BIOCHEMISTRY

METABOLISM
of AMINOACIDS



AGENDA.

AMINO ACIDS — metabolism
(degradation)
Urea Cycle

(Krebs-Henseleit cycle)



Amino Acid Pool
An adult person has about 100 gram of free amino
acids, which represent the amino acid pool of the

body.
Glutamate and Glutamine together constitute about
50% of body pool,
essential amino acids about — 10%
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Amino Acid Pool

Body protein
10-12 kg in adult

|

Protein breakdown Protein synthesis

(350-400 g/day)

Dietary protein
(40-100 g/day)

Body
amino acid pool
(100 g)

(300-400 g/day)

Synthesis of non-protein compounds
(30 g/day; creatine, porphyrins,
phospholipids, purines,
pyrimidines etc.)

:

—— Carbohydrates, fat

i
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‘——-)
Synthesis of non-

essential amino
acids (variable)

Sources
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Protein loss from

body (30-50 g/day)

Mostly as
urea

Il

Urine

Energy (10-15% of
body’s daily requirement)

Utilization
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1.Sources of amino acid [AA] pool
-protein turnover (daily 300-400g of protein degraded
to AA)
-dietary protein
-endogenic synthesis of non-essencial AA

2.Utilization of AA from body pool

-AA are converted Into carbohydrates and fats

-generally, about 10-15% of body energy requirements
are gained from the AA
-many important nitrogenous compounds (porphyrins,
purins, pyrimidins) are produced from AA
-most of body proteins (300-400 g/daily) are
synthesized from AA pool



Primitive pathway of AA degradation (energy):

Alanine
Glycine
Cysteine
Serine Leucine
Threonine Lysine
Glucose Tryptophan Isoleucine Phenylalanine
l Leucine Tyrosine
\ Tryptophan Tryptophan
Pyruvate
Phosphoenol- l l
pyruvate Acetyl CoA —— Acetoacetyl CoA

Asparagine \ K
\ W

Aspartate Oxaloacetate

Tyrosine /
Phenylalanine—— Fumarate Citrate
Aspartate
Glutamate
Isoleucine > Succinyl a-Keto- G".“?-”?'”e
D, <« Histidine
Methionine CoA = glutarate T
; Proline
Valine 5
Arginine




General Aspects of Amino Acids Metabolism.
There Is a primitive pathways of AA fate degradation:

1.fate of a-amino group IS convertation Into
ammonium ion (by oxidative deamination Glutamate)
2.fate of carbon atoms which mostly turn into energy:
-the C; family of AA (Alanine, Serine, and Cysteine)
are converted into Pyruvate;
-the C, family of AA (Aspartate and Asparagine) are
converted into Oxaloacetate;
-the C; family of AA (Glutamine, Proline, Arginine,
Histidine) into a-ketoglutarate throught Glutamate;



Anyway — the AA undergo certain common reactions:

transamination followed by deamination for the
liberation of ammonia.
The amino group of the amino acids is utilized for the
formation of urea which Is an excretory end product

H—C—C00 —¢-(|3 COOT —— (C—COUr - H—=C—C0H0




Ways of Amino Acids convertation.
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1. Transamination
Is a transfer of an amino (-NH,) group from an amino
acid to a keto acid transaminase
(recently, aminotransferases)
PLP — pyridoxal phosphate [Vitamin B (pyridoxine)]

R{—CH—COO" R —~C—GO0D- L
NH3 0 i N b
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Pyridoxamine



| 1. Transamination
Involvement of pyridoxal phosphat (PLP) and
formation of enzyme-PLP-Schiff base

CH3;—CH—-COO™ CH;—C—COO™
I Glutamate pyruvate
NH; : transaminase
Alanine/ Nate
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2.Deamination (oxidative and non- oxidative)
-oxidative deamination

COO~
(IZOO' (,ZOO_ CIJHQ
g:z ’ Chp s (:3H2
2 AD(P)" CH 2
H—(::—NHZH E )GDH > (,3=2NH N\ GDH > g220+ s
COO~ NAD(P)H + H* (IZOO' (IZOO"
L-Glutamate o~-Iminoglutarate o~Ketoglutarate

L-Amino acid oxndaseé et A d+NH3

L-Amino acid / \r

FMN FMNH,,

:
H,0, 10,
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2.Deamination (3
- non-oxidative deamination
a.amino acids dehydrases (serine, threonine and
homoserine — are hydroxy AA deamination of which
IS catalysed by pyridoxal phosphate [PLP])

Serine . Dehydratase . Respective
Threomng o-keto acids

omaoserine

NH3
COO~

4 (IjOO H:‘Nt:j S Homoserin O

H:_).N_CI)_H H—C—OH HO
CH,OH CH, OH

Serine Threonine NH>



2.Deamination s
- non-oxidative deamination
b.sulfur amino acids (cystein, homocystein) undergo
deamination coupled with desulfhydrases

Desulfhydrases

Cysteine \ ¥ Pyruvate
COO™
g NH, + H,S
(IJHZ Hac—c—ﬁ—o-
éH Pyruvate

Cysteine



2.Deamination (33
- non-oxidative deamination
c.dehydratation of histidine is catalised by histidase

Histidase
Histidine \, -+ Urocanate

COO~ N H 3

H;N—C—H
CIJH.; Urocanic acid (Urocanate) is an intermediate in the catabolism of L-histidine.
| It is formed from L-histidine through the action of histidine ammonilyase (also
C_N\H known as histidase or histidinase) by elimination of ammonium. In the liver,
H //CH urocanic acid is transformed by urocanate hydratase (or urocanase) to 4-
g—N imidazolone-5-propionic acid and subsequently to glutamic acid.

Histidine



Metabolism of ammonia
-formation of ammonia (occurs during transamination
and deamination)
-transport and storage of NH;

(mainly provided by glutamine [is a storehouse of
ammonia] or alanine) concentration of NH; IS
surprisingly low [normal plasma 10-20 mg/dl]

-functions of ammonia (directly or via glutamine NH,
Involved into synthesis of non-essencial AA, purines,
pyrimidines, amino sugars, aspsrsgine) ammonia
forms the acid-base balance



-disposal of ammonia (during course of evolution the
organisms have developed different mechanisms for
the disposal of ammonia from the body)
a.ammoniotelic — aquatic animals dispose off NH; into
the surrounding water
b.uricotelic — in reptiles and birds — ammonia is
converted mostly into uric acid
c.ureotelic — mammals — convert ammonia into urea

-toxicity of ammonia — all disorders of ammonia
disposal leads to hyperammonemia and cause hepatic
coma and mental retardation



The molecular weight of urea (NH,—CO—-NH,) is 60
[14+2+12+16+14+2] — and about half of 1t (28) — IS
contributed by the two nitrogen atoms.

Thus, If blood urea concentration is 60 mg, then about
half of it — 28 — Is blood urea nitrogen (BUN).
Therefore,

BUN =% NPN (non protein nitrogen)

NPN =2 BUN
Estimation of BUN or NPN are used rather than blood
urea for assessing kidney function. The normal range
for ratio of BUN to serum creatinine is 10:1 to 15:1.



Urea Cycle — Krebs-Henseleit cycle
[Hans] Krebs - [Kurt] Henseleit (1932)

NH, + CO,+ Aspartate + 3ATP —
Urea + Fumarate + 2ADP + 2P; + AMP + PP;

-synthesis of carbomoyl phosphate
-formation of citrulline
-synthesis of arginisuccinate
-cleavage of arginisuccinate
-formation of urea



Urea Cycle — Krebs-Henseleit cycle (General view)

CO, + NH,

T

Carbamoyl phosphate

O Ornithine Citrulline
||
NH,~ O Aspartate
Urea (R-NH,)
H,O
Arginine Arginosuccinate

o

Fumarate



Urea Cycle — Krebs-Henseleit cycle

Arginine

CO, + NH,
.
2ATP. ]
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Urea Cycle
(Krebs-Henseleit
cycle)

1 L-ornithine
2 carbamoyl phosphate
3 L-citrulline
4 argininosuccinate
5 fumarate
6 L-arginine
7 urea
L-Asp L-aspartate
CPS-1 carbamoyl phosphat
synthetase |
OTC Ornithine transcarbamoylase
ASS argininosuccinate synthetase
ASL argininosuccinate lyase
ARG1 arginase 1



CH2
HC NH3

COO
Citrulline

Urea Cycle — Krebs-Henseleit 1
argino-succinate synthase
(cytosomal enzym in cytosol)

(IDOO_ CEOO
CH, NH}  CHp
+ H—G—NH; C -NH- C H
COO HN COO_
Aspartate (|3H2
Al'P ('3H2
CH;
— H— c —NH;

— AMP +PP; oo™

Argino-
succinate



Urea Cycle — Krebs-Henseleit 2
argino succininase (cytosomal enzym)

" NH2
el C—NH,
NH3 c':H2 HN
c -NH— c H _ éH
- 2
H'TJ coo argl_no é %
CH SUccininase c':H2
l 2
—> l
Gh2 H-C~ NH;
CH2 coo
— C NH3 ) Arginine
COO™ o0
Argino- H—C
succinate g—H

Fumarate



Urea Cycle — Krebs-Henseleit 3
arginase (cytosomal enzym)

\Hs
+ HQO (EHQ
. CH.
NH, i |
L, arginase i
| COO
?Hz Onrnithine
CHj
O
CH2 N—C—NH
H— C NH3 ? Urea £
COO

Arginine



Urea Cycle — Krebs-Henseleit 4

ornithine transcarbamoylase (mitochondrial enzym)

i
e
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COO
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P

Carbamoyl phosphate

ornithine

transcarbamoylase
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—P.
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:
T
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COO
Citrulline



Urea Cycle — Krebs-Henseleit “pre 1t step
[INAG — N-acetylglutamate]
carbamoylphosphat synthase (mitochondrial enzym)

+ 2ATP
INAG] g
carbamoylphosphat ot p s
+
CO, + NH, synthase O—
— Carbamoyl phosphate
— 2ADP+P, Sl
OH
o ol o
HC-NH, CHy CoASH HC-NH-C-CH,
CHy * e = > C|H2
CH & N CH
O=(.l, CoA OCI)

|
OH OH
glutamate acetd-CoA N-acetylglutamate



C()OH OOH COOH 'GH4 + HCO3
| l
(CHy), , C-0 NAGS (cu,) *
+ 212
Urea Cycle — | [~ g — ZATR
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. 9 99
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OH - CH-NH , NH
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Substeps of “pre 15t step
[carbamoylphosphat synthase carbamoyl phosphate formation]




Integration between Urea cycle
and TriCarboxylic Acid (TCA) cycle

NHj; + CO, 4 CO,+

Carbamoyl
phosphate

Ornithine Citrulline

Oxaloacetate

TCA cycle
/ K (+12 ATP)

Aspartate

Urea cycle
(—4ATP)

Urea

Malate

Arginine Argino-
\\_// succinate ——* Fumarate ——F" Fumarate

CO,



Metabolism of individual Amino Acids
Glycine (Gly, G) — one of the commonest AA —
non-polar, mostly present in the interior structure of
protein. Collagen contain about 30% of Glycin

Proteins +——f \

> Purines
COO~ Serine ¢ G (C4, Cs, N, atoms)
g L ¥ Glutathione
HBN_C —H Oxalate < Y
C + Conjugation
H Glucose +—— | (bile acids, detoxification)
Glycine N e
NEg—— -
E
Formate +—- > Creatine
) S,
One-carbon

pPool



+
H3sN—CHo—
Glycine

COO"WI Threonine aldolase
J’ THF

Threonine

Glyci nth
ycine synthase THE

NADH + H"™

N°, N'°-Methylene

CO, + NH} e 2

Serine hydroxymethyi-
transferase

N°, N'°-Methylene THF

Glycine (|3H2—OH
oxidase -+ N—CH,—COO~
Serine
Serine
dehydratase
Transamination
PLP CO2+4 Pyruvate
.‘r
Glucose
+H3N_CH2_CH2—OH
Ethanolamine
NH3
o=CH—Coo3<__ flo—CH,—CO0"
Glyoxylate Glycocolate
1
77 0) 1
&
?OO' HCOO™
COO- Forma_:_tSF
Oxalate k

Nm—FormyI THF

General
metabolism
pathways of

Glycine



Glycine: Synthesis of Glutathione

Glutamate + Cysteine

ATP
v-Glutamy/l
ADP + Pi cysteine synthase

* .
v-Glutamylcysteine

glutathione (GSH)

0 O SH 0
Glycine 'lq\)‘\
ATP \ Glutathione -0 I';l ‘/ o
synthase “NH, H 1
: lycine
ADP + Pi glutamate eysteine gly

*

L be]
O
H
Glutathione (y-Glu-Cys-Gly) “OOC\:_/\/“\ujw/N\/COOH
NHZ ($)



Glycine : Reactions of Conjugation

a.the bile acid — cholic acid and chenodeoxy cholic
acid — are conjugated with glycine

Cholic acid + Glycine ——
Glycocholic acid

Chenodeoxycholic acid + Glycine —»
Glycochenodeoxy cholic acid

b.glycin Is important for detoxification of benzoic acid
(commonly used as food preservative) to hippuric acid

"H.N—CH,,—COOQO M

|
@COOH \* >®~CO N (j%i‘ COO~

Benzoic acid Hippuric acid




Glycine : Biosynthesis of creatine

Creatine and Creatinine has certain

clinical importence

S-Adenosyl-
methionine (~~CHj)- erUI I I
Guanidoacetate

e v Creatine 0,2-0,6 mg/dl
: Creatinine 0,6-1,0 mg/dl

J Urine
Creatine 0-50 mg/day
EONGGA Creatinine 1,0-2,0 g/day



Glycine: Formation of purine ring
[C41 C51 N7]

7
C.
/ \/‘\ o ,\:
| NZE B Vs
, ,\' 4 _‘11 - ~ "\) — -
H,N—CH,—COO | . 2 ] CH
i 3 0 27
Glycine C\\N/ Y

Purine ring

Glycine: Synthesis of heme



Metabolism of individual Amino Acids
Phenylalanine and Tyrosine

(|JOO_
H;;ﬁ_cl)—H
CH,

e

Phenylalanine

$oo—
H;;I\+T—(I3—H

CH,

OH

Tyrosine

— Melanins

(skin, hair, eye)

— Dopamine (CNS)

e =
H [ Proteins<—
=
N Y
)4 R
- o
g ety
!
A
N
N =
| Gl
N ucose +—
= Fat
N —— h e

—r Norepinephrine,
epinephrine
(adrenal medulia)

—* Thyroxine, Tj

(thyroid gland)



Synthesis of Tyrosine from Phenylalanine

0, Phenylalanine H,0

hydroxylase
@CHQ—CEH—COU \-/ y HO@CHT?H—COO_

Phenylalanine

NH3
Tetrahydro- Dihydro- Tyrosine
biopterin biopterin
Dihydrobiopterin
reductase

NADP* NADPH + H"



Phenylalanine

Phenylalanine
hydroxylase

(See Fig. 15.18)

HO— CHz—?H—COO'
NH3
Tyrosine

}j Tyrosine

transaminase
Glu{/

aKG

+
HO CH,—G—COO™

@)
p-Hydroxyphenylpyruvate

Dehydroas-
corbate + H,O + CO5

v

JOH
CH,—COO~

OH
Homogentisate

02} Homogentisate
M oxidase (Fe2+)

Metabolism of
Tyrosine
forming

Acetoacetate
and Fat

Ascorbate
3 | p-Hydroxyphenylpyruvate
dioxygenase (Cu?*)

0

GO
</ e=0
> CH,—COO~
(@)
4-Maleylacetoacetate

|

H-G—COO
H~C~C—CHp—C—CH,~CO0"
|
® O

4-Maleylacetoacetate
(rewritten)

Maleylacetoacetate
isomerase

*OOC—C”)—H
H—C—%H-CHQ—C”)—CHQ—COO‘

4-Fumarylacetoacetate

H,0 Fumarylacetoacetate
hydrolase

4 g

H—C—COO™
Fumarate Acetoacetate

TCA cycle <—j ~»Glucose Frat
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= N-CH; CH-COO
I U NH3

0N Metabolism of Tyrosine —

| Tyrosinase (Cu?")

i o — biosynthesis of

I NH3

-
N Melanin
3,4-Dihydroxyphenylalanine (DOPA)

| Tyrosinase
Hy0x”

v

N

"‘FCHQ CH—-COO
|

N o

' Dopaquinone
s
enty ~4
nNov = —

[ ]

e HO. _—~_ <
iy & ;J_ |—i O -'J—CH;--'(‘:H—coo
HO S\~ ~CO0™ bee L NH3

H
Leucodopachrome

v

HO-—~

il e
HO Xy~

} [_Mélanm po;yxrze!;_]
> N r'\‘, 1=l

I

H
5,6-Dihydroxyindole
0s |

Melanin polymers
| Tyrosinase
Hov| BLACK

-
0‘/ < :{"*
|

3 ] + Melanochrome
O// N N

=~ “ N'/
|
H

Indole 5,6-quinone



Thyroglobulin

|
v

Thyroglobulin

CHa CH,
¢ [
Ditodotyrosing \
residue '
OH OH
Monoclodotyrosine Diiodotyrosine
|
-

Thyroglobulin

|

Triiotothyroning (|

v

'"HyN—CH-COO

CH,

OH
Trilodothyronine

CH;

OH
Active
odine (|
H202

Tyrosine
residue
g N,

w

Thyrogiobulin

Thyroglobubin

Thyroxine |
'H;JN* ~"] H
CH;
!
Y
0

OH

Thyroxine (|

CO0O

Metabolism of Tyrosine
— synthesis of thyroid
hormones
and catecholamines:
Norepinephrine
and
Epinephrine

OH

Catechol

HO—  “)-CH,—CH
A= NH3

Tyrosine

H4-Biopterin-_\
. Tyrosine

H.-Bioptering 7 hydroxylasa

HO~(/  \)-CH,~CH—

Dihydroxyphenylalanine (DOPA)
|

PLP | Aromatic amino acid

e A decarboxylase

HO~"  V)—CH,—CH,—NH;

Dopamine

Ascorbate-_\
_Dopamine
Dehydroascorbate 7| P-hydroxylase
Ha 0%

-

HO-{” “—CH CH,—NH3

Norepinephrine

|
S-Adenosyl-
methionine { M)
\
Pheanylethanolamine
S-Adenosyl- 1/ N-methyltransferase

homocysteine

HO~{" —CH—CHs—N- CH,
Epinephrine



Metabolism of Tryptophan (Trp, W essencial AA)

Proteins +— ;
Y
Gllicosax—1 P —* NAD+, NADP™
T (coenzymes of niacin)
600 Fate—{ ©
H,.N—C—H H — Serotonin
CH, Indoleacetic +— A K\
acid N
C=C\H \. )Melatonin 5-Hydroxy-
NH iIndole acetic acid

Tryptophan



H
Tryptophan

Oz Tryptophan
\ pyirolase

0
C

|
N—CH
H O

N-Formylkynurenine
H.O
1 Formamidase

One ‘C’ poolt+—HCOO 4

Formate
-
0O
Kynurenale. C
Alanine {
- X
Anthraniate ¥ NHa
Kynurenine
Q4. NADP
Kynurenine
hydroxylase
HA0, NADP4
OH o
NH - ,_;
N COO X~ "NH,
OH
Xanthurenate 3-Hydroxykynurenine
(Tin B¢ daliciency) ‘
H20-
- \ Kynureninase
{ {PLP)
IS s
Alanine

CO0

NH;

3-Hydroxyanthraniate

0O ! 3-Hydroxyanth-
| ranilate oxidase
\ (Fe*')
CcCOC
Picolinate [
carboxylase _ | }
\ — O=CH |
. NH.
+ €04, Hy0 00C  NH;
2 2-Amino 3-carboxy
muconate semialdehyde
N~ €00
Picolinate
Spontaneous Decarbaxylasa
H,O4— o CO;
' oA
CcOO
0O=CH |
e oo NHs
cCoO QO0C 2

N
Quinolinate

2-Aminomuconate
semialdehyde

NADZL | Aldehyde

| QPAT
& 19 CO. : denydro-
4 b NADH + H'X'| genasa
CO0O %
|
“00C !
N < NH.
00C 2
H = 2-Aminomuconate
Nicotinate

mononucleotide

-

NAD'

NADP*

Acetyl CoA

Tryptophan —
Kynurenine pathway
— way oxidation and

synthesis of
NAD*and NADP *

from tryptophan



Tryptophan

CH.—CH— ; .__:unydroxylase‘__{"; N CHo—CH—
NH: = ’T‘: ’ !_ NHE
N H 4 -Bioptenn H.-Biopienn S N
H H
Tryptophan S5-Hydroxytryptophan
NH; Decarboxylase AR
¥ 1"" ‘ amino acd
\_ o +—| decarboxylase
)
\‘ l¥
~CH,~C—C00~ 7 ——CH,CH{
1] "1
Q | NH.
N - N~ ~ N
H H }
Indole 3-pyruvate Tryptamine Serotonin
|
; 1 MAC
CO, MAO i o
+ ( . =
CH,—COO ~—¥NH;
J X ,
| X
N~ 1 CH,—COO
H (
Indole acetate Acetyl CoA \ ea
- N~ v ’ sarotanin
H | N-acetylase
5-Hydroxyindole \SHX
acetate i
Unne ~
T CHy—~CHo~NH
H
N-Acetyiserotonin

S-Adenosyl-

meathionine Hyl~
y N-Acetytserotonin
) O-methyltransferase

27 SS———~CHy—CHy—~NH
L »
S

H
Melatonin

Tryptophan —
serotonin (5-
hydroxytryptamine)
pathway



M
E .
T 3 Transmethylation Metabolism of
Proteins +—— | & Methionine and
0 3 Cystathionine Cysteine
Initiation of — N .
RO | —— Polyamines (SUIfur AMInNo
biosynthesis N -
_E Acids)
|
| _
Proteins <—— CY: ——+ Glutathione COO
.SI.’ L% Taurine H;N—C—H
'IE ¥ Coenzyme A CH, . COO0
Glucose € N L) Active sulfate CHZ H‘3N_C_H
\;_E__/ S CH2
I CH; SH

Proteins +—| CYSTINE

Methionine Cysteine




Methionine

—OOC_?H—CHQ—CHQ“ SH
NH3
Homocysteine

HO—CH,—CH—COOX

|
NH: \ Cystathionine

Serine ERE B-synthase
H,0

‘OOC—(|3H—CH2—CH2 = CHQ—CEH —COO~
NH3 NH3
Cystathionine

H,0
e
NHS/

~00C—C—CH,—CHg + HS—CHy,—CH—CO0~
I [
NHZ

a-Ketobutyrate Cysteine™*

y-Cystathioninase

-

~

A0C—S—C—CH;~CH,~CO0"

Succinyl CoA

Metabolism of Methionine

CH;

Methionine



One Carbon fragmenys (one carbon units) metabolism
— many compounds (mostly AA) acts as donors of
one-carbone fragments

Methy! (=CH,)
Hydroxymethyl (=CH,OH)
Methylene (=CF l._)
Metheny!| (—CH=)
Formy!| (—CH=Q)
Formimino (—CH=NH)




Tetrahydrofolate (THF) Is a versatile coenzyme that
actively participates in one-carbone metabolism

!
AN A -
N | - T z
. CHo—NH C—N-CH-C00

g
9,6,7,8-Tetrahydrofolic acid CH,
I

COO



Summary of one-carbone metabolism

: THF Purines (C»)
Glycine - N ‘ MO = e
Tryptophan| »Formate > |[N'Y-Formy

+~ Formylmethionine

Histidine

e THE v
FIGLU ———+ N5-Formimino THF ——+ [N5 N19-Methenyl THE—+Purines (Cg)

4

THF AL Glycine Serine
Serine < ~ y [N®: N10-Methylene THF<
Glycine () 4 Thymidylate
(dTMP)
_ THF Al
chalng e » [N5-Methyl THF]
Betaine
Bi2

Major sources Major products

Homocysteine Methionine

“-,-CH3
l S-Adenosyl-
Transmethylation methionine

(for the synthesis
of creatine, epinephrine,
choline, melatonin etc.)



Valine, leucineg, isoleucine

Branched chain
amino acid
transaminase

Corresponding o-keto acuds
(o- ketmsovalerate 0ISC
a-keto p-methyl valmat

l a-Keto acid
TPP, NAD*, CoASH == dehydrogenase

CO, (/l complex

Corresponding o, -unsaturated acyl CoA
thioesters (tsobutyryl CoA, isovaleryl CoA,
a-methylbutyryl CoA)

FAD
Acyl CoA dehydrogenase
FADH, (2 enzymes?)

+ / 1
Methylacrylyl CoA (3-Methylcrotonyl CoA Triglyl CoA
~ - v
Propionyl CoA HMG CoA Methylacetoacetyl CoA
l l‘* tyl CoA v ----- ¥ Acetyl CoA
Methylmalonyl CoA Acetoacetate i . . 5
5 : : Propionyl CoA i
- 2y | |
Glucose I ST v ~

Glucose Fat

Metabolism of
Valine, Leucine,
Isoleucine
(Branched Chalin
Amino Acids)



G=—=C—CH,~CH~COO"
No _NH  NHg

C
H
Histidine

3 Histidase
NH,

HC|)-:(I)—CH=CH—COO_

_OOC—'CH’—CHQ_CHZ—‘(I:HQ
“00C—_ NH3 NH—C—NH;

s NH:
Proline Arginine
L
2 92~ Proline

Arginase
oxidase Urea4—
Hy

O+
| “00C—CH—CHy~CHs—CH;
o |
‘OOCJ\&/ NH3 NH3
b

N C/NH
5 H : Omithine
TROMES Pyrroline 5-carboxylate KG
RE™N  Omithine
H20~ Urocanase Non-enzymatic Glu¢—| D-aminotransferase
- v /7
?Z?*CHQ— CH,~C0O0 'OOC—('JH—CHQ—CH2~C: a
Ne _NH NH3
(H/ Glutamate 5-
semialdehyde
4-Imidazole 5-propionate
NAD(P)"
H.O Imidazole
2¥7N propionate Glutamate
hydrolase NAD(P)H" ¢ semialdehyde
dehydrogenase
=~y X - N-Formimino v
00C——CH—-CH,—CH,—COO
| e THF "00C—CH~CH,—CH;~C00"
H Glutamate NHy
N-Formimino-
glutamate — gm?mﬁt:_ NAD(P)’ Glutaminase
transferase \ ——H,0
; \
NAD(P)H + H’:? -
NH4 ‘OOC—CIJH—CH2~CH2—(I3—NH2
4 Nets Glutamine ©

‘OOC—%— CH,—CH,—COO™
O

u-Ketoglutarate

Metabolism of
Histidine,
Proline and
Arginine



Lysine

o-Ketoglutarate ¢
g "\ Saccharopine

dehydrogenase

-

Saccharopine

Saccharopine
Glutamate +| dehydrogenase

b
o-Aminoadipate
d-semialdehyde

Semialdehyde
dehydrogenase

~

a-Aminoadipate

Aminotransferase
Y
o-Ketoadipate

Dehydrogenase

b g
Glutaryl CoA

Dehydrogenase,
Decarboxylase

Crotonyl CoA

+
Acetyl CoA

Metabolism of
Lysine

e=N-Trimethyllysine

O,
a-K(N
) Trimethyllysine
Succinate / o-KG dioxygenase
CO5

g

B-Hydroxy e-N-trimethyllysine

Serine

_ hydroxymethyl-
Glycine </ transferase

v

y-Butyrobetaine aldehyde

NAD?

> Dehydrogenase
NADH + H*

~

y-Butyrobetaine

o-KG
OA
Dioxygenase
COgij
Succinate

w

L-Carnitine




Proteins +——
NH3 4———
Glucose +—
Histidine ———»
Proline ———»

[mﬂ>§>4¢r0}

Arginine ———

Proteins +—
NHg —

!

Urea

[m2—§>ﬁcr01

—— y-Aminobutyric acid
(GABA)

——— Glutathione

— N-Acetylglutamate

— y-Carboxyglutamate
(clotting factors)

— Purines (N3, Ng)
— Pyrimidines (N3)

—————» Amino sugars

—— % Detoxification

Metabolism of

Glutamate and
Glutamine
(llOO‘
H;;ﬁ_?_H
=
i
COO™
COO™
Glutamate HN-C H
CH,
HZN/C\O

Glutamine



CH Glutamate COO
o decarboxylase | One of the
Gz PLP y P -
H=C—NH; CO> CHy metabolic
COoO™ H,C—NHg pathway of
Glutamate y-Aminobutyric acid
| (GABA) Glutamate
GABA-
a-Ketoglutarate p| p| glutamate
trans-
| aminase (llOO"
s Succinate e H.N—C—H
CIJOO semialdehyde C,JOO o
O dehydrogenase (I;HQ (le2
CHERER W O, CH,
2 NADH+H" NAD | |
COO (”3—H COO™
Succinate @) Glutamate
f Succinate
TCA semialdehyde
CYCLE Glutamate o-Ketoglutarate
Aspartate

transaminase

Oxaloacetate Aspartate



Metabolism of Aspartate and Asparagine

Proteins< | ‘
A Coo
S Hgﬁ»—-(;i-—H
P CH,
Glucose+— A » Purines (N4) ¢00
R Aspartate
G ; * Pyrimidines coo
(_NHQ)‘ T (N3, C4, Cs and C6) H.N. EH‘H
E s
HZN/ 0

£

@SPARAGIN%

Asparagine

ATP Asparagine ADP + Pi

— H—C—NH
4 cf N, NH, H.O | 2
CH, CH,

2
| >—<
Aspartate Asparaginase H,0 Asparagine

I
COO" CO—NH,

4



Metabolism of Alanine (non-essencial)

Alanine performs two important functions —
Incorporation into proteins and participation in
transamination and NH; transport (because

/ ammonia is toxic, hence it cannot be transported in
oy 4 free form). Pyruvate produced in glycolysis gets
(Aia, A) converted to alanine (by transamination) and is

transported to liver. Pyruvate can be regenerated
from alanine in liver and the pyruvate so produced
serves as a precursor of glucose. Amino group Is

" (EOO diverted for transamination or urea formation. This
Habi is an alanine-pyruvate shuttle for carrying
CH; nitrogen to be reutilized or converted to urea.
S The people with higher levels of alanine in urine

have increased risk for higher blood pressure. The
B-alanine is a constituent of the vitamin
pantothenic acid, and thus the coenzyme A



COO~

Metabolism of Serin

H3N—(I3—H
EH,0H

Serine

Proteins < E » One carbon
S metabolism

Glucose £ E r Sphingomyelins
Glycine < | 3 Phosphatidylserine
Alanine < E‘ — Selenocysteine
Cysteine < y Ethanolamine

! !

Cystine Choline



cleley
HCNHq

CHQOH
Serine

Some metabolic ways of Serin

COO
Serine dehydratase I_O
PLP ’ ﬁ:‘
NH3 CH3
Pyruvate
COO‘ Serine hydroxymethyl- GO0
T C NH transferase (PLP) i (ID-—NH+
| 3 / \ e . 3
CH,OH Glycine
Saine THF ,-THF
COO"
HC NH3 v » HyG—NH;
CHon C0s CH,OH

Serine Ethanolamine



600" Metabolism of Threonine

H——0OH
CH,
Threonine
\
i ¥
. H .
Proteins 4 R —+ Glycine +
E Acetaldehyde
O
a-Ketobutyrate<—— N [— |Aminoacetone
l
l . P 4'/"\Me‘thl
Propionyl CoA E yrtvars 4

f
et

Al
Lactate glyoxy!




Amino Acids as Neurotransmitters
Biogenic Amines Polyamines

NH,
I Decarboxylase (PLP)
R—CH—COOH — * R—CH,—NH;
Amino acid CO, Amine
*HgN—CH—(CHy)3—NH; Fasih
COO™ "HsN—CH—CH, (') Hs
Ornithine H;C—S"—Adenosine
Otk S-Adenosylmethionine (SAM)
CO24| decarboxylase
- COs SAM decarboxylase
*HaN—CHo—(CHy)3—NH3
Putrescine *HaN—CHs—CHo— (i;‘ Ho
H,C—S"—Adenosine
CH3—S—Adenosine | _/ Decarboxylated SAM
Methylthioadenosine Spermidine synthase

H4N—CH,—CHs—CH,—NH—CHy—(CHo)3—NH3

Spermidine

i/

CH3—S —Adenosine

Methylthioadenosine Spermine synthase

"HsN—CHs—CHo- CHs—NH—CHy—(CH5)3—NH—CH;— CH,—CH; NH
Spermine



Metabolism of individual AA and TCA

Alanine
Cysteine
Glycine
, .~ +—— Pyruvate
Hydroxyproline

Serine Isoleucine =i

% | Leucine
| hreonine :
_| Lysine
v

lalani
Acetyl CoOA «—— Acetoacetate +—— Phen}f S
Tyrosine

Tryptophan

Asparagine

4

Aspartate —» Oxaloacetate

7

Phenylalanine Arginine
Tyros)i/ne r Fumarate Krebs Histidine
cycle . Proline
Isoleucine | R il
Methionine ¥ Succinyl CoA a-Ketoglutarate «+—— Glutamate
Threonine \_/
Valine i T

Glutamine



Glycogenesis

Glycogenesis

OH
@)

OH
OPO;?

Glucose 1l-phosphate

UnP- glx.case
pyrophosphoryiase

alycogen synthase g:‘ycogenm



Thank You for
attention. ..



