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Overview of AA metabolism

A Unlike fats and carbohydrates, amino acids are not
stored by the body.

0 Therefore, amino acids must be obtained from the diet,
synthesized de novo, or produced from normal protein
degradation.

a Any amino acids in excess of the biosynthetic needs of the
cell are rapidly degraded.

a The first phase of AA catabolism involves the removal
of the d-amino groups (usually by transamination and
subsequent oxidative deamination), forming ammonia and
the corresponding a-keto acid.
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Overall nitrogen metabolism

d Amino acid catabolism is part of the larger process of the
metabolism of nitrogen-containing molecules.

A Nitrogen enters the body in a variety of compounds
present in food, the most important being amino acids
contained in dietary protein.

Q Nitrogen leaves the body as urea, ammonia, and
other products derived from amino acid metabolism.

d The role of body proteins in these transformations
involves two important concepts:

2) The amino acid pool 4xiwY! (aleal) pans,
b) The protein turnover <lisis pll 33 sale ),
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In healthy, well-fed individuals, the input to

t
t
t

ne amino acid pool is balanced by the output,
nat is, the amount of amino acids contained in

ne pool is constant. The amino acid pool is said

to be in a steady state, and the individual is said
to be in nitrogen balance.
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Basic srtucture
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Essential and non-essential

[ 20 standard amino acids J

[ 10 Essential ] [ 10 non-essential ]
4 N 4 N
Can not be Can be
synthesized synthesized
by the body by the body
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Essential

Non-essential

Isoleucine Alanine
Leucine Asparagine
Lysine Aspartate
Methionine Cysteine
Phenylalanine Glutamate
Threonine Glutamine
Tryptophan Glycine
Valine Proline
Arginine Serine
Histidine Tyrosine

Ten amino acids often described as essential.

PVTTIM HALL (Private Tim Hall)
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The nitrogen cycle and nitrogen fixation
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e ™\
Ammonia is essential for life and bacteria are the

only organisms capable of producing it from
atmospheric nitrogen.
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The nitrogen cycle

N
Atmospheric nitrogen

nghth w‘genase

Amino acids

NO3 NH; m— Metabolic ——> Nucleotides
Nitrate Ammonia. < pathways Phospholipids
Nitrate Nitrite
reductase reductase

No O

Nitrite

A few free-living or symbiotic microorganisms can convert N2 directly to
ammonia. Ammonia is incorporated into biomolecules such as amino
acids and proteins that subsequently are degraded, re-forming ammonia.
Many soil bacteria and plants can carry out the reduction of nitrate to
ammonia via nitrite. Several bacteria convert ammonia to nitrite. Others
oxidize nitrite to nitrate and some can reduce nitrate to N2.
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ASSIMILATION OF NITROGEN (> g5l Jiad
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Ammonia (el glad) g Cilalld glal) L;é ‘.,,\Jy\ﬂ T (|
Incorporation into Glutamate and
Glutamine:

ad The reductive amination of o-ketoglutarate to glutamate
by glutamate dehydrogenase is one highly efficient route
for the incorporation of ammonia into the central pathways
of amino acid metabolism.

O Glutamine can be also formed from ammonia and glutamate
by glutamine synthetase.
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3 The amide nitrogen of glutamine can be transferred to o.-
ketoglutarate to produce two molecules of glutamate in a
reductive amination reaction catalyzed by glutamate

synthase.
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Transamination reactions ¢pe¥) Ji cdlelds (2

e The amino group of glutamate can be transferred to many
o.-keto acids in reactions catalyzed by enzymes known as
transaminases or aminotransferases.
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R, R,
(a-Amino acid);  (a-Keto acid),
Transaminase
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SYNTHESIS OF AMINO ACIDS 4:ia¥) paleal) glkual

- | | of the 20 common amino acids are synthesized from intermediates in the
citric acid cycle.The others require other simple precursors.

- In mammals: |0 Essential AA: PVT TIM HALL (phenylalanine, valine, tryptophar
threonine, isoleucine, methionine, histidine, arginine, leucine, and lysine)

Glucose 6-phosphate — Ribose 5-phosphate — Histidine essential

n |

CGylsl:in‘e<_ Serine  <— 3-Phosphoglycerate
Ny g ” Erylhrose4phosphute
k l'llenylulunme
Phosphoenolpyruvate ,, 'I'ryplophun —> 'lyrosin?
: ( Alanine essential
Pyruvate—— Vq]ine
(Asparagine, Leucine
éYﬂomo «—Me l:::n: <—f’lspurtalg<—\ essential
: Threonine © 7 _>0xaloacetate
= (’

Isolevine  essential Citric
g acid
cycle

essential
y I . o

a-Ketoglutarate — | Glulnmm —> Glutamine

T
T
{ — >\ proline

— </

essential




Aspartate and (s> )y SUud) glikual (|
Asparagine Synthesis
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Methionine, and Threonine Synthesis
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Biosynthesis of lysine, threonine, and methionine from aspartate.

coo® coo® coo0®
coo® ® | NADPH NADP® @ | o |
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CIH L | 2 N, | *  8reactions (C|H2)4
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| Valine, Leucine, and Isoleucine Synthesis
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Glutamate, Glutamine, Arginine, and
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CH
D
Ha”

H2C TR CHz
Proline

CH2 €
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coo® coo®
@ Il
H3N—(I:H H3C—C—NH—(IZH
CH, CH,
|7 4+ — |
CIH2 CH,
C C
VRS 7N\
<" Yo n~ o
Glutamate N-Acetylglutamate-
| 5-semialdehyde
1) \)
l |
y
coo® coo® coo® coo®
| @ ® I
® CH H3N—CH H3N—CH 3N —CH
HN CH, «— I —_— I — s |
\ / CH, CH, CH,
HC —CH, | I |
. CH, CH, CH,
A'-Pyrroline | | I
- C CH CH
5-carboxylate H/ \\o | 2 | 2
DONH, NH
Glutamate Ornithine cl
v-semialdehyde a >,
H>N NH,
Arginine
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Glycine, and Cysteine Synthesis
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Biosynthesis of serine

co0® NAD® NADH+H ® c00© Glutamate a-Ketoglutarate coo®

| \ Z |
H—C—OH \j 2 c|=o Hﬁ\?—CH

€ | a—

| 3-Phosphoglycerate | Phosphoserine |

H,0 P, c00®

Sk J, B

3-Phosphoserine Hy |

CH,0P03~ dehydrogenase CH,0PO 3® transaminase CH,0PO 3@3 PIGERSE CH,0H

(PLP)

3-Phosphoglycerate  3-Phosphohydroxypyruvate 3-Phosphoserine

Biosynthesis of glycine

coo® H o n o
® | JiH A o

H3;N—CH " ®) . C°°

| + N < @

CH,O0H H CH2—NH—R Serine H3N_CH2

hydroxymethyltransferase
. (PLP) .
Serine Tetrahydrofolate Glycine

Serine

e

H2C T N_

CH2

.-—-ZU'I

5,10-Methylenete-
trahydrofolate



Biosynthesis of cysteine from serine in many bacteria
and plants.

c00® c00® c00®
" ﬁ CIH Acetyl CoA HS-CoA 4 ﬁ ClH s®+ HO Acetate H?\? ClH
L 3N g
| \J , | A.L, |
CH, Serine H,C O O-Acetylserine CH,
I acetyltransferase | " sulfhydrylase |
OH 0—C—CH, (PLF: SH

Serine O-Acetylserine Cysteine
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Cooe coo@
@ | @ |
H3N_C|H Cooe H3N_?H
@ |
CI H, H;N—CH ? H>
OH Cystathionine éHz Cystathionine SH
Serine B-synthase | v-lyase Cysteine
(PLP) S (PLP)
y Y ., Yo 7
SH CH; (&)
CH, T"'z CH,
| HC — NH |
c|: H, | 3 (l: =0
@D (&)
HC —NH; coo cooe
00 Cystathionine a-Ketobutyrate

Homocysteine



|- Biosynthesis of lysine, threonine, and methionine from
aspartate

2- Biosynthesis of alanine, from pyruvate

3- Isoleucine, valine, and leucine (essential) branch chain amino
acids from pyruvate and a- ketobutyrate

4- glutamate Converted to proline and arginine

5- Biosynthesis of serine From 3-phosphoglycerate
6- Biosynthesis of glycine from serine and tetrahydrofolate.

7- Biosynthesis of cysteine from serine in many bacteria and
plants.

8- Biosynthesis of cysteine in mammals.

serine + homocysteine (cystathionine B-synthase) >
cystathionine

Cystathionine (cystathionine y-lyase) <, cysteine + o-
ketobutyrate



S g i g ool e Jaldll plilaal (6
Phenylalanine, Tyrosine, and Tryptophan
Synthesis

e Shikimic acid, more commonly known as its form
shikimate, is an important biochemical intermediate in plants
and microorganisms. [Its name comes from the flower
shikimi (>3 £, ), from which it was first isolated.]
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c—oro®

I coo® coo®

CH,

Phosphoenolpyruvate CH,
L g > ” e
0 H 4 rpactions | HO OH 0—C—Coo
\C 7 OH OH

| Shikimate Chorismate
H—C—OH -

| Shikimate Chorismate
H— T —OH kinase synthase

coo® ©
CH,0P0,® oep /Pa coo
Erythrose 4-phosphat N
rythrose 2-phosphate 5-Enolpyruvylshikimate- ﬁH 2
3-phosphate synthase
®O3PO OH (EPSP synthase) ®03P0 O — C — COOe
OH OH
Shikimate-

5-phosphate

5-Enolpyruvylshikimate-
3-phosphate



Biosynthesis of phenylalanine, tyrosine and tryptophan
from chorismate.

coo®
CH,
|| o 6 reactions
0—C—Co00 ——— | Tryptophan
OH
Chorismate

l Chorismate mutase

] Il I
II
CH,— C —c00® o S00c  cH,—C—c00® NADH CH,—C—c00®
CO,,0H NAD® | co,
.zt
Prephenate Prephenate
dehydratase dehydrogenase
Phenylpyruvate OH OH
Prephenate 4-Hydroxyphenylpyruvate
Glutamate
(PLP) Glutamate
a -Ketoglutarate (PLP)
a-Ketoglutarate
@IilH 5 ®NH;
CH,—CH—c00® CH,—CH—Cc00®

Phenylalanine

Tyrosine
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Conversion of
Phenylalanine e
To D— CH,-CH-COOH

fyrosine Phenylalanine

Tetrahydro- 0
2

NADP* biopterin Y
. . Phenylalanine
reductase
Monooxygenase
Dihydro- A H.O
NADPH+H* biopterin v z
e
HO - @- CH,-CH-COOH
Tyrosine sk hatts
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Phenylketonuria (PKU)




Histidine Synthesis (:4iwgl) glikal (7
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NP N— Ribose—P)-P)-P)

a-D-Phosphoribosyl pyrophosphate
(PRPP)

»

CH,

| @
Hcl_NH3
coo®

Histidine

Glutamine \

Glutamate <-/

Phosphoribosyl-ATP

3 reactions

K_) O%>=<

N/\N _—Ribose—(P)

Purine
Pie NH,; > biosynthesis
H,N

Aminoimidazole carboxamide

5 reactions
(—

5

H—(l:—O
H—C—O

|
CH,0P0®

Imidazole glycerol
phosphate

ribonucleotide

H

H

Histidine is derived from PRPP (5 C atoms), the purine ring of ATP (I N
and | C), glutamine (I N), and glutamate (1 N).
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Energy requirements for biosynthesis of amino acids.

Amino Moles of ATP required per
acid mole of amino acid produced® <L) 1 1) 9 ) el N
Nonessential Essential MJM\ L_iLA.)‘).\Y\ T J;S(\

Aspartate 21 UALAAS“ &> &L\Lm‘)(.

Asparagine 22-24 P . . - c
Alaa old SlAl o i)
Lysine 50 or 51 o= \X. ) S ¢ :)_[
Methionine 44 | g 1Ll ']S o Y ) Ay N
Threonine 31 - ~ =2 g_r‘j -
Alanine 20 (“M‘ Lﬁ 4.1;.;:\.»:\ ‘—\L’JSA Az
Valine 39 » R
Leucine 47 &JMAM @\Jﬁj\
Isoleucine 55
Glutamate 30 TR - - v
Arginine 44b R I e w
Proline 39 Lﬁjm L;'d‘ Gl L_;A L& 208 ("4
Serine 18 _Q‘jhﬂ‘ C Qe JQS‘ u—‘ﬁ
Glycine 12 - < .
Cysteine 19¢ JM\ J.-)S’—\J éﬁ” uahs.d\
?hen)flalanine ) 65 L j\) ATP QY 9A NS 9
yrosine 62

Tryptophan 78 _JL&AAM (jj %JM‘ (d.ﬁl.&)

Histidine 42




