SH

-CoA

Acetyl-CoA

o]
¢
CH3;—CH,;—C—5-CoA
Propionyl-CoA

3 steps

_

Succinyl-CoA
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H

C
HC” Nc—co0-

>l |
HC #H

Nicotinate
(niacin),
a precursor of
NAD and NADP

CH,COO™

N

Serotonin, H
A nheurotransmitter Indoleacetate, a

plant growth factor
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henylalanine / M
(_S—CH;»—CH—COO'

c=cC

Phenylalanine

atabolism
02
NADH + H*

phenylalanine |/~
PKU 1—® hydroxylase tetrahydTblopterln
NAD

\S H,0

v +
NH

| 3
HO—(/_\>—CH2—CH—COO"

c=C

Tyrosine

a-Ketoglutarate

Tyrosinemia ® tyrosine
“ aminotransferase
Glutamate

o
I
HO—</_\>—CH2—C—COO'

c=C

p-Hydroxyphenylpyruvate

0>
Tyrosinemia . ® p-hydroxyphenylpyruvate
1] dioxygenase

co,

Qﬂz_coo-

Homogentisate

OH

\ //C—CH »—C00~
C Homogentisate
HO

h sate V202
omogentlsate ) z
1,2-dioxygenase ®—' Alkaptonuria
H'l-

-~ 00C—C=C—C—CHy—C—CH,—COO0"~
HH | g

Maleylacetoacetate

maleylacetoacetate
isomerase

H
i 00C—ﬁ= C—C—CHz—(I:—C H, —CO0~

6

Fumarylacetoacetate

H-0
fumarylacetoacetase r-® Tyrosinemia
1

H
- OOC—lC-l=C—COO' + CH3—C—CH;—COO"

Acetoacetate

Fumarate Succinyl-CoA

3-ketoacyl-CoA

transferase .
Succinate

Acetoacetyl-CoA
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dihydrobiopterin
reductase

83
5 6
N CH—CH—CH,

OH OH
5,6,7,8—Tetrahydroblopterm

CH—CH—CH;
AT

0 OH OH
7,8-Dihydrobiopterin
(quinoid form)

+
NH3

I
H—@—CH,,—CH—COO‘

Phenylalanine
0>

phenylalanine
hydroxylase

H>O -
NH3
HO CH;—CH—C00"~

Tyrosine



http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

+
NH3

I
@—CH;—CH—CCO'

Phenylalanine
CH3—(Ii—COO'

o
Pyruvate

+
NH3

aminotransferase | PLP

ate in
2 CH;—CH—CO0O0~
blood. urine “Alanine

Y0
I

0 contains Q i
CH, —C—CO00
etate and

Phenylpyruvate

CO,
H,O
CI)H
{ Hct—coor ¢ N-ctz—cn—coo-

Phenylacetate Phenyllactate
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HC—CH,;
H2C\+/C H—CO00~

N
H, [Proine |
c|°°' coo-

1
+ + | prolinef~2 02
H3N_c|_H a-Keto- H3N—C—H (uncatalyzed) 9*idase\, 4,0
Glutamate H.0
H0 Urea CH, glutarate CH 2
2 H,C—CH,
[ =L ]

;L, I o
4 CH; ornithine CHy ™ N HC, CH—C00"

arginase
| S-aminotransferase |

CHz =0 Hzo N

H
A‘-Pyrroline—
*NH; Ornithine Glutamate 5-carboxylate
v-semialdehyde

=NH +NH3

Arginine

glutamate NAD(P)*
semialdehyde

dehydrogenase [~> NAD(P)H + H*

. COoO0™
N-°-Formimino__ +
NH; H0 Hy0 Hafolate y gope  HN=C=H yy2 h0

2. N N R L2 L _
@ @ @ @ : H glutaminase

Glutamine

glutamate
dehydrogenase NADPH + H*

e amino acids to o- ! (?_H:
oglutarate c:=o
CH>

| a-Ketoglutarate
CH, 9

C00~
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+
NH;3
CH3—S—CH>—CH>—CH—CO00 "~
Methionine
3 steps

INO acids N,I,HB
cystathionine | PLP Homocysteine
B-synthase [~ Serine

r

cystathionine | PLP .
y-lyase \') cystEIl'le

+
threonine OH I'iIH3

_ dehydratase CHa—CH—CH—C00™
CH3—CH;—C—CO0 < ( (PLP 3 -

a-Ketobutyrate
+
(I:H?’ hIIH3 7 CoA-SH

NH; H,0 Threonine

. NAD*
CH3—CH;—CH—CH—CO0™  avketo acid [
dehydrogenase N\ NADH + H*
Isoleucine CO,
\’ (a0 I} 5
6 steps 0 _— CH3 TH?'
Il 2 _
& CH3—CHy— C—S-CoA «—7StePS Y. CH—CH—COO
Propionyl-CoA Valine
CHg—c—S'COA 2 stepsP HC‘O;
Acetyl-CoA

CHs c|>

“00C—CH—C—S-CoA

et iylalsnyl l Methylmalonyl-CoA

CoA mutase | 0enzyme B,

o
|
“00C—CH,;—CH,;—C—S-CoA Succinyl-CoA
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CO0~

+ |
H3N—CI—H

CH 3—?H

CH3
Valine

Co0~

+ |
HsN—C—H

I
c1-|3—<f|-|

i

CH3

Isoleucine

CIOO -

+
H3N—C—H
CH»
CH 3—CIH

CH;
Leucine

in tissues other C|=

CH3—CI|"|

/ -
CO0~

than liver

I
=0
CH3—:Z|fH

g

branched-chain CHs3
aminotransferase
CIOO B

i°
i
C|-|3—(I:H

CH3
a-Keto acids

branched-chain
a-keto acid
dehydrogenase
complex

Maple syrup
urine disease

Acyl-CoA
derivatives
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Intermediates

to glucose, some to ketone
00th
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rity source of N Is the ai

fixation: reduction of N,
rogen-fixing bacteria e.g. Rhizok

ation: oxidation of NH,* to n

)acteria ‘
1on: conversion of n
Ic condition
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nitrification
by soil bacteria
(e.g., Nitrobacter)

nitrification
by soil bacteria
(e.g., Nitrosomonas)

synthesis in
plants and
microorganisms

denitrification

reduction
by some
anaerobic
bacteria, most

plants
nitrogen fixation

by some bacteria
(e.g., Klebsiella,
Azotobacter, Rhizobium)

degradation
by animals and
microorganisms
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tion of NH,* into glutama
S two reactions

Ine synthetase

Glutamate
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Glutamate

NH;

glutamine
synthetase

ADP + P
&) «---Glycine
) «---Alanine

B =

<+—=Glutamine=—=>» CTP

7

Tryptophian Histidine

- O S S . . S . S e -y,
- O O S
-—-———-—---—--—-—-’

1
Carbamoyl phosphate Glucosamine 6-phosphate
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TABLE 22-1 Amino Acid Biosynthetic Families,
Grouped by Metabolic Precursor

«a-Ketoglutarate Pyruvate
Glutamate Alanine

Glutamine Valine*
Proline Leucine*

Arginine Isoleucine*

3-Phosphoglycerate Phosphoenolpyruvate and
Serine erythrose 4-phosphate
Glycine Tryptophan*

Cysteine Phenylalanine*

Tyrosinet

Oxaloacetate
Aspartate Ribose 5-phosphate
Asparagine Histidine*
Methionine*

Threonine*

Lysine*

*Essential amino acids.
Derived from phenylalanine in mammals.
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Glucose

Glucose 6-phosphate

Tryptophan
Phenylalanine
Tyrosine
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Oxaloacetate

|

Aspartate

|

Asparagine
Methionine
Threonine
Lysine

Citrate

a-Ketoglutarate

Glutamate

|

Glutamine
Proline
Arginine
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Pro Is a cyclized
. derivative of
glutamate
I\
frc
or

l ure
s Or

Int

a-Ketoglutarate
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hway for
of serine IS

dation of
group of 3-

glycerate
/ \ )aminattion from

vields 3-

phosphoserine
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Oxaloacetate

l

| Aspartate

7N

Asparagine

Methionine

Lysme |

Threonine

| Alanine

Valine

l

Leucine

| Isoleucine |

~.\ /

Pyruvate
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Erythrose 4-phosphate

VAR TN

‘ Phenylalanine \ ‘Tyrosine \ ‘Tryptophan |
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3-Dehydroshikimate
NADPH + H*

Phosphoenolpyruvate NADP*
(PEP)

@ 2-keto-3-deoxy-p-arabinoheptulosonate 7-phosphate
synthase

Shikimate | (2) dehydroquinate synthase

. hivii (3) 3-dehydroquinate dehydratase

N " o (4) shikimate dehydrogenase

(5) shikimate kinase

@k H,0 @ 5-enolpyruvylshikimate 3-phosphate synthase
@ chorismate synthase

o 00" i
T/ \__L-oH Shikimate
A 3-phosphate
ol

HO —é;—-i-l 2-Keto-3-deoxy-p-

—C—C00~

5-Enolpyruvylshikimate
3-phosphate

tryptophan

HO™ H \ phenylalanine,

3-Dehydroquinate

Chorismate

tyrosine

3-Dehydroshikimate
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oon, and glutamine
nitrogen atom.

Ribose 5-phosphate
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Glycine

Arginine

= Synthesis of |

Methionine

Creatine phosp

3 Creatine

creatine
kinase

Q==

-CH:  Phosphocreatine
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CH,
" CoA-SH | Cco,
+ CHy—NH3 AN Z (=0

= d-aminolevulinate d-aminolevulinate CH
ﬁ—S—CoA Coo synthase synthase ' 4

0 Co0"~ *NH3
Succinyl-CoA | Glycine a-Amino-3- o-Aminolevulinate
| ketoadipate _ +

mam maIS glutamate-1-semialdehyde
aminomutase

bacteria, plants

»

[
tRNASM AMP + PP, NADPH NADP* tRNASM

M. A SRR \ /7

glutamyl-tRNA | & glutamyl-tRNA
synthetase HC—NH3 reductase

-
Glutamate tRNACS!

Glutamyl-tRNAS"

Glutamate 1-semialdehyde



http://www.docu-track.com/buy/
http://www.docu-track.com/buy/

Ac il

_ CcCo0~ Pr Ac Pr
coo “00C NH HN
8 H,0 4NH; HO H,0
8 o X : 2 /7 \ — L 5 NH HN —2 5
® A @ - D @ A -+
N M
NH; 3 Ac Pr Pr Pr
o-Aminolevulinate Porphobilinogen Preuroporphyrinogen Uroporphyrinogen Il
@ 4C02
Vinyl group

zco2
CH;

Protoporphyrm Protoporphyrmogen Coproporphyrmogen 1}
@ porphobilinogen synthase @ coproporphyrinogen oxidase
@ uroporphyrinogen synthase o protoporphyrinogen oxidase
9 uroporphyrinogen lll cosynthase o ferrochelatase
o uroporphyrinogen decarboxylase
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Glutamate

Cysteine

v-glutamyl
cysteine synthetase

v-Glu -Cys-Gly

Glutathione (GSSG)

S
Glycine é (oxidized)

glutathione "Y-Glll -Cys- Gly

synthetase

v-Glu Cys Gly
+
NH
3 Glutathione (GSH)
~00C—CH—CH 2—CH2—C—IiI—CIH—C—I\II—CH2—COO' (reduced)
H CIHz H
SH
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N
H

Tryptophan

amino-
transferase

|
CH,—C—C00~

Indole-
N 3-pyruvate @—CHT—(IZI-L—COO“
" *NH3
Phenylalanine

decarboxylase COo,

phenylalanine

CH,—CO00"~ ammonia NH
lyase

: E @‘CH =CH—CO00"™

Indole-3-acetate

(auxin) Cinnamate
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+
NH3

|
HO—Q—CH;—CH—COO'

Tetrahydrobiopterin

tyrosine 0:
hydroxylase H,0

Dihydrobiopterin
HO

Dopamine
Ascorbate

0,
dopamine
B-hydroxylase N> H,0

Dehydroascorbate

+
e

Norepinephrine
phenylethanolamine |~ adoMet

N-methyltransferase adoHcy

HJN—CHg
Epinephrine

+
NH3
~00C—CH;—CH;—CH—COO0™

“00C—CH;—CH;—CH>
v-Aminobutyrate
(GABA)

i
CH,—CH—CO0O0™
=

H
NQ\\/N

histidine | PLP
decarboxylase[™> €O,

+
NH3

CH>—CH>

‘\VNH

Histamine

tryptophan
hydroxylase

g%

+
NH;
CH;—CH—CO0™

N |Tryptophan

Tetrahydrobiopterin
02

H;0
Dihydrobiopterin

5-Hydroxy-
tryptophan
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Methionine

S-Adenosylmethionine

Adenosine

+

NH3
+

H3N—CH>—CH; —CH;—CH—COO0~ Ornithine

+ +
H3N—(CH3)3—NH3; Putrescine

\ propylaminotransferase |

Adenosine

Decarboxylated
adoMet

propylaminotransferase Il

CH3;—S—

Adenosine

Methylthioadenosine

H3N—(CH2)3—NH—(CH,)s—NH; Spermidine

CH3—S—

Adenosine

H3N—(CH2)3—NH—(CH 2)4—NH—(CH2)3—NH3

Spermine
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Arginine

NADPH, O,

NADP*, H,0

1
5 NADPH, 0,
3 NADP*,H,0

CO0"

+
H3N—(l2—H

+

Hydroxyarginine

Nitric
c=0 oxide

l
NH,

Citrulline
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