Chem 352 - Lecture 10

Lipid, Amino Acid, and

Nucleotide Metabolism
Part III: Nucleotide Metabolism
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Lipid Metabolism

Question:

Draw a general pathway for converting carbohydrates to fatty
acids in a liver cell, and indicate which processes occur in the
cytosol and which occur in mitochondria.
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Lipid Metabolism
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Introduction

‘The nucleotides
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Introduction

‘The nucleotides
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Introduction

‘The nucleotides
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Introduction

‘The nucleotides
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Introduction

*+ Nucleotide metabolism provides us with some
nice examples of biochemically intricate and
creative pathways.

+ We will focus on a couple of examples

» 18.1 Synthesis of Purine Nucleotides (Inosine
Monophosphate, IMP)

» 18.2 Other Purine Nucleotides are Synthesized from
IMP

» 18.3 Synthesis of Pyrimidine Nucleotides (Uridine
monophosphate, UMP)

» 18.4 CTP is Synthesized from UMP

» 18.5 Reduction of Ribonucleotides to
Deoxyribonucleotides
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Introduction

‘We will not cover nucleotide
degradation or the salvage pathways

+ As we will see, the nucleotide biosynthesis
pathways are very energy infensive.

+ The salvage pathways are used to recycle
nucleotides and conserve energy in rapidly
growing cells.
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Synthesis of Purines

‘Working out the details of purine
biosynthesis started with the
investigation the uric acid
biosynthesis pathway in birds.

Uric acid
o

HN1 '
)\ >=0
O

H
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Synthesis of Purines

‘Radioactively labeled precursors
were fed to pigeons to see where
the labels ended up in uric acid.

+ 13C0O;
+ H3COO- (formate)

Cco, Glycine

+ HiN*-CH2-13COO- (glycine) |aspartate N _ |/

\N/E\ /N

2

/ \N
( Glutamme

10- Formyltetrahydrofolate
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Synthesis of Purines

‘Radioactively labeled precursors
were fed to pigeons to see where
the labels ended up in uric acid.

+ 13C0O;
+ H3COO- (formate)

Cco, Glycine

+ HiN*-CH2-13COO- (glycine) |aspartate N _ |/

\N/E\ /N

2

/ \N
( Glutamme

10- Formyltetrahydrofolate
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Synthesis of Purines

-Purines are synthesized on top of

the ribose phosphate.

+ Ribose 5-phosphate
+ This starts with the activation of ribose 5-

phosphate to 5-phospho-a-D-ribosyl 1-
pyrophosphate (PRPP)

‘The final product is inosine-5"-
monophosphate.

Chem 352, Lecture 10, Part II: Amino Acid Metabolism



Synthesis of Purines

th

Ribose 5-phosphate
(e anomer) 0

PRPP synthetase

amp |\« amp

5-Phospho-a-bp-ribosyl 1-pyrophosphate
(PRPP)
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Synthesis of Purines

-Purines are synthesized on top of

the ribose phosphate.

+ Ribose 5-phosphate
+ This starts with the activation of ribose 5-

phosphate to 5-phospho-a-D-ribosyl 1-
pyrophosphate (PRPP)

‘The final product is inosine-5"-
monophosphate.
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Synthesis of Purines

-Purines o top of
the ribo N
+ Ribose HN |
+ This st KN N ribose 5-
phOSph« 5" syl 1-
pyroph«éDO_,,POCH2

‘The finc y
monophc
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Synthesis of Purines

-Purines are synthesized on top of

the ribose phosphate.

+ Ribose 5-phosphate
+ This starts with the activation of ribose 5-

phosphate to 5-phospho-a-D-ribosyl 1-
pyrophosphate (PRPP)

‘The final product is inosine-5"-
monophosphate.
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Synthesis of Purines

-Starting with PRPP, the complete
synthesis of IMP is done in 10 steps.
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OH OH o9 0®©

5-Phospho-a-p-ribosyl 1-pyrophosphate (PRPP)

Glutamine H,0

@ Glutamine-PRPP
amidotransferase

Glutamate PP, —— 2P,
H,0
9
®O3POCH2 o) NH,

@
—NH; ATP

C
CI -\ GAR synthetase
7~ DN, app + P,

Glycinamide ribonucleotide (GAR)

10-Formyl-
tetrahydrofolate

@ GAR transformylase
Tetrahydrofolate

Formylglycinamide ribonucleotide (FGAR)

Glutamine ATP + H,0
FGAM synthetase

Glutamate ADP + P,

coo®
I
HC
Il
coo® CH
| I
~._~-N ©
) CH—N Cs 7 coo
ADP + P, | H I ;\CH Fumarate
CH, €L a/
s l o Adenylo-
@ATP @ coo | (8) | succinate
coo SAICAR oL R5'P lyase
| ® synthetase A.mmmmldazole.
CH—N y succinylocarboxamide
| ribonucleotide 0
CIH 2 (SAICAR) Il
S T N
X cr(:ot H,NT © c;/y\\
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0 3 _CA_ o/
[ H,N e N
C
S0 ¢ NI\ R|5'P
; |c| 2% o Aminoimidazole carboxamide
HzN/ N ribonucleotide (AICAR)
I 10-Formyl-
R5'P tetrahydrofolate

Carboxyaminoimidazole
ribonucleotide (CAIR)

2H® ADP + P,
AIR carboxylase
HCO,® ATP

©®
HC 573

8CH
Il o

7

R5'P

Aminoimidazole ribonucleotide (AIR)

ADP + P,
@ AIR synthetase
ATP

Formylglycinamidine ribonucleotide (FGAM)
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Synthesis of Purines

-Step 1: Glutamine-PRPP

amidotransferase.

@0,POCH, o

H
o O
He B
H o—T—o—T—o

OH OH 0° 0©
5-Phospho-a-D-ribosyl 1-pyrophosphate (PRPP)

Glutamine — | —H-0
@ Glutamine-PRPP

amidotransferase
Glutamate ejﬁ\»PPi —>H 5 2P,
v 2

9
@0,POCH, _0. NH,

H HP
ROy

OH OH
5-Phospho-f-D-ribosylamine (PRA)

An amido nitrogen is transferred
form glutamine to the Cl position
of PRPP.

Note the inversion of the
chirality of the ribose from « to
3.

Reaction is driven by the
hydrolysis of the pyrophosphate
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Synthesis of Purines

-Step 2: Glycinamide ribonucleotide
synthetase.

@o0,PoCH NH,
T 20 e A peptide bond is formed

H  H P between the glycine and the

H H
ribosylamine.
OH OH L = 7 _ o
5-Phospho-B-p-ribosylamine (PRA) e reacfion requires activa lon
® of the glycine carboxylate with
Hzcl/NH3 (—ATP ATP

¢ —\ GAR synthetase
0”? \09@ NS ADP + P,
Glycine ’

NH
HE2 ™

|
Z°~NH
R5'P |
Glycinamide ribonucleotide (GAR)

O
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Synthesis of Purines

-Step 3: Glycinamide ribonucleotide
transformylase.

NH
H,C3 7 2

O¢C4\I\3H e A formyl group is transferred

| from 10-formyl-

R5'P
Glycinamide ribonucleotide (GAR) tetetrahydrofolate

10-Formyl-
tetrahydrofolate —~

GAR transformylase

Tetrahydrofolate bl

NZ L

H2(|Z

/O
N
/C

H

8C
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—_—Z 0

(0

R5-P
Formylglycinamide ribonucleotide (FGAR)

=
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Synthesis of Purines

-Step 4: Formylglycinamidine
ribonucleotide synthetase.

H
N
H,C5 7\ /O
| 8C
ca 9 H
NH

R5-P
Formylglycinamide ribonucleotide (FGAR)

Glutamine ATP + H,O0
@l FGAM synthetase
Glutamate

ADP + P,

4
O/

H
N o
H2C5/7\/
~— " e
4 9 H
Hﬁléc\TH
R5'P

Formylglycinamidine ribonucleotide (FGAM)
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The amide is converted to an
amidine

The nitrogen is donated by
glutamine.

This reaction requires the
hydrolysis of ATP
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Synthesis of Purines

-Step 5: Aminoimidazole ribonucleotide
synthetase.

R5'P e Ring closure requires the
hydrolysis of ATP

@ AIR synthetase
’ ATP —/
N o
H2C5/7\ V4
[° s —~
3 ,C3 9 H
HNZ TH
R5'P

Formylglycinamidine ribonucleotide (FGAM)

-
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Synthesis of Purines

-Step 6: Aminoimidazole ribonucleotide
carboxylase.

|
©) /C\ N
B ® ¢ \

-
7
i° " ScH
3/c4\§/ i @ :
N | , e Surprisingly, this carboxylase
R5'P does not involve the use of
Carboxyaminoimidazole PEIE
ribonucleotide (CAIR) bl:h Il H 4 | Hh
® The reaction does require the
2H® ADP + P, ¥ .
l AIR carboxylase hYdrOly5|$ of ATP
|-|c03@ ATP
/N
HC35 7\
i’ }/CH
4 9
Hzﬁ/c\T
R5'P

Aminoimidazole ribonucleotide (AIR)
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Synthesis of Purines

-Step 6: Aminoimidazole ribonucleotide
carboxylase.

O

ATP ADP
+
P;
Aminoimidazole N-Carboxyaminoimidazole Carboxyaminoimidazole
ribonucleotide ribonucleotide ribonucleotide
(AIR) (CAIR)
RS'P

Aminoimidazole ribonucleotide (AIR)
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Synthesis of Purines

-Step 6: Aminoimidazole ribonucleotide
carboxylase.
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® The reaction does require the
2H® ADP + P, ¥ .
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Synthesis of Purines

-Step 7: Aminoimidazole

succinylcarboxamide ribonucleotide

| ]
(o)
coo® |
| C
e N
ADP + P. CH—NT ¢>c37\
' | H |  sCH
2
arr—{3  coo® |
c00® SAICAR R5'P
| Aminoimidazole
® synthetase . .
CH— Ny succinylocarboxamide
| ribonucleotide
(|:H2 (SAICAR)
coo®
Aspartate
(o)
I
07 ¢ “c3 7\
I ;CH
3 c4 9
H,N” \T
R5'P

Carboxyaminoimidazol
ribonucleotide (CAIR)

e

The newly added carboxylate
group is activated with ATP and
condensed with aspartate to
become succinylated.
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Synthesis of Purines

-Step 8: Adenylosuccinate lyase.

cloo@
"l
o
cloo@ I <|2H
C
CH—N1/6\C5/7N\\ coo®
| H I sCH Fumarate
CHZ 3/c 4\Kl/
| o H,N Adenylo-
gole | succinate
R5'P lyase
Aminoimidazole
succinylocarboxamide
ribonucleotide o)
(SAICAR) ICI
N
HNT 8 Cs 7y
[ 8CH
3 €& 9
H,N" T
R5'P
Aminoimidazole carboxamide
ribonucleotide (AICAR)
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Coupled to the last reaction,
these two reactions resemble
two that we saw in the urea
cycle.
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Synthesis of Purines

. S 1_ "|‘Hz 2ADP+ P; 2ATP HCO® f°°e
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2 3 W o
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A.mlnc THz Ornithine Citrulline—_ Aspartate
suca.nylo =0 Arain @ @Argininosuccinate ATP
ribon ILH s ginase synthetase "> AMP + PP,
S| ’
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Synthesis of Purines

-Step 8: Adenylosuccinate lyase.

cloo@
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C
CH—N1/6\C5/7N\\ coo®
| H I sCH Fumarate
CHZ 3/c 4\Kl/
| o H,N Adenylo-
gole | succinate
R5'P lyase
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Coupled to the last reaction,
these two reactions resemble
two that we saw in the urea
cycle.
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Synthesis of Purines

-Step 9: Aminoimidazole carboxamide
ribonucleotide transformylase.

[ls'P e Similar to Step 3, a formyl
A'T:'i;g:‘:"j:z:’i':ecafc":;;“'de group is transferred from 10-
formyl-tetrahydrofolate to an

10-Formyl-
tetrahydrofolate .
Y @mcm amino group

Tetrahydrofolate transformylase

(0
ﬂ
6\C

_C

H,N

o CH

LE N
IT=Zw

[ 7\

~

20, 32

=
/
H

R5'P
Formamidoimidazole carboxamide
ribonucleotide (FAICAR)
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Synthesis of Purines

-Step 10: Inosine 5'-monophosphate
cyclohydrolase.

e Like Schiff base formation, this
Formamidoimidazole carboxamide iS a condensation reaction
ribonucleotide (FAICAR) between an aldehyde and an

H.O cyclohydrolase
2
o)

~ N
5C~ 7\
|  sCH

<R
R5'P
Inosine 5'-monophosphate (IMP)

HN

e
1
HC 2

\3
SN
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Synthesis of Purines

‘The synthesis of IMP requires a
considerable amount of energy in the
form of ATP, (11 ATPS in all)
+ 2 ATP equivalents for the activation of
PRPP
+ 2 for glutamine-PRPP amidotransferase
+ 1 each for steps 2, 4,5, 6 & 7 (=5
ATPS)
+ 2 ATP for the two glutamine
synthetase reactions.
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Synthesis of Purines
‘The sym‘he5|s of IMP requlres a

cons’
coo@ COOe
forn o ATP ADP +P, Hﬁ) CH
2 2H3N o H j on of
CH
F g Glutamine 2
synthetase CH
CH
+ - NH4® 2 erase
C C
+1 7\ |
o// \o@ O/ NH,
F Glutamate Glutamine
* - v - v U a1\ [

synthetase reactions.
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Synthesis of Purines

‘The synthesis of IMP requires a
considerable amount of energy in the
form of ATP, (11 ATPS in all)
+ 2 ATP equivalents for the activation of
PRPP
+ 2 for glutamine-PRPP amidotransferase
+ 1 each for steps 2, 4,5, 6 & 7 (=5
ATPS)
+ 2 ATP for the two glutamine
synthetase reactions.
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Other Purines Synthesized from IMP

H H
OH OH
Aspartate \g IMP NAD @ VA H,0
Adenylosuccinate IMP dehydrogenase
synthetase N ~p | P; NADH +H @

H 0
©00¢ — cH,—C —co0®
|

HN N
NH )\23 | \>
87N~ N

H

Xanthosine monophosphate

: XMP
Adenylosuccinate ( )
Adenvl inat H,0 + ATP Glutamine
el osucc:;:sz GMP synthetase
Fumarate PP; + AMP Glutamate
(0]

HN N
|
m Ags A
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Other om IMP

f H H \
OH OH

Aspartate % IMP o_ |l H,0
; GTP NAD
Adenylosuc;mate a . IMP dehydrogenase
synthetase \GDP +P, NADH + H @ </

H 0
S00c¢ —CHZ—Cl —coo®
N

HN
NH )\23 | \>
NS o
H

Xanthosine monophosphate

: XMP
Adenylosuccinate ( )
Adenvl . H,0 + ATP Glutamine
- osucc:r;::z GMP synthetase
Fumarate PP; + AMP Glutamate
0

N

HN
| N\
H,N )\Qﬁ N>
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Regulation of Purine Synthesis

‘Purine synthesis
IS regulated by a
web of feedback
inhibition of key
branch-point
reactions.

Ribose 5-phosphate

'« = =XMP

GMP
synthetase

Adenylosuccinate

:Adenylosuccinate
i lyase

--------
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PRPP synthetase | ¢ == mmmccmcam=-
-------------- » ‘ - o -~
’ - e 1
| v
0
: PRPP ;
i
: Glutamine-PRPP 1
- amidotransferase | €= = = = = = = = i -
I' -------------- A = t -------

Adenylosuccinate IMP
synthetase dehydrogenase
|l scomemmm=- o ¢ - - e dummmmmm-
f : s
I
i
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Synthesis of Pyrimidine Nucleotides

+ Unlike purine synthesis, pyrimidines are
synthesized first and then attached fo the
phosphoribose.

+ Like purine synthesis, the atoms in the
pyrimidine ring come from a number of
different sources.

Glutamine
N C
NT 4 C
| | «—— Aspartate
CZ\ . /6C
N

HCO®
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Synthesis of Pyrimidine Nucleotides

, THE MAJOR PYRIMIDINES

the

Cytosine Uracil
(2-Oxo-4-aminopyrimidine)  (2,4-Dioxopyrimidine)
O

CH
HN 3

Thymine
(2,4-Dioxo-5-methylpyrimidine)
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Synthesis of Pyrimidine Nucleotides

+ Unlike purine synthesis, pyrimidines are
synthesized first and then attached fo the
phosphoribose.

+ Like purine synthesis, the atoms in the
pyrimidine ring come from a number of
different sources.

Glutamine
N C
NT 4 C
| | «—— Aspartate
CZ\ . /6C
N

HCO®

Chem 352, Lecture 10, Part II: Amino Acid Metabolism 23



Synthesis of Pyrimidine Nucleotides

-‘Pyrimidine synthesis is a 6-step
process that leads to UMP

NH, o
|54\3N | NH
5/ 61 2
HOCH, N/l“o HOCH, N/j%o
o o)
‘R H " H H
H H H H
3’ 2
OH OH OH OH
Cytidine Uridine

— T ——
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Synthesis of Pyrimidine Nucleotides

-‘Pyrimidine synthesis is a 6-step
process that leads to UMP
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Synthesi:

-Pyrimid
process

Glutamine

Hco P
Carbamoyl
phosphate
synthetase

Glutamate

2ATP + H,0

2ADP + P,

o)

Il
H,N—C—oro®

Carbamoyl phosphate

coo®
l

Aspartate CH,
@ transcarbamoylase /®\ |
(ATCase) H.N—CH

3

P, ] d00®

Uridine 5'-monophosphate
(UMP)

HCOP
OMP decarboxylase @

H,0

' " Aspartate ®O3POCH2 o
%_ 4
C S \ H H
H 2lil ClH 2 H H H
o/C e C\— H o OH OH
H coo® Orotidine 5'-monophosphate
Carbamoyl aspartate (OMF)
H,0
2P; — PP; Orotate
@ Dihydroorotase phosphoribosyl- @
H,0 PRPP transferase
0 0
ﬂ °
PRI Dihydroorotate N
HT ClH 2 dehydrogenase H"ll ﬁH
C C—H ; i C o
&
0/ \N/ \ o Q o/ \N/ \coo@
H Ccoo0 QH, H

L-Dihydroorotate
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Synthesis of Pyrimidine Nucleotides

-‘Pyrimidine synthesis is a 6-step
process that leads to UMP
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Synthesis of Pyrimidine Nucleotides

-Step 1: Carbamoyl phosphate synthetase

II.

coo®
® |
H3N—C| —H
e
i
C
N
H,NT o
Glutamine

HCO® 2ATP + H,0
CarbamoN
phosphate

synthetase
Glutamate /\ 2ADP +P;

o
I

H,N—C —oP0®
Carbamoyl phosphate

Chem 352, Lecture 10, Part II: Amino Acid Metabolism
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Synthesis of Pyrimidine Nucleotides

-Step 1: Carbamoyl phosphate synthetase
II.

coo®
@ | ® This reaction is synthesized by
HN=C—H carbamoy!l phosphate synthetase
CH, IT in mammals.
cln2 e This enzyme is found in the
(l: cytosol instead of the
HNT o mitochondrial matrix
Glutamine e Unlike the reaction in the urea
c';'rﬁfn?ivzmp‘f 129 cycle, the sources of the
Pliosphate nitrogen is glutamine instead of
Gltj::;\ate/\ 2ADP + P, free ammonia
o)
HZN—g—OPO_,,@
Carbamoyl phosphate
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Synthesis of Pyrimidine Nucleotides

-Step 1: Carbamoyl phosphate synthefase
I1.

GIn-binding site
Site 1

ATP-binding site

7

ATP-binding site ~ 3%
Site 3

Chem 352, Lecture 10, Part II: Amino Acid Metabolism
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Synthesis of Pyrimidine Nucleotides

-Step 1: Carbamoyl phosphate synthefase

TT - L

Glutamine + H,O ——m glutamate + NH;

Site 1
NH; + HCO;” + ATP ———»» H,N-COOH + ADP + P, Site 2
H,N-COOH + ATP —» carbamoyl phosphate + ADP Site 3

0
HQNl‘)OuO_

glutamine + HCO; + H,O + 2 ATP ———»» carbamoyl phosphate + glutamate +2 ADP + P,

L
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Synthesis of Pyrimidine Nucleotides

-Step 1: Carbamoyl phosphate synthefase
I1.

GIn-binding site
Site 1

ATP-binding site

7

ATP-binding site ~ 3%
Site 3

Chem 352, Lecture 10, Part II: Amino Acid Metabolism
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Synthesis of Pyrimidine Nucleotides

-Step 2: Aspartate transcarboylase
(ATCase).

O

| 5
H,N—C —OPO®

Carbamoyl phosphate

Aspartate T H
@ transcarbamo ylase f
(ATCase) |V M1

Pi (/

Aspartate

Carbamoyl aspartate
T TIEETE—
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Synthesis of Pyrimidine Nucleotides

-Step 2: Aspartate transcarboylase
(ATCase).

]
H,N—C —0PO&
Carbamoyl phosphate e The activated carbamovyl
phosphate condenses with

Aspartate — ClSPClr‘fafe.
(2 transcarbamoylase f

(ATCase) |V

P, <./

Aspartate

Carbamoyl aspartate
T EETTTTTTEETTI—
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Synthesis of Pyrimidine Nucleotides
-Step 3: Dihydroorotase.

Carbamoyl aspartate

|
(3) Dihydroorotase K

‘ > Hzo
I
|
C

HN™  CH,

| |
L
O N \ o

H  COO

L-Dihydroorotate
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Synthesis of Pyrimidine Nucleotides

-Step 3: Dihydroorotase.

Carbamoyl aspartate

@ Dihydroorotase \
> H,0
2

O

‘s

HN CH,

| |
C C—H
0Z N7\

L-Dihydroorotate

e The carboxylate and amide -NH;
condense to close the ring and
form a cyclic imide.

-~

)
H CO0®
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Synthesis of Pyrimidine Nucleotides
-Step 3: Dihydroorotate dehydrogenase

O 0
) -
7~ NN Dihydroorotate / N
H |\|| (l: H: dehydrogenase ﬁ H
2 SH / w o
0 o ~coo
H oo QH,
L-Dihydroorotate Orotate
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Synthesis of Pyrimidine Nucleotides
-Step 3: Dihydroorotate dehydrogenase

O o)
g N
7~ NN Dihydroorotate / N
HN CH, dehydrogenase CH
cI c| —H / ”
Z N7 \ w C N )
= © coo
H CoO QH,
L-Dihydroorotate

¢ The ring is oxidized to form the aromatic
orotate ring

e In eukaryotes, this reaction occurs at the
inner mitochondrial membrane

Chem 352, Lecture 10, Part II: Amino Acid Metabolism
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Synthesis of Pyrimidine Nucleotides

-Step 5: Orotate phosphoribosyl
transferase

)

|

C
HN” CH

C C
2
Z SN Dcoo®

®o,pPoCH, o
H H
H H

OH OH

Orotidine 5'-monophosphate
(OMP)

H,O
2P, «<— PP; Orotate
phosphoribosyl- @

PRPP transferase

HN. cH

| |
C C

2
o/ \N/ \cooe

Orotate

T—
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Synthesis of Pyrimidine Nucleotides

-Step 5: Orotate phosphoribosyl
transferase

)

|

C
HN” CH

C C
2
Z SN Dcoo®

®0.,POCH, .o e The orotate is condensed with
s m phosphoribosyl pyrophosphate
. (PRPP)

OH OH

Orotidine 5'-monophosphate
(OMP)
H,0

2P, «<— PP; Orotate
phosphoribosyl- @

PRPP transferase

/C\

HN CH

C C
/
e \N/ ~coo®

Orotate

—
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Synthesis of Pyrimidine Nucleotides

-Step 6: Orotidine 5'-monophosphate
decarboxylase

o)
|

/c\

C
| |
C

X
Noo e

®o,PoCH, o
w e Decarboxylation of orotidine 5°-

o oo monophosphate produces UMP

Uridine 5'-monophosphate
(UMP)

Hco P
OMP decarboxylase @

H,0
0

H

H

Orotidine 5'-monophosphate
(OMP)

—
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Synthesis of Pyrimidine Nucleotides
‘UMP is phosphorylated to UTP

ATP ADP ATP ADP

UMP L—Ll' UDP LL) UTP
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Synthesis of Pyrimidine Nucleotides

‘UTP is converted to CTP by CTP
synthetase

O

| NH
o

09P30CH2 o
5 W UTP ® This reqc’rion .is anglogous ’r?
H H Step 4 in purine biosynthesis

OH OH
H,O + ATP Y Glutamine
CTP synthetase
P, + ADP /\-) Glutamate
NH,

B
N/KO

ogp_,,ocm2 o
CTP
H H
H H
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Synthesis of Pyrimidine Nucleotides
‘UTP is converted to CTP by CTP

Synthesis of Purines

Step 4: Formylglycinamidine ribonucleotide
@ synthetase.

H
—~N 0O : -
HC5 7\ 7 ¢ The amide is converted to an
|4 . -t
e I amidine
| e The nitrogen is donated by
RS5-P :
Formylglycinamide ribonucleotide (FGAR) glm‘amme'
e This reaction requires the
Glutamine ATP + H,0 -
@[ Foam synthetase hydrolysis of ATP
Glutamate ADP + P, H
_N
H)CS 7\ //o
. I Bc\
, CA4_9
un?  TNH
@ |
R5'P
Formylglycinamidine ribonucleotide (FGAM)

Chem 352, Lecture 10, Part II: Amino Acid Metabolism 13 m




Synthesis of Pyrimidine Nucleotides

‘UTP is converted to CTP by CTP
synthetase

O

| NH
o

09P30CH2 o
5 W UTP ® This reqc’rion .is anglogous ’r?
H H Step 4 in purine biosynthesis

OH OH
H,O + ATP Y Glutamine
CTP synthetase
P, + ADP /\-) Glutamate
NH,

B
N/KO

ogp_,,ocm2 o
CTP
H H
H H
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Synthesis of Pyrimidine Nucleotides

-‘Regulation of pyrimidine synthesis in
prokaryotes.

Aspartate
+
Carbamoyl phosphate

ATCase J/ LR EEEEE LTI

Carbamoyl aspartate

De novo pathway
(Steps 3-6)

UMP

UDP

UTP ==immame®

CTP synthetase
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Synthesis of Pyrimidine Nucleotides
‘Regulation ATCase in E.coli

® ACTase is one the most
thoroughly studied examples of
allosteric enzyme regulation.
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Synthesis of Pyrimidine l}lq‘c'l’eofilde;‘ '

Zinc Regglatory N
(A) domain\ e dimar

r chain

Catalytic
trimer

Regulatory
dimer

Side View

Regulatory
dimer

Regulatory
dimer

Catalytic
trimer



Synthesis of Pyrimidine Nucleotides
‘Regulation ATCase in E.coli

® ACTase is one the most
thoroughly studied examples of
allosteric enzyme regulation.
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Synthesis of Pyrimidine Nucleotides

-In prokaryotes ATCase is branch point between
pyrimidine synthesis and arginine synthesis
+ Regulation of ATCase controls the flow of
material in these two pathways
» Both pathways share the same carbamoyl
phosphate synthetase.

-In eukaryotes this is not the case
+ carbamoyl phosphate synthetase 1
» mitochondria (arginine synthesis)
+ carbamoy| phosphate synthetase II
» cytoplasm (pyrimidine synthesis)
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Synthesis of Pyrimidine Nucleotides

NH,

In pr i

2ADP + P; 2ATP HCOP

LA

3

. Jros ™ 22
pyrim s
+ Re
me

Carbamoyl phosphate

bamoyl phosphate synthetase |

> coo®
® |
I CIH2 H 3N o CH
CH—co0® cIH—coo@ CH,
|
®NH; ®NH, coo®
MITOCHONDRIAL Qpnithine Citrulline  Aspartate
MATRIX
. I (oo s walel e e c 5 SV e s ss X s ¥ B el DO HE
n e CYTOSOL ) .
THz Ornithine Citrulline  Aspartate
4 =0 Argininosuccinate [ — ATP
Ca | Arginase (4) @ synthetase N> AMP + PP,
NH, H,0
> '] Urea QWHZ ®||‘sz CIOOG
C—NH; C—N—CH
| | W]
NH NH CH
+ Ca | e | |
CH, Argininosuccinate lyase CH, coo®
I < |
?HZ ( cHz
2 coo® |
‘ (|:H2 | Tﬂz
?H—coo@ " (ItH—COO@
CH
@NH; | & ®NH;
Arginine coo Argininosuccinate
Fumarate

NH,

NAD(P)H + 2H® |

Glutamate dehydrogenase

NAD(P)®+ H,0

AV

coo®
a-Ketoglutarate

coo®

@ |
H3N_CH

P
CH,

I
coo®

Glutamate

e ]

L{G”ﬁ 8 2 0L,

id Metabolism
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Synthesis of Pyrimidine Nucleotides

-In prokaryotes ATCase is branch point between
pyrimidine synthesis and arginine synthesis
+ Regulation of ATCase controls the flow of
material in these two pathways
» Both pathways share the same carbamoyl
phosphate synthetase.

-In eukaryotes this is not the case
+ carbamoyl phosphate synthetase 1
» mitochondria (arginine synthesis)
+ carbamoy| phosphate synthetase II
» cytoplasm (pyrimidine synthesis)
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Reduction of Ribonucleotides to
Deoxyribonucleotides.

+ Reduction occurs at the diphosphate
level

+ The same system is used for all four
ribonucleotides
» ADP, GDP, CDP & UDP

+ The system involves three enzymes
» ribonucleotide reductase
» thioredoxin
» thioredoxin reductase
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Reduction of Ribonucleotides to
Deoxyribonucleotides.

+ Ribonucleotide reductase

NADPH + H®X FAD
NADP® FADH,

HS S(e)H
N/

(reduced)

(oxidized)

/\
S—S(e)

Thioredoxin reductase

Ribonucleoside
diphosphate

S—35 HS SH
\/ | .
Toredoxin,_  Sborucecte H H
(oxidized) ’
(reduced)
Active OH OH
Ribonucleotide
Thioredoxin reductase @06P2 OCH,
(reduced) (oxidized)
7% Inactive
/\
HS SH & N

OH H
Deoxyribonucleoside
diphosphate
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Reduction of Ribonucleotides to
Deoxyribonucleotides.

+ Ribonucleotide reductase

pnucleoside
phosphate
H, o B
H H
'H
NADPH + H® 2
X OH OH
NADP® H o 8
H H
L H
2I
OH H
ibonucleosid
iphosphate
View 3-D model
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Reduction of Ribonucleotides to
Deoxyribonucleotides.

+ Ribonucleotide reductase

NADPH + H®X FAD
NADP® FADH,

HS S(e)H
N/

(reduced)

(oxidized)

/\
S—S(e)

Thioredoxin reductase

Ribonucleoside
diphosphate

S—35 HS SH
\/ | .
Toredoxin,_  Sborucecte H H
(oxidized) ’
(reduced)
Active OH OH
Ribonucleotide
Thioredoxin reductase @06P2 OCH,
(reduced) (oxidized)
7% Inactive
/\
HS SH & N

OH H
Deoxyribonucleoside
diphosphate
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Reduction of Ribonucleotides to
Deoxyribonucleotides.

+ Ribonucleotide reductase
» The enzyme mechanism involves free

radicals.
@—o—(—ocH, R

(0
H H
H H -
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Reduction of Ribonucleotides to
Deoxyribonucleotides.

+ Ribonucleotide | _
TABLE 18.1 Allosteric requlation of
reductase has two eukaryotic ribonucleotide reductase

regulatory sites Ligand  Ligand

» An activity site boundto boundto  Activity of
. A specificity site | 20V specificdly - catalytic

site site site

dATP Enzyme inactive

ATP ATP or Specific for

dATP CDP or UDP

ATP dTTP Specific for
GDP

ATP dGTP Specific for
ADP

Chem 352, Lecture 10, Part II: Amino Acid Metabolism X



Methylation of dUMP to dTMP

-dUDP is first converted to dUMP in a way
the prevents the buildup of dUTP.

dUDP + ATP T) dUTP > dUMP + PP,
/) I
ADP H,0

+ This done to head off the incorporation
of dUTP into DNA in place of dTTP.
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Methylation of dUMP to dTMP

'dUMP |S Converfed dump I dTMP 1 CT/“
to dTMP by ) J
Thymidylate
synthase.

+ The source of the methyl
group is serine, by way of LH e o B
5,10- g T

Thymidylate
synthase

N~ CH, HN NZ CH,—N—R
methylenetetrahydrofolate Ot MN—r 0 "
5,10-Methylenetetrahydrofolate 7,8 -Dihydrofolate
coo®
@ C|“2 *HO |® _ @ |~ NADPH + H®
ciycine N iraymetn. O iole [©
COO / transferase NADP
H3N— &H N (_/
CH20H Y :ﬁ
Serine CHz_N_R

Tetrahydrofolate
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Methylation of dUMP to dTMP

-Both thymidylate synthase and
dihydrofolate reductase are prime
fargefs for am‘icancer drugs

NS CH, —N \ N—C—H
HN 5 H
CH,
Methotrexate CH,
5-Fluorouracil 5
(ao]e
H3CYN | 0 co00®
s |
CH, — \ / C N—C H
0 | H
CH; CH,
Tomudex (ZD1694) CH,

———
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Next Up
‘Exam III (Lectures 7-10)
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