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« The Nucleic Acids

 The nucleic acids are the
building blocks of living
organisms. You may have
heard of DNA described the
same way. Guess
what? DNA is just one
type of nucleic acid.



http://www.chem4kids.com/files/bio_dna.html
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What is the importance of

nucleotides?
4 g sill (alaalVl el L
Ribonucleoside and deoxyribonucleoside
phosphates (nucleotides) are essential for all

cells. Without them, neither DNA nor RNA can be
produced.

Nucleotides also serve as carriers of activated
intermediates in the synthesis of some
carbohydrates, lipids, and proteins,.

Structural components of several essential
coenzymes, for example, coenzyme A, FAD,
NAD*, and NADP*.

Serve as second messengers in signal
transduction pathways, such as cyclic adenosine
monophosphate (cCAMP) and cyclic guanosine
monophosphate (cGMP)

Play an important role as “energy currency” in
the cell.

Are Important regulatory compounds for many of
the pathways of intermediary metabolism,
inhibiting or activating key enzymes.

The purine and pyrimidine bases found in
nucleotides can be synthesized de novo, or can
be obtained through salvage pathways that allow
the reuse of the preformed bases resulting from
normal cell turnover or from the diet.
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Nucleotide Structure

« These nucleotides are
made of three parts:

1. A five-carbon sugar

2. A base that has nitrogen
(N) atoms belong to two families
of compounds, the purines and the
pyrimidine.

3. An ion of phosphoric acid
known as phosphate (PO43-)



http://www.chem4kids.com/files/bio_carbos.html
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Purine and pyrimidine
structures
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Nucleosides

m RNA DNA
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Ribose 2-Deoxyribose

The addition of a pentose sugar to
a base produces a nucleoside. If
the sugar is ribose, a
ribonucleoside is produced; if the
sugar is 2-deoxyribose, a
deoxyribonucleoside is produced
(Figure 22.3A). The
ribonucleosides of A, G, C, and U
are named adenosine, guanosine,
cytidine, and uridine, respectively.
The deoxyribonucleosides of A, G,
C, and T have the added prefix,
“deoxy-,” for example,
deoxyadenosine.
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Numbering nucleosides

The carbon and nitrogen atoms
in the rings of the base and the
sugar are numbered separately
(Figure 22.3B).
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Nucleotides

Base

o 0 0

OH OH

Ribonucleoside 5'-
monophosphate (NMP)

Ribonucleoside 5'-
diphosphate (NDP)

Ribonucleoside 5'-
triphosphate (NTP)

Nucleotides are composed of a
nitrogenous base (adenine = A,
guanine = G, cytosine = C, uracil
= U, and thymine =T), a
pentose, and one, two, or three
phosphate groups (see the
figure). A and G are purines; C,
U, and T are pyrimidines. If the
sugar is ribose, the nucleotide
is a ribonucleoside phosphate
(for example, AMP), and it can
have several functions in the
cell, including being a
component of RNA. If the sugar
is deoxyribose, the nucleotide
is a deoxyribonucleoside
phosphate (for example,
dAMP), and will be found
almost exclusively as a
component of DNA.
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DNA

How DNA Works Nucleotides

BASE BASE
{pyrimiding) (puring)
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Strands of DNA are made of the sugar and phosphate portions
of the nucleotides, while the middle parts are made of the
nitrogenous bases. The nitrogenous bases on the two strands
of DNA pair up, purine with pyrimidine (A with T, G with C),
and are held together by weak hydrogen bonds.

How DNA Works EBase Nucleotide Pairings

PHOSPHATE NITROGENOUS BASES DEOXYRIBOSE
MOLECULE SUGAR MOLECULE

Sugar-phosphate Weak bonds Sugar-phosphate
backbona between bases backbone

11
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Synthesis of Purine
Nucleotides

* Synthesis of 5-phosphoribosyl-1-
pyrophosphate (PRPP)

The committed step in purine synthesis uses 5-
phosphoribosyl-1-pyrophosphate (PRPP, an “activated
pentose” that provides the ribose-phosphate group for de
novo purine and pyrimidine synthesis and purine salvage)
and nitrogen from glutamine to produce phosphoribosyl
amine. The enzyme is glutamine:PRPP amidotransferase,
and is inhibited by AMP, GMP, and IMP (the end products
of the pathway) and activated by PRPP.

[

ACTIVATOR | ' INHIBITORS
p \ | Purine
X o ° / tibonucleotides
Arn A N 7 mnin AN
) OH,C, AN S PRPP synthetase X PONe \
\;_/0" ﬁQQN / 0-(p)-p)
OH O AP NP OH O
Ribose S-phosphate S-Phosphoribosyl1-pyrophosphate

—)
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® Sulfonamides are structural analogs of

Ribose 5'-phospha para-aminobenzoic acid that competitively
= . inhibit bacterial synthesis of folic acid
§-Phosphoribosyl- s'm (see p. 371). Because purine synthesis
N-formylglycinamidine S-aminoimidazole requires tetrahydrofolate as a coenzyme,

the sulfa drugs slow down this pathway
co, in bacteria.
Camorylase
® Humans cannot synthesize folic acid,

and must rely on external sources of this
ADP 4 " vitamin, Therefore, sulfa drugs do not

interfere with human purine synthesis.
N
> FOLIC ACID ANALOGS
® Methotrexate and related compounds

inhibit the reduction of dihydrofolate
to tetrahydrofolate, catalyzed by

§'-Phosphoribosyl 4- S'-Phosphoribosyl dihydrofolate reductase (see p. 374).
N-suecinocarboxamide- S.aminoimidazole-
S-aminoimidazole 4-carboxylate ® These drugs limit the amount of

tetrahydrofolate available for use in purine

5 synthesis and, thus, siow down DNA
H0 OOC.C.H replication in mammalian cells. These
é compounds are, Lherefore, uselul in
Adertrlosiconae H o0 treating rapldly growing cancers, but are
s also toxic to all dividing cells.
Fumarats

C N

NH,-C N tetrahydrofolate T _C N N
s \ Fompnnsease A HN I \> A : k\ l \>
Ribose 5'-phosphate \ Ribose 5-phosphate Ribose 5'phosphate
§'-Phosphoribosyl 4- §'-Phosphoribosyl 4- Inosine 5*-monophosphate
S-aminoimidazole S-formamidolmidazole

Synthesis of purine nucleotides, showing the inhibitory effect of some
structural analogs

13
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Inhibitors of purine
synthesis drugs

I

* Sulfonamides : inhibit the growth of
rapidly dividing microorganisms
without interfering with human cell
functions

 Methotrexate: Similar to folic acid,
are used to control the spread of
cancer by interfering with the
synthesis of DNA and RNA.

* Trimethoprim: Similar to folic acid,
has strong antibacterial activity
because of its selective inhibition of
bacterial dihydrofolate reductase.

14



12/22/2014

Synthesis of Purine
Nucleotides

B. Synthesis of 5'-
phosphoribosylamine

C. Synthesis of inosine
monophosphate, the “parent”
purine nucleotide

D. Synthetic inhibitors of purine
synthesis

E. Conversion of IMP to AMP and
GMP

15
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Conversion of IMP to AMP and GMP
showing feedback inhibition
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* Mycophenolic acid is a strong,
reversible, uncompetitive
inhibitor of IMP dehydrogenase
that is being used successfully in
preventing graft rejection. It
blocks the de novo formation of
GMP (see above figure), thus stop
rapid proliferating cells, including
T and B cells, of a key component
of nucleic acids.

17
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X

F. Conversion of nucleoside
monophosphates to nucleoside
diphosphates and triphosphates

Base-specific nucleoside

GMP

monophosphate kinases

AMP + ATP =

+ATP

Adenylate kinase X

2 ADP

(Guanylate kinase
—— GDP+ADP

Nucleoside diphosphate kinase

GDP + ATP —— GTP+ADP

COP+ATP —— CTP+ADP

18
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Salvage pathway for purines
Gl gaall AL ) I B

Purines that result from the normal
turnover of cellular nucleic acids, or
that are obtained from the diet and
not degraded, can be converted to
nucleoside triphosphates and used
by the body. This is referred to as
the “salvage pathway” for purines.
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PRPP PP,

Hypoxanthine IMP

Hypoxanthine-guanine
phosphoribosyftransferase
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LESCH-NYHAN SYNDROME

® This is an X-linked, recessive,
inherited disorder associated
with a virtually complete
deficiency of hypoxanthine-
guanine phosphoribosyl-
transferase and, therefore,
the inability to salvage
hypoxanthine or guanine.

® The enzyme deficiency results
in increased levels of PRPP
and decreased levels of
IMP and GMP, causing
increased de novo purine
synthesis.

® This results in the excessive
production of uric acid, plus
characteristic neurologic
features, including self-

mutilation and involuntary

movements.

20
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Lesions on the lips of
Lesch-Nyhan .
patients caused by [
self-mutilation '
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Synthesis of
Deoxyribonucleotides

* The nucleotides described thus far all
contain ribose (ribonucleotides). The
nucleotides required for DNA synthesis,
however, are 2'-deoxyribonucleotides,
which are produced from ribonucleoside
diphosphates by the enzyme
ribonucleotide reductase during the cell
cycle.

éﬁut@so?‘siaiémjgﬂ\ Calagi ilS guill
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Conversion of ribonucleotides
to deoxyribonucleotides.

O' o Base 0 0 Base
Tuf P O-P 0-CH, ,O l '0-P-O-P-O-CH2 |
OH OH OH H

Ribonucleoside dATP Deoxyribonucleoside
diphosphate diphosphate

>Mbonucleottde reductase

Thioredoxin (2SH) ™20 Thioredoxin (5-5)
(reduced) (oxidized)

> Thioredoxin reductas%

NADP* NADPH + H*

23
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Regulation of
deoxyribonucleotide
synthesis

* Ribonucleotide reductase is
highly regulated, for example, it is
strongly inhibited by dATP—a
compound that is overproduced
in bone marrow cells in
individuals having adenosine
deaminase deficiency.

Jaw Ao caplaiill e ay 391 138 5
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Degradation of Purine

Nucleotides
Gl ) gal) add
* Degradation of dietary nucleic acids

occurs in the small intestine, where a
family of pancreatic enzymes hydrolyzes
the nucleotides to nucleosides and free
bases. Inside cells, purine nucleotides
are sequentially degraded by specific

enzymes, with uric acid as the end
product of this pathway
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Digestion of
m  dietary nucleic

Low pH
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and RNA
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ADENOSINE DEAMINASE (ADA) DEFICIENCY

# This deficiency causes a type of severe combined
immunodeficiency (SCID), involving T-cell and
B-coll doplotion (lymphocytopenia).

 Untreated ADA-deficlent childron usually die before
two years of age from overwhelming Infection,

PRPP
Glutamine
Glutamine:phagphonbosyl
pyrophosphate amdobransiorase
Glutamate

5'-Phosphoribosylamine

& O

}5)‘ L4 L
Gy LS sl D) }d\
(1 H0 e
§! -t o B
@ i
0 ; AR
o v 3,5
(aaminase - "
(1) Pumnkosdol 2P \J.@J A.E.u )Aj\
GOUT
B N Abose Dbsall
# This disorder Is characterized by hyperuricemia i
with recurrent attacks of acute arthritic joint Phosphale
inflammation, caused by deposition of mono- GNP
sodium urate crystals. 0
N th
@ In gout, the hyperuricemia results primarily from [ > §'Nucleotdaso
the underexcretion of urlc acid, Overproduction L\ " @)
of rlc acid Is less common, and known causes H P
involve certain inborn errors of metabolism or ol
Increased avallability of purines. Hyposanthine Guanosine
# Treatment with allopurinol inhibits xanthine Xaniow oukisé| 0, 4 H,0 -
oxidase, resulting In an accumulation of Puring nuckooside |/~ * |
hypoxanthine and xanthine~compounds more 6| phosphontise
soluble than urlc acid, K,0, (3 Ribose
HMMI
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Diseases associated with
purine degradation

e Gout

* Adenosine deaminase (ADA)
deficiency:

28
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Tophaceous gout

TN BT T

Arthrocentesis: Joint aspiration,
a procedure whereby a sterile
needle and syringe are used

to drain fluid from a joint.

Analysis of joint fluid can
help to define causes of joint
swelling or arthritis, such as
infection, gout, and
rheumatoid disease.
2o lad o (S draliad) il Jalas
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Pyrimidine Synthesis

* Unlike the synthesis of the purine
ring, which is constructed on a
preexisting ribose 5-phosphate, the
pyrimidine ring is synthesized
before being attached to ribose 5-
phosphate, which is donated by
PRPP. The sources of the atoms in
the pyrimidine ring are glutamine,
CO,, and aspartic acid
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Amide nitrogen
(R-group) of
glutamine

N

£

& (LJ < Aspartic acid

i) N..r“'
cu{r

e Sources of the
individual
atoms in the
pyrimidine ring.
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The first step in pyrimidine synthesis—the
production of carbamoyl phosphate by
carbamoyl phosphate synthetase ||—is the
regulated step in this pathway (it is
inhibited by UTP and activated by ATP and
PRPP). The UTP produced by this pathway
can be converted to CTP. dUMP can be
converted to dTMP using thymidylate
synthase—an enzyme targeted by
anticancer drugs such as 5-fluorouracil
il gl Ui pnay o) wiai & A5V 5 ghadll o
9 <] g_mﬁn Ja sals KU Sy dhl g i sals S
O bit) bl a8 dadaiall 3 gladll
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CTP synthetase

Glutamate skl

CTP
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Synthesis of dTMP from dUMP,
illustrating sites of action of
antineoplastic drugs
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.
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AGC Cam T4

FI.UOROURAG!? -

IECTION LS° _

e | Fluorouracil
mmm) n e & ( 5-FU ) (trademarked

| R s . | | asAdrucil , Carac, Efudex and Efud
; 50mL ix )

 APP

Is a drug that is a pyrimidine
analog which is used in the
treatment of cancer. It is a suicide
Inhibitor and works through
Irreversible inhibition

of thymidylate synthase.

* Fluorouracil has been given
systemically
for anal, breast, colorectal, esopha
geal, stomach, pancreatic and skin
cancers (especially head and neck
cancers).
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