
AMİNO ASİT BİYOSENTEZİ 
Nükleotid ve Amino Asit Biyosentezinde Önemli Reaksiyon Sınıfları   

1.  Transaminasyon 
rxnları ve diğer 
yeniden düzenlenme 
reaksiyonları  
pirodoklsal fosfat (vit 
B)içeren enzimler 
tarafından 
gerçekleştirilirler. 

 

syndrome, characterized by elevated levels of ammonia
in the bloodstream and hypoglycemia.

Glutamine Transports Ammonia in the Bloodstream

Ammonia is quite toxic to animal tissues (we examine
some possible reasons for this toxicity later), and the
levels present in blood are regulated. In many tissues,
including the brain, some processes such as nucleotide

degradation generate free ammonia. In most animals
much of the free ammonia is converted to a nontoxic
compound before export from the extrahepatic tissues
into the blood and transport to the liver or kidneys.
For this transport function, glutamate, critical to intra-
cellular amino group metabolism, is supplanted by
L-glutamine. The free ammonia produced in tissues is
combined with glutamate to yield glutamine by the ac-
tion of glutamine synthetase. This reaction requires
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MECHANISM FIGURE 18–6 Some amino acid transformations at the
! carbon that are facilitated by pyridoxal phosphate. Pyridoxal phos-
phate is generally bonded to the enzyme through a Schiff base (see
Fig. 18–5b, d). Reactions begin (top left) with formation of a new Schiff
base (aldimine) between the !-amino group of the amino acid and
PLP, which substitutes for the enzyme-PLP linkage. Three alternative
fates for this Schiff base are shown: A transamination, B racemiza-
tion, and C decarboxylation. The Schiff base formed between PLP and
the amino acid is in conjugation with the pyridine ring, an electron
sink that permits delocalization of an electron pair to avoid formation

of an unstable carbanion on the ! carbon (inset). A quinonoid inter-
mediate is involved in all three types of reactions. The transamination
route ( A ) is especially important in the pathways described in this
chapter. The pathway highlighted here (shown left to right) represents
only part of the overall reaction catalyzed by aminotransferases. To
complete the process, a second !-keto acid replaces the one that is
released, and this is converted to an amino acid in a reversal of the
reaction steps (right to left). Pyridoxal phosphate is also involved in
certain reactions at the " and # carbons of some amino acids (not
shown). Pyridoxal Phosphate Reaction Mechanisms
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adenosyl transferase (Fig. 18–18, step 1 ). This re-
action is unusual in that the nucleophilic sulfur atom of
methionine attacks the 5! carbon of the ribose moiety
of ATP rather than one of the phosphorus atoms. Tri-
phosphate is released and is cleaved to Pi and PPi on
the enzyme, and the PPi is cleaved by inorganic pyro-
phosphatase; thus three bonds, including two bonds of

high-energy phosphate groups, are broken in this reac-
tion. The only other known reaction in which triphos-
phate is displaced from ATP occurs in the synthesis of
coenzyme B12 (see Box 17–2, Fig. 3).

S-Adenosylmethionine is a potent alkylating agent
by virtue of its destabilizing sulfonium ion. The methyl
group is subject to attack by nucleophiles and is about
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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 N5,N10-methylenetetrahydrofolate to N5-
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 N10-formyltetrahydrofolate rather than N5-formyltetrahydrofolate.
The latter species is significantly more stable and therefore a weaker
donor of formyl groups. N5-formyltetrahydrofolate is a minor byprod-
uct of the cyclohydrolase reaction, and can also form spontancously.
Conversion of N5-formyltetrahydrofolate to N5, N10-methenyltetrahy-
drofolate, requires ATP, because of an otherwise unfavorable equilib-
rium. Note that N5-formiminotetrahydrofolate is derived from histidine
in a pathway shown in Figure 18–26.
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1. Kofaktör olarak 
Tetrahidrofolat ya da 
S-adenosilmetiyonin 
kullanılması ile karbon 
gruplarının transferi  

2. Glutaminin  amid 
nitrojeninden 
türevlenen amino 
grupların transferi  (fig 
18-6, 17, 18 



1,000 times more reactive than the methyl group of N5-
methyltetrahydrofolate.

Transfer of the methyl group from S-adenosylmethi-
onine to an acceptor yields S-adenosylhomocysteine
(Fig. 18–18, step 2 ), which is subsequently broken down
to homocysteine and adenosine (step 3 ). Methionine
is regenerated by transfer of a methyl group to homo-
cysteine in a reaction catalyzed by methionine synthase
(step 4 ), and methionine is reconverted to S-adenosyl-
methionine to complete an activated-methyl cycle.

One form of methionine synthase common in
bacteria uses N 5-methyltetrahydrofolate as a

methyl donor. Another form of the enzyme present in
some bacteria and mammals uses N5-methyltetrahydro-
folate, but the methyl group is first transferred to cobal-
amin, derived from coenzyme B12, to form methyl-
cobalamin as the methyl donor in methionine formation.
This reaction and the rearrangement of L-methyl-
malonyl-CoA to succinyl-CoA (see Box 17–2, Fig. 1a)
are the only known coenzyme B12–dependent reactions
in mammals. In cases of vitamin B12 deficiency, some
symptoms can be alleviated by administering not only
vitamin B12 but folate. As noted above, the methyl group
of methylcobalamin is derived from N5-methyltetrahy-
drofolate. Because the reaction converting the N5,N10-
methylene form to the N5-methyl form of tetrahydrofo-

late is irreversible (Fig. 18–17), if coenzyme B12 is not
available for the synthesis of methylcobalamin, then no
acceptor is available for the methyl group of N5-methyl-
tetrahydrofolate and metabolic folates become trapped
in the N5-methyl form. This sequestering of folates in
one form may be the cause of some symptoms of the vi-
tamin B12 deficiency disease pernicious anemia. How-
ever, we do not know whether this is the only effect of
insufficient vitamin B12. !

Tetrahydrobiopterin, another cofactor of amino
acid catabolism, is similar to the pterin moiety of
tetrahydrofolate, but it is not involved in one-carbon
transfers; instead it participates in oxidation reactions.
We consider its mode of action when we discuss phenyl-
alanine degradation (see Fig. 18–24).

Six Amino Acids Are Degraded to Pyruvate

The carbon skeletons of six amino acids are converted in
whole or in part to pyruvate. The pyruvate can then be
converted to either acetyl-CoA (a ketone body precur-
sor) or oxaloacetate (a precursor for gluconeogenesis).
Thus amino acids catabolized to pyruvate are both ke-
togenic and glucogenic. The six are alanine, tryptophan,
cysteine, serine, glycine, and threonine (Fig. 18–19).
Alanine yields pyruvate directly on transamination with
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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 methyl group is trans-
ferred to cobalamin to form methylcobalamin, which in turn is the

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 2 ) is designated R.
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2. Kofaktör olarak Tetrahidrofolat ya da S-adenosilmetiyonin kullanılması ile 
karbon gruplarının transferi  
 
3. Glutaminin  amid nitrojeninden türevlenen amino grupların transferi 



AMİNO ASİT BİYOSENTEZİ 

Tüm amino asitler GLİKOLİSİS, SİTRİK ASİT DÖNGÜSÜ 
ya da PENTOZ FOSFAT YOLundaki aramoleküllerden 
türevlenirler. 
 
Nitrojen bu pathwaylere glutamat ve glutamin yoluyla 
girmektedir. 
 
Amino asitlerin çoğu bir ya da birkaç adımda belli 
metabolitlerden türevlenebilirken 
 
Aromatik amino asitler gibi bazı aa’lerin biyosentezi daha 
karmaşıktır. 
 
Organizmalar amino asit sentezleyebilme yetekneleri 
açısından çeşitlilik gösterirler. 
 
 Pembe : glikolisis 

Mavi:sitrik asit döngüsü 
Mor: pentoz fosfat yolu 



AMİNO ASİT BİYOSENTEZİ 

 
Organizmalar amino asit sentezleyebilme yetekneleri açısından çeşitlilik gösterirler. 
 
Bakteri ve bitkiler 20 amino asidin hepsini sentezleyebilirken, memeliler yaklaşık 
yarısını sentezleyebilmektedir. 
 
Sentezlenebilen amino asitlere “nonesential amino asitler “ esas olmayan amino 
asitler denir, bunların diyetle alınmasına gerek yoktur. 
 
Diğer amino asitler temel aminoasitler “essential” amino asitler olarak adlandırılır ki 
bunları yiyeceklerle almamız gereklidir. 
 

 (insanlar için; Histidin, izolösin, lösin, lizin, metionin, sistein, fenilalanin, tirozin, 
treonin, triptofan ve valin) 
 
Amino asit biyosentezi yollarını anlaşılır hale getirmenin  en pratik yolu metabolik 
prekürsörlerine göre sınıflandırmaktır. 
 
 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

Bu 6 öncül moleküle ilaveten amino 
asit ve nükleik asit biyosentezinde 
önemli bir aramolekül  
 
5-fosforibozil-1-pirofosfat (PRPP) tır. 
 



By maintaining a reducing atmosphere (a high ratio of
NADPH to NADP! and a high ratio of reduced to oxi-
dized glutathione), they can prevent or undo oxidative
damage to proteins, lipids, and other sensitive molecules.
In erythrocytes, the NADPH produced by the pentose
phosphate pathway is so important in preventing oxida-
tive damage that a genetic defect in glucose 6-phosphate
dehydrogenase, the first enzyme of the pathway, can
have serious medical consequences (Box 14–3). !

The Oxidative Phase Produces Pentose Phosphates
and NADPH

The first reaction of the pentose phosphate pathway
(Fig. 14–21) is the oxidation of glucose 6-phosphate
by glucose 6-phosphate dehydrogenase (G6PD) to
form 6-phosphoglucono-!-lactone, an intramolecular
ester. NADP! is the electron acceptor, and the overall
equilibrium lies far in the direction of NADPH forma-
tion. The lactone is hydrolyzed to the free acid 6-phos-
phogluconate by a specific lactonase, then 6-phospho-
gluconate undergoes oxidation and decarboxylation by
6-phosphogluconate dehydrogenase to form the ke-
topentose ribulose 5-phosphate. This reaction generates
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FIGURE 14–21 Oxidative reactions of the pentose phosphate path-
way. The end products are ribose 5-phosphate, CO2, and NADPH.
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Pentoz Fosfat Yolu Oksidatif Reaksiyonları 

PRPP pentoz fosfat yolundan türevlenen riboz-5-
fosfat’dan sentezlenir. 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

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



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

GLUTAMAT ve GLUTAMİN  
İndirgenmiş nitrojen formu NH4

+ (Amonyum) amino asitlerin ve diğer nitrojen içeren 
biyomoleküllerin yapısında özümsenmiştir. 
 
2 amino asit glutamat ve glutamin kritik öneme sahiptir. Bu amino asitler, 
 
•   Amino gruplarının katabolizmasında ve 
•   Amonyak katabolizmasında önemli rol oynarlar 
 
Glutamat diğer amino asitlerin çoğu için amino grubu kaynağıdır. 
(transaminasyon rxn) 
 
Glutaminin amid nitrojeni birçok biyosentetik işlemde amino grup kaynaıdır. 
 
Yüksek organizmalarda birçok hücre tipinde ve hücre dışı sıvıda  bu aminoasitlerin 
her ikisi birden ya da biri diğer amino asitlerden daha yüksek konsantrasyonda 
bulunur. 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

E. coli’deki glutamat sitosoldeki başlıca maddedir.  
 
Glutamat konsantrasyonu sadece hücrenin nitrojen gereksinimine göre 
değil  
aynı zamanda sitosol ve dış çevre arasındaki osmotik dengeye göre 
ayarlanır. 
 
Glutamat ve glutaminin biyosentetik yolu oldukça basittir ve  
 
Çoğu organizma için tüm basamaklar ya da basamakların en azından 
bazıları ortaktır. 
 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

Glutamattaki NH4+ asimilasyonu için en önemli pathway 2 rxn gerektirir. 
 
1.  Glutamin Sentaz enzimi ile katalizlenen bir rxn ile Glutamat ve NH4

+’den  
     Glutamin oluşması  
 
•       Bu rxn 2 adımda gerçekleşir.  
•       Enzime bağlı  glutamil fosfat ara üründür. 
 

assimilation of NH4
! into glutamate requires two reactions.

First, glutamine synthetase catalyzes the reaction of
glutamate and NH4

! to yield glutamine. This reaction
takes place in two steps, with enzyme-bound !-glutamyl
phosphate as an intermediate (see Fig. 18–8):

(1) Glutamate ! ATP 88n "-glutamyl phosphate ! ADP

(2) !-Glutamyl phosphate ! NH4
! 88n glutamine ! Pi ! H!

Sum: Glutamate ! NH4
! ! ATP 88n

glutamine ! ADP ! Pi ! H! (22–1)

Glutamine synthetase is found in all organisms. In ad-
dition to its importance for NH4

! assimilation in bacte-
ria, it has a central role in amino acid metabolism in
mammals, converting toxic free NH4

! to glutamine for
transport in the blood (Chapter 18).

In bacteria and plants, glutamate is produced from
glutamine in a reaction catalyzed by glutamate syn-
thase. "-Ketoglutarate, an intermediate of the citric
acid cycle, undergoes reductive amination with gluta-
mine as nitrogen donor:

"-Ketoglutarate ! glutamine ! NADPH ! H! 88n
2 glutamate ! NADP! (22–2)

The net reaction of glutamine synthetase and glutamate
synthase (Eqns 22–1 and 22–2) is

"-Ketoglutarate ! NH4
! ! NADPH ! ATP 88n

L-glutamate ! NADP! ! ADP ! Pi

Glutamate synthase is not present in animals, which, in-
stead, maintain high levels of glutamate by processes
such as the transamination of "-ketoglutarate during
amino acid catabolism.

Glutamate can also be formed in yet another, albeit
minor, pathway: the reaction of "-ketoglutarate and
NH4

! to form glutamate in one step. This is catalyzed by
L-glutamate dehydrogenase, an enzyme present in all or-
ganisms. Reducing power is furnished by NADPH:

"-Ketoglutarate ! NH4
! ! NADPH 88n

L-glutamate ! NADP! ! H2O

We encountered this reaction in the catabolism of amino
acids (see Fig. 18–7). In eukaryotic cells, L-glutamate
dehydrogenase is located in the mitochondrial matrix.
The reaction equilibrium favors reactants, and the Km

for NH4
! (~1 mM) is so high that the reaction probably

makes only a modest contribution to NH4
! assimilation

into amino acids and other metabolites. (Recall that the
glutamate dehydrogenase reaction, in reverse (see Fig.
18–10), is one source of NH4

! destined for the urea cy-
cle.) Concentrations of NH4

! high enough for the gluta-
mate dehydrogenase reaction to make a significant con-
tribution to glutamate levels generally occur only when
NH3 is added to the soil or when organisms are grown
in a laboratory in the presence of high NH3 concentra-
tions. In general, soil bacteria and plants rely on the two-
enzyme pathway outlined above (Eqns 22–1, 22–2).

Glutamine Synthetase Is a Primary Regulatory Point
in Nitrogen Metabolism

The activity of glutamine synthetase is regulated in vir-
tually all organisms—not surprising, given its central
metabolic role as an entry point for reduced nitrogen.
In enteric bacteria such as E. coli, the regulation is un-
usually complex. The enzyme has 12 identical subunits
of Mr 50,000 (Fig. 22–5) and is regulated both alloster-
ically and by covalent modification. Alanine, glycine, and
at least six end products of glutamine metabolism are
allosteric inhibitors of the enzyme (Fig. 22–6). Each in-
hibitor alone produces only partial inhibition, but the ef-
fects of multiple inhibitors are more than additive, and
all eight together virtually shut down the enzyme. This
control mechanism provides a constant adjustment of
glutamine levels to match immediate metabolic re-
quirements.

Chapter 22 Biosynthesis of Amino Acids, Nucleotides, and Related Molecules838

FIGURE 22–5 Subunit structure of glutamine synthetase as deter-
mined by x-ray diffraction. (PDB ID 2GLS) (a) Side view. The 12 sub-
units are identical; they are differently colored to illustrate packing
and placement. (b) Top view, showing active sites (green).

(b)

(a)
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Glutamin Sentaz tüm organizmalarda bulunur. 
 
Bakterilerde NH4+ asimilasyonu için önemli olduğu kadar memelilerde amino asit 
metabolizmasında merkezi bir roldedir. 

 Toksik serbest NH4+’ün kan ile taşınabilmesi için glutamine 
 dönüştürülmesini sağlar 

 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

2. Bakteri ve bitkilerde Glutamat, Glutamat Sentaz ile katalizlenen bir rxn ile 
Glutamin ve alfa-ketoglutarattan üretilir. 
 
Alfa-ketoglutarat sitrik asit döngüsünde bir ara moleküldür ve nitrojen donorü 
olarak glutamin ile indirgeyici aminasyon rxnuna girer 

assimilation of NH4
! into glutamate requires two reactions.

First, glutamine synthetase catalyzes the reaction of
glutamate and NH4

! to yield glutamine. This reaction
takes place in two steps, with enzyme-bound !-glutamyl
phosphate as an intermediate (see Fig. 18–8):

(1) Glutamate ! ATP 88n "-glutamyl phosphate ! ADP

(2) !-Glutamyl phosphate ! NH4
! 88n glutamine ! Pi ! H!

Sum: Glutamate ! NH4
! ! ATP 88n

glutamine ! ADP ! Pi ! H! (22–1)

Glutamine synthetase is found in all organisms. In ad-
dition to its importance for NH4

! assimilation in bacte-
ria, it has a central role in amino acid metabolism in
mammals, converting toxic free NH4

! to glutamine for
transport in the blood (Chapter 18).

In bacteria and plants, glutamate is produced from
glutamine in a reaction catalyzed by glutamate syn-
thase. "-Ketoglutarate, an intermediate of the citric
acid cycle, undergoes reductive amination with gluta-
mine as nitrogen donor:

"-Ketoglutarate ! glutamine ! NADPH ! H! 88n
2 glutamate ! NADP! (22–2)

The net reaction of glutamine synthetase and glutamate
synthase (Eqns 22–1 and 22–2) is

"-Ketoglutarate ! NH4
! ! NADPH ! ATP 88n

L-glutamate ! NADP! ! ADP ! Pi

Glutamate synthase is not present in animals, which, in-
stead, maintain high levels of glutamate by processes
such as the transamination of "-ketoglutarate during
amino acid catabolism.

Glutamate can also be formed in yet another, albeit
minor, pathway: the reaction of "-ketoglutarate and
NH4

! to form glutamate in one step. This is catalyzed by
L-glutamate dehydrogenase, an enzyme present in all or-
ganisms. Reducing power is furnished by NADPH:

"-Ketoglutarate ! NH4
! ! NADPH 88n

L-glutamate ! NADP! ! H2O

We encountered this reaction in the catabolism of amino
acids (see Fig. 18–7). In eukaryotic cells, L-glutamate
dehydrogenase is located in the mitochondrial matrix.
The reaction equilibrium favors reactants, and the Km

for NH4
! (~1 mM) is so high that the reaction probably

makes only a modest contribution to NH4
! assimilation

into amino acids and other metabolites. (Recall that the
glutamate dehydrogenase reaction, in reverse (see Fig.
18–10), is one source of NH4

! destined for the urea cy-
cle.) Concentrations of NH4

! high enough for the gluta-
mate dehydrogenase reaction to make a significant con-
tribution to glutamate levels generally occur only when
NH3 is added to the soil or when organisms are grown
in a laboratory in the presence of high NH3 concentra-
tions. In general, soil bacteria and plants rely on the two-
enzyme pathway outlined above (Eqns 22–1, 22–2).

Glutamine Synthetase Is a Primary Regulatory Point
in Nitrogen Metabolism

The activity of glutamine synthetase is regulated in vir-
tually all organisms—not surprising, given its central
metabolic role as an entry point for reduced nitrogen.
In enteric bacteria such as E. coli, the regulation is un-
usually complex. The enzyme has 12 identical subunits
of Mr 50,000 (Fig. 22–5) and is regulated both alloster-
ically and by covalent modification. Alanine, glycine, and
at least six end products of glutamine metabolism are
allosteric inhibitors of the enzyme (Fig. 22–6). Each in-
hibitor alone produces only partial inhibition, but the ef-
fects of multiple inhibitors are more than additive, and
all eight together virtually shut down the enzyme. This
control mechanism provides a constant adjustment of
glutamine levels to match immediate metabolic re-
quirements.
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FIGURE 22–5 Subunit structure of glutamine synthetase as deter-
mined by x-ray diffraction. (PDB ID 2GLS) (a) Side view. The 12 sub-
units are identical; they are differently colored to illustrate packing
and placement. (b) Top view, showing active sites (green).

(b)

(a)

8885d_c22_833-880  2/6/04  8:35 AM  Page 838 mac76 mac76:385_reb:
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First, glutamine synthetase catalyzes the reaction of
glutamate and NH4

! to yield glutamine. This reaction
takes place in two steps, with enzyme-bound !-glutamyl
phosphate as an intermediate (see Fig. 18–8):

(1) Glutamate ! ATP 88n "-glutamyl phosphate ! ADP

(2) !-Glutamyl phosphate ! NH4
! 88n glutamine ! Pi ! H!

Sum: Glutamate ! NH4
! ! ATP 88n

glutamine ! ADP ! Pi ! H! (22–1)

Glutamine synthetase is found in all organisms. In ad-
dition to its importance for NH4

! assimilation in bacte-
ria, it has a central role in amino acid metabolism in
mammals, converting toxic free NH4

! to glutamine for
transport in the blood (Chapter 18).
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glutamine in a reaction catalyzed by glutamate syn-
thase. "-Ketoglutarate, an intermediate of the citric
acid cycle, undergoes reductive amination with gluta-
mine as nitrogen donor:

"-Ketoglutarate ! glutamine ! NADPH ! H! 88n
2 glutamate ! NADP! (22–2)

The net reaction of glutamine synthetase and glutamate
synthase (Eqns 22–1 and 22–2) is

"-Ketoglutarate ! NH4
! ! NADPH ! ATP 88n

L-glutamate ! NADP! ! ADP ! Pi

Glutamate synthase is not present in animals, which, in-
stead, maintain high levels of glutamate by processes
such as the transamination of "-ketoglutarate during
amino acid catabolism.

Glutamate can also be formed in yet another, albeit
minor, pathway: the reaction of "-ketoglutarate and
NH4

! to form glutamate in one step. This is catalyzed by
L-glutamate dehydrogenase, an enzyme present in all or-
ganisms. Reducing power is furnished by NADPH:

"-Ketoglutarate ! NH4
! ! NADPH 88n

L-glutamate ! NADP! ! H2O

We encountered this reaction in the catabolism of amino
acids (see Fig. 18–7). In eukaryotic cells, L-glutamate
dehydrogenase is located in the mitochondrial matrix.
The reaction equilibrium favors reactants, and the Km

for NH4
! (~1 mM) is so high that the reaction probably

makes only a modest contribution to NH4
! assimilation

into amino acids and other metabolites. (Recall that the
glutamate dehydrogenase reaction, in reverse (see Fig.
18–10), is one source of NH4

! destined for the urea cy-
cle.) Concentrations of NH4

! high enough for the gluta-
mate dehydrogenase reaction to make a significant con-
tribution to glutamate levels generally occur only when
NH3 is added to the soil or when organisms are grown
in a laboratory in the presence of high NH3 concentra-
tions. In general, soil bacteria and plants rely on the two-
enzyme pathway outlined above (Eqns 22–1, 22–2).

Glutamine Synthetase Is a Primary Regulatory Point
in Nitrogen Metabolism

The activity of glutamine synthetase is regulated in vir-
tually all organisms—not surprising, given its central
metabolic role as an entry point for reduced nitrogen.
In enteric bacteria such as E. coli, the regulation is un-
usually complex. The enzyme has 12 identical subunits
of Mr 50,000 (Fig. 22–5) and is regulated both alloster-
ically and by covalent modification. Alanine, glycine, and
at least six end products of glutamine metabolism are
allosteric inhibitors of the enzyme (Fig. 22–6). Each in-
hibitor alone produces only partial inhibition, but the ef-
fects of multiple inhibitors are more than additive, and
all eight together virtually shut down the enzyme. This
control mechanism provides a constant adjustment of
glutamine levels to match immediate metabolic re-
quirements.
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Glutamin Sentaz ve Glutamat Sentazın net reaksiyonu aşağıdaki şekilde özetlenebilir. 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

Glutamat Sentaz hayvanlarda yoktur. 
 
Glutamat, alfa-ketoglutarat’ın amino asit metabolizması boyunca transaminasyonu 
ile elde edilir 
 
Minör miktarda olmakla beraber glutamat, alfa-ketoglutarat ve NH4

+’ün bir adımda 
Glutamata dönüştürülmesi ile de elde edilebilir 
 

 bu rxn L-Glutamat Dehidrogenaz ile gerçekleştirilir. 

assimilation of NH4
! into glutamate requires two reactions.

First, glutamine synthetase catalyzes the reaction of
glutamate and NH4

! to yield glutamine. This reaction
takes place in two steps, with enzyme-bound !-glutamyl
phosphate as an intermediate (see Fig. 18–8):

(1) Glutamate ! ATP 88n "-glutamyl phosphate ! ADP

(2) !-Glutamyl phosphate ! NH4
! 88n glutamine ! Pi ! H!

Sum: Glutamate ! NH4
! ! ATP 88n

glutamine ! ADP ! Pi ! H! (22–1)

Glutamine synthetase is found in all organisms. In ad-
dition to its importance for NH4

! assimilation in bacte-
ria, it has a central role in amino acid metabolism in
mammals, converting toxic free NH4

! to glutamine for
transport in the blood (Chapter 18).

In bacteria and plants, glutamate is produced from
glutamine in a reaction catalyzed by glutamate syn-
thase. "-Ketoglutarate, an intermediate of the citric
acid cycle, undergoes reductive amination with gluta-
mine as nitrogen donor:

"-Ketoglutarate ! glutamine ! NADPH ! H! 88n
2 glutamate ! NADP! (22–2)

The net reaction of glutamine synthetase and glutamate
synthase (Eqns 22–1 and 22–2) is

"-Ketoglutarate ! NH4
! ! NADPH ! ATP 88n

L-glutamate ! NADP! ! ADP ! Pi

Glutamate synthase is not present in animals, which, in-
stead, maintain high levels of glutamate by processes
such as the transamination of "-ketoglutarate during
amino acid catabolism.

Glutamate can also be formed in yet another, albeit
minor, pathway: the reaction of "-ketoglutarate and
NH4

! to form glutamate in one step. This is catalyzed by
L-glutamate dehydrogenase, an enzyme present in all or-
ganisms. Reducing power is furnished by NADPH:

"-Ketoglutarate ! NH4
! ! NADPH 88n

L-glutamate ! NADP! ! H2O

We encountered this reaction in the catabolism of amino
acids (see Fig. 18–7). In eukaryotic cells, L-glutamate
dehydrogenase is located in the mitochondrial matrix.
The reaction equilibrium favors reactants, and the Km

for NH4
! (~1 mM) is so high that the reaction probably

makes only a modest contribution to NH4
! assimilation

into amino acids and other metabolites. (Recall that the
glutamate dehydrogenase reaction, in reverse (see Fig.
18–10), is one source of NH4

! destined for the urea cy-
cle.) Concentrations of NH4

! high enough for the gluta-
mate dehydrogenase reaction to make a significant con-
tribution to glutamate levels generally occur only when
NH3 is added to the soil or when organisms are grown
in a laboratory in the presence of high NH3 concentra-
tions. In general, soil bacteria and plants rely on the two-
enzyme pathway outlined above (Eqns 22–1, 22–2).

Glutamine Synthetase Is a Primary Regulatory Point
in Nitrogen Metabolism

The activity of glutamine synthetase is regulated in vir-
tually all organisms—not surprising, given its central
metabolic role as an entry point for reduced nitrogen.
In enteric bacteria such as E. coli, the regulation is un-
usually complex. The enzyme has 12 identical subunits
of Mr 50,000 (Fig. 22–5) and is regulated both alloster-
ically and by covalent modification. Alanine, glycine, and
at least six end products of glutamine metabolism are
allosteric inhibitors of the enzyme (Fig. 22–6). Each in-
hibitor alone produces only partial inhibition, but the ef-
fects of multiple inhibitors are more than additive, and
all eight together virtually shut down the enzyme. This
control mechanism provides a constant adjustment of
glutamine levels to match immediate metabolic re-
quirements.

Chapter 22 Biosynthesis of Amino Acids, Nucleotides, and Related Molecules838

FIGURE 22–5 Subunit structure of glutamine synthetase as deter-
mined by x-ray diffraction. (PDB ID 2GLS) (a) Side view. The 12 sub-
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AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

Glutamin Setaz Nitrojen metabolizmasının primer 
düzenleyicisidir. 
 
E. coli’de bu enzim 12 alt üniteden oluşan 50.000 D büyüklüğünde kompleks bir 
yapıdır. 
 
Hem allosterik hem de kovalent modifikasyonlarla düzenlenir. 

assimilation of NH4
! into glutamate requires two reactions.

First, glutamine synthetase catalyzes the reaction of
glutamate and NH4

! to yield glutamine. This reaction
takes place in two steps, with enzyme-bound !-glutamyl
phosphate as an intermediate (see Fig. 18–8):

(1) Glutamate ! ATP 88n "-glutamyl phosphate ! ADP

(2) !-Glutamyl phosphate ! NH4
! 88n glutamine ! Pi ! H!

Sum: Glutamate ! NH4
! ! ATP 88n

glutamine ! ADP ! Pi ! H! (22–1)

Glutamine synthetase is found in all organisms. In ad-
dition to its importance for NH4

! assimilation in bacte-
ria, it has a central role in amino acid metabolism in
mammals, converting toxic free NH4

! to glutamine for
transport in the blood (Chapter 18).

In bacteria and plants, glutamate is produced from
glutamine in a reaction catalyzed by glutamate syn-
thase. "-Ketoglutarate, an intermediate of the citric
acid cycle, undergoes reductive amination with gluta-
mine as nitrogen donor:

"-Ketoglutarate ! glutamine ! NADPH ! H! 88n
2 glutamate ! NADP! (22–2)

The net reaction of glutamine synthetase and glutamate
synthase (Eqns 22–1 and 22–2) is

"-Ketoglutarate ! NH4
! ! NADPH ! ATP 88n

L-glutamate ! NADP! ! ADP ! Pi

Glutamate synthase is not present in animals, which, in-
stead, maintain high levels of glutamate by processes
such as the transamination of "-ketoglutarate during
amino acid catabolism.

Glutamate can also be formed in yet another, albeit
minor, pathway: the reaction of "-ketoglutarate and
NH4

! to form glutamate in one step. This is catalyzed by
L-glutamate dehydrogenase, an enzyme present in all or-
ganisms. Reducing power is furnished by NADPH:

"-Ketoglutarate ! NH4
! ! NADPH 88n

L-glutamate ! NADP! ! H2O

We encountered this reaction in the catabolism of amino
acids (see Fig. 18–7). In eukaryotic cells, L-glutamate
dehydrogenase is located in the mitochondrial matrix.
The reaction equilibrium favors reactants, and the Km

for NH4
! (~1 mM) is so high that the reaction probably

makes only a modest contribution to NH4
! assimilation

into amino acids and other metabolites. (Recall that the
glutamate dehydrogenase reaction, in reverse (see Fig.
18–10), is one source of NH4

! destined for the urea cy-
cle.) Concentrations of NH4

! high enough for the gluta-
mate dehydrogenase reaction to make a significant con-
tribution to glutamate levels generally occur only when
NH3 is added to the soil or when organisms are grown
in a laboratory in the presence of high NH3 concentra-
tions. In general, soil bacteria and plants rely on the two-
enzyme pathway outlined above (Eqns 22–1, 22–2).

Glutamine Synthetase Is a Primary Regulatory Point
in Nitrogen Metabolism

The activity of glutamine synthetase is regulated in vir-
tually all organisms—not surprising, given its central
metabolic role as an entry point for reduced nitrogen.
In enteric bacteria such as E. coli, the regulation is un-
usually complex. The enzyme has 12 identical subunits
of Mr 50,000 (Fig. 22–5) and is regulated both alloster-
ically and by covalent modification. Alanine, glycine, and
at least six end products of glutamine metabolism are
allosteric inhibitors of the enzyme (Fig. 22–6). Each in-
hibitor alone produces only partial inhibition, but the ef-
fects of multiple inhibitors are more than additive, and
all eight together virtually shut down the enzyme. This
control mechanism provides a constant adjustment of
glutamine levels to match immediate metabolic re-
quirements.
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assimilation of NH4
! into glutamate requires two reactions.

First, glutamine synthetase catalyzes the reaction of
glutamate and NH4

! to yield glutamine. This reaction
takes place in two steps, with enzyme-bound !-glutamyl
phosphate as an intermediate (see Fig. 18–8):

(1) Glutamate ! ATP 88n "-glutamyl phosphate ! ADP

(2) !-Glutamyl phosphate ! NH4
! 88n glutamine ! Pi ! H!

Sum: Glutamate ! NH4
! ! ATP 88n

glutamine ! ADP ! Pi ! H! (22–1)

Glutamine synthetase is found in all organisms. In ad-
dition to its importance for NH4

! assimilation in bacte-
ria, it has a central role in amino acid metabolism in
mammals, converting toxic free NH4

! to glutamine for
transport in the blood (Chapter 18).

In bacteria and plants, glutamate is produced from
glutamine in a reaction catalyzed by glutamate syn-
thase. "-Ketoglutarate, an intermediate of the citric
acid cycle, undergoes reductive amination with gluta-
mine as nitrogen donor:

"-Ketoglutarate ! glutamine ! NADPH ! H! 88n
2 glutamate ! NADP! (22–2)

The net reaction of glutamine synthetase and glutamate
synthase (Eqns 22–1 and 22–2) is

"-Ketoglutarate ! NH4
! ! NADPH ! ATP 88n

L-glutamate ! NADP! ! ADP ! Pi

Glutamate synthase is not present in animals, which, in-
stead, maintain high levels of glutamate by processes
such as the transamination of "-ketoglutarate during
amino acid catabolism.

Glutamate can also be formed in yet another, albeit
minor, pathway: the reaction of "-ketoglutarate and
NH4

! to form glutamate in one step. This is catalyzed by
L-glutamate dehydrogenase, an enzyme present in all or-
ganisms. Reducing power is furnished by NADPH:

"-Ketoglutarate ! NH4
! ! NADPH 88n

L-glutamate ! NADP! ! H2O

We encountered this reaction in the catabolism of amino
acids (see Fig. 18–7). In eukaryotic cells, L-glutamate
dehydrogenase is located in the mitochondrial matrix.
The reaction equilibrium favors reactants, and the Km

for NH4
! (~1 mM) is so high that the reaction probably

makes only a modest contribution to NH4
! assimilation

into amino acids and other metabolites. (Recall that the
glutamate dehydrogenase reaction, in reverse (see Fig.
18–10), is one source of NH4

! destined for the urea cy-
cle.) Concentrations of NH4

! high enough for the gluta-
mate dehydrogenase reaction to make a significant con-
tribution to glutamate levels generally occur only when
NH3 is added to the soil or when organisms are grown
in a laboratory in the presence of high NH3 concentra-
tions. In general, soil bacteria and plants rely on the two-
enzyme pathway outlined above (Eqns 22–1, 22–2).

Glutamine Synthetase Is a Primary Regulatory Point
in Nitrogen Metabolism

The activity of glutamine synthetase is regulated in vir-
tually all organisms—not surprising, given its central
metabolic role as an entry point for reduced nitrogen.
In enteric bacteria such as E. coli, the regulation is un-
usually complex. The enzyme has 12 identical subunits
of Mr 50,000 (Fig. 22–5) and is regulated both alloster-
ically and by covalent modification. Alanine, glycine, and
at least six end products of glutamine metabolism are
allosteric inhibitors of the enzyme (Fig. 22–6). Each in-
hibitor alone produces only partial inhibition, but the ef-
fects of multiple inhibitors are more than additive, and
all eight together virtually shut down the enzyme. This
control mechanism provides a constant adjustment of
glutamine levels to match immediate metabolic re-
quirements.
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FIGURE 22–5 Subunit structure of glutamine synthetase as deter-
mined by x-ray diffraction. (PDB ID 2GLS) (a) Side view. The 12 sub-
units are identical; they are differently colored to illustrate packing
and placement. (b) Top view, showing active sites (green).
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AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

E. coli Glutamin Sentaz 
Hem allosterik hem de kovalanet modifikasyonlarla düzenlenir. 
 
Alanin, glisin ve glutamin metabolizmasının 6 ürünü bu enzimi allosterik 
olarak inhibe eder. 

Superimposed on the allosteric regulation is inhibi-
tion by adenylylation of (addition of AMP to) Tyr397, lo-
cated near the enzyme’s active site (Fig. 22–7). This co-
valent modification increases sensitivity to the allosteric
inhibitors, and activity decreases as more subunits are
adenylylated. Both adenylylation and deadenylylation
are promoted by adenylyltransferase (AT in Fig.
22–7), part of a complex enzymatic cascade that re-
sponds to levels of glutamine, !-ketoglutarate, ATP, and
Pi. The activity of adenylyltransferase is modulated by
binding to a regulatory protein called PII, and the activ-
ity of PII, in turn, is regulated by covalent modification
(uridylylation), again at a Tyr residue. The adenylyl-
transferase complex with uridylylated PII (PII-UMP)
stimulates deadenylylation, whereas the same complex
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FIGURE 22–6 Allosteric regulation of glutamine synthetase. The en-
zyme undergoes cumulative regulation by six end products of gluta-
mine metabolism. Alanine and glycine probably serve as indicators of
the general status of amino acid metabolism in the cell.
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! FIGURE 22–7 Second level of regulation of glutamine synthetase:
covalent modifications. (a) An adenylylated Tyr residue. (b) Cascade
leading to adenylylation (inactivation) of glutamine synthetase. AT rep-
resents adenylyltransferase; UT, uridylyltransferase. Details of this cas-
cade are discussed in the text.
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Her bir inhibitör tek başına kısmi inhibisyon 
sağlarken 
 
8 inhibitör birlikte enzimi durdurur. 
 
Bu kontrol mekanizması Glutamin seviyesine, 
 
acil metabolik gereksinimlerle uyumlu sürekli 
bir ayarlanma sağlar. 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

Allosterik regülasyona ilaveten enzimin aktif bölgesinde yer alan Tyr 997’nin 
adenilasyonu (AMP bağlanması) da inhibisyon sağlamaktadır. 

Superimposed on the allosteric regulation is inhibi-
tion by adenylylation of (addition of AMP to) Tyr397, lo-
cated near the enzyme’s active site (Fig. 22–7). This co-
valent modification increases sensitivity to the allosteric
inhibitors, and activity decreases as more subunits are
adenylylated. Both adenylylation and deadenylylation
are promoted by adenylyltransferase (AT in Fig.
22–7), part of a complex enzymatic cascade that re-
sponds to levels of glutamine, !-ketoglutarate, ATP, and
Pi. The activity of adenylyltransferase is modulated by
binding to a regulatory protein called PII, and the activ-
ity of PII, in turn, is regulated by covalent modification
(uridylylation), again at a Tyr residue. The adenylyl-
transferase complex with uridylylated PII (PII-UMP)
stimulates deadenylylation, whereas the same complex
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Superimposed on the allosteric regulation is inhibi-
tion by adenylylation of (addition of AMP to) Tyr397, lo-
cated near the enzyme’s active site (Fig. 22–7). This co-
valent modification increases sensitivity to the allosteric
inhibitors, and activity decreases as more subunits are
adenylylated. Both adenylylation and deadenylylation
are promoted by adenylyltransferase (AT in Fig.
22–7), part of a complex enzymatic cascade that re-
sponds to levels of glutamine, !-ketoglutarate, ATP, and
Pi. The activity of adenylyltransferase is modulated by
binding to a regulatory protein called PII, and the activ-
ity of PII, in turn, is regulated by covalent modification
(uridylylation), again at a Tyr residue. The adenylyl-
transferase complex with uridylylated PII (PII-UMP)
stimulates deadenylylation, whereas the same complex
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Bu kovalent modifikasyon 
enzimin allosterik inhibitörlere 
hassasiyetini arttırır. 
 
Adenilasyon ve deadenilasyon 
Adenil transferaz enzimi ile 
kontrol edilir. 
 
Adenil Transferaz, glutamin, 
alfa-ketoglutarat, ATP ve Pi 
seviyelerine cevap olarak çalışan kompleks bir enzimatik kaskatın bir parçasıdır. 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

PROLİN 
 
Glutamatın halkasal bir 
türevidir. 
 
1.  ATP glutamatın karboksil 

grubuyla bir açil fosfat 
oluşturmak üzere 
glutamat-gama-
semialdehide indirgenir. 

       NADH ya da NADPH   
kullanılır. 
 
2.   Bu aramolekül hızlı spontan 
bir    halkalaşma yaşar 
 
3.   Proline indirgenir. 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

ARGİNİN 
 
Ornitin yoluyla glutamattan ve 
hayvanlarda üre döngüsü yoluyla 
sentezlenir. 
 
Bakteriler ornitin biyosentezi için 
dolayısıyla arginin biyosentezi için de 
novo biyosentetik yoluna sahiptir.  
 
Bu yol prolin yoluyla bazı adımlarda 
paraleldir fakat 
glutamatsemialdehidin spontan 
halkalaşmasını önlemek adına 2 
adım daha içermektedir. 
 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

ARGİNİN 
 
1.  Glutamatın  alfa-amino grubu asetilasyon rxnu ile 

bloklanır. bu rxn Asetil-CoA gerektirir. 

2.  Transaminasyonun ardından asetil grubu ornitin 
oluşturmak üzere (asetilornitaz enzimi ile )çıkarılır. 

3.  Ornitin sitrulin ve daha sonra Arginine çevrilir. 



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre 
amino asit biyosentezi 6 sınıfa 
ayrılmaktadır: 

Prolin ve Arginin yolu memelilerde 
farklıdır. 
 
P r o l i n g l u t a m a t t a n 
sentezlenebileceği gibi  
 
aynı zamanda diyetle alınan ya da 
doku proteinlerinden elde edilen 
argininden de yapılabilir. 
 



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre 
amino asit biyosentezi 6 sınıfa 
ayrılmaktadır: 

Arginin                    Ornitin +üre  
              Arginaz 
 
 
Bir üre döngüsü enzimi olan 
ARGİNAZ arginini ornitin ve üreye 
dönüştürür. 
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AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

dehydrogenase (using NAD!) to yield 3-phosphohy-
droxypyruvate. Transamination from glutamate yields 3-
phosphoserine, which is hydrolyzed to free serine by
phosphoserine phosphatase. 

Serine (three carbons) is the precursor of glycine
(two carbons) through removal of a carbon atom by
serine hydroxymethyltransferase (Fig. 22–12).
Tetrahydrofolate accepts the ! carbon (C-3) of serine,
which forms a methylene bridge between N-5 and N-10
to yield N5,N10-methylenetetrahydrofolate (see Fig.
18–17). The overall reaction, which is reversible, also
requires pyridoxal phosphate. In the liver of verte-
brates, glycine can be made by another route: the re-
verse of the reaction shown in Figure 18–20c, cat-
alyzed by glycine synthase (also called glycine
cleavage enzyme):

CO2 ! NH4
! ! N5,N10-methylenetetrahydrofolate !

NADH ! H!88n
glycine ! tetrahydrofolate ! NAD!

Plants and bacteria produce the reduced sulfur re-
quired for the synthesis of cysteine (and methionine,
described later) from environmental sulfates; the path-
way is shown on the right side of Figure 22–13. Sulfate
is activated in two steps to produce 3-phosphoadeno-
sine 5"-phosphosulfate (PAPS), which undergoes an
eight-electron reduction to sulfide. The sulfide is then
used in formation of cysteine from serine in a two-step
pathway. Mammals synthesize cysteine from two amino
acids: methionine furnishes the sulfur atom and serine
furnishes the carbon skeleton. Methionine is first con-
verted to S-adenosylmethionine (see Fig. 18–18), which
can lose its methyl group to any of a number of accep-
tors to form S-adenosylhomocysteine (adoHcy). This
demethylated product is hydrolyzed to free homocys-

teine, which undergoes a reaction with serine, catalyzed
by cystathionine !-synthase, to yield cystathionine
(Fig. 22–14). Finally, cystathionine "-lyase, a PLP-
requiring enzyme, catalyzes removal of ammonia and
cleavage of cystathionine to yield free cysteine.
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Ornitin,  
 
Ornitin aminotransferaz enzimi ile 
glutamat-semialdehide dönüştürülür. 
 
Semialdehit, 
pirolin-5-karboksilat halkasına  
 
daha sonra prolin halkasına dönüşür. 



AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

Bakterilerde görülen glutamattan 
arginin biyosentezi yolu  
memelidlerde yoktur. 
 
Arginin diyetle alınması ya da protein 
turnover ı protein sentezi için yeterli 
değildir. Hücre içinde 
sentezlenmelidir. 
 
Ornitin üre döngüsü ile sitrulin ve 
arginine çevrilir. 
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Ornitin aminotransferaz rxnu 
ornitin oluşum yönünü kontrol 
eder. 
  
Buna göre ornitin ya 
aminotransferaz enzimi ile prolin 
dönüşüm yoluna  ya da üre 
döngüsü ile arginine dönüşüm 
yoluna girebilir. 



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre 
amino asit biyosentezi 6 sınıfa 
ayrılmaktadır: 

Arg in in , Orn i t in , pro l in , 
glutamat ve glutaminin alfa-
ketoglutarat i le katabolik 
ilişkisini  

Screening newborns for genetic diseases can be
highly cost-effective, especially in the case of PKU. The
tests (no longer relying on urine odor) are relatively in-
expensive, and the detection and early treatment of
PKU in infants (eight to ten cases per 100,000 new-
borns) saves millions of dollars in later health care costs
each year. More importantly, the emotional trauma
avoided by early detection with these simple tests is 
inestimable.

Another inheritable disease of phenylalanine catab-
olism is alkaptonuria, in which the defective enzyme
is homogentisate dioxygenase (Fig. 18–23). Less se-
rious than PKU, this condition produces few ill effects,
although large amounts of homogentisate are excreted
and its oxidation turns the urine black. Individuals with
alkaptonuria are also prone to develop a form of arthri-

tis. Alkaptonuria is of considerable historical interest.
Archibald Garrod discovered in the early 1900s that this
condition is inherited, and he traced the cause to the
absence of a single enzyme. Garrod was the first to make
a connection between an inheritable trait and an en-
zyme, a great advance on the path that ultimately led
to our current understanding of genes and the infor-
mation pathways described in Part III. !

Five Amino Acids Are Converted to !-Ketoglutarate

The carbon skeletons of five amino acids (proline, glu-
tamate, glutamine, arginine, and histidine) enter the cit-
ric acid cycle as !-ketoglutarate (Fig. 18–26). Proline,
glutamate, and glutamine have five-carbon skeletons.
The cyclic structure of proline is opened by oxidation
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AMİNO ASİT BİYOSENTEZİ 

Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

Serin oluşumu için çalışan pathwayler tüm organizmalar için aynıdır. 



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

SERİN 
 
 

dehydrogenase (using NAD!) to yield 3-phosphohy-
droxypyruvate. Transamination from glutamate yields 3-
phosphoserine, which is hydrolyzed to free serine by
phosphoserine phosphatase. 

Serine (three carbons) is the precursor of glycine
(two carbons) through removal of a carbon atom by
serine hydroxymethyltransferase (Fig. 22–12).
Tetrahydrofolate accepts the ! carbon (C-3) of serine,
which forms a methylene bridge between N-5 and N-10
to yield N5,N10-methylenetetrahydrofolate (see Fig.
18–17). The overall reaction, which is reversible, also
requires pyridoxal phosphate. In the liver of verte-
brates, glycine can be made by another route: the re-
verse of the reaction shown in Figure 18–20c, cat-
alyzed by glycine synthase (also called glycine
cleavage enzyme):

CO2 ! NH4
! ! N5,N10-methylenetetrahydrofolate !

NADH ! H!88n
glycine ! tetrahydrofolate ! NAD!

Plants and bacteria produce the reduced sulfur re-
quired for the synthesis of cysteine (and methionine,
described later) from environmental sulfates; the path-
way is shown on the right side of Figure 22–13. Sulfate
is activated in two steps to produce 3-phosphoadeno-
sine 5"-phosphosulfate (PAPS), which undergoes an
eight-electron reduction to sulfide. The sulfide is then
used in formation of cysteine from serine in a two-step
pathway. Mammals synthesize cysteine from two amino
acids: methionine furnishes the sulfur atom and serine
furnishes the carbon skeleton. Methionine is first con-
verted to S-adenosylmethionine (see Fig. 18–18), which
can lose its methyl group to any of a number of accep-
tors to form S-adenosylhomocysteine (adoHcy). This
demethylated product is hydrolyzed to free homocys-

teine, which undergoes a reaction with serine, catalyzed
by cystathionine !-synthase, to yield cystathionine
(Fig. 22–14). Finally, cystathionine "-lyase, a PLP-
requiring enzyme, catalyzes removal of ammonia and
cleavage of cystathionine to yield free cysteine.
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Glutamattan transaminasyon ile 3-
fosfoserin meydana gelir. 

Serbest serin fosfoserinfosfotaz ile 
hidroliz rxn sonucu oluşur. 

Ilk adımda 3-fosfogliseraldehidin hidrokdil 
grubu okside olur ve 3-fosfohidroksi piruvat 
oluşur. 



dehydrogenase (using NAD!) to yield 3-phosphohy-
droxypyruvate. Transamination from glutamate yields 3-
phosphoserine, which is hydrolyzed to free serine by
phosphoserine phosphatase. 

Serine (three carbons) is the precursor of glycine
(two carbons) through removal of a carbon atom by
serine hydroxymethyltransferase (Fig. 22–12).
Tetrahydrofolate accepts the ! carbon (C-3) of serine,
which forms a methylene bridge between N-5 and N-10
to yield N5,N10-methylenetetrahydrofolate (see Fig.
18–17). The overall reaction, which is reversible, also
requires pyridoxal phosphate. In the liver of verte-
brates, glycine can be made by another route: the re-
verse of the reaction shown in Figure 18–20c, cat-
alyzed by glycine synthase (also called glycine
cleavage enzyme):

CO2 ! NH4
! ! N5,N10-methylenetetrahydrofolate !

NADH ! H!88n
glycine ! tetrahydrofolate ! NAD!

Plants and bacteria produce the reduced sulfur re-
quired for the synthesis of cysteine (and methionine,
described later) from environmental sulfates; the path-
way is shown on the right side of Figure 22–13. Sulfate
is activated in two steps to produce 3-phosphoadeno-
sine 5"-phosphosulfate (PAPS), which undergoes an
eight-electron reduction to sulfide. The sulfide is then
used in formation of cysteine from serine in a two-step
pathway. Mammals synthesize cysteine from two amino
acids: methionine furnishes the sulfur atom and serine
furnishes the carbon skeleton. Methionine is first con-
verted to S-adenosylmethionine (see Fig. 18–18), which
can lose its methyl group to any of a number of accep-
tors to form S-adenosylhomocysteine (adoHcy). This
demethylated product is hydrolyzed to free homocys-

teine, which undergoes a reaction with serine, catalyzed
by cystathionine !-synthase, to yield cystathionine
(Fig. 22–14). Finally, cystathionine "-lyase, a PLP-
requiring enzyme, catalyzes removal of ammonia and
cleavage of cystathionine to yield free cysteine.
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FIGURE 22–11 Ornithine #-aminotransferase
reaction: a step in the mammalian pathway
to proline. This enzyme is found in the 
mitochondrial matrix of most tissues. 
Although the equilibrium favors P5C 
formation, the reverse reaction is the only
mammalian pathway for synthesis of ornithine
(and thus arginine) when arginine levels are
insufficient for protein synthesis.

FIGURE 22–12 Biosynthesis of serine from 3-phosphoglycerate and
of glycine from serine in all organisms. Glycine is also made from
CO2 and NH4

! by the action of glycine synthase, with N5,N10-methy-
lenetetrahydrofolate as methyl group donor (see text).
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AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

GLİSİN 
 
Serin (3 Karbonlu) Glisinin (2 Karbonlu) öncülüdür. 
 
Serinin bir karbon atomu hidroksimetiltransferaz 
ile çıkarılır: 
 

 Tetrahidrofolat serinin beta-karbonunu  
 (C-3) kabul eder, N5 ve N10 arasında N5-
 N10 metilentetrahidrofolat meydana 
 getirmek üzere bir metilen köprüsü    
 meydana gelir.  

 
Rxn pirodoksal fosfat gerektirir. 

Tüm reaksiyonlar geridönüşümlüdür 



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

dehydrogenase (using NAD!) to yield 3-phosphohy-
droxypyruvate. Transamination from glutamate yields 3-
phosphoserine, which is hydrolyzed to free serine by
phosphoserine phosphatase. 

Serine (three carbons) is the precursor of glycine
(two carbons) through removal of a carbon atom by
serine hydroxymethyltransferase (Fig. 22–12).
Tetrahydrofolate accepts the ! carbon (C-3) of serine,
which forms a methylene bridge between N-5 and N-10
to yield N5,N10-methylenetetrahydrofolate (see Fig.
18–17). The overall reaction, which is reversible, also
requires pyridoxal phosphate. In the liver of verte-
brates, glycine can be made by another route: the re-
verse of the reaction shown in Figure 18–20c, cat-
alyzed by glycine synthase (also called glycine
cleavage enzyme):

CO2 ! NH4
! ! N5,N10-methylenetetrahydrofolate !

NADH ! H!88n
glycine ! tetrahydrofolate ! NAD!

Plants and bacteria produce the reduced sulfur re-
quired for the synthesis of cysteine (and methionine,
described later) from environmental sulfates; the path-
way is shown on the right side of Figure 22–13. Sulfate
is activated in two steps to produce 3-phosphoadeno-
sine 5"-phosphosulfate (PAPS), which undergoes an
eight-electron reduction to sulfide. The sulfide is then
used in formation of cysteine from serine in a two-step
pathway. Mammals synthesize cysteine from two amino
acids: methionine furnishes the sulfur atom and serine
furnishes the carbon skeleton. Methionine is first con-
verted to S-adenosylmethionine (see Fig. 18–18), which
can lose its methyl group to any of a number of accep-
tors to form S-adenosylhomocysteine (adoHcy). This
demethylated product is hydrolyzed to free homocys-

teine, which undergoes a reaction with serine, catalyzed
by cystathionine !-synthase, to yield cystathionine
(Fig. 22–14). Finally, cystathionine "-lyase, a PLP-
requiring enzyme, catalyzes removal of ammonia and
cleavage of cystathionine to yield free cysteine.
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CO2 and NH4

! by the action of glycine synthase, with N5,N10-methy-
lenetetrahydrofolate as methyl group donor (see text).
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Omurgalıların karaciğerinde glisin başka bir yolla daha 
yapılabilir. 
 
Rreaksiyon ters yönde Glisin setaz ile (glisin kesen 
enzim olarak da adlandırılır) katalize edilmesi ile Glisin 
meydana gelebilir. 
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MECHANISM FIGURE 18–20 Interplay of the pyridoxal phosphate
and tetrahydrofolate cofactors in serine and glycine metabolism. The
first step in each of these reactions (not shown) involves the forma-
tion of a covalent imine linkage between enzyme-bound PLP and the
substrate amino acid—serine in (a), glycine in (b) and (c). (a) The ser-
ine dehydratase reaction entails a PLP-catalyzed elimination of water
across the bond between the ! and " carbons (step 1 ), leading even-
tually to the production of pyruvate (steps 2 through 4 ). (b) In the
serine hydroxymethyltransferase reaction, a PLP-stabilized carbanion
on the ! carbon of glycine (product of step 1 ) is a key intermediate

in the transfer of the methylene group (as OCH2OOH) from N5,N10-
methylenetetrahydrofolate to form serine. This reaction is reversible.
(c) The glycine cleavage enzyme is a multienzyme complex, with com-
ponents P, H, T, and L. The overall reaction, which is reversible, con-
verts glycine to CO2 and NH4

!, with the second glycine carbon taken
up by tetrahydrofolate to form N5,N10-methylenetetrahydrofolate. Pyri-
doxal phosphate activates the ! carbon of amino acids at critical stages
in all these reactions, and tetrahydrofolate carries one-carbon units in
two of them (see Figs 18–6, 18–17). 
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Glisin metabolizmasındaki Glisin sentaz multikompleks ve 
geridönüşümlü bir enzimdir. Glisini CO2 ve NH4’e çevirirken,  
Glisinin 2. karbonu tatrahidrofolat tarafından tutulur ve N5-
N10-metilenetrahidrofolat meydana gelir. 



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

SİSTEİN 
 
Bitkiler ve bakteriler çevresel 
sülfatlardan Sistein  (ve Metionin) 
sentezi için gereken indirgenmiş 
sülfür üretirler 
 
 

Three Nonessential and Six Essential Amino Acids
Are Synthesized from Oxaloacetate and Pyruvate

Alanine and aspartate are synthesized from pyruvate
and oxaloacetate, respectively, by transamination from
glutamate. Asparagine is synthesized by amidation of
aspartate, with glutamine donating the NH4

!. These are
nonessential amino acids, and their simple biosynthetic
pathways occur in all organisms.

Methionine, threonine, lysine, isoleucine, valine, and
leucine are essential amino acids. Their biosynthetic
pathways are complex and interconnected (Fig. 22–15).
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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.
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AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

Sülfat,  
 
3-fosfoadenosin-5-
fosfosülfat (PAPS) üretmek 
üzere 2 adımda aktive edilir.  
 
PAPS’dan  indirgenme rxnları  
ile sülfide ((sülfür) ulaşılır 
 
Sülfid (sülfür) Serinden 
Sistenin elde etmek üzere 
gerçekleşen 2 adımlı bir 
pathwaye dahil olur 
 

Three Nonessential and Six Essential Amino Acids
Are Synthesized from Oxaloacetate and Pyruvate

Alanine and aspartate are synthesized from pyruvate
and oxaloacetate, respectively, by transamination from
glutamate. Asparagine is synthesized by amidation of
aspartate, with glutamine donating the NH4

!. These are
nonessential amino acids, and their simple biosynthetic
pathways occur in all organisms.

Methionine, threonine, lysine, isoleucine, valine, and
leucine are essential amino acids. Their biosynthetic
pathways are complex and interconnected (Fig. 22–15).
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scribed in the text.

8885d_c22_833-880  2/6/04  8:35 AM  Page 845 mac76 mac76:385_reb:



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

Memeliler sisteini 2 
amino asitten sentez 
ederler: 
 
Metioninà Sülfür 
atomunu 
 
Serinà  Karbon 
iskeletini sağlar. 
 
 

1,000 times more reactive than the methyl group of N5-
methyltetrahydrofolate.

Transfer of the methyl group from S-adenosylmethi-
onine to an acceptor yields S-adenosylhomocysteine
(Fig. 18–18, step 2 ), which is subsequently broken down
to homocysteine and adenosine (step 3 ). Methionine
is regenerated by transfer of a methyl group to homo-
cysteine in a reaction catalyzed by methionine synthase
(step 4 ), and methionine is reconverted to S-adenosyl-
methionine to complete an activated-methyl cycle.

One form of methionine synthase common in
bacteria uses N 5-methyltetrahydrofolate as a

methyl donor. Another form of the enzyme present in
some bacteria and mammals uses N5-methyltetrahydro-
folate, but the methyl group is first transferred to cobal-
amin, derived from coenzyme B12, to form methyl-
cobalamin as the methyl donor in methionine formation.
This reaction and the rearrangement of L-methyl-
malonyl-CoA to succinyl-CoA (see Box 17–2, Fig. 1a)
are the only known coenzyme B12–dependent reactions
in mammals. In cases of vitamin B12 deficiency, some
symptoms can be alleviated by administering not only
vitamin B12 but folate. As noted above, the methyl group
of methylcobalamin is derived from N5-methyltetrahy-
drofolate. Because the reaction converting the N5,N10-
methylene form to the N5-methyl form of tetrahydrofo-

late is irreversible (Fig. 18–17), if coenzyme B12 is not
available for the synthesis of methylcobalamin, then no
acceptor is available for the methyl group of N5-methyl-
tetrahydrofolate and metabolic folates become trapped
in the N5-methyl form. This sequestering of folates in
one form may be the cause of some symptoms of the vi-
tamin B12 deficiency disease pernicious anemia. How-
ever, we do not know whether this is the only effect of
insufficient vitamin B12. !

Tetrahydrobiopterin, another cofactor of amino
acid catabolism, is similar to the pterin moiety of
tetrahydrofolate, but it is not involved in one-carbon
transfers; instead it participates in oxidation reactions.
We consider its mode of action when we discuss phenyl-
alanine degradation (see Fig. 18–24).

Six Amino Acids Are Degraded to Pyruvate

The carbon skeletons of six amino acids are converted in
whole or in part to pyruvate. The pyruvate can then be
converted to either acetyl-CoA (a ketone body precur-
sor) or oxaloacetate (a precursor for gluconeogenesis).
Thus amino acids catabolized to pyruvate are both ke-
togenic and glucogenic. The six are alanine, tryptophan,
cysteine, serine, glycine, and threonine (Fig. 18–19).
Alanine yields pyruvate directly on transamination with
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Metionin ilk olarak S-adenosilmetionin”e çevrilir 
 
S-adenosilmetionin, S-adenosilhomosistein (adoHcy) oluşturmak üzere  metil 
grubunu kaybeder. 



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

Bu demetillenmiş ürün serbest 
homosisteine hidrolize olur. 
 
Homosistein serin ile birlikte 
Cystathionine sentaz ile katalizlenen 
bir rxna girer ve “cystathionine” 
“meydana gelir 
 
Son olarak Cystathionine liyaz (PLP 
gerektiren bir enzim)  
•  amonyum çıkarılmasını 
•  cystathionine kesilmesini 

katalizleyerek serbest sistein 
oluşur 

 

Three Nonessential and Six Essential Amino Acids
Are Synthesized from Oxaloacetate and Pyruvate

Alanine and aspartate are synthesized from pyruvate
and oxaloacetate, respectively, by transamination from
glutamate. Asparagine is synthesized by amidation of
aspartate, with glutamine donating the NH4

!. These are
nonessential amino acids, and their simple biosynthetic
pathways occur in all organisms.

Methionine, threonine, lysine, isoleucine, valine, and
leucine are essential amino acids. Their biosynthetic
pathways are complex and interconnected (Fig. 22–15).
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bacteria and plants. The origin of reduced sulfur is shown
in the pathway on the right.
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Three Nonessential and Six Essential Amino Acids
Are Synthesized from Oxaloacetate and Pyruvate

Alanine and aspartate are synthesized from pyruvate
and oxaloacetate, respectively, by transamination from
glutamate. Asparagine is synthesized by amidation of
aspartate, with glutamine donating the NH4

!. These are
nonessential amino acids, and their simple biosynthetic
pathways occur in all organisms.

Methionine, threonine, lysine, isoleucine, valine, and
leucine are essential amino acids. Their biosynthetic
pathways are complex and interconnected (Fig. 22–15).
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FIGURE 22–13 Biosynthesis of cysteine from serine in
bacteria and plants. The origin of reduced sulfur is shown
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AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

Alanin à piruvattan  
Aspartat à oksaloasetattan, 
trasnaminasyon ile sentezlenir. 
 
Asparagin NH4+ vericisi 
glutamin ile aspartatın 
amidasyonu ile sentezlenir. 
 
Bunlar temel olmayan amino 
asitlerdir ve tüm organizmalarda 
basit biyosentetik yollarla 
yapılırlar. 



Metionin, treonin, lisin , isolösin, 
valin ve lösin temel amino 
asitlerdir.. 
 
Bunların biyosentezi kompleks ve 
birbiri ile içiçedir. 
 
Bazı durumlarda bakteri, mantar 
ve bitkilerde yolakla rönemli 
derecede farklıdır.  
 
Bakteriyel yolak 

AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 
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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 L,L-!,"-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.
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Bakteriyel yolakta Aspartat metionin, 
treonin ve lisini meydana getirir 
 
Aspartat-semi-aldehid; 
•  Bu noktada dallanarak oluşan 3 

pathwayde ve 
•  treonin ve metionin oluşumunda öncül 

molekül olan homoserin için  
aramolekülüdür  
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Bakteriyel yolakta; 
 
Treonin isolösinin öncülüdür. 
 
Valin ve isolösin yolakları 4 
enzimi paylaşır. 
18-19-20 ve 21. adımlarda) 

•  Asetolaktat sentaz 
•  Asetohidroksi asit izomeroredüktaz 
•  Dihidroksi asit dehidrataz 
•  Valin aminotransferaz 
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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 L,L-!,"-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.
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Piruvat Valin ve İsolösin 
yolaklarına girer. 
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Rxn Piruvatın 2 karbonun diğer 
bir piruvat molekülü ile  (Valin 
yolağında) ya da ketobütirat ile 
(İsolösin yolağında) 
kondensasyonu sonucu başlar. 

ketobütirat pirodoksal fosfat 
gerektiren bir rxnda treoninden 
türevlenir (17. adım) 

Valin yolağında bir  aramolekül 
olan, alfa-ketoisovalerate, 
Lösin oluşumuna giden  4 
adımlık yolağın da başlangıç 
noktasıdır.  
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FIGURE 22–17 Biosynthesis of tryptophan from chorismate in bac-
teria and plants. In E. coli, enzymes catalyzing steps 1 and 2 are
subunits of a single complex.

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

Aromatic rings are not readily available in the environ-
ment, even though the benzene ring is very stable. The
branched pathway to tryptophan, phenylalanine, and ty-
rosine, occurring in bacteria, fungi, and plants, is the
main biological route of aromatic ring formation. It pro-
ceeds through ring closure of an aliphatic precursor fol-
lowed by stepwise addition of double bonds. The first
four steps produce shikimate, a seven-carbon molecule
derived from erythrose 4-phosphate and phospho-
enolpyruvate (Fig. 22–16). Shikimate is converted to
chorismate in three steps that include the addition of
three more carbons from another molecule of phospho-
enolpyruvate. Chorismate is the first branch point of the
pathway, with one branch leading to tryptophan, the
other to phenylalanine and tyrosine.

In the tryptophan branch (Fig. 22–17), chorismate
is converted to anthranilate in a reaction in which glu-
tamine donates the nitrogen that will become part of the
indole ring. Anthranilate then condenses with PRPP.
The indole ring of tryptophan is derived from the ring
carbons and amino group of anthranilate plus two car-
bons derived from PRPP. The final reaction in the se-
quence is catalyzed by tryptophan synthase. This en-
zyme has an !2"2 subunit structure and can be
dissociated into two ! subunits and a "2 subunit that
catalyze different parts of the overall reaction:

Indole-3-glycerol phosphate 88888n
$ subunit 

indole " glyceraldehyde 3-phosphate

Indole " serine 888888n tryptophan " H2O
%2 subunit

Phosphoenolpyruvate

Erythrose 4-phosphate

Phenylalanine Tyrosine Tryptophan
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AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

Örneğin benzen halkası oldukça kararlı bir yapı olmasına rağmen aromatik 
halkalar çevreden hemen ulaşılabilmesi kolay yapılar değildir. 
 
Triptofan, Fenilalanin ve Tirozinin bakteri, mantar ve bitkilerde görülen dallanmış 
yolakları aromatik halka oluşumunda temel biyolojik rotadır. 

xxxxxxxxx 
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to valine and isoleucine in pathways that begin with con-
densation of two carbons of pyruvate (in the form of
hydroxyethyl thiamine pyrophosphate; see Fig. 14–13)
with another molecule of pyruvate (valine path) or with
!-ketobutyrate (isoleucine path). The !-ketobutyrate is
derived from threonine in a reaction that requires pyri-
doxal phosphate (Fig. 22–15, step 17 ). An intermedi-
ate in the valine pathway, !-ketoisovalerate, is the start-
ing point for a four-step branch pathway leading to
leucine (steps 22 to 25 ).

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 6 is competitively inhibited by glyphosate
(!COOOCH2ONHOCH2OPO3

2!), 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.

In some cases, the pathways in bacteria, fungi, and
plants differ significantly. The bacterial pathways are
outlined in Figure 22–15.

Aspartate gives rise to methionine, threonine,
and lysine. Branch points occur at aspartate "-semi-
aldehyde, an intermediate in all three pathways, and at
homoserine, a precursor of threonine and methionine.
Threonine, in turn, is one of the precursors of isoleucine.
The valine and isoleucine pathways share four en-
zymes (Fig. 22–15, steps 18 to 21). Pyruvate gives rise
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Bu rotada ilk 4 adım 
 üretir. 

 
Shikimat, eritroz 4-
fosfattan ve fosfoenol 
piruvattan türevlenen 7 
karbonlu bir moleküldür. 
 
Diğer bir PEP 
molekülünden 3 karbon 
eklenmesi ile shikimat 3 
adımda korismata 
dönüştürülür. 
 
Korismat molekülü 
dallanmanın ilk adımıdır. 
 
Bir dal triptofanı bir dal 
Fenilalanin ve tirozini 
oluşturur. 
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FIGURE 22–17 Biosynthesis of tryptophan from chorismate in bac-
teria and plants. In E. coli, enzymes catalyzing steps 1 and 2 are
subunits of a single complex.

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

Aromatic rings are not readily available in the environ-
ment, even though the benzene ring is very stable. The
branched pathway to tryptophan, phenylalanine, and ty-
rosine, occurring in bacteria, fungi, and plants, is the
main biological route of aromatic ring formation. It pro-
ceeds through ring closure of an aliphatic precursor fol-
lowed by stepwise addition of double bonds. The first
four steps produce shikimate, a seven-carbon molecule
derived from erythrose 4-phosphate and phospho-
enolpyruvate (Fig. 22–16). Shikimate is converted to
chorismate in three steps that include the addition of
three more carbons from another molecule of phospho-
enolpyruvate. Chorismate is the first branch point of the
pathway, with one branch leading to tryptophan, the
other to phenylalanine and tyrosine.

In the tryptophan branch (Fig. 22–17), chorismate
is converted to anthranilate in a reaction in which glu-
tamine donates the nitrogen that will become part of the
indole ring. Anthranilate then condenses with PRPP.
The indole ring of tryptophan is derived from the ring
carbons and amino group of anthranilate plus two car-
bons derived from PRPP. The final reaction in the se-
quence is catalyzed by tryptophan synthase. This en-
zyme has an !2"2 subunit structure and can be
dissociated into two ! subunits and a "2 subunit that
catalyze different parts of the overall reaction:

Indole-3-glycerol phosphate 88888n
$ subunit 

indole " glyceraldehyde 3-phosphate

Indole " serine 888888n tryptophan " H2O
%2 subunit

Phosphoenolpyruvate

Erythrose 4-phosphate

Phenylalanine Tyrosine Tryptophan

Tyrosine

"
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(see Figs 18–23, 18–24). Tyrosine is considered a con-
ditionally essential amino acid, or as nonessential inso-
far as it can be synthesized from the essential amino
acid phenylalanine.

Histidine Biosynthesis Uses Precursors 
of Purine Biosynthesis

The pathway to histidine in all plants and bacteria dif-
fers in several respects from other amino acid biosyn-
thetic pathways. Histidine is derived from three pre-
cursors (Fig. 22–20): PRPP contributes five carbons, the
purine ring of ATP contributes a nitrogen and a carbon,
and glutamine supplies the second ring nitrogen. The
key steps are condensation of ATP and PRPP, in which
N-1 of the purine ring is linked to the activated C-1 of
the ribose of PRPP (step 1 in Fig. 22–20); purine ring
opening that ultimately leaves N-1 and C-2 of adenine
linked to the ribose (step 3 ); and formation of the im-
idazole ring, a reaction in which glutamine donates a ni-
trogen (step 5 ). The use of ATP as a metabolite rather
than a high-energy cofactor is unusual— but not waste-
ful, because it dovetails with the purine biosynthetic
pathway. The remnant of ATP that is released after the
transfer of N-1 and C-2 is 5-aminoimidazole-4-carbox-
amide ribonucleotide (AICAR), an intermediate of
purine biosynthesis (see Fig. 22–33) that is rapidly re-
cycled to ATP.

Amino Acid Biosynthesis Is under 
Allosteric Regulation

The most responsive regulation of amino acid synthesis
takes place through feedback inhibition of the first re-
action in a sequence by the end product of the pathway.
This first reaction is usually irreversible and catalyzed
by an allosteric enzyme. As an example, Figure 22–21
shows the allosteric regulation of isoleucine synthesis
from threonine (detailed in Fig. 22–15). The end prod-
uct, isoleucine, is an allosteric inhibitor of the first 
reaction in the sequence. In bacteria, such allosteric
modulation of amino acid synthesis occurs as a minute-
to-minute response. 

Allosteric regulation can be considerably more com-
plex. An example is the remarkable set of allosteric con-
trols exerted on glutamine synthetase of E. coli (Fig.
22–6). Six products derived from glutamine serve as
negative feedback modulators of the enzyme, and the
overall effects of these and other modulators are more
than additive. Such regulation is called concerted in-
hibition.

Ribose 5-phosphate

Histidine

22.2 Biosynthesis of Amino Acids 851

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.
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In plants and bacteria, phenylalanine and tyro-
sine are synthesized from chorismate in pathways much
less complex than the tryptophan pathway. The com-
mon intermediate is prephenate (Fig. 22–19). The final
step in both cases is transamination with glutamate.

Animals can produce tyrosine directly from phenyl-
alanine through hydroxylation at C-4 of the phenyl
group by phenylalanine hydroxylase; this enzyme
also participates in the degradation of phenylalanine

8885d_c22_851  2/6/04  1:08 PM  Page 851 mac76 mac76:385_reb:

Korismat 

Triptofan Fenilalanin   
Tirozin 
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FIGURE 22–17 Biosynthesis of tryptophan from chorismate in bac-
teria and plants. In E. coli, enzymes catalyzing steps 1 and 2 are
subunits of a single complex.

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

Aromatic rings are not readily available in the environ-
ment, even though the benzene ring is very stable. The
branched pathway to tryptophan, phenylalanine, and ty-
rosine, occurring in bacteria, fungi, and plants, is the
main biological route of aromatic ring formation. It pro-
ceeds through ring closure of an aliphatic precursor fol-
lowed by stepwise addition of double bonds. The first
four steps produce shikimate, a seven-carbon molecule
derived from erythrose 4-phosphate and phospho-
enolpyruvate (Fig. 22–16). Shikimate is converted to
chorismate in three steps that include the addition of
three more carbons from another molecule of phospho-
enolpyruvate. Chorismate is the first branch point of the
pathway, with one branch leading to tryptophan, the
other to phenylalanine and tyrosine.

In the tryptophan branch (Fig. 22–17), chorismate
is converted to anthranilate in a reaction in which glu-
tamine donates the nitrogen that will become part of the
indole ring. Anthranilate then condenses with PRPP.
The indole ring of tryptophan is derived from the ring
carbons and amino group of anthranilate plus two car-
bons derived from PRPP. The final reaction in the se-
quence is catalyzed by tryptophan synthase. This en-
zyme has an !2"2 subunit structure and can be
dissociated into two ! subunits and a "2 subunit that
catalyze different parts of the overall reaction:

Indole-3-glycerol phosphate 88888n
$ subunit 

indole " glyceraldehyde 3-phosphate

Indole " serine 888888n tryptophan " H2O
%2 subunit

Phosphoenolpyruvate

Erythrose 4-phosphate

Phenylalanine Tyrosine Tryptophan

Tyrosine

"
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Triptofan dalında; 
 
Korismat Antranilata çevrilir. 
 
Bu reaksiyonda Glutamin İndol halkasının bir parçası olacak     
nitrojeni verir.   
 
Antranilat PRPP ile rxna girer (antranilat fosforibozil transferaz) 
ve N-(5 fosforibozil) antranilat meydana gelir. 
 
3. Adımda Antranilat izomeraz enzimi ile Enol-1-karboksi fenil 
amino-1-deoksiribuloz fosfat meydana gelir.  
 
Triptofanın indol halkası Antranilatın karbon halkasından ve 
amino grubuna ek olarak PRPP’den türevlenen 2 karbondan 
türevlenmektedir. 
 
Dizideki son rxn triptofan sentaz ile katalizlenir. 
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FIGURE 22–17 Biosynthesis of tryptophan from chorismate in bac-
teria and plants. In E. coli, enzymes catalyzing steps 1 and 2 are
subunits of a single complex.

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

Aromatic rings are not readily available in the environ-
ment, even though the benzene ring is very stable. The
branched pathway to tryptophan, phenylalanine, and ty-
rosine, occurring in bacteria, fungi, and plants, is the
main biological route of aromatic ring formation. It pro-
ceeds through ring closure of an aliphatic precursor fol-
lowed by stepwise addition of double bonds. The first
four steps produce shikimate, a seven-carbon molecule
derived from erythrose 4-phosphate and phospho-
enolpyruvate (Fig. 22–16). Shikimate is converted to
chorismate in three steps that include the addition of
three more carbons from another molecule of phospho-
enolpyruvate. Chorismate is the first branch point of the
pathway, with one branch leading to tryptophan, the
other to phenylalanine and tyrosine.

In the tryptophan branch (Fig. 22–17), chorismate
is converted to anthranilate in a reaction in which glu-
tamine donates the nitrogen that will become part of the
indole ring. Anthranilate then condenses with PRPP.
The indole ring of tryptophan is derived from the ring
carbons and amino group of anthranilate plus two car-
bons derived from PRPP. The final reaction in the se-
quence is catalyzed by tryptophan synthase. This en-
zyme has an !2"2 subunit structure and can be
dissociated into two ! subunits and a "2 subunit that
catalyze different parts of the overall reaction:

Indole-3-glycerol phosphate 88888n
$ subunit 

indole " glyceraldehyde 3-phosphate

Indole " serine 888888n tryptophan " H2O
%2 subunit
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FIGURE 22–17 Biosynthesis of tryptophan from chorismate in bac-
teria and plants. In E. coli, enzymes catalyzing steps 1 and 2 are
subunits of a single complex.

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

Aromatic rings are not readily available in the environ-
ment, even though the benzene ring is very stable. The
branched pathway to tryptophan, phenylalanine, and ty-
rosine, occurring in bacteria, fungi, and plants, is the
main biological route of aromatic ring formation. It pro-
ceeds through ring closure of an aliphatic precursor fol-
lowed by stepwise addition of double bonds. The first
four steps produce shikimate, a seven-carbon molecule
derived from erythrose 4-phosphate and phospho-
enolpyruvate (Fig. 22–16). Shikimate is converted to
chorismate in three steps that include the addition of
three more carbons from another molecule of phospho-
enolpyruvate. Chorismate is the first branch point of the
pathway, with one branch leading to tryptophan, the
other to phenylalanine and tyrosine.

In the tryptophan branch (Fig. 22–17), chorismate
is converted to anthranilate in a reaction in which glu-
tamine donates the nitrogen that will become part of the
indole ring. Anthranilate then condenses with PRPP.
The indole ring of tryptophan is derived from the ring
carbons and amino group of anthranilate plus two car-
bons derived from PRPP. The final reaction in the se-
quence is catalyzed by tryptophan synthase. This en-
zyme has an !2"2 subunit structure and can be
dissociated into two ! subunits and a "2 subunit that
catalyze different parts of the overall reaction:

Indole-3-glycerol phosphate 88888n
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Indole " serine 888888n tryptophan " H2O
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Triptofan dalında; 
Dizideki son rxn triptofan sentaz (5) ile katalizlenir. 
 
Triptofan sentaz 2 alfa ve 2 beta altünitesine sahip bir 
enzimdir.  
 
Alfa ve beta altüniteleri rxnun farklı kısımlarını katalizlerler 
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MECHANISM FIGURE 22–18 Tryptophan synthase reaction. This en-
zyme catalyzes a multistep reaction with several types of chemical re-
arrangements. 1 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 4
this condenses with indole, and 5 the product is hydrolyzed to re-
lease tryptophan. These PLP-facilitated transformations occur at the !
carbon (C-3) of the amino acid, as opposed to the "-carbon reactions
described in Figure 18–6. The ! carbon of serine is attached to the in-
dole ring system. Tryptophan Synthase Mechanism

The second part of the reaction requires pyridoxal phos-
phate (Fig. 22–18). Indole formed in the first part is not
released by the enzyme, but instead moves through a
channel from the "-subunit active site to the !-subunit
active site, where it condenses with a Schiff base inter-
mediate derived from serine and PLP. Intermediate
channeling of this type may be a feature of the entire
pathway from chorismate to tryptophan. Enzyme active
sites catalyzing different steps (sometimes not sequen-
tial steps) of the pathway to tryptophan are found on
single polypeptides in some species of fungi and bacte-

ria, but are separate proteins in others. In addition, the
activity of some of these enzymes requires a noncova-
lent association with other enzymes of the pathway.
These observations suggest that all the pathway en-
zymes are components of a large, multienzyme complex
in both prokaryotes and eukaryotes. Such complexes are
generally not preserved intact when the enzymes are
isolated using traditional biochemical methods, but ev-
idence for the existence of multienzyme complexes is
accumulating for this and a number of other metabolic
pathways (p. 605).
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FIGURE 22–17 Biosynthesis of tryptophan from chorismate in bac-
teria and plants. In E. coli, enzymes catalyzing steps 1 and 2 are
subunits of a single complex.

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

Aromatic rings are not readily available in the environ-
ment, even though the benzene ring is very stable. The
branched pathway to tryptophan, phenylalanine, and ty-
rosine, occurring in bacteria, fungi, and plants, is the
main biological route of aromatic ring formation. It pro-
ceeds through ring closure of an aliphatic precursor fol-
lowed by stepwise addition of double bonds. The first
four steps produce shikimate, a seven-carbon molecule
derived from erythrose 4-phosphate and phospho-
enolpyruvate (Fig. 22–16). Shikimate is converted to
chorismate in three steps that include the addition of
three more carbons from another molecule of phospho-
enolpyruvate. Chorismate is the first branch point of the
pathway, with one branch leading to tryptophan, the
other to phenylalanine and tyrosine.

In the tryptophan branch (Fig. 22–17), chorismate
is converted to anthranilate in a reaction in which glu-
tamine donates the nitrogen that will become part of the
indole ring. Anthranilate then condenses with PRPP.
The indole ring of tryptophan is derived from the ring
carbons and amino group of anthranilate plus two car-
bons derived from PRPP. The final reaction in the se-
quence is catalyzed by tryptophan synthase. This en-
zyme has an !2"2 subunit structure and can be
dissociated into two ! subunits and a "2 subunit that
catalyze different parts of the overall reaction:

Indole-3-glycerol phosphate 88888n
$ subunit 

indole " glyceraldehyde 3-phosphate

Indole " serine 888888n tryptophan " H2O
%2 subunit

Phosphoenolpyruvate

Erythrose 4-phosphate

Phenylalanine Tyrosine Tryptophan

Tyrosine

"
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Reaksiyonun 2. kısmı 
Pirodoksal Fosfat (PLP) 
gerektirir. 
 
Ilk kısımda oluşan İndol enzim 
tarafından salınmaz. 
 
Alfa altünitenin aktif 
bölgesinden beta-altünitesinin 
aktif bölgesine doğru bir kanal 
boyunca hareket ettirilir. 
 
Burada indol, serin ve PLP ile   
Kondensasyona uğrar ve bir 
aramolekül meydana gelir (3. 
adım) 
 
5. Adımda ürün triptofan 
salınımı için hidrolize uğratılır. 

Mantar ve bakterilerin bazı türlerinde triptofan 
yolağında farklı adımları katalizleyen enzim aktif 
bölgeleri tek bir polipeptid zincirinde bulunurken 
çoğunda ayrı zincirlerdedir. 



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

(see Figs 18–23, 18–24). Tyrosine is considered a con-
ditionally essential amino acid, or as nonessential inso-
far as it can be synthesized from the essential amino
acid phenylalanine.

Histidine Biosynthesis Uses Precursors 
of Purine Biosynthesis

The pathway to histidine in all plants and bacteria dif-
fers in several respects from other amino acid biosyn-
thetic pathways. Histidine is derived from three pre-
cursors (Fig. 22–20): PRPP contributes five carbons, the
purine ring of ATP contributes a nitrogen and a carbon,
and glutamine supplies the second ring nitrogen. The
key steps are condensation of ATP and PRPP, in which
N-1 of the purine ring is linked to the activated C-1 of
the ribose of PRPP (step 1 in Fig. 22–20); purine ring
opening that ultimately leaves N-1 and C-2 of adenine
linked to the ribose (step 3 ); and formation of the im-
idazole ring, a reaction in which glutamine donates a ni-
trogen (step 5 ). The use of ATP as a metabolite rather
than a high-energy cofactor is unusual— but not waste-
ful, because it dovetails with the purine biosynthetic
pathway. The remnant of ATP that is released after the
transfer of N-1 and C-2 is 5-aminoimidazole-4-carbox-
amide ribonucleotide (AICAR), an intermediate of
purine biosynthesis (see Fig. 22–33) that is rapidly re-
cycled to ATP.

Amino Acid Biosynthesis Is under 
Allosteric Regulation

The most responsive regulation of amino acid synthesis
takes place through feedback inhibition of the first re-
action in a sequence by the end product of the pathway.
This first reaction is usually irreversible and catalyzed
by an allosteric enzyme. As an example, Figure 22–21
shows the allosteric regulation of isoleucine synthesis
from threonine (detailed in Fig. 22–15). The end prod-
uct, isoleucine, is an allosteric inhibitor of the first 
reaction in the sequence. In bacteria, such allosteric
modulation of amino acid synthesis occurs as a minute-
to-minute response. 

Allosteric regulation can be considerably more com-
plex. An example is the remarkable set of allosteric con-
trols exerted on glutamine synthetase of E. coli (Fig.
22–6). Six products derived from glutamine serve as
negative feedback modulators of the enzyme, and the
overall effects of these and other modulators are more
than additive. Such regulation is called concerted in-
hibition.

Ribose 5-phosphate

Histidine

22.2 Biosynthesis of Amino Acids 851

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.
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In plants and bacteria, phenylalanine and tyro-
sine are synthesized from chorismate in pathways much
less complex than the tryptophan pathway. The com-
mon intermediate is prephenate (Fig. 22–19). The final
step in both cases is transamination with glutamate.

Animals can produce tyrosine directly from phenyl-
alanine through hydroxylation at C-4 of the phenyl
group by phenylalanine hydroxylase; this enzyme
also participates in the degradation of phenylalanine
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Bitki ve bakterilerde Fenilalanin ve 
tirozin, triptofan yolundan daha az 
karmaşık bir yolla yine Korismattan 
sentezlenir. 
 
Ortak aramolekül Prefenat molekülüdür. 
 
Her iki yolakta da son adım Glutamat 
molekülü ile transaminasyondur. 



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

Hayvanlar tirozini doğrudan fenilalaninden 
üretirler. 
 
Bu rxn Fenilalanin hidroksilaz enzimi ile fenil 
grubunun 4 nolu karbonunda bir hidroksilasyon 
ile meydana gelir. 
 
Bu enzim aynı zamanda Fenilalanin 
degredasyonunun bir parçasıdır. 
 
Tirozin durma göre temel ya da temel olmayan 
aa olarak düşünülebilir. 

Phenylalanine Catabolism Is Genetically 
Defective in Some People

Given that many amino acids are either neuro-
transmitters or precursors or antagonists of

neutrotransmitters, genetic defects of amino acid me-
tabolism can cause defective neural development and
mental retardation. In most such diseases specific inter-
mediates accumulate. For example, a genetic defect in
phenylalanine hydroxylase, the first enzyme in the
catabolic pathway for phenylalanine (Fig. 18–23), is re-
sponsible for the disease phenylketonuria (PKU), the
most common cause of elevated levels of phenylalanine
(hyperphenylalaninemia). 

Phenylalanine hydroxylase (also called phenylala-
nine-4-monooxygenase) is one of a general class of en-
zymes called mixed-function oxidases (see Box 21–1),
all of which catalyze simultaneous hydroxylation of a
substrate by an oxygen atom of O2 and reduction of the
other oxygen atom to H2O. Phenylalanine hydroxylase
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FIGURE 18–23 Catabolic pathways for phenylalanine and
tyrosine. In humans these amino acids are normally con-

verted to acetoacetyl-CoA and fumarate. Genetic defects in many of
these enzymes cause inheritable human diseases (shaded yellow).
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requires the cofactor tetrahydrobiopterin, which carries
electrons from NADH to O2 and becomes oxidized to
dihydrobiopterin in the process (Fig. 18–24). It is sub-
sequently reduced by the enzyme dihydrobiopterin
reductase in a reaction that requires NADH.

In individuals with PKU, a secondary, normally 
little-used pathway of phenylalanine metabolism comes
into play. In this pathway phenylalanine undergoes
transamination with pyruvate to yield phenylpyruvate
(Fig. 18–25). Phenylalanine and phenylpyruvate accu-
mulate in the blood and tissues and are excreted in the
urine—hence the name “phenylketonuria.” Much of the
phenylpyruvate, rather than being excreted as such, is
either decarboxylated to phenylacetate or reduced to
phenyllactate. Phenylacetate imparts a characteristic
odor to the urine, which nurses have traditionally used
to detect PKU in infants. The accumulation of phenyl-
alanine or its metabolites in early life impairs normal 
development of the brain, causing severe mental retar-
dation. This may be caused by excess phenylalanine
competing with other amino acids for transport across
the blood-brain barrier, resulting in a deficit of required
metabolites.

Phenylketonuria was among the first inheritable
metabolic defects discovered in humans. When this con-
dition is recognized early in infancy, mental retardation
can largely be prevented by rigid dietary control. The
diet must supply only enough phenylalanine and tyro-
sine to meet the needs for protein synthesis. Consump-
tion of protein-rich foods must be curtailed. Natural pro-
teins, such as casein of milk, must first be hydrolyzed
and much of the phenylalanine removed to provide an
appropriate diet, at least through childhood. Because the
artificial sweetener aspartame is a dipeptide of aspartate
and the methyl ester of phenylalanine (see Fig. 1–23b),
foods sweetened with aspartame bear warnings ad-
dressed to individuals on phenylalanine-controlled diets.

Phenylketonuria can also be caused by a defect in
the enzyme that catalyzes the regeneration of tetrahy-
drobiopterin (Fig. 18–24). The treatment in this case is

more complex than restricting the intake of phenylala-
nine and tyrosine. Tetrahydrobiopterin is also required
for the formation of L-3,4-dihydroxyphenylalanine (L-
dopa) and 5-hydroxytryptophan—precursors of the
neurotransmitters norepinephrine and serotonin, respec-
tively—and in phenylketonuria of this type, these pre-
cursors must be supplied in the diet. Supplementing the
diet with tetrahydrobiopterin itself is ineffective because
it is unstable and does not cross the blood-brain barrier.

Chapter 18 Amino Acid Oxidation and the Production of Urea680
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(see Figs 18–23, 18–24). Tyrosine is considered a con-
ditionally essential amino acid, or as nonessential inso-
far as it can be synthesized from the essential amino
acid phenylalanine.

Histidine Biosynthesis Uses Precursors 
of Purine Biosynthesis

The pathway to histidine in all plants and bacteria dif-
fers in several respects from other amino acid biosyn-
thetic pathways. Histidine is derived from three pre-
cursors (Fig. 22–20): PRPP contributes five carbons, the
purine ring of ATP contributes a nitrogen and a carbon,
and glutamine supplies the second ring nitrogen. The
key steps are condensation of ATP and PRPP, in which
N-1 of the purine ring is linked to the activated C-1 of
the ribose of PRPP (step 1 in Fig. 22–20); purine ring
opening that ultimately leaves N-1 and C-2 of adenine
linked to the ribose (step 3 ); and formation of the im-
idazole ring, a reaction in which glutamine donates a ni-
trogen (step 5 ). The use of ATP as a metabolite rather
than a high-energy cofactor is unusual— but not waste-
ful, because it dovetails with the purine biosynthetic
pathway. The remnant of ATP that is released after the
transfer of N-1 and C-2 is 5-aminoimidazole-4-carbox-
amide ribonucleotide (AICAR), an intermediate of
purine biosynthesis (see Fig. 22–33) that is rapidly re-
cycled to ATP.

Amino Acid Biosynthesis Is under 
Allosteric Regulation

The most responsive regulation of amino acid synthesis
takes place through feedback inhibition of the first re-
action in a sequence by the end product of the pathway.
This first reaction is usually irreversible and catalyzed
by an allosteric enzyme. As an example, Figure 22–21
shows the allosteric regulation of isoleucine synthesis
from threonine (detailed in Fig. 22–15). The end prod-
uct, isoleucine, is an allosteric inhibitor of the first 
reaction in the sequence. In bacteria, such allosteric
modulation of amino acid synthesis occurs as a minute-
to-minute response. 

Allosteric regulation can be considerably more com-
plex. An example is the remarkable set of allosteric con-
trols exerted on glutamine synthetase of E. coli (Fig.
22–6). Six products derived from glutamine serve as
negative feedback modulators of the enzyme, and the
overall effects of these and other modulators are more
than additive. Such regulation is called concerted in-
hibition.

Ribose 5-phosphate

Histidine

22.2 Biosynthesis of Amino Acids 851

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.
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In plants and bacteria, phenylalanine and tyro-
sine are synthesized from chorismate in pathways much
less complex than the tryptophan pathway. The com-
mon intermediate is prephenate (Fig. 22–19). The final
step in both cases is transamination with glutamate.

Animals can produce tyrosine directly from phenyl-
alanine through hydroxylation at C-4 of the phenyl
group by phenylalanine hydroxylase; this enzyme
also participates in the degradation of phenylalanine
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AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

Histidin biyosentezi Purin biyosentezi öncüllerini kullanır. 

Tüm bitki ve bakterilerde histidin yolağı diğer amino asit yolaklarından farklıdır. 
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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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Histidin 3 öncül molekülden türevlenir: 
 
PRPP 
5 karbonu ile senteze katkıda bulunur 
 
ATP 
ATP’nin purin halkası bir nitrojen ve bir 
karbon verir.  
 
Glutamin  
halkaya ikinci nitrojeni sağlar. 
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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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Anahtar Adımlar: 
 
1.  Adım: 
ATP ve PRPPnin kondensasyonu: 
 Bu rxnda purin halkasının  1 nolu 
azotu (N1) PRPP’nin ribozunun aktive 
olmuş 1 nolu karbonuna (C1) bağlanır. 

3. Adımda:  
Açılan purin halkası riboza bağlı 
adeninin N1 ve C2’sini bırakır.  
 
5. Adım: 
İmidazol halkasının oluşumu 5. 
adımda glutaminin nitrojen 
vermesi ile gerçekleşir. 
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ATP’nin yüksek enerjili bir kofaktör 
yerine bir metabolit olarak kullanılması 
genel bir durum değildir. 
 
N1 ve C2’nin transferinden sonra  (3. 
adımdan sonra) salınan geri kalan ATP, 
purin biyosentezinde bir aramolekül olan 
AICAR ‘dır. 
(5 aminoimidazol-4- karboksamid 
ribonükleotid)  
 
AICAR hızlıca ATP’ye çevrilir. 



Because the 20 common amino acids must be made
in the correct proportions for protein synthesis, cells
have developed ways not only of controlling the rate of
synthesis of individual amino acids but also of coordi-
nating their formation. Such coordination is especially
well developed in fast-growing bacterial cells. Figure
22–22 shows how E. coli cells coordinate the synthesis
of lysine, methionine, threonine, and isoleucine, all
made from aspartate. Several important types of inhibi-
tion patterns are evident. The step from aspartate to 
aspartyl-!-phosphate is catalyzed by three isozymes,
each independently controlled by different modulators.
This enzyme multiplicity prevents one biosynthetic
end product from shutting down key steps in a pathway
when other products of the same pathway are required.
The steps from aspartate !-semialdehyde to homoser-
ine and from threonine to "-ketobutyrate (detailed in
Fig. 22–15) are also catalyzed by dual, independently
controlled isozymes. One isozyme for the conversion of
aspartate to aspartyl-!-phosphate is allosterically inhib-
ited by two different modulators, lysine and isoleucine,
whose action is more than additive—another example
of concerted inhibition. The sequence from aspartate 
to isoleucine undergoes multiple, overlapping negative
feedback inhibition; for example, isoleucine inhibits
the conversion of threonine to "-ketobutyrate (as de-
scribed above), and threonine inhibits its own forma-
tion at three points: from homoserine, from aspartate
!-semialdehyde, and from aspartate (steps 4 , 3 , and
1 in Fig. 22–15). This overall regulatory mechanism

is called sequential feedback inhibition.
Similar patterns are evident in the pathways lead-

ing to the aromatic amino acids. The first step of the

early pathway to the common intermediate chorismate
is catalyzed by the enzyme 2-keto-3-deoxy-D-arabino-
heptulosonate 7-phosphate (DAHP) synthase (step 1
in Fig. 22–16). Most microorganisms and plants have
three DAHP synthase isozymes. One is allosterically in-
hibited (feedback inhibition) by phenylalanine, another
by tyrosine, and the third by tryptophan. This scheme
helps the overall pathway to respond to cellular 
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FIGURE 22–21 Allosteric regulation of isoleucine biosynthesis. The
first reaction in the pathway from threonine to isoleucine is inhibited
by the end product, isoleucine. This was one of the first examples of
allosteric feedback inhibition to be discovered. The steps from "-
ketobutyrate to isoleucine correspond to steps 18 through 21 in Fig-
ure 22–15 (five steps because 19 is a two-step reaction).

FIGURE 22–22 Interlocking regulatory mechanisms in the biosyn-
thesis of several amino acids derived from aspartate in E. coli. Three
enzymes (A, B, C) have either two or three isozyme forms, indicated
by numerical subscripts. In each case, one isozyme (A2, B1, and C2)
has no allosteric regulation; these isozymes are regulated by changes
in the amount synthesized (Chapter 28). Synthesis of isozymes A2 and
B1 is repressed when methionine levels are high, and synthesis of
isozyme C2 is repressed when isoleucine levels are high. Enzyme A
is aspartokinase; B, homoserine dehydrogenase; C, threonine dehy-
dratase.
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AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit biyosentezi 6 sınıfa ayrılmaktadır: 

Aminon Asit Biyosentezi Allosterik Olarak Düzenlenir 

Bu genellikle ilk rxnun, yolağın son ürünü ile 
feedback inhibisyonu şeklinde gerçekleşir. 
 
Bu ilk rxn genellikle geridönüşümsüzdür ve 
allosterik bir enzim ile katalizlenir. 

Treoninden izolösin oluşumunun allosterik düzenlenmesi 

Son ürün izolözin ilk rxnun allosterik inhibitörüdür. 



AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

Allosterik Regulasyon çok daha karmaşık olabilir. 
 
Örnek: 
E. Colideki glutamin sentaz üzerindeki allosterik 
regülasyon 
 
Glutaminden türevlenen 6 ürün enzimi negatif 
olarak etkiler. 

Superimposed on the allosteric regulation is inhibi-
tion by adenylylation of (addition of AMP to) Tyr397, lo-
cated near the enzyme’s active site (Fig. 22–7). This co-
valent modification increases sensitivity to the allosteric
inhibitors, and activity decreases as more subunits are
adenylylated. Both adenylylation and deadenylylation
are promoted by adenylyltransferase (AT in Fig.
22–7), part of a complex enzymatic cascade that re-
sponds to levels of glutamine, !-ketoglutarate, ATP, and
Pi. The activity of adenylyltransferase is modulated by
binding to a regulatory protein called PII, and the activ-
ity of PII, in turn, is regulated by covalent modification
(uridylylation), again at a Tyr residue. The adenylyl-
transferase complex with uridylylated PII (PII-UMP)
stimulates deadenylylation, whereas the same complex
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FIGURE 22–6 Allosteric regulation of glutamine synthetase. The en-
zyme undergoes cumulative regulation by six end products of gluta-
mine metabolism. Alanine and glycine probably serve as indicators of
the general status of amino acid metabolism in the cell.
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AMİNO ASİT BİYOSENTEZİ 
Metabolik prekürsörlerine göre amino asit 
biyosentezi 6 sınıfa ayrılmaktadır: 

Because the 20 common amino acids must be made
in the correct proportions for protein synthesis, cells
have developed ways not only of controlling the rate of
synthesis of individual amino acids but also of coordi-
nating their formation. Such coordination is especially
well developed in fast-growing bacterial cells. Figure
22–22 shows how E. coli cells coordinate the synthesis
of lysine, methionine, threonine, and isoleucine, all
made from aspartate. Several important types of inhibi-
tion patterns are evident. The step from aspartate to 
aspartyl-!-phosphate is catalyzed by three isozymes,
each independently controlled by different modulators.
This enzyme multiplicity prevents one biosynthetic
end product from shutting down key steps in a pathway
when other products of the same pathway are required.
The steps from aspartate !-semialdehyde to homoser-
ine and from threonine to "-ketobutyrate (detailed in
Fig. 22–15) are also catalyzed by dual, independently
controlled isozymes. One isozyme for the conversion of
aspartate to aspartyl-!-phosphate is allosterically inhib-
ited by two different modulators, lysine and isoleucine,
whose action is more than additive—another example
of concerted inhibition. The sequence from aspartate 
to isoleucine undergoes multiple, overlapping negative
feedback inhibition; for example, isoleucine inhibits
the conversion of threonine to "-ketobutyrate (as de-
scribed above), and threonine inhibits its own forma-
tion at three points: from homoserine, from aspartate
!-semialdehyde, and from aspartate (steps 4 , 3 , and
1 in Fig. 22–15). This overall regulatory mechanism

is called sequential feedback inhibition.
Similar patterns are evident in the pathways lead-

ing to the aromatic amino acids. The first step of the

early pathway to the common intermediate chorismate
is catalyzed by the enzyme 2-keto-3-deoxy-D-arabino-
heptulosonate 7-phosphate (DAHP) synthase (step 1
in Fig. 22–16). Most microorganisms and plants have
three DAHP synthase isozymes. One is allosterically in-
hibited (feedback inhibition) by phenylalanine, another
by tyrosine, and the third by tryptophan. This scheme
helps the overall pathway to respond to cellular 
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FIGURE 22–21 Allosteric regulation of isoleucine biosynthesis. The
first reaction in the pathway from threonine to isoleucine is inhibited
by the end product, isoleucine. This was one of the first examples of
allosteric feedback inhibition to be discovered. The steps from "-
ketobutyrate to isoleucine correspond to steps 18 through 21 in Fig-
ure 22–15 (five steps because 19 is a two-step reaction).

FIGURE 22–22 Interlocking regulatory mechanisms in the biosyn-
thesis of several amino acids derived from aspartate in E. coli. Three
enzymes (A, B, C) have either two or three isozyme forms, indicated
by numerical subscripts. In each case, one isozyme (A2, B1, and C2)
has no allosteric regulation; these isozymes are regulated by changes
in the amount synthesized (Chapter 28). Synthesis of isozymes A2 and
B1 is repressed when methionine levels are high, and synthesis of
isozyme C2 is repressed when isoleucine levels are high. Enzyme A
is aspartokinase; B, homoserine dehydrogenase; C, threonine dehy-
dratase.
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22 amino asitdin tek tek sentezinin kontrolü yanında 
bu üretim hücre içinde doğru protein sentezi için 
doğru oranlarda yapılmalıdır.  
 
Amino asit sentezi birbirine göre koordinali olarak 
kontrol edilmelidir. 
 
Örnek: E. coli lisin, metionin, treonin ve izolösinin 
(hepsi aspartattan sentezlenir) koordineli olarak 
kontrol eder. 
 
Aspartattan Aspartil-beta-Fosfat”a giden adımların 
herbiri birbirinden farklı inhibitörlerle bağımsız kontrol 
edilir. 
 
Kontrolde 3 izoenzim görevlidir. 
Bu enzim çokluğu; Aynı yolağın bir başka ürünü 
gerektiğinde;  
Başka bir biyosentetik ürünün yolağın anahtar adımlarını 
kapatmasını engeller. 



SıRALı FEEDBACK İNHIBISYON  
 
Aspartattan izolösine çoklu, overlapping 
negatif inhibisyon ile gidilir. 
 
Örneğin: izolösin treoninin alfa-
ketobutirata dönüşümünü inhibe eder ve 
treonin kendi oluşumunu 3 noktada 
durdurur:  
 
Homoserin, aspartat-semialdehid ve 
aspartat (step 4,3 1). 

Because the 20 common amino acids must be made
in the correct proportions for protein synthesis, cells
have developed ways not only of controlling the rate of
synthesis of individual amino acids but also of coordi-
nating their formation. Such coordination is especially
well developed in fast-growing bacterial cells. Figure
22–22 shows how E. coli cells coordinate the synthesis
of lysine, methionine, threonine, and isoleucine, all
made from aspartate. Several important types of inhibi-
tion patterns are evident. The step from aspartate to 
aspartyl-!-phosphate is catalyzed by three isozymes,
each independently controlled by different modulators.
This enzyme multiplicity prevents one biosynthetic
end product from shutting down key steps in a pathway
when other products of the same pathway are required.
The steps from aspartate !-semialdehyde to homoser-
ine and from threonine to "-ketobutyrate (detailed in
Fig. 22–15) are also catalyzed by dual, independently
controlled isozymes. One isozyme for the conversion of
aspartate to aspartyl-!-phosphate is allosterically inhib-
ited by two different modulators, lysine and isoleucine,
whose action is more than additive—another example
of concerted inhibition. The sequence from aspartate 
to isoleucine undergoes multiple, overlapping negative
feedback inhibition; for example, isoleucine inhibits
the conversion of threonine to "-ketobutyrate (as de-
scribed above), and threonine inhibits its own forma-
tion at three points: from homoserine, from aspartate
!-semialdehyde, and from aspartate (steps 4 , 3 , and
1 in Fig. 22–15). This overall regulatory mechanism

is called sequential feedback inhibition.
Similar patterns are evident in the pathways lead-

ing to the aromatic amino acids. The first step of the

early pathway to the common intermediate chorismate
is catalyzed by the enzyme 2-keto-3-deoxy-D-arabino-
heptulosonate 7-phosphate (DAHP) synthase (step 1
in Fig. 22–16). Most microorganisms and plants have
three DAHP synthase isozymes. One is allosterically in-
hibited (feedback inhibition) by phenylalanine, another
by tyrosine, and the third by tryptophan. This scheme
helps the overall pathway to respond to cellular 
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FIGURE 22–21 Allosteric regulation of isoleucine biosynthesis. The
first reaction in the pathway from threonine to isoleucine is inhibited
by the end product, isoleucine. This was one of the first examples of
allosteric feedback inhibition to be discovered. The steps from "-
ketobutyrate to isoleucine correspond to steps 18 through 21 in Fig-
ure 22–15 (five steps because 19 is a two-step reaction).

FIGURE 22–22 Interlocking regulatory mechanisms in the biosyn-
thesis of several amino acids derived from aspartate in E. coli. Three
enzymes (A, B, C) have either two or three isozyme forms, indicated
by numerical subscripts. In each case, one isozyme (A2, B1, and C2)
has no allosteric regulation; these isozymes are regulated by changes
in the amount synthesized (Chapter 28). Synthesis of isozymes A2 and
B1 is repressed when methionine levels are high, and synthesis of
isozyme C2 is repressed when isoleucine levels are high. Enzyme A
is aspartokinase; B, homoserine dehydrogenase; C, threonine dehy-
dratase.
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