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One- and Three-Letter Symbols for the Amino Acids”

Ala

His
Ile
Lys
Leu
Mert
Asn
Pro
Gln
Arg
Ser
Thr
Val
Tep
Tyr
Glx

N<g<Hvwmo9wZgrRA"IT0mMHmg0® >

Alanine
Asparagine or asparric acid
Cysteine
Aspartic acid
Gluramic acid
Phenylalanine
Glycine
Histidine
Isoleucine
Lysine
Leucine
Methionine
Asparagine
Proline
Glutgmine
Arginine
Serine
Threonine
Valine
Tryprophan
Tyrosine

Glutamine or glutamic acid

“The one-lerter symbol for an undetermined or nonstandard amino acid is 30
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Amino Acids

Structure of R moiety

Aliphatic Amino Acids
glycne (Gly, G)

alanine {(Ala, A)

valine (val, V)

feucine {(Leu, L)

isoleudne (ile, 1)

Sulfur-containing Amino Acids
cysteine (Cys, C)

methionine (Met, M)

Aromatic Amino Acids
phenylalanine {Phe, F)

tyrosine (Tyr, Y)
tryptophan {(Trp, W)

Imino acd
proline {(Pro, P)

Neutral Amino Acids
serine (Ser, S)
threonine (Thr, T)

asparagine {(Asn, N}

glutamine (Gin, Q)

Acidic Amino Acids
aspartic acid (Asp, D)
glutamic acd (Glu, E)
Basic Amino Acids
histidine (His, H)

fysine (Lys. K)
arginine {(Arg, R)

/CH3
—cH,—CH
CTHS
CH3y
i
SR Eise s

— CH,—SH
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S

—CHz
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T
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The 20 common amino acids of proteins.

Nonpolar, aliphatic R groups

Aromatic R groups
COO~ COO~ COO~
+ + + |
H3N—C—H HaN—C—H HyN—C—H

|
CH> (I.'Hz c Ha
@ @ [
5
NH
OH < ’>

Tryptophan

Phenylalanine Tyrosine

UPLOADED TO IEHE.IR

CcCOOo~ COoO~ CO0O~ CO0O~
- + I I /H o I
Hz;N—C—H HayN—C—H + L = HiyN—C—H
I HoN CH, |
H 3 | I L
HoC CH; CH; CHa
Glycine Alanine Proline Valine
CcCOO~ COO™ COO~
- | + -
HaN—C—H HyN—C—H HaN— I —H
|H2 H—(I:—CH3 C'Hz
H CH CH
/C\ 2 ; 2
CH3
Leucine Isoleucine Methionine
Polar, uncharged R groups
COO~ CcCOO~ (a{o]e
HaN—C—H H;ﬁ—(l:—H HyN—C—H
CH3 H—C—OH ?Hz
OH CH5 SH
Serine Threonine Cysteine
COO~ COO~
+ I + I
H3N—(II——H H3N—(II—H
E e
C CH;
HzN/ o J:
o
HoN \O
Asparagine Glutamine

Positively charged R groups

il oo il o jl Ojlo] S ay s Cujps digSm (Sl - il (5o Lok dnllbio cig> Bpo 8gj Gl

COO™ COO~ COO~
+ | + | +
HazN—C—H HaN—C—H H3N—CIZ—H
i Ha éIHz ?Hz
C'Hz C'Hz C—N(I
CH- C'Hz I ICH
Hy NH TR
| 5
+NH3 (l:-NHz
NH;
Lysine Arginine Histidine
Negatively charged R groups
CcCOO~ CcOO~
+ R |
H3N—(IZ—H HyN—C—H
cOO CH;
o0~
Aspartate Glutamate




Summary of the functional groups of amino
acids and thelir polarity

Amino acids Functional group Hydrophilic (polar) or hydrophobic (nonpolar) Examples
acidic carboxyl, ~COOH polar Asp, Glu
basic amine, -NH, polar Lys
imidazole polar His
quanidino polar Arg
neutral glycine, -H nonpolar Gly
amides, —~CONH, polar Asn, Gin
hydroxyl, ~OH polar Ser, Thr,
sulfhydryl, ~SH nonpolar Cys
aliphatic hydrocarbon nonpolar Ala, Val, Leu,
lle, Met, Pro
aromatic C-rings nonpolar Phe, Trp, Tyr
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Formation of a peptide bond by condensation
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Levels of structure in proteins.

Primary

structure Quaternary
structure

Pro
Ala
Asp
Lys
Thr
Asn
Val
Lys
Ala
Ala D ¢ Yy - :

Trp - Y’ (7
Gly
Lys a Helix
Val

Amino acid Polypeptide chain Assembled subunits
residues

Secondary Tertiary
structure structure
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 Classification Common name Mutation Frequency Biochemical changes Clinical consequences ]
Abnormal solubility HbC GluF—lys Common Cellular crystallization of Mild hemolytic anemia;
oxygenated protein; splenomegaly (enlarged
increased fragility spleen)
Deaeased O, Hb Titusville Asp*®—Asn Very rare Heterodimer interface Mild cyanosis (blue-purple
affinity altered to stabilize T state; skin coloration from
decreased cooperativity deoxygenated blood)
Inaeased 0, Hb Helsinki Lys®¥ s Met Very rare Reduced binding of 2,3- Mild polycythemia (increased
affinity BPGinT state erythrocyte count)
Ferric heme HbM Boston His** s Tyr Occasional Altered heme pocket Cyanosis of skin and mucous
{methemoglobin) (mutation of distal His) membranes; decreased Bohr
effect
Unstable protein Hb Gun Hill AB91-95 Very rare Misfolding caused by loss Formation of Heinz bodies
of Leu in heme pocket and (inclusions of denatured Hb);
shorter helix jaundice (yellow coloration of
integument and sclera);
pigmented urine
Abnormal Hb Constant Tyr**_5Gln Very rare Loss of termination codon; o-Thalassemia (hemolytic
synthesis Spring decreased MRNA stability anemia, splenomegaly and
jaundice)
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Spring

decreased mRNA stability

Abnormal solubility HbC Glu*® > Lys Common Intracellular crystallization Mild hemolytic anemia; splenomegaly
of oxygenated protein; (enlarged spleen)
increased erythrocyte fragility
Decreased 0O, affinity Hb Titusville Asp™@_Asn  Very rare Heterodimer interface altered Mild cyanosis (blue-purple skin
to stabilize T state; decreased coloration from deoxygenated blood)
cooperativity
Increased O, affinity Hb Helsinki Lys®®—Met Very rare Reduced binding of 2,3-BPG Mild polycythemia (increased
in T state erythrocyte count)
Ferric heme HbM Boston His® @ Tyr Occasional Altered heme pocket Cyanosis of skin and mucous
(methemoglobin) (mutation of distal His) membranes; decreased Bohr effect
Unstable protein Hb Gun Hill AB91-95 Very rare Misfolding caused by loss of Formation of Heinz bodies (inclusions
Leu in heme pocket and of denatured Hb); jaundice (yellow
shorter helix coloration of intequment and sclera);
pigmented urine
Abnormal synthesis Hb Constant Tyr'4%@—Gln Very rare Loss of termination codon; o-Thalassemia (hemolytic anemia,

splenomegaly and jaundice)

Hemoglobinopathies are usually dassified according to the most prominent change to the protein’s siructure. function, or requiation. Initial identification of
a mutation often involves electraphoretic or chromatographic analysis as shown in Fig 5 9 far HhSC, a double heterozygous genotype associated with a
sickle cell disease—like phenotype. A, deletion mutant.
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Classification of Thalassemia Syndromes

Thalassemias are a group of inherited hemoglobinopathies
Absence or reduced / \ Absence or reduced
synthesis of a chains of Hb synthesis of § chains of Hb
a thalassemias B thalassemias
e o thalassemia silent carrier o [} thalassemia major
(single o gene deletion) o [} thalassemia intermedia
e ¢ thalassemia trait — minor e [} thalassemia minor
(double o gene deletion) o [} thalassemia with Hb anomalies
® Hb constant spring — Hb C/B thalassemia
(reduced output of o globin) - Hb E/p thalassemia
® Hb H disease (triple o gene deletion) - Hb S/B thalassemia
® Hb Barts Hydrops o Hereditary Hb F and j thalassemia
(absence of o. genes) e [-thalassemia associated with
— Trichothiodystrophy
— X-linked thrombocytopenia
Hb, hemoglobin

UPLOADED TO IEHE.IR Al oo il aorbo jl ojlorl wuws ay jlui Caijyy digSym sl . il 5o Lot anllian g Wpo s9jo Gl




HDALC 4l 5558 (glS g

ol a8l a5 NOnenzymatic glycation lawgs ae> 5 5l w45 caol A 1aglS 500 HDALC

;ﬁb‘;ujjf.c oSly S b welSaen pl adsi e o LSS HbAlc Iy ol oelS g0 aoyo O Wl ol 3l o
silidl ol edale sobo hlew 50 Jdo e L Sl conline 95 3595 cdalé L HDALC )|m.oﬁ56p¢>)&.oc~”>

Ls""l"‘) Oyl J).a.aS Sle ol 5l &S canl alldS aan A gsJ‘?)‘) Ohlews (97 a8 Ol s saime lis als 565dS oalS oo
ow@oow|

el oo leys Gl g pawseid o HDALC (hemoglobinALC ab ;s oolS gon 5l oolannl
Y

HbAs (hemoglobin
containing nonenzymatically
bound glucose derivative)

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




455505 sl 5eaHDALC

S5IT 3| s b
5/7-6/4 Cobo s
6/4 I jan <ok

Vs oy S
A-Y Sor°

UPLOADED TO IEHE.IR il oo 5l aolo jl djlo] s ay jli Cuijps digSym (sl . il oo Loull anllbas g Bpo d9jo wul




LoDy (sl (1559

u...bjfu;“sol.oa&W@Ms\;@y(oMMyLng&JJMyAS)LQLSQL‘SQ‘)’}QL«w)LL_gLQu:.f.th.a'GLQJ
e 4y Jate sl poisn, bawgs (A5 by nEsn ple wiles 5l (SS9 peSelS sl gl 2w b

3B s gy |y @TJ@L@W\JE\ Lol o g 5l (S adale Col > ¢ Cigae 51 LU ol Clgdl Ll o

sl 38 old iig g 1) LT a5 wb oo iolS oy il 5 ¢ cpmogdl 099 ¢ cogd] i Ko Sy cdale sl o
.J..L.ol.;so‘sﬁ.m”

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




4355 g ¢ 5 sl (g )lary 1 Jow Gl ]
G915 ol8ss el sl (g5l « 53> ¢ Siig ki p i aile 55l gl (g lo &S a8l 2
SilsgS s ¢ Gloyd (5,65 ¢ o ¢ sl : e G Glal381 .3
1050 (b 5:8) LoDy o> 38l 4
ool @Ol Lowdly (slo (2259 28l e (2 yiote 51 (S
oty e oDy sl (g SRal381°
Lodgee Jidle o b (g0l (51 e (2331 3w 381 L
G« il ¢ Jloml 5l (GBU gl jasms (Gl Lle) lawdly px> als 2
g w9 .3

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




LoDy (sl (1559

5 Loseblgw ¢ lidncdle 1ulai log)lo 5 e 5 eenedS 32 ¢ G595 9 SS9l Slo 90)92 ¢ gy e e

5 Ceol (g igh Ll (ogasy SUsn (o me3l Sl Lawdly )0 (g Gl (ol 4oy ¢ Cymmm (1 SO W2
gl oo ouoliv 1 S, r:}f,o.al S e ,0 0150 SRS gy Q.il SguoS

Lg)Lo.u)Odw.’l.’Lsa 6)‘&4.&5‘ 9)5 &.MJL’S 61)1o¢569o),_>o 055)& ‘) Lo.u:){.’ QMM)Q Q. 09»: WN-’}‘B)M 3

Juail 5 1ao ay slile e g8 13 a5 51 052 Copper binding P-type ATPase .5 ,s Lie> JJo 4 oygmdss
Eo o adS g 50,8 JoudS « auS ohagr o 50 0dg) e ek A e A 3 310 S92 e dhig e (JleiS b 3 e
S e ol |, Kayser—Fleischer rings ads - 5.5 aal> o)l lao cpl 45,3 48 ;0 s g, 5. b (o

¥ T
<

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




el ™! ML’ )‘Q o..\.erc &Ja.al.m LS))"‘ &..Ja.a )Q Lg‘ OAALW::M‘yGA ‘J..C- dbwﬁw‘)mﬁ-’; o‘).Q.Cb a LQMT M‘
MbsnungLQM‘M‘ )‘ alol> LS))"‘ )‘M‘L_;AJ?LM .'a.")....vjog\.a) 0?9.069.:

Sl o Wl oo Cawas Al genlasT )‘2M9§ Sl S 65! )‘1‘M)o Ve dga> U 1 o4sy S B0 }1 S
33,5 oo ol yuo (] 51 L 5LG 0590 (6550 51 (Sl Jlade L o) lesalS

iz sl eis 4575 olies - 355 (o0 Sy S ge Wigy O)ly (L gl atinyy IS 5w pe Yo alis; dloE Sy
od.s)' 09> g0 ok o)b.:‘ L (G e 4.0.*.: rg..w.> G.wd&— k)‘JL"*’"JS LSLQ u*-i’ﬁf 9 a..’»)L: olo > Jgd=> O (G s Ao Q)% Ja-k‘:.)
DGO

J

Oekign ¢ iy la o9 S5 (0 Dyge Dsliie yews 90 5 (ol 0550 éLf“ DEen 0 Sl 61-?)91“ o
eSS« ljlaciagiel pla segiond ol n Lawg (GYsb yee b ok U2l sl g n 5 olewdh Lid la
D9 (0 4375 eSS g sl

S en 9 ATP oy atnly sl jns Gosb 51 obsS joe b (Jshoo 03900 6l uian 5 (omnb 8 o ey 4> 0
255 oo plsl UDIQUITIN 10565 gy ab 0 Jo550ms S g8

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




38 sla arel sl JUl § L g puan

aizel lavewl mhaw Bl (50855 S @o0l)8 (59,0 aial laveul 51 gl asgame b (655 (2108 w23, e n Sl Gl
D LA 039 el juw 10 9 05l pean S5 slaacs b ol

sl el Jlad same daswo 40 09290yl Jlews PH jo a8 55 JuS 90,5 SO aS s Joe b ods 40 (uiigp e
F 99 (o0

eldd WlSSL Ol 5l ol o delol Wl SOL Sloels 5L ol bgle g S5 005y 4 cume Slhgioe s L puan
59255 b olpen SEWl g s 90nS (a5 dlo Sl lnpe W9 n iy J et slalle o gol> g siis
D9l (o0 JoSS S5 035, 40 9790 Sl il Lawgd il 8 cplates bl

Sy oo S @ alie Glasls &3 ln Ko le b a4 @i b i (855 pedsilie sl T Ll a5 s

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




el slaan! o Sdglie Ll

o g co,B e olyl ansl glaanw! 51 gl acgame
v P S LS"J"C ) )‘ 9 O LSLQ 292 ) 2 —

Ingested
protein Fatty acids,
other lipids

5 e Sy o Jsge Sl i atel glaosl
b 55 5 emas o oaams Jlal da (50,90 alox
pedglio lp 05 e Olte 4 rigren 5 Wi
Joe 55 adg g Fiend P39S ol alex Sl (635 e

S

[Energy +C0, + Hzoj

Body proteins

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




PSPUTUN IRV U

A 6‘]: Wls.o Ao J..:j.w w!o ‘U"; u.liw‘ A.»Jj.’ 6‘).9 J.JL: A P w;)b)o LS))"‘ Ws.:l.uo 6‘).: AS@LQM‘ w‘
o)lo 059-3 M‘ LgLQM‘ ‘5.“.9‘ 05;

S awe] dwwl S5l el W 6 T b as cul opdy cid ol Ll il awl,d - Transamination .1
i LT il sty a8 T e 1o§;fbw|p@|@ i@ﬁfiﬂafwﬁmﬁwg}ww\pw
L

PUM stésfuh’bryf‘ u;‘ )4‘55 OW‘SQOML’LQ‘)M‘)JW‘L’ L...o‘ u.u.").’ LQWM leJlS‘

u.w‘

= JL., )9,@ A by asce] sl el W1 ib oS coul gausl enlil s :OXidative deamination .2

5 gus oS G35 MouLo LLM | laMS\ La.o\o
«ﬁ;ﬁ@ st e om@m@ fw fmu‘wmr ST

ls . e &,44 051 y35e Sy 15 ,0ims s -LW|NAD+ KI ESP’+ "1 1 s
&& uy 9 9—’)*)5& 2 9 ol s
Jﬁjgs“

lo aiel sl 5l (B a5 0i 65 gl ,;. ﬁwmla :Removal of a molecule of water by a dehydratase .3

Jae.wu’.ow“b LG MOM‘W‘ [bla LSLQ‘-M)J‘JQ»: 4\50,494).,3 ).».b.‘ odwdu.a.o‘ée.u‘m).a.c 9.‘944
’ d..’)o wagégﬁmo?@wupbp;jﬂ u-"

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




Transamination

COO™

COO~
a-Ketoglutarate

COO™
m |
H3N—(IZ—H

iy
CH,

I
COO~

L-Glutamate

amino-
transferase
CcCoOO™
5y |
H3N—(|Z—H
R

L-Amino acid

UPLOADED TO IEHE.IR

(IZOO_
1
R

a-Keto acid

u.ouO‘ 05; JLQ.»..:‘ g_;]ﬁl"" Q9)‘> ‘-b.ﬁ).ﬁ‘ 50 Q"‘ AST ALT
,.Jus |, oLbalSes Wh,s 42500 05,5 a4 eyl L at o
oa.wsouu‘#‘;‘bu‘ﬁﬁ‘_}&wc\;)?mw)a 4.390&)5

Serum glutamic pyruvic transaminase:(ALT)SGPT

Serum glutamic oxaloacetic transaminase:(AST)SGOT

Ala a-KG Asp a-KG
N M,
ALT AST
}
\ J N
pyruvat Glu oxalacetat Glu

il oo il o jl Ojlo] S ay s Cujps digSm (Sl - il (5o Lok dnllbio cig> Bpo 8gj Gl




A Oxidative deamination
+(h0)

L-amino acid oxidase

B Nonoxidative deamination

Serine—threonine
dehydratase

- D
+

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




Lo a.;f,J e Myw

W) ))MO

QQ;GOQ‘ ‘gSLuyo‘ u)e..ac\.’gd.o.uo‘d l.‘)bma uLnL@lS .E.wg.t ‘5&.5 LSLQ‘J9L.¢ LS)NAJSW )O g».oSJ.: u.s"bl?u‘).wl.s ‘dw.’l.t

&_:)9_&)09(;&_»»14‘5,0;)“ Jwgw).u O rg.:).)‘}f) LMA‘ U""")" ‘nl.:d.:‘j.o.:))‘ &Smm@ g_;"w‘ LSLQM‘
L_GJL_> )O cds_w Jd_a.o g_i.u}o.{u‘d._w‘ g_i_: 4 ..)9_> od‘d el ‘ ‘ ..)9_9- L).a_.o‘ J._ALC g_i_».:}«.f LQ”AA_M:‘

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




L)‘ ‘so.wu‘).a‘ d)g.a).b M)Sgdodwu Logfwu‘ u.o.u‘)s‘c\SW‘ 0Juls wLw)Mwb 65)}:&5[.09.0‘ wu‘f‘
Y Cnlple 00,50 ColaS 5ae )0 (1eliglS hSCis (gly 09290 DLaliglS jlade fys5 50 Sligel v Sl in (I3l O y50 o

5 S 45z ol kS b ol ol a8 S i (pes,S S Laly o ) LG alE S W 511 SlebislS e ol
e ol on ATP g

Slg oo Sligel s jre Conlbus plply Wl oo Hled 4 G300 b Jiandl 595 (et Sl GABA sl S 5550900
Glutamine Al b el 59 5 adss 5l OB

synthetase KiH;
GLn h -OOC_CHZ_CHZ_J;H_COO«_ NH4+

Glutamate

glutamate PLP
decarboxylase (:02

+

i

“O0OC—CH;—CH;—CH;
y-Aminobutyrate

(GABA)

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl


https://en.wikipedia.org/wiki/Glutamine_synthetase

S Sl g o diel Al e LS

¢ LS"‘a'c W UY)LAJ-‘ du)}u.a f’j—*—’j—"‘ 09" L&"P ).’QLQ.A ‘)3| Sl (5"""" NE ‘J&w LY ﬁj.ug.o‘ uy u-ho‘ J-OLC Mg.’bls
9».\.954.3#‘QLALCJLQ.A."su.:.A‘JALCW‘QﬁJ&LUAl})AMG’aJu.l‘)su.l‘ﬁd;cﬁQus\.jO‘WN.COQLA&%A.}J.L‘.\.’J 3o g
Dpdy (o0 Dygo o5l 4 el Jule oS

09,5 s 53 el sl ¢ oS Edgipe olol e 09d (e plonil 093 (colatS] s )3 el sl p (S5 S s %U\bj
“)-5 Bl

Mb@ww‘wﬂl‘ygﬁ u.a))l.a.w‘sul.a L.w‘cuml.aglfcul.ol.aglf u-‘-’ﬂ-‘-‘*-" u.w.aw.».w

Ml‘wu‘)ﬁf-’ wy‘dwﬁ s

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




o sl sl g5 Sl i

Glucose

¥

L
— =
i

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




el ol IS

838 o0 S e g Lol ae plucen SYNST 4yt 93 3 ol Gl g Sl oo 13T S @ posigel

G baws lam g Cllep o e IS8 el Jelet e i oLl 4o aie] seul e LS pKn jo el o3 13
D o] A o A Ly ool pl 00,5 280 50w ) ¢ ool SO
> 212 R &30 O )l o e J

55 & el B iz 2

03l & ol Jole oy 3

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




ol Lele Cligs
S J‘° 2

riao] ool 3w

Sl glSanl &0 Cwofl NADH T 55155 a5 56355 0000 SlbglS-L o 31 SaS a0 SO ,U905 935 Wlal oy a0 SigiS W1 slaon
S5 STy ol S35 oo lsslS Sy o a5 Sigal b it (rlilf ol sy s o Sl 093 o b
o] o‘)A.mATP Josdo & CBpan b g ooy olg>

i Jooly S i

Qj.w P JJM Jl_uyoi 9 a_i_*.‘olasjf M‘ 4 )L..yol.:jlf rg.:).s" ).a‘ e L?tj 309 IR d.oS J)‘s uwolaslf Q)saa 4 JL».:}J Lgdl.:) )‘A.Q.o
Seia,S LATP Josle g0 yga> o 9| sloiw wlawd Ll s ol o GNJ.J Sloss oS sl Jow 0S¢0 yo JL».:}J
b (o0 059l Fiiw aee DS 5 5 (ST a8 05l (o 929 |y Dlad Lol S g o0 oS S

Co sl [0 g 00l b adS o)ly uelighd &g 4 00,50 oy calize gla Jolw 0 a5 Sligel tpguigel (399 &g a0 Sligol 20
A 9 IR W) u.»SJ.’ g.iuy;M‘ st.»do )‘ Qﬁ"ﬁ)" g_g.a La W) A..Jg.’ &SLA.’}A‘ . Jg..w s JM &SLA.’}A‘ 9 g.iml.’glfdu.w‘ d._»)L».ml.’?lf w.s)." ).a‘
.OQ; ) E’J )‘)Q| Ja_ug.’ f°5—'-’5-'°‘ O Sy

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




0,9! S

09,5 oo oy Sligel 5 ol al o iy b 0y

Sy 09,5 ol S pd (oo Byge J9igamw 3l o | goms al> o dws Jg 00 el AJD‘S)AJW J>1s y0 0,4l a5 >
4.1....»9 L A.H.o‘ LgLQM‘ uw\Ml L.wy ).u tSLA.’}A‘ 6)‘m 03)1.:4 dj.w s 4\.._9)5 aSLuj.o‘ P Lg)g.\..Sj.H.o o d..‘>):> 4 3959
il ALl g pais Wl o A0S A eal o4lg SLigel plplo M)Gad.jd.ajow adgs oos))ol.(oLg)..Sb

.oo)_it.c)‘,:Jt{lS

23,5 (oo Jgjgiem )y 6 )9S g ) ol (g e g 00 SIS el 57 il

a3l g ool UL s GlewS gmgains,l lawgs (;9)‘9:,,..» u‘;;.:5|5 Q—.’.‘ Dgds o ool g:;l;{)l,;..,;| Loy Q.:.o‘ 09,5 K‘:I.fl%o 3
N

WS o Slilegd g (el adg 5 00 4 LS g3yl bawg pdy ctS sk 4 Sl guginn)l g Al ye o A

S35 g J2 1o a (il yol 09h (o0 0p9l 9 sl A )l g e e }L’f’.'})‘ «_5’9}53*“ =3 ‘u’"‘-‘s‘ﬁ u-’?‘ By =

UPLOADED TO IEHE.IR il 50 il obo jl Lol S @ jlui Caijyy digSym gl .Ml o Lo anllias g po sgjo Wl




+ +
NH, NHy

| |
R—CH—COO"~ CH3—CH—COO~

3 Aminc acids Alanine (from muscle)
o NH; a-Ketogl
e | %
JC—CH—CH;—CH—CO0™ a-Keto acid o ‘ ls
HN Glutamine ’;‘"3 )9 "
(from extrahepatic ~0OC—CH,;—CH,;—CH—CO0™
tissues) Glutamate
Glutamine
glutaminase 00K ! '
Gl Oxaloacetate
glutamate aspartate
St cpmrase ansrotrantlerase
\—. a-Keto- A
glutarate %
NH \
HCO3
2atp —\ [
.) syrihetase |
2ADP + P; 5 ?
Carbamoyl -
phosphate ”z""é_°_‘|’_°
P o
Mitochondrial - +
matrix 'l‘HJ - o NH;
-
HyN— (CH3)3—CH—COQ - !/ s bamayluie H,N—&—NH-(CH,),—&M—COQ-
Ornithine Gitrufline
Cytosol Citrulline
eptthatave
+
NHy HNw=C—NH—{CH;); —CH—CO0~
o
HiN—(CH)3—CH—COO™ (!,
Omithins o—&-—o* NH,
Urea & 3
N
cycle
éHz o <N - J
H H
% Citrullyl-AMP
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0,9! S
L (weepi ey O T
| componentreactions inurea synthesis

CO, + NH; + 2 ATP — Carbamoyl phosphate + 2 ADP
+ Pi

Carbamoyl phosphate + — Citrulline + Pi

ornithine

Citrulline + aspartate + ATP — Argininosuccinate + AMP + PPi

Argininosuccinate — Arginine + fumarate

Arginine — Urea + ornithine

CO; + MNH; + 3 ATP + — Urea + 2 ADP + AMP + 2 Pi +

aspartate PPi + fumarate
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Carbamoy! Formation of carbamoyl  Fixes ammonia released from amino acids, uses 2 ATP, 0 0
phosphate phosphate from located in the mitochondrion, deficiency leads to high II Il
synthetase ammonia and CO, blood concentrations of ammonia and related toxicity H;N —C—0— T—O-
0—
carbamoyl phosphate
Ornithine Formation of citrulline Releases Pi, an example of a transferase, located in the 0] NH;*
transcarbamoylase  from ornithine and mitochondrion, deficiency leads to high blood )
carbamoyl phosphate concentrations of ammonia and orotic acid, as carbamoyl NH; —C —NH— (CH;); —CH—CO00
phosphate is shunted to pyrimidine biosynthesis citrulline
Argininosuccinate  Formation of Requires ATP, which is cleaved to AMP + PPi — an example coo
synthetase argininosuccinate from of a ligase, located in the cytosol, deficiency leads to high -
citrulline and aspartate blood concentrations of ammonia and citrulline 'ﬁ‘H_CH —CH, _Ch?l-?*
bl
NH,— € —NH— (CH,); —CH—C00~
argininosuccinate
Argininosuccinase  Cleavage of An example of a lyase, located in cytosol, deficiency leads “00C —CH=CH—C00"
argininosuccinate to to high blood concentrations of ammonia and citrulline NH, NH,*

arginine and fumarate | |
NH; —C —NH—({CH,}; —CH—CQO0"~
fumarate + arginine

Arginase Cleavage of arginine to  An example of a hydrolase, located in the cytosol and 0
ornithine and urea primarily in the liver, deficiency leads to moderately increased Il
blood ammonia and high blood concentrations of arginine, NH; —C —NH, NH,*
urea is excreted and omithine reenters the urea cycle |
NH; —CH; —CH, — CH, —CH—CO00-
urea + ornithine

Five enzymes catalyze the urea cycle in the liver The first enzyme CPS [ wihich fixes NHS as carbamoyl phosphate is the reguiatory enzyme and is
sensitive to the allosteric effector N-acetyigiuiamate.
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The tricarboxylic acid and urea cycles.
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