
Found in DNA and RNAƺ

Precursors of polynucleotidesƺ

Polynucleotidesω

Energy "currency" (ATP and GTP) - coupling hydrolysis to thermodynamically unfavorable 
reactions (>108)

a)

carbohydrate phospholipidsÁ

Carriers b)

Biological roles of nucleotidesω

NAD, NADP, FMN, FAD, coenzyme AÁ

Nucleotide cofactorsc)

NTP, NDP's, NMP's (noncyclic)Á

Ŏbatϥǎ όŎȅŎƭƛŎ ŀƳǇΣƎƳǇΧ ǎŜŎƻƴŘ ƳŜǎǎŜƴƎŜǊǎύÁ

Allosteric effectorsÁ

Metabolic regulatorsd)

Future lectures will focus on thisÁ

Precursors of RNA and DNAe)

(ribozymes)Á

Act as nucleophiles to perform transesterification reactionsÁ

"Catalytic" nuceotides f)

Base (purine or pyrimidine)Á

Pentose sugarÁ

Phosphate Á

3 componentsƺ

Ribonucleotides

Structure of Nuceltidesω

Notes 03/31
Monday, March 31, 2008

10:58 AM
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Phosphate 
Ribonucleotidesƺ

Deoxyribonucleotidesƺ

1' carbon is attached to baseω
Glycosydic linkage -bond of base to sugarω

AromaticǏ

PlanarǏ

Weak baseǏ

Low H2O solubilityǏ

Absorb light in UV rangeǏ

Purine Á

Planar aromaticǏ

Low H2O solubility but higher than purineǏ

Absorb UV lightǏ

PyrimidineÁ

Base componentsƺ

Know # positioningω
9 position joins to sugar ω

1 position attach to sugarω

6-amino purineÁ

Bases in RNA+DNAƺ

Nucleoside is nucleotide without 
phosphate

ω
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5-methylcytosinea.
5-bromodeoxyuridineb.
1,3,7 trimethylxanthinec.
2-methoxyadenosine monophosphated.
Dideoxythymidinee.
N6methyladeninef.
O4methylthymidineg.

Draw the structures of the following:1.

Problem Set 1
Monday, March 31, 2008

11:00 AM

   CHEM 153B Page 3    



McEntee Wed. 2-3pm Geology 4607

Benson Thurs/FriThurs/Fri 12-1pm Geology 4607

Angie Wed 1-2pm Geology 4607

Office Hours:

When attached to sugar without phosphate it is nucleosideƺ

When attached to sugar with phosphate it is nucleotideƺ

Numbering and naming conventions for basesω

Base (no sugar or 
phosphate)

Nucleoside Nucleotide Structure

Adenine
Ade
A

Adenosine
Ado
A

Adenylic acid
Adenosine 
monophosphate
AMP

Guanine
Gua
G

Guanosine
Guo
G

Guanylic acid
Guanosine 
monophosphate
GMP

Cytosine
Cyt
C

Cytidine
Cyd
C

Cytidylic acid
Cytosine monophosphate
CMP

Uracil
Ura
U

Uridine
Urd
U

Uridylic acid
Uridine monophosphate
UMP

Tymidine
Thy
T

Deoxythimidin
e
dThd
dT

Deoxythymidic acid

Attachment of of 3' hydroxyl to 5' of other nucleotide. (Phosphodiester linkage)ƺ

Stereochemistry -base is aromatic/planar. Sugar atoms are in another plane perpendicular to the bases.ƺ

Attachment made from condensationƺ

Attachment of nucleotides. ω

Uracil instead of thyamine.ƺ

The hydroxyl group effects stereochemistry and prevents flexibility of RNA chainÁ

The hydroxyl group also effects the stability. Under basic conditions (pH 9 or >), OH is nucleophile 
and attacks phosphate to form new covalent bond

Á

Ribose sugar instead of deoxyriboseƺ

Differences between DNA and RNAω

Notes 04/02
Wednesday, April 02, 2008

10:59 AM
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This determines the lifetime of RNA. Bacteria for example have enzymes to create lifetime of 3 
minutes for RNA. Humans is about 24hours.

Ǐ

DNA is a stable molecule because it lacks this hydroxyl group.Ǐ

and attacks phosphate to form new covalent bond

Different organisms though diverse, follow similar pathways with same intermediates.Á

Evolutionary conserved pathwaysa.

Costs a lot of energy to make new purines from scratchÁ

Expensive synthesizeb.

Activated more during cell divisionÁ

Enzyme regulation in allosteric fashionÁ

Enzyme activities highly regulatedc.

This serves to keep bases soluble in aqueous polar environment since the free base alone is not 
soluble. 

Á

NOT synthesized at free bases but as nucleotidesd.

AMP, GMP -> derrived from common intermediate (IMP)e.

De novo Synthesis of Purinesω

Target enzymes or steps in de novo pathwayǏ

Cancer chemotherapyÁ

Autoimmune and organ transplantationÁ

Target bacteria enzymes that carry out purine synthesis without effecting the hostǏ

Antimicrobials (antibiotics)Á

Pathway enzymes are target for clinical interventiona.

Used metabolic labeling -using radioactive isotopes to discover metabolic pathwaysÁ

He studied metabolic pathway of uric acid.Á

Discovered the source of synthesis of uric acid.Á

John Buchanan ƺ

Ucic acid is in bird poop.

Ribose-5-phosphate is starting.Ǐ

ATP used to add diphosphate to 1' positionǏ

Purine biosynthesisÁ

Do not need to know all enzymes and intermediates of nucleotide synthesisƺ
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Glutamate provides amide to replace diphosphate. This is first committed step and 
establishes stereochemistry of purine.

Ǐ

Amide performs Nu attack on GlyǏ

Addition of one carbon by THF (carrier of 1 C)Ǐ

Conversion of carbonyl oxygen of glycine to imino groupǏ

Etc.. See textbook. pg 1071Ǐ

Glutamine is often a source of amine addition in purine synthesisƺ

IMP to AMP or GMPƺ
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Conversion of AMP (GMP) to ATP (GTP)ω

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

Base nonspecific, sugar nonspecific
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Energy cost for IMP synthesis

. ATP -> ADP

Directl yin pathwaya) +7

Glu -> Gln (x2)b) +2

Fumerate -> ASPc) -3

Regenerate Glyd) +8

N10-THF -> N10-THF-CHO (x2)e) +10

TOTAL +24

ATP source is from oxidative phosphorylationƺ

Regulation of nucleotide synthesis.ω

ATP and GTP are 
allosteric enzymes 

Feed forward activation. When PRPP levels are high, 
this drives amino transferase enzyme. 

Notes 04/04
Friday, April 04, 2008

11:02 AM
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this drives amino transferase enzyme. 

Flux determining step in pathwayƺ

Amido phosphorisosyl Transferaseω

Feed forward. 

In cells that are proliferating have a greater demand for nucleotides than resting cells.ω
9ŀǊƭȅ ŀƴǘƛōƛƻǘƛŎǎ ōƭƻŎƪŜŘ ǇǳǊƛƴŜ ǎȅƴǘƘŜǎƛǎΧ ǘƘƛǎ ǇǊŜǾŜƴǘŜŘ ōŀŎǘŜǊƛŀ ŦǊƻƳ ƎǊƻǿƛƴƎΦω

Sulfa drugs 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.

ω

Inhibitors of DeNovo purine Biosynthesisω

Sulfa drugs Block folate biosynthesis in microorganisms
N10-THF deficiency (no effect on human cells)

Azaserine (Acivicin)Inhibits purine denovo synthesis. It was later discovered to be a potent mutagen.
Suicide inhibitor of amido transferase and other enzymes that release activated 
NH4

+from Gln

Mycophenolic Acid Fungus product that blocks IMP dehydrogenase enzyme.

Recovering bases from breakdown of nucleic acidsƺ

Salvage pathwayω

(adenine-phosphorilosyl transferase)

Breakdown of RNA (intacellular)ƺ

Salvage of Purinesω

NB post mitotic cells use salvage more than donovo synthesis
Neuronal cells -> salvage is major pathway for nucleotide biosynthesis.

There are individuals that lack HGRPT so they have disorder called Lesch-Nyans syndrome
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There are individuals that lack HGRPT so they have disorder called Lesch-Nyans syndrome

x-limed (sex link)Á

Mental retardationÁ

SpasticitiyÁ

Self mutilationÁ

Urate accumulation. Urate is insoluble and will rise to kidney stones and accumulates in 
joints. (Gout)

Á

Loss of HGRPT-

Lesch-Nyhans syndromeƺ

Defect in purine salvageω

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

In lesch-Nyhans-

Uric acid is end product of degradationƺ

Degradation of purines (figure in textbook)ω

Inhibitor of Xanthine Oxidase (treatment of Gout)ω

Allopurinol 

Remains bound to Xanthine oxidase 
όǊŜŘǳŎŜŘύ ŀƴŘ Ŏŀƴƴƻǘ ƻȄƛŘƛȊŜΧΦ
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Notes 0407

Audio recording started: 11:02 AM Monday, April 07, 2008

metabolic labeling by John Buchananƺ

Pyrimidine pathway ω

Ring structure is synthesized prior to ribose-5-phosphate moityÁ

Enzyme: Carbamoyl phosphate synthetase II

2ADP + glutamate + Pi

2ATP + HCO3- + glutamine+ H2O1.

6 step Pathway (see book pg 1077) for UMP synthesisƺ

Carbanoyl phosphate

Enzyme: aspartate transcarbomoylase (ATCase)
Aspartate2.

Pi

Cabonyl aspartate

Enzyme: dihydroorotase
H2O3.

Dihydroorotate

Quinone4.

Notes 04/07
Monday, April 07, 2008

11:02 AM
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Enzyme: dihydroorotate dehydrogenase
Quinone4.

Reduced 
quinone

Orotate

Enzyme:  Orotate phosphoribosyl transferase
PRPP5.

PPi

CTP is made from UTP
In mammalian cells N comes 
from glutimate. In bacteria 
comes from amonia

Different from bacteria and animalƺ

HCO3
-+ Glutamine + ATP1.

Regulation of pyrimidine biosynthesisω

Orotidine-5'-monophosphate (OMP)

Enzyme: OMP decarboxylase
CO26.

Uridine monophosphate (UMP)

Step 6 enzyme increases reactivity by 2x1023making most catalystically 
proficient enzyme known
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Different from bacteria and animal
HCO3

-+ Glutamine + ATP1.

Carbomyl phosphate2.

Carbomyl aspartate3.

Dihydroorate4.
Orotate5.

OMP6.

UMPƺ

UDPƺ

UTPƺ

CTPƺ

Applies t both pathways (purine and pyrimidine): intermediates are labile compounds (easily degraded -
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 called 
channeling.

ƺ

First 3 steps of pyrimidine pathway in mammalian cells occur on one protein enzyme in cytoplasmÁ

Step 4: mitochondrial membrane (FMN and coenzyme Q used to reduce and take H2 off of 
dihydroorotate)

Á

Next steps located in cytoplasm on same contiguous polypeptide chainÁ

In mammalian cells (pyrimidine synthesis of UMP):ƺ

Intermediates are the same and susceptible to breakdownÁ

Do not find channeling  in bacteria thoughÁ

In bacterial cells (pyrimidine synthesis of UMP):ƺ

CHANNELING ω

ATP, CTP bind same allosteric site (approx 60 A from catalystic site)

ATP binding -> conformation of catalystic subunit changes -> 
favors rxn
CTP binding -> comformation change inhibits rxn

ATCase (bacterial) allosteric reguation

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

In animals, ATCase is not regulatory. Carbamoyl phosphate synthetase II is 
inhibited by UDP and UTP and activated by ATP and PRPP
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