Notes 03/31

Monday, March 31, 2008
10:58 AM

w Polynuclectides
3 Foundin DNA and RNA
3 Precursors of polynucleotides

w Biological roles of nuclectides
a) Energy "currency" (ATP and GT&)upling hydrolysis to thermodynamically unfavorable
reactions (>1%)
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/S
eq UDP-Gly Cl/ﬂcoge,r\n*—> C’lgwawmp
(Oq—,u)

P Cardlcl'f”'\
Zﬂ CDP— dlagyl 9/gwo l SN P L]ogpl‘\(r\hﬂ(‘[ [
S p [""SPL“"I'dﬂg {l1 ters|

¢) Nucleotide cofactors
A NAD, NADP, FMN, FAD, coenzyme A

d) Metabolicregulators
A NTP,NDP's, NMP's (noncyclic)
AObatdgya 0020t A0 I YL 3IYLIX
A Allosteric effectors

e) Precursors of RNA and DNA
A Future lectures will focus on this

f) "Catalytic" nuceotides
A (ribozymes)
A Actas nucleophiles to perform transesterification reactions

w Structure of Nuceltides
3 3components
A Base (purine or pyrimidine)
A Pentose sugar
A Phosphate
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3 Ribonucleotides
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opo—Ch O
¢ / H\[‘ w 1' carbon is attached to base

HH' H i w Glycosydiclinkageébond of base to sugar
A
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O oOH

3 Deoxyribonucleotides /3
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3 Base components 7
A Purine N N w Know # positioning
I Aromatic . /% w 9 position joins to sugar
I Planar 2 q
I Weakbase 3 H

f—;

Low HO solubility
Absorb lightin UV range

f—

A Pyrimidine
| Planararomatic

I Low HO solubility but higHer than purine N
T Absorb UV light AN w 1 position attach to sugar

!I(,

2

3 Basesin RNA+DNA
w Nucleosideis nucleotide without

A 6-amino purine phosphate

J
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Problem Set 1

Monday, March 31, 2008
11:00 AM

1. Draw the structures of the following:
5-methylcytosine
5-bromodeoxyuridine

1,3,7 trimethylxanthine
2-methoxyadenosine monophosphate
Dideoxythymidine

Né methyladenine
O*methylthymidine

@ ~®2 2002
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Notes 04/02

Wednesday, April 02,2008
10:59 AM

Office Hours:

McEntee | Wed. 23pm - Geology 4607
Benson Thurs/FriThurs/Fri 121pm | Geology 4607
Angie Wed 2pm Geology 4607

w Numbering and naming conventions for bases
3 When attached to sugar without phosphate itis nucleoside
3 When attached to sugar with phosphate itis nucleotide

Base (no sugar or ' Nucleoside - Nucleotide [ Structure
phosphate) i
Adenine Adenosine | Adenylic acid N7 : N\ ‘ne
Ade Ado Adenosine K l > pur
A A monophosphate NTEN
AMP x
Guanine Guanosine Guanylic acid ‘{7 .
Gua Guo Guanosine N) [ ’V> puiine
G G monophosphate s N
GMP !
[ T T [w)
Cytosine Cytidine Cytidylic acid ripidine
Cyt Cyd Cytosine monophosphate J\ P
p c CMP NH, )/’l’
Uracil Uridine Uridylic acid R
Ura Urd Uridine monophosphate n /} rimiding.
U U UMP ] 4‘;"’) o
Tymidine Deoxythimidin| Deoxythymidic acid ¢,>
Thy e /\)/L)/CHZ Pynlmllpll‘ﬂl_
T dThd J\N

dT o

w Attachment of nucleotides.
3 Attachment of of 3' hydroxyl to 5' of other nucleotide. (Phosphodiester linkage)
3 Stereochemistrybase is aromatic/planar. Sugar atoms are in another plane perpendicular to the be
3 Attachment made from condensation
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2 end Tend

w Differences between DNA and RNA
3 Uracilinstead of thyamine.
3 Ribose sugarinstead of deoxyribose
A The hydroxyl group effects stereochemistry and prevents flexibility of RNA chain
A The hydroxyl group also effects the stability. Under basic conditions (pH 9 or >), OH is nucle:

CHEM 153B Page 4



and attacks phosphate to form new covalent bond
I This determines the lifetime of RNA. Bacteria for example have enzymes to create lifetin
minutes for RNA. Humans is about 24hours.
I DNAis a stable molecule because it lacks this hydroxyl group.

w De novo Synthesis of Purines
a. Evolutionary conserved pathways
A Different organisms though diverse, follow similar pathways with same intermediates.
b. Expensive synthesize
A Costs a lot of energy to make new purines from scratch
c. Enzyme activities highly regulated
A Activated more during cell division
A Enzyme regulation in allosteric fashion
d. NOT synthesized at free bases but as nucleotides
A This servesto keep bases soluble in aqueous polar environment since the free base alone i
soluble.
e. AMP, GMPR> derrived from common intermediate (IMP)

O
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a. Pathway enzymes are target for clinical intervention
A Cancer chemotherapy
I Targetenzymes or steps in de novo pathway
A Autoimmune and organ transplantation
A Antimicrobials (antibiotics)
I Targetbacteria enzymes that carry out purine synthesis without effecting the host

3 JohnBuchanan
A Used metabolic labelingising radioactive isotopes to discover metabolic pathways
A He studied metabolic pathway of uric acid.
A Discovered the source of synthesis of uric acid.

H
L \ Ucic acid is in bird poop.
[ p=o
o .“ H .
uric ocid
HCL03 3'365“
ASpw bate C ~ I\//
N"\‘Atﬁ“\} C—
l I — ﬁrﬂ\ﬂ:"‘
meod'e\)c C ¢
N N \J\[

8 [utoim ine amidhe

3 Donot needto know all enzymes and intermediates of nucleotide synthesis
A Purine biosynthesis

I Ribose5-phosphate is starting.
I ATP usedto add diphosphate to 1' position
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I Glutamate provides amide to replace diphosphate. This is first committed step &

establishes stereochemistry of purine.
Amide performs Nu attack on Gly

—( —( —( —

Etc.. See textbook. pg 1071

Addition of one carbon by THF (carrier of 1 C)
Conversion of carbonyl oxygen of glycine to imino group

3 Glutamine is often a source of amine addition in purine synthesis

)
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3 IMPto AMP or GMP
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'?/\‘ X 8
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GMP

w Conversion of AMP (GMP) to ATP (GTP)
—_—
0“3 AMP +/A§TP ﬁJcng(,,A-e Lirgse ZADP
L‘ﬁ’om o x1dah Ve PADSF hory | Hon

GMPHATP 0 Tate Fivase GOP + ADP

Base specific, sugar non specific (rAMP,
Nucleoside diphosphate kinase

b) GDP + ATP == o 1p+ADP

Base nonspecific, sugar nonspecific
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Notes 04/04

Friday, April 04,2008
11:02 AM

Energy cost for IMP synthesis
(o)

t ‘ N
SN
P
. | ATR> ADP
.a) Directl yin pathway . +7 ‘
'b) Glu-> GIn (x2) [+2
'c) Fumerate-> ASP . -3
'd) Regenerate Gly ' +8
&) NI THF> NO-THFCHO (x2) +10
TOTAL |+24

3 ATP source is from oxidative phosphorylation

w Regulation of nucleotide synthesis.

!Zi [DOSe_ - S"PI’IOSPMJ@

<

>
\/ .
PR Pf) Activation
> &
 nzyme: O\M\Jap‘/\usp

S'PL\OS‘OL\OWII bos lam*rnoz%%
(PeA

v
@1 @
f\dug\svcc note TV\ P
ANP C: MP

L l
ADP GDP

J |
ATP G1P

ATP and GTP are
allosteric enzymes

Feed forward activation. When PRPP levels are high,

thie Arivae aminn trancfaraca annimae
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Trons ferose £, PRA sljy\+k.a_s\s I's m“o.&"ze,ﬂmlél
S+|Mul06{'et'} éz.’ PrePP (Fe.a} 'Prwatv-J)

® Amido phosphorisosyl Transferase

3 Flux determining stepin pathway ) 8 ’
- "\7 o~ C“LD H . O—;P—o—c IS NH7_
- APV S AN G lutoumine _o Via . *+ Glutmmate t PP
A H0 OH off
o~ 0
PRPP PRA
\Y
[Gln]
Feed forward.
v (not Mechahs Murden Kinefics)
S(cr-w\elda/{
LPrrp]

In cells that are proliferating have a greater demand for nucleotides than resting cells.
9FNI& FydAroA2GA0a o0f201SR LWNARYS agyick

€€

w Sulfadrugs inhibit production of folate which impacts purine synthesis in bactera. Does not effect
humans because our folate is dietary and we do not make folate.

w Inhibitors of DeNovo purine Biosynthesis

Sulfadrugs - Block folate biosynthesis in microorganisms
NI°-THF deficiency (no effect on human cells)

Azaserine (Acivicin Inhibits purine denovo synthesis. It was later discovered to be a potent muta
Suicide inhibitor of amido transferase and other enzymes that release activ
NH:*from GIn

Mycophenolic Acid. Fungus product that blocks IMP dehydrogenase enzyme.

w Salvage pathway
3 Recovering bases from breakdown of nucleic acids

w Salvage of Purines
3 Breakdown of RNA (mtacellular)

Ade + PEPP—(—mMP + PP; (Ade= Adenine)

(adeninephosphorilosyl transferase)

(Gyonine + PRPP > GMP+FP

Hygoxarhine + PRPF ST Mp + pp.

= (’MolY‘oxy ~guonine plnasphor‘f bOSteransf\W(

NB post mitotic cells use salvage more than donovo synthesis
Neuronal cells> salvage is major pathway for nucleotide biosynthesis.
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There are individuals that lack HGRPT so they have disorder calleeNgmeh syndrome

w Defectin purine salvage
3 LeschNyhans syndrome
A x-limed (sex link)
Mental retardation
Spasticitiy
Self mutilation
Urate accumulation. Urate is insoluble and will rise to kidney stones and accumulates
joints. (Gout)
- Loss of HGRPT

G HTPRFP T GMP , IMP
’ K’f’?l;

> > > > >

- InleschNyhans
HGRPT> accumulation PRPP
[PRPP] increase feed forward activates amide transferase
->increase adenelate (amp) and guanelate (gmp) production

w Degradation of purines (figure in textbook¥i ¢, 2%-1% Pg.lb‘ﬁ
3 Uricacid is end product of degradation

w Inhibitor of Xanthine Oxidase (treatment of Gout)

,v\(‘aMPlG*'C
str
Allopurinol 0
0 X0 \ — Remains bound to Xanthine oxidas
N —_— \/ 6 NBRAzOSRO | yR OF
P(A,Tl"lol
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Notes 04/07

Monday, April 07,2008
11:02 AM

&

WA

Notes 0407

Audiorecording started: 11:02 AMMonday, April 07, 2008

w Pyrimidine pathway
3 metaboliclabeling by John Buchanan

C
Gltamine, —5 n 4 \C < gspartate

amde l 3 5‘/
Heo— ¢
0; CZ\CI e

3 |6 stepPathway(see book pg 1077) for UMP synthesis
A Ring structure is synthesized prior to ribesg@hosphate moity
1. 2ATP + HCO+ glutamine+ HO
Enzyme: Carbamoyl phosphate synthetase I

\/\> 2ADP + glutamate + P
NH,
0=C
I
O-POs~
Carbanoyl phosphate

2. Aspartate
) Enzyme: aspartate transcarbomoylase (ATCase)

R

Cabonyl aspartate

3. HzOd/

\V
o)
(I:l
PN
N lC*h
1

,/QN/CH
o H \Coo‘

Enzyme: dihydroorotase

Dihydroorotate
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4. Quinon
(D Enzyme: dihydroorotate dehydrogenase

Reduce
guinone
0]
I
-’ C N
BN CH
‘ [
=C c
o N oo™
H
Orotate
5 PRP
{5 Enzyme: Orotate phosphoribosyl transferase
PR
O
¢
N
HN cu
l 1
C C -
0?7\, Yoo
2-
0_3?0 "Cl“\; (V]
A"
ok o

Orotidine-5'-monophosphate (OMP)

6. CQ(/

Enzyme: OMP decarboxylase

J Step 6 enzyme increases reactivity by 2Xataking most catalystically
O proficientenzyme known
]
N
H N/ CH
(o
z CH
R
4 N
“oP0-CH: O
Ko
off OH

Uridine monophosphate (UMP)

Uridede kinase
—_—

UMP + ATP UDP+ ADP

nvc leotide dif’"‘“*’k’"ﬁ
UDP+ ATP ————— (TP+ADP

CTP is made from UTP

@) In mammalian cells N comes
)‘H from glutimate. In bacteria
' N [ comes from amonia
N CTP Syrthetase g
yTte cTp

w Regulation of pyrimidine biosynthesis
3 Different from bacteria and animal
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1. HCQ@ + Glutamine + ATP

l Mammals r? hest

2. Carbomyl phosphate

|

v/
3. Carbomyl aspartate

)
Dihydroorate

Oro\;ate

i;’PEPp
6. OMP

a

3 UMP
3 UDP
3 UTP

3 CTP

ATCase (bacterial) allosteric regua}jg)

4
A VMoA

boctera reg here

Bacteria step 2 regulation: allosteric stimulation of ATCase by ATP and inhit
by CTP or UTP

Inanimals, ATCase is not regulatory. Carbamoyl phosphate synthetase Il i
inhibited by UDP and UTP and activated by ATP and PRPP

|
l
|
]
26 3o

T (ZmM lgs~2"5|m/"\

[ Caf\.oamo
spw ta

ATP

T CTP ECAT.\LYTIC

ATP, CTP bind same allosteric site (appronx 60 A from catalystic siteg';d

-6_] [m/‘")

g
¢ %% wt?
7&8\)

cre”
TP p,
i &
2
~

ATP binding> conformation of catalystic subunit changes

favors rxn

CTP binding> comformation change inhibits rxn

@ CHANNELING

3 Appliestboth pathways (purine and pyrimidine): intermediates are labile compounds (easily degr:
will hydrolize and decompose in solution). These pathways are optimized to maximize program by
minimizing contact with aqueous solution. So each step channels to next active site in a process c

channeling.

3 Inmammalian cells (pyrimidine synthesis of UMP):
A First 3 steps of pyrimidine pathway in mammalian cells occur on one protein enzyme in cyto
A Step 4: mitochondrial membrane (FMN and coenzyme Q used to reduce and@ifeH

dihydroorotate)

A Nextsteps located in cytoplasm on same contiguous polypeptide chain
3 Inbacterial cells (pyrimidine synthesis of UMP):

A Intermediates are the same and susceptible to breakdown

A Do not find channeling in bacteria though
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