Amino acid

metabolism



Removal of amino acid nitrogen

1. Hydrolysis (Removal of NH, from Asn and GIn)

2. Transamination ( amino and oxo group; Amino acids and o—ketoacid
pairs, transaminase or aminotransferase, cofactor: vitamin B; (PLP)

oxalacetate

ASAT
Asp S
a-ketoglutaric acid o Glu
Ala pyruvate

ALAT



Removal of amino acid nitrogen

3. Deamination (remove NH; )
A. Oxidative dezaminalas (AS iminoacid ketoacid; NAD(P)* or O,)

B. Direct deamination (Ammonia-lyase, creation of double bond, pl. His)

A. Oxidative deamination:

Amino acid NH, o—ketoacid

Asp o é

NH,

Ala 1o é> o pyruvate

| oxalacetate



Fate of ammonia

Useful for biosynthesis of amino acids and nucleotids

Toxic for central nervous system

Origin of NH; — degradation of amino acids, nucleic acids,
Bacterias of the bowels product ~40%

Elimination of NH,:

*Synthesis of glutamine from glutamic acid 0
I
C urea

*Urea (synthetised by liver, excreated by kidney)

*Excreation of NH,* by kidney

NH

HN
Uric acid (degradation of purin excreated by kidney) )\ | >:° Uric acid
o N NH

I

Protein loss (hair, skin, bleeding, etc.)

H
| | . N
*Products from amino acids (pl. creatinine) HN=C ‘
1 -
'N—CHy creatinine



Urea Cycle 2 ATP
Main elimination of NH3 co, @

cz? i
[~OH arbamoil-phosphate
Urea HeN—CH synthetase 2 ADP
(karbamid) 0
HzN —C— O-B-OH
[
Arginase Ornitin Karbamoil-phosphate
Ornitine anskarbamoilase

Con

Os :0

Os 20 . ~
oSC—CH=CH—CCo, Arginino-succinate 5 p ATP  HO-C—CHa—CH—Clo,

Fumarate PPi Asp



Decarboxilation

Mechanism of decarboxilation:

H decarboxilase \ H
% > ) . + C02

Amino acid amine

H,N H,N

o
HCI—I—”{ KCI-I-I-I

amino acids % SH
- example: b ﬁ» N
histidine to histamine W W

NH CO NH

- Removal of carboxil group from

histidine histamine




Formation of C1 fragments, transportation
and utilization

C1 fragments = one carbon containning molecule fragments

Metil (-CH3) metilene (-CH2-) metenil (=CH-) formil (-CHO)
formimino (-CHNH) CO2

Formation of C1 fragments Transportation of C1 fragments:

*Mainly during the metabolism of -S-adenosyl methionine (SAM, metil)

amino acids

-Biotine (CO2, carboxilation reactions)

*Methionine (metil) -Tetrahydrofolate (THF; metil, metilén, metenil,
Serine, Glicine, Choline (metilene) formil, formimino)

COOH
-Histidine (formimino) H.N H

| 2
*Triptophane (formil) J \,I\ O CH
M H C N—(]‘,H
\

utilization of C1 fragments: ) COOH
Serine, Metihonine, TMP & DNA, Y N ——
pteridine PABA glu

Purine bases and CO,

During the transport ¢c1 fragments can modifiy to each other.



Transportation of C1 fragments: S-adenosyl-

DI

methionine (SAM)

Main transpoter, donor of
metil group

IMH,
H
] )
KN/ .
a—I_H
2 0
CH, }<.}|I g
CH; H ‘ H
OH CH
+ —
H4N——C——CO0
H

|
H,N —|C—H

P akceptor
Pi \ /
PR
Py S-adenozil-
. Ol Ob hon'_locnszteln-'
metionil- metiltranszferaz
ATP / : v
adenozil- S-adenozil-metionin
transzferaz
CO0 (BB
+ | + I
Hie - @ H

| N°-metil-THF

CH, > CH,
| N/} |
CH, | CH,
N I
| —adenozin
H

homocisztein-
metiltranszferaz

S-adenozil-homocisztein

(B,,-vitamin)

S H,O
THE hidrolaz
taplalék | > ‘
|CH) adenozin
CH,

homocisztein



Synthesis of Non-essential amino acids

glucose

' EoEs

|

\ 4
3-phosphoglycerate

| S
I = Ser — —» Gly, Cys
\ 4

Ala «—— pyruvate

N\

acetil-coA
E/ citrate
Asn €<— Asp <«<—— oxalacetate
w Glu E Glrkrl;’ro,

o-ketoglutarate



The fate of the carbon skeleton of amino acids

ketogenic amino acids: degraded directly into acetyl-CoA or acetoacetyl-CoA. Unable

to be converted to glucose as both carbon atoms in the ketone body are ultimately

degraded to carbon dioxide in the citric acid cycle. Only ketogenic: Leu and Lys.

Glucogenic amino acids: Leucine ﬁ e
Lysine : | Glutamine
degraded into pyruvate or o [ Glutamate|  Proline
Tyrozine i ;
intermediate of citric cycle, ‘
Isocitrate | a-Ketoglutarate|  [Tooleucine
can be converted ! ' Methionine
Threonine
into glucose through gluco Acetaacetyl-CoA Citrie ' e

Citrate acid Succinyl-CoA
cycle

L ¥

Acetyl-CoA

neogenesis.

Suecinate

Oxaloacetate Fumarate : Phenylalanine
Malate &

The 20 amino acid’s carbon

Tyrosine

skeleton degraded into:

pyruvate, acetil-CoA,

acetoacetil-CoA, alfa- ’
.'5|.]J-1I'.Ii.].'ll':'
ketoglutarate, succynil-CoA,  iwleucine | | Glocine.

Leucine Serine Asparagine

fumarate and oxalacetate. Tryptophan | | Tryptophan | | Aspartate




alpha-ketoglutarate groug

N,

DEGRADATION OF o

ARGININE,
GLUTAMINE,
HISTIDINE,
PROLINE

Glu, Gin, Pro, Arg, His

7 ,_-
.

i

|  THF N’-formimino-
HC=NH THF
N-formimino-glutamat Glu GIn

a-ketoglutarat



alpha-ketoglutarate group : Glu, Gln, Pro, Arg, His

Degradation of HISTIDINE

t
N
-'|'| G
-_—|—¢Hp— CH—Coo" HH F=——TCH=CH—C00- Hal , CHp— CHp —COO-
4 ! | |
HA I 2 .  HN N \ HN N
R i I
i hisflding armrmania lpase i UrOCANESE A
[hizlidasa)
Histidine Uracanate d-Imidazolone-5-proplanate
|
imidadlonapropionase /__ HaD
TOOG = CH—CGHy— CHp— GO0~
Glutarnate + N9-Formiming Hafolgte = .h\l r:-IH SFEE—
- |
Hylolate CH
I
MH

M-Formiminoglutamale



Pyruvate group : Gly, Ser, Ala, Cys, Trp

DEGRADATION of
SERINE AND
GLYCINE

COOH H,O0 [ COOH COOH szerin COOH
(I: o ) dehidratdz
= < |HN=C ~— H.N—-C %—— H,N—CH
I Y ] Il ¥ )
CH, NH, CH, CH, PLP PLP H,C—OH
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A .
NADH+H"
cooH PH+H" NAD*  coon *1% aDP COOH COOH
[ \ Y \ |
c|=0 . S . HC‘—OH HC—(P) " =—> HC—OH
) | I
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/_————é) -0
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3 |
CH,—Nt—CH,
Y, |
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Fol H, )
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FolHgy
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I~ I :C
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B ) - ~_ meti % Y
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kn, : s/ Sl szarkozin
onjugicids e 5 \-\ 1IMino-
o Sh ek —_al.cm»‘ glicin- B
Ui dehidro- || amino- acetomn: =
iz || transzferdz ciklus
1
z-hidroxi-g-keto-
?OOH adipinsav-karboxilaz COOH
HE=0 COOH
HC=0 / \ HC—OH | |
slioxilsa / | €=0 =
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adipins
“ 1 dip
i



Pyruvate group : Gly, Ser, Ala, Cys, Trp

DEGRADATION
OF CYSTEINE

; hipotaurin ;
ciszlein-szulfinat O, 3-merkapto-piruvat

\ oxigenaz ok
' a”ketcf' szulfur-
glutarat transzaminaz H,O transzferaz

Glu s.0F
tioszuifat
taurin
deszulfinaz

piruvat

f-szulfinil-piruvat
SO —» 5,05 —» SO —» ,aktlv szulfat”

szulfit tfioszulfat szulfat



Pyruvate group: Gly, Ser, Ala, Cys, Trp

DEGRADATION
OF
TRYPTOPHANE

COOH .
| protein
H.LN—(T‘I'I T
CIH.: v
/\\’ i\\
[ [ S
. i P4
~7 TNH
| tri ptofan-
2,3-dioxigenaz
? NH,
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Oxalacetate group: Asp, Asn

v glucogenic amino acids
v Asp: fransamination ——> oxalacetate

v Biosynthesis of nucleotides
urea cycle (one nitrogene of ureal)

v" Asn deaminatiion: asparaginase

i

Asn Asp ' | ~ oxdlacetat

From

- | From Aspartate

Carbamyl-phosphate




Participation of amino acids in the synthesis of
nitrogen containing substances

Serine Glycine
-Glycine -Serine
-Cysteine -Creatine~P (creatine, creatinine)
-Ethanolamine -Purine bases
-Cholin (acetylcholine) -Porhyrines (DALA)
-Phospholipids -Glutatione
(phosphatidyl serine, -Conjugeted products
phosphatidyl ethanolamine, (pl bile acids)
phosphatidyl choline, -Oxalate

sphingosine)

-C1 fragments



Conversion of Serine to Glycine

Dihydrofolate H

i
2N N N
reductase W|/ S CO.-
Folate — N | 2
II\I CH,NHR
OH

H- f' NH:*  gerine

Tetrahydrofolate CH,PH
(FH,)

Serine hydroxymethyl
transferase (PLP-dep.)

H

N
Key intermediate I[ :L CO,"
in biosynthesis of N ICH2 | Glycine
purines and | _§ ) H- €~ NH;*
formation of > o H
thymine NS, N'0-Methylene FH, | Portantin

biosynthesis of heme,
porphyrins, and purines



Creatine, phosphocreatine, creatinine szintézise

Creatine szintézis

P]JHE in kidney @ MMz
C=NH, = HpN=C] .
i /\ NH—CH, —CO0
| _ guanidoacetate
l’“THz ahcine arnithine
CH S-adenosyl- T
| z methionine in liver

iy

@ .
|:|H_NH3 S-adenosyl- dle.l.ar‘y
|:|:||:|EI horno oy steine Supplemen'l'
arginine a MH.

HpN=C - —
. r?lH—CHg—CDD
N—C* CHa :

HM =C | nonenzymatic creatine

Y

;N—CHS\ S0_p _

/ EHC FE . I—EI:I phosphokinase
. creatinine Hm =0
Renal function “r?J_L:HE_cmE' \

_ CHs dlagnOS'I'IC

copyright 1955 M.V King /' creatine phosphate marker

Important in muscle and brain



Glycine

porphyrine synthesis: o
o | < succynil-coA
O
[ +
glycine H3NJ
o coo- €00~
(o
. —
N N
HsN H,NY  H

d-aminolevulinate porphobilinogene




Glu, Cys, Gly,

glutathione

important antioxidant (rbcl, glucose-6-P-dehydrogenase deficiency)

involved in detoxification

{]'HHH COOH COOH
||'L|' — NHa H[I-—HH: H{I—EH:
CH, t"lt: ‘I'“:

; |
gll: . JII{\ CH,
] Glu l = I -
y 4 '-'.l' =0 IH C=0 C=0
. - = |
.Tu an_ NH NH
H{J —CH,—SH ||-:l —CHy—S — § —CHy,—HC
. | .
| — 8 Cys Ll =0 (I =0
?'EH ~NH NH
CH, Gly (lu: ‘l”:
! | |
(JHHII COOH COOH

redukalt glutation oxidalt glutation



Participation of amino acids in the synthesis of
nitrogen containing substances

Cysteine

-Glutathione
-Cystine
-Active sulfate

-taurine
Histidine
-Histamine

-Glu

Methionine

-SAM
-Homocysteine

-Cysteine

Tryptophane
-tryptamine
-Serotonine
-Ala
-kynurenine
-Nicotin acid ribozyl-5-P

-melatonine



Participation of amino acids in the synthesis of
nitrogen containing substances
Histamine

- Decarboxilation of histidine
- In lung, stomach, mast cells

- effects: * vasodilatation (oedema) (H1)
* Blood pressure depression (H1)
* in lung: bronchial constriction (H1)
* stomach: hydrogen chloride secretion (H2)

- Mediator of allergic reaction
1

cCoo H
+1 +1
H3N——H histidine HyN— c—~
decarboxylase
CHE - CHQ + CGE
H¢@ H—i@
"'~.H "-.H

histidine histamine



Participation of amino acids in the synthesis of
nitrogen containing substances

Tryptophane:

degradated into: pyruvate and acetoacetil-coA
99% degradated, 1% biogenic amine
NAD* synthesis (3%)

Ala| —> pyruvate

—

acetoacetil-coA
cooH €

N L
m COOH
N
H
|

Nicotine acid amide

o

.,
M



Participation of amino acids in the synthesis of
nitrogen containing substances

Serotonin = 5-hydroxi-tryptamine

biological role:
Normal mood
sleep- awake regulation
Regulation of appetite
Regulation of body temperature
Vasoconstriction

- NH, HO NH, HO NH,
| ' |
COCH | COOH
N N N
hydroxilation : decarboxilation

5-hydroxi-tryptamine
tryptophane 5-hydroxi-tryptophane (serotonin)



Participation of amino acids in the synthesis of
nitrogen containing substances

Glutamate:

*GIn

*Purine bases

*Pirimidine bases
«y—amino-butyric acid (GABA)
*Pro

*Arg

glutathione

*a-keto-glutarate

a y-amino-butyric acid (6ABA) synthesis

H

main inhibitor neurotransmitter of +H3N—C—(|:'!—O_ I N—CH2
o

central nervous system o /‘ 2 1
activation of ionotropic and l - J'az
etabotropic receptors He :

m P P i glutamate-decarboxilase

=i =)

synthesis: glutamate decarboxilation J)_ J)

glutamate GABA



Participation of amino acids in the synthesis of
nitrogen containing substances

Glutamate: E%\J
Aspartate[ ) . /
VN
synthesis of purine nucleotids I | B O Fomate
20 88
Formate| Jv
- Amide N
of glutamine
glutaminase

=0 dehydrogenase =0 X / =0
0= *HN— M —

L o L L
;.i' f_-\ ;:- ;:l
LY 5 i 4 ; %
y AL Y MALKH) ! - L
— | k : ATE ADE —
Pl NH,* H,O —0 =0
i _ﬂ

NH,* P,
k IEIZ_.:I
glutamine-synthase

o-ketoglutarate
glutamate glutamine



Participation of amino acids in the synthesis of
nitrogen containing substances

Arginine: -Glu

-Urea
-creatine
-Pro
-NO
NH 0
w v
CHp —NH—-C! CHy —NH—-C_
nitrogene-monoxide CHp oxide | CHp
= 204 NO
. . CH n CH
synthesis: 2 2 T2Hy0
CH-NH3 CH-NH3
COO"~ COO"
arginine NADPH NADP+ citrulline

enzyme: nitrogen-monoxide-synthase
3 izoform: neuronal, endothelial, inducible

biological role: vasodilatator, free radical (immune function),
neuro-transmitter, tissue mediator



Participation of amino acids in the synthesis of
nitrogen containing substances
Phenylalanine _t,

-T3 & T4
-DOPA
-Dopamine

-Noradrenalin

-Adrenalin
-Melanine
. . . H
melanine pigment thyroid hormons: |
COOH CoOoOH |
HHO OH g HHHO OH (o | 0 ' ©
HO |
A e R m
_+ N/ Om HN COOH
HO g © NHEHO og © MH ! 2 ,
o tetrajod-tironin
COOH COOH trijod-tironin (T3)

(tiroxin, T4)



Participation of amino acids in the synthesis of
nitrogen containing substances

Biosynthesis of
katecholamins
neurotransmitters

Adrenal medulla
cromaffin cells

OH
OH

_—

-

feniletanolamin-™N-
HC—OH metiltranszferaz

ik
TH
CHy

adrenalin

OH N N N . OH
tirozin- hidroxilaz OH
CH, NADPH/H* 0, H,0 NADP* CH,
H3N+—r|:H H3N+—{|3H
Ccoo~ coo~
L- tirozin I-DOPA
- CO,
DOPA- dekarboxilaz
OH OH
OH OH
dopamin-f- hidroxilaz
H(lz—oH +|3H2
-:|:H2 HillH
NH, NH,
noradrenalin dopamin



Participation of amino acids in the synthesis of
nitrogen containing substances

Phenilketonuria

-0
C/
|\OH

CH,

Phenylalanine f

Phenylpyruvate f

HaN- N N Céo
GBS [oH
;g H20 H,N—CH
O2 HZNYN N o I
\/\l[N/ CHy CHz
OH
: OH
Phenylalanine
hydroxylase Tyrosine
Thyroxine Adrenaline Melanin

Noradrenaline



