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Amino acid metabolism

* Metabolism of amino acids differs, but 3
common reactions:
— Transamination
— Deamination

— Decarboxylation



Amino asit metabolizmasi

« Amino asitlerin metabolizmalari farklilik gostermekle

birlikte 3 ortak reaksiyon vardir:
— Transaminasyon
— Deaminasyon

— Dekarboksilasyon



Transamination

In transamination
 Amino acids are degraded in the liver.

* An amino group is transferred from an
amino acid to an a-keto acid, usually o.-
ketoglutarate.

* The reaction Is catalyzed by a
transaminase or aminotransferase.

 Anew amino acid, usually glutamate, and a
new o-keto acid are formed.
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Transaminasyon

Transaminasyonda:

 Amino asitler karacigerde parcalanir.

« Bir amino grubu bir amino asitten a-keto asite
(genelde a-ketoglutarate) transfer olur.

* Bu reaksiyon bir transaminaz veya amino
transferaz enzimi ile katalize edilir.

* Bu reaksiyon sonucunda yeni bir amino asit
(genelde glutamat) ve yeni bir a-keto asit
sentezlenir.



Transamination reactions
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Transaminasyon reaksiyonlari
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Enzymatic Transamination

Typically, a-ketoglutarate
accepts amino groups

L-Glutamine acts as a
temporary storage of nitrogen

L-Glutamine can donate the
amino group when needed for
amino acid biosynthesis

All aminotransferases rely on
the pyridoxal phosphate
cofactor
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Figure 18-4
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Enzimatik Transaminasyon

o-ketoglutarat amino
gruplarini kabul eder
L-Glutamin azot i¢in gecici bir
depo gorevi ustlenir (gorur)
L-Glutamin amino asit
biyosentezi icin amino grubu

ihtiyaci hasil oldugunda bu
ihtiyaci karsilar

Tum aminotransferaz
enzimleri pyridoxal phosphate
kofaktortne ihtiyac duyar.
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Lehninger Principles of Biochemistry, Fifth Edition
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Amino Group Transfer - Aminotransferase

Enzymatic removal of a-amino groups (transaminase
/[aminotransferases - named for amino donor
l.e. Ala aminotranferase removes amino group from Ala)
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Amino Group Transferi - Aminotransferaz

o-amino gruplarinin enzimatik yolla uzaklastiriimasi
(tasinmasi) (transaminaz /aminotransferazlar — ornegin Ala
aminotransferaz enzimi Alanin amino asitinden amino

grubunu uzaklastirir)
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Alanine a-keto acid
(typically a-ketoglutarate)

Alanine amino-

PLP | transferase (ALT)

Pyruvate a-amino acid

(typically glutamate)

x-keto acid (typically a-ketoglutarate) Aspartate

Transaminasyon Aspartate amino-
Y PLP | transferase (AST)

a-amino acid Oxaloacetate

(typically glutamate)

® 2005 Wadsworth - Thomson



Alanine a-keto acid
(typically a-ketoglutarate)

Alanine amino-

Ly transferase (ALT)
Pyruvate a-amino acid
(typically glutamate)
x-keto acid (typically a-ketoglutarate) Aspartate
Transamination prp | AAspartate amino-

transferase (AST)

a-amino acid Oxaloacetate

(typically glutamate)

® 2005 Wadsworth - Thomson



CH, CH,
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alanine a-ketoglutarate  pyruvate glutamate
Aminotransferase (Transaminase)

The 3-C a-keto acid pyruvate is produced from
alanine, cysteine, glycine, serine, & threonine.

Alanine deamination via Transaminase directly
yields pyruvate.



CH, CH,
cle3 CH, C|3H3 CH,
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alanine a-ketoglutarate  pyruvate glutamate
Aminotransferase (Transaminase)

3-C’lu a-keto asiti olan pirdvat alanin, sistein,
glisin, serin ve treonin amino asitlerinden uretilir.

Transaminazlar yardimiyla gerceklesen Alanin
deaminasyonu dogrudan piruvik asit uretir.
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aspartate a-ketoglutarate oxaloacetate glutamate
Aminotransferase (Transaminase)

The 4-C Krebs Cycle intermediate oxaloacetate Is
produced from aspartate & asparagine.

Aspartate transamination yields oxaloacetate.

Aspartate Is also converted to fumarate in Urea Cycle.
Fumarate Is converted to oxaloacetate in Krebs cycle.



COO COO

COO"~ CH, COO~ CH,
CH; CH, CH, CH,
HC—NH3;" 4+ C=0 2 C=0 4 HC—NH;"
COO~ COO™ COO™ COO~

aspartate a-ketoglutarate oxaloacetate glutamate
Aminotransferase (Transaminase)

Krebs dongusunun 4-C’lu ara basamak urunu olan oksalasetat aspartat ve
asparagin’den uretilir.

Aspartat transaminasyonu oksaloacetat bilesigini uretir.

Aspartat ayni zamanda Ure dongusinde fumarat bilesigine dontsur. Fumarat krebs
dongusunde oksalasetat bilesigine donusgur.
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Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Oxidative Deamination

Oxidative deamination

 Removes the amino group as an
ammonium ion from glutamate.

* Provides a-ketoglutarate for
transamination.
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Oksidatif Deaminasyon

Oksidatif Deaminasyon

* Amino grubunu amonyum formunda
glutamat bilesiginden ayirir
(uzaklastirir).

* Transaminasyon icin gerekli a-
ketoglutarat bilesigini temin eder.




Oxidative Deamination

« Glutamate formed by transamination reactions
IS deaminated to a-ketoglutarate

» Glutamate dehydrogenase - NAD* or NADP*
IS coenzyme

coo GOO*
i | Glutamate =0
HE;N-_(lj_H DEhfdrﬂgEﬂﬂSE > |_ + NE ) Um
CH, 7 \ TH * —"CYCLE
DA T+

glutam ate I:Ij HADH4+ HI* Illez ! ce-ketoglutarate
00

2N

Anather CITRIC ACID
transamination CYCLE

* Other AA oxidases - (liver, kidney) low activity



Oksidatif Deaminasyon

« Transaminasyon reaksiyonlari tarafindan olusturulan glutamat
bilesigi a-ketoglutarat olusturmak tUzere deamine edilir

* Glutamat dehydrogenaz - NAD* or NADP* bir koenzimdir

Coo™ cool
ol | Glutamate Clj_D
HSN_?_H Dehydrogenase . [ . UREA
CH, Y T * —"CYCLE
C HADl+ CH,
glutam ate lDDl' A TH + HI* (IEDDI_r:r:—ket-::-glutarate
Another CITRIC ACID
transatnination CYCLE

« Diger AA oksidazlari (karaciger-bobrek) dusuk aktiviteye sahiptir



NH3"

H, H,

“0O0C—C—C—C—CO0O"
Glutamate glutamate ¥ .
Dehydrogenase H.0 \41@ NAD(P)
catalyzes a major o NAD(P)H
reaction that H, Hy, |
effects net "O0C—C—C—C—COO™ + NH,"
removal of N a-ketoglutarate
fro_m the amino Glutamate Dehydrogenase
acid pool.

It iIs one of the few enzymes that can use NAD* or
NADP™ as e~ acceptor.

Oxidation at the a-carbon is followed by hydrolysis,
releasing NH,".



NH3"

Hy H
O0C—C—C—C—C0O0O"

Glutamat |
Dehidrojenaz glutamate H NAD(PY
Amino asit H,O wl@ (P)
havuzundan N’'un o NAD(P)H
uzaklastiriimasini

H, Hy ||

etkileyen (saglayan)

"O0OC—C—C—C—COO + NH,"

onemli bir el
reaksiyonu katalize a-ketoglutarate
eder. Glutamate Dehydrogenase

Bu enzim NAD* or NADP* bilesiklerini e~ alicisi olarak kullanabilen birkag¢
enzimden birisidir.

o-karbon’da gerceklesen oksidasyonu hidroliz islemi takip eder ve sonucta
NH,* olusur (agiga gikar).



Amino acid o-ketoglutarate NADH + NH,"

L X

a-keto acid glutamate NAD" + H,O
Transaminase Glutamate
Dehydrogenase

Summarized above:

The role of transaminases in funneling amino N
to glutamate, which is deaminated via Glutamate

Dehydrogenase, producing NH,*.



Amino acid o-ketoglutarate NADH + NH,"

L X

a-keto acid glutamate NAD" + H,O
Transaminase Glutamate
Dehydrogenase

Transaminazlarin amino N’'nun glutamat dehidrojenaz enzimi
vasitasi ile deaminasyona ugrayan glutamata aktarilmasi ve sonucta
NH,* uretilmesi olayindaki rolu



HzN—C—NHz

NH; [
' Ammonia (as 0
WELTFOTR ORI ammonium ion Urea
Ammonotelic animals: Ureotelic animals:
most aquatic vertebrates, many terrestrial
such as bony fishes and vertebrates; also sharks

the larvae of amphibia

I w
HN \C/N\
| I /C=0
/C\N _C ~N
o) H H
Uric acid

Uricotelic animals:
birds, reptiles
Figure 18-2b

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



NHZ

Amonyak (amonyum
iyonu formunda)

Y 2

Ammonotelik

hayvanlar:
sucul omurgalilar,
amfibilerin larvalari

_C

"
/C\N
O

HzN—C—N Hz

I
0

Ure

Ureteolitik
hayvanlar:
Kara omurgalilarinin
buyuk bir kKismi ve
kopek baliklari

H
\C/N

|
C~

\
C=0

<" "N
H

Urik asit

Urikotelik hayvanlar:

Kuslar, surungenler
Figure 18-2b
Lehninger Principles of Biochemistry, Fis.
© 2008 W.H.Freeman and Company



Fate of Individual Amino Acids

Seven to acetyl-CoA

— Leu, lle, Thr, Lys, Phe, Tyr, Trp
Six to pyruvate

— Ala, Cys, Gly, Ser, Thr, Trp
Five to a-ketoglutarate

— Arg, Glu, GIn, His, Pro
Four to succinyl-CoA

— lle, Met, Thr, Val

Two to fumarate

— Phe, Tyr

Two to oxaloacetate

— Asp, Asn



Bireysel amino asitlerin metabolizmadaki akibetleri

7 tanesi asetil koA'ya
— Leu, lle, Thr, Lys, Phe, Tyr, Trp
6 tanesi pirtvat'a
— Ala, Cys, Gly, Ser, Thr, Trp
5 tanesi a-ketoglutarat'a
— Arg, Glu, GIn, His, Pro
4 tanesi suksinil KoA'ya
— lle, Met, Thr, Val
2 tanesi fumarat’a
— Phe, Tyr
2 tanesi oksalasetat’a
— Asp, Asn
donusur (metabolize olur)



Summal
of AmIno

Acid

Catabolis

m

Leucine
Lysine

Phenylalanine ketone

Tryptophan
Tyrosine

l

Acetoacetyl-CoA

|

A

bodies

Isocitrate

[

Citrate

Arginine

Glutamine
Glutamate [€—— Kjstidine

l Proline

a-Ketoglutarate

Citric
acid
cycle

Succiny Conl— Methiorine

‘ Valine

Succinate

Y4

Fumarate | @ ?;1reons)ilrl‘aelanine

\—) Glucose

[1 Glucogenic
[ 1 Ketogenic

Oxaloacetate
A
Y ==} Malate
co,
\— Pyruvate

Alanine

Cysteine
Isoleucine Glycine
Leucine Serine
Threonine Threonine Asparagine
Tryptophan  Tryptophan  Aspartate

Figure 18-15

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



LeUCine Arginine

Lysine Glutamine
Phenylalanine getone Glutamate |€ Histidine
Tryptophan bodies Proline
Tyrosine
Isocitrate a-Ketoglutarate
Acetoacetyl-CoA f Citric \ '5°|e‘_'Ci'[e
Citrate acid Succinyl-CoA |€=—— Meshionine
l | Threonine
cysie JV Valine
Acetyl-CoA Succinate
A A v4

Phenylalanine
Tyrosine

Oxaloacetate Fumarate | @
Amino Asit 4] matars

katabolizmasinin €0
Ozeti Eynivats k—} Glucose

1

Alanine

Cysteine
Isoleucine Glycine [ 1 Glucogenic
Leucine Serine .
Threonine Threonine Asparagine [_1 Ketogenic
Tryptophan  Tryptophan  Aspartate

Figure 18-15
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Summary of amino acid catabolism. Amino acids are grouped according to their
major degradative end product. Some amino acids are listed more than once
because different parts of their carbon skeletons are degraded to different end
products. The figure shows the most important catabolic pathways in vertebrates,
but there are minor variations among vertebrate species. Threonine, for instance,
is degraded via at least two different pathways, and the importance of a given
pathway can vary with the organism and its metabolic conditions. The glucogenic
and ketogenic amino acids are also delineated in the figure, by color shading.
Notice that five of the amino acids are both glucogenic and ketogenic. The amino
acids degraded to pyruvate are also potentially ketogenic. Only two amino acids,
leucine and lysine, are exclusively ketogenic.



Amino asit katabolizmasinin 6zeti. Amino asitler son parcalanma urunlerine
gore gruplandirilir. Bazi amino asitler, karbon iskeletlerinin farkli kisimlari farkh
son Urunlere pargalandigindan, birden fazla yerde yer almaktadir. Bu sekil
omurgalilarda en dnemli katabolik yollari gostermekle birlikte omurgali tarleri
arasinda kiguk capli farkliliklar olabilmektedir. Ornegin, treonin en az 2 farkli
yolla pargalanmaktadir ve herhangi bir yolun 6nemi organizmaya ve bu
organizmanin metabolik sartlarina gore degisir. Glukojenik ve ketojenik amino
asitler sekilde farkli renklerle golgeli halde gosterilmistir. Goraldagu gibi 5
amino asit hem glikojenik, hem de ketojeniktir. PirGvata pargalanan amino
asitler ketojeniktir. ki amino asit —ldsin ve lisin- sadece ketojeniktir.



