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AMINO ACIDS AS METABOLIC PRECURSORS
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Derivatives of amino acids

y-Aminobutyrate a derivative of glutamate
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Figure 3-5 Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.

Epinephrine, a derivative of tyrosine.

Histamine, a derivative of histidine
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Thyroxine / Triiodothyronine

(d) Thyroxine and triiodothyronine, derivatives of tyrosine.

Thyroxine contains one more atom of iodine than does triiodothyronine.
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Products Derived from Glutamate,
Glutamine, and Aspartate
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Derived from Serine and Glycine
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Compounds formed from serine and glycine
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Degradation of amino acids
The carbon skeletons of amino acids are converted to pyruvate,
acetoacetate, acetyl CoA, or citric acid cycle intermediates
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decarboxylation (Lipoamide, TPP) [>> NADH + CO,
(o)
Acyl CoA I
R—C—S-CoA
Dehydrogenation  Acyl-CoA dehydrogenase ETF :FAD QH,
EETF :FADH,~"- Q
rds N
(o) (o) (o)

H;C —C=CH—C —S-CoA H,C =C—C—S-CoA

CH; CH,

3 reactions 4 reactions

N

Acetyl CoA Acetoacetate Propionyl CoA

!

Acetyl CoA

Succinyl CoA

H;C —CH=C —C —S-CoA

CH,

3 reactions

Acetyl CoA Propionyl CoA

!

Succinyl CoA

Catabolism of the branched-chain amino acids. R represents the side chain of leucine, valine, or isoleucine
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Conversion of methionine to cysteine and propionyl CoA

X in the second step represents any of a number of methyl-group acceptors.
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H;C —S— CH,—CH,—CH—COO

Methionine
H,O +ATP
Pi -+ PPi

@ o
HsC —S— CH,— CH,— CH—COO

@ NH;

CH, & Adenine

OH OH

S-Adenosylmethionine

x‘i
H;C —X
3 @ NH;

|
:i;—CHz—CHz—CH—cooG>

CH, Adenine

OH OH
S-Adenosylhomocysteine

L

i
H;C —CH,—C—S-CoA
Propionyl CoA

co, NADH

N NAD®
HS-CoA

o
H:C — CH,—C —coo®
a-Ketobutyrate

©00Cc — CH— CH,—SH NH
@llslH Cysteine AELED
3 y Hzo

@TH:.,
©00c —CH—CH,—S—CH,— CH,— CH— CoOO0®

@ NH; Cystathionine

H,O
(PLP)
©00Cc —CH—CH,— OH

|
@ NH; Serine

®TH3

7 N

H,O Adenosine

HS — CH,— CH,— CH—coo®
Homocysteine
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coo® co0®

@ | ® |
H3N—T—H H3N—T—H

CH, CH,
H H H H
H H H

H OH
Phenylalanine Tyrosine

Phenylalanine

H 2reactions -5

OH \

Homogentisate

\

hydroxylase 3 reactions \ H 1c00®
02'—> \
=&
L
H q 00C 4 H
H H
H3N N N H2N N N Fumarate
2 \ﬁ1 | 8 SY-H 2 \"{1\ 8 SY-H 5
HN2 , : S —H N3 %l s S—H 3 2 o
H CH—CH—CH; HO u CH—CH—CH; H3C—ﬁ—CH2—COO
0 I ) | 0
OH OH OH OH
5,6,7,8-Tetrahydrobiopterin 4a-Carbinolamine Acetoacetate
NAD® ; ;
Dihydropteridine 4a-Carbinolamine
reductase H H dehydratase
®
NADH +H Hsz/zg“\ YSNEu H,0
N3, A5 S—H
CH—CH—CH;
o

OH OH
Dihydrobiopterin (Quinonoid form)

Conversion of phenylalanine and tyrosine to fumarate and acetoacetate
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CH,—CH—C00® 8reactions ©o0C —(CH,);—C —COO™ 6reactions 2 H;C — C —S-CoA + 2CO,
D

a-Ketoadipate 2 Acetyl CoA
Y Tryptophan  @nH,
N
H H,C —CH—c00®
Alanine
NH, NH, NH,
—7 HO. . —~ ~/
O o 0 ¢
CO,H COH
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* Sequential oxidation reactions produce a-aminoadipate that
loses its amino group by transamination with a-ketoglutarate

to become a-ketoadipate.

» a-Ketoadipate is subsequently converted to acetyl CoA by
the same steps that occur in the degradation of tryptophan.
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Conversion of lysine to acetyl CoA

®NH,
| ©
H,N — (CH,),— CH—CO0O
Lysine
a-Ketoglutarate NADPH +H®
H,0 NADP®
coo® ®NH,

| | o
|
[

CH, Saccharopine

I
coo® &
H,O NAD
Glutamate NADH + H®
H ®NH;
\ | -
C—(CH,;);—CH—CO0O

V4
o/

a-Aminoadipate 8-semialdehyde
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a-Aminoadipate 8-semialdehyde

H,0~ |~ NADP®
Oxidation NADPH +2 H@
®NH;

|
©00¢ — (CH,);— CH—c00®

o-Aminoadipate

L a-Ketoglutarate
Transamination
Glutamate

I
©00¢ — (CH,);— € —coo®
o-Ketoadipate

6 reactionsl

2 Acetyl CoA + 2CO,
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Synthesis of carbamoyl
phosphate catalyzed by
carbamoyl phosphate
synthetase

O\ 6/\ e

c—o e, iy P
HO (I)e
Bicarbonate .
First ATP
ADP
o) g
X [ o
/C —O0—P—O Carboxy phosphate
/T 0®
HsN
Ammonia l
(S
O (o]
— o
HzN—CI DO— 'i’—o Tetrahedral intermediate
HO oe

Carbamate \

Second ATP

}—» ADP

|| ||
H,N—C—0—P—0®

I
o®

HzN_
N
9.“— }
o
[
P—
I

Carbamoyl phosphate
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Urea cycle.

o
NH, 2ADP+ P; 2ATP HcCOPLP ?°°
cC=0 \ / / C=
. NH; I
op°3® Carbamoyl phosphate synthetase | \/ CH,
Carbamoyl phosphate |
NAD(PH + 2H® f"z
\ coo®
Ornithine NH, Glutamate dehydrogenase a-Ketoglutarate
transcarbamoylase” | /
@ C|= NAD(P)@+ H,0
Tnz TH
?l—lz cluz coo®
I
TH, cIH2 ?ooe Hff?—cn
D I
‘I:Hz C|H2 H3;N—CH CH,
CH—co0® CH—coo® CH, CH,
®NH; @®NH coo® coo®
MITOCHONDRIAL Ornithine Citrulline Aspartate Glutamate
MATRIX
CYTOSOL o
NH; Ornithine Citrulline Aspartate
C= 2 Argininosuccinate ATP
| Argmase@ @ synthetase AMP + PP;
NH, H,O0
Urea ®“H2 ®|ITH2 CIOOO
C—NH; C—N—CH
| H |
'i"" NH CH,
CH, Argininosuccinate lyase CH, coo®
| * |
CH, ( CH,
| coo® |
CH, I ?Hz
CH—coo® “ﬁ CH—Cco0®
CH
Arginine coo Argininosuccinate

Fumarate



Urea and uric acid.

O
H,N H
e LR
/ °)\E .

H

Urea Uric acid

Figure 17-36 Principles of Biochemistry, 4/e



Synthesis of carbamoyl phosphate
catalyzed by carbamoyl phosphate
synthetase 1.

The reaction involves two
phosphoryl-group transfers. In the
first, nucleophilic attack by
bicarbonate on ATP produces
carboxy phosphate and ADP.

Next, ammonia reacts with carboxy
phosphate, forming a tetrahedral
intermediate.

Elimination of a phosphate group
produces carbamate.

A second phosphoryl-group transfer
from another ATP forms carbamoyl
phosphate and ADP.

Structures in brackets remain
enzyme bound during the reaction.

o ﬁ
\ /\
Sc—0® eo—ll’—f\o—ADP

HO o
Bicarbonate o
First ATP

ADP

~C—O0—P— o® | ca rboxy phosphate
AR

(S
O (o]
— o
H,N— CI —O0O—P—O Tetrahedral intermediate
H

Second ATP

&» ADP
(o] (o]
I I o
H,N—C—O0—P—O
lo
Figure 17-37 Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.

Carbamoyl phosphate



The urea cycle. The blue rectangular box represents ornithine.

H, N 0
Carbamoyl phosphate

o
N — c —orPo®
R @ coo®
spartate
H>N I|§||—C|H
\\C/ |

HaN
2
o S0
Il <
H,N —C —NH,
Urea Fumarate
Arginine

Figure 17-38 Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.



NH> 2ADP + P; 2ATP HCOP I

Urea cycle. ¢—o . J =

< NH;

(I)pop Carbamoyl phosphate synthetase | ‘\/’ C|H2

Carbamoyl phosphate
NAD(PH + 2H®

coo®

TH 3 Glutamate dehydrogenj a-Ketoglutarate
c| — NAD(P)®+ H,0
I'ilH
cIH2 coo®
® |
CH, coo® HsN—CH
I @ | I
cI H, H;N—CH CH,
CH—coo® CH, CH,
@®NH; @NH; coo® coo®
MITOCHONDRIAL Ornithine Citrulline Aspartate Glutamate
MATRIX
CYTOSOL o
NH; Ornithine Citrulline Aspartate
C= = Argininosuccinate ATP
i arginase @ D ; |
NH, H,O synthetase AMP + PP;
Urea ®'|TH2 ®|I\IIH2 CIOOe
C—NH; C—N—CH
i} | H
H NH CH
) ©) 2
(I:Hz Argininosuccinate lyase CH, coo®
) I
CH, ( CH,
| coo® |
cHz l CHz
CH—coo® Hfl CH—coo®
@®NH; cl” o ®NH;
Arginine COO Argininosuccinate
Fumarate

Figure 17-39 Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.



(a) NH;in excess

NH,

a-Ketoglutarate

NADH
NAD®

Glutamate
dehydrogenase

Glutamate
Aspartate

transaminase

Oxaloacetate Aspartate

\
Carbamoyl Citrulline
phosphate
Urea
cycle
Urea y

H,0

Figure 17-40 Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.

(b) Aspartatein excess

NH,

a-Ketoglutarate

NADH
NAD®

Glutamate
dehydrogenase

Glutamate
Aspartate

transaminase

Oxaloacetate Aspartate

\

Carbamoyl Citrulline
phosphate
Urea
cycle
Urea 4
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Figure 17-41 Principles of Biochemistry, 4/e
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