&) ol daala

Asal) elasl) ;5ala Al o glat) A48
AEEY -+ Al Aginlatl) plLial) acdd

o) ] 0.9 o il
Vitamins and coenzymes

= dalal) Al
Maa (39, ol



Vitamins <lislidl
LK d.u.m‘_a}'l dilallad ¢l Y e Jq L e .ﬁ‘J O Lealing 4 pune LS e il
Cadid 03 3 al Ze sene iad amine 5 3bad By 2l i ) Vit K (e e udid
g e ) cliaalil) Cilust el e e o s ging 0 By g a4l

1-“'1:!.1-

clwdid g (Ascorbic acid ey Sl (ads) C padi Jiao el 32030 il

sl -1
(By (pdsd L s2) Thiamine (el e A (B-complex ) siied B 22 s
a5 Nicotinie  acid (Bs) s &l jads 5 Riboflavine (By (el ) udld sl )5
Biotin (isds (B () Pyridoxal Jue<su 5 Pantothenic acid <L il
(B (4 Cyanocobalamine ol oS sloss Folic acid dl sl s

KD E A candig g ryeaall 820 alilil -2

Ma§ il JUPAC il 8 e 52indd Spantd pngs (9-1) 0 Jyoad o Le i,
e dadl) oLl § Gl el e



o) yales daala

Lalal) sluasl) 13l Ayl o ghal) 40
JE1EY - Alda sl Agibtl) pliasSl) audd

Amino acids 4! (aleay!

Aaa (395 0l



. u_':]_&Lu.i.'I

5:(9-1) Jsaad

AxilLid) dsandl)

S e Baainal) dsand!)
IUPAC

C_e.;L Aaall el
(Anti- infection)

A (pelng

Retinol J s,

=~ LS alall 'milﬁ_\é."ll
I!_- [ -

Anti- rickets

Dj (elid

¥ R ~ 1
U5 oiedlS S
Ergocalciferol

=~ LS alall 'milﬁ_\é."ll
I‘- [ -

Anti- rickets

D3 saalig

L

3l <
Cholecalciferol

adall dlaell (et

Tocopherols <Y 5508 < 5

Cpali sl lcad) palal

w1

. = t AP LR
‘_J__g._'..a.i).ii)._m.l] Lale cali=mnl

o SR Y

y'Ls_ld':'i_lT Al L_‘le_LA‘I_I.“.as”'ll

Thiamine el

) elial)

E u]-i-ﬂtu&
K UI=_LA1|_I_\_
B; ol

Riboflavin [ p8&a sl

(TR |

Gt Sl asla ¢ Gads

Nicotinamide 2wl (0 <l

Pyridoxin (S 50 50

o A e Y

-_n_'n.l.l 9.‘..1.1." '.ﬂ.ﬂ]né.

Pantothenic acid <L gl | ads

-

Biotin (& sl

Folic acid <&l @&l padla
(Pteroylglutamic acid)

o SR Y

By (nelind eVl S

Cobalamine _pe¥l S

T P ' A\ 'r'l - 1 .'r'l

C el

Ascorbic acid <le ) ) mals




s lialidlt dalad) L) ga)

ol 2 5 Al Sluebiall cmnal e B 3 s s Al (o (g San Y S sias o se Sl
el a) C fnel 58 la = sy 0 o Lo 5 8 (g iy (o) clall 5 Bl caniall BN

N (EINPRY,
il oy Lgie JSI) sl el Lo 58l Sl Lo 5 3 alim Y O3 Gaalatie sue o) e am3

.(3._‘17_\.1_.&
-.:.1._‘1_:...1 3 }_a_uhl L_J.a]‘_)_c,tj 'I_‘l;:. -'_l_\..ﬂ \_1I_1..-n;_1} ﬁ’._'.:;J.;_'] LbJ e (e er‘—c' _Jj.;..a:._nll ,:_1_1 ~_1._1_'..4:.I_1_1.9_|I

1o aen

, A R S | 5 DRI \IPER PR
Leie ae 85 O gl s bl e 5585 foa S0y nliae 5 cfoa 5l sl 5 S saa]l Slilenll anla%

sk~ % T -

"aliad . ¢ i . 23aA Al oy i
‘BIE-._J:!""‘hﬂe'}K._J:‘A .__J-'--ﬂ ._;..-.._13’ 1:.1:_.‘:" _J:..ll_*.LE_x_L_a\_J.nf-\_L\_ 'Ia\_y_'n:._.'l IL.ILI._LaJ*uJ

e LeS Ag gl LA (18 e eaied (b dpeiamgd) Slleally i Y iligelnag)

.,;-,‘._,4_1_*)_‘,'_'}_', '%L]J]JA Lg—i—haﬁ Jdaa 5ol A"‘._:. 3 P T | Il B TP W P-4 ]._p..a:,.....a;j Sl elfal *71 .:.}—;u_.a
e 3l ; ;'.'.l&_"uu_r _,_ﬁ 2aha Ll e e -,_-:ﬁ [ a9 ¢-I|_‘l\ L_‘m_‘f\;; 1Lc_‘;-.].:‘.:nﬁ EJ .CDE]']Z}"I’I]ES

S L das 0 83 nme Saey ) ool allis Gl Ll vie 5.l el Lo vl 53 a5 13

-, . Toostrn - Yo % i
T I W L«_J.allh_).c-'l A =~ - ==

i:-_LaJ.m_J b _"nj _:'.H'I __%_1J.}n = ]._-‘&H'}llJél._'. e lall ‘5% f-\_ﬁﬂl"ll n.LL\‘_]..e.LLquI Oy L_).a.'.:.:u JT .:.A.a_“sj] X

Ed -

2oy aend) Ll Lavie ale 50 Lol el s Bdbie e o) 5o a3 U5 (Byn (et Jae) Les 38

Jaw o 2l 8 L da aalaiig avall (6 o sanll 8 28000 clyaliall W cOverdoses J.us

it 1 2 G:T\_g al J.u: n;LLL.ah_'. ._E_lelh)J he ﬁ-\_L.cn.p.u.lll am J.raJ ( D E. A) l__]-‘uﬂl—‘n—ﬂl el

o

i e g e g A alA L) gzl e e powll cad o Sy Hyperwtﬂmmoala EPARTE

P

"1

SR
. - 'I..,.“-1;|I

—1

—2

—06



» - - = - - % { osaahty . 5 Fengs P | « 1% T =1 + "'fv"' 1 *T] —
u:ﬁ ,;L:I: ) ]T'I ﬂ‘ﬂ_ll“‘:“]:lrlll { 1“‘..1;:|:|1.'.| d.-:\.":.n 1 1 g L_JJ:"']} C._J_ﬂ_ﬂ} .._JF:'J"'“'”] I| 3-.*.1J.u... i_l._'n.'n.;:-. ?
PRV

1 oY Sy O e 1 * I A nl: L T | TP B L —
'-LI._JSJ.,Q jll (E._“ ?M]j ;1_9:!-“4:!-*'1*5-"15 *_ab._ln.;) "‘n“j'rll L_.:_"Lﬂ.ﬂ BN Jl Lq' '-_11...q_1"“]_'.,;1'|l '._1._q_°|||J.¢. B 3

W w* o " - bere U} 1 A + - " = L e = - N
L._il.n.n_'nll Hw f’#} i_l.:}.u...e. A “llec A Logah 5_11._me_1_3'|| {_-ﬂ]J" ":"-",—!-‘jJ—J P "nﬁn}.\.ﬂ.ﬁ-

: 3 2 : 1 i I 3 ds V) A3 g 4 Lh-‘s.n.'. y | l.*-..l'i
lla 33 8 ae 2 3 Prosthetic  group a yoJ Zusd jiSo gene 2af 285 4aliaql) Sl
l_e_a J‘B (_).\.-_Ci- Sl M\ a I.’fi;'m.‘iT EM', 224 JE.‘& P—‘-‘ -'-_:i_g.m H_r"‘-.'nl| _-;) Dlﬂl}"‘:]% 3;1—11,-"'-."1 Jdﬂb

L Lealid

ks

i e : 1 D < 1 w1 o sy . - A LA . ."l | -
,_l_m) 328 CilaliaeS Lpha ,:_}“d:t_‘m -.ilTJLA..:. 28 jll Gl ga y 9oLl 4l t_‘]b.jb Gl eluall (R &l O

L

_IT||L4\E1-.A.£|"_'|E-P.».\.13_T']EJ1|_"- jilﬁ:;.,.u:‘.:" ;_35.".".:’ a'll\_yc. Lﬂé_‘n.l.l(LbJ.L.-jC u..al_uEl jEl__].m

\
|

'|;l:,,+ u+'|‘1 "H ""11-"' 'T"‘nil‘ .
.;__,}all 5 el e 2 Jadla ol *-".ﬂ.‘lt‘-ﬁ" e

T Ii'|j Jﬂ:'ﬂ. 3 1..:-1 ﬁ J:ji 11-5 __)3" h_?_'r'll — L_.- “: uz. -_LI_‘.:._‘.T \_1|_'|_'|..r.-.1n_'|.'|.‘i‘|.l.l éh.'nﬂ}-‘l-" '-—'hé-l—'l-'lﬁ-‘g "Il _].0

e - ah T she . % \ . "‘""i||
.47:.1*_131} i’._'..»_ab.uﬁ] L;HJLALLIlll "LLA.&JJ 3 L_J.,ur:.zm._nll __,..m...'l ».,-'-”-‘-“ 24l 6’.1'.'_:-;5_}‘.3...@1 -._1|IJ;1.1|_1. 3

1

el l.'nll) \ -!,-:Tl] :_-""‘_32"1 J:IS:—L&HJLE—‘L}‘,\—'I‘J:I\—'”PJ ja._ly Lﬂ_\)ﬁ.l"“jl_ﬂﬁb_ﬂu\g\_ﬂ_u.d I|_]_]_

1YY 3 .v'1|
R D I



acall Glinalidl) des 25 (2 S50 LAY el gad)
alialidl) alaa ta) 4B 3 jip adlida Jul o dlia @ Bioavailability s sl 2¢ -1
1) ) 038 e g amidd) WA ) Ledbad)

) 1 - - Mmoo . - \ e IR PO { . . - xt - & —|
j1 v_mmllsg}a_@1k_}aﬁj(dﬂ;jﬁll ;_J-‘-ﬂ) -'.T!_'.ll_"..t_lll }a1qm1\_}awﬁ1q,1m1.ayﬁ_ﬁ II
H Niﬂcytin L_hu_s.p.]._u L_jis.'; Ic ._|.u.15;.u.|] sl 5 L_J_L..u._u_'ll dsag Sl Shls JI:L.Q ,m.._-dll \-g :aJBjE
Fse pmt 555 (aelidll 4 han 3 Glycopeptide (S s 5ol adin 58 5 Adaiall Allas

Salell 2iel | aliaial (] | s die 2l x
% J S S Al HFeS
*\_Enf-_ul| ]i_1._1.'..41 ﬁ1m1J'°ﬁdﬁL1ymmhjm&3#néLpi (-
5 oty o AT 18 < . . Nl oAl Lt —
L -._-:-I'll _:.;_"?ﬁ ‘\.‘ll_h.dl éf i (H(:l iillﬂth}JJﬂ.&_“ i__;.a..ql_x) ‘:EM] b__pa..c.l.;._.'l J'I__)jll L_JL.. S
;:;II_‘..'JI JA‘..L'.'I Jll__)jll 213 jT JL‘- e B],} Jm1m3 S, ._L.a q.uuz. L_1._1_'..a1._1.13 __).13_9.1
clindig) alaid fa g cllabll 5 Jlenl by -

mm'l\_;.ad_u(u_ihyllaj.mj.q‘fellfll (t_;. )J_'..‘._L"k_J.L.ﬂ*\_'..'ll|_‘l.'l‘_|| u_i1._'..|;1'|| _‘IP} .

.LE_R.A 15 Ll bl Lg_mh.alcﬂ J-EJ.C. -‘-\_“'s_ﬂ.'l ';Ll_".ﬁ..a‘ﬂh_".i“ (e _*._1”_“..1_'.1

5




ol Ly e k_‘j (S 51 3,32 2 Al § JL : Antivitamins <Uaaligdl) oalaas =2

;.u....:..'.'|£ul1 Lus..lll_J.n.c-L_J_ud M%ﬁ1~q&u];}aumm~.ﬁmdpﬁj

oAl =l Jsels J a5 S ey bl e vl Jeo i o Se R £ gl ars -3
ne Jee Jo et L Sl a je #3d Pyrimethamine (pefie jn e alasiud Jie Lo
sl s el el JEL s il adls (el

U G o oy B s il e ) 23 3 188D g s~

Glag Sl gael a5 K ael 58 - fe clindiall e el (3588 o Jeat duagds U i dllia -5
dalile (i) ol gl Al Bk e LSS Je il ol b by i s Gl aela s
cliaalidl) 232 (pe Bl ) i A o)



sl (P et Dl il bt bt |

(B; Celid) Thiamin ceald

sdcalall uldeal)

wm

=

= senay amn lgammy ae das i 5l Thiazole Js5 sl 31 535 Cpoges jall 331a e Cpeldll ) 5<0, —1

(9—1 Jsa) Ui

‘_,_l_'i __)Tg.i:u:.} zn_'u_:ﬂ..nl_'“n_'lll ;_L!JIME'I ‘_,_l_an LLQ‘IS} EJII__)L“._J JSL'*]._‘.JW “ ;Isi&'l:lsjll -2

11:.C.‘)d_:, ;:'-H‘?n j_,_\_j .d‘._1 }c‘lj_".ll .T!Tllz CTI]

il
-

1oy CR. R oM T
celadl 8 L sal Jes O

E.ng]aj] 1I_.a__'_|.p...|\37_9 Jgij] ;3325_7;3;):. M{_‘Lbﬂ_‘ljll} J:lﬁllj Sl B 3 gaea 7:_9;_*&" ‘__,,JB] wuﬂaﬁ—s

S(Edaa ) ssEl e

=
3

Cald s g8 g s sl s a2 5 =all =2 L\ i} P | o e S —4

=5 Decarboxylase _alu.S s S0l <ley 330 (331 50 5 Thiamine pyrophosphate (TPP)

-(9—1J=2d)) Pyrophospho kinase JuwlS sas 585 ub s 53l 5 Cpeldll 2 ATP J=las e

thiazolium
Ting
H
|
NH. + l—g
N= CH,—N35* ‘J\ (lj cl}
N e
CHs NT o (8 8

Thiamine pyrophosphate (TPP)

- Thiamine pyrophosphate (TPP) wliw gd s ub Cmadls 1 (9—1) <)



- ¥
|

o= 5 Paralysis e JLo 5 Camia 5 S50 000 laség (J,-;Sﬁ1 3B) sSE Snsin ) sag 4l —6
e ad g 5l (] g PRES s 3% daady la SlA e Dliad .(Beri beri ER SR ___;.af) sl
o s a3l Y (sa3 Aalle laaSy il a5 JSY Jsls ol Bl 5 A s YY) G e i

.{_‘LaJI_L'.lI LLI;‘I‘_'IE:‘:"I_ITH L:-a‘e‘_).:lﬂ & Lﬂct]c EICI\CIOL‘!IS 3 j.ﬂ:;_l.rll 3_":1._1”‘_:} \Ljh} A 1| ‘"___l_‘i' [T P”‘:‘_:J._.r'll 3

'

2l j_.a_l] 4_1.._..1_1 = l_JLM.I.'I":JII 1h£.—1'j1|—+“-:'::' __?_Jll ':"d“h)iﬁu:llﬁ 2l }..a.l.r] 4;1.45 iL_".lIJ [PRLS ﬂm] (e I:L._ug:'ll E‘.Ty:..j _‘]_‘Jj —7

O—e pmal 3 ala 0wty 35 Sl o) sall Geanly CaedlBl) 28MAT Aam A0 gliall 2ag 5 sl 5 Aaaaal)

Ao ol sl Alladl 5 el B ) s s jo s wdllad 5 sl ana o GaalBl)

(B2 ¢=alid) Riboflavin 853 s )
tialall clial)
aalall e s i das je Isoalloxazine G jbesS ol 5 30 ewn Ala (S 5 e By Gaelid S —1
JLa ) Haeul ) uledd Su e @il Ribitol Jsiad ) Jsas duils aloda JSiuy o s)
(9-2
OH OH OH

CH,~CH —CH —CH — CH,OH
|

H,C N._N.__O
HSC: i :N”“"VN
o

Riboflavin

.Riboflavin .88 o ) 1(9-2) il



Gl 3 Jdn Al 5 AaiadBia gl Bl Anen 1Y) B 5ol Lesd anand Al Gl WY e apaadl llas —
Dehydrogenases s s jnenll Sla 3l s Oxidases  paus Y

A sl aa a0 g aladl Culenl) coladll (3adn s ciledll Leia il jol jsela A (s2% By Goelad als —

= . .

E;'I_I'.l__']..lln_..'cﬂ N sit'.‘nﬂ_g E‘I _g;._)iﬂrl I‘:ITI' o | P _J}.u:.:khl _;_g.'- I_JI_A.H.L.'I' ."n.l_ﬂ h_';L..ar'_h'.l_g -d.:..._g.r"l il 3ale g
A pall g (el

bl ol g i gaall 85 amnll g aeadll g SIS o ST A4 e g a8 By opelhd S, -

(B; oalid) Niacin el
tialall cliwal)
Slin Sl ael o L owa g Pyridine oo jull dala e e oS e JS5 e Saalall 2a g —1

A Masl JIS 2 la s L _oa g (9—5 J=&ll) Nicotinamide 2wl i5sSull 3 Nicotinic acid

;'l_u'j_'.:uhl _Jj!._ua..u:'.l E:&i E_ISJ}.A.“_EA.UI_‘I_‘JII Jjwlﬁd_gtﬂrl n._IS.J..a.".l A g3 g l__|_1..=;'|_'|;'::r|."

AN ¢ S
e e

N N

Nicotinic acid Nicotinamide

sl Gaala g bl 0580 £(9-5) Js



Cllanll s 501 5 550 yalls iy Jonsl g elall 8 as¥ sl elimn i yols He 5le bl —2
el s (sas Gl da sl 85 A anll
O ol lsaidl g A TSN (gl 8 Lomd am sy el g zlaall anly o) yeal) apall & i<, —3
cosandl g caalall | 8 AL CulaeS o LD Gl 5 L saalall
JSE A en 33l ld8 e dne Bidn daed GO sSall a5 aSlsSa dal 58 8 SeSh Saulall daeal o) —4
25 (96
ANAD) 20 S gl 55 Sl 2aal b g8 —
ANADP ) lan g8 ax o208 gaill 515 asal aaal 50 oS08 —os

H H

NAD™Y
(oxidized) OH -

In NADFP™ this hvdroxyl group
is esterified with phosphate.
A el i) LS pai) aal o pai s (NADT) i pels il 665 il anal o 3503 1(9—6) Jil)
cE ) N Sl 2 7 a8 Al g B Cldesdl) AS gada Jsda aie 5 5< M) (NADPT)olie 58
233



oo Gl e a1 edlel @l o .aaall s NADPY s NAD™ (e JS ¢l s

=

,;_j'u_.'; ""1‘21”_3 B S u_I'..u.'a_F_! 'i_.u :’«_1..»_1_‘;.1" i.L]'._'ﬁEIIJ..; ._j:.."_'l _‘L'l caal sl _,F_..F‘—'J J}L‘_}.'lj 'i;l__;‘_._b’: _H_Jllilhl

leme @l jiis La 33l 250 e 581 @i 5 Oxidoreductase

Sl sl 4l ol e Al s Pellagra 1500 G e Hseh ) sase Olsi il 5 Gl (s
Jeall 8 Gal el oo Slad b pe 95 )SIAN Gladd g Jseddl 5 4ds s BN Jaliy oaasll leal
e g Jleml 5 Sladll 5 pdll 5 eniag]

I a3 O oS (pa 2 Ol 3L ) s Zoal 5 S GlaeS Jsli die dald) Gaalall 20l )
O A aal 0sSall g ol sl Gmdda e GleS 2305 sl jeal s &sedll Lo Y)Y 8 plud)

LSl adaaty g% S Je 100 [aela 500

B cmalisd

cdalall cldal)

O ASie o8 5 (2elidS Lellagy dgiliie g SlesSTl oS i dalae GUS pe 500 By (et Jado —1

sy =) (S 5 8 Jeasl e sene o o la) Pyridoxol Jses sy pnll a5 o jull dals
—2 2 leall de geas e (5 4ls) Pyridoxal JuuS syl 5 (Pyridoxine Gaus san il Lal

JRi)) (4S5 A JsY) ped) e geas e 5 5la]l) Pyridoxamine (paebuS ga jull 5 (4asS y

el Bt +f9_9



Pyridoxine

HC=0
HOCH, | OH

I
=

™ CH,
Pyridoxal

CHaNH2

o |
™ CH,
Pyridoxamine

Ol g ! 3 Pyridoxal Jbee—= 30 ) 3 Pyridoxine Gee—=S sau judl 1(9-9)Jsd )

.Pyridoxamine

HOCH,

JuSsn ol i g JS 5 e 05 nge ol 8 Bg el 8 ¢ geae e %80 ~
Gl st e SIS i e gt ) JRe Jas 3 CBlaad) 8 Pyridoxal phosphate (PLP)

.Glycogen phosphorylase



Sl 98 =5 CelawS g3 puall p Cildiwgd =5 JluS gy Lea amall 8 o0 ea gall Splladll SaISE0 o) 2
e anll Ay il g Coenzyme e 30U 488 50 (L) sl e Slass s «(9—9 Jo&lt)

ree ATl olda (pa g Anina¥) palea®l AW el

JEEl) A gsh Galea®) ) Awnd) Galea®) e Transamination (ped) 4o geae Jiul Jelin —|

ba 3l e 3l g) Transaminase > oual il ) 5l an 3l A< 43S )

. (9-10

OO R P E I G I EIIUA LN o B ¢ B N (Aminotransferase o o 3 5 gl

il il 3 sl S s gls g Glutamate pyruvate transaminase(GPT)

Glutamate oxalate transaminase (GOT)

COO ™ COO—

| ) 7S

LI7=L) I—I3N—C|‘.—I—I

(i "Ho CHo

LI "Ho CHo

COO ™ COO ™
a-Ketoglutarate L-Glutamate

\ pr/

C‘( DO~ COO—
H3N——CI —H (ii',_O

R R
_-Amino acid a-Keto acid

s skl Galaa®l ) AsiaaY) Olaa¥l Sra GuaY) A saaa JEDE Jelds 1 (9—-10)Jdsl



2 aga u3d B eelnasll —4

=
[l

s eadl aall Gl HS 2 sSh A% S slS seane 1l A5 oS oIl doiaa g il o gRll & g angll (2 eSh )

callaadl g o Blianll o i g pall AsadW el —

.:ﬁe.lmlﬁ]'l .;_;.'cl'__,}.nn;ar]q 2.__11_..9‘;'“1 ._j_':l.ﬁ.'l - B]_g Crralnd g ri.rn_.;}._:;.li.l'”l el e irl__]'._uu p—

= T

e Ayl Jasg == | el jaay —o

_{;' | A |

cOse el =g Alee 8 e al - a

- [

il denll y e glda ol T Aanng Aaaad) Goalea® A colaleadl 8l placal N (s2%3 deals —5

N 388 g |::]_l.‘_- G Bmaia g _5_)5.__;&3' ‘:'l.n.ﬂ;hll __']'1_5_*_._1': huﬁ‘q;'l—:ll__)_h-h.a"} t:ﬁj.'_g a3l g u_ud' _:!_9:.. QJ'—S' Al

Joe Al 523 O OSes (Je 100 Jaxle 200 e ST) B el e ddlle <lbes Jolin 30l 3 —6
qgaranll Sleall caillay A

— —

H SUa e Thad g ;\%__]'.:._'inl '.:__']..;'i_:i.'inl oy 5 ol g8l g e gan ) \ﬁj KT ,ca_:;:n_'i-'-lr'l Euq.ul_ul}.' S — 7

&

cemaladl g manll 8 Liadl aa g2 s Bludl 3 jadlS ol ¢l sl
(Cyanocobalamine (oa¥liss i) By oalisd
rdcalell Sldeal)
s Corrin a8l e Ala S jo lgie SIS jall e 232 e S 3] dtee By Oaalid o) —1
Adeall 02es 5 AV Sl (e o e Oo Al A QlipS) jeaie ddaiy B G285l A
O DS 5l 0555 I Gaelidl S8 GlisS) jemin (ON) 338 4o sams Jasi 5 Latic s

eed— b I Joae JauS gyl 4o geme Jad e 3 (911 J2&ll) Cyanocobalamine

o) JlsS o e n annd) Jae <l ll Jas Lexie g oael JLsS uS s el



CH,CONH,
HaC— _CH,CH,CONH,

HLC e !
H,NCOCHCH, _ ° N
T A THs
H_NCOCH 3

2 N - —CHg
H30
z -\CHchzcoN Ha

CH
HZNCOCH{*‘“, a
CH2
/
cC=—0O
/
NH
/

i -
HGC—c—o—IID=o é)‘ji\;(CHa
H
O Ho N CH

HOCH, ©

Bz Osalisd 1(9—-11)JSE

e s U lidian 05805 Jsadll g el 3 olusdll Alle 5l o) jen i ysh JSi e i) 5802
Asmdally dnelll Jllad) 8 el e

Y3 h,nl'_w_,MJum”u_,ﬂﬁLﬁthuﬁsﬂjm1p.h_,uuﬂ ias aal e -3
L a0 ¥ Y Sl 8 sl g

II0



P omaliadll CEElls g e —4

S 1 oy T ey - T T T . T L. . - . . N 2FY %
._!&_a.&_lll __JI_Ea_._lll %jeéullim%u]éajwj]ﬂ_a{;_ﬂEﬂajﬁ#ﬁ*_;}.ﬁﬂlﬁgb |

..i'..l."_ga.'.l \-_;.ldl.r;];.. e 5\_1.1.1_'-..._9_)1_1_1]5 2 _95..” FSLY o é h5;--__‘;_1 l_gﬂl 4._154}_..;_...1 .__IJA e B _‘na._.r_n
L= I S P | By P et || a e A ol il o A3 ma e 3l Laal B> peelted S onie —ey
(= A= R T —_— A s > e P 12 el D -

tlgda las 353 e apaad) aa eas ) W8S e Jaas 3 (Transmethylation o s S 5 )3
ax il g {ml_i..-."l Jeidl Ban) Methyl malonyl CoA mutase 8 s CoA Juglie Jihe a3l

e a3l s Leucine amiomutase 30 gae sinal aw sal as 33l g Diol dehydrase o Jaida

Methionine synthase e

H— ITI —H COSnZyImne D%C I(T__I LI

E, - -~ :

— CoA-S
imeTtiayl-

C (i‘ H malonyl-Cos H—C—H

CoA-58 7 c. mutase {_Iq
-0~ "o 07 o
L-Methylmalonyl-CoA Succinyl-CoA

ol :h.‘.' _9"| d ﬂ__)ﬂ da iy Blmal | '.I_j'_ljn_‘i. il ST :_n.'r' 1all ;_:!.-:.'-.njl dgm g I::h_" J gma At ‘e '.'_'|Ij_1.|JII il -5
s A Jlaxil gl Ayl Glaalls Ala)) dain codl S 28 ) samll 5 jan AN Al jal
;_;ﬂ—E hﬁ‘)—iﬁ-; (—a § tdoala Sl Al g __:;'I__).Ihlll - 4_'-;_).1:| R P Eu_).us ClaaS lJ']_ﬂl.ﬁ)'.'l .;__lT_g'.ﬁ

s —al gal jel a el 1as Calias Pernicious anemia <asall aall 538 i pe ) sela Gkl

WF

) N __:]I -'r|I q;]_l-.l_ 1. ||_9 I il . g ;_}J‘JI' i]__,_,'i'| ﬁ :_’T"‘. - -Ilj F!... i.;]l.._.‘ll L el ]5 .



(Folacin ¥ sdll) Folic acid <i4d) (aala

Daalall clil)

Cacla siaal Hlll S 5e 8) gl a2 ) Canal 135 Pteridine gou i 8) s e Sl ol e o 85—
¥ sl alli by sl s Pleroic acid cls i pasdan e Lo 5S¢l jud)
(9-14 J&d)) Pteroylglutamic acid <luls S acla (g pi anale U Sa 2lils ¢S

bt e g dnelall Jallaal 8 by el 8 plgdll LB Gl ol jiea sk cl gl Gadls -2
e sl i ot vie § dacadall )

e TR L 0 Y S VENIPS [ [S E KW [ VOV [ WEI KPR S [Py [P IR O
-w-‘L*-'T"J L salills il gl *ﬁ.—"' 2a gag Ailell

O Cpm gy 3 a gl Al des g Jladd J i) J Y Gl @l e Jsan —4
503 o dugla 4o geadd BBL 2y A (Tetrahydrofolic acid (THF) cldsasjas ol ) ada
(CHO J—< ;4 «CH,OH upuc\;ui_gjjﬁ CHy o : .._J—n} J:u' | S je (e Baal g el
- s a5 s g (CH  (Methenyl) Juse «<CH=NH Formimine (e 58 «CHy (alie
(914 JLi) et clighs jam adl ) el 3eed o JY) Claslus e

. Formyl FHy il sas o adl ) pada Jue 58 i

. Methylene FHy  <llsis jam ad ) ada Solive —

. Methenyl FHy <ligdg o ad ) pacls Javfic =



COOoO

T H oa —H—@—é’;—N—(‘:H
N N 2 10 H I
A s cH
HoN N N e
H Tetrahydrofolate (THF) (l-;Hz
Cc=0
I
(Glu),
HC—-O Hc=o
‘JI“ . ""i ST
,J\ j/ S-Formyl THF /I\ Nj/ 10-Formyl THF
HC—NH

oH [ ©H;—
CH,— N —

é&N CH,— N
j/ 5-Formimino THF = | 5,10-Methylene THF
e HzN/kN N

CcH,
oH L - OH = CH—
N__CH N — CH,—N —
< - .
H2N/gN = S5-Methyl THF HzNAN N 5.,10-Methenyl THFE
H H

CASET G oma s <l 8 5 saua Al Lmala (99— 14) s

(Cliren 5 iy ) gall) Asian g 5al) ae) gl (53555 g8 3aaly O30S 5 )3 Al (e Caagd) 555 )

Jmsad Jad) Jua e dnn¥) (aleal) (ad s RNA s DNA el jeall aall @y S 0nsS dg
g Al ) o T Qg el I Gt e el g md) () Sl Y adal
! Deoxyuridylic acid(dUMP) &l s S sl ads Methylation alie e Sllisg
J—eis DNA 0 (oSt e 3 Deoxythymidylic acid (ATMP) elbaals oS g (s

(9-15 J<&l)) Thymidylate synthase jfiw culaals an il



£

- 11 . L5 - - L 1 - B - - 11 1w ) - . i L B - - -
A2l a .| 3 | P - o . yaal] | 1 | 3 N
Aloc CH= D g g Ay [ openil] R_‘E-._“Lh_'l:l_“-_'lﬂu&ju_huJ_ Ak ol ol I_'a)ju'i_ad.uu

bl

T ki : -'I'II "!- 3 .P?-!' ‘_J.-u '.':"'_I]Il e | I .' ki L _EII' ;l .'Ehl ,'i.:i . 1 - |

'3
« 1 |

Sl .1'51*-"“»: c*'rlh'-x‘-_;g .‘_‘_1..4'.;19.“ e 'i_]_LnSJT -Eq.:J!'._...'a‘?” I,;ﬁ_u..'._"u_: I_.J.lla._' .;_I..ull _9:-.1' ,;,'_,_,_'-,ll I‘r" -d._l..-u..b H_J_Lnl-.;'lﬂﬂ

.:r!u_.-.l-...--. "'1;.'_9 2 .:a";-'u“ 2 g i taom P _"|;I ‘ r|_,...-.:1.._|""| e lah) s 'Illll d.;_g.,q_} 9.&_.“ ol R ";,T|'I ﬂ.‘lﬂ_g ';_-._|”'"_ ]

a " T

oal ¥l Ganis (Brz 5 Bg )lielig ae 201l Gl 3a¥) aim Alaall 8 je0 4l llasy aial]

. ;!ﬂﬂ'lj_h__‘].u_lhl

geadl aall Gl Sy s (o2l Megaloblastic anemia eaanll aall Has Cogaa (525 dals

e laa 8 4 <nlll Megaloblastosis daalsll je jeall b S 23e 3305 ae anall 5 5l

- ==
] . i . s 'I'II_9 . - 'i'l ._,:]I 2 Tlll E ,;_]_1| ]Ih, 'ﬂ'|_9 :—EIIE ""_:-’“'_9 ‘_F:] L ol .\II‘.:'\“ -d._.._a.ﬂ_\"' (S L THTE LS .:Lh.'l'_ll TI'

RNA 3 DNA 555 Je awall 3 3080 220 e

Pantothenic acid <lis giill) (Zaala

-5

—0

raalall Slial)

T

Ao jlipall gada dfe oS50 S ges Gl — e aladl e clib gl Gadda G sS -1

(9-17 J=&ll) Hydroxy methyl butyric acid

1 "
BEY

= .

.3__‘;1__‘]:.4“.__' _Fi_iJj JJ:-'JJTII _;I ;hdﬂiléjll

Al e s Jsasls elell 8 sms Hslin Y duall ol e A sale s gl Gals =2



el e by edll A g cudall g el yeadl aealll g nlSll g 2ST g sl jléia 8 Cpalnsll S, -

.'._.Elll_.lln.l'l.lhl_g -E'_El_ﬂ..:lﬁ'.lnl_p .Emﬁ'i <l g _ﬂ;.-...'—-.*a.:'._"ll_g i.__1_5|_l'.=u_"'|_9 '-._'II-._'I.-' 35_;35 8 am g LS s _'_;."ll._-..a.u

CE coli 5868 L Sy Byl e aeadl Jala anesh Sa -
c-'._f_u:)r'l_g 51 =l a__fl_s_"u'”l_g -:f-:l_l_]_-lll;_l'l_ﬂj:l.lfll & __,-....::Lﬁ.lhl JMII ;1'1 _',‘."lfp.‘: w} _9.4..'.1] I-.T‘ )& 2 U_L...-.I_uﬂ.'i.' LE
doa 8% A= ,H-EJL:J‘:IIF‘IJMF:}”' n._,-_ﬂll'l \;” _J.Ln.:_lhl -«_j_i':"-‘ﬁ[d‘-‘:"'—ﬂ"'ll .p.ll_"} JM;.'.I dadlsg

1=

,_'_;1_"'Il+u_=.| ‘E {M'l _J_u:.] R | d...ﬂ;s...]_ﬁ:ﬁnl_g u.i:v.‘.' E ;21”_9 ;j__;?'l_g h_'ﬂﬂ'n:u'-_".'_g -;]11:-“__:1”_9 E-"l_‘n.-..a..lhl e

RO

(H olid) Biotin sl

B ol udis e s 5 (Coenzyme R) R e 3 @81 s (Vitamin 8) 8 Sadlids Liad e
RRT IO
Dialall cliall
bl 5 anaaly &l peg il pld adsans p 8 <y sl Jang Lyall e 3ide Ala oS e Gigll -1
O gl 4 e (3 Thyg Gau U na¥) (asladl Undi jo GsShs b D 3 ) pa o Jasd

(9-18 J&ll) Biocytin



HN-SNH O Biotin
S COO
S
HN -~ NH Biotinyl-lysine (biocytin) |
tj\/\/‘\ T °
_H |
S (":| NMCH
O |
NH
D I
_ _ /“‘w
OOC—N7"NH oo hoxy- nloqnm
S
_NMCH
|
NH

¥ . § v LY Biocytin i w3 Biotin o ! :(9-18) i)

.Carboxy- biocytin



ss ¥l s Je oSl 8 i =T el 8 WL e ol Aene JSAN Ay el o gl -2

Tl

-d._uu.l.-...cv_'“_g 2.71__;'__‘]:._“ Q‘;:l_::]“j.'._.i ]_u.uu ';:—'.‘]LJ E.T'...'a..-;]_ﬁ.lhl_g 4.1.1::!3.“ .-‘_5713'.;_.:..1.' E -._1_'.I_h'| kg
cadal o dal h.i i.Ll'l_gI s, | i \;_9 b abas ] “_;.; ¢ el FII| __J'._i.._.:.l 9 _‘|_15._. hlj |_1 g.ha..lhl J_gﬁ_g :_']J'Jrll E " II_'A.I.'i.n"._“iI _]-IS-" 3 _3

u_u;‘i.&“j in?l E :‘JI..'lj'_'-l _JS'_,J‘—"_S' elacyl L..‘._):'&.‘ h_rﬂ 'i‘-—'l-n-d-‘ n_J-"-"_E—'IJI e )_JS‘}“I t;._._._'nlﬂ —

T

u.u_g.‘al_‘“_'n .hlu_jl!” = E_JiuTll ].5_" n.rﬂ'lj ‘_Ju_p.'l]_'lﬁ salasdl Al _sw_'ill Cpe =D Avidin ‘_).1_'1!‘21” Bala H_;l -5

Doia & | e l'.'I;II ala _F“ Ceadyl asl g kY 4] ,_5_9_"._'.| _}E_g.r]'l s L_'_ru_'ﬂjl_p doaland 418 _;r'! S

T

O sl alianal d8le) 8 Jgesell s ga% Sulpha drugs Wla g ¢ jdlea) Sla @l e

=T

il f s daa & Gl jel Hsehy ) sk OBl Galiaid ddee Baan ol s @lhenul e -
LIS T T < . r 5l “;'I s~ . i * T - ﬁ_l ) ' - =1 i o A

'i_L&JJllLE__Ludq_"._Q.'_p.Ln..lﬂk_}.dIF .i'.-—nﬁ-_g._gl._].ﬁJﬂj_JIjJﬂj ._.I‘,.—"-"—'ll Li_g.__]ar ai_}d."l Cle ol 108 ¢ Al

S s alaadl s adll Js sl oS (5 g g0 )1 ElIY caalian daaaall ol Gl s s s alad)

s g ylSll g G eanll Gl Adee 8 Gl dain G olS ganed)



Ascorbic acid (<lsssa) Laala) C ealid

Cra—=al san ST e Caile A0 (S sISH) Ao el pSld) i e C Gaalid ey
TP N |
tdalall ldeal)
Je & AANE s O oSes 3 Redox system Jb a5 sansi A aal e s C addaa o) —1
:(9—19 Jeall) s
cmelinall Jladll JSid aey 230 [L-Ascorbic acid <ly 5 oS Gl —L J sl Jdsah —i

S pall JSEN (Jhes (530 Dehydro L-Ascorbic acid Gl 5 el mala — L 5 jauess pmada —o

- el

e sl o= 5.0) Monodehydro ascorbic acid ey 5 el Lomada — L 5 joagan h:;_ﬂ_x? —_

(o= o2 o (sdlall s all jnal o Cpelnadll sousi dalee (oA

H H H

H(I:CIH

H{I:C}H

© O
H
4 — .

-0 OH

Ascorbate Monodehydro- Dehydroascorbate

ascorbate radical

SO paliad Jlsdi 1(9-19) Jsa

J e gl gea AW 8l 3l S lacmenl Aald g dale B sy 4S) il 8 C aelnd as, —2
e s g daaes 53l g Jelall g Adalelall

Sl 3S g smal s e Sl 20S lgic meaun O OSas aa ) 2 s 5 oS W e yim gEn Aulee —3

et O OSee aadl 3 Aomndall ssaall e ST O Gaeliad 2aln ) e 2 Alls <las il oadlas

.‘:.jﬁ'l..\...l_.'.li_l.nl -._1"2!.“1_')5._9T i ;ﬁ:‘.ﬁ ‘;ﬁ ) gueam T oS5

=



)SYLS =D 5 s Sl -D e dly ;S adda Led oS il gall el g Gl asea =6
O ) e 4l Y Saiee 555 elid) Aland L) 8 Lol 56858 —Dige 5 3l Tay <l gl 88

& L I L= '_';'l.. 1JI| "'"_,J".I'q"".' I.l_:- |.._.| .'I””J_BS-F-\IJ” —"l. ..;'I‘l _::I_’:‘S.E]j _D L] _F:]jij'lj _D ._jl-:jhi

pada S e Jean s Oxidase pauS ¥ oy aSOidl aae ) 2 gen ibq_;giﬂi)r'l (asla

pada I (GsSsEilia o Al edle il o alldu =l s ) L-Gulonic acid <l <)

RENGY-
eallll sald) lasdg = 5 pall Al eday e Bt aall 3 Scurvy ogs Yl a pe o dats =7

Lol alball 8

gl g dutad o | iy il
sy 50 S e e (KD GE A)gsadl 840 lididl asea i
A Cpalid
a2 35 g Leheatia 8 0 g ) ALl jladily llsg g )8 —ln e A Gaelid o 65

(9-21 (i) Retinal J—iw ) e i ja o550 aihlu e 3 Dioxgenase jisuS¢ b

(st A iy Liad < pes 53 Retinol ) Y saie 4 peaal¥) e geae ) 58] (S0 531



CH, :;ﬂ:;:'h“:“ Retinoic acid —— Hormonal
cH, to meid .r"f- td) SR
e epithelial
cells

CH,
>_ CH;
CH,
CHe= wizihle
light
L
—— CHs= = . Meuronal
paint of oxidation of signal
cleavage :':;:::lﬂ;ﬂ 11 to hrain
CH-= ES iz
C Hu§
Pe R ~L
CH, o = 2 5 (o
Witamin A 1l-cisHeatinal all-trans_Fetinal
{retinol) iwvismal pignents g
CH-= ihy (e ()

CH

S -Carotene

fa)
Retinol Js—si ) ons—<i (b). B-Carotene o< — Lo alee &3 (a) :(9-21) Jell

)

. Retinoic acid &— 33,0 Gaala (d) 11-cis Retinal J—o) — e — 11 (c
.all-trans Retinal Juo ) —.d) 5 (e)

tdaall clial)

PVl Gy gl ol o a g dalall glual) e a0 A Gulid gl gl pea jabas o -1
2ol gug Sl g gl g culall 8@l el 8 aSig Carotenold pigments 4y sis g S
Retinol Jg ) J& e dul gall palad) o



4 Epithelial tissue i jledal daul) Adin o bl Leie dege aillagsae (pualidll
djq:.ud._p_:ﬁ ~_1\J!._'\. .ﬁ_t_;_ I__|'| us.q.l";']_'l.l-__gﬁ]_‘\._gﬁ_)ﬂd.ﬂ:

21 Rhodopsin (e sag ) 4 suall dasall 456l s0le

—2

| 4.1 1L£_LI.I d,_-...uu'ﬁ'l q;m. d_u_'l:

|]_u__’}_|,ﬁ1w'|]_1jj_”$)jAﬁ]ﬂ—%

Moo ow 1 o . T . Pl . LT i , .
Jb ol e Opsin Saal ox 23 O e dad e mile gl s g g e Bl gb

trans gadl B A 11 adsall B Cis g 50 o JUi ) Jagad o8 Gaall ) 206] & gl Jad

L1
1

‘_c,—'l' d._‘a_g...a._“ -n‘-._"u....d‘]."'l ;_:!'l_p...__; '_1._3 ;_g...:l..' i._d:lﬂ_n..u _J_-_u ='l_..15.1.....|...-...| -d._'._g...'a..u 'I__J._-u.. I‘_Jlj 1l

Pk

O e—Sh u Legw 1_5_*, A ug_ﬁm.q_'l _J! o F_j"' ALY "'IﬁT '.“.J . 9-4_-"” dalec .,‘1 ﬁ P 8 ._:!-'-ll”—‘}'] oy A e\l

a2

h';.ua.- ~._1_'|.1.'| h“ﬁj n._]._1}| RET E',_-, v """I'I 'E!J_g."ljul I:1----1_9 Al Al

Laa sl e L

LS A _j“;nu'ng-li:'-ll O S Aa I,:.'._L.-uhl f! cdaclia n‘._'::II..El_g ﬂ’m_"_g _J.u_}.l I::.._‘n.'ill |_1:‘J._~.._9 ?]_Elaj.l n‘._'l:II..E_g ﬁ _:!.-»..'u

T

. . |
Sl 2 Ll

S jlln g A ol sadll 5 Ay gaall Clleall 8 909 Lewy oS g LAY Hluasl dolee 8

<2 3252 sl s Mucous Lalaall a6 o€l dobala ol <l jaas g Sl oS 8 adsan P e o lid)

A s jla ol gell g by g Sl 3—."*59”3 LSl e Adeall aaanis all g dsbadl dacsadl il sl

HHF.IP}AJ_.M_S&'IME

‘:-'e. =L1.L|._"u.u.|7| ol 14.!:._9.1 1|_|| a8 =y ,u.u:...l'l

b JS L Bls s Cornea 40 8l dsaal 4 5 pa

'.'|]'_~.|",
cJ:-I.‘LQ_Lu.'a

._‘\.11_5

—0



arc _—i=3) Night blindness _Llll gdall rlgie dmndall je CWlall e el i ailans —9
b e sy adall 2l Ghaal s o(iladl e sl s Al 2 L1 e Claddl AL
t_i..'i:._gé_zé_uu' '."m&‘__pl:-_;‘....a..-ﬂ._l_g.'..:;ll -._n_'.llj_*..ll Jkﬁmuﬂu@uluﬂnﬁumﬂ.j

i_aba ol da ) ar—tass  (sa% 28 analy ) Ll a_.u_u 38 alh Cuee Xerophthalmia (eel)

=Tl

E-'.;ha_".' b s S el H_I,,_;ha..._.*'. Jeall Je amaly (ol el e s Anorexia dogid P ale e

Hyperlipidemia 4 5 saall duus 50l ) ae 2l adims Cuaad 2l 8 DUNREORIVS I PUI g

¥
) 1|

, Mt - .o . SRR ST TR T
= =] {;::.. .li_lll -d..'l.n 1 & 2 ) ':i - | .JFH ‘Lh":lé'j P] ERII s :_"“_J A=y f:] 1l ;ﬁj

al Calia Jeasy alall 8 Hypercalcemia

E (=l

FUAPS AN

O35 3l 5 Phytol Jsuldll S je e d8iall 2 sl ClS pul e de sene B aalid Jiwy —1
denhall 3 lgie 22 & Tocopherols <Y g 58 S sl LS jall 538 oXig Sleg ST 45la (e Lol
sl s oslia gL ays Ll gl LSy g a5 (Epimers < yuend ) JISil 8 sas
Je<a Ja o I a0 JIKEY o<y 8-Methyl tocotrienol  Jsu 568 ol Jie =8
i e 055 A At o ) JSEY) e (Ry) el 038D Alud L iias Tocol
(9-2 Jsaall 3 9-22 J<ill) Tocotrienol Jsul ysS 50




.Tocotrienol Jsi 5355 Tocopherol Jj s &l :(9-22) <l

) Al g Jg e e i) il ey 1(9-2)J sl

Tocotrienol

Trivial Name Chemical Name Ry Ry
o-Tocopherol/Tocotrienol 5.7.8-Trimethyltocopherol/tocotrienol CH; CHs
B-Tocopherol/Tocotrienol 5.8-Dimethyltocopherol/tocotrienol CH; H
y-Tocopherol/Tocotrienol 7.8-Dimethyltocopherol/tocotrienol H CH;
d-Tocopherol/Tocotrienol 8-Methyltocopherol/tocotrienol H H




a4 e 3(9-23 JL&l) Js b S —a b Aatl g s iy JIRAYI o2 PR Egrs

55 35 @ D Ljaldin sl Al s a3 s 3 Jsps8s -0 - DL
a8

CH,
HO ?Ha jHa _j‘Hﬂ
]g\ﬂ:{'l{2---4L'Hﬂ—4L!Hﬂ—tfH—-L!HJ—-L!H.‘,_—L‘.H._e 'H—CH,—CH,—CH.—CH—CH,
CH, 0~ "CHj
CHs

g sS g5 — 1 :(9-23)Jeid

bl s s sadls Suadl g aslls paulls Ol g padll 45 SO E Gudis e -]
bl e & Ve N sk e g 2ad) el Gyl e il aliaid 22

Adia ) 2aa ) Ji bae & e Chylomicron s Sde i<

sad sl J Y5 Lsaand bl sz 5 ) gl Jlu JS6 e ¥ 58Sl o585 4
Antioxidants 52,5 Laile ae 13g s 2080 o ST Al s jall o 2 gl



tlgia daga il g fas K oualis &g, -5
IPEN N A\ P PR SN R dnieV) dlea o Jesy :.j Antioxidants sx.sS] ale Yl —i
phat I S (Chylomicron, LDL., HDL. IDL. VLDL a2l & <2badll) dassall <lid gl

'3

E el 2w ] e 2 ru_._;:ﬂ._ﬁ'l ;'._m_grl.::_).q.m_i&:'l H}agl\ﬁu}h‘_v BAuuS gy daiy

. n - - . R T " =1 . T . - 1 'r. 1
Ospadl s S pm )yt aie (el JS 2T G Js S s —lall JRA dals )

a—ies ledlad TElLg da oo 3ol peal o) Bl oy eaall Jelinl Al < Lipid peroxidation
r;.huad;é_u;h‘)ﬂ-_l_ﬁ 'Ill.ﬁ_lj:-_iju’:_udsl_'l‘_‘l_}uﬂ:-
e o S gl )l288 Cgas e N";“;ﬁ'_]_g I: bedl 920 Je&ll o ) 3auS] Laile ol g —

‘i e Dad JRl)) (L jlas alaatio 3aus] 33yl e z5lll) Hemolysis jeall ool il <

dpi 2l Jhe Premature infants saill J1iSe e s0¥ 6l s Jla®] 4022 V) (3 3 ade

coned) g A sl luiadll g A genll A )

¥ it doacl — 0O
..‘15.3 W 5 'la'_g e i 3 . _TI
coa Al 3aneS gy dalems geadl L2l Gl S (3 30 Aais Hemolytic anemia _llasll Lol e —o

cmYladl Gans 8 adell o
a0 Jal¥i g Premature seill | las. e Jalayi st el Al Edema clawany) —a
JKwashiorkor S 5suil &SI o e

Neuromuscular daliasl dovaal LAl & ol jlaial — a



D i
Sl S ye m pwt Jedo 4ns oS8 W 2l Solar vitamin el Cpeltaa, Lﬂ_u_'l e=u D ealnag
ol e Aedld) Agacedndl (B gl A= s e

tdalall Sleal)

Celid Leaal LS o 11 sas aoae alu <V 5 i o 5 be LS 3l e e sene D aelid (i1
s ta = 555 s3ll) BErgosterol Js e sS 3¥ e oS 3l g Calciferol Js s disi & Do
Jsmine WS Js SU a0 5l D3 Gaal 55 ¢ dume 80l (35 8 2 a5 dm jat & 5SS
a5 Jo e deSl e i LI 8 gaall Jg ptudl et e S 3l g Cholecalciferol
(924 Jsil) daaandl (3s8 4ai 7- Dehydrocholesterol  Js el oS 5 e —7

H.C H.C

HO 3 =75 %77 —
2 steps (i alan) 1 stop in the Liver
T-Dehydrocholesteral a 1 stop in the kidney

HO HO 1°0H

Cholecaleifercl {vitamin Dg) 1,26-Dihydroxyeholecaleiferal
i1 26-dihydroxyvitamin Dy}

' 7- Dehydrocholesterol (s fecd 3 5 o —7 Jsad oo las 1(9-24) Jail)
.1,25- Dihydroxycholecalciferol J s -iudls Jssll s g jaus fw —-25:1



coanll jlhiag sl njll g Gigall cuy A NSy D Gaalnd -2

i s o5 ae 3 sl L)) JE 5 e 45830 slaad) 3ok oo Aad) sl ge D Gaalis Gaie; —3

Jsban IS Jo S S50 =25 oS je I sl 8 Jeann aeliadll dalall e 5 daladl gl
= 25 1T ) e Jeanad Sl 0 ey Sl .9 25-Dihydroxycholcalciferol
i gyl B dsa &l s e yer ds o a e Sl 8 aness s oA JooandlS JeS uS s e
48 oS5 jaas (531l 3 Parathyroid

seails g das Al D oualid —4

&
1

JMII_Q I',a_g“;u_lhi.}nl u.a'_haln‘}:' '._1 )5 e d=a .‘lll (u.._*u_ll 3 r}_g.l.uu]ill \:..:- .Llﬂ];._l d..'L'.I.a_g |,:a-l:-l -1
—_._‘1 ~_1_<._'_;|.n"' I‘rl:-u_us.. _‘]3:._1 ‘.‘l.' 4_13).1..' l-_g._g.u_g.n_‘,_g.-b ___)_‘]ﬂ.,;_pq...u.']_lll L;.a-ﬂ:-.‘ll‘_"l:ﬁ-
el =yl i — I,:._gl._'l.n...l_.illj..lhl ralbeall 3.‘]11_} _FTL:: .‘_j..u_1 5_) g 1as o _E_g_)ﬂ;..u.".'.i J_g‘_: E...ns._g__)‘__ph \;ﬂ_'.:l

oS Jalall 559 jall 52650 330 5 (32 3 (e 480

oo—adsal oy Al sl g Alkaline ph05p11:-1t:-1se Eg;._:L'rL" Fls.mjsil as 3 jeean 8 yen 4l —
.(:._'L“ \:".‘l 4.1:& 5 ya &L'.iu_gﬂ'l l-_).d]_ud:'l.nnll '.':.‘ﬂ.:-"l ‘FTI.C'_- 4_"'.5_"1 _);12._1 ‘r“' 2 yed —— =
) '.:"_ITSHI l__-IT'*--. . _}u ' :}rnl A | :}” i ' A | '.:.|_‘].l:-‘| .ﬁ __,]_9—-" -ﬂ._l'r —

=L.—=s) Ostemalacia s—Ja=ll 52 1o 3 ¢ Rickets sl ia e dolal) o ) AT Auall —5

L

-

Aaln 5y s andlS) e eS  Aalas 58 Ul sad eldl) 48 s 33l 5 (L)
e iy aldaall AalasS sl ) bl g Hypercalcemia aall 8 o sandiST sal ) 0l g2kt 4a5au =6
n._-Jw‘.-]l' _J.A.::..I_Ihl_g .-_,rl_nn.a-'._'im'"l H t:_:;..;uu'ﬂill "_'I;h.u_ﬂ]_‘ ._E_:;.u..a:u. = Tlad '..5_"1|_9_'1§_9 .._J-‘-‘-‘ﬁll u:h E :;_gﬁu.q.."li}'l

Hypertension aall Jasca 500 55 40 el dae gl alin 50l



adli Sl o e (AulI¥l) Koagulatiou vitamin pasll cpebie I das Ko Gaelid daein Cela

NVitamin K e 4080 31 duisg s ya Jg¥

raalall cliall

-,

—a g JIE 3 A80S ASe o lesd aa o Al Quinines lbien S I K palid de gesa 2exd —1

s—= 3) Phytomenodione () sla i guisll 4 Phylloquinone (s eS slblsls  cavs Ky adlo

—3 2 5l 5« =) Menaquinone L=y d ety Ko aalid g (sl S e gell JSEN
Ki el ad 4 lled Cana ailled 40al 53l Menadione () salinedl K3 el g (ddaalall e Lo

.(9—25 .-1J5-uu“'|::l K- s

CH, CH, CH, CH,

1
- CH—CH-— —CHs—+I|CH—CH . —CH—CH, |.—CH-—CH ,—CH—CH;
| [

(8]
K el :(9-25) Jei

e a1 @ {_j.u:"-_linll_y ,—jg,L.;J'_—g :._'.I_u..a.'ili 4a5) all _)...a:uTII ,;_é'___;_;}ihl alA agkj_)...as_".l é B s K Cprallind e gy —2

coanll o calall L8 A0 claeS g 2l g Adaladall 8 Lial

" e o€l Jinie g o) eaall & AIAN aliealnall 8l TS daaaall o old aelid ey —
B O oSale JLSTL JEia g o eaall 8 AGIAN cliaelnagll 8l (JheS daanl) o gell ae K oelid yatiey —3



chills g Sas Al K opalid —4

PHFHJQMuldwE:@MlJLJPJﬂFm “éq_u.._ﬁ‘}d.ﬂ_-._"a._gd._:—f.

n_;
‘:.:'j i 1":'“

e an lanig o e 3ol & jhanll Jul e o (X . IX L VIL II) a5 jaash

COE i gam o J—=al 4 T.sll i< M s -';| L&L_g;q -_rﬁ -\ill_)—‘-\-:-l— K Ol g Inactive al.a

|_€_",_1_9:._-,_9 Caladh g J_.'l_.'ll alg s Al an '—"-'”1 gl el _; :ﬁ_-._-._-:'.:._-"l :’\_:._g.na:-_cél _:.';l Cﬂrb@x}"lﬂrion

25l 4] Lol Ll o el dIST ae ey Lazd 2any (g2l olials IS amdla S e Hls —lals 0
(9—26 Jsai)
T:)-C)C—(ISI—I — SO
G
HIN —CcH —CI' — >
Carboxyvalutamate resicdlue
mnor- O
enZymic
(_I‘:Hz— OO O ‘g'cle — OO
T qhe
HMN— GH — & — HM— GH — G —
| | “ MWITARMINN K | | =
Glutamate residue EPOXIDASE Gilutamate carlanion
OH b
~ o [ o
OH L]
Witarmin K hwdroguimnorne “Witarmimn K epoxide

1_1_;_'._1353_1_11_;-1 ‘; d._l_"u..uﬂf_-l_:'l '.':-__)."i.....l."i.l'r'l 4;-'..4:: _‘;‘:' g4 K _J;nh.l.ij —
.e'_El;J.'I ﬁjﬁ&j&ﬁdj@i@ﬁg@léﬂwlghﬁJ_g:ldl_-'_;.

o) S Auaii —5

=

=

.Hemorrhage disease (il 30 o 3e) o 33l o gam g a2l as glay —|

-Hemolytic anemia _Uasll a0l j88 U (sape 52W oIl Jusa Lia sead g 453l —6



gl palu dnala

Adball slaasl) 13ala Afpdail) o glal) 43l
AANAY + Aa ) Aidatl) pluast) aud

35« »—L1pIdS Osa Al

LIPIDS

Water
(hydrophilic) L§ . 013 3 ‘
Lipid | | = S0 o)
bilayer Nonpolar tails
(hydrophobic)
() Polar head

(hydrophilic)

Water



Ced Al
Q) o 2o
w‘ n.Lb:_‘\_n.“ Sj el P a | :"ijl N Jm H1 Eu;il_ﬂnl'i ;1_}4:_:5.“ LIJJA e '_UA_‘J‘

-

ass—bgyolllg il Y (e 4 gaadl Non-polar dakdll cilydal & <53 Polar solvents
Dsbedll o lpaa s tals o SVl g sl s D S alie e ST L gl s

o g il g

Ol il g
JCE e Ag Al @ jus g S M8 e Ledadtad 2 Y A8 o AS Aadl) G Geaall A5 -]
el JA10 g e Adle A8 Heaall axisanall 3 e SO
el 5 sl (3595 LAY e paadl 3 A glAd o joall A8 )l &) ol el aas -2
NSt BRI PPENGIEN
L oS gllall g o gun g Sl 6 31 IS AR AnBaY A 5 Auuld e el =3
J Ll o il Lipoproteins dsall clisi ) o &l clisig o) aa gl aam —4




5SS a i D e Ll Lol a1l BY) e clladia gaall gl ey 23 =5
)z la e s Monooxygenase ennSd e Glucose 6-phosphatase e ¢ —6
Nedaninl (du siu sill 5 sad) 2al) Phosphatidylcholine ;&S (il g 68

L lal A e ARk o A e s el LA Vle Lias peall Jest =6
T e e g

D s LU 368 Y e Lgta sy 59l Jants Adle Ay Al A (S 5 3 o) Jan =7
aacYl e sl e

o) il ymleal s i ga ) el § lisalidll aedd Precursors &g <lS ja lebin s o saall Jasi -8

Clarall e eliae) sl & 5obus 23 Ay Ak g <) Je A1) sl oliael Jaas =9

A Al
5S A aal ml w1 5300 ) Essential fatty acids dualuY) duaall alea¥l avall 255 -10
e b 53 bl Y1 imala oy 4ka oSay s i e 53 GGl pmala ie il & gl
Cldalall Al e d S 3 s 13 s Fibrin (o a8l Jlas (e g aal) pans 8
o R et el Al ey & Thrombus
ol el o elld g Al el oy GlNS g At litind e 3 el2a]) 3 eaall aal g -1
cemng) el DA e jelialall g angd



! | S Bycliugl Db Jeugd gl CL’M Sldu gl ot J g il Jadilius @ 2xy =12
AMP Ui 5 A 438 Ju U3 sl Second messengers Sl Y su ) Laa g J gyl
25l s} GMP 5 il
g nad padal QA Jo e 5 S ) L Al e A sl ella <13
gyl e Jlty ladie g (xidl Jg 0l ) HDL 3245 e Jany g3 Omega fatty acid
)




Classification of lipids Oedall Casial
DY ale JSdn Gysaal) Caiead
Simple lipids ddasnll 5 eanll —]
Conjugated lipids (42_g8all) 4. ;a5 sanl —11
Derived lipids dasiiall - eanll —I11
t Jadil g Adaacaal) o) eanall —1
Neutral lipids  aal=iall o easll —)
Waxes ol —co
: Jasdili g (A5 _A8al) Aus yal) o eaal —IX
Phospholipids 3 il oy eaat) —§
.Phosphatidic acid <lLaglen ¢8ll ymala —1
- Phosphatidyl choline ) sS (hals sées 68 lenle 3l o Lecithins <lafa il —2
e Jei ) (Danld e el S e I 5) Cephalins <llléu. W —3

(Phosphatidyl serine gz e Laslés sé s Phosphatidyl ethanolamine
-Phosphatidyl inositol J ¢iw. ¢l Ladlan o8 —4
-(Sphingomyelin _=lle <320 (Fa) Sphingolipids (<awd S8l all) daniel N & sanll —5
-Plasmalogen _na ol 520 —6
-.Cardiolipinins <=l g IS =7
-Phosphatidyl glycerol Js s (Loanlas ol —8
Glycolipids 4u_ sl o eaall —
.Cerebrosides bl g gyl —1
-Gangliosides xla glsslsl —2
-Sulfolipids 4auis s oy eaal) —a
. Lipoproteins doiaall il g yull —a



AU ) 1ol dviaal) el g ) Caias

.Chylomicrones <l ¢ )Sula ol<I) —]

Very low density lipoproteins VLDL lax 438ES) 43k} g 4anll lisi g pll =2

Intermediate density lipoproteins (IDL) 435Sl dlan i a0l lisi il =3

Low density lipoproteins (LDL) 436l &2kl g dia0nll syl —4

High density lipoproteins (HDL) 435sl 4dle 4uaall Slisg yl =5
Derived lipids a&idal) o gaal —I11

(Arsiie e 5 daniia) Aad alaal -]

Steroid &g i =2

Sterols &Y ¢ s =3

Fatty aldehyde 4xa. il =4

.Keton bodies &S a al =5

Terpens <l gl —6



PO Lilial (e Ciia JS o8 e g b L L B
Aapel) o 9a ) -1
Pl s e e Al J el aa dian mleal Esters < i o4
Neutral lipids &alial 5 ganll
Waxes Claxadll —
Glycerol Js sdSll s S8 JeaS aa dgiaall (mlaadl o) fi) fe sST 0 Aalaial) ¢ gaall -
Agaall (mleall axe I 1ol iy S o3e andn g LGlycerides <l pdSl o Lo iy
Si—¥) Asalal JymulS _aud ¢) Monoglycerides dualal <y judS ) Jg pdSIL dliaial)
J—) Al J g ppnlS a5 ) Diglycerides 45 <y .S s ( Monoacyl glycerol
Si—¥) A DIE J g ppntS a3 o)) Triglycerides 45 <y 1S o ( Diacyl glycerol
(7-14s&d) ( Triacyl glycerol

0 0 0
R—C—O0—CH,

C—O—CH>
""""""" H O : 0 :
HO—|C—H HO=C+=H R'—C—O=Cs=H R'—C—O= C+H
- H I =
HO—CH, HO—CH, HO—CH> R"—C—O0—CHs
Glycerol Monoacylglycerol Diacylglycerol Triacylglycerol = Fat

Jsmals g Monoacyl glycerol Jowd) dgaa) J S s Glycerol Js_slst) (7-1) s
.(Fat asaddl) Triacyl glycerol Jeud) DG J g muls 9 Diacyl glycerol Juwd) duls



J g edSIL ?_mq.'ﬂ Caalall e e Sl s K5 e )| L‘.‘ ilanie Sl IS sha 6K Mg
Cre il e 08 adi i Lanie Lede J\ilag Simple glycerides 4ol Sy pdlL Lle (3l 3
ki) 1Y Wl (Tristearin cp_lindl D0 awsla Zud Jg Sl Stearic acid <l Lol aals
d_aba ) ol el ISIL e 4_95_111 el V) e Al & 3 —a sl J g e 1S
Palmitic acid &l _fadlll jmal s o o 40 5 Jad i ledie Sl e JBa ¢ Mixed glycerides
O A8 el a5 o2 By e IS cpe Sl el Ll B iaala e G G
[3 Palmityl o- o - distearin <L Lol A5 & —el eladl —By _ews ¢ Palmitodistearin
O Slgaalsg e Jdo saan Ve hbiadl ¢ ol e & daphll 252 s sall A oy sl
Al A Y La N g Sl V) s A 85 e AEDEN iy yuldS) g LAl 5
ol g QN (B clzme ) J s s Subcutaneous Aall <t g Adipose tissues
Ll 685 g Aabariall o) gaally Cuvans 1319 300 5eS Aiand Ll DN eyl 35 50 )
ol ¥ dands o agn yeanll A g A0a g (Adall 3 ) ja da a8 Alile ¢ Adbia 3o
.J:..*JJ 4 Sall 4l

1A g5 Oleic acid <l g¥) mada Jia dapie e Apas Laleal 5san 4l g ) alaea )

~r\".“l 3._.*13_:‘_35.3‘ &134“_)&..4]5.11 1I_4.~j (3_1“_914 z-;_\_JJ 25) z-.’i_)."l_“ 3J1‘):.. 2-;_\__)3 \H 4. Lﬁ‘}l‘l ol \_’J}SZ

S i an FAlaad J Alia 56 elnalld) ada Fa dandie A (aleal e 5 aas
EERHL



Sl B e e L aabig Lipase JudU a3 Aalu g Ly 1) AS0E) il judsl) Jlas
Sy Jg Sy Jadl jadall ol s e aaid Lol Jlas i Jg S dias alasl
: oy Je L @ £33 LS Saponification 4% gualls 4.lasl

O
CH; —D—ll’_lf —C7Has
O CH;OH 0
CH—D—(QT—CHH% + 3NaOH —— IleHCI'H + 3CHH3;{|:|?—D'N3+
O Cl‘.HEDH
ETHE—D—!T—CHHH
Tristearn (lyceral Sodium stearate

la soap)



Waxes g seddl — <
dalall ubﬁa\sﬁgubduﬁd\‘)jl L‘iu“jsas&nuj-muilulﬁ\ aJLl.C'-a}a.u.“

,Jl k() JLM}.JEEJJ_G_"IM‘ Jq_g.a ‘Qﬁta\i'n.ﬁnlb.ﬂmb U—‘-w‘u-‘h.)ﬁs-'-‘"—“
(J—ul C“‘:" | i,V Sl sa g) Triacontanoyl palmitate aslally J gl | S
(72 Jsdd)
T
CH3': CHE 314—C—O_CH2_':CH3 J?ﬂ._CHS
AN
Palmitic acid 1-Triacontanol

CAOLIL P aads 1(7—2) s



Glycerophospholipid .

(general structure)

Complex (Conjugated) lipids (4 siall) 38aal) ¢y gasll —IT
tJadli g diad e 5A) e s Y S e Aiad mleal & ) e sl sda G ST
Phospholipids 5 jawiall 5 saall —i
el Ll & Al aleal) e Zia Jae ol ghu gl Gaela L had < i) (e oS
(7-3 Jdl) Faal ong o) S fg AnieY) (S 3 3 Jan g L A g i

O

P A AAAAAA
0

oL A AATVAANS
O
|

*CHy—0—P—0— X

O~  Head-group
substituent

5l gl alad) JSil 1(7-3) e

Saturated fatty acid
(e.g., palmitic acid)

Unsaturated fatty acid
(e.g., oleic acid)



t 8 jhudal) Geaal (el (i Al e g
Gl oyghugd ymalag Jg S fpa iadall 13 o <4 Phosphatidic acid éhadli gdl (s —1
prdia e AV Landia Laasal 56K Lasale g duaall Gmlaa) e i g
S e sa g Phosphatidyl choline e (Lanlew ¢d Lole 3l ¢ : Lecithins <l —2
A as aleal s ol psho il Gmalas o alS Ge 5sShs o snl) Aand 31385 skl G sanl
O al B age 03 kudall Geadl e g sl 13gdg Choline ol sSI & Asis g i sacld g
Ao o dl iia 8 aags eandl Sleall LS je aal sas avall S 5 B s a0 2Kl S
Laddle

-

o Jeli) Jasle g il € ye ) Als S e de sena 25 : Cephalins il -3
clfindll e abian g Phosphatidyl serine (p e Jafles ¢ ¢ Phosphatidyl ethanolamine
e S pall a3a ST L a s g sl g YD A gl Ll V) Jasl B ol M Ll e 4
i3 ge Sl e A e o Cpdd Sl g Aias paleal g el b @l Gmala g Jg S



A 3y adra B eaddl e gl 5:1“21 224 2a ¢ : Phosphatidyl inositol Jgisvwsd) Jadliusé —4
oaall 13g] maall e 3V Jail o Ldaall g A lenl) AV ) i g 5SSy g Al gl

o S el sia e A BN e : Sphingolipids (<)asd sidud)) daddul) Geadll -5

Sphingosine (wsSide W & 4 g jiisacld e 55 ) Sphingomyelin (plile S3d)

e Slia doalg Jad mala g Aandie pe A Sgsam Allu (3 ud JeaS e 5 le a )

elland) f dladlll mela o das 5 o) oS ) Aeciiad) Asaal) (alaa¥lg (@l gho ol adla
L ) mala Liad das 5 o (S Aapdidd) e Ageall mlaal) W (74 JSd)

Sphingosine
HO—CH—CH=CH—(CH,);,—CH,4 Fattv acid
0
Sphingolipid | [
(general *0CH—N—C
structure) | \/\AW/\/W\/\/\
H
CH,—0—X

i) ¢ gaall alall JSEY 1(7-4) s



Glycolipids 4 sw) oyeaal —o

G i vl pmda o g@at ¥ g das Galeal s G oua s S o s gt SlS je A
tlgle aLiay)
J eSSl Hisale oaa S e ggiad s a g Cerebrosides abug g ad) —1
o el Sl Aiadl) mlaal) alheas cpeSidag e a3 3 Auas paleal s S )
¢l a2l md s ¢ Behenic acid <ligdl el s d Lignoceric acid < g0 gadls
okl g pmlsll g 2l g S laall 2 waall Jlead) B LS jall o3a 2a g (726 JSl))

O
ty acid un

A Sugar unit

R “NH H

\
H3yC(H:C) 12 P C ) ~ glucose
L 1 Or

llf/ H H; palactose

Cerebroside

{a glycolipid)
el g g el 1(7—6) S5



A amalas (%:.Lc. SESYIEN) S o g S s a3 Hsan oa s Gangliosides Al gul<ilsl) —2
Alg g pme Mdnalia o eS¢ S eSiaudl g Neuraminic acid <lial el aala o ALl (Lgh
CRTCNEI | g S - B . el dfiay g . jaal) adl Sl S g dnaall daay) 2 a3 (7-2 Jsaal)

el deag lacla _p.L...;i)”ﬁ...n_L 47‘1.\.*.”5 S e RSt SlllfOlipidS ‘ag.l:\,é_):'ﬁ!' Qﬁ-\:"' T —
Cerebronic acid €lig g madl ag 5ESYL Sllg S I e L;aj S Eaig <l <)
(7T JsA)

VARV VAN

6-Sulfo-6-deoxy-a-D-glucopyranosyldiacylglycerol
(a sulfolipid)

Sulfolipid 4ty ¢y gaal) :(7-7)Jsi



Lipoproteins 4siaal)l cilis gl —a

ClaSxall o2 a o2 59 A BU Gl a8 5 A el )b Clataa S e aall & Geanll Jo Oy
O5SEg oA Jadl xa) ) Pseudo micelles 438 <diae JSE e 5688l g danll clis o 5L
IS aelaall 228 (5 T ¢ all Jo st oS0 3 ptudall el o SliSs sl o2g] Adatiiiall aalall
Lglala 8 dgaall clisigpnll ol (g giad fpa & (mlawdl Je aal gl (Polar) haiiwall & 5all many
$—atg LS (79 Jsdt)el ol 3 oL o2 ALEN jie J gyt oSI <l jiud g ol S D5 e
-Apoprotein (g sl G5g ) Gfis ¥ sen SSs n e o dnaal @il

I Unesterified cholestero!
! Phospholipid
Cholesteryl ester

| Apoprotein B-100
(LDL)38GSY ¢ o) g aal o gl :(7—9)Jsdd)



5o—agll A8 Aot LIKE dhde el oAl ddlide Clial U duiaal) cnlin gyl G

letnatl Ultracentrifuge de i 36 538 5all 3kl Slea aladin) o Electrophoresis 4 <l
% ¢ I
DR Cilial) 032 g (710 Jsddl)eanll g lisig pll o lal gina g LB ]l REW

(e il 500-180 o sl i la k) iy sl ,S) a9 :Chylomicrones <y Sila gLt —1
magd dlac 22 Exogenous awadl z A la jaas I (%99-80) o) sl 255 e 4 4l
Jax g ) e lan AL A e g aat gb ellyg (Pan/at 0.94 e ) ddES 8 el
) Y el e g il oS ¢ AN iy S J8 e

—= s :Very low density lipoproteins (VLDL) laa A 8Ly A} o Auaal cilis g, -2
e 3aS b€ o Yl IS A iy 5l e o giatg aaall dlaw gie <l e
Ol w2 sl 3 S5 Endogenous Jals b jaas s %080-60 ead AEDEN Sy juul)
DLd e a8 LS Claa (S 5 daall daai¥il g LAY L1 o aall i 20
1Y) dlaleal) Glodnd

Triglyceride
VLDL-Cholesterol = 5 mg / dl

.‘{ﬁ‘"ﬁ -._'.1.‘1._).\.\.-4]5.1'! _)JS_).JM‘.\}QUAAAH "VLDL _)ﬁ}djﬁmea)ﬂ c:_"l}_g.u‘l



o2 - <t :Intermediate density lipoproteins (IDL) 43Ul ddaw gia Axiaal) clisig ) —3
Aill g caall ooesdl Y (VLDL) o &3ES) ol g aadl sl ool ja Jead o L8 <ls
cagaloal 8 lan ALE S ellia 613 el alSEY)

A_ue ol g o Low density lipoproteins :(LDL) 43Ust 4k g dxiaal) <l gl —4
ot e a sl Jooriad o< B Ly 8 e Ll I s 4ka %050-45 Ly 8 5 gin3 3 J g il S
Sl poe MKW B8 oy an o hell AN L el 1h o A3EKH dlaus e Adanll Slang pll e AT g cpall
Ad Aol oY) s B e T L éi Atherosclerosis sl pill ol ool ydl ) ekais oy oS3 =
DAY Aalaal) Modiid DA e Jeaadl 2 LDL dad claa Sy

LDL-Cholesterol = Total Cholesterol — (HDL-Cholesterol + VLDL- Cholesterol)

Total Cholesterol = LDL.-Cholesterol + HDL-Cholesterol + VLDL-Cholesterol

DA iy e IV L B4 e 8 U gages LDL VLDL « IDL 4g8s 5 (50
FROES N1 sl 3 aall (LA & eSiall Jg il Sl g



i il —+ High density lipoproteins (HDL) ALK Aglle A clisg ) -5
Do ilSie S o gty o e Alle A o L gialy RS YT Al i
g 38 b o eSg o BByl D6 e lal fna (85 g 0 55 )
Aad) iy ) e g Jallg Lo gl 3 0l Y AV g LAY e el g g fisd
ol s s Bl I Al e 0
o s HDL 38 5 o dsnse @le g ) il jal g 206 LDL 38 5 o &0k Ao ollia
:Atherogenic index 3 ¢adll Llxy o HDL J LDL (o dsdl o ¢ .2l
LDL

Atherogenic index =
HDL

L 5 e duudd ) 13 LA ) ) Grgn are g el ) e et A ol
3y 1) 3 e Al 1Y W Al e Aladl g ( LDL 3345 ) ) Giapd iga sl jige
wﬁl\ﬂ ﬁjd.b_)n.“ Ljne_mc.;\;)&pﬂhﬁaa(HDL



&) _palu daala

dgbal) pliat) sBala 4iadail) a glal) 48
JENE 5 s jall Adpdail) eloasSl) and

o Lipids o5

, LIPIDS

Water
C OO0 ) — Polar head )
(hydrophilic) Aiaa L§ . O& 3 ‘
Lipid | | = 9L o)
bilayer Nonpolar tails

(hydrophobic)

(hydrophilic)

Water



Glycolipids 4 sw) oyeaal —o

G i vl pmda o g@at ¥ g das Galeal s G oua s S o s gt SlS je A
tlgle aLiay)
J eSSl Hisale oaa S e ggiad s a g Cerebrosides abug g ad) —1
o el Sl Aiadl) mlaal) alheas cpeSidag e a3 3 Auas paleal s S )
¢l a2l md s ¢ Behenic acid <ligdl el s d Lignoceric acid < g0 gadls
okl g pmlsll g 2l g S laall 2 waall Jlead) B LS jall o3a 2a g (726 JSl))

O
ty acid un

A Sugar unit

R “NH H

\
H3yC(H:C) 12 P C ) ~ glucose
L 1 Or

llf/ H H; palactose

Cerebroside

{a glycolipid)
el g g el 1(7—6) S5



A amalas (%:.Lc. SESYIEN) S o g S s a3 Hsan oa s Gangliosides Al gul<ilsl) —2
Alg g pme Mdnalia o eS¢ S eSiaudl g Neuraminic acid <lial el aala o ALl (Lgh
CRTCNEI | g S - B . el dfiay g . jaal) adl Sl S g dnaall daay) 2 a3 (7-2 Jsaal)

el deag lacla _p.L...;i)”ﬁ...n_L 47‘1.\.*.”5 S e RSt SlllfOlipidS ‘ag.l:\,é_):'ﬁ!' Qﬁ-\:"' T —
Cerebronic acid €lig g madl ag 5ESYL Sllg S I e L;aj S Eaig <l <)
(7T JsA)

VARV VAN

6-Sulfo-6-deoxy-a-D-glucopyranosyldiacylglycerol
(a sulfolipid)

Sulfolipid 4ty ¢y gaal) :(7-7)Jsi



HO OH OH o OH  Sphingosine
HOOG OH o g
g 0 0 CH z
T O&NHO NNy,
) MR CHy | 3
0 U
:& ! 4 0 Fatty acid 18:0

NeuAc Gal Gle



Lipoproteins 4siaal)l cilis gl —a

ClaSxall o2 a o2 59 A BU Gl a8 5 A el )b Clataa S e aall & Geanll Jo Oy
O5SEg oA Jadl xa) ) Pseudo micelles 438 <diae JSE e 5688l g danll clis o 5L
IS aelaall 228 (5 T ¢ all Jo st oS0 3 ptudall el o SliSs sl o2g] Adatiiiall aalall
Lglala 8 dgaall clisigpnll ol (g giad fpa & (mlawdl Je aal gl (Polar) haiiwall & 5all many
$—atg LS (79 Jsdt)el ol 3 oL o2 ALEN jie J gyt oSI <l jiud g ol S D5 e
-Apoprotein (g sl G5g ) Gfis ¥ sen SSs n e o dnaal @il

I Unesterified cholestero!
! Phospholipid
Cholesteryl ester

| Apoprotein B-100
(LDL)38GSY ¢ o) g aal o gl :(7—9)Jsdd)



5o—agll A8 Aot LIKE dhde el oAl ddlide Clial U duiaal) cnlin gyl G

letnatl Ultracentrifuge de i 36 538 5all 3kl Slea aladin) o Electrophoresis 4 <l
% ¢ I
DR Cilial) 032 g (710 Jsddl)eanll g lisig pll o lal gina g LB ]l REW

(e il 500-180 o sl i la k) iy sl ,S) a9 :Chylomicrones <y Sila gLt —1
magd dlac 22 Exogenous awadl z A la jaas I (%99-80) o) sl 255 e 4 4l
Jax g ) e lan AL A e g aat gb ellyg (Pan/at 0.94 e ) ddES 8 el
) Y el e g il oS ¢ AN iy S J8 e

—= s :Very low density lipoproteins (VLDL) laa A 8Ly A} o Auaal cilis g, -2
e 3aS b€ o Yl IS A iy 5l e o giatg aaall dlaw gie <l e
Ol w2 sl 3 S5 Endogenous Jals b jaas s %080-60 ead AEDEN Sy juul)
DLd e a8 LS Claa (S 5 daall daai¥il g LAY L1 o aall i 20
1Y) dlaleal) Glodnd

Triglyceride
VLDL-Cholesterol = 5 mg / dl

.‘{ﬁ‘"ﬁ -._'.1.‘1._).\.\.-4]5.1'! _)JS_).JM‘.\}QUAAAH "VLDL _)ﬁ}djﬁmea)ﬂ c:_"l}_g.u‘l



o2 - <t :Intermediate density lipoproteins (IDL) 43Ul ddaw gia Axiaal) clisig ) —3
Aill g caall ooesdl Y (VLDL) o &3ES) ol g aadl sl ool ja Jead o L8 <ls
cagaloal 8 lan ALE S ellia 613 el alSEY)

A_ue ol g o Low density lipoproteins :(LDL) 43Ust 4k g dxiaal) <l gl —4
ot e a sl Jooriad o< B Ly 8 e Ll I s 4ka %050-45 Ly 8 5 gin3 3 J g il S
Sl poe MKW B8 oy an o hell AN L el 1h o A3EKH dlaus e Adanll Slang pll e AT g cpall
Ad Aol oY) s B e T L éi Atherosclerosis sl pill ol ool ydl ) ekais oy oS3 =
DAY Aalaal) Modiid DA e Jeaadl 2 LDL dad claa Sy

LDL-Cholesterol = Total Cholesterol — (HDL-Cholesterol + VLDL- Cholesterol)

Total Cholesterol = LDL.-Cholesterol + HDL-Cholesterol + VLDL-Cholesterol

DA iy e IV L B4 e 8 U gages LDL VLDL « IDL 4g8s 5 (50
FROES N1 sl 3 aall (LA & eSiall Jg il Sl g



i il —+ High density lipoproteins (HDL) ALK Aglle A clisg ) -5
Do ilSie S o gty o e Alle A o L gialy RS YT Al i
g 38 b o eSg o BByl D6 e lal fna (85 g 0 55 )
Aad) iy ) e g Jallg Lo gl 3 0l Y AV g LAY e el g g fisd
ol s s Bl I Al e 0
o s HDL 38 5 o dsnse @le g ) il jal g 206 LDL 38 5 o &0k Ao ollia
:Atherogenic index 3 ¢adll Llxy o HDL J LDL (o dsdl o ¢ .2l
LDL

Atherogenic index =
HDL

L 5 e duudd ) 13 LA ) ) Grgn are g el ) e et A ol
3y 1) 3 e Al 1Y W Al e Aladl g ( LDL 3345 ) ) Giapd iga sl jige
wﬁl\ﬂ ﬁjd.b_)n.“ Ljne_mc.;\;)&pﬂhﬁaa(HDL



Derives lipids  4&idall &gl —1I1
Hydrolysis Alell Jatll ddeay S 481D aoalaall e A8i0a SIS je e 3 ke 481l el
—C Dliia @ &‘X'st‘g Steroids Sl gy g J_SMBS}M )ﬂnsmaﬂ_‘hj L..a'l.n;j »_lﬂ-::\j

i@ Al sl g Fatty aldehydes 4 sy <y el @lld S5 cSterols <Y g i Vg J g jundSl

.Carotenoids <y ¢ g Sl ¢ Ketone bodies

Fatty acids  4siaal (alaa¥) -1

i paner ot J sl diliaa A 1S 550 Alude e A gSa Aypume S e Ainall (mlaal)
05852 30-12 Gz o) B 0 S O3 e a2 e oST3e 5 ((COOH) 4S5 s
daiaall Lalaal) aa g .l S AN e a0 eela D135 A8 3 ) s An & Aka s Al
oA g Adlide JEl s Al sl asen B

. CH5(CH3)14 COOH il ads e Saturated dasdie —

. CH3(CH,);CH=CH(CH>);COOH <l ¥) _asla Jie Unsaturated dasda & —c

. Cerebronic acid <l g p el ada Jie 4 buuS g juel 4 iaal) (alaa¥) ——a

. Isovaleric acid <l 08¢ 3 (ada e Branched (4 jiia) dmdia —2

. Chaulmogric acid &l sl € mals Jia Cyclic 4gila ——a



gl el ) a0 o L g 5 i 6 L) (sl
(Monoenoic & g ¢ge ad o) Monounsaturated &agéjal 5 el dal -1
i e 4o b s A Polyunsaturated gl b el i -
(Polyenoic g Ll )

a2 e Zig Zag (d38)) 7o JS8 o o el Al alead Al gl AL

L L oS dse Rotate piind yual V) et & ) all da ) pli ) xie (Klgd a5 )

v

.EJU;J' aa 2l - :U:é_; z.u.a'.' @‘L‘ﬁ] 3Ll C.x.djﬂ allal o2 g5 il

3=e Jga Y aalaadl s sl o eVl Akl 2 A jalaal) () s

(712 JSil) el V1 jads Jha s o p 8 o gyl dasojal 5 sl



18
CH, CH,

Trans form
(elaidic acid)

120°

c-"
Cis form T
/ (oleic acid) C
S ~H
y
COO™ cOoOO™

Ol— sy Lagia J5) Eliadic acid <o) 3 Olic acid & g diaal alaal) @ (7-12)Js&
2 B oty <8y (A” C18:1) 9 alge B dagaje 5pmal Lagly Qs ls 3,3 18 i
() e g l) (S1AY



ALl Job laa cPlaladl aa g cclly 3 cudll o sadl A0ka da o aoadl lage Slale Ja

sl el ey Al Aagadell yeal Y sac s Jeall malall Lete Sl Ais S5 gl
L e S dald) Ape S5 sl AL Jsha o LS8 L (Degree of Saturation ainll da )
?j da g 3l pal ;‘21 2ac ALl Aie g A3 jall 3 ) s da o < sl Al o) (_'J%IJIS 30 e
Jlu a5 Ofl <y 3l somy Il s SBla aal) e Jass el (mlaal) 3 405 5 1S5 sl AL
ol A il g V) AxSLE) dgedll mleall ad an 7-3 Jeaadls A8 el 5 e da s 3

ALl g 2 geall g 3 g



Carbon Cemmon name Meiting
skeleton Structure* Systematic namel (denvation) point (°C)
12:0 CHa(CH2)1o,COOH n-Dodecanoic acid Lauric acid 44.2
(Latin laurus,
“laurel plant™)
14:0 CH4(CH;);,CO0H n-Tetradecanoic acid Myristic acid 53.9
(Latin Mynistica,
nutmeg genus)
16:0 CHa(CH2)14CO0OH n-Hexadecanoic acid Palmitic acid 63.1
(Latin palma,
“palm tree”)
18:0 CHa(CH5) 1 sCOOH n-Octadecanoic acid Stearic acid 69.6
(Greek stear,
“hard fat™)
20:0 CHa(CH2)1sCOOH n-Eicosanoic acid Arachidic acid 76.5
(Latin Arachis,
legume genus)
24:0 CH4(CH5)>,CO0OH n-Tetracosanoic acid Lignoceric acid 86.0
(Latin lignum,
“wood” + cera,
“wax*)
16:1(A%) CHa(CH,)cCH=—CH(CH,);CO0H cis-9-Hexadecenoic acid Palmitoleic acid 1-0.5
18:1(A%) CHa4(CH,)7;CH=—CH(CH,);CO0H cis-9-Octadecenoic acid Oleic acid 13.4
(Latin oleum, “oil")
18:2(A%12) CHa(CH2)4CH=—CHCH-CH=— cis-,cis-9,12-Octadecadienoic  Linoleic acid 1-5
CH(CH2)7COOH acid (Greek linon, “flax™)
18:3(A%121%)  CH.CH,CH=—CHCH,CH= cis-,cis-,cis-9,12,15- a-Linolenic acid —11
CHCH,CH=—=CH(CH,);COOH Octadecatrienoic acid
20:4(A%81114)  CH4(CHy)sCH=—CHCH,CH=— cis-,cis-,cis-,cis-5,8,11,14- Arachidonic acid —49.5
CHCH2CH=—CHCH-CH— lcosatetraenoic acid

CH(CH2)zCOOH



Aia dl) alaal) Asad
) ae Ao A8 5 ael) AL 3 g SN 3 ae U 1ol Aganll (mlea¥) ans
<l gl 43l o «Octanoic acid <l gt o) mala il Joas Je dapiiall a2l mlaa®d (anoic)
Qi Jos e (g0 e ol d e dyglal) deciall e doanl aleaVIS A4S 4l S (-enoic)
.Octadecenoic acid (Oleic acid) <l ¢S alis o

CH;3(CH,); CH = CH (CH,); COOH

cis A2 C18:1  :J& lo | paids oS el 1 mdla

cis, cis A*'?C18:2 Sl gl oagla SlI3S
cis. cis, cis A '*1°C18:3 ela) gl | zadla g

dea g ial ol Y 2ae A e 8l & e S o diall akaay! Ll dalal) 328
A 5 Qe S g S ALY (g U 53 e 1) Lge g g2 Sall udd Y1 (A) e ol 1l

9 cJ}J fbj.‘i_}q S.Hqij e S35, I8 s le g:_;jl N ﬁ__;‘jigl s S 6 . Aa 0
(7-3 Jsxd) C20:4(5,8,11,14) — Arachidonic A a8l Y ada iS5 C18:1(9) —



Sle Ju A% JEd Jaw e da 53 5ell sl $Y) a8 s e AW A a0l acdtiis gAY Gmen B

J cis Azl Sars (7— 12 Jsal) el Gmadall 10 59 s SH 553 S Ao s 3all 5V 56

L Sead el alodniad oSay e oy 3 SlAS Aa o3 Sall 3_ua¥) e o aoanl A el S trans

Jreee Sled Aianl mlaa¥l 8 A0 0 SIS 5 saue ) AL Alenll e da gn el 3 aV) afsa o AW

Al Saa Al Sy (g2l 10 59 eSS (S50 S Bl g An sa ball 3 eVl o e AN @ 9 o) JEaL)

(ba—l 09 3_S; 2 g da oo jall 3 V) adse e n 3=l Juy 3) n-9.18:1 <lis s 09,C18:1
\E,,_"Y\SE-;.Q}QMS

o = 3 3 oS L= Fil o 9 10 18
CH;CH.CH,CH.CH.,CH,.CH.CH,CH =— CH(CH.,),COOH
n 17 10 a 1

Rancidity or oxidation of lipids Ceddl) 3aus) o F=A
andag ol il g D g8 AR e b Aad g aedall g ool dasse o e A eadll g g3l )
Al os anla ) sedd leonay Adlide i Sagel saall (i et At AlaSll g 400 Sl il o
2oy e JoYB GOl e gl Chgan o 30 @S Gl g Apnlenall LS e o oSl A B j0as
e 2 s e S oSl S Rl adde (Bl S g e 1Y) Adale g Soang (o2 Slal) Julanl)
43S 50l ) lpaabia o) sl Cean€d LY Demn 320SY) &3 3 ln g 8 e 52O Al il yladl

caxkall s et st e Lt A3 Gigaa e Db cpall d ) dag 3l
s g e Auto-oxidation ye—adll A3 308V ¢ oa A2e Y — A bl el
.;,9....55{21




S Y1 JAY G da gl el pdse B e Jis Realee BIA e ol 308 g Alee T

Lo Aibie =l g8 068 Jlas dlee e AV Jlags 2Sogn ) Jeal o) Sa DS 0y o]
Saat o) COlelall o3 (Say 3 (7-14 J24) Malondialdehyde (MDA) alealy) S sl
5uSY) Coline e AR Lol olg 3auS5al O gall 3003 die 508 Cleig aall Jaly

.Oxidative stress (_,;HS.LJH leA_.“) ~_,,.mSl_,Jl e Sl s Ne _;gi Antioxidants

RH Re Re ROO»

Xe KH .XH Oy HVO—O-
NN\ A — T oy
H H H -

o O ?— H OOH
o N/
H/K/L\H « SN VN /SN N \Re
Malondialdehyde Endoperoxide Hydroperoxide
ROOH

&mm Ja



3 e ool ) Al edlelil) gl dam A0 sald) g B sl s dle e 8
o8 Alg A 1 3l any Ulal i i g 490 Aadl fimg WS (Malarid  reactions
sedl S Lol sl 7 gy gl o Ailal COleldl) amy Egaal daim Leaj Texture
e S e g int D aleal) ol Aald casiiad e e calea¥) 4903 50,850 Lin
(7-3 Jsad) s2a) s 4a 62 3 3 jual
Doy il Baus) Ales gy o i Ja) g Bas dling

s 2 gl oal daind 36 AniV))e guall g o(lgmaly e Aiaal) SuSYT Ao 22 )5 ) el da
Agisal) g o(osaall AN 5auSY) de pu 03 eSO Jaain 300 ) S Y g (328Y)
Jie) udld s ) g o(CpnnS oY) B Tanliy d ddaddl il b lldg ool Adee b aalus)
da ;_}.'al.aaiﬁ 328 ?j el g iﬂlé.i}’l Jse Ll ,-r" 2ex sl Lipo-oxidase Jﬂ;._ﬁ}'l oudll a3
My g gl )l Jaldail gl JSE (32SYI)AALN a3 Y dggha g o(Alulud) AL g danid) 2
Jil pie ailea o Jed 3l jehll J ol e Monolayer dslal clihs s o
(In vivo)asad J3ls Liad Jeasi ol 5280 o LS sl gkl ) dssed) Lo gall § oS oY)
el d 5 U e dpdall daal (mlal) e Lipid peroxidation &l 558 ddeny



(xSt 2 oo e L gay)dilinall o) UDAT Adhisal) 402V alast W 0% Al g da g2 3
-_}.‘atﬁﬁﬂ ji el ;_‘g;ai_ﬁi & ganS Aahid ol Al JSLEA g ;_}.';_-.i_ﬁiz’l S el hgas ;1\:\]\45
Sgal Aol Gl all ped sad Jan ) oul A il Sga e Db Al

9N 3awsSU Baliaall Al gall
f—e A e ALE 35S 5y ladsa g e Bala A el tled i S Antioxidants 32u8Y) Sobaa )
ol solad sl dlee i o A Y e Jaxd Oxidizable  substrate 3.8 gall 4l o gl
Osaall s syl Jie Al AN b gine aea eV e Jady 3auS 5l Gl N e zllaiaa o
e AE ) 3 500SY) cioliae e Aaal)l il ol cadial g Ao g gl (alea¥l g il jam g S
(32uSY) loliae e avall 83208V 300 3 oo 3le s 3 ) Oxidative stress  gawsll S
sal Ssaal rld e 3 ladl daelis il sae @l avall o g duanlll e WAl S Saas 53
AV Gl ( Repair ax 5) <l salel o la yhalie aaanl o
oAl (DA e (s sl (mlea¥IS 5 AV clS pall S o) Seanll 500y A5 3008V cialimad
A ailall o sall Cre mdall a2dns 3 clema Lelolin Len oS5 o oAl edall ASS ade ¢ Jeldl) cn ddles
2l o s Butylated hydroxyanisol (BHA)  J s PP IPERRRY. A L PUPRy ) a2V = sl
Ofs =S — Lons C s E wlulud s Butylated hydroxyl toluene (BHT) (zs—b Ss 2

.p-carotene



Qs g &gl A yan

JSl (e delie Jale 2500 g Gan g el Jlaainly @lldg Aapdia S e ) Hsaall g g 30 Jgam
ALl W ATl e 30 Jeny oA L dia A 53 190-150 5 ,a A pn g aseWL o) Dl o
AY) Aalaadl D) dolid g elid gl g sld il gz als Fia dlia oy o

A . e
Eh jw (asla g sl — it 2 A
e ) B O o) JS N
ol s AN am )l ) A8l (G l) 5aesY) aa adall g 5 AL oo B A jagll da
S52SY) Al L 2o Al deeliad e Agadll mlaa¥) S o (Al g Al
DA G e Lt (Dsariall sl Liad ansig) Wia Aaneadl o da ol eadll o)
LDL s sisal 33055 HDL (5 sl Leaias =1
@""“.)11 L5 e oo _)..jc 4l Laa ;2'.‘ aanv A Culall 435S aadan —D

Goadall e 4 giall Gl el dae AL e 5 eSAl B o i g @il 5 dlse 200dds =3
o) stV aa el el adl LDA L i) e midas —4
.:\e.a.‘:'-.'.'.‘.iji 3._5\:15 u_':r—a \;‘_.):Hﬂ \519 5 » EJ )‘5._. LA ﬁg1|_: vj .':‘)_Al'l .,;-,L‘E}‘;‘] . H.:"._ _5



Essential fatty acids  dsulu) A dll alaal
iing bl e LA ) s Lty Ll el e 3 Al Aad) eyl
g -l pmal Clalia) bl o) G e s A oy g el Jala 5 AT S gl § 5 A
gl ad_sLinoleic acid Ll ad s J tedasi ) 5 dindl galeall o

Arachidonic acid ¢l g€l ¥I ada ¢ Linolenic acid
e ) b i€ N ada g il gll nds e S ol AL o gad e ) il
) el ) gl S g el clalin S 4l S 1Y el gl gadds
S g o3 g (F iy gy S B gl g) e gl ol 3555 )
Al dal Al 3 6 s oligu®) 1 ol ll An ) el Ll gl J g3 )0

el adaii) K gl gads g xie 4 Semi essential



Steroids — <) g il -2

Ol g g e Shan ) Al 3 ) e Al S e g i
g lSea i d o g o5 ke & A Perhydro cyclopentano phenanthrene
S e JadiTg i IS5 e Al aleall cate d e S5 g g (7715 Jed)
) il (S (7-16 JSil) ddbias

(J st SY1 5 Jg i <1 Jia) Sterols < g i) -

.(Glycocholic ¢l & &P caleal Jia) ol jhaall Laleal —

(05 e ) ) Ay S Al gy 5l ——a

(Ostin g oo Jia) A V) Apninl) liga el 2

Dol —

Saponin (= ele — g

da V) lpd w3 aaaied) Digitoxgenin (i diads of s Jie) 4l o KOS -

(058U g g i a1 liga yoa Ja) Al pi¥) 52 ) Sliga o8 — )
Alkaloids <o d\SN ians —



Testosterone Estradiol HszC CHs

OH
(-ngC)H H 'l'i"-I—IzC)I—I
H.,C M\ __OH
HO z < HO. N
H=C H,C

4

(o (&) 3
Cortisol Aldosterone HO = 1 OH

1.25-Dihydroxyvchol ecalciferol
(1.,25-dihydroxyvitamin Dg)

Prednisclone Prednisone

S ag g utead) CilEhdia w1 (7 16)JSE



Sterol < g il
e e 5 Steroids alcohol A S Sy i e 5 e N g pidl &S 4o

"

Vol gal ol ol J i Lol g Alig JS A0 guna Lo gt Y g A g o
Ergosterol Jg i Y1 J8& o sl g dslall oY g i) oSy i) Salagg

308 O A 53 e 5 eal ae Phenanthrene o filid el danda 3168 o Jg ot &1 ) oS5

17 aiy o s Sl 550 Alia i Auils e sane Lona A yo Axpiie Apuled Adlag 6 55 55 \S)
JSA) 3 o8 el 3 JeS s pagd Ao sena e S 13 5 10 dsall 3 iloaie (B e senas
Stereoisomer i) &l & ;e 3Y) e wedl @lligh A8 al Jllnie e vgpall 5l (7-17
8§ Chair S JS5 o sl 48005 clin o 00 S @l 36 S o 3 4d g o oS
G5 g Cls e yag et o Sar AV f 1 SV 8 g pall KU @ s Boot
sl s Y sl Al s s sa¥lg an oo sl ot &I o) (7-18 Jeid) trans
el Sl elie ¢ Jadall g A0Sl 36502 g (Fall Glall 5 d) e % 17 Aoy Al oags

.Prokaryotes 3l ¢l &dln LYA 2 a0 Vs



L‘i‘):l_u! 1‘55.4 E\.l_.h:-:l_nﬂ —t s al. L. 4 1.:5.'19 4 :"dh_‘n.“ ‘_}a\.n‘_*-.iz”u ::L“ cj Jﬁ J_u.g.‘_\l_“ T 95.“ Mﬁ
camall & aall (A AR dsanll iyl 3k e S8 Jg i <)

doac ol da WY el o) 3 Endogenous Cholesterol awall PP O Je it oSU S
as— fal e 21 A paSh piia o S ) 2SN 3 alld S dsiean S 55 ST dmpieal kil
Bk e as— [al 52 0.8-0.2 sains alall 35k e as /ol e 0.3-0.1 sai dpesh e alansg
< s Exogenous cholesterol dsa A 558 o) oS J sl o< aleae Sl Glld e Sl L 31 )
J—s 100 [a3la 250-150 S xplal aall e 4iiaS 2035 o SSar Il o2 35k e b
Feall Jia) Jooied oKW e Aille a8 e s oolall o132 Jolin 50l 5 e (edall g saxll U 1alES) Ao
e Geny Ll Jlhias xall 555 e al e 100 IS J 5 5 S axde 2000 e ST 5 ey 2
Az o L=l e e &l & 100 JST J sl oS axls 1500
(EEPNG IR [ SN [LONNIPEV | RV, S BTSN STLL VN L R e I S PEY- WA PN IR IS -R IS )
OB Elld e ae GILs avall clime] Al B e Adliaa () el e 4niy eyl 8 lea gl gl
lgte O Jlaa) OSan Bagas ad) 58 J 5l oS
(A Y 5 A SN Al il ga s gell JBa) liga sl e nall 68 — 1
LA dna LN ApieY) (S 5 Jax -2
S8 Ca 025 Lu S 56 3 Lmadl s Aeanll LA 5 FladllS mnll Sleall (S 5 8 JA 3
oraxl) UDAN 4k Y
olaa¥l o el g3l S s aal) 8 dsniall e Adanll Goalea®) O 2 G0 Al —4
J sl o8I pa lelals ) B 1enS Jlie (DA e Js o o8I Jdss 2 @l LIS Zaplall e Aal)
CaS) ) AARA N A e Al amy Jg siend I a2 5 ) oo da s




Bile Acids s)_iall (alaal)

L.l __}*435;IM1£3J};34115J&J;\J1 315335#5.‘1;5&11 éhsﬁ‘w.;“)m‘ \_{-,.aLa:.i}“I
@Alé&bl—ﬁJ‘HM&HJd&‘_JhHéﬂL&i]}h] 17 e 8l 3 0 dlaiall 4lall

3 elaa¥ # o eaall Emulsifier daieall 53 (mlaa¥) oda asiis afse e S8 3 JonS 5 50
slball myga B 505 2SI 3 ol hall mleal osSEg . eanll abiaic g a3 age 92 el
R alaal) 838 (e gu.ﬁ A5 dUa g Duodenum _ie _EY) 2 048 a3 Gallbladder

(7-20 Js&) Cholic acid <l S1 el —1

.Deoxycholic acid <Ll ¢S =S 52 el =2

Lithocholic &l S gulll yimals —3

HO

-2l sl aala (7 —2Z0)Jsad)

oS Sl ghall ae JAlSl ankiind 1ag] g Apafie e g Aphafien Gl 3 L ¢l juall C:\Lai g
Gl BN



Terpenes <l 4l —3
Cr s eY) A a e e A8 o Ciam g CEISE e oy oS s SOeadll lESa pe DS He Sy yil)
(7-23 J=&d) ) (2-methyl 1.3- butadiene _wlalien — 3.1 Jia —2) Isoprene

CH,,
CH,—C—CH—CH.

Isoprene

~CrRe) (T-23)Js8d

e B2 £ 5l clae e iVl ang e lalaie) S pall o3 andig
(s ofiang o Lagia JS s Methone (g s Citral JI_jius |
(s o g &8 e lagia JS 5 ea7) Bisarolene (s b s Farnesol Jgest JE —
W e Logia JS 55a7) Lanosterol Jg s Y 5 (7-24 Jsd) Squalene ool S ——a
(sl

(o5 e an s S e el o s sx3) Carotenoids <y gifig S =2



Sgualene

-Squalene 2V sl (7—24)J s

il palasl e g (D) Jie) Al g e el i S e Jads
Lycopene (w s—S<3Ug Carotene ;5 S Jia) &8l rua g Rubber blaag Resin acids

s x¢ ¢ (Coenzyme Q) Q aiiyl @ 35K gE g A ppnalid Jla cllisdlid ¢ () Sl



Gl guted | L0 19 i et GutelS Gl

Nucleotides and nucleic acids



el ant e € Ay o o3 Sa clae) (JE Sl 0T 5030 ralan®) 30550 tilaa g Taladi gal€ gaill awd
-':’I-_.'!j_ﬂ,..l..ll ealam T Le3a Qjﬂ_u -.._F-U.' —1_1:'.._|_|J| -;L||_'|_-..._.9]'l e _J_.f.. Lgdjj__';.-_am e 3&}}”"

B RN L i SN DN SR P I O < T - S - S IPPES T L FL R L OV P Lt

Nitrogen bases da.iws g it as) gzl —1
Pyrimidine ey ses ol Loas 5 oo 5al€ il 35,80 Jaiaa g il acd 58l e Gheedled Glaben olia
SEVGe Sahp sl Sgham 5 Al asd G ) g Sadlanel pd Sadlall S el e a3 S0 Purine Ce sl s
Cprres gl SEle & e Sasils Imadazole Jg daed) &8ls e 5 355 3 Saasas gl aed 55 e

Purine bases o gl s gd —i
Cnil 3 SN 5, Adenine (A)opaN Laa 5 L5500 (onlea® & AaSLEN S 5500 ac) 52 Ge GlEac1E a5
(Faiem 5 ) oot 8l ensfall Cd Gleaia MG 5 A eiS) Guanine (G)

Purine o Guanine (G) NH Adenime (A)
6 N? I gl -
| = H C 2l 5 _
1 | ‘>s ST NN, 'NTT N s
S M Eoy "
r;' a4 N HEN—F‘ Q:'N.-ﬂ"‘ "“'r.,'{ H*"EQN"' _4‘“1!"9
3

cilis g gaall as) g

Sl B s Jaa S S0y Gud 55y s Gl Aais 0 S5 dak 5 aa Saiae g jia ac) 58 ella
. La

Sy g gall imals o S0 3 o S Gl oA 5 g il psles



Pyrmidine bases  (pie ) a2l 8 -0
cpad S Uracil (U) dod g 8 5 e ag50 (alanil b Aaill Stanas jo o) B8 SG aa
ot il a3g) st Wl juaiatt W C, T, U wisy) Cytosine (C) o sl s Thymine (T)

| I i
L\/j R ExﬁgH HHWIEHHJEHEL HHTJCHEHH
= #{HH;CRH 0? W 0? W H
'H 'H ;
Pyrimidine Cytosine (C) Thymine (T) Uracil (U)

il ) 22 g8

) f & Jasy A Drotic acid €l ;0 gadls o L 5 i 2015 ellia
,;__L.:u.a:.;'.._I"'._HJJLuleJJIbJ.E.E.th r:u-.u'_‘.J u__=|“._1.|.1._'l..'|.-|:|.'|_._;,.'|.lr j£|3n]|c|_um_'..'.| U_?S.JJI_EJEJ_?JJ}_HJJ' _,-:n;'..._al
35— aalall 8 L8 Cpadfl 23018 5a 55 Law Ribonucleic acid (RNA) ke 5550 5 555

. Deoxyribonucleic acid (DNA) (s 554 5 o8 sl



JEal dapa e Tima G481 50 ol 58 Teha JS15 ALl 8 2a) 555 Ay g 2o | A el elli (e Bzmd
Caffeine pil S 4l ASLAN L1 5% 5ol 3 2nd i 30 0 5 e D6 T3] -1
Jasi 30 ; Theophylline (a5l 4} A3L20 ol 0 5 Jifla S8 361 o (550 53 LA
LAl AMP zil. 38 13l Phosphodiesterase ju jid (sla g il 038 bl e IS pall 230
Sa s el 4pml s L) Cllaall 3335 awsll Jala s A3 (Cyclic AMP(cAMP))
el e CilaaSl SIE
GH

DJ\ T )

ﬂHn

 Cuhale

o

Je bl e Sl 348 LadY) pialy L oLl gt Y Ay gull 5 Sanay jull ach gl
*’._1_53.1]| ﬂjlﬁulmjﬂﬂjﬁﬂg"ﬂ ,_]_1.|J._1..||||_H_=|"._1.-...-_'|.._"|._.|| :_'IALJ..-:._'llj.'u.-ujJ_l.'La:ule Eﬁ[lw_"uj.qj



Pentose sugars dscdaal] ol Sl —2
__:,j___'.__z'l _J_II| JE_,_.- |_.q:.ﬂs-j ;ﬂjjﬂ' r_)_:g-i_.u.:.‘;”} -IL'I_'I.-_:._-J‘ 3.:|l|5-j__23._l|| I} jj:l-j_,ujll - st Lt N :E...." e .-_'ijj =1
i e S5 g3 0 2-Deoxyribose (s s ) oS g0l 5.y Furan dElah 4t | 2 D-Ribose

U s die Loa d 4 gle (3 llasg) Camoppue 550 Aladee 2 8, e Sl 550 8 JaeS 5 500 e sen
o ssing RNA 5050 55530 gmadalla ] JSal) J55ah Salaal ola aaaty ((Gases 530
a5 e Sl S e s giad 5 Gaul Sl (55l pmalall L Gl I S
a3 O D A5l ml wa Alhe s e € 5 e ady S 50 alesl iy S & caTIESY)
RNA U 3% 5ol dldin ol 200 .y 30 bis 333 Y LSl 2 0500 553 8 JieeS 506 gsalan
cmt Y o el el Lem et ST 5 5% o Lend s oS0

O Sl Omaall 5 sgn g (Shsu o Sl S 5 su I LSl a5 G GaEl ol
e B I am 3% 2701 e el e Ja, L5 e Prime el easiid i oacl @ o6 53
Aapsil Lt Ciagi Kl 5, s el e e an ) a8 5

3 2
HOCH> OH HOCH, OH
tl:,f”*x (l: é/ox (l:
N N by
H $—<E H H (f—l': H
HO OH HO H
B-D-Ribose B-D-Deoxyribose

asH Al Saly sl S 1 )deal



Phosphoric acid & g il jasa -3
Sl Sl 513 g g G ) S 5032 g 8 e adse
0o b el (2 JRal) it ps a gl el il mals g S 0 (Sa

Aag gl palany)

Nucleotide
NH>
0 B
_ N/L\\{}
D—Il}‘D‘EHg a
o Base
Phosphate H H
HO  OH
Sugar (ribose)

AbglS gl (B joul ) S 5 A8 alge B Cliuesil) 45 gane o 2 )2



Nucleosides — &faw sl€ il

bl S e Sl pe Siba g S e S0 lE (e e § ) peay Gl gl il )55
ing 5 e Glycosidic linkage G S8 5 pal Jos ol (G0 5 Sl 5 550 )
S35 o Y A (Y ) S S il Sy ) i pena 23S 13) (B)
=y gl Bl Al S e 5 Gyl 95, sl 8 Gl e Sl el 3
fad Sl plS ] e gle i g (3 JSA) G jull

Mucleoside

O Base

M
" E—
ﬂ"""--,l:.l N-qlyico-
sidic
| bond
H

3 2
sugar

8

4

N-glycosidic bond i S8l 5 el (ps€i:( 3 )Jedd



-F': v |

- -
A 5 < 2

i A i g il a5l o Ribonueleoside 4 gyl ) & guls 5l -1

S oy 58 o ) (sl s Adenosine (sl aid i o 554

OH OR

Adenasine

4 Jedd) Uridine (0 )50 5 Guanosine (i <0 €l 5 Cytidine

NH,

07
HO
>~ 0
OH  OH OH OH OH OH
C',rlitlim: G uanosine Uridine

s gl o 4 )0sd



gt Al G 5 Al ot gl o) Deoxyribonucleoside Ay jaul oS paall Dt gl guil) —2
Ot gisd oS3 =2 oy Saul ) S g o sl 8 B Gaul ) cSpnll S e
Ol i S0 =2 ey Gl S o s glall faa il 27 - Deoxyadenosine
o8 i 5l Cpe FE g€ il ) B3y 168, (5 J2all) 27 - Deoxycytidine
idine (o) phial o35 iy e pll e G505 s 5lS ad L oSine (s g) plaially
(2 Jdsaad)
a1 e elysia il e Jlaty @llly K il e Sl e Jpean) oS

n5acls U glaa Jmiy ji Cilas 331 amy Al g

OH H

O gt S =2y 5 )Jed)



Nucleotides  ilas g.ls g1

e c

O sV alandl Gl 2 el s g janeh
el pshon g8l fimala = owlen SR me Sataa g RS BacIE) ae alS gad = o gl 5l
0 25 1 Jeaadl) Seian sl pnll e Jle o5 ellis o Slaa € gl aa el aa LS
1o dady 530 (-1 Jsaadl) Ba¥ Gawi ol S e ssiad A0 Gusal 0 il suS gl —1

i o S ) B

) 1S5 g M 5 b SIS gt 1 ) Lgd g e e AN Apandiz (1 JJsand
RN IPIER PP PR il g 520805 gl el 3 s 5 Suill Baslal
(AMP) i 5l (salal e g Catan gind (A) Cpasal
(GMP)ilin 5ill (53] G 53 5S Caten 535S (G) v s
(UMP)lin il galad o 5 G s (U) Jed ;5

(CMP)cilin sl (salad Ciaasisl Cisasislan (C) Oz 5o

L MNH;

HMN ‘nrc/’J\:
ﬁ) A

M
L L
‘o—]lf'—D—:: H, O --::-—1L—|:-—¢:H; e

L I H o EI H
H H H H

OH  OH OH UH
AMP GMP UMP CMP

A gt 1 el gl 9ol AaSlaassh) k) AN o PR T CA



| 1 LA

.I-:-\_Ifll:l':lE 1y
A 1€ gadd 5 (e 5l g s G160 il 5 pas€ paal) ) Lglgalt aie ae) gAl) drandi: ( 2)dsen

Lyl g figil) Bas1a)

g Sk gl gul | S gaal s Sl gl (S gl
E = . 1||
A5

{d.lll"thl':[]:']' |L1l_':_n.llj.'li_|.' ‘_Ilﬁ_.\'ll_"'h.ll _\_lr;-__'l.n.llj_:lﬂ_'ll ‘_.rl.-\Lj__'l_'l ‘l_l"ﬂ.l_-\.jiﬂ_"li I.\_l._l-\..lilu_ﬂT!-«_" {A} _\_ljr!-lﬁ—.-'ll

(AGMP) i il sadal fusil £ o€ g O 58 55 S 530 (G) ol 55

{dCMP]‘ lL‘IlJ:.l-\..lj.'ll_l-' ‘_llﬁ_"l_"ﬂ._:; ;;:\:lﬂi:ilaul H_l._luﬁjﬂ_'\' _\_lriﬂ:l-élj-_:ll_l.n. LH_I.HLHJ {C} _\_le!.Iuljl_:l.__'ll_lul

A g (oS gal) i sl ol s (7 ) Jad



Fanlen Lela e SSan A1 3 el HaleiS 5 yuell paelae Gre SAS1 G Gl geme an g8 aslea ga LaS,

5-‘}3.- I_r-\:nﬁ&j_."ﬂn;ﬁ ‘;_u_'lu'fj.f-: l:—ﬂn_.:.ﬁ- _::Ij:":"...'_,.:ll,_j""“ﬂ}ﬂ—-"h -:Lnl_'.ﬂ'_'-._,ﬂ]ijﬂ_'d'l l"_-ll_'“-..j'sll;l_\_.]iw-u‘:‘;l '\-—-".'1_5’5:] I.Lll_lsl.n.rujﬂ.l" ‘.’...E-}.fn_j-_fn
G O Sas 57537527 aa g a8 e FEE ellaga Ay pal SN THad el il Lal el ghe S8l male ae AT
o (5 9580 malall  Alall =Sl 2 55 Lgdea 5 lgmaan Jaam g S 5 Tilhen 5all e gasa Lgad o 555

MNuclease 3ulS ou8  _awd Cilay 3300 Jpe S0 gase alaabdy (JaGl Slalagag

W ad (57 aE mdsell 8) Sliesal EENE G ASIEN Calan gl ol e Limal (gogat daal el o
e il o EAE e pinal g ADPCLG il SIS G giaal G55 O GSes lagil) (g3l e iadtih
i el oy P 5 @ Gl el e LS pal 2de) Chla Gl aaale . ) L8 Jeldly ATP

.LLI_'EI_u_uj.ﬁ_l" -E.T-!j..;hi;:l'l _'I.E_|jjﬂ'|

M. \L
I
L R “'T — N-L.;:}‘ Adenina
‘,C‘-Hﬂ -
J -}
Dx"
?_ 'ﬁ" ﬂ:'_ Riboso
H —FP— O —FP — O —P
1 | 1 Ho o _
L (] 3
-
T
Adernosine S -mrmonophosphate (AN P
i
T
Adaenaosine S-diphosphate (ADFE)
. —y
o
Adaenoasine S-triphosphate (AT )
SATEP & AT 3 AN =<l o :{8 O T A

FINA & 3 3 5sel oW Sa00i oalS 505l oyl 5 )W ¢ pmmal | Slell U=l e 58 el ool 50500 gm0 S



Cyclic nucleotides — Asilal oias gl gutl
i gisd @l 13 J By 50 )8 355 pe i gill Go gana § g e L)) g ISl ) S5
Adenosine 3', 5' - cyclicmonophosphate (cAMP) sl i b i af = 5" ¢ 3

Guanosine 3", 5" - cyclicmonophosphate  —slall =is sl L?-:.'_JI =3¢ 3" Cpagd S
g sl (a2 Apml) Cllaad 5 Laga | 550 Gl ol s el (0 9 JSAD) (CGMP)
il U ety Ji e et 3V « Second  messenger 1 gl J el Lol GlbT S
Il Jajally S Sga 5 58] a3 Sl 56l s pad G b o dha S D Dl

.(First messenger

MH, o
NP HM'JJ\\'-"N
P Ly
cAMP \ “M Hah N Py
T QT th. cGMP
| °. | o
TO—P=0D _G—FI?jID
© OH © OH

i gill galal = 5% 3 Cen gl 980 g alad) Sliegill galal — 570 3 Speagial (9 S8

ALl



P JE P, LG & | -1 =

JdEEZ W iy GTP 5 ATP (S Loaall | 8 3,0 aea®h S8 00 Slala i€ ja eZulagh gal€ 505l piney 2w —1
Fam ol el @8 ATP el 3 ATP ol g6l 5905 S 55001 o8 S00laesSh S50 o’ G0
Vadem ap Aai 2f 5 e JRal (B 5 A caall aldl fle (s Al chlalee a Lead @) lin g Gakia
(il 58 e samal Laal g} il 5all

Fanid B RNA 5, DNA) 500 male=f | 22 5 jS0%e 305 Cdlas 5 Lgdaa oo alagd ol aill |, g0 —2
dCTP. dGTP. dTTP <5 5= 3 -RMNA il s o = ATP, CTP. GTP, UTP i 5=
DNA - s dATP

A amla W il 5 gl oaSl WS LA 8 TS Fillaa il ilalowl e aaell Haa Q) el ESa g Lede e ga L 5 0 — 3
SEF EYUNSYS ICPRETERS | I L T IAg

FAD « NADP" cNAD" (fie Saes 33 ColE8 pall o ssamll 6l 080 Ledea g «2dagh 5ol gaill Javd —
Saha ol S i e 1SN e aane a3 Jan S0 o A s 33 (58 e 5, FMIDY

S B an sl Sl JEe S lEN e aaaell AEL Tala g o 53 L 5a (Ja T Tl g€ il iy —5
iy s UDP-galactose 5 :5WS — Cilh 5all | SIS Cps 5 g3 5 UDP-glucose oS 5l «ila, 5al

S e la agdll S8 g3 S0 g UDP-glucuronic <l g ;S IS0 ¢ pmala] oDilde, gall | 515
A8 g an g alall g 5o ASTASN el 5 e pSTASH ol LS yall 238 aastuS , GDP-mannose
Pl it g el elay U Sl il

JE 2 e Fzmat i Glaadt 2 AlIOSTEric G il Chlalnie Lghen o anh Sal€ Saill | ptaey (Ja il —6
Glycolysis gl 5SS Glee obtels e G555 ADP 0 ATP Saus e 35lall i s 558 3
c el Cilas 33 any dan B S daadli MW a5 LedleaEs g Hauall 2ol o) 3

e gena ATP 35 jo J80 JBal e | ded cAlnill paelaall (ol B gl pal€ g0l oamy aab —7
5 g el =S o 1EE AMledl F.5,05 nlen i AMP 35 5a JaaS , Active methyl S0ieal Ll
Al | a2 Jiiall Ge gene Talas) e e lED 8 0l e | GaaW Gmmadall € L. o) Bnatuaa
o wsiadl =8 5 e Gaiaal s g€ o a8 8 4 € el 13a Sl aa gy a8 TaZall o glaadl o 0SS
S-Adenosyl methionine s sl



Gy Scli gl A Sppdl wel b g4 Ldi. opie )-8

ypa K AL Sl gl 35 cuil, Cytidine diphosphate choline (CDP-choline)

—odaw ol (10 Jedd) Cytidine diphosphate diglyceride (CDP-diglyceride)
o yhadall ) gall g gaall ol dilac

0
r*Hﬂ—n—n:L R’ ?
| 0 o (P (0= Hy= CHy=Ni CHy e
| CDP-diglyceride |
CH—(0—(—p" E[‘: CDP-choline
() 0 (= l—{}— Bib H Cytosine
|
CHe=C r—i—ﬂ—i—ﬁ— Rib — Cytosine 0

A i gill | AL il CDP-choline ol € clieagall LD il o 10 )Jd
. CDP-diglyceride & pl<



Synthetic nucleotides Am oo o N AS gl o3

LLl'j_.'e'_'l_s__"_.Ejﬂ_'l H.I-I.! LF'._I;'-J-._'I ‘f"_l" ':;___'._'ll_l:-_\_.:'_._._._'" jrl I—.'ﬂ_..:'l—"ﬂ‘—:‘]IE} ;JI_._.'«-:.J'I I_.'e.::-'l_-:-.._-ll _}A:I_IIJ _J'_'Iﬂ_.l_'l_lh H.I-I":' LJ_}n._ﬂLJ'I u_:g__}"J
2 awl-h th.!.. .-_JT-!_"'.__'.'_:. }‘l _.:'—.'5_5‘_"':'- .._,E_ll PR I.Lu_t_:__'l.._-:.._a:- :;' o Q‘I_‘Lﬂjjﬂjij__:.:'. [Pl N T N PO 11 -'..._,E_,n-i_.._uh._lll = |- ___:.'_.'-..5.'_:._"
l._.,-l—"‘:' _'I.___'-_"'l.—dll _Lhﬂ_l_‘l_l.}" :__r_-I.E- CLII_.IE._J.:&_I" = T, .h_].-ﬂ-.'l'_.:l :'lﬁl .h_;.-\_..-i_,a_l.Jll JE_.-._...J' jrl ':’.'T'!—:'ﬂ—T“_ﬂl,_J-—.;ﬂ—.‘]I E.-_"'tfl_"ﬂ.].l :':_._n.n.'ll_*-:'uu._l" ___}_-'!'é'

L 1 L e R L TR i N I | Lo S

Aca WMo Fe B 55l malan®l el ane palS gad) ledlihie LuS 5 s a5 50 Neucleoside antibiotics
33 s = ha gn 5 (37 - Deoxyvadenosine Cptess gisal s g3 —3" ) Cordycepin Juauea 550 L5 ganll
pael = o (5 giad ) Gmouses el g6 g gl HEla cilgaliie A LHadlla el a1 5 55 Baliaa Gallas
I 6-Thioguanine [ud S 535 —6 <l 3 S-Flurouracil dlad g1 5518 —5 (J50 (Javw  de 5 39w
Al ant MGG g el ag alS il Chan ALl e lEN paeat e cland gloact gEll ) 550 paaad e clend
o381 e Satae 5 il laac B (5 AT ol gan ollas 5 Ll RSN G Aaiia 0l LS el o wlEd e

A 11 Jdean) 6-Arzauridine Cps e 3 —6 e sas) g daiae o Fai 2 53 e

o o
HH”A\}-/] Hr--J’rJ T
HO &

- F
\|u,.r-’ L= HN ?"

EI_._-" D-:.T-"'-""H-\._\_\_

HCr H
E-lodo-2-deaxyuwridines

M
H

E-Fluorcuaracil

HO - j_:l:'
= Hr —— M
i~ ‘THN
2 e
HaMN ™ o 7 iy
! -1
Ho oH

B Emuaried ime

B-Arasguanine

=H SH OH
I | 1
e M e M e S
M o ¥ R ' R\‘:- ™ Tr‘ﬁh‘-—_::“"’ ﬂ“‘“:}_
:-:.] | P 4 o
J ¥, L. . | i ~
e Ty Hakd ™™ Rt ¥ | '“‘“%9 TN
M I M
H H H
E=Mercap topurine B-Thioguanire Alleburinal



Nucleic Acids Ao g gill alasdi
a5l il 3an we (5T) il S530K 5l e Al sk Chains dedtu e L3550 Gmlea¥ ()5S0
Posphate diester linkage i gall ) S5 el g 3l g3 Lgatany pa i 5 (Polynucleotides
I Eaag IS sl Sl e sl (mlan ¥ Blhay o (S SlAS, 2 pEe Ge Leilan aae w B AN

=

ol 3 .Oligonucleotides <ia = g 3 LE a0l o0illy Limgd _aniiy 10-2 0 Leilas 5 230~ 4l i

._;s" Lol y oy Sl and 5 285 G lSH 5 50 AagS e Uanes 5 5 Ui am S o) e Saiae 5 S5l 2 il
S5 W A3l 5 s Sl 2 505 S B el 35l 250 e 0 sSe SAT a5l iy g € g
A A ]
o 5o 5 S5 P e onlatll G Lo 058 AN 5 A IS il e ALyl FLALN
Cra oeanll S s 05 i Deoxyribonucleic acid (DNA) S asd  eeS gl (5 g5l el

A 12 Jedd ) Ribonucleic acid (RNA) (5 550 0 (5550 (malall el ol 5 5 5

Fhospiio—
diester
limlcogp=

W




o i Y RNA 0 5 edsd 55 Saud ) (o 555 DNA 0 oh bl s
iy gy oS 50

JEET.CGA iy pnls joa Ssa JU 3 (5553 pad sl Ahde QS 5 0e S o (S
e (s ajn) Posguals . JS o Gaadly G sishny i3S 5 O a0l 5l g IS
b Sl il Bl )l ) e Dlapa €l pedine jlus I P sjall gy e 3 il
a2 Sl Dl Bl e el G I P el a1 L BT ks
aic 5 sz 3 0¥ S S50 58 AGP o)y Cliagi 5 a8 o1 I e dPG 2ias
gl 5w i akd e ey 52 (A-T-C-Gp) M a8l il oy Yo S 55 jlisial (S
S a5l Lpaes e Ui ja G 555 Cppensbibiny Gaallly i €l e Dl 550
o L3 B8y L AN S Bl 5T B 05 )85 S8 Hh el 3 (5 IS G il )
plasi iy h 6 Lghe el ANy Gpall 33" Sl B Lol olail 57 Ayl (e 2lal) Ladla s il
ad) Jall 8 La 4 5all 8 Sy g il ac) il 4 pais )

"AGCTTTAGAAAY

I—I—'__-

Joldl g 5 i 23




el oal YL L)l ls Clid s e 3130 Liia LUAN 3 DNA G550 (alaal) a5
JS i Je o5, Protamines il 5 ; Histones <l siagll Loale (k5 (Gl 5 Sais 5
TP Sl Gl Byl a3 A, s Chromatin  fibers Zusla s S LY _ad sl
5 Axanis DNA (s 22a) 5 3 5a o 5siad o850 L0y 10N 3 Wi 13 JSal)aies
G335 A8 Al o 5,805 e 5 Nuclear zone ;53 fikhialy _edsaal ; dikis
LA gl 2okl daaas o LZ2

Chromosome

700 nm
Organization of chromatin molecules

DNA Iy Sl giangl) o Ailgdl) Lilisla y pgusga g ) gesags (13 )i



O W5k pndl 5 0 IS 5ot N dame o A5k Ja s e RNA S350 50 45580 (alaal) 555

'—I?..IJHII..J]I é_”_ul (paalsll 3 Loush fi"ﬁ:"; A5 e .-,_';.]E'_'-.j ST EN g -t _,_-.5'1 5l DNA
Transfer RNA (IRNA) JE60 5 550 50 (5 5510 (=alall ; Messenger RNA (mMRNA) (Ll
ials 3 ihhg 4 lg 5 Kl Ribosomel RNA (IRNA) o555 50 50 5 (555 pmalall

O g el (5 gnd Ll Aalee & Lgan

— Deoxyribonucleic acid (DNA) ¢ jsul ) s 52l o 55800 (aalad
T
By ialadl el Al
35 Loginns o il 3554 s 350 On (o (s (0 DNA I 2o i1
= e 310 i) il a1 0 o5 (14 J5) Double Helix ¢ 550 5302)
0 s a8 sy (eLall Lmal) dpn b AEhial Judid oSl Sy i gill Ll 5 310
i@ 1953 e (Watson and Crick) <l €5 058 5 faalal
L2 ) (G + A)ousd) Szl p gana ) dna (5ldel; Chargaff IS js el 25 -2
el S ALY s Agsih s o 1 (T + C)oma ) a8 58 555 ¢ yend 4y 5ne DNA
v 1 i (55 G 8 ) il o) S, B0 ALY (ol 0
1) sl o3y iy 23l 5 (550l C o G apad ey ol 58T o A G5 oC G gl

oA Gl 14 ) .DNA _ :Base equivalences | sl <



D agns @ sadall osoiall Lol i of —3

oAbl Haian g Al ac) EW o Hydrophobic interaction o8 5 el st —|

o A i el Sy S (G=C) e sl 5 O 50 o FEN daian 5 el peal BV —o
(15 JSE) (A=T) owadl 5 o)

mmll’l@ A m e
H b
i B =
"“ S
H— ™ IO, "-.:—.c” = —H
™ e e r

T e B Acdenimne
Hx H
N — e
H___C-‘..';' N ™ ,N‘:‘_ 4
™, P el ¥ DI~ C-\'-., E':
M — O “ - —

A g BT ae) SR s A5 gSTeN Aiam g paag T geal oW 2 LS Pdsanm

paad g Sai g jlall ALl L wS 58 Gaealodll st BV -
S el gl —a
2aclil) Saal 5 dila ae (G g A Cpjanb sacldl) opbEls JSEL 5 S um_ujz._l Gl € 5 —
(16 JSAN) Fa N sa5 e el Lass S el 1850 (C 5 T Gavses il
Joatie N e sl Sl DNA 0 pa o 535 e acb (005 gl NS) Saac 18l ilagd g jall 3o 5 —
REFEY-JRP (NN JONE TR N TP |



)l

-IDNA O B moea5all Se3iall Sundg it slast o 16T ) JSsm
q._faj' 5_.1._'-.I_L_u li:ll_'l_"n.j I—-!.—'i'—"‘-ﬂj-.' ;___'._n..-al_n.u:'jl ;_'F_lIJ:_;:]II "L'IJ—.'!S_HE}:?':'JI q_____'I.E- DNA _'Il ,‘jj:.l;'hi _4
Wl BN Al @ al e Bl g Lpataey pe Ak . (AAMP, AGMP, dTMP, dCMP)

AU PRPPRLEL I

Aaiay dam b SISAIED | s Falia Wl ol g€ gl cad SRS g e jall 4555 DINA N s 5 caliey -3
2 a sy el SN s el (o) aiad 35 LS G 5adl Led a0 Ha 3 350 s S 51530
SLlE ey 1 308 S Slall | 8 g 5 S ClaaSy 3 gl 3 DINA

a6 gal€ oadl) A1 e (e Sl fiay 3 Gene Gus) el jsis phi e DNA ) 5 40a5 =6
Sl e Jape e pals Taien g il o) @ e Judod 4l 0% s 5 oW Bae Y Juad 2
Sole Omd O 3 elly e 5 Cilise s ol 5 (Taaa il L S e 33) i o108 Aima digla,
s ca Baay DNA 5550 padladl 8 (Gt 5 0l ac) 5ll) g galS il Ge Cpme i 5 e
B TR - - R 1 Y I It TP g R B I L LA S CU RN (R T i
JDNA



Al g caaal Ao et i Luld S (Lasnd) Db sl 8 CuS B S el sl G o T
Jal el 5 o3 el I 4 @8 Mutation 3 ekl &gan e DNA s Sadas g yai 3ac 3
)'})':\:!.'\]‘ el \ﬁn) Aahs o :\_39_}.4..)5 _ﬂ}.d A yeb (X-ray, Uv) 3._:5‘_-...'.'-‘\ (_J»\)as S,ﬂ;ﬂ aneall

uv
O’EC /NH‘;C =0 raidi-
R—N *-CH;;C*CHz o
O;;C C’C::O
R— N CH— “~CH;
2. Thymine dimer
Deletions
or
insertions ,
due to Y
faulty |

17 Js&d) (e 5 HNO,

lonizing Alkylating " Reactive
radiation compounds 1 methy|
Py
4 CHy”
HNO,  «B.y  [CHP] N 'l\j
X \. R” TNO
l \'-:;,__ 3. Methylnitrosamine
Desami-| Free | —
nation radicals Eporide.
...||
\
O~cn
H$
C\
HO™H™C

1 |

recombination

rimidine C—» U

IMEers

" 2
Formatio

~ 7 ~A— —— OH
n Base Spon-  Chemical 4. Mutagenic
exchange tansous modificaton derivative of
lossof  of bases benzo(a)pyrene
A—| bases

ekl e waedl Sigan J) o A DNA ) aales Al il &\,ﬁ (17 )Jsad



L gaza 35 O Sas DINA il — s SN | I I | P S O cs— 3l o Gakall e sl .__;I
Falyl gl e mha ol pAEaS Lg e Ji o amaas GalE T ala ollEa 50 g as s (DINAS Repair)
Fagan  le Jandg DINA W 2 348 550 <9 eIl Frame shift 3= 3 Lead Jhant | A1 5 ach g8l

Gals a3 55 sl el g Agilhs ped ) el e agaell
A el g8l 5 e Tl Sl e 8 SR I dl) FaBs e Al e Al g el DINA N Zalas o —8
B S B Tl Rl gl SaSlaal ahlla g SAEN jec  jaan pa R W g st g yEall
Complementary (Jj)h.l9e) lhleSe Lagisl 5 Sifedl T e DNA W 2 5465500 i5l)u o) —9
A LiEy a¥ g S 5 ApdAN Lol | _d CaedB aliddy g Al 3 it aam g 31 oes Bl saa
T N T T I |
Al Ll ol =9 fe (5 a0 Zan) G ALl ol (laBW edi)and 5 aladl Gla el W Sl o) —10

LJ

- 37 olad a5 et s ) 53 e 5Tl 8 g et S ) S 15 JEEll) s et

t

ap = M) A=T Feuss Gs . DNA _ 1 2 G=C Fa.5 3303 3 genall (ol gml Sl 5605 2035 —11
o Fa ilaad e alasded G oEs P pa) seSi EE LB o lEat  NEN 5 (AW 8 Fatis o joaa  eal o] 3ETAE
crmmall e am s e SRl e B2 g 2l (T s sl S0 ) s S

i Faiam g il el GEl (Ll e B plae e SN Genetic informations 5.5 5 sl il gla ot oy —12
el (el =1 B S Dinear  informations Salkall ol gle el | oud S0, DINA D
o le (Bliny L s g el clas) Cale pleall sha Fam s S5 2 L) Saleey MRNA (Ll (5 5 520 0
3 The DINA finger print ol.ssad 565 5 50 Savadl el IDINAL 3 Sabaa 5 5030 ac ) G801 Jedall Lo
8 ol IDINAL 0 alalia 55 lde (3 3k e st ZN e o S ntil (Sl g e Gl p Ledls i e
S Eom 5 G 2z oI A G50 Tawagl LEa a5 (DINA typing )il 550 Saabal Slaat) gian,
S 2eS g A ac gig ol Lul HE pmay DDINA 0 Sl ol (AL e 3 g aule o el @ pas BN (o ilal
Leas Fatam 5 iiaill act &N

(Jiie Sc sam e aale o (Jaad 393 e 35l 58 CaadlSN) DINA 5 dbaead 5 galt Jas GBS 5 g 5 —13
s s L) e Thms DINAL 8 50 50 e gl el 5 S el deloil | e Slasla ol (et e w2ling

3 gl olet LI5S ESE DINA W dees DINA 5 50 50 Gee Fau (5550 5 oS gl SN a5e 5, —14
Lo o gema a=l o5 o) o San G0 Nuclease 5alS ol Sulas 38 G SaaclEh Gl Gaesmdla W Saaaash
e G S a2 aZoall a6 JaS 5 sl




&) el aa.ah
dilall eluassl) s3ala PRI | egld\ als
JANEY .+ dda sal) a8l g lasst) eﬂé

4y 95l alaal) g i gl gl
Nucleotides and Nucleic acid

diaa "’2 2}) OIAJ_AJ



P JE P, LG & | -1 =

JdEEZ W iy GTP 5 ATP (S Loaall | 8 3,0 aea®h S8 00 Slala i€ ja eZulagh gal€ 505l piney 2w —1
Fam ol el @8 ATP el 3 ATP ol g6l 5905 S 55001 o8 S00laesSh S50 o’ G0
Vadem ap Aai 2f 5 e JRal (B 5 A caall aldl fle (s Al chlalee a Lead @) lin g Gakia
(il 58 e samal Laal g} il 5all

Fanid B RNA 5, DNA) 500 male=f | 22 5 jS0%e 305 Cdlas 5 Lgdaa oo alagd ol aill |, g0 —2
dCTP. dGTP. dTTP <5 5= 3 -RMNA il s o = ATP, CTP. GTP, UTP i 5=
DNA - s dATP

A amla W il 5 gl oaSl WS LA 8 TS Fillaa il ilalowl e aaell Haa Q) el ESa g Lede e ga L 5 0 — 3
SEF EYUNSYS ICPRETERS | I L T IAg

FAD « NADP" cNAD" (fie Saes 33 ColE8 pall o ssamll 6l 080 Ledea g «2dagh 5ol gaill Javd —
Saha ol S i e 1SN e aane a3 Jan S0 o A s 33 (58 e 5, FMIDY

S B an sl Sl JEe S lEN e aaaell AEL Tala g o 53 L 5a (Ja T Tl g€ il iy —5
iy s UDP-galactose 5 :5WS — Cilh 5all | SIS Cps 5 g3 5 UDP-glucose oS 5l «ila, 5al

S e la agdll S8 g3 S0 g UDP-glucuronic <l g ;S IS0 ¢ pmala] oDilde, gall | 515
A8 g an g alall g 5o ASTASN el 5 e pSTASH ol LS yall 238 aastuS , GDP-mannose
Pl it g el elay U Sl il

JE 2 e Fzmat i Glaadt 2 AlIOSTEric G il Chlalnie Lghen o anh Sal€ Saill | ptaey (Ja il —6
Glycolysis gl 5SS Glee obtels e G555 ADP 0 ATP Saus e 35lall i s 558 3
c el Cilas 33 any dan B S daadli MW a5 LedleaEs g Hauall 2ol o) 3

e gena ATP 35 jo J80 JBal e | ded cAlnill paelaall (ol B gl pal€ g0l oamy aab —7
5 g el =S o 1EE AMledl F.5,05 nlen i AMP 35 5a JaaS , Active methyl S0ieal Ll
Al | a2 Jiiall Ge gene Talas) e e lED 8 0l e | GaaW Gmmadall € L. o) Bnatuaa
o wsiadl =8 5 e Gaiaal s g€ o a8 8 4 € el 13a Sl aa gy a8 TaZall o glaadl o 0SS
S-Adenosyl methionine s sl



Gy Scli gl A Sppdl wel b g4 Ldi. opie )-8

ypa K AL Sl gl 35 cuil, Cytidine diphosphate choline (CDP-choline)

—odaw ol (10 Jedd) Cytidine diphosphate diglyceride (CDP-diglyceride)
o yhadall ) gall g gaall ol dilac

0
r*Hﬂ—n—n:L R’ ?
| 0 o (P (0= Hy= CHy=Ni CHy e
| CDP-diglyceride |
CH—(0—(—p" E[‘: CDP-choline
() 0 (= l—{}— Bib H Cytosine
|
CHe=C r—i—ﬂ—i—ﬁ— Rib — Cytosine 0

A i gill | AL il CDP-choline ol € clieagall LD il o 10 )Jd
. CDP-diglyceride & pl<



Synthetic nucleotides Am oo o N AS gl o3

LLl'j_.'e'_'l_s__"_.Ejﬂ_'l H.I-I.! LF'._I;'-J-._'I ‘f"_l" ':;___'._'ll_l:-_\_.:'_._._._'" jrl I—.'ﬂ_..:'l—"ﬂ‘—:‘]IE} ;JI_._.'«-:.J'I I_.'e.::-'l_-:-.._-ll _}A:I_IIJ _J'_'Iﬂ_.l_'l_lh H.I-I":' LJ_}n._ﬂLJ'I u_:g__}"J
2 awl-h th.!.. .-_JT-!_"'.__'.'_:. }‘l _.:'—.'5_5‘_"':'- .._,E_ll PR I.Lu_t_:__'l.._-:.._a:- :;' o Q‘I_‘Lﬂjjﬂjij__:.:'. [Pl N T N PO 11 -'..._,E_,n-i_.._uh._lll = |- ___:.'_.'-..5.'_:._"
l._.,-l—"‘:' _'I.___'-_"'l.—dll _Lhﬂ_l_‘l_l.}" :__r_-I.E- CLII_.IE._J.:&_I" = T, .h_].-ﬂ-.'l'_.:l :'lﬁl .h_;.-\_..-i_,a_l.Jll JE_.-._...J' jrl ':’.'T'!—:'ﬂ—T“_ﬂl,_J-—.;ﬂ—.‘]I E.-_"'tfl_"ﬂ.].l :':_._n.n.'ll_*-:'uu._l" ___}_-'!'é'

L 1 L e R L TR i N I | Lo S

Aca WMo Fe B 55l malan®l el ane palS gad) ledlihie LuS 5 s a5 50 Neucleoside antibiotics
33 s = ha gn 5 (37 - Deoxyvadenosine Cptess gisal s g3 —3" ) Cordycepin Juauea 550 L5 ganll
pael = o (5 giad ) Gmouses el g6 g gl HEla cilgaliie A LHadlla el a1 5 55 Baliaa Gallas
I 6-Thioguanine [ud S 535 —6 <l 3 S-Flurouracil dlad g1 5518 —5 (J50 (Javw  de 5 39w
Al ant MGG g el ag alS il Chan ALl e lEN paeat e cland gloact gEll ) 550 paaad e clend
o381 e Satae 5 il laac B (5 AT ol gan ollas 5 Ll RSN G Aaiia 0l LS el o wlEd e

A 11 Jdean) 6-Arzauridine Cps e 3 —6 e sas) g daiae o Fai 2 53 e

o o
HH”A\}-/] Hr--J’rJ T
HO &

- F
\|u,.r-’ L= HN ?"

EI_._-" D-:.T-"'-""H-\._\_\_

HCr H
E-lodo-2-deaxyuwridines

M
H

E-Fluorcuaracil

HO - j_:l:'
= Hr —— M
i~ ‘THN
2 e
HaMN ™ o 7 iy
! -1
Ho oH

B Emuaried ime

B-Arasguanine

=H SH OH
I | 1
e M e M e S
M o ¥ R ' R\‘:- ™ Tr‘ﬁh‘-—_::“"’ ﬂ“‘“:}_
:-:.] | P 4 o
J ¥, L. . | i ~
e Ty Hakd ™™ Rt ¥ | '“‘“%9 TN
M I M
H H H
E=Mercap topurine B-Thioguanire Alleburinal



Nucleic Acids Ao g gill alasdi
a5l il 3an we (5T) il S530K 5l e Al sk Chains dedtu e L3550 Gmlea¥ ()5S0
Posphate diester linkage i gall ) S5 el g 3l g3 Lgatany pa i 5 (Polynucleotides
I Eaag IS sl Sl e sl (mlan ¥ Blhay o (S SlAS, 2 pEe Ge Leilan aae w B AN

=

ol 3 .Oligonucleotides <ia = g 3 LE a0l o0illy Limgd _aniiy 10-2 0 Leilas 5 230~ 4l i

._;s" Lol y oy Sl and 5 285 G lSH 5 50 AagS e Uanes 5 5 Ui am S o) e Saiae 5 S5l 2 il
S5 W A3l 5 s Sl 2 505 S B el 35l 250 e 0 sSe SAT a5l iy g € g
A A ]
o 5o 5 S5 P e onlatll G Lo 058 AN 5 A IS il e ALyl FLALN
Cra oeanll S s 05 i Deoxyribonucleic acid (DNA) S asd  eeS gl (5 g5l el

A 12 Jedd ) Ribonucleic acid (RNA) (5 550 0 (5550 (malall el ol 5 5 5

Fhospiio—
diester
limlcogp=

W




o i Y RNA 0 5 edsd 55 Saud ) (o 555 DNA 0 oh bl s
iy gy oS 50

JEET.CGA iy pnls joa Ssa JU 3 (5553 pad sl Ahde QS 5 0e S o (S
e (s ajn) Posguals . JS o Gaadly G sishny i3S 5 O a0l 5l g IS
b Sl il Bl )l ) e Dlapa €l pedine jlus I P sjall gy e 3 il
a2 Sl Dl Bl e el G I P el a1 L BT ks
aic 5 sz 3 0¥ S S50 58 AGP o)y Cliagi 5 a8 o1 I e dPG 2ias
gl 5w i akd e ey 52 (A-T-C-Gp) M a8l il oy Yo S 55 jlisial (S
S a5l Lpaes e Ui ja G 555 Cppensbibiny Gaallly i €l e Dl 550
o L3 B8y L AN S Bl 5T B 05 )85 S8 Hh el 3 (5 IS G il )
plasi iy h 6 Lghe el ANy Gpall 33" Sl B Lol olail 57 Ayl (e 2lal) Ladla s il
ad) Jall 8 La 4 5all 8 Sy g il ac) il 4 pais )

"AGCTTTAGAAAY

I—I—'__-

Joldl g 5 i 23




el oal YL L)l ls Clid s e 3130 Liia LUAN 3 DNA G550 (alaal) a5
JS i Je o5, Protamines il 5 ; Histones <l siagll Loale (k5 (Gl 5 Sais 5
TP Sl Gl Byl a3 A, s Chromatin  fibers Zusla s S LY _ad sl
5 Axanis DNA (s 22a) 5 3 5a o 5siad o850 L0y 10N 3 Wi 13 JSal)aies
G335 A8 Al o 5,805 e 5 Nuclear zone ;53 fikhialy _edsaal ; dikis
LA gl 2okl daaas o LZ2

Chromosome

700 nm
Organization of chromatin molecules

DNA Iy Sl giangl) o Ailgdl) Lilisla y pgusga g ) gesags (13 )i



Cre F sl _padl 5 a8 5ol gangad) I samie Gpe Alsha s e RNA S5 500 50 G55 50 Gmalas® o555

5o 0 (5 as W omdall A g Fai, f 53 AENE e eallmg Ll e jlime il €, DINA
Transfer RNA (tRNA) JSEl (5 550 50 (55580 o=l s Messenger RINA (MRNA) L.l

o S = | I_“-..

idydn g 4l 55 J8) 5 Ribosomel RINA (TRINA) e 55500 51 (55500 31 (5550 (imalall

Ol (s g oLl Halee 8 lgang

Deoxyribonucleic acid (DNA) s s ) s gl s 5580 (aalad

G ’ ( alal) al A
. (e L e 8o 3550850 35k (30 (s e DNA ) T a5 -1

o O )l ibaiall dyinn y il acl gl JoSy . (14 JS&l) Double Helix 752 55l

C i (a8 s g (s Lal) Al Ay sl i) Jili o Sl Sy i gl Ll (53

HA 1953 = (Watson and Crick) ¢ £5 ;5.8 5 (allal
;f: — (G Ao Dl p g ) sas glaell s Chargall <8 Js Jad 5 -2

iz ey Il dd 5 A B o (T + C)o b gl g g sandd s DNA

_ G Laal) By a (55 G o 580 Baa) Al Jub el 5 2000 ALl 5 (a2 By gl

;
@ sl o3 ity 2nl 5 55l C o G dpad dlliS g canl5 55b8 T o A 2y oC G sl

oA gl 14 )Jed) .DNA ) i Base equivalences s/ il <



D agns @ sadall osoiall Lol i of —3

oAbl Haian g Al ac) EW o Hydrophobic interaction o8 5 el st —|

o A i el Sy S (G=C) e sl 5 O 50 o FEN daian 5 el peal BV —o
(15 JSE) (A=T) owadl 5 o)

mmll’l@ A m e
H b
i B =
"“ S
H— ™ IO, "-.:—.c” = —H
™ e e r

T e B Acdenimne
Hx H
N — e
H___C-‘..';' N ™ ,N‘:‘_ 4
™, P el ¥ DI~ C-\'-., E':
M — O “ - —

A g BT ae) SR s A5 gSTeN Aiam g paag T geal oW 2 LS Pdsanm

paad g Sai g jlall ALl L wS 58 Gaealodll st BV -
S el gl —a
2aclil) Saal 5 dila ae (G g A Cpjanb sacldl) opbEls JSEL 5 S um_ujz._l Gl € 5 —
(16 JSAN) Fa N sa5 e el Lass S el 1850 (C 5 T Gavses il
Joatie N e sl Sl DNA 0 pa o 535 e acb (005 gl NS) Saac 18l ilagd g jall 3o 5 —
REFEY-JRP (NN JONE TR N TP |



)l

-IDNA O B moea5all Se3iall Sundg it slast o 16T ) JSsm
q._faj' 5_.1._'-.I_L_u li:ll_'l_"n.j I—-!.—'i'—"‘-ﬂj-.' ;___'._n..-al_n.u:'jl ;_'F_lIJ:_;:]II "L'IJ—.'!S_HE}:?':'JI q_____'I.E- DNA _'Il ,‘jj:.l;'hi _4
Wl BN Al @ al e Bl g Lpataey pe Ak . (AAMP, AGMP, dTMP, dCMP)

AU PRPPRLEL I

Aaiay dam b SISAIED | s Falia Wl ol g€ gl cad SRS g e jall 4555 DINA N s 5 caliey -3
2 a sy el SN s el (o) aiad 35 LS G 5adl Led a0 Ha 3 350 s S 51530
SLlE ey 1 308 S Slall | 8 g 5 S ClaaSy 3 gl 3 DINA

a6 gal€ oadl) A1 e (e Sl fiay 3 Gene Gus) el jsis phi e DNA ) 5 40a5 =6
Sl e Jape e pals Taien g il o) @ e Judod 4l 0% s 5 oW Bae Y Juad 2
Sole Omd O 3 elly e 5 Cilise s ol 5 (Taaa il L S e 33) i o108 Aima digla,
s ca Baay DNA 5550 padladl 8 (Gt 5 0l ac) 5ll) g galS il Ge Cpme i 5 e
B TR - - R 1 Y I It TP g R B I L LA S CU RN (R T i
JDNA



Al g caaal Ao et i Luld S (Lasnd) Db sl 8 CuS B S el sl G o T
Jal el 5 o3 el I 4 @8 Mutation 3 ekl &gan e DNA s Sadas g yai 3ac 3
)'})':\:!.'\]‘ el \ﬁn) Aahs o :\_39_}.4..)5 _ﬂ}.d A yeb (X-ray, Uv) 3._:5‘_-...'.'-‘\ (_J»\)as S,ﬂ;ﬂ aneall

uv
O’EC /NH‘;C =0 raidi-
R—N *-CH;;C*CHz o
O;;C C’C::O
R— N CH— “~CH;
2. Thymine dimer
Deletions
or
insertions ,
due to Y
faulty |

17 Js&d) (e 5 HNO,

lonizing Alkylating " Reactive
radiation compounds 1 methy|
Py
4 CHy”
HNO,  «B.y  [CHP] N 'l\j
X \. R” TNO
l \'-:;,__ 3. Methylnitrosamine
Desami-| Free | —
nation radicals Eporide.
...||
\
O~cn
H$
C\
HO™H™C

1 |

recombination

rimidine C—» U

IMEers

" 2
Formatio

~ 7 ~A— —— OH
n Base Spon-  Chemical 4. Mutagenic
exchange tansous modificaton derivative of
lossof  of bases benzo(a)pyrene
A—| bases

ekl e waedl Sigan J) o A DNA ) aales Al il &\,ﬁ (17 )Jsad



L gaza 35 O Sas DINA il — s SN | I I | P S O cs— 3l o Gakall e sl .__;I
Falyl gl e mha ol pAEaS Lg e Ji o amaas GalE T ala ollEa 50 g as s (DINAS Repair)
Fagan  le Jandg DINA W 2 348 550 <9 eIl Frame shift 3= 3 Lead Jhant | A1 5 ach g8l

Gals a3 55 sl el g Agilhs ped ) el e agaell
A el g8l 5 e Tl Sl e 8 SR I dl) FaBs e Al e Al g el DINA N Zalas o —8
B S B Tl Rl gl SaSlaal ahlla g SAEN jec  jaan pa R W g st g yEall
Complementary (Jj)h.l9e) lhleSe Lagisl 5 Sifedl T e DNA W 2 5465500 i5l)u o) —9
A LiEy a¥ g S 5 ApdAN Lol | _d CaedB aliddy g Al 3 it aam g 31 oes Bl saa
T N T T I |
Al Ll ol =9 fe (5 a0 Zan) G ALl ol (laBW edi)and 5 aladl Gla el W Sl o) —10

LJ

- 37 olad a5 et s ) 53 e 5Tl 8 g et S ) S 15 JEEll) s et

t

ap = M) A=T Feuss Gs . DNA _ 1 2 G=C Fa.5 3303 3 genall (ol gml Sl 5605 2035 —11
o Fa ilaad e alasded G oEs P pa) seSi EE LB o lEat  NEN 5 (AW 8 Fatis o joaa  eal o] 3ETAE
crmmall e am s e SRl e B2 g 2l (T s sl S0 ) s S

i Faiam g il el GEl (Ll e B plae e SN Genetic informations 5.5 5 sl il gla ot oy —12
el (el =1 B S Dinear  informations Salkall ol gle el | oud S0, DINA D
o le (Bliny L s g el clas) Cale pleall sha Fam s S5 2 L) Saleey MRNA (Ll (5 5 520 0
3 The DINA finger print ol.ssad 565 5 50 Savadl el IDINAL 3 Sabaa 5 5030 ac ) G801 Jedall Lo
8 ol IDINAL 0 alalia 55 lde (3 3k e st ZN e o S ntil (Sl g e Gl p Ledls i e
S Eom 5 G 2z oI A G50 Tawagl LEa a5 (DINA typing )il 550 Saabal Slaat) gian,
S 2eS g A ac gig ol Lul HE pmay DDINA 0 Sl ol (AL e 3 g aule o el @ pas BN (o ilal
Leas Fatam 5 iiaill act &N

(Jiie Sc sam e aale o (Jaad 393 e 35l 58 CaadlSN) DINA 5 dbaead 5 galt Jas GBS 5 g 5 —13
s s L) e Thms DINAL 8 50 50 e gl el 5 S el deloil | e Slasla ol (et e w2ling

3 gl olet LI5S ESE DINA W dees DINA 5 50 50 Gee Fau (5550 5 oS gl SN a5e 5, —14
Lo o gema a=l o5 o) o San G0 Nuclease 5alS ol Sulas 38 G SaaclEh Gl Gaesmdla W Saaaash
e G S a2 aZoall a6 JaS 5 sl




