ANUCLEOTIDE METABOLISM



Nucleotide Metabolism

AChemistry of Nucleotides
KClassfication of Nucleotides
A-unction of Nucleotides

ASynthesis,degradation and Associated
diseases of purine Nucleotides

ASynthesis,degradation and Associated
diseases of pyrimidine Nucleotides







Nucleotides

Nucleotides are composed of a nitrogenous base, a pentose
monosaccharidesandone,twoor three phosphate groups.

A. Nitrogenous base3hese are eithgurineor pyrimidines
Puines:

AAdenine 6 aminourine
AGuanine 2aminé- oxy purine
Pyrimidenes

ACytosine Dxy-4 aminopyrimidine
AUracil : 2.4Dioxy pyrimidine

AThymine Emethylpyrimidine



DNA and RNA Purines

RNA Pyrimidines

DNA Pyrimidines

Figure 22.1

Purines and pyrimidines commonly
found in DNA and RNA.






B. Sugar: Is either Ribose BeoxyRibose
Sugar + Nitrogenous baseNzlleoside
Therefore Nucleosides can be either
ribonucleosider Deoxyribonucleoside.g

A Adenine + Ribose Adenosine

A Adenine +DeoxyRibose DeoxyAdenosine
A Guanine + Ribose Guanosine

A Guanine +DeoxyRibose Deoxy Guanosine

A Cytosine + Ribose cytidine

A Cytosine +DeoxyRibose Deoxy Cytidine

A Uracil + Ribose Uridine

A Thymine + DeoxyRibose Deoxy Thymidine



A PHOSPHORIC ACID:
A Nucleoside + Phosphoric acid— Nucleotide

A Adenosine + HPO, AMP
A Gaunosine + kPO, GMP
A Cytidine + HPO, CMP
AUridine  + HPQ, UMP

A In case of Mononucleotides, a phosphoric acid
molecule forms an ester linkage with one of the (
groups of sugar of a nucleoside.



Phosphoric acid
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RIBOSE & DEOXYRIBOSE
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A. Adenosine nucleotides: ATP, ADP, AMP and Cy:

B.

E.

C. Uridine nucleotides: UTP, UDP, UMP, UDP-G.
D.

AMP.
Guanosine nucleotides: GTP, GDP, GMP and ¢y

GMP.

Cytidine nucleotides: CTP, CDP, CMP and ce {
deoxy CDP derivatives of glucose, choline, etha

lamine.
Miscellaneous: PAPS (‘active’ sulphate), “acti
methionine (S-adenosyl methiomine), certs
coenzymes like NAD* and NADP*, FAD and FN

Cobamide coenzyme, CoA.
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Folic Acids

A Active coenzyme form is called tetra hydotate ( H4
folate)

A Tetrahydrofolateacts as a carrier in transfer of one
carbon group

A The one carbon group combines &t,Nt° or balanced
between nitrogen No 5 and Nitrogen No10 of folic acid

A The one carbon unit may be
Formyl group
Formaminegroup

Methyl group
Methenylgroup

>
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Substrate
level

phos-
phorylation

¢ 1,3-biphospho
glycerate

¢ Phosphoenol
pyruvate

|_e Succinyl CoA

e Oxidative phosphorylation

Creatine ~ P

@)re of )

~(P)+

Creatine

Cycle

Muscle contraction

e Transmission of

nerve impulses

e Active transport

Phosphorylations
Endergonic
synthetic processes
Formation of

active methionine
Formation of

active sulphate

FIG. 14.2: ROLE OF ATP/ADP CYCLE IN TRANSFER OF HIGH ENERGY PHOSPHATE
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PURINE
SYNTHESIS



There are two basic mechanisms to
generate purines and pyrimidines

1. DE NOVO BIOSYNTHETIC PATHWAYS
(building the bases from simple building
blocks)

2. SALVAGE PATHWAYS
(the reutilization of bases from dietary
or catabolic sources)




DENOVOIT SYNTHESIS
OF

PURINE NUCLEOTIDES

(I.,e SYNTHESIS FROM
AMPHIBOLIC

INTERMEDIATES or synthesis
from different small compounds )



A Purines are built upon a pexisting ribose
5-phosphate
A Liver is the major site of synthesis

AR.B.C ,W.B.C and brain cannot synthesized
ourine by Denovo synthesis.




Purines: where do the atoms come from?

Respiratory CO,

Glycine
Aspartate l
\ C
i
i N N'°-Methenyl-
\ 3
N'° -Formyl- SR ¢ N tetrahydrofolate

tetrahydro-
folate

Amide nitrogen of glutamine

Figure 33-1. Sources of the nitrogen and carbon

atoms of the purine ring. Atoms 4, 5, and 7 (shaded) de-
rive from glycine.



¢

Glycine A N
7 A
- NH * H,Cs
. H,Cs |
5 ° 5 A G | 0=C% NoN'-
®—0—CH, ®—0—CH, ®—0—cH, 0=cC¢ NH  Methenyl- i
n o ATP AW Glutamine Glutamate g 0~ ®—0—H,C H,folate H,folate
H,O PP,
@ RA O A" € . \@/
Mg2+ Mg2+ H H .
i PRPP GLUTAMYL FORMYLTRANSFERASE
- o PRPP AMIDOTRANSFERASE H ATP ADP+p, H HLE i |
OH OH SYNTHASE OH OH OH OH
o-D-Ribose 5-phosphate Phosphoribosyl 5-Phospho--p-ribosylamine Glycinamide i .
) pyrophosphate (PRPP) (Il) (1) ribosyl-5-phosphate Formylglycinamide
) ribosyl-5-phosphate
V)
Vet ~00C Gin v
|
HE — OfiE. AN
Aspartate | Glu
CH,
|
~00C
| WP COO0~ 0 ATP, Mg2+
[ H,O g co, H,O Ring closure N
CH —— N N
” \® R Y ®/ HEN \®
HC 4 / /
-ooc - l : |
R-5-F) R-5-®
Fumarate
Aminoimidazole succinyl Aminoimidazole Aminoimidazole Formylglycinamidine
@ carboxamide ribosyl-5-phosphate carboxylate ribosyl-5-phosphate ribosyl-5-phosphate ribosyl-5-phosphate
(IX) (vim) (v (v
[ ADENYLOSUCCINASE |
wpP—ry ADP 5 ATV
O N1°-Formyl- 9 A
I H , folate H ,folate H,O Il
O N N AN
HNTEN \ @/ " ® W
B i /
—— e [FoRMvLTRANSFERASE| | L~V Ring closure HC§N O\
@ 3 | ! | |
R-5-(P) R5-(F) |IMPCYCLOHYDROLASE | R-5-®) (_’\ MP (’, D ?#7 Gﬁ‘i’
Aminoimidazole carboxamide Formimidoimidazole carboxamide Inosine monophosphate (IMP)
ribosyl-5-phosphate ribosyl-5-phosphate

(X)
(X) (X1)
Figure 33-2. Purine biosynthesis from ribose 5 phosphate and ATP. See text for explanations. (®, PO,% or PO,")



Glycine 7
yK:H + 1, 7R
5
Hi’([:? ’ 2' 5 \/10
5 0=C4 N°N'™-
®—0—CH, ®—0—CH, ®—-0—CH, o=cC4 o—m.c NH  Metnenyi
H ATP  AMP Glutamine Glutamate Rut o- ®-0—H, H,folate H,folate n
H H Mg2+ H H H H £ 4
- g PRPP Glutamy il Mgz WV [Fomyiansterase ] 52 Nn e
PRPP Amidotransferase ATP ADP +P; |
OH OH Synthase OH OH OH OH R-5-
o-D-Ribose 5-phosphate Phosphoribosyl 5-Phospho-f-p-ribosylamine Glycinamide
) pyrophosphate (PRPP) (1) () ribosyl-5-phosphate Formylglycinamide
(Iv) ribosyl-5-phosphate
V)
~00C GIn
|
HC — NH, VI Synthetase | (5 ﬁ;&
Aspartate (l: Glu
H,
|
~00C
Co0- = 0 ATP, Mg2*
| OOCI: g H,0 Co, H,0 Ring closure N
H I\~ N v N N ~
ﬁ I> H?—ml 5 5ﬁ/ \\CH = \ _ i 5| \\CH - @/ Hﬁ; \\CH - \@) H2?5/7 8|(le
HC B - o i 4 ~
o0l Hacl’ H, ,?,/C\hll/ IX Synthetase H, N hll VIl Carboxylase HzN/C\','/ VIl Synthetase Hﬁéc\'?ﬂo
~0oc R-5- R-5- R-5-
Fumarate ® ® ® R-5-@
Aminoimidazole succinyl Aminoimidazole Aminoimidazole Formylglycinamidine
@ carboxamide ribosyl-5-phosphate carboxylate ribosyl-5-phosphate ribosyl-5-phosphate ribosyl-5-phosphate
(I1X) (v (Vi) (V1)
| Adenylosuccinase |
Y
ﬁ N'°-Formyl- ﬁ (I)
: H,folate  H,folate s H,0 é
g - > )
HoN Cx [ Formyiianstorase | © S\N A~V Ring closure HC SO
$_5_® H ;lq_5-® [IMP Cyclohydrolase | ,';.5.

Aminoimidazole carboxamide

ribosyl-5-phosphate

X)

ribosyl-5-phosphate
(X1)

Formimidoimidazole carboxamide

Inosine monophosphate (IMP)

(X1



MYCOPHENOLIC ACID

* The drug is a reversible,
inhibitor of inosine mono-

phosphate dehydrogenase.

* The drug deprives rapidly
proliferating T and B cells
of key components of nucleic
acids.

* The drug is an immuno-
suppressant used to prevent
graft rejection.

Figure 22.8
Conversion of IMP to AMP and GMP showing feedback inhibition. [Note: AMP is also called adenylate. GMP is
also called guanylate.] NAD(H) = nicotinamide adenine dinucleotide; GDP = guanosine lglizgahosphate; GTP =

i -

pyrophosphate.

guanosine triphosphate; AMP = adenosine monophosphate; P; = inorganic phosphate;




Qko_épk o‘xa? T an ‘*‘Y\ Fro™ ATEC Converls @

Tt fkos?h;'cs e |
(1 A ™A WO ‘V\uc\-.d'\‘ cdes A‘ﬁ? andh 6\}:4 P
Qe Cow NaviEd = A®® and APT

| e ' o
\Ure Q\\O‘PV\O‘Q b .‘ M- &S nase

ok 1353‘.8 by - :
SN - = Cc\vei\la &
> ) Se <=
oca mugﬁco <s+ide = 1) Y‘M"V‘dt e na

-+ - .
ey"““ ’1 0"'?*28" - ""tJ"' ”Nu&o‘cde
NuAcoé‘#dO Mm-€ S Ng%‘w ——-—"“ --- A

ComvVersior oS ADP to ATFP 18 achieve ol
L nmei Ny By O3\ Aot ve -P\aos@b\,-g\‘\,d-m R

........

Se Cendaxily B4 UL SRSSERpE- > 63«0.965-:
Rand c.--‘ﬁg cedy CqQ_Q&

- — p— pa— p— — .



G- P

L o



The regulation of purine biosynthesis Is a
classic example of negative feedback

Inhibited by AMP

— s> AMP
Ribose )\\
. hosphoribos
5-phosphate . PRPH }_P apmine v IMP\/
‘\ / (SR GMP

Inhibited by IMP, L/
AMP, and GMP

Inhibited by GMP




A Antifolate Drugs and Glutamine Analogs
Block Purine Nucleotide Biosynthesis



A Six ATP utilized in de novo synthesis so
energetically expensive process.

A Amino Acid required are Glycine, Aspartic Acid
and glutamine.

A Co enzymes and Co factors are, formylated FH4,
Mg++.

A Purines & Pyrimidines are dietarily nonessential

A Purines are synth mainly in the cytosole of liver
cell.




A Nucleotides do not enter cell directly but are
converted to nucleosides by the cell
membrane nucleosidases

A In the cell nucleoside is either converted to
the Nucleotide again by a kinase enzyme or
degraded to corresponding base by the
enzyme nucleoside Phosphorylase .



SALVAGE PATHWAY FOR
PURINES

A Purines that result from the normal turnover
of cellular nucleic acids or that are obtained
from the diet and not degraded can be
reconverted into nucleoside triphosphates
and used by the body.



Significances of salvage pathway

A 1. Denovo synth is expensive in terms of
use of high energy phosphate bonds.

A 2. Enzyme PRPP Glutamyl amido
Transferase Is not present in certain tissues
e.g Neutrophil , R.B.C and Brain cells.

A So denosynthesis cannot take place in these
tissues.



A Two pathways are available
1. One step synthesis
2. Two step synthesis



ONE STEP SYNTHESIS

Two Enzymes are involved

Ai) APRT

Aii ) HGPR

A Both enzymes utilize PRPP as a source of
the R5-Phosphate group.




1 \ |

\\\\ //'
N H
Guanine

N N
Hypoxanthine

Fig. 17.5 : Salvage pathways of purine nucleotide synthesis (PRPP-
PPi-Inorganic pyrophosphate; AMP-Adenosine monophosphate, GMP—-Guanosine monophosphate;

IMP-Inosine monophosphate; = Deficiency of HGPHT causes Lesch-Nyhan syndrome).
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V. D.gi'adati.on of Purine Nucleotides

LESCH-NYHAN SYNDROME

® Inherited disorder associated with a virtually
complete deficiency of hypoxanthine- :
guanine phosphoribosyltransferase, and
therefore the inability to salvage
hypoxanthine or guanine.

® This results in the excessive production
of uric acid, plus characteristic neurologic
features including self-mutilation,
involuntary movements, and mental
retardation. :

Enzyme deficiency results in increased
levels of PRPP and decreased IMP and

Figure29g- . -« - .. TR
Salvage pathways of putine ;huc\e}oﬁt\g synthesis.

b o




TWO STEP PATHWAY
(Nucleoside phosphorylase
Nucleosside kinase pathway)

Formation of AMP

Adenine + Ribose-1-P
Nucleoside
phosphorylase

Adenosine + Pi

ATP
N\i Adenosine kinase

AMP + ADP




A Neither guanosine nor inosine kinase have
been detected

A So adenine is the only purine that may be
salvaged by the two steps pathway.






Regulation of purine synthesis

A PRPP synthetase :

Allosterically inhibited by PRPP and
AMP,GMP ,ADP,GDP,NAD ,FAD.

A Glutamin PRPP amidotransferase :
Feedback inhibition by AMP and GMP

A A proper balance between the adenine and
guanine conc maintain by adenylosuccinate
synthetase and IMP dehydrogenase



The regulation of purine biosynthesis Is a
classic example of negative feedback

Inhibited by AMP

— s> AMP
Ribose )\\
. hosphoribos
5-phosphate . PRPH }_P apmine v IMP\/
‘\ / (SR GMP

Inhibited by IMP, L/
AMP, and GMP

Inhibited by GMP




§-0-9-0 HQC P ibonuceotids reductase L P-0-Q-0-HE O\ Base
H H
OH OH

Ribonucleoside Thioredoxin Thioredoxin
diphosphate (2SH, reduced)  (S—S—, oxidized)

(ADP, GDP, Thi
oredoxin
COP, UDP) reductase

NADP' NADPH + H’

Deoxyribonucleoside
diphosphate

(dADP, dGDP,
dCDP, dUDP)

Fig. 17.6 : Formation of deoxyribonucleotides from ribonucleotides.

Ribonucleotide reductase provides the
hydrogen atoms needed for reduction from Its

sulfhdryl groups.



DEGRADATION OF PURINE
NUCLEOTIDES
(Formation of uric acid)



300 22 Nucleotide Metabolism

ADENOSINE DEAMINASE (ADA) DEFICIENCY
« This autosomal recessive deficiency causes a
type of severe combined immunodeficiency (SCID),

involving T-cell, B-cell, and natural killer-cell
depletion (lymphocytopenia).

« Untreated ADA-deficient children usually die before
age 2 years from overwhelming infection;
treatments include BMT, ERT, and gene therapy.

PURINE NUCLEOSIDE
PHOSPHORYLASE (PNP)
DEFICIENCY

e This autosomal recessive
deficiency is rarer and less
severe than ADA deficiency.

e |t affects only T cells.

e PNP-deficient individuals
have recurrent infections
and neurodevelopmental
delay.

GOUT

| « This disorder is characterized by hyperuricemia
] with recurrent attacks of acute arthritic joint
inflammation, caused by deposition of mono-
sodium urate crystals.
Guanosine monophosphate
e In gout, the hyperuricemia results primarily from o : (GMP)
the underexcretion of uric acid. Overproduction N : : _H.O
of uric acid is less common, and known causes H RN . % : z
involve certain inborn errors of metabolism or |\ | 5-Nucleotidase
increased availability of purines. N N [21 =
== i
| « Crystal deposition (tophi) may be seen in soft - Hypoxanthine :
tissue and in kidney (urolithiasis). = S Guanosine
e Treatment with allopurinol inhibits xanthine Xan ox : oz"’“ao Purine nucleoside P
oxidase, resulting in an accumulation of = i i phosphorylase
hypoxanthine and xanthine, compounds more = IS5 Sz 2 3
soluble than uric acid. : : ], ~ H;O0, (31 ?-‘:::se hatﬂ
N
ji{ 5
Uric acid : ~ Xanthine Guanine

Figure 22.15

The degradation of purine nucleotides to uric acid, illustrating some of the genetic diseases associated with this
pathway. [Note: The numbers in brackets refer to the corresponding numbered citations in the text.] BMT = bone
marrow transplantation; ERT = enzyme replacement therapy; P; = inorganic phosphate.

w®
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17.7 - Degradation of purine nucleotides to uric acid (AMP—Adenosine monophosphate;
IMP—Inosine monophosphate; GMP—-Guanosine monophosphate)




Uric acid

| Unicase
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Fig. 17.8 : Degradation of uric acid
ammais other than man
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A Xanthine oxidase contain FAD ,molybdenum
and iron and is exclusively found in liver and
small intestine.

A Molecular oxygen is reduced at each stage t
super oxide (G, ) which is converted to

H,O, by super oxide dismutase.
A Catalase cleves }D, to H,O and Q



A Allopurinol is competitive inhibitor of
Xanthine oxidase.

A Allopurinol is a best example sticcidal
Inhibition.
A A”Opu n nOI xanthine oxidase A||Oxanth | ne

which Is a stronger inhibitor of xanthine
oxidase.



DISORDERS OF PURINE
METABOLISM



Gout

Sodium Urate Crystals



GOUT

A Gout is not a single disease.

A The term is used to describe a number of
disorders in which crystals of Mono sodium
urate monohydrate (uric acid) derived from

Hyperuricemic body fluid give rise to

nflammatory arthritis
Jrolithiasis
Renal disease

o To Ix



3.4------- /mg/dl in males
2.4------- 5.8mg /dl In Females



A Uric acid is formed by oxidation of purine
bases , which may be exogenous or
endogenous in origin.

A It is formed in the liver and excreted largely
through kidneys (2/3),some is excreted In
nile,some Is converted to urea and amonia

oy the intestinal bacteria.

A U.A is completely filtered at Glomerulus,
reabsorbed at prox conv Tubules and
secreted further along the Tubules.




Hyperuricemia occurs as a result
Of

A A. Over production of U.A (Metabolic)

A B. Under excretion of U.A (Renal)



A.Over production

1.Genetic disorders

PRPPsynthetase

Variant forms of PRPBynthetasemay be
I.  Superactive

. Resistant to feed back inhibition

. Low Km for ribose5-Phosphate
PRPPglutamylamidotransferase

The lack offeedback control

HGPRT deficiency




Von1 Gierke s disease:G6-Phosphatase deficienc
Fructose intolerance

2. High purine and Fructose intake:

3. Increase tissue breakdowmeatment of
malagnancies)

4. Alcohol consumption (lactic acidosis)



B. Under Excretion

Renal diseases:

Hypertension (Essential)

Enhances prox Tub reabsorbtion and
Depresses renal Tub secr of U.A.
Diuretic Therapy(Similar Mechanism)

Diabetes Mellitug Increasénsulin. similar

mechanism)



Clinical feature of Gout

1.Metatarso Phalangeal Joint of a great Toe (70%) (Podagra).
A Other Joints may be affected .

A The effected joint is Hot,Red and swollen with shiny
overlying skin and dilated veins.

A 1t is severely painful and Tender.

2. Deposition of urate crystals in soft tissues (Tophaceous
gout).

3. Renal Complication

Such as pain in the lumber region due to stone formation and
the stones may cause renal failure.



Von Gierke,s Diseas

A Hyper uricemia occurs due to glucede
phosphatasdeficiency

A Glucose
A
A G-6-P

A So more G6-P will be shunted into HMP
Shunt, Resulting in more formation of

R-5-P, PRPP and Purine over production .



Lactic Acidosis

A Increased lactic acid competes with uric
acid for excretion, resulting in retention of
uric acid .



Fructose Intolerance and Gout

Fructose Fructo Kinase Fructose-I-P
Aldolase-B(Absent)
ATP ADP
¥
Hypoxanthine . —_ . DH.

\% Acetone Phosphate

Xanthine

UriiAcid D-Glyceraldehyde

Gout



Disorders of Purine Catabolism

A 1. Gout

A 2.LeschNyhan Syndrome

A 3.Von Gierke Disease

A 4. Hypouricemia

A 5.Adenosine Deaminase Deficiency

A 6. Purine Nucleoside Phosphorlylase
Deficiency.



Table 36-1. Inherited disorders of purine metabolism and their associated enzyme abnormalities.

Nature of Characteristics of
Clinical Disorder Defective Enzyme the Defect Clinical Disorder Inheritance Pattern
PRPP synthetase Superactive (increased | Purine overproduction | X-linked recessive
: Y and overexcretion
PRPP synthetase Resistance to feedback | Purine overproduction | X-linked recessive
inhibition and overexcretion
Gout PRPP synthetase Low K., for nbose 5- Purine overproduction | Probably x-linked re-
phosphate and overexcretion cessive
Gout HGPRTase' Partial deficiency Purine overproduction | X-linked recessive
A and overexcretion
Lesch-Nyhan syndrome | HGPRTase' Complete deliciency | Purine overproduction | X-linked recessive
and overexcretion; self- e
ol mutilation
Immunodeficiency Adenosine deaminase | Severe deficiency Combined (T cell and B | Autosomal recessive
¥ cell) immunodeficiency,
' deoxyadenosinuria
Immunodeficiency ‘Purine nucleoside Bevere deficiency T cell deficiency, inosin- | Autosomal recessive
. "| phosphorylase uria, deoxyinosinuria,
= £ guanosinuria, deoxy-
guanosinuria, hypouri-
, cemia
Renal lithiasis | | Adenine phosphoribo- | Complete deficiency | 2,8-Dihydroxyadenine Autosomal recessive
' |syltransferase renal lithiasis
Xanthinuria Xanthine oxidase Complete deficiency | Xanthine renal lithiasis, | Autosomal recessive
‘ hypouricemia
36-6).

1HGPRTase = hypoxanthine-guanine phosphoribosyltransferase {Figure

Lt )



SCID-Severe Combined Immunodeficiency Syndrome

Autosomal

AMP _
K H?Qeotldase reC eSS Ive
disorder
Adenosnll:)I

Mutations in
Hzt(&nme deaminase*
'< ADA

Inosme XL 13 Hypoxanthine

L



ADA deficiency

Lymphocytes have highest concentration of ADA.

Deficiency of Enzyme results in accumulation of
Adenosine, which is converted in the ribonucleotide
& deoxy ribonucleotide form.

As dATP level rises, it inhibits ribonucleotide
reductase thus preventing the production of all

deoxyribonucleotide containing nucleotides so cell
cannot make DNA & divide.

Since T-cells & B-cells are mitotically most active
cells

sothere is decrease in T-cells,B-cells
Children usually die by the age of 2yrs by infections.



APYRIMIDINE SYNTHESIS
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306 / SECTIONIV: STRUCTURE, FUNCTION, & REPLICATION OF INFORMATIONAL MACROMOLECULES

CO, + Glutamine + ATP

o
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Figure 33—-7. The biosynthetic pathway for pyrimidine nucleotides.
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Fig. 17.6 : Formation of deoxyribonucleotides from ribonucleotides.

Ribonucleotide reductase provides the
hydrogen atoms needed for reduction from Its

sulfhdryl groups.






