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“O/ 2—CH,—CH_ Coo- 7 H.\l——C-—CHs
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—CH—C00-

AN

/C—‘CHz — CH2
y-Glutamyl
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e S
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NAD(P)~
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v
+

O\ }lma
H/C‘CHz—CHz—CH-coo-
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H,C—CH,
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H

(P5C)

pyrroline carboxylate "\. &N
reductase e
NAD(P)*
H2C — CH‘_’
b CH—CO0O0"
/C\ﬁ/ -
H H,

FIGURE 22-10 Biosynthesis of proline and arginine from glutamate
in bacteria. All five carbon atoms of proline arise from glutam.ate. In
tamate dehydrogenase is unusual in that it uses
The same may be true of other
|dehyde in the proline path-

H

many organisms, glu
either NADH or NADPH as a cofactor.

enzymes in these pathways. The y-semialdeny e
way undergoes a rapid, reversible cyclization 10 -py

carboxylate (P5C), with the equ.ilibriur_n' tavcmthn\g\al\’y;;::y arccxe::ahho:n
Cyclization is averted in the a:)mithlr_\e/afg"'_""‘e pa and o val of the
of the a-amino group of glutamate I fhi ;:hr:;:psome bacteria lack
acetyl group after the transamination- le, they can synthesize argi-
arginase and thus the complete urea 2 e'e m:ammali‘an urea cycle,
nine from ornithine in steps

h
that parallel t s
: i jates (see Fig. 18— )
with citrulline and argininosuccinate 3% lntt;ilTn*?d'

Here, and in subsequent figures In

s chapter, the read‘lon d:
~ ucts, without consicE™
rows indicate the linear path t© the final prod
; ibili indivi
ing the reversibility of in ' od by
of the pathway leading t© argxrfmfe, catalt)i”'ze N
dehydrogenase, is Che""ic"’")'_S"mlar 2 (ce: Fig. 147}
phate dehydrogenase reaction in glycolysis &
ily reversible.

m»@pm. E———
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‘ / g
X _
ﬁ%—» ~C—CH,—CH,—CE—C00
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= - apP
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N | _
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P it -
|_iNADPH - H
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deiySmmg=ase | s NADP)”

.
S Y
%
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\ ~ -
/7 C—CH,—CH,—CH—C00 N-Acetyigiutamate
) o
aminctranslerase : '
~~» a-Ketoglutarate
9
HN—C—CH,
.cuz—cuz—cuz—én—coo' ) 1
: N-Acetylomithine
— H.0
N-acetylormthenase t
|~ CH,C00"~
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{
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e ATP sulfirylas
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)
1 A -
serine ¢~ HiC—C 0—S—0—P—0—CH,
Y %\’Co \S—Co A ([)- l Adenosine
1 A-SH E 5’-phosphosulfate (APS)
Cl 00-
HN—C—H
i
?H2
? O-Acetylserine 0
A B
o
o)
mgﬂc}l’ngﬁ 2 3'-Phosphoadenosine
o rine | = -Phosphoa
(thicl) lyase ic’iﬂ,. = _ \ 5'-phosphosulfate (PAPS)
i |
HN—C—H \
| Cysteine NADPH
(l:HQ ‘ PAPS reductase N NADP™
\ |>3'-Phosphoadenosine 5'-phosphate (PAP)
SO?" Sulfite
| \r
FIGURE 22-13 Biosynthesis of cysteine from serine in s edactase 2:‘3‘:‘

-

bacteria and plants. The origin of reduced sulfur is shown 3
in the pathway on the right. S*” Sulfide
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FGURE 22-15 Biosynthes!

acetate and pyruva
leucine, valine,

s of six essential amino ads from

te in bacteria: methionine, threonine, lysing ; >

m
and leucine. Here. and in other multistep W”"?x

listed in the key. Note that 1-a,e-diaminopi imely

+ mes are
1\|IH3 t::e ::Z;uct of step O is symmetric. The carbons derived from F’-m
\ - e | }
Aspartate C—CH,—CH—CO00 vate (and the amino group derived from g utamate} are not traceq
- 0/ bevond this point because subsequent reactions may place them
ey ’
A either end of the lysine molecule-
[ b1
of & .
NHs .
ADP L - PLP }‘H‘ * B0
Threonine CH:,—Cl:H—CH—COO —
1(:}13 OH @
\ | _ 0
Aspartyl-B-phosphate \/C——CHZ——CH—-COO l p;
®-o ® (e
ﬁ/" ) Hzo
ﬁN;l;'E +H l
® Wi +
T’Ho
1§ADP* ®_o—CH2-CH2—CH—COO‘ Phosphohomaserine
. ) ADP
o NH a8 . ...
\ R NADPH + H aL
C—CH,—CH—COO - ATP
Pyruvate \ 2y
\_/, NADP -
Aspartate S-semialdehyde
+ ® < o
OH NHs CH,—CH,—&H—COO Homoserine
"OOC—%—CH;—(l)—CHZ—CHfCOO' (|)H
0 H ® Succinyl-CoA
i\a H,0 CoA
H s H* NADP* I‘L‘Ha
et AN KL / . ?’H?_CHZ— H—COO~ O-Succinylhomoseriné
Q0C " N (o0]0) @ 0Q0C”™ 'N° CO0O~ O—Succinate
Dihydropicolinate A-Piperidine-2,6-
dicarboxy]ate'

@ Succinyl-CoA + H,0
CoA

a-Ketoglutarate m
C00~ = o™
e Wy = C .
@ 0 €00
Succinate Succinate
i N-Succinyl-2-ami
N-Suceinyl-L,L- yl-2-amino-
a,e-diariino- 6-keto-L-pimelate
 pimelate
.F Succinate
COO_ X (|300‘ (l:oo_
+ +
HsN—-C—H HsN—C—H H PLPC‘ HSN_(I:_H
CHoy). _— (CH.
e . . @ et CHy,
H—?—NHS H;N—C—H CH,
CO0~ C00~ .
Diamino- meso-a,e-Diamino- 3
L,L-a,€- )
pimelate pimelate

@ Cysteme
Sucanate
H,C I
| s‘CHz—CHz—CH—coo Cystathionine
?—Nna
Coo-
PLP :
}’ Pyruvate + NHg
. N,
H'S‘—CHz_CHZ‘CH—COO_ Homocysteine
N5-Methyl Hy folate
H, folate
s $’H3
CHarS—CH,—CH,—CH—C00"

Methi

omne
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(12)

(1) aspartokinase

CH:’*C“COO‘ 9 aspartate B-semialdehyde dehydrogenase
Il 0 homoserine dehydrogenase
0 P}’mvme (4) homoserine kinase
TPP (5) threonine synthase
}» Co (6) homoserine acyltransferase
: (7) cystathionine y-synthase
CH3‘6‘TPP (8) cystathionine p-lyase
| (9) methionine synthase
OH (0 dihydropicolinate synthase

(1) Al-piperidine-2,6-dicarboxylate dehydrogenase

—_— CHs—CHZ_C_COO_
i (12 N-succinyl-2-amino-6-ketopimelate synthase

CH;—C—. =
N I o0 (19 succinyl diaminopimelate aminotransferase
ﬂ’KEtObutyrate @ succinyl diaminopimelate desuccinylase
Pyruvate (19 diaminopimelate epimerase

(16 diaminopimelate decarboxylase
@ threonine dehydratase (serine dehydratase)
(19 acetolactate synthase

CH, " (19 acetohydroxy acid isomeroreductase
a-Aceto-a- CH i i
CHy—C—C—CO0- hy droxybatyrate é 3 @ dlh.ydroxy'amd dehydratase
R CH;—C—C—C00" ,. A liiate @) valine aminotransferase
O OH (Il) (I)H 22 a-isopropylmalate synthase
@ isopropylmalate isomerase
l @ B-isopropylmalate dehydrogenase
@25 leucine aminotransferase
e
CH, CH,4
CH;— l —%—COO' CH3—+ -——%——COO‘
HO O OH O

1 \D(P)H 'ﬁ@ CH CH,3 COO'
TR CH;,—éH— ——CH,—COO" a-Isopropylmalate

NADD NAD(P)"
CHj |
| _ l
i UL oo S S g -
CH,—C——C—COOQ~ A-methylvalerate CHS—?——(I:—coo CH, C0O-
(l)H (l)H Qo o CH"'—CH_CH— H—CO00~ B-Isopropylmalate

j\» H.0 H,0 -
CHa e
| CHs
CH, a-Keto-B- C}Is—(I:—C"COO a-Keto- @

1 isovalerate

i (l: C—COO™ methylvalerate
R
Il

3
cna—CHfCHZ—fcgt;oo;‘-' a-Ketoisocaproate

; VC_HS"CH——CH_COO a-Ketoglutarate

[ —
OCH-—-CH—CO0O
CH;—CH—CH

Isoleucine

Scanned by CamScanner



=

Jj SN e e
/ ’Q\u;\ \r\cu\ }y\\om( ;(LL\L\Nm_ Dm\ T M \w\) ' m
/ N, \Q_\’\ nd m’(‘ub;&u ChO**‘l"WM\ " - :,i
- M% M?wm T
EMMMQ_ “\ QV\@&b\m‘m i
dped ol et NS Y
/ U | \\ R
, Ty b\loks\!_\aw i m

\)V\QV\%&&\C\V\LM Wkr\&@flw\q' ' \\\\, |
'TUM&V\&. ok ]
Oeld o VO YaU Ty |1
1 mmm b&i)f\voM, AnaRimade, wa ‘tonusided, do . '
_ 3y %“_
. m\omw;m ua bwm\t wmxmbﬂamy(\; ol g
— | Jn U@uhko\\mv\ m eww\ ‘oy\om@lamm (wt umxm_ _ﬁ
AV\ Wb‘ro b\t\o«v\; eaeu o\em«mm A eov\wm mﬂ —

QAM\x\rQ\(D oMu\\ a

| Aedbsaniiake AL ConAom. vwd« PRPP 'W\m U\d@l&lw
ol dﬁubohbha\/\ us ool Mom Xng Coallnemne omol

()

&nm ‘OQRPQ

SRS

//////*///*

 classmate

eace L [l

l:l R

Scanned by CamScanner
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CO0~
CH,
I Chorismate
~0—C—C00"
HO H

@ Glutamate
Pyruvate
070]0)

“2! Anthranilate

H N-(5'-Phosphoribosyl)-
anthranilate

1 Enol-1-0-carboxyphenylamino-1-
deoxyribulose phosphate
Hy0 + CO,

OH OH
H—CH—CH, —0—(®)

Indole-3-glycerol phosphate

Glyceraldehyde 3-phosphate.
® P
PLP

FIGURE 22-17 Biosynthesis of tryptophan from chorismate in bac-
teria and plants. In E. coli, enzymes catalyzing steps @ and @ are
subunits of a single complex.
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—— FIGURE 22-20 Biosynthesis of histig:
, , oy : in bacteria and plants. Atoms deriveg
C ~0—CH;. 0 ‘H : =G from PRPP and ATP are shaded | eda

\ : : d
W \Cll/—\ITI e X blue, respectively. Two of the istiding

. ‘ : nitrogens are derived from glutaming o

. e lutamate (green). Note that the gy, ...
[ ‘ : . i o
OH O R , h—.—.m] ®-®® i remaining aier e Qo

5-Phosphoribosyl- ATP an intfer mediate in pUEQe biosynthesi
1-pyrophosphate (PRPP) (see Fig. 22-33, step (9)), so ATP ;5

@I\‘ PP; rapidly regenerated.

N N s
N N-Rb-E-O-@® NN
R : N PP, HN o 5N
®-0-cH, o N-g M NN
b W ® CCH
NG '.C|/1 }'1\' '/r'{
- H CommC” H ?—(‘:
Gon b OH OH
N 1-5'—Phosphoribosyl-A’I’P N'-5'-Phosphoribosyl-AMP
To purine biosynthesis @}' H,0
T ‘ A\
AN . NTN{RbE® N? “N—{Rib|-®)
NO-EBH® o3 o
O\ —{ T e H,N—C //N H;N—C /N
‘H,N—C  NH; mix—cn H~N-
) cH
5-Aminoimidazole- . H—C—H @ ® O— ' }0\ }
4-carboxamide : é_ CH HC
ribonucleotide (AICAR) =0 l\l | / |
I H Cem(C’ H
H—C—OH i (5
H—C—OH OH OH
: : N'-5’-Phosphoribosylformimino-
h § 5 £ CH20® 5-aminoimidazole-4-
i ? \CH Glutamate N1-5'§Phosphoribulosyl- carboxamide ribonucleotide
I ) formimino-5-amino-
S ‘ imidazole-4-carboxamide
H— C—OH ribonucleotide
Y —C—OH . — =
H T sk @ ATP phosphoribosyl transferase @ glutamine amidotransferase
> CH20® (2) pyrophosphohydrolase (6) imidazole glycerol 3-phosphate dehydratasé
Imidazole glycerol (3) phosphoribosyl-AMP cyclohydrolase (7) L-histidinol phosphate aminotransferase
3-phosphate (4 phosphoribcfsylf(?rmimino—5-aminoimidazole~ (8) histidinol phosphate phosphatase
©l\ H,0 4-carboxamide nbinucleotide isomerase @ histidino] dehydrogenase
- i, ! T c N :
HC— N\CH 'iHC' : HCl ,\CH,M :
\# v w atetosintasate’ | 2NAD* 2NADH + 2H* (’3# /
, , ool £ 5 T c

e L-Histidinol
Imidazole acetol phosphatz
3-phosphate

L-Histidino]
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