“a. WD

tnd L

-

Chafden -1l - ¥ 'Biuenc_,(gg Z?Zj-:-

: : . oin N
he S Jwe'nf.*qdu(,& aneans J(W‘mﬁ‘m'ff ad (”’WW
; " l o / ﬂwn »
lf (211 ‘ﬂf[ msrde She wa'nﬂ /m’t]a "
" Un A 470&! many| hiychemical steaclians i M )uﬂmh’y

and e XﬂuJL" of energies nabed dwm}f biochercd o
i called b pemexqelics

ngpuéu, —> &0, + 6HY FATP
e

Boduckiondf Fnest =
Py bichemizad stacdions Jhe gpaduichin
Wlﬂ\/c‘wmaﬂ Cb-sr»;ﬁrm Lile NADH, FADH, Frin
we Wy o excepbrd om He fpebumadd vacyﬂvi'rgndagfe”
Jhe WJa,onnanhwe excefpbors ey A po0duce
NADH+0-,_ —_— NAD L HQ,

FADH; +0, — FAD + HLMrD
") a]Jm .
Aftoc phasphalabing - AT P btk ik
d Jwddwt do AMP and oduce onwgy -
ppp and ¥ d Shey produce enogy

AP —— PoPecP L oy
W’W BJ'oenvtg,aﬁl'os )
1) ?uvu]tj .l‘._‘(t’(‘l]l(""(’l .6{.“( Nechantaa ";'uld“‘(

) Fnu(,tf 18 s quiddd .{m( o —— A"fllNW—Q-
A1) '

c:},lmu,t’"‘l
v Cleavagt and .{ymkl’m] ,,g{'vm

SYSYNNNRNR AR NLLEdIdIIddddddedddes




v = .

) lowtof Boenoplics |
v . Wy conceht oA Hloerongebss, 2. based 0

') Law,,( Fhustrnadynammich
") Fgemadynemics Crmach
") AP 2 phasbhagens
ui)ww{ Frormodymanmics - |
= . B basd g Hu ¥ dawss of
Hu)l'}rvﬂ‘)na;nu'c‘.. wuch Sfakes Hhak enogy 15 mecHot e
cuated Mmoo c/"wwgmf Couf At eam (’h;mg/ {mm) an L/a,'—/m-/wo

araHw1

f?f{: 4EF L |
8 = Heat

4 = Ynfomal
W= otk -

) Fhormadymamics Conces? <

’ Hu ,éfwmmdjmuua coneept 5 Hue
(bna:,(afdf md»ha.({:}:j and anbﬂ'trﬂ
Wﬁ}’w dadat m}e;maﬂmv% al amsfert presweand Ferp
4 called (’IM’Z'-
f>w1mj dnyf buwchemiod) chbm}mm%e m mﬁ&uﬂfﬂu
dertd -
CoriA &4 : AHF—AH,« J

[H =t ]

4H = G’nﬁuﬂw

IHe - Emal Gmthatipy
MU bl ety

.-
o=
S
=
G
™
A

AP PLALLLLELP



" e Randoremess or disgn doensi ”ﬂ J"Fﬁ}m % called
i) |
T cane caleudeled by asirg Hu forms -

[Ac - 45 ,45,,7

a8 - Gy

3) Arp< Phasbhoqons =

T full 'mnu'af NTPb Adsraciny st phaspls
and b 18 Hu anam sauwstce ,g @wr%'

Aller phasprorglabiont ATP byunts b ADP and ADP sty
indo AMP and bhey product envgyy -

@- O-P-®

ATP




?%9’“‘%{”@%{& erongy =
B Oy gy 4, i
,hw./ ang Mmca@)mdﬁ@n A0me amvn"afenuqyﬂ ‘

B) Fhc (
1875 somwjp{ fras mcgy i '63 M%& A ¢
L aly Lnaum as qubbs {'w encigy P

= 4H - Ta<

4< = Change an eruévafiy-
W Acardeng o fhe vabue f 46 Bichomipns seackim is oA 2 %ypes
i > 4G = = Bregonic (§hmbencaus)

16 =4 = Endevgorue [ Non Sborferaus)
1) Brewgonie chemieal Reactim - -
In exegoc swackion M sadus
G{JGlzsafwaxﬂ Mﬂaﬂﬂwﬂjuﬁwﬂwem%
ihell) o ¥ 48 called sporderass - suochisn
Far Eample- In swspirabim prows affen M oudabin o
Jucote - 30(2Kcal evw:gjlﬁ seleake

CéH’lO‘ 4’ 601_

4 3
U_lf
i

- - - - - - - - - - - -a

> ‘CO)_ + GHQ_O

=392 Ka enogy -
Y Endoygate chemicad feackin s .

e fn s bype of scackion b
vabue f 26 S5 posibive i medny ik obiadh fhe Some amounf-
o evangy Jwury e blocherucal swackim 30 b 43 Ao catey
nm sponkeraus swackin




-

Iovzampte 2 e fermabim o praden and Pty pepbede chasm
aélm Mo condengation amivw  deidy i g WW
ki because (& sequied 8 fo 42 Real enoyy

p
'\(Hl"_ R—cooH ¢ NH,— R~ cooH — NH,—p - }- ~NH=P = Caor
AUV Acdd Ao Aced Bafen 4912 Koy
9"”‘5“1 ’;adw}
eckf
r7h
E‘wmgank Brzlvrgamc
l 4G = tve )

Leteatimpip b/w&mzerw% enﬂuﬂfnﬁé‘n%faﬁ

[46 =ax- 5]

CBA: Temp nocease (1] - 46 = —ve - Spordenarts,
uhen the bemp o swachir i3 mowase Hhn e vatue
46 bearnes  qugating and seackim becami spmberaus’
CHEN Temprwhse  daswase (L) < 46 = pve - Non sponkenaus
When Jerpstahve of sugchiar, &8 decaase Hoen Phe Value o
a6 13 beconts sty omd  sgadin bggme N Shorferiond -
Case il = I qup s 4sy —> 467N Non_sopordenous
L phe vabue of dmg’mmlhalfnﬂ B amotease and
St atie of clomge - enbopy s deowdie then g,
Wit of 46 wil be postdive and seackim becomes N Ypsmben




12) 1/
Y apy 41 — AG - e bplrpi

qﬂu vl ‘f ‘k]n:r' Jm M&di\/ ¥ j{ . _ J ~ .
sk ki i y S deaase ard M vaiusof
: "mb”“‘f” Moreare Hin bhe aiue of 46wkl e

Ve and sccachion "{JCO)HL(A_ -wp,wmg

* Q‘#ﬂt(ra bl exergamic ond Endercqarse Ruactim 3

Erdengonic eackims G i
1| 4 ix s Ynrun a4 ’Lm{ % 4
- aaahte IV adsy Lerorum o
Fockm 7y oam, rdempaus som | Abenda oMoy a

WHuch supuws M OG- fovaably som
) g} WWWW W}W by
Yz supdion gt nen spordamas, b Hu seactisn aste
| orkmad - |

W

- - - - - - - - - - -~ - - - - - - - -



- ——

Ledow pabendial i b anark )T"f) {aﬂ hiocturrmucal
J(f'acfidﬂ ‘ll.f‘b’bh J.A (WCI j’g d[aﬂadm M #@l eﬂ(j{ﬂ rd;‘_ﬂw

dteckion of steactim  pvakie n queSt a[uaEi'an

E- E'~2303RT 4 o
[ _’0710&,,[

rnF V/

E = Bechode paberbi
€ = i Blichyade P
R

n

P dypxd consber
= Absalube M
1= Mo { e tmaleccts)

n Shote Cam]lm,m
; Ma;j? &Wazxm% agﬂm Wﬁﬁi Shusy ae depun

At chemical cm(pwmd. whuch  cordam  Gghor, Al Aaxd
,}&u} suheas Lo araurk 46) 6‘"‘”’3/(1 a(}(/' duwatalion *(1s-15kg
Thy o c@bled ety P amparrd:

rntch bidee phasphake and anhydade

ﬂmgﬁ &rrWa{ anﬁ a")o‘r A-gd'ro ,OW (3-8 Kfrred




%Jdﬂ} —_— f}r\f‘ofmzc{!aﬁc ey %?)clUcer
Hos — Hieney; s 2H e
Impasfamce 4 S Risch. Grrnfurrd
D) They tibwlale ,gu#:‘oéenﬁ amaunf 4£ mwo;lj
Ty are qd wsed Jaom S Jerm Ganagl-

- & & A A A 8 A A AaaaldAdAbdbAaaanan

ﬁ'—,:’o} W“Jﬁuﬁaac%lb’n_&mmarumcwﬂ.ﬂvmwfhm-'

> Affoc Audwlgpls Skt crmipamd scloast erogy,

> High g,.g;dy] Yoord #WJ “b? oudabive Mbﬂ??a@m

&x mew'@m\de — - 632 Imaly -
> cAMP —  T522 [y,
= Peohyl Phasphabe - 33 kyy,
~ APP = TB6Y Ky

- NATP - ~3%0'5 (<1 [

& Aa}«;jw-ﬂ - ’”'SKij

T Sr————




T

TYYYICIOROONSOIONIOIIISSISIIIIIIIIIIIIIIII

Sfﬁ&#k‘nﬂjmaf Gm’cj}/{u(h (mw_z_l =

Class

Rpaphasphales
AaY L hosphates
bnak Phasprhates

Thiw esbou
(Fusesboo)

Guaerudo Phosfhetes
(Prosphagens)

Hord

C=f= P

[4]

B s

Exiampls

ATP, Ryphorphale

)y3-Ri WW”’V

W%We
Pﬁo%crwﬁ P}}”Wﬂ}e
Prechfl Cofp ,ﬂo%@-/*




Urea cycle
1. Since ammonia is toxic to CNS even in traces liver rapidly removes ammonia from circulation

and converts it to a non-toxic water soluble urea. Hence site of urea synthesis is liver.

2. The reactions leading to formation of urea from ammonia are proposed by Krebs and

Henselent. Hence, urea cycle 1s also called as Krebs-Henseleit cycle:

3. Formation of urea from ammonia i urea cycle occurs mn five reactions. However the first
reaction is not a part of the cycle but for the continuation of the cycle which consist of

remaining four reactions product of the first reaction is essential..
4. Synthesis of urea from ammonia is a energy dependent process.
5. Enzymes of urea cycle are present in mitochondria and cytosol.

6. First two reactions of urea formation occurs i mitochondnia and remaining reactions occur in
cytosol.

Reaction sequence of urea formation: For the synthesis of urea only one ammonia molecule is
used as such. Aspartate serves as donor of another molecule of ammonia. HCO* serves as
source of CO: required for urea formation.

1. Formation of carbamoyl phosphate: First reaction leading to urea formation is condensation
of ammonia and HCO3 - at the expense of two lugh-energy bonds to form carbamoyl phosphate.
The reaction is catalyzed by mitochondnal carbamoyl phosphate synthetase-I.

Reactions of urea cycle

2. Now the first reaction of urea cycle is catalyzed by omithine transcarbamoylase. It condenses

carbamoyl phosphate and ornithine to form citrulline. This enzyme is present m mitochondria,

3. Arginino succinate synthetase present in cytosol catalyzes second reaction of urea cycle. It
condenses citrulline and aspartate at the expense of two high energy bonds to form

argininosuccinate,

4. In the third reaction of urea cycle argininosuccinate is cleaved by argininosuccinase to

arginine and fumarate. PHARMAGY,




5. Regeneration of ormithine and formation of urea from argimine is the final reaction of urea

cycle. This reaction is catalyzed by arginase.

The omithine so formed enters mitochondra through specific transporter present in inner

mitochondnal membrane to start reactions of urea cycle once again.
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Overall equation for urea formation

NH; + HCO™ + Aspartate + 4ATP — Urea + Fumarate + 4ADP + 4Pi

Fate of urea: Urea has no physiological function. Hence it 1s transported to kidnevs where it is
excreted in urme. It is major end product of protem catabolism in humans. About 10-25 gm of
urea is excreted in unne per day which makes up to 80-90% of total nitrogen excreted per day.

However, blood also contains some urea,

Blood urea Normal blood urea level is 16-36 mg/100 ml,

EHARMAGY,



Medical Importance: Urea formation is impaired 1n several mhented diseases. They are due to
deficiency of enzymes of urea cycle. Since the urea cycle converts ammonia to urea these
disorders of urea cycle cause ammonia intoxication. Some common climical symptoms seen in
these diseases are vomiting, irritability, lethargy, seizures, mental retardation, coma and early

death. They are

1. Hyper- ammonemia Type I : It is due to deficiency of enzyme carbamoy!l phosphate

synthetase-1. Mental retardation is the main symptom of this condition.

2. Hyper- ammonemia Type II: It is most common among others. It 1s due to deficiency of
enzyme ormthine trans carbamoylase. So, in this condition carbamoyl phosphate accumulates
and diverted to pyrimidine formation. This results in excretion of oroticacid and uracil in urine.

Glutamate also accumulates m this condition.

3. Citrullinemia: This condition is due to the absence of enzyme argininosuccinate synthetase,

Hence citrulline accumulates in blood and excreted in urine,

4.Argininosuccinicaciduria:  Argimmmnosuccinase 1s  absent m  this  condition. So,

argininosuccinate accumulates in blood and excreted in urine.

5. Hyper- argininemia: This condition is due to low arginase activity. Hence, argmine
accumulates and excreted in urine. However some urea may be excreted in urine due to kidney

arginase,

6. N-acetyl glutamate synthetase deficiency: It is a rare disorder. N- acetyl glutamate
synthetase is involved in formation of N- acetyl glutamate from acetyl- CoA and glutamate.

Hyper ammonemia and aminoacid una occurs i this condition.
Urea production may be decreased in liver diseases
Treatment

Treatment of urea cycle disorders involves removal of excess ammonia from blood and reduction
of dietary mitrogen load. Peritomal dialysis is employed to clear ammonia from blood.

Admmistration of compounds which can increase nitrogen excretion is another line of treatment.

Benzoic acid and phenyl acetate are two such compounds used in the treatment. PHARMAGY.




Metabolism of phenyl alanine and Tyrosine: Phenyl alanine is an essential amino acid. Since
tyrosine is a hydroxylated phenyl alanine it is non- essential amino acid. In plants and bacteria,
phenyl alanine and tyrosine are synthesized from erythrose- 4- phosphate and
phosphoenolpyruvate.

Degradation of phenyl alanine and tyrosine: Pheny! alanine and tyrosine are degraded to
fumarate and aceto- acetate. Since degradation of phenylalanine involves first its conversion to

tyrosine, a single pathway is responsible for the degradation of both phenylalanine and tyrosine.

NADPH+H® NADP®

nna>—4muo6.

Hy=CH-— H H H;—CH— H

3 z" Coo e oNB CH; f'm Coo
s 7_%. Tyrosine 2

Phenylalanine . @ 0 akA

aAA

HO .@on Vo g
CH;—COOH .7_@.‘__no©-cu,_c TODH

Homogentisic acd o,
@ phydroxy pheayl
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@, .. COOH COOH  CH;
Fe ] i
HC H C=0
" " 1
C=C C.H H ?H:-O -» Acetyl-CoA
o M W CHO g:g go_®  coow CooM
» Acatoacetate
NeHz—C=0 CH; Fumarate
cHi—COOH  §70
Maleyl acetoacatate ?H: TCA cycle
CoOH
Fumarylaceloacetate

Reaction sequence

1. Conversion of phenylalanine to tyrosine or tyrosine synthesis: First reaction of
phenylalanine catabolism is its hydroxylation to tyrosine, which requires a cofactor which is not
encountered earlier. A tetra hydrobiopterin (THB) requiring phenylalanine hydroxylase catalyzes
this hydroxylation, The enzyme is present in liver and it is a monooxygenase,

2. Now catabolism of tyrosine begins with transamination. p- hydroxy phenyl pyruvic acid is

produced from tyrosine by the action of tyrosine transaminase in this reaction, ,

PHARMAGY,
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3. p-hydroxy phenyl pyruvate hydroxylase a copper contaiming dioxygenase converts phydroxy
phenyl pyruvic acid to homogentisic acid in a complex reaction mvolving hydroxylation of
benzene ring, decarboxylation and shifting of side chain,

4. In this reaction, benzene ring of homogentisic acid is cleaved by another dioxygenase called as
homogentisic acid oxidase to form maleyl aceto acetate.

5. A glutathione dependent maleyl aceto acetate cis- trans isomerase isomerizes maleyl aceto
acetate to fumaryl aceto acetate.

6. Finally fumarate and aceto acetate are formed from fumaryl aceto acetate by the action of an
hydrolase.

Thus, four atoms of phenylalanine are released as fumarate, one carbon is released as CO; and
remaining four atoms are released as aceto acetate. Fumarate may undergo further catabolism
TCA cycle,

Biological importance

1. Tyrosine 1s required for the synthesis of adrenal hormones like epiephrine, norepinephrine
and dopamine.

2

Tyrosine is needed for the formation of melanin.
Thyroid hormones T3 and T4 are formed from tyrosine.

Tyrosine 1s a precursor of glucose and fatty acids or ketone bodies.

hos

For the formation of proteins tyrosme and phenylalanine are required.
In the intestine tyrosine is decarboxylated by microorgnisms to tyramine.

e

Phosphorylation of tyrosine residues of proteins by kinases affects cell growth.
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Biosynthesis of purine nucleotides:

Many compounds contribute to the purinenng of the nucleotides:
1. Ny of punine is denved from amino groupof aspartate.

2. Cz2 and Cs anise from formate of Nioformyl THF.

3. N3 and Ny are obtained from amide groupof glutamine.

4. Cs, Cs and N7 are contributed by glycine.

5. Cq directly comes from COa.

io’
Aspartate -—HJ";?\E J

- b

|

10 -
N "-F —

omyl—C

Giutaming

Fig. 1 The sources of individual atoms in purine ring.
Purine basesare not synthesized as such.but they are formedas ribonucleotides. The purines are
built upon apre-existing ribose S-phosphate. Liver is themajor site for purine

nucleotidesynthesis. Erythrocytespolymorphonuclearleukocytes  andbrain - cannot  produce
purines.
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S-Aminoimidazole
carboxamide
‘msm
Acsorasascoinate
1 w

Fumarnto &

ribony! S-phosphate
|
”p’,lm
S

C. N
N )
CcH

'zilbo.os-P

Inosine monophosphate

HC-
~N

Fig.2: The metabolic pathway for thesynthesis of inosine monophosphate, the
parentpurinenucleotide (PRPP-Phosphoribosyl pyrophosphate; PPi-Pyrophosphate).
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Aspanate + GTP .
"\ IMP dehydrogenase
Q0P+ Adenylsuccinate
synthetase
NADH « H°
OO0OC— CHy;—CH—COT" (o)
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Fig.3: Synthesis of AMP and GMP from inosine monophosphate.
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Degradation of purine nucleotide:
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Fig.7: Degradation of purine nucleotide to uricacid(AMP-Adenosine monophosphate
IMP-Inosine monophosphate. GMP- Guanosinemonophosphate).

Disorder of purine metabolism:

Gout is of twotypes-primary and secondary.
1. Primary gout: Itis an inbomn error of metabolism due to over production of uric acid.
This is mostly related to increased synthesis of purine nucleotides. The following are

the important metabolic defects(enzymes) associated with primary gout(Fig. 9)

Page S
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Fig.7: Degradation of purine nucleotide to uricacid(AMP-Adenosine monophosphate

IMP-Inosine monophosphate, GMP- Guanosinemonophosphate).
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Biosynthesis of pyrimidine nucleotides:

Pyrimidine ring is first synthesized and then attached to riboseS-phosphate. This is in contrast
to purine nucleotide synthesis where in purine ring is built upon a pre-existing ribose 5-
phosphate. The pathway of pyrimidine synthesis is depicted in

Fig.12, and the salient features are described below:

CO; + Glutarmire PRPP\_I Orotate
P PPi¢ tansferase
+H,0 l WW +
2ADP + Pia” “Hi e
0=C =
o=P =
Carbamoy! phosphate RAibose 5-P
X ] i Orotidine mono-
.J‘ tmm e
-
OO,‘J.OM?W
HN
=C | '
|
0=C
Carbamoy! aspartate S
Ribose 5P
”"o‘/i ) mmm
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Biosynthesis of pyrimidine nucleotides:

Pyrimidine ring is first synthesized and then attached to ribose5-phosphate. This is in contrast
to purine nucleotide synthesis where in purine ring is built upon a pre-existing ribose 5-
phosphate. The pathway of pyrimidine synthesis is depicted in

Fig.12, and the salient features are described below:

CO; + Glutamine PRPP_| Orctate
Y"
2ATP + H,0. Carbamoyl phosphate pp..,; Iransterase
synihetase i
2ADP + Pid” “+llutames
NH,
Y 0=C
o0=P ™~
Ribose 5-P
5 | Orotidine mono-
> 4] tmmcarb:::ytm : phosphate (OMP)
*, H
HA ;
0=é ‘ t
| 0=C._
Carbamoy! aspartate
H,0+¢~| Dihydroorotase Rivose 5-P
Undine monophosphate 1UMP)
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NADA\‘;‘?“” / AT N
., dehydrogenase 4 ADP
NADH + H f{* Deoxyuritine U#P
diphosptiale (dUDP) :
aump Glutamine «
HN NS, N0 ATP . H,0 ~ .
W(er:rq Gistamate ¢ ./ tynthetase
0=C i i R
THF4 |
Orotate dTMP crp

Fig.12 Metabolic pathway for the synthesis of pyrimidine nucleotides
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Structure of RNA:

RNA is a polymer of ribonucleotidesheld together by 3'.5-phosphodiester bridges. Although
RNA has certain similarities with DNA structure, they have specific differences:

I. Pentose: The sugar in RNA is ribose in contrast to deoxyribose in DNA.

2. Pyrimidine: RNA contains the pyrimidine uracil in place of thymine (in DNA).

3. Single strund: RNA is usually a single stranded polynucleotide. However, this strand

may fold at certain places to give a double stranded structure, if complementary base pairs
are in close proximity.

4. Chargaff's rule-not obeyed: Due to thesingle-stranded nature, there is no specificrelation
between purine and pyrimidine contents. Thus, the guanine content is not equal to cytosine (as
is the case in DNA).

5. Susceptibility to alkali hydrolysis: Alkalican hydrolyse RNA 1o 2'.3"-cyclic diesters.This

is possible due to the presence of a hydroxyl group at 2" position. DNA cannot be subjected

to alkali hydrolysis due to lack of this group.

6. Orcinol colour reaction: RNAs can be histologically identified by orcinol colour reaction
due to the presence of ribose.

Types of RNA:

The three major types of RNAs with theirrespectivecellularcompositionare given below:
|. Messenger RNA (mRNA): 5-10%/"

2. Transfer RNA (IRNA): 10-200"

3. Ribosomal RNA (rRNA): 50-80%

Messenger RNA (mRNA ):

The mRNA is synthesized in the nucleus (in eukaryotes) as heterogeneous nuclear RNA
(hnRNA). hnRNA,. mRNA has high molecular weight with a short half-life.

The eukaryotic mRNA is capped at theS"-terminal end by 7-methylguanosinetriphosphate. It is
believed that this cap helps to prevent the hydrolysis of mRNA by 5-exonucleases.

Transfer RNA (tIRNA):

Fig.Structure of transfer RNA

1. The acceptor arm: This arm is capped with a sequenceCCA (5'to 3'). The amino acid
is attached to the acceptor arm.
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Ribosomal RNA (rRNA):

The ribosomes are the factonies of protein synthesis. The eukaryotic ribosomes are composed
of two major nucleoproteincomplexes-60S subunit and 408 subunit. The605 subunit contains
285 rRNA, 55 rRNA and5.8S rRNA while the 408 subunit contains 18SrRNA The function
of rRNAs in nbosomes is not clearly known. It is believed that they play a significant role in
the binding of mRNA to ribosomes and protein synthesis.

Transcription:

Transcriptionis a processin which ribonucleicacid (RNA) is synthesized from DNA.

The word gene refers to the functional unit ofthe DNA that can be transcribed. Thus, the
geneticinformationstoredin DNA is expressedthroughRNA Forthis purpose.one of the
twostrandsof DNA serveasa template(non-codingstrand or sense strand) and produces
workingcopiesof RNAmoleculestheotherDNA strandwhich does not participatein
transcriptionisreferredto as codingstrandor antisense strand(frequentlyreferredto as coding
strandsincewith the exceptionof T for U, pnmarymRNAcontainscodonswith the
sumebasesequence.

Transcription is selective:

The entire molecule of DNA is not expressed in transcription RNAs are synthesized only for
some selected regions of DNA. For certain other regions of DNA, there may not be any
transcription at all.
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