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AMINO ASIT BIYOSENTEZI

Niikleotid ve Amino Asit Bivosentezinde Onemli Reaksiyon Siniflari

Transaminasyon
rxnlari ve diger
yeniden duzenlenme
reaksiyonlari
pirodoklsal fosfat (vit
B)iceren enzimler
tarafindan
gerceklestirilirler.
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MECHANISM FIGURE 18-6 Some amino acid transformations at the
a carbon that are facilitated by pyridoxal phosphate. Pyridoxal phos-

of an unstable carbanion on the «a carbon (inset). A quinonoid inter-
mediate is involved in all three types of reactions. The transamination



1.Kofaktor olarak
Tetrahidrofolat ya da
S-adenosilmetiyonin
kullaniimasi ile karbon
gruplarinin transferi

2.Glutaminin amid
nitrojeninden
tirevlenen amino
gruplarin transferi (fig
18-6, 17, 18

FIGURE 18-17 Conversions of one-carbon units on tetrahydrofolate.
The different molecular species are grouped according to oxidation
state, with the most reduced at the top and most oxidized at the bot-
tom. All species within a single shaded box are at the same oxidation
state. The conversion of N° N'’-methylenetetrahydrofolate to N°-
methyltetrahydrofolate is effectively irreversible. The enzymatic trans-
fer of formyl groups, as in purine synthesis (see Fig. 22-33) and in the
formation of formylmethionine in prokaryotes (Chapter 27), generally
uses N'-formyltetrahydrofolate rather than N°-formyltetrahydrofolate.

Oxidation state
(group transferred)

H
The latter species is significantly more stable and therefore a weaker N\CH
donor of formyl groups. N°-formyltetrahydrofolate is a minor byprod- I 5)<I%I
uct of the cyclohydrolase reaction, and can also form spontancously. CH, —CH;
Conversion of N°-formyltetrahydrofolate to N°, N'°-methenyltetrahy- C‘Hslol\‘l— (most reduced)
drofolate, requires ATP, because of an otherwise unfavorable equilib- H
rium. Note that N°-formiminotetrahydrofolate is derived from histidine N°-Methyl-
in a pathway shown in Figure 18-26. tetrahydrofolate
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2. Kofaktor olarak Tetrahidrofolat ya da S-adenosilmetiyonin kullaniimasi ile

karbon gruplarinin transferi

3. Glutaminin amid nitrojeninden tarevienen amino gruplarin transferi
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methyl donor in the formation of methionine. S-Adenosylmethionine,

FIGURE 18-18 Synthesis of methionine and S-adenosylmethionine
which has a positively charged sulfur (and is thus a sulfonium ion), is

in an activated-methyl cycle. The steps are described in the text. In
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FIGURE 22-9 Owerview of amino acid biosynthesis. The carbon
skaleton precursors derive from three sources: ghycolysis (pink), the
and the pentose phosphate pathway (porple).

TUm amino asitler GLIKOLISIS, SITRIK ASIT DONGUSU
ya da PENTOZ FOSFAT YOLundaki aramolekullerden
threvlenirler.

Nitrojen bu pathwaylere glutamat ve glutamin yoluyla
girmektedir.

Amino asitlerin gogu bir ya da birkag adimda belli
metabolitlerden turevlenebilirken

Aromatik amino asitler gibi bazi aa’lerin biyosentezi daha
karmasiktir.

Organizmalar amino asit sentezleyebilme yetekneleri
acisindan cesitlilik gosterirler.

Pembe : glikolisis
Mawvi:sitrik asit dongusu
Mor: pentoz fosfat yolu




AMINO ASIT BIYOSENTEZI

Organizmalar amino asit sentezleyebilme yetekneleri agisindan cesitlilik gosterirler.

Bakteri ve bitkiler 20 amino asidin hepsini sentezleyebilirken, memeliler yaklagik
yarisini sentezleyebilmektedir.

Sentezlenebilen amino asitlere “nonesential amino asitler “ esas olmayan amino
asitler denir, bunlarin diyetle alinmasina gerek yoktur.

Diger amino asitler temel aminoasitler “essential” amino asitler olarak adlandirilir ki
bunlari yiyeceklerle almamiz gereklidir.

(insanlar igin; Histidin, izoldsin, 16sin, lizin, metionin, sistein, fenilalanin, tirozin,
treonin, triptofan ve valin)

Amino asit biyosentezi yollarini anlasilir hale getirmenin en pratik yolu metabolik
prekursorlerine gore siniflandirmaktir.



AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

TABLE 22-1 Amino Acid Biosynthetic Families,

Grouped by Metabolic Precursor

a-Ketoglutarate
Glutamate
Glutamine
Proline

Arginine
3-Phosphoglycerate
Serine

Glycine

Cysteine
Oxaloacetate
Aspartate
Asparagine
Methionine*
Threonine*
Lysine*

*Essential amino acids.
IDerved from phenylalaning In mammals.

Pyruvate
Alanine
Valine*
Leucine*®
Isoleucine*

Phosphoenolpyruvate and
erythrose 4-phosphate

Tryptophan*

Phenylalanine*

Tyrosine®

Ribose 5-phosphate

Histidine *

Bu 6 oncul molekule ilaveten amino
asit ve nukleik asit biyosentezinde
onemli bir aramolekul

5-fosforibozil-1-pirofosfat (PRPP) tir.
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AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

Alfa-ketoglutarat Glutamat,Glutamin, Prolin ve Argininin biyosentezinde rol
alir.

oi-Ketoglutarate Gives Rise to Glutamate, Glutamine,
Proline, and Arginine

a-Ketoglutarate

!

Glutamate

SN

Glutamine | | Proline | | Arginine




AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

GLUTAMAT ve GLUTAMIN

Indirgenmis nitrojen formu NH,* (Amonyum) amino asitlerin ve diger nitrojen igeren
biyomolekullerin yapisinda 6zimsenmistir.

2 amino asit glutamat ve glutamin kritik oneme sahiptir. Bu amino asitler,

* Amino gruplarinin katabolizmasinda ve
« Amonyak katabolizmasinda onemli rol oynarlar

Glutamat diger amino asitlerin ¢cogu icin amino grubu kaynagidir.
(transaminasyon rxn)

Glutaminin amid nitrojeni bircok biyosentetik islemde amino grup kaynaidir.

Yuksek organizmalarda bircok hicre tipinde ve hucre disi sivida bu aminoasitlerin
her ikisi birden ya da biri diger amino asitlerden daha yuksek konsantrasyonda
bulunur.



AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

E. colideki glutamat sitosoldeki baslica maddedir.

Glutamat konsantrasyonu sadece hicrenin nitrojen gereksinimine gore
deqil

ayni zamanda sitosol ve dis ¢evre arasindaki osmotik dengeye gore
ayarlanir.

Glutamat ve glutaminin biyosentetik yolu oldukga basittir ve

Cogu organizma icin tum basamaklar ya da basamaklarin en azindan
bazilari ortaktir.



AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

Glutamattaki NH4+ asimilasyonu icin en onemli pathway 2 rxn gerektirir.

1. Glutamin Sentaz enzimi ile katalizlenen bir rxn ile Glutamat ve NH,*'den
Glutamin olusmasi

. Bu rxn 2 adimda gerceklesir.
. Enzime bagh glutamil fosfat ara Granddr.

(1) Glutamate + ATP —— vy-glutamyl phosphate + ADP

(2)  y-Glutamyl phosphate + NH; — glutamine + P; + H"

Sum: Glutamate + NH; + ATP ——

glutamine + ADP + Pi + H" (22-1)
Glutamin Sentaz tim organizmalarda bulunur.

Bakterilerde NH4+ asimilasyonu icin onemli oldugu kadar memelilerde amino asit
metabolizmasinda merkezi bir roldedir.
Toksik serbest NH4+’un kan ile taginabilmesi i¢in glutamine
donusturulmesini saglar



AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

2. Bakteri ve bitkilerde Glutamat, Glutamat Sentaz ile katalizlenen bir rxn ile
Glutamin ve alfa-ketoglutarattan Uretilir.

Alfa-ketoglutarat sitrik asit dongusunde bir ara molekuldir ve nitrojen donori
olarak glutamin ile indirgeyici aminasyon rxnuna girer

a-Ketoglutarate + glutamine + NADPH + H™ ——
2 glutamate + NADP™ (22-2)

Glutamin Sentaz ve Glutamat Sentazin net reaksiyonu asagidaki sekilde 6zetlenebilir.

a-Ketoglutarate + NH; + NADPH + ATP ——
L-glutamate + NADP" + ADP + P;




AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

Glutamat Sentaz hayvanlarda yoktur.

Glutamat, alfa-ketoglutarat’in amino asit metabolizmasi boyunca transaminasyonu
ile elde edilir

Minor miktarda olmakla beraber glutamat, alfa-ketoglutarat ve NH,*'ln bir adimda
Glutamata donusturtlmesi ile de elde edilebilir

bu rxn L-Glutamat Dehidrogenaz ile gerceklestirilir.

a-Ketoglutarate + NH, + NADPH ——
L-glutamate + NADP" + H,O



AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

Glutamin Setaz Nitrojen metabolizmasinin primer
duzenleyicisidir.

E. coli'de bu enzim 12 alt Gniteden olugan 50.000 D buyukligunde kompleks bir
yapidir.

Hem allosterik hem de kovalent modifikasyonlarla duzenlenir.

(a)

iURE 22-5 Subunit structure of glutamine synthetase as deter-
ned by x-ray diffraction. (PDB ID 2GLS) (a) Side view. The 12 sub-



AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

E. coli Glutamin Sentaz
Hem allosterik hem de kovalanet modifikasyonlarla dizenlenir.

Alanin, glisin ve glutamin metabolizmasinin 6 urunu bu enzimi allosterik
olarak inhibe eder.

Glutamate
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gjiﬁi 8 inhibitor birlikte enzimi durdurur.
Qe \

- ‘ Bu kontrol mekanizmasi Glutamin seviyesine,

i acil metabolik gereksinimlerle uyumlu surekli
bir ayarlanma saglar.
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AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

Allosterik regulasyona ilaveten enzimin aktif bolgesinde yer alan Tyr 997°nin
adenilasyonu (AMP baglanmasi) da inhibisyon saglamaktadir.

enzimin allosterik inhibitorlere
adenylylation

|
l
|
. . . NH
| [N 3
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i P TN
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OH OH AN ‘
L ATP > :
Bu kovalent modifikasyon b (ar) R |
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kontrol edilir. (ar) P, [ADP

L
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alfa-ketoglutarat, ATP ve Pi St Glutamine
seviyelerine cevap olarak galisan kompleks bir enzimatik kaskatin bir parcasidir.
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Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

5 N )
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H H C—CHy—CHy—CHCO0 —0——————— =, C—CHgz—CHz—CH—COO
ARGININ a 0
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1. Glutamatin alfa-amino grubu asetilasyon rxnu ile
bloklanir. bu rxn Asetil-CoA gerektirir. S foise

2. Transaminasyonun ardindan asetil grubu ornitin
olusturmak Uzere (asetilornitaz enzimi ile )¢ikarilr.

T . - | g
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. AMi_NO ASIT BIYOSENTEZI
Metabolik prekursorlerine gore
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Cytosol

PP,
NHj
I + HN=C—NH —(CHg)3—CH—COO"
NHg
; _ Urea 0
H3N — (CHg)s— CH—COO cycle I
Ornithine 0=P—0 NHy
e— N. ~
A </ | N
Urea CHy )
(_ N
HoN g NH. H H
2N e H H ..
@ Citrullyl-AMP
L OH OH intermediate |
Ho0
+
\ Aspartate IVH3 v

NH, NHj - .
| \ 00C—CHy—CH—COO

HyN—C—N H— (CHy)3— CH—COO~
Arginine AMP

Argininosuccinate

K@\ [elolen NH, NHj

 CH—CH-— |
00C— CH=CH—C00 “00C—CHy— CH—NH—C—NH— (CHg)3— CH—COO~

Fumarate



AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

(8]
CHy—C—S-CoA CoAl
y NH, #
(‘3007 a-Ketoglutarate i (‘3007 1 C C—CHg—CHz—CH—CO0O \ /
HSN*(‘]H Glutamate H3N7(‘JH Ho H,C—CH, N Glutamateo
(\sz (\sz i‘H*C/ \CH*COO ATP
CH, i CH, Ho N ¢
H ~» ADP
(‘:H2 PN ’
“NH, L H © N NH,
Ornithine Glutamate Al-Pyrroline-5- “ L X ‘_ .
v-semialdehyde carboxylate n C—CHy—CH,—CH—CO0 y-Glutamyl
(P5C) (.:), ) phosphato
Ve NADIPEH + H'
Ornitin, - NAD(P)'
\"l’:
Ornitin aminotransf imi il 0 .
rnitin aminotransteraz enzimi lie I
C—CH,—CH,—CH—CO0
glutamat-semialdehide donusturulur. i [ Glutamate y-scenialdobyds
. . H,LC—CH,
Semialdehit, fd bmcoo
. . . . \.\'/ . 2 D dic b rarhree]ate
pirolin-5-karboksilat halkasina H & Pymroline b carboxylate
- NADIPH - H
daha sonra prolin halkasina donusdur. l\"“" P’
H_” :_‘—c;lfv.-
~C CH )
” \3?‘;/



-
. NHj NH3
NH;3 | |

- RN - R—CH—CO00 CH3—CH—CO0~
/0 CHp—CHy—CH—CO0 Amino acids Alanine (from muscle)
AM I N O AS HpN Glutamine a-Ketoglutarate
cxtr(gr}?ergatic a-Keto acid D
. . . . . . tissues) IQ‘IHg
Metabolik prekursorlerine gore amil ooc-—ty - oi—coo
u
Glutamine ﬁ

00C—CHy—C—COO™
Oxaloacetate

Bakterilerde gorulen glutamattan
arginin biyosentezi yolu
memelidlerde yoktur.

P Glutamate

aminotransierase
enase
Aspartate
a-Keto- \

. . glutarate NHg
» NHy ~00C—CHy—CH—CO0™

HCO3

2/ATP
Arginin diyetle alinmasi ya da protein j
turnover 1 protein sentezi igin yeterli oy
degildir. Hucre icinde 0t o

P.

sentezlenmelidir. e )@4“ . -

|
HyN—C—NH—(CHg)3— CH—COO"
Ornithine Citrulline

Ornitin Ure dongusu ile sitrulin ve

Chulline ATP
arginine ceuvrilir.

Ornitin aminotransferaz rxnu * s

HN=C—NH—(CHg)3—CH—COO"

=
« NH3 I

ornitin olugum yonunu kontrol Oyt o i
Ornithine 0:1\)707 NH
eder. e L, {1

(ﬁ H H
. i O f ) OHH CitrullyLAMP
Buna gore ornitin ya , e |

aminotransferaz enzimi ile prolin AN roparate s ¥
[ | ° ~00C—CHy—CH—COO

HyN—C—N H—(CHg)3— CH—COO~

donugsum yoluna ya da ure e e
dongisu ile arginine déniisim ey NG—a - S
yoluna girebilir. Pomsrate

“00C—CHyg—CH—NH—C—NH— (CHp)3— CH—COO~




. AMi_NO ASIT BIYOSENTEZI
Metabolik prekursorlerine gore

amino asit biyosentezi 6 sinifa

ayrilmaktadir:
HZCf(‘JH2
HZC\I‘\I /CH—COO’
Arginin, Ornitin, prolin, o0 H, [Proline|
. . \ 1
glutamat ve glutaminin alfa-| w=&0= _ coo” _ coo” e 0
. . CH, H,N—C—H a-Keto- Glutamate HsN—C—H (uncatalyzed) X
ketoglutarat ile katabolik ly, QO Uma 7 I glutarate N mecn
. I . k- . . C‘:Hz arginase C‘:Hz ornithine ﬁlenm%‘mn\‘[bn\\«\ éHZ % I;(‘j C‘jHZ_COO’
iliskisini Hs Ha e TN EG
NH CH, C=0
(‘T:NH +111H: I|{ Al-Pyioline-
+1\‘IH3 Ornithine Glutamate 5-carboxylate

y-semialdehyde

glutamate NAD(P)Jr
semialdehyde

dehydrogenase NADP)H + H"

COO~
COO~ o COO™ + |
] H. folate N°-Formimino . H.N—C—H
H;N—C—H NH; H,0 H,0 4 H, folate H,N—C—H NH; H,0 \
| Y | CH,
CHZ CH2 glutaminase ‘
SRR ® R
2
HC” “NH L €=0
\ €00 NH
N=CH 2
Glutamate
. ) NADP*
glutamate
dehydrogenase NADPH + H+
NH,
(EOO*
C=0
o
FIGURE 18-26 Catabolic pathways for arginine, histidine, glutamate, |/ 2
glutamine, and proline. These amino acids are converted to a-keto- (|3H2
glutarate. The numbered steps in the histidine pathway are catalyzed Co00~

by (ﬂ histidine ammonia lyase, (23 urocanate hydratase, 3\‘ imida-

zolonepropionase, and 4/ glutamate formimino transferase. a-Ketoglutarate



AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

Serine, Glycine, and Cysteine Are Derived
fr'l:rm H'Fhﬂﬂphﬂgl?ﬂ E'r-HtE!' TABLE 22-1 Amino Acid Biosynthetic Families,

Grouped by Metabolic Precursor

J-Phosph a-Ketoglutarate Pyruvate
P I:E.I :H:ETE:LE Glutamate Alanine
] Glutamine Valine®
Proline Leucine*
Arginine Isoleucine*
. 3-Phosphoglycerate Phosphoenolpyruvate and
DETINE Serine erythrose 4-phosphate
F, Glycine Tryptophan*
Cysteine Phenylalanine*
':,u" ll'1.']' Oxaloacetate Tyrosine'
Aspartate Ribose 5-phosphate
zlycine Cyeteine Asparagine Histidine*
- . Methionine*
Threonine*
Lysine*

*Ezzantial aming acids.
IDerved from phenylalanine In mammals.

Serin olusumu i¢in ¢alisan pathwayler tim organizmalar icin aynidir.



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

SERIN

llk adimda 3-fosfogliseraldehidin hidrokdil
grubu okside olur ve 3-fosfohidroksi piruvat
olusur.

COO-

|
o0 3-Phosphogl
-Phosphoglycerate
H—?—O—{)

H

4
phosphoglycerate NAD
dehydrogenase
NADH + H"

COO~

|
C=0 3-Phosphohydroxypyruvate

|
CH,—0—(P)
|

Glutamattan transaminasyon ile 3-
fosfoserin meydana gelir.

. Glutamate
phosphoserine
aminotransferase

a-Ketoglutarate
COO~
HgltI_C_H 3-Phosphoserine
CH,—0—(P)

Serbest serin fosfoserinfosfotaz ile
hidroliz rxn sonucu olusur.

phosphoserine f HaV
phosphatase
N P,

(|300_
+
.
CH,OH
\
' H, folate
) sern?e PLP
mdlimﬁﬁh{i]( N®,N'-Methylene H, folate
H,0
COO~

|
- C o

H




COO~
AMINO ASIT BIYOSENTEZI H ¢ oH
. o - . o . . | 3-Phosphoglycerate
Metabolik prekursorlerine gore amino asit H_cf—o@
biyosentezi 6 sinifa ayrilmaktadir: H
phosphoglycerate NAD*
dehydrogenase NADH + H*
GLISIN coo-
$:=() 3-Phosphohydroxypyruvate
Serin (3 Karbonlu) Glisinin (2 Karbonlu) énculidir. CH, —0—(®)
, ; Glutamate
phosphoserine
o . . . . aminotransferase
Serinin bir karbon atomu hidroksimetiltransferaz a-Ketoglutarate
ile cikarilir: o 700
H3N—(|3—H 3-Phosphoserine
- . CH,—0—(P)
Tetrahidrofolat serinin beta-karbonunu
. H,0
(C-3) kabul eder, N® ve N0 arasinda N®-| s ™ =
N0 metilentetrahidrofolat meydana b
. . . . .- .- .- COO
getirmek uzere bir metilen koprusu 7 | ,
meydana gelir. e
. . , 4 folate
Rxn pirodoksal fosfat gerektirir. hdrosvmamt \PLE
Y h‘,;m;.m;(} N®,N'-Methylene H, folate

H.0
COO~

|
- C o

H

Tum reaksiyonlar geridonugumludur



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

Omurgalilarin karacigerinde glisin baska bir yolla daha
yapilabilir.

Rreaksiyon ters yonde Glisin setaz ile (glisin kesen

enzim olarak da adlandirilir) katalize edilmesi ile Glisin
meydana gelebilir.

CO, + NH; + N° N'°-methylenetetrahydrofolate +
NADH + H ——

glycine + tetrahydrofolate + NAD™

Glisin metabolizmasindaki Glisin sentaz multikompleks ve
geridonusumlu bir enzimdir. Glisini CO, ve NH,'e g¢evirirken,
Glisinin 2. karbonu tatrahidrofolat tarafindan tutulur ve N5-
N10-metilenetrahidrofolat meydana gelir.

(c)
Glycine
cleavage enzyme
reaction

i

CH:KIH—CC—H
(‘3 Covalently
7 \’& bound glycine

(0]
H_O PLP-stabili
CH=NH—C- -stabilized
H \ carbanion

/z*@ N

o

H

°

H

+
PLP—CH=NH—C—S

pre| CR )

HS

H, folate
{ ™ N5 N1%-methylene
) Hyfolate

HS
oD

D@



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

(‘300* ATP + S0~
u H N urylase H”
S I ST E I N HSNZHH Serine Al ﬁPPi
? 0

OH /o

Bitkiler ve bakteriler cevresel - ‘»,H;;IKHSCC\SC . Adenosine
. . . . acetyltransferase N, voa.gg S C0 5'-phosphosulfate (APS)

sulfatlardan Sistein (ve Metionin) oo
sentezi icin gereken indirgenmis HN—C—H
sulfur Gretirler ZH 0-Acetylserine

=0

3’-Phosphoadenosine
5’-phosphosulfate (PAPS

C‘JOO*
+
H.N—C—H
| NADPH
(‘:HZ PAPS reductase NADP*
SH 3’'-Phosphoadenosine 5'-phosphate (PAP)

SOz~ Sulfite

] 3NADPH
sulfide reductase N
3NADP

S* Sulfide

FIGURE 22-13 Biosynthesis of cysteine from serine in
bacteria and plants. The origin of reduced sulfur is shown
in the pathway on the right.



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

COO~
SUIfat’ HN—C—H Serine

e
3-fosfoadenosin-5- oA
fosfosiulfat (PAPS) Uretmek ufK cory oA
uzere 2 adimda aktive edilir. - coo°

HSN—?—H

PAPS’dan indirgenme rxnlari ZH O-Acetylserine
ile sulfide ((sulfur) ulagilir .

¢
Siilfid (sllfiir) Serinden 10
Sistenin elde etmek uUzere 00"
gergeklesen 2 adimli bir HN-OH
pathwaye dahil olur CH, ’

SH

FIGURE 22-13 Biosynthesis of cysteine from serine in

bacteria and plants. The origin of reduced sulfur is shown

in the pathway on the right.

ATP + S0%~

H
ATP sulfurylase
PP,
0}

Adenosine
5'-phosphosulfate (APS)

3’-Phosphoadenosine
5'-phosphosulfate (PAPS)

3’-Phosphoadenosine 5’-phosphate (PAP)
SO; Sulfite

NADPH
PAPS reductase NADP*

ﬁSNADPH
sulfide reductase

SNADP"
S?” Sulfide



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

Memeliler sisteini 2

amino asitten sentez CH:
CH,
ederler: CH3s;m

+ - 0—P—0—P—0—P—0—CH

Methionine | | | ,d
H o 0O -
- . n ™ N\CH ATP
Metionin—> Sulfur [ T
atomunu B
H
Tetrahydrofolate @ v
Serin> Karbon y coenzyme Bz | [0y 00"
. .. N L
iskeletini saglar. I cH, oo-
. L H |
N~ “CH, C—H

OH OH

NH,
COO~
NZ N\ e
.« [ D HN—(—H
N
N CH,
PP, + P, |
2 0 (lez
i
H methionine 5
H adenosyl CH‘3

transferase

a variety of methyl
transferases

R—CH,

CH; N—
H
N°-Methyltetrahydrofolate |

Homocysteine

FIGURE 18-18 Synthesis of methionine and S-adenosylmethionine
in an activated-methyl cycle. The steps are described in the text. In
the methionine synthase reaction (step {4)), the methy! group is trans-
ferred to cobalamin to form methylcobalamin, which in turn is the

ﬂ)l;lsv

SH Adenosine

S—Adenosine

S-Adenosyl-
homocysteine

H,0

methyl donor in the formation of methionine. S-Adenosylmethionine,
which has a positively charged sulfur (and is thus a sulfonium ion), is
a powerful methylating agent in a number of biosynthetic reactions.
The methyl group acceptor (step Q) is designated R.

Metionin ilk olarak S-adenosilmetionin’e cevrilir

grubunu kaybeder.

S-adenosilmetionin, S-adenosilhomosistein (adoHcy) olusturmak Uzere metil




AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

Bu demetillenmis urtin serbest ﬁIHS
homosisteine hidrolize olur. ~00C—CH—CH,—CH,—SH +, HOCH, —CH—COO"~
N,
Homosistein serin ile birlikte Homocysteine Serine
Cystathionine sentaz ile katalizlenen T Mthﬁ% 5
bir rxna girer ve “cystathionine” ’ X
“meydana gelir 1TIH3
~00C—CH—CH, —CH, —S—CH, —CH—C00 "
Son olarak Cystathionine liyaz (PLP +1lIH3
gerektiren bir enzim) Cystathionine
« amonyum cikarilmasini H,0
« cystathionine kesilmesini R N
katalizleyerek serbest sistein ; N
olusur NH,

|
7OOC—(H3—CH2 —CH; + HS—CH,;—CH—COO™

a-Ketobutyrate Cysteine

FIGURE 22-14 Biosynthesis of cysteine from homocysteine and ser-
ine in mammals. The homocysteine is formed from methionine, as de-
scribed in the text.



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

i . Three Nonessential and Six Essential Amino Acids
Alanin - piruvattan ]
Aspartat > oksaloasetattan, Are Synthesized from Oxaloacetate and Pyruvate

trasnaminasyon ile sentezlenir.

Oxaloacetate
Asparagin NH4+ vericisi l
glutamin ile aspartatin Aspartate

amidasyonu ile sentezlenir. / / \ \

Bunlar temel olmayan amino

asitlerdir ve tum organizmalarda
basit biyosentetik yollarla l
yapilirlar.

Asparagine Methionine Lysine Threonine

Alanine Valine Leucine Isoleucine

Pyruvate




AMINO ASIT BiYOSENT
Metabolik prekursorlerine gore am
biyosentezi 6 sinifa ayrilmaktadir:
Metionin, treonin, lisin , isolosin,
valin ve 10sin temel amino
asitlerdir..

Bunlarin biyosentezi kompleks ve
birbiri ile igicedir.

Bazi durumlarda bakteri, mantar
ve bitkilerde yolakla ronemli
derecede farklidir.

Bakteriyel yolak

Bakteriyel yolakta Aspartat metionin,
treonin ve lisini meydana getirir

Aspartat-semi-aldehid;

* Bu noktada dallanarak olusan 3
pathwayde ve

« treonin ve metionin olusumunda oncul
molekul olan homoserin icin
aramolekuludur

NH;
\ | N
Aspartate C CH,—CH—COO

@k

Aspartyl-ﬁ-phnsphate C CH,— CH COO~

NADPH +H"

NADP

NH‘}
C CH,— CH CO0~

Pyruvate
/ Aspartate B-semialdehyde

’OOC7(H17CH2 (‘1 CHy— CH COO0~
(0] H

j\» H,0

NADPH

FIGURE 22-15  Biosynthesis of six essential amino acids from oxalo-]
acetate and pyruvate in bacteria: methionine, threonine, lysine, iso-

leucine, valine, and leucine. Here, and in other multistep pathways,

the enzymes are listed in the key. Note that 1,1-a,e-diaminopimelate,

the product of step '] 14 is symmetric. The carbons derived from pyru-

vate (and the amino group derived from glutamate) are not traced

beyond this point, because subsequent reactions may place them at

either end of the lysine molecule.

1‘\1H3 NHj + H,
CHy—QH—CH—C00 e
oH @

P;

e

H,0

4
1‘\1st
®7O*CH2 —CH;—CH—COO™~ Phosphohomoserix

/—> ADP
\¥ ATP

NH,
CH27CH27(‘1H7000
on
Succinyl-CoA
oo

NADPH +H' @

NADP

o
/Oi Q (|}H27CH27CH7C007 O-Succinylhomoserine
~00C €00~ AA “00C €00~ O—Succinate
Dihydropicolinate A'-Piperidine-2,6- Cysteine
dicarboxylate @ PLP
Succinate

@ Succinyl-CoA + H,O
CoA &Hx

- a-Ketoglutarate Glutamate Q Hz(‘)*? —CH,—CH,—CH—COO™ Cystathionine
H—C—NH.
PLP -3
“00C”~ NH; COO \ ~00C \O COO |

NH ® 1‘\TH €00~
Succi Succinate PLP
uccinate > Pyruvate + NHy
N-Succinyl-2-amino-

N-Succinyl-L, L
«,e-diamino-

pimelate

L-

6-keto-L-pimelate

HS—CH,—CH,—CH—COO~ Homocysteine

H,0 ]
K Succinate @K N°-Methyl H, folate
€00~ 00~ €00~ H, folate
HN—Gn HN—G-H  H' €O, HN—O—m NH,
<(:3H2}fs @’ X <(:7H2>3 % <C:Hz)3 CH3~sch270Hr(‘7choo
H—C—NH,4 HN—C—H CH, __
oo oo + 1‘er¢,
e s



Bakteriyel yolakta;
Treonin isolGsinin onculuddr.
Valin ve isolosin yolaklari 4

enzimi paylasir.
18-19-20 ve 21. adimlarda)

CHg—ﬁfCOO’
(0]

TPP
® "o,

CHS—(?—TPP
OH

—> CHngHzf(”]fCOO’
(0]

a-Ketobutyrate

Asetolaktat sentaz

Asetohidroksi asit izomeroreduktaz

Dihidroksi asit dehidrataz
Valin aminotransferaz

CH,
] a-Aceto-a-
CH;—C—C—COO0 ™ hydroxybutyrate
I
O OH
iy
i
CHg*(‘?fﬁ‘fCOO’
HO O
NAD(P)H + H"™
NAD(P)*
g
(‘JHZ P‘I a,B-Dihydroxy-
CH;—C——C—C00~ B-methylvalerate
’ \
OH OH
@m0
(‘JHH
(sz a-Keto-B-
CH3—C—C—COO0~ methylvalerate
[
(0]
Glutamate

@ PLP

a-Ketoglutarate

CHjg

| =

CH, I‘\IH;;
CH3;—CH—CH—COO~

Isoleucine

Pyruvate

CHjg 7(”]7000’
(0]

Pyruvate

CHj; 7%70‘*(300 "~ a-Acetolactate
O OH

o=
CH;—C—C—COO~

OH O

NADP)H +H™
NAD(P)"
(EHS H a,B-Dihydroxy-

CH, 707(‘3 __CcOO~ isovalerate

| \ @

OH OH

CH3—C—C—COO~ a-Keto-
|l isovalerate

Glutamate
PLP

a-Ketoglutarate

L
CHj3 NHj
CH3;—CH—CH—COO™

@ aspartokinase

@ aspartate B-semialdehyde dehydrogenase

@ homoserine dehydrogenase

@ homoserine kinase

@ threonine synthase

@ homoserine acyltransferase

0 cystathionine y-synthase

cystathionine B-lyase

Q methionine synthase

dihydropicolinate synthase

@ Al-piperidine-2,6-dicarboxylate dehydrogenase

@ N-succinyl-2-amino-6-ketopimelate synthase

@ succinyl diaminopimelate aminotransferase

@ succinyl diaminopimelate desuccinylase
diaminopimelate epimerase

% diaminopimelate decarboxylase

@ threonine dehydratase (serine dehydratase)

acetolactate synthase

acetohydroxy acid isomeroreductase

dihydroxy acid dehydratase

@ valine aminotransferase

@ a-isopropylmalate synthase

@ isopropylmalate isomerase

B-isopropylmalate dehydrogenase

@ leucine aminotransferase

Acetyl -CoA

(‘]Hg COO~
CH3—CH—(‘}—CH2—COO’ a-Isopropylmalate
OH
(‘JH;; (‘]OO’
CH;—CH—CH—CH—CO0O0~ B-Isopropylmalate
l
OH
NAD*
NADH +H"
CO,
i
CH;—CH—CH,—C—COO~ a-Ketoisocaproate
I
O
Glutamate

a-Ketoglutarate

CH3—CH—CH,;—CH—COO ™

-Leucine



Aspartyl-B-phosphate

i
NH;

\ |
Aspartate /C*CHg*CH*COO’
0
@ ATP
ADP
;
NH;

NADPH +H"
NADP™
Py
-
[0} NH3
\ |
C—CH,—CH—CO0~
Pyruvate /
H
Aspartate B-semialdehyde
OH  NH,

\ .
/C*CH27€H7000

®-0

|
’OocfﬁffCHngfCHszHfCOO’

|
H

FIGURE 22-15 Biosynthesis of six essential amino acids from oxalo-
acetate and pyruvate in bacteria: methionine, threonine, lysine, iso-
leucine, valine, and leucine. Here, and in other multistep pathways,
the enzymes are Iisteg in the key. Note that t,1-a,e-diaminopimelate,
the product of step @, is symmetric. The carbons derived from pyru-
vate (and the amino group derived from glutamate) are not traced
beyond this point, because subsequent reactions may place them at
either end of the lysine molecule.

I}IH"‘ NH; |+ H,
CHS*(EchHfCOO’ PLP |
OH @
-
@ PLP
H,0
NH,

1
(®)—0—CH;—CH,—CH—COO~ Phosphohomoserit

/—> ADP

NADPH +H"
O @
NADP
®© N,
CHzchgf(‘)Hf(]OO Homoserine
on

Succinyl-CoA

®

f» 1,0 CoA
" NADPH fTIH3
ﬁ g T H NADP* Q (‘JHZ—CHZ—Cchoo’ 0-Succinylhomoserine
~00c” N7 oo™ ~00¢” SN 00" O—Succinate
Dihydropicolinate @ Al-Piperidine-2,6- Cysteine
dicarboxylate @ PLP
@ Suceinyl-CoA + H,0 Succinate
CoA I(IH;;
. a-Ketoglutarate Glutamate Hg?—§~0H270H270H7COO’ Cystathionine
~00C~ NH; COO~ oy ~00C \0 COO™ H7(|:7NHa
2 .
NH (e{e]0}
ITIH ® PLP
. Succinate
Succinate Pyruvate + NHj
N invl N-Succinyl-2-amino-
-SuccinylL, L- 6-keto-L-pimelate :
a,e-diamino- NH;
pimelate |
HS—CH,—CH,;—CH—COO~ Homocysteine
Succinate N°-Methyl H, folate
(‘300— COo0~ H, folate
. .
HaNf(‘IfH H;N—C—H NH;
T
((H)s @’ (GHas CH;—S—CH,—CH,—CH—COO~
|
H—(‘Z— Hs H,N—C—H
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Piruvat Valin ve isolésin
yolaklarina girer.

CHF(”}COO’
0

PP

® "o,

Rxn Piruvatin 2 karbonun diger
bir piruvat molekulu ile (Valin
yolaginda) ya da ketobdutirat ile
(isolésin yolaginda)
kondensasyonu sonucu baglar.
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(0]

a-Ketobutyrate
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¥

] a-Aceto-a-
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O OH

ketobutirat pirodoksal fosfat
gerektiren bir rxnda treoninden
tirevlenir (17. adim)

Valin yolaginda bir aramolekdl
olan, alfa-ketoisovalerate,
LOsin olugsumuna giden 4
adimlik yolagin da baglangi¢
noktasidir.
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AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

Chorismate Is a Key Intermediate in the Synthesis
of Tryptophan, Phenylalanine, and Tyrosine

Phosphoenolpyruvate
+
Erythrose 4-phosphate

/ l N

Phenylalanine Tyrosine Tryptophan
l XXXXXXXXX

Tyrosine

Ornegin benzen halkasi oldukga kararli bir yapi olmasina ragmen aromatik
halkalar gcevreden hemen ulasilabilmesi kolay yapilar degildir.

Triptofan, Fenilalanin ve Tirozinin bakteri, mantar ve bitkilerde gorulen dallanmis
yolaklari aromatik halka olusumunda temel biyolojik rotadir.



AMINO ASIT
BIYOSENTEZI

Bu rotada ilk 4 adim
shikimat Uretir.

Shikimat, eritroz 4-

fosfattan ve fosfoenol
piruvattan turevlenen 7
karbonlu bir molekulddr.

Diger bir PEP
molekulunden 3 karbon
eklenmesi ile shikimat 3
adimda korismata
donustaralar.

Korismat molekulu

dallanmanin ilk adimidir.

Bir dal triptofani bir dal
Fenilalanin ve tirozini
olusturur.

HO—(|3—H
H—(|3—OH
H—(|3—OH

NAD*

Phosphoenolpyruvate
(PEP)

2-Keto-3-deoxy-D-
arabinoheptulosonate
7-phosphate

CH,—0—P)

3-Dehydroquinate

3-Dehydroshikimate

3-Dehydroshikimate
NADPH + HF

COO~

NADP"

~0OH  Shikimate

3-phosphate

3-phosphate

Chorismate

@ 2-keto-3-deoxy-D-arabinoheptulosonate 7-phosphate
synthase

@ dehydroquinate synthase

@ 3-dehydroquinate dehydratase

@ shikimate dehydrogenase

@ shikimate kinase

@ 5-enolpyruvylshikimate 3-phosphate synthase
@ chorismate synthase

5-Enolpyruvylshikimate

FIGURE 22-16 Biosynthesis of chorismate, an intermediate in
the synthesis of aromatic amino acids in bacteria and plants.
All carbons are derived from either erythrose 4-phosphate
(light purple) or phosphoenolpyruvate (pink). Note that the
NAD™ required as a cofactor in step (2} is released
unchanged; it may be transiently reduced to NADH during the
reaction, with formation of an oxidized reaction intermediate.
Step () is competitively inhibited by glyphosate
("COO—CH,—NH—CH,—PO3"), the active ingredient in
the widely used herbicide Roundup. The herbicide is relatively
nontoxic to mammals, which lack this biosynthetic pathway.
The chemical names quinate, shikimate, and chorismate are
derived from the names of plants in which these intermediates
have been found to accumulate.



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

Triptofan

Fenilalanin
Tirozin

COO~

Chorismate

~00C, /CHZ—(Hj—COO’

Prephenate
NAD" HO H
NADH + H" _
| ?I)
CH,—C—COO™ CH,—C—COO™
4-Hydroxyphenyl- (j
pyruvate Phenylpyruvate
OH
amino- Glutamate amino- Glutamate

transferase transferase

a-Ketoglutarate a-Ketoglutarate

25 =
NH3 NHS

| |
CH,—CH—COO™ CH;—CH—COO™

® C

OH

Phenylalanine

@ chorismate mutase
@ prephenate dehydrogenase
@ prephenate dehydratase
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HO “H

Glutamine

@ Glutamate
Pyruvate

COO

NH, .
Anthranilate
PRPP
PP;
H
®-0-CH, 5 N

O]

COO~
H H
H H N-(5'-Phosphoribosyl)-
anthranilate
OH OH
®|

COO~ HO OH

HO—(HD—(‘J—(l}—CHZ—O—@

C_H
N~ H

O

Enol-1-o0-carboxyphenylamino-1-
deoxyribulose phosphate

H,0 + CO,

OF OH
CH—CH—CH, —0—(P)

Indole-3-glycerol phosphate

EZ/

> Glyceraldehyde 3-phosphate
@ Serine

PLP
H,0

+
NH;
CH, —CH—COO™

TZ /i

Tryptophan



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

Triptofan dalinda;
Korismat Antranilata ceuvrilir.

Bu reaksiyonda Glutamin indol halkasinin bir parcasi olacak
nitrojeni verir.

Antranilat PRPP ile rxna girer (antranilat fosforibozil transferaz)
ve N-(5 fosforibozil) antranilat meydana gelir.

3. Adimda Antranilat izomeraz enzimi ile Enol-1-karboksi fenil
amino-1-deoksiribuloz fosfat meydana gelir.

Triptofanin indol halkasi Antranilatin karbon halkasindan ve
amino grubuna ek olarak PRPP’den turevlenen 2 karbondan
turevlenmektedir.

Dizideki son rxn triptofan sentaz ile katalizlenir.

COO~

[l : Chorismate
7=0—C—CO0"
H

HO

Glutamine

©)

Glutamate

'y jas

Pyruvate

COO~

NH, .
Anthranilate

Cr

PRPP

®
N

PPi

®—0—CH,

@

W

N-(5'-Phosphoribosyl)-
anthranilate
OH OH

00~ HO OH

—CH,—0—(P)

Enol-1-0-carboxyphenylamino-1-

deoxyribulose phosphate
H,0 + CO,

OF OH
CH CH CH,—0—(P)

N\

N Indole-3-glycerol phosphate
H

Glyceraldehyde 3-phosphate
@ Serine
PLP

H,0

CH—COO

Tryptophan

FIGURE 22-17 Biosynthesis of tryptophan from chorismate in bac-

teria and plants.

In E. coli, enzymes catalyzing steps (1) and (2 are



COO~

AMINO ASIT BiYOSENTEZI Ly Ty oo
Metabolik prekursorlerine gore amino asit O H:lm
biyosentezi 6 sinifa ayrilmaktadir: @lgmmte

Triptofan dalinda; ijNHz Anthranlae
Dizideki son rxn triptofan sentaz (5) ile katalizlenir. —_

®
e

Triptofan sentaz 2 alfa ve 2 beta altunitesine sahip bir ® oo,
enzimdir. OH

H N-(5'-Phosphoribosyl)-
anthranilate

OH OH
Alfa ve beta altuniteleri rxnun farklh kisimlarini katalizlerler ®|
HO OH
@\ —CH,—
Indole-3-glycerol phosphate —— f&?ﬁyhiﬁifsi Sosphate
o subunit }» H,0 + CO,
. OH OH
indole + glyceraldehyde 3-phosphate )
\
Indole + serine —— tryptophan + H,O & Indole-3-iycerol phosphate
By subunit H
@ (S}ell}‘fic;:aldehyde 3-phosphate
PLP ZO
CH COO
\

FIGURE 22-17 Biosynthesis of tryptophan from chorismate in bac-
teria and plants. In E. coli, enzymes catalyzing steps (1) and (2) are



Reaksiyonun 2. kismi
Pirodoksal Fosfat (PLP)
gerektirir.

llk kisimda olusan indol enzim
tarafindan salinmaz.

Alfa altunitenin aktif
bolgesinden beta-altunitesinin
aktif bolgesine dogru bir kanal
boyunca hareket ettirilir.

Burada indol, serin ve PLP ile
Kondensasyona ugrar ve bir
aramolekul meydana gelir (3.
adim) \

5. Adimda urun triptofan
salinimi igin hidrolize ugratilir.

OH OH

\
CH—CH—CH,—0—®P)

\ Indole-3-glycerol phosphate

N
H
tryptophan OH
synthase (0] [
a suhunié; >C*CH*CH2*04®

H Glyceraldehyde
3-phosphate

@ @ Indole
N

H

+
i

fCH,—CH—C00O~

tryptophan |

synthase 4 OH Serine
B subunits(]

H,0
e
H :B
A\ s _
i&" HQC\C /COO
Indole i

‘NH

HCj) i

(P)—0—CH, \?IOH
|

Cﬁ CH,

PLP-aminoacrylate
adduct

e

®

4]
HC
®—o0_cH, ol @ @}OCHQ\{IOH
2 ] i

cogunda ayri zincirlerdedir.

Mantar ve bakterilerin bazi turlerinde triptofan
yolaginda farkli adimlari katalizleyen enzim aktif
bolgeleri tek bir polipeptid zincirinde bulunurken

MECHANISM FIGURE 22-18 Tryptophan synthase reaction. This en-
zyme catalyzes a multistep reaction with several types of chemical re-
arrangements. {17 An aldol cleavage produces indole and glyceralde-
hyde 3-phosphate; this reaction does not require PLP. 2 Dehydration
of serine forms a PLP-aminoacrylate intermediate. In steps (3 and @
this condenses with indole, and {5 the product is hydrolyzed to re-
lease tryptophan. These PLP-facilitated transformations occur at the B
carbon (C-3) of the amino acid, as opposed to the a-carbon reactions
described in Figure 18-6. The B carbon of serine is attached to the in-
dole ring system. @ Tryptophan Synthase Mechanism

Indole-3-glycerol phosphate ———
« subunit

indole + glyceraldehyde 3-phosphate

Indole + serine —— tryptophan + HyO
B2 subunit

/—~ B HB

Qj»CHz— CllH—COO -
H
B

N ‘N
“NH J
R H HC

N~ OCH
N~ CH,4 H 3

Quinonoid intermediate Aldimine with tryptophan

@ H,0
.
e
CH,—CH—COO ™~ PLP
N
H

Tryptophan



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

Bitki ve bakterilerde Fenilalanin ve
tirozin, triptofan yolundan daha az
karmasik bir yolla yine Korismattan
sentezlenir.

Ortak aramolekul Prefenat molekuludur.

Her iki yolakta da son adim Glutamat
molekulu ile transaminasyondur.

COO~

~00C, CH C COO~

[

NAD"
NADH + H
CO, %@/ &02 +OH
O
CH, C COO~ CH C COO~
4-Hydroxyphenyl-
pyruvate Phenylpyruvate
OH
Glutamate Glutamate
a-Ketoglutarate o a-Ketoglutarate
CH, CH COO~ CH, CH COO™
OH

@ chorismate mutase

@ prephenate dehydrogenase
@ prephenate dehydratase

FIGURE 22-19 Biosynthesis of phenylalanine and tyrosine from cho-
rismate in bacteria and plants. Conversion of chorismate to prephen-
ate is a rare biological example of a Claisen rearrangement.



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

Hayvanlar tirozini dogrudan fenilalaninden
uretirler.

Bu rxn Fenilalanin hidroksilaz enzimi ile fenil
grubunun 4 nolu karbonunda bir hidroksilasyon
ile meydana gelir.

Bu enzim ayni zamanda Fenilalanin
degredasyonunun bir parcasidir.

Tirozin durma gore temel ya da temel olmayan
aa olarak dusunulebilir.

Hyg +
NH.
NAD* HzNYN ¥ > H |
\ H CH,—CH—C00"
HN 5 6
N CH—CH—CH;
HH | Phenylalanine
OH OH 0O
dihydrobio; 5,6,7,8-Tetrahydrobiopterin ylalanine
. xylase
H,0
Hy +
HN_ N_ N H NH;
A |
HO CH,—CH—COO™
NADH HN \
+H N H CH—CH—CHjgq
0 | | H Tyrosine

OH OH

7,8-Dihydrobiopterin
(quinoid form)

FIGURE 18-24 Role of tetrahydrobiopterin in the phenylalani
droxylase reaction. The H atom shaded pink is transferred d

+
Hs

N
|
@CHQ—CH—COO’

C=C
Phenylalanine

Oq
. NADH + H"
phenylalanine
PKU cg hydroxylase | tetrahydrobiopterin

Tyrosine
. . a-Ketoglutarate
Tyrosinemia ” QQ tyrosine
I aminotransferase

Glutamate

0
|
HOﬂCH2—C—COO’
o

p-Hydroxyphenylpyruvate

Tyrosinemia c D p-hydroxyphenylpyruvate
T11 dioxygenase

//C—CH2—0007

SN
Lo

H Homogentisate

ﬁ FIGURE 18-23 Catabolic pathways for phenylalanine and verted t



AMINO ASIT BIYOSENTEZI
Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

Histidine Biosynthesis Uses Precursors
of Purine Biosynthesis

Ribose 5-phosphate

l

Histidine

Histidin biyosentezi Purin biyosentezi oncullerini kullanir.

Tum bitki ve bakterilerde histidin yolagi diger amino asit yolaklarindan farklhdir.



Histidin 3 oncul molekulden turevlenir: e fab

PRPP

5 karbonu ile senteze katkida bulunur

ATP

5-Phosphoribosyl-

1-pyrophosphate (PRPP)
@} e,

ATP’nin purin halkasi bir nitrojen ve bir —

karbon verir.

Glutamin
halkaya ikinci nitrojeni saglar.

FIGURE 22-20 Biosynthesis of histidine
in bacteria and plants. Atoms derived
from PRPP and ATP are shaded red and
blue, respectively. Two of the histidine
nitrogens are derived from glutamine and
glutamate (green). Note that the derivative
of ATP remaining after step (5:‘ (AICAR) is
an intermediate in purine biosynthesis
(see Fig. 22-33, step (9)), so ATP is
rapidly regenerated.
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/II;]I 5-aminoimidazole-4-
Hﬁ \CH Glutamate N.5'-Phosphoribulosyl- carboxamide ribonucleotide
[ formimino-5-amino-
| N imidazole-4-carboxamide
H—C—O0H ribonucleotide
\
H—C—OH

‘ @ ATP phosphoribosyl transferase
CH,0(P)

@ pyrophosphohydrolase
Imidazole glycerol @ phosphoribosyl-AMP cyclohydrolase
3-phosphate

4-carboxamide ribonucleotide isomerase

@ glutamine amidotransferase
@ imidazole glycerol 3-phosphate dehydratase
@ L-histidinol phosphate aminotransferase

@ phosphoribosylformimino-5-aminoimidazole- histidinol phosphate phosphatase

@ histidinol dehydrogenase

@F H,0

N N N N
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Anahtar Adimlar:

1. Adim:

ATP ve PRPPnin kondensasyonu:
Bu rxnda purin halkasinin 1 nolu
azotu (N1) PRPP’nin ribozunun aktive
olmus 1 nolu karbonuna (C1) baglanir. -

3. Adimda:
Acilan purin halkasi riboza bagli

adeninin N1 ve C2’sini birakir.

5. Adim:
Imidazol halkasinin olusumu 5.

adimda glutaminin nitrojen
vermesi ile gerceklesir.

5-Phosphoribosyl-

1-pyrophosphate (PRPP)
@} e,

FIGURE 22-20 Biosynthesis of histidine
in bacteria and plants. Atoms derived
from PRPP and ATP are shaded red and
blue, respectively. Two of the histidine
nitrogens are derived from glutamine and
glutamate (green). Note that the derivative
of ATP remaining after step @: (AICAR) is
an intermediate in purine biosynthesis
(see Fig. 22-33, step (9)), so ATP is
rapidly regenerated.
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ATP’nin yuksek enerjili bir kofaktor
yerine bir metabolit olarak kullanilimasi

genel bir durum degildir.

N1 ve C2’nin transferinden sonra (3.
adimdan sonra) salinan geri kalan ATP,
purin biyosentezinde bir aramolekul olan

AICAR ‘drr.

(5 aminoimidazol-4- karboksamid

ribonukleotid)

AICAR hizlica ATP’ye gevrilir.
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R
® N'°-Formyl H, folate
H, folate
N
VRN
HZ(‘J (H;_H Formylglycinamide
0—C 0 ribonucleotide (FGAR)
g
\
R
Glutamine
@ Glutamate
ATP
ADP + P,
H
N.
VN
Hz(‘: (H:_H Formylglycinamidine
HNC 0 ribonucleotide (FGAM)
~g
NH
\
R
ATP
® s app + P,
H,0
H(H]/N\\CH 5-Aminoimidazole
Cosd ribonucleotide (AIR)
N N
R

HCO3
@ ATP
ADP + P;
HC/N\
CH N5-Carboxyaminoimidazole
. C-g ribonucleotide
N -
| (N3-CAIR)
~~ N
N\
Il CH Carboxyamino-
/C\N/ imidazole ribonucleotide
| (CAIR)
R
Aspartate
ATP
ADP + P;
COO™
CH; o

H | N
HC—N—-C—C\
- I CH N-Succinyl-5-aminoimidazole-4-
COoO /C\N/ carboxamide ribonucleotide (SAICAR)

H,N |
R
@& Fumarate
(0]
I
HgN/C\ C/N
Il CH 5-Aminoimidazole-4-carboxamide
O ribonucleotide (AICAR)
HoN |
R
N*.Formyl H, folate
H, folate
0
C
H,N" \C/N\\

Il CH N-Formylaminoimidazole-
,C-g¢  4-carboxamide ribonucleotide (FAICAR)

AIR Bbd

0=C-=L
H H \
R (@) glutamine-PRPP
@F, H,0 amidotransferase
@ GAR synthetase
(H) @ GAR transformylase
C_ N @ FGAR amidotransferase
HITI (Hj/ \\CH @ FGAM cyclase
- HC /C\N/ (AIR synthetase)
(‘) @ NB-CAIR synthetase
“0—P—O0—CH, O. AIR carboxylase
g H H @ NP-CAIR mutase
H H SAICAR synthetase
(9) SAICAR lyase
X OH OH AICAR transformylase
Inosinate (IMP) @ IMP synthase




AMINO ASIT BIYOSENTEZI

Metabolik prekursorlerine gore amino asit biyosentezi 6 sinifa ayrilmaktadir:

.
| Aminon Asit Biyosentezi Allosterik Olarak Duzenlenir
CH3—(|3H—CH—COO_ Threonine
OH [l L] ~ am am an .
Bu genellikle ilk rxnun, yolagin son urunu ile

;== =>(Q) | threonine dehydratase feedback inhibisyonu seklinde gerceklesir.
| 0
‘ " " " -n Tl [T 'Ll 'Ll
| CH3—CH2—(||J—COO a-Ketobutyrate ~ BU Ik rXxn genellikle geridonusumsuzdur ve
| allosterik bir enzim ile katalizlenir.
i 5 steps N
| 1|\TH3
|

N —CHS—CH2—(|3H—CH—C007 Isoleucine

ol Son uruin izolozin ilk rxnun allosterik inhibitorudur.
3

Treoninden izolosin olusumunun allosterik duzenlenmesi



AMINO ASIT BIiYOSENTEZI
Metabolik prekursorlerine gore amino asit
biyosentezi 6 sinifa ayrilmaktadir:

Glutamate

(‘NH3
Allosterik Regulasyon ¢ok daha karmasik olabilir.

glutamine

synthetase ATP
Ornek: C
ADP + P;

E. Colideki glutamin sentaz Uzerindeki allosterik 2 e
< ———Glycine

regulasyon ® <~ Alanine
@ ¢ \
Glutaminden turevlenen 6 Urin enzimi negatif ® - .
olarak etkiler. o ,® B« |
e @ .
@ | i

|
I
| [
I I
I I
I

| \ 4

| AMP <= Glutamine === CTP |

\ / \ \
| |
Tryptophan / \ Histidine
‘ |

Carbamoyl phosphate Glucosamine 6-phosphate

I

I

|

I
[ |
| I

I
I

I
I

I
I

I
I

I
I

|
|

|
|

I
I

|
|

I
I

I
I

I
I

I
I

I
I

I
I



AMINO ASIT BIYOSENTEZI Aspartate
Metabolik prekursorlerine gore amino asit Al Al A
biyosentezi 6 sinifa ayrilmaktadir: ’,:% ®Q«-mmmee \

Aspartyl-3-phosphate

22 amino asitdin tek tek sentezinin kontroll yaninda
bu Uretim hucre igcinde dogru protein sentezi igin
dogru oranlarda yapilimalidir.

A\ 4

Aspartate §-semialdehyde

Kontrolde 3 izoenzim gorevlidir. aKetobutyrate

Bu enzim ¢oklugu; Ayni yolagin bir bagska Grint
gerektiginde;

Baska bir biyosentetik Grinun yolagin anahtar adimlarini
kapatmasini engeller.

5 steps

| > B, B,

Amino asit sentezi birbirine gore koordinali olarak i Qoo

. . g [ 6 steps €« ——— } \
kontrol edilmelidir. A ey 1
. o o . A
Ornek: E. coli lisin, metionin, treonin ve izolosinin I L ® Qe . | .
(hepsi aspartattan sentezlenir) koordineli olarak . T 1 D .
kontrol eder. . 3 steps . -
Aspartattan Aspartil-beta-Fosfat’a giden adimlarin T Methionine { | ] |
herbiri birbirinden farkli inhibitérlerle bagimsiz kontrol A T
edilir. A ® |

IGURE 22-22 Interlocking regulatory mechanisms in the biosyn-
hesis of several amino acids derived from aspartate in E. coli. Three



SIRALI FEEDBACK INHIBISYON

Aspartattan izolosine ¢oklu, overlapping
negatif inhibisyon ile gidilir.

Ornegin: izol6sin treoninin alfa-
ketobutirata donusumunu inhibe eder ve
treonin kendi olusumunu 3 noktada
durdurur:

Homoserin, aspartat-semialdehid ve
aspartat (step 4,3 1).

Aspartate
Al A2 AS

> ® B,| B,

A 4

A 4

A 4 \ 4

omoserine

A 4 A 4

3 steps

I
I
I
I
I
I
I
I
A 4
\

******* Methionine

A 4

Threonine - —'—

Ci| G

5 ®

o-Ketobutyrate

5 steps



