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Chemical Basis of Life : Atoms and Molecules
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_'ﬁ’aﬂﬁum (e lfifia “Carbon-carbon single bond” AFDoTIIN  1UAAL carbon atom HINIIANT single
i g of Py ' 3 1 1 o
bond N 1,2.3 %39 4 carbon atoms ﬂlligl} #3401 2 carbon atoms mmmnﬂ%’ electrons 2 @Jé‘l}’,ltlﬂu

o o A 1 Jo o
Llé!‘!,ﬂu “Carbon-carbon double bond” carbon atom %Gl@ﬂ‘ué}?}f} covalent bonds i‘lmu‘ﬂﬂﬁmﬁiﬂid

[=1

a%’mwmﬂgﬁwuu Y linear chains, branched chains, cyclic 102 cage-like structures (‘gﬂ‘ﬁ 12y
3
Y =) a ot o )
wavvoariavua Iduunulaseade wio ununszgn- Backbone voiluanamsdunidan q naw
- o Er [~ (- = 1 = o
#iia Tuanahil backbone Hl1 carbon ABAUAIY covalent bonds 38071 M13LlszNOUBUNTH “Organic
£ = o 2 & H oY °
compound” insntalumnailumislsznoy carbon NeuNavue  01wilu 1A 319 carbon W
: v ¥ =3 P o o ol A o o t
bonds 1@nT1av1a @131U5¥n0Y carbon Fegnidend sy luenanTeIns Yo UYL INMT

Aiataz I aunsvoIalEin

R [EI o) v @ ¢
j: E 0 ¢ o { &

dclare waln
ud lontie Doncs

Urpranet
with 5 e Lol

G Brancledt chain r_,*) ey
oY ¥ b
& Hing

/ . P8
C o gz;%o; . ‘~L,..... . i
sl - = o
Q. ¢l N, 7 vy
$o
Enl
2]

]
=

3 1/ 12. A: Carbon 11 Covalent bonds ll%ﬁ&i}:@] 4 bonds. B: Unbranched chains il Single bonds

8% Double bonds. C: Branched chain 1182 Cyclic carbon compounds.
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2. juineziifvesasiseneudunid - Shapes and Dimensions
2
Covalent single bonds 114 4 bonds U049 carbon atoms 1913 Efaaflu 4 341 (tetraheral) yuasﬂizmm
a 3 dy = o 9 = o gl 1 w @ o o
109.5° 53U 2 bonds ynilewuldvuntlaudntieluasdsznevdunidfineny  adeguanyueil
ms1lsenouBuNISved carbon Tl Tassadie 3 R (three-dimensional structure) TAna1ouuL naa
at - ' aiyd 4 .

THfudemndudeuvadlnssadumelumad ddimamdildiuesfilszney uonnniyuves single

bond Saannsaviyu 1d8asr0U carbon atom oniiuiili group BuNfindnegingunnied charge 110

o et :

NIHYUB1ITIAA FeduTuanaasSun3diiinmy single bonds Seilasaerdhe 3 Hdldvateuuy ¥
01 “Conformation” Tnsaadae 3 Fal mﬂmmﬂuﬂgﬁ?mswéw catalytic site 903 enzyme .
substrate ‘Vl%‘ﬂﬂ‘ﬂ !,maﬂ@m 2 L"’lﬂﬂul}!ﬂW’ﬂ@l u’@ﬂ"ﬂ’tﬂu MITUAUUDY hormone i recepior ‘ﬂﬁxl’J’UEN
wad. msFunsiesf (replication) Y04 DNA uasfanssudu o Vo UATIAATY 1@@81\‘1@1’3@@&&?‘%3%1?]‘5@_
2514 3 §A (Conformation) 970 substituent groups 31 1ABETZTOU single bonds ¥4 carbon atom Thaes
2.1 Isomerism

Isomerism HHN10T4 miﬁmsﬂizﬂ@uﬁﬁ molecular formula tiPUAMIAZH chemical bonds.

wilafondu uallTnsagdraumnaeiusiedani Gso = milow, mer = witoTuana Wudnauduld)

. & e €3 ar et e o 1
asmamiuiinamuiamamenmuazaiifiuvesdes  asdszneuiiigey luanamilouiuualase

1

=

5 . ' w e ] ) , = as t o a
afnTuanalimioufugudl Goad1 “Isomers” isomerism WuilidonilsfishWansdszneuduniid
UIMNIHAFHR

2.1.1.  Structural Isomer
oo o a e 2
Isomer na01n lATias 190 3e1T52noUBUNTONT  carbon atom 1)U backbone
T ' Y
carbon atom fl 4 bonds Lﬁﬂﬁ‘ﬁu’luﬂl@ﬂ carbon atomssl‘u backbone L‘Wlﬁﬂﬂﬁu @mama%’nﬁﬂ%ﬁmmmu

aduTassadraft laimilousy (nonequivalent alternate structures) Tonanou 1y a1slszneudun3énd

carbon 6 92R8Y I molecular formula 17 7B C¢H,, (saturated hydrocarbon alkane) (gﬂ‘ﬁ 13)

—

—C e —C
| Lo i |
—C— G —C— —C—
| Lo Lo L
e Com —C— S e O
I | Lo P
—C —C— —C— —C—
E I l |
e G R e
l E |- l
hexane 2-methyl- 3-methyl- 2,2-dimethyl-
pentane pentane: butane

519 13. Structural 1somers°if®\2

dmfuynTnrsadiauesais
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=
2.1.2 Geometric isomer Y390 cis-trans Isomer

Tsomer MNITUIADIA 100130 carbon atom 2 BEABN Y1 double bond iy luuAazDERDY

o

9/
fi 1 double bond a2 2 single bonds M9 3 bonds 218 TuLWAITIWUAZY Y 120° AofuLAY double

q

! - 1y = : & - oA A o &2 o
bond mguaas:"iu"lﬂ YU single bonds YDIUADS carbon atom TINBTABU 2 NHUNVUBUNUIARNR
L . ¥ o @ k4 ' L 9 o = T s ar
8y uas single bonds MyulA hld (1) dezeen 2 aquaglnaiu vie egmuReINUYEL double
=t . ;I . 3 ' ' LY L=} 1 kY
bond Gluumﬁzmu 1580 isomer U1 cis form (2) DIBZAAN 2 nqmg‘lﬂaﬂu HIigagnHazAIHUYDY
double bond 1HUHITLHID (300 isomer W31 trans form (gﬂ‘ﬁ 14)
R A . . =2 o . &1 o o o
Geometrical 1139 cis-frans isomers U1 U “Configuration™ U89 1318 NAPIRNNNUNNITIN
{50994 substituent groups Waiisuiy double bonds ﬁmguthiblﬁ cis 1A% trans isomers 1HE NSO
wlasusdunusznisiunasduld §11duan covalent bonds | 158 2 bonds WU Maleic acid (cis) fiu

. . 3 . dyﬂ as 9 o = Yo 3 e oW
‘Fumaric acid (#rans) M4 2 isomers Sve@souanonnInduliuTand lddumsdnyiaiu

HCOC H
A N S R oty s
GG Nl {41,

A ~
H COOH
Fumaric acid {trans} 3

H H
AN A IhN

Ve ~
HOOC COOH
Maleic acid (cis)

N NH.

Fl ﬂ‘ﬁ 14, Geometric isomer W30 cis-trans isomer. A, Fumaric acid 118% Maleic acid

B. [Pt(NH,),CL,]Cl,

2.1.3 Enantiomers %30 Optical Isomers
= ot Y [ [ ¥ as ) =
Tsomer AUMWATZINONDINUMAZ AU LLG}thET'IiJ’i‘iﬂ'JN%'EmﬂMLlﬁﬁ?—&'ﬂ AN
HANAMUBIDTABNNT® functional (constituent) roups MYUoUnY single bonds 114 4 199 carbon Uasvyu

21

.lal 1] 84 =1 -4 . 3 = s a 1 q =1 r-1 qr <4 9/

Yldluszuiw Taowe1 carbon 1HugUINaNT isomers 114 2 IaNuduiusaefumiiou ivynnviede

=§ T 9} (Y] 9 s A A t = ¥ oy, csy«:? =l 3 .

Falingnadouiuldwed uisiievnldgaiiodedne IWla isomers HUVTHTUTHAT b isomer Bz L

1 b

isomer miﬂizﬂ@’u‘ﬁci‘ﬁ isomer UUUN 130071 Chiral Compound (Greek : chiros = hand) 1¥U  b-

. . o . b o . . =t W

Alanine Y 1-Alanine B3y amino acid 1ulilsAu nag p-Glyceraldehyde AU L-Gluceraldehyde W
P = & | aaa a

carbohydrate (:5“1.11’1 15} Enantiomers 30 Optical isomers 139 Stereoisomers mﬂgﬂsmmﬁ@uﬂunﬂ

szms ussefiumenuEuianenmenIn AaANesalUMTHYUTZUIIUBY  plane-polarized light

~ o w o . & Al o it . el g My, =t '
NA1AY (MyUu1N U9 10) chiral molecules TuFIlF 0 Undveviuiiivg isomer 118 isomer Baumn

nins Sy g BUTHATT TIN5 A



G an P
i vedEn - wisthizaeudunid 20

2t

W4 chiral compound a5111A8 enzymes Tudnnmzmsa i 1o isomer By7 a1z lunnaves
o o . toar
enzymes AU chiral structures FUA

COOH COOH

. : . HN—C—H  H—C—NH,
gﬂ‘ﬁ 15. Enantiomer 30 Optical isomer ¥ | NH,

o CH; CH;
V&9 Alanine 1-Alanine p-Alanine

2.1.4 Epimers

¥ .ol =3 . .
11m1a 2 Tuenauandisfufios Tasaaiamuawiade “Configuration” 58U carbon atom
. _ s z ) 4 » . o
mvzezaenlaszaounil lutanans 2 Sun Epimers 15U (gﬂ‘ﬂ 16) o-Glucose (1114 epimer N1 p-
Mannose Tﬁ&lﬂﬂﬂmmﬂﬁhﬂﬁ Carbon atom 712 1&g  p-Glucose il epimer il p-Galactose Iﬂﬂ@,

ANMYUANGAIN carbon atom § 4

p-Glucose and p-mannose, p-Glucose and p-galactose,
epimers at carbon 2 epimers at carbon 4
, CHO - CHO CHO 1t CHO
3 19 16. Epimers U84 Glucose H-—Ci—OH HO—G—H H—C—QH 2 n_c::_oH
HO—C—H HO—C—H HO—C—KH @ HO—(—H
H—~(l2-~OH H—C—OH H—C—OH = Ho—é‘_..ﬂ
H%(:ZWDH H—C-0OH Hewr Qo OH 3 HmémOH
CH,OH CH,OH CH,CH s CH,OH
p-Glucose n-Mannose p-Glucose n-Galactose

2.1.5 Anomers
Monosaccharide S ring structure 3 2 isomers ‘ﬁﬂma yiiAa ANty isomers 1?;:\‘1 2 108
ﬂfjﬁ?ﬁf’ﬁ:ﬁ‘}’i 14 aldehyde - iy alcohol Llé’mgﬁuﬁ?ﬂﬂ’h “Hemiacetal” 1111 ring structure (pyranose) 2
forms D O AL P hemiacetal 148 carbonyl carbon atom fi?tiﬂﬁ Anomeric carbon 198 o -form I -OH
ogéua1e uay B -form 5 -OH BYRTULUYEY anomeric carbon atom 194 (3L 17)

o~ p-Glucopyranose it B — p-Glucopyranose 8% o — p-Fructofuranose U P — p-Fructofuranose

SCHLOH
H3C—0H H
é/ H Ay
j\OH H/C\\
HO C3
H OH
A ;s
11‘1/3 17. Anomer. @84 forms U84 SCHOH ﬁ“ ,OH
15 0 HAc 0 o
Glucopyranose. é/ﬁl }c B i/H _ }C/
O H/N 8151 0/
H(l}\sé C/ OH HO\C CE,/ H
H OH L UL om
awnleucopj'raneée i ﬁ“mGlucopyranoqe

8709 Bung g uningEdneas
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3, Function Groups of Organic Biochemicals
N - S < v & & Y
f13tlszneuiidunidifeuiavuaiiue i usues “Hydrocarbons” H41J58N0LAIY carbons Loz

o e ' P [ L Ve
hydrogens Tagdl carbon 1411 backbone 1FONABAUAIY covalent bonds  1aZ bonds darufFaumniy
hydrogen  backbone %8¢ hydrocarbons (EDTNIN IWIIZ carbon-carbon single bond U8 carbon-carbon
double bond 3914 electrons pairs M @7U hydrogen atom 1 #30 > 1 8zAoy 019gnunud IddIe
Lk YA . b o893 ¥ 2 ) 1 ] wn
NYUHUIM “Functional group il il organic compounds NRNAN 9 (AN 1) MUAUTNUA
934 functional group Fana ludnaIdiy

3.1.1.1 Alcohols : organic compounds i 1nTe =1 Hydroxyl group

3.1.1.2 Amines: organic compound Al Amino group

=1

3.1.1.3 Ketones : organic compounds Pl Carbonyl groups

=

3.1.1.4 Acids : organic compounds M Carboxyl groups

1 d‘{ = g d‘. n:i
HRSNQUDU 9 BAMIATT NN | as E'lh’l 18

Functional :
3 B 3iv == a -
group Structure Family AIWN 1. Functional groups 384 Organic compounds.
Hydroxy! R,—O0—H Alcohots
Aldehyde Ry ({me Aldehydes
Carbony! R,— (ﬁMRz Ketones
Carboxyl R,— (%%WOH Acids
H H H OH
o ! [
R—{—H R—C—~C~H Ry—5—5—R, R~~0—P—0OH
H [ i |
/ Hi H H
Amino R, N\ Amines Methy] Ethyl Disulfide Phospho
H
H H
/H H H R (o C— H \C=C/
Amido Ry,— (||3—N\ Amides R r[I—C—N/ g“ é R—C/ \C——H
“ PN y
O H [ H H (': o
\H H
Thi —§—~H Thiol
Hhiol Ro—$ Mot Guanido Imidazole Pheny!
Ester R]—(i:_O_RE Eslers
| = ) 2 .
';i}‘ﬂ“ﬂ 18. Functional groups Anulu Biomolecules
Ether Ry—O-—R, Fthers

= =) * cﬂyn oam g Yt 1 b A o
Functional group 483a1538unIdmarfivlfiseunii1dfind1 hydrocarbon backbone 948167

g B o a ot 1 E . =
ud uax hignaszvilaesisall  daulet functional group mMITn/Geuniainisnsza1eves electrons
et - 4 = e . . SIS = o 9} '
uaznszidejUnsuaAdinvessyaeudnufiodld functional group Tues#dunidaslvinansznuae

S o = .:aa’rg [ - o ot oaa - = Syt Y ot
URsouaiivesenssunidnaluena Aunn1dnn enzymes dusaljisonalveuraniidia wihiives

niny Suns g aruag FIneTas L amg



wiivoedin: mrdsznouduvis oy

1
=

enzymes 1onlA1IA  functional groups MaAmentAMnswlfiiontedlularaaivesluaga
enzymes IGE
= ' = . =l 1 . S
micﬁﬂmafgamuanﬂu functional groups 2 HWIBWINAIT 2 functional groups SEATE
¥ s o aa t . . 5 o
“Polyfunctional” H#RE functional group ﬁﬂmawmmzﬂgmmﬂ;@mum (U “Amino acids” Fuil
building blocks veald3fu  amino acids Uszneudie 8d131iee 2 functional groups ARefuUA® Amino
1 g A w 3 :
groups bAE Carboxyl group WU alanine UAZ  simple sugar “Glucose” 1ﬂuﬂﬂﬂ?ﬂﬂ1ﬂﬁﬁﬁﬁuﬂx‘l_
polyfunctional biomolecules  glucose 1 2 functional Zroups A9 Hydroxyl group 8 Aldehyde group

] ¥ . &3 g _ ¥ . . e
12U 1497 functional group vaei TuanaliumumdIAnInnly biological activities

4, ﬂ151%ﬁ15ﬂ?%ﬂ@ﬂ%ﬂﬂ%tjﬂlmwnﬁ - How Cells Use Organic Compounds
Enzymes GuihiTsiusalgisouativesen Tuadu Tned§isen s oghe v l¥i Tumgasoy
fu dasoalmi nazuanaans
4.1 Functional-group transfer : Tmaaaw‘fﬂﬁ’ functional group sxd%’ﬂimaqaﬂﬁ& ﬁavﬂu acceptor
42 Electron transfer : clectron WiiawsennaignieeonainTumganiislisnTuagawils
4.3 Rearrangement : &Y internal bonds wasumssunsviianiisldudnufianils
4.4 Condensation : #941187a3IWANTAY covalent bonding Waﬁuimaqaﬁimp}ﬁu
4.5 Cleavage : wonTmana b 2 Turanafidnn
08 1T -

(1) in1e Condensation reactions ﬁ enzyme 181 hydroxyl group @aﬂmnimaqaﬁﬁq uaze
p2ABY hydrogen 8NNBN TiaNANIa & covalent bond 52M914 2 Iumaagﬂﬁlﬂﬂmmaﬁlwﬁ
#91 hydroxyl group 1A% hydrogen s2ufunatafindy dedaiivzifinldlumssanTuanaveuds uas
- polymer 5‘14_.6] A28 condensation reactions ﬁ“ﬂs"} ¢ i
“Polymier” Tmaﬂa%méﬂimd Uszneudis faud 3 subusits 59 2114 subunits amfeufunielimilen
iy uAng subunit ITon9 “Monomer”

(2 )Cieavage reactions %‘HSE}ﬂ’n “Hydrolysis” ﬂmﬁlﬂ‘ljmiﬂﬁmﬂmﬁlm condensation enZyum

UANLEA covaient bond #i functional group uaﬂimaﬂaa@mﬂu 2 d9u Tunauderiu -H uay -OH CRRE

‘VI Llﬂiuwaa‘iumi hydrolyze (Llﬂﬂimaﬂﬂ

msammwmmwmw exposed sites reactlon S,L?J‘iJuWﬂ

mam) BIKIGE polymers Elié € T 1dEly subunits: mm 1?’[&‘1]14 bulldmg bIocks %30 Energy Sources.

5. Taanavasliin - Molecules of Life

awldiFeu lumisntenwifieguila fadiaInt mmuwmmmmmﬁwmsauw Hi

Carbohydrate, Lipid, Protein: ti81% Nucleic: acid: ¢ _xjiifl_ﬁ'ﬁ;}f‘iﬂuﬂa@._@_f_}‘ymxmaTuaa NavBIAIN Lgaxwmﬁ

AIRY BunTIIYY ausungEyingras ama
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1 yd 3 ar ] o . .
AT mmﬁﬂmﬁﬂu 1 1 energy packets, energy stores, structural materials, metabolic workers

uny libraries maaﬁi’f@agaﬁ’u"qﬂﬁm (hereditary information)

5.1 Carbohydrate
Carbohydrate Humisznoudunid  sugar ﬁimaqaﬂizﬂ@w‘f?ué’w I #300IAN91 1 N
Carbohydrate i Tuanafifiniign wasmedldidu (1) Tassadie @) wianufidediolui uas
(3) WAWIMAZAY
5.1.1 Monosaccharide H3® Simple Sugar
Monosaccharide ﬁwﬂ"sm%m?{m (MUI1AE7) (saccharide = ﬁy'ama) °luimaqaﬁ 2 hydroxyl
groups A2 aldehyde 130 ketone 89 1 group  simple sugar drnndiseans Tund dundnuda naz
;a‘:ﬁma“lmf?w ua liagaielu nonpolar solvent
Manosaccharide & backbone i1y catbon 5 38 6 DrABY %&Lﬁ’e}azmﬂuﬂummaﬂuém
e vielumaatuur Tduiu ring structure Giumiuﬁmﬁﬁmﬂﬁqﬂﬁ@ ribose UBE deoxyribose iy
‘AiudszneUved RNA (a2 DNA 1) 5 carbon atoms @731 glucose 1 6 carbon atoms  glucose Wuuvas
WisumdnvesdiiFiaduan  uenandl ghucose WuTimanaiudy (precursor) voeanTszney
sianewiia uazilu building blocks 189 carbohydrate viialuaint  astsznoviifhueyiuives
‘sugar monomer 1 3 YA (1) Glycerol (sugar) 1ﬂudauﬂ3$ﬂaw@ﬂ%ﬁu
(2) Vitamin C (sugar acid) HununIu lnwuInissIv1s (nutrition)
(3) Glucose-6-phosphate {sugar phosphate) L‘ﬂ‘ufﬂi5’3L&Sﬂﬁ&%11ﬂ1u35ﬂ§ﬁ§ﬂ1ﬁﬁﬂ
Twad mw%&mimfﬂmmﬂ%’ oxygen (aerobic respiration)
_Monosaccharide 1 2 families 19 Aldose LIAY Ketose (gﬂ‘ﬁ 19}

) . e 1l .
Aldose 11U monosaccharide N carbonyl group (C = O) @g”ﬂﬂt‘l?ﬂﬂi@% carbon chain

i i
==} H-—(I]——OH
] H—(l:_OH {‘3=0
gﬂ‘lfl 19. Monosaccharides H_([:_OH H—G—OR
H H
C3 : Aldose 1102 Ketose Glyceraidehyde, an aldose Dihydroxyacetone, a ketose
C,: Aldohexose Un
H H
Ketohexose | |
-0 HM?WGH
H-—(I‘,—-OH Cimc)
]']O—-(]:-—H . LIO""'(;.-——H
H—-CI-—OI“[ H"-[;:—-OEI
H—(’:—OH I“Iw—%:——DH
GILOH CHOH
p-Glucose, an aldohexose ‘D-Fructose, a ketohexose

A0 Buns g BusLRI H2AN01'43  une
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monosaccharide “i’ﬂu aldehyde 14 C;: Glyceraldehyde ﬁﬁ’@ Aldose (gﬂ‘ﬁ 19, a), C;: p-Glucose ﬁﬁ@
Aldohexose (g‘ﬂ'ﬁ 19,b), p-Ribose 11 RNA uaz 2-Deoxy-p-ribose Tu pDNA

Ketose (11 monosaccharide ‘ﬁﬁ carbonyl group aéﬁémwm%"uﬁiﬂﬁﬁﬂmﬂﬂum carbon chaif
(a1 C,: Dihydroxyacetone (gﬂ‘ﬁ 19, ¢) «ﬁaﬁﬁa Ketose L181% C: p-Fructose ﬁﬁﬁl Ketohexose (§ ‘]J’ﬁ 19, d)

Monosaccharides i reducing agents W14130 reduce oxidizing agents 1610 1953 ferri-cyanide;
hydrogen peroxide HE) cupric ion T@ﬂﬁ?ﬂmgﬂ oxidized ‘ﬁ carbony! group (MUNIU : reducing agent
14 electron donor 1ag oxidizing agent L”ﬂu electron acceptor) glucose meﬁyamaé!‘uﬁﬁmma 3 m“ﬂu'
reducing agent {38171 Reducing sugar ﬁ}mﬁuﬁﬁﬁl%’ﬂsﬂwﬂumﬁmiwﬁf‘lma Taginnn
S110Y8 1 oxidizing agent H3gN reduced Zawiana Walse TeniGmaerinmiSing: glucose luidoauay
TuilasiziionsTTode T5mU MU “Diabetes millitus” c?aﬁwwmaiu;‘é’a@mmﬁuﬂﬂﬁwﬁwame;sﬁ’u_

ponuuilasiy

5.1.2  Oligosaccharide
3 2

Oligosaccharide Whaiimadu 9 ve4 2 wieannn 2 wamiena dlsznoudas 2
‘ﬁuilfif%ﬂﬂ’h Disaccharide G?;aﬁi”ﬂﬁ’uﬁﬁe lactose (glucose-galactose), sucrose (glucose-fructose)
maltose [giu'éose-'glucose : glycosidic & (1 — 4) linkag] UaZ cellobiose [glucose-glucose : glycosidic
B (1 — 4) linkage] (3171 20)

Lactose (# form) [O-g8-p-galactopyranosyl-(1 — 4)-8-b-glucopyranose]

‘g‘ﬂ‘ﬁ 20. Disaccharides,

I_act.ose {ay Sucrose [O-g-v-frictofuranosyl-{2 — 1)-o-n-glucopyranoside]

6CH,OH

Sucrose

¥ o , I e e . 5
Lactose Tuthundnigndeodaeeulad Lactase andrldian oulmbian (active) Tumsndi

ARETTY fc‘f’aumﬂiué’%ﬁg%nm%’uﬂan_é_é;rf%ﬁjrfﬁ'i:éﬁ!ﬁﬁ;'?ﬁi.f;'_gaﬁﬁié{é{ﬂﬁau nazaISHsRuduIn
@iy Tactose 1514 (actose intolerance) T _i:ﬁs'aﬂ"lcmf lactase  ziaagTalma
wilouazsw3fu mashfing] -1ac'_ta§'e' uedln 1_;;;@*_(1'}&3'3'8%93‘13\Egn@ﬂc§m%”u§m§®@ iAo
andalunssgonns ldReonnsdendomnsthatos

- o -
Y QURTINEGT EU‘NJHE%')’)HUT-"S LN
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s 2w P - o Ve 4o ” "y o o
Sucrose W38 W100Y - cane sugar @i TavHvwawwin uadnddugaitlyld @y
factose Aitwa1alaild) Wanileu carbohydrate DnmsFaaszruamaldiiy sucrose Mluudadalads
ST :5. =)
dIUBU 7 VIHY
d A 2 ¥ w = . 4 @ A 4
INORANWHBIDNATULTN AUNAIVEHAR  hydrolytic enzymes amontlerunuasanluiisibeny

Tumaalidy maltose AUAdY mattose Wuuvamdsnulifneie lnldis,

5.1.3 Polysaccharide
Polysaccharide H50 Glycan A1 enTINTBUANUYUIVEY monasaccharide chains FILAN
B ]
'ﬁﬁﬁuﬁﬁuﬂu monosaccharide units LG m’mmwmmmmnmmmnﬁamﬁaﬂﬂ (gﬁﬁ 21
3
#11052n0UAUAIY monomeric unit  WHARBATONIT  Homopolysaccharide ¥ Starch Lag
Cellulose il prglucose units LTl
f1152naUAUAIY monomeric units WatwTila 30071 Heteropolysaccharide (%1 hyaluronic acid
189 connective tissue Faszneuday sugar units 2 PUATAUAUAD p-ghicoronic acid i8s N-acetyl-p-
glucosamine
ol oy @ o :; k
fanfnimalugdvecdls - sarch dadtnuinealugduesinalanu - glycogen
P -] = o 2
Starch : UY52n0UAY  glucose polymer 2 WHAAD (1) o-amylose T s uanna (long,
unbranched chains) U84 p-glucose units LAY (2) amylopectin ST highly branched chains U84 p-glucose
TuTianaued starch -OH group BYATMBNYDY chains 111N hydrolyzed Tt 1w Srduduagld
P = ay o = kY =] v P Mo .
dmylose soneniflthafeuudnsuinanasy dauAmteillu amylopectin
‘Glycogen : A1 amylopectin TWAY U@ branched 1AM wagluanadadiuuiund GUR 21)

1
Y 9

“glycogen Hunlududia 7 % yosrimindlon uaziily skeletal muscle  §nhaaludendiwuazani
“glycogen 1Rdlu glucose Yhsudhgidwtion wazsznienseenidanduniiensld gycogen ol
L ARRMETARED

Cellulose: polymer U843 glucose iy extracellular structural elements 14 cell wall 493 unicellular

. Ao & 9 A o o b .
imicroorganisms HOZWUYYUEL cellulose Fuduletmilenias iazaoin cellulose chain Tng glucose

a8

wofuiluaensauay unbranched A0vuTE (1 — 4) linkages HAZTENIN chain Goafuuaziaiudae

T

o o Y o g o [ =t [ 2 ot A
Hydrogen bonds  $1uun Mldruduiluialvguiv vazmiien 1wy fho Ae cellulose Mo

2

Y & & nwa = o & o et ar o N res 1
Vians ey cellulose Ainauiy polymer U dailinszgnduwmdslifienluiden cellulose 16
Fi

(W92 cellulose i B(1 — 4) linkages nadadaungold  cellulose Wuwdsau'ld Sdadiud

2

P . . ' = 1
.Imicroorganisms WIN termites TunTEIZo M5 a5 cellulase @@18 cellulose W1 glucose N

-' o = ! Lot e
“Chitin: 1311 exoskeleton VOIFATMAWYTA U LN fjﬁ ”1511 e fungi - IHINN chitin (1 polymer

NNy BunyThyg euTHAEE INnev4s | unir
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w9

. el s . L. e . o o =
Y84 N-acetyl-n-glucosamine NAINUAIY [ linkage chitin MY calcium carbonate szudauthutlaenuas
o o
n3zARaTad
.. . o 2 FY 1 gy o -
Ligin : cellulose fibrils W4 polymer E}‘mm‘sﬂ@gﬂ?ﬂ‘lﬁfﬂﬂﬂi@ﬂiﬂi&ﬁiﬁ (framework) YBIUHAANT
< 1 o FTe
ufiausunn nupensa 1Ad
X = o ' ;
Tils@uuaz Taanavualvgidndl oligosaccharides @attlu side chains 3 W3O INAT1 3 monomers
19 Glycoprotein  FaunyiatiunumdiAnlu cell membrane tazgguiu vytagnudtesnyen
1 ¥ @ w i 9 ¥ ' J = i '
KB 15U “Anti-freeze protein” F0aayaudeivsh lumad lddas T i lwsaddhoinds
[ o
{Aeary NaCl Tuden anti-freeze protein 33U NaCl finnmdudugeezyseIidainugamgivesds

Jan'ld

Macrofitr

Cellulose

Glucose molecule

Starch. Glycogen

Plant roat cell Animal cel

5109 2

u

1. Polysaccharides: Cellulose,

. o o
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5.2 Lipid

T

= a’c:\!..l '

Lipid Wiuensdsznoudunidi lazarwlni fhufu wesdluly  tipid duidluagadnngu

£ »

X & < A M vy & s o | ar o
Wil aunsaueneentINEasIaziiiabe lAa nonpolar solvents GRIERLIT lipid WUWALIUE 1799

2 o

i 9} A A . . 1 & = =
:zﬂuimdﬁﬂwmwammw (biological membranes ) 1%U cell membrane m%mmmﬁmmsﬂumamwmaa

t
o ar =)

i < @ @ oo 2 @ o dgi‘ & o o s ar " =
A0 W?i1’7l°}fﬁaﬂﬁmullﬂ sy witawe Wuasy “receptor’” i‘ua@ﬂuusmgﬁmﬁmmauﬂWﬂﬁet,ﬂﬂ

a g

1
fs) ' o o L]

Fy g oo Y o 1 &
fou  uazilufiogueveulmifidWnuassyuusuns  electrons  lumsadawdinu Wy @elu
) . L., s i 2 Ada A . A ..
‘mitochondria £8% chloroplast  lipid mmrmq&iumumma Triacylglycerols 179 Fats  lipid
g =1 , = ey .. =) oy 1 oA A s a
DIUNINY Fatty acid 13 building blocks  lipid Tnaeviaunazvialvrinaiu
5.2.1 Fatty acid
- 5 . . . = e -2

Fatty acid il long-chain organic acids 4 backbone U899 carbon atoms 4 04 24
. 1 o | H t P o
praey iy nonpolar hydrocarbon “tail” A carboxyl group (-COOH) 1 AU wazNmaeiy
‘hydrogen atoms
. a
e hydrocarbon il carbon atoms ABAUAY single bonds TIWUATUNIT “Saturated fatty acid”
fi?ﬂﬁ”l&i hydrocarbon i carbon atoms ABAUAE single bonds uazdl double bonds 1 ¥3BWINNIT 50N
“Unsaturated fatty acid” (915131 2) @211AAAT¥NI19 carbon atom 9 uaz 10 Mdgdnual A7 &

fatty acid {ia10 double bonds 1380171 Arachidonic acid

Systematic Common
. Structure name namc
A1519% 2. Saturated fatty acids (o
SATURATED FATTY ACIDS
Unsaturated fatty acids CH3{CH3);,COOH n-Dodecanoic Lauric
CH;{CH,);;CO0OH n-Tetradecanoic Myristic
CH;{CH;)14,COOH n-Hexadecanoic Palmitic
CH;{CH;);sCOOH n-Octadecanoic Stearic
CH;3(CH.)13CO0H n-Eicosanoic Arachidic
CH;(CH;);:COO0OH n-Tetracosanoic Lignoceric
Structure Common name
UNSATURATED FATTY ACIDS
CH;{CH,)sCH=CH(CH,);COOH Palmitoleic
CH;{CH,};CH=CH(CH,},COOH Oleic
CH({CH,);COOH Linoleic
CHCH,CH==CH{CH,);COOH Linolenic
CH,(CH,)4(CH=CHCH,};CH= o
CH{CH,);COOH Arachidonic

= ar o

J ) =] T
Saturated fatty acid 11 substances [SEIAUMUUUUIY ‘Vﬂchsi} substance Aeutnaduvele 1

4y & el
saturated fatty acids Y144 12-24 carbon atoms It {wax)

AI0% EUNTIYT BUTHATEYINUTES : unE
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Unsaturated fatty acid azafiudw i {oily liguid) ﬁqmwgﬁ‘éw 11
Fatty acids aza1vi1 udnszaimilugeluiunsinaniFondt “Micelles” 11 NaOH 138 KOH

50919 alfen fatty acid 19l unSeved fatty acid (36n91 Soap . hydrophobic tails ¥a3 soap g 11l

o

[} -
won v (grease droplets) 1182 polar head W30 ionized carboxyl group dusanrni 18 hydrophitig

. . . ! b = ! o 2+ 24 o
coat ABUTDU grease droplets ﬁzﬂuag‘lum 14 Emulsion (gﬂ‘w 22) o (soap) NN Ca  UAZ Mg T

e Wt :- ) . 1 . w v [ 1 Y [ X~ adf .
At liazaodigann linseee (emulsity) Julfu udaniuazneun @u mslvaydednnnmiiy
R e 2 Vgl e g 2+ 2+

K soap AUMATZANNUINGD Ca LD Mg

Water Internal hydrophobic
phase ar nenpolar phase

Mydrated Na* ions

(et dl &=y o D’J t
9101 22, 99 Micelle MR nn ludunszaisluni uag o (Soap)

52.2  Neutral Fats Hio Triglycéridéé Wi Triacylglycerols %30 Fats
Neutral fats 150 Triglyceride E‘ﬁﬁhonpol&r 1Ay hydrophabic Lﬁﬁ)\ﬁnﬂqﬁﬁ charged
L polar furctional groups Fududszneundnyes storage fats TwaradRsuardad i,!,Gibth‘UFEﬁ;
membranes 1HuRUIY (insulator) AogMNYTA Fadiy fas B1dRamTs
' Neutral fat___'iyaaqaﬂﬁznauﬁ'aa Fatty a'éid: _Lmz Glycerol “‘f;ﬁl‘ﬁu backbone ﬂ!@ﬂimﬂf}ﬁ i
carbon a‘tom' ‘ﬁy\‘! 3 ﬁ".lz.!;.*‘.ﬂﬁﬂﬁj’e]\i ' g'lj/ééfc.)_i gﬂ{)’uﬁ"w fﬁtty acids FUAAYINU (T80 Simple Triglyceride
(g1l 23) §r¥udan fatty acids 2 5e1nnnd1 2 vflafiuand 197 Guni1 Mixed Triglyeeride (310 24)

1
s

fats’ TusTMNA @ huzaen we sazevns lwaudwily fat way s3nA1e simple 1Uas mixed

1 R o8
H“‘?"GH' T aléehol - ; ..”"""(l:"o"c“R
H—C—OH.- T H—C—oOH
H—cE:mo"H i molecules o : '-'n—<|:~«ou
gﬂ‘n 23. Neutral fats. Triglycerol - Grieoret 7 Monoseylglycorals
(Triglyceride) 113 Lipid fiwy
= g B a
nTge IUETITNA

s H
_:_ Triacylglycerals
< {the most abundant molecules
in natural fat)

asny Sunsiierg ausuRgFingTas  wna
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triglyceride MNAWEVILAZANS saturation VBI fatty acids #19 9 M 1 Tuiuafindadlulafimwe
¥ 2
saturated fatty acid 1iuuznonduusunatl unsaturated fatty acids 19 3 AWHUIVD glycerol AN
ot ) . [ & = = . . 5 A el ~ g
IHENUUUWE NSRS fatty acid chains ABUATITU 1LV melting point A1 UASUUNYUNHUTIDI
v a £ £
Neutral fat specific gravity A1N3117 ﬁWﬁu%&aaaagmﬁ@ﬂw (8% neutral fat azateiuy nonpolar
¥ o o 3
solvent 19U chloroform, benzene #30 ether  341%e13Ne 3 wtiatiada lvduniniiede neutral fats an
Fd kY ' 4 ¢ .

hydrolyzed Iaeamsaylunse aw niseu lmi Lipase

Neutral fat N3} unsaturated fatty acid galaouziiluvesumaiiguugilines ani1¥uda1dlaeld

L'}

hydrogen 1R double bonds 36AT Hydrogenation 11/asu double bonds o) single bonds

{if neutral fats 17 unsaturated fatty acids g4 grfuDINA T Tdfezfanszuauns iGen
7 Autoxidation Tag oxygen mmsaﬁwﬂﬁﬁ?mﬁ’u double bonds l¥ansilseneuiFadeon MlH far &
':_"imm&:ﬂ?;uﬁumm Rancid fat 01 autoxidation #1428 polymerization ¥111% rancid fat HU9 190 SR
ufiswanthull unsaturated fatty acids g0 1F1unSHE (paint) UNA  autoxidation luRaluwad
'ji_L_w_'i_wwaﬁﬁﬁ1§é'ué'?aﬁa Vitamin E 482 Ascorbic acid (Vitamin ©) sni3uTsaunsaiiafivaldifa tipid
“droplets Alinaluiadernunis
523 Phospholipid
1) Phosphogiyceride Lﬂudmﬂ'awawﬁ'ﬂfuamﬁ@%amw (biological membyranes)
‘Phospholipid 1114 polar lipid 59 membrane lipid ﬂtjwffa mrefidwivesluanadlu polar uAn
Jiaziidauvadlu  hydrocarbon phospholipid  Taranailszaeudae 3 da fe (1) glycerot Hu
‘backbone, (2) 2 fatty acid chains Lﬂud’m‘maﬁ’;mﬂuﬂma i8¢ (3) phosphate group ndju’g’i’mﬁ";f?;aﬂu polar
yndanalszneuiionden phospholipid 31 Phosphoglyceride fatty acid  phospholipid finuni 16

e o R & o 23 & g i
1139 18 carbon atoms UNA fatty acid A18UTNY saturated UazBnaenTINTY unsaturated (F 24)

+ I L
‘CHsJaNCHgCHgOIPOCH;_C""""’OCCHZCH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CHQCHECHECHQCHzcﬁg
O CHzO(]fCHZCHE CH.CH,CH,CH,CH,CH==CHCH,CH,CH,CH,CH,CH,CH,CH,

{ionic} polar, hydrophilic “head” nonpolar, hydrophobic “tail’
f 1
J

amphipathic structure

5191 24. Tnseadreluanaves Phosphoglyceride

Phospholipids Fun¥eeu aleohols T esterify AIUR phosphoric acid 191

Tt o =3 ytz = 9 oy
Phosphatidic acid T3] alcohol LUHI wilatiARdATEi MU Munn

ans Bunsfliug BUIAGFIINOTAS T
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Phosphatidylethanolamine §1 alcohol i ethanolamine
Phosphatidyicholine i1 alcohot 11y choline
Phosphatidylserine i hydroxyamino acid serine
Phosphatidylinositol 1 inositol #uT1 cyclic alcohol
Cardiolipin-. il double phosphoglyceride WuUli inner membrane U84 mitochondria -
Phospholipids 15y amphipathic A9 Tmaaaﬁ 2 groups UANAI4AU (1) Hydrophilic head
group gﬁu‘ polar Lsazﬁﬂsz@ﬂum (~)‘1‘7’i pH 7.0 (2) Hydrophobic tail T nonpolar
2). Sphingolipid
Sphingolipid 1511 membrane lipid wiiavils Tuanadl 2 dau fie polar head alcohd!
1182 2 nonpolar tails VDY 1 long-chain fatty acid 148 1 long-chain amino alcohol sphingosine
uauid glycerol -+ Sphingolipid il 3 ngu
(0 Sphingomy_elilj ‘ﬁ polar héad group & phosphot:hdline %30 .phosphoethanolamine dheu
Vsznoudifiaues myelin sheath Adeusavmadilszam (gUii 25)
(2) Cerebroside 'Wi5 phosphorus # polar head dhunaamseithara 1 wiemanh 1 mia 3
it Glycolipid 3871 Glycosphingolipid #uuailuanlsznovvoaradisemnluaues
(3)’ Gangioside polar head fhmanamnie flawveaihmanisonii viewanh
N-actylneuraminic acid wioZendn Sialic acid WuTnds 6 % lu gray matter VB4EUO4 taznuily

receptor site. TUAHUH membrane ¥99Ua10Use @M (nerve endings) FUTT neurotransmitter 5ZHINANS

danseumlsyann
nln }ll K }}I}II %, Ho H(or CHy)
e C:c—c~$—<|2—»«o—}l)—wowci:—ci?——rflﬁcorum+ 2 water
TR 8 NEH oo fH H (or CH3)
12 (l:mo
R
o
‘thl 25. Sphmvomyehn
524 Wax.

c

s11[5\1\‘1 Wax 15]U esters U84 long-chain saturated Hiis unsaturated fatty acids N long-chaiz

alcohols (31]34 26) 11 vertebrate wax aﬂwmaaﬂmmn@uaumﬂuuﬂmﬂa@ﬂmmui’]mnu Tt

gﬂﬁ 26. Wax
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oy '

sy o d'! o ;’ I g A =l g o o) csydgl g} (] .,w
goutiy Auuaziunit i Ureindou My yudad unadsilis 910 preen glands 1Hunli@emin Tu
H =) { dy 4 ] a
fiyvaevidad lumdoudedfa 1 ludluduy
g/ kX A dan = o ar o
wax aiaazlyludaliiialunzianaioysie Taemwiz plankton A8 wax (HUNGINUTITB
=1 w ar a .
wax duilue s nanuasngeIud1584 1 food chain THLYITYNT
5.2.5 Steroid

Steroid 1 complex fat-soluble lipid 1l fatty acid Ghudaualszneu Im’ﬂﬁ]ﬁﬂ‘i&ﬂ%}‘u

Py . A s e o = L. oA A & g .
A7Y 4 rings 1YDUAANY 1114 backbone (gﬂ“n 27) steroid MUUINAD Sterols WINAD steroid alcohol
T o
c!:HZOHg ; CH]CH-—CHZMC}[g**CszCH-"CH3
=0
#O hloon CHy
: CH,
: HO
Chiolesterol
: C()rt'!sul CH_;OH CH;DH :
: CH,
S .
Perhydrocyclopentanophenanthrene o HO

; Testesterone Estrudiel
g‘ﬂ‘ﬁ 27. Perhydrocyclopentanophenanthrene ring system U89 Steroids Ha Sterols IR

L =) '

o e - i o . R
ludad sterol AfiuINe Cholesterol ﬁ}maﬂumuﬂszﬂaumﬂfgaﬂamwm plasma lipoproteins
. [ a R 1
{azvad outer cell membrane  sterol a,ﬂummm?fu (precursor) U84 steroid hormone (¥l testoterone
1 ' + .

WS estrogen VndwmazinnemeunaulFas seroids a1 hormone tierRUNAMITE AT
B dy Ly 2/ = 3t o G ¥ al = w ¥ . o o3 o oy =
maiee ldnadhafos Tufeildidludr ddm esis Wor vazuniu aamsndadnfves

3 ot a ¥ 1 = ar . LN a
testosterone 1HuaunguodTaniala vhaole unznowes Judy testis ung prostate gland Tuindje 1
TR ; =8 cg’ o 9 P = ot B ::1” el
Tiduadan auAiufivin menstrual cycle Aelnd 1A11NHeY UBNIINH cholesterol f413lu Precursor
. A 1 o o Yo 3 . . & =t .

DY bile salts Nvdesluiuludrldian uazidu precursor UDY Vitamin D Faunu I 1Y calcium Hag
phosphate metabolism

11 cell membrane VBIAYH sterol ¥1iA Stigmasterol #4019910 cholesterol #3971l double bond
¥4I carbon 22 LAE 23

5.2.6 Lipoprotein

Lipid VINIHATY protein Tae'lull covalent linkage auludon Gon Plasma lipoprotein
=4 ) .

= P . _ :
A Tta ARUNY polar lipids, triglycerides, cholesterol 1A% esters’

Plasma lipoprotein i3 yila

nInY 81n31RINY puuny HiTnurds s und
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(1) Chylomicron i droplet U843 triglyceride ﬁi RESTHIF] q"ﬂ 3 AU protein ulﬂ"ﬂm%
o1 ludufigerlud1didn

(2) Very-low-density lipoprotein (VLDL) Tyfunnumuniaingnng

(3) High-density lipoprotein (HDL) "leuﬁ’ummwmuﬂuqq

o ot

ff VLDL g9 waz HDL e Wuewnad i liine lsnnasnfongadu - Atherosclerosis

q

2 u‘/ s
weanadluaysazyiale

5.3 Protein
. I = = o v & Ada A . i
Protein [Jualsznondunid lmagavuiialug (macromolecule) TAINFINY protein M1ANI
1 1 o ¥
aFavtlavestininuts uaziffy polymer 493 amino acids F9@efUA peptide bonds  protein ¥i1
wihiivateed luddidia
1) Enzymes 1305 0109m158uUN3d enzymes 0312000 wila uaazaiiag w§izoraredy
. A A [} A . w 3 ol @ é
2} Transport proteing Twaea mawﬁﬂmaaa 138 ons mww:%‘mmm:wm”lﬂanmmzwms
] . [~ = a 9 c:i o :; ] 10 9/ d%.’ dli 3 .
(74 Hemoglobin ludladoauasimihifiil oxygen frunmedeads lildiiogens o
wisldlunszurumsaimdenuluwad  Lipoprotein 111 lusfmnduld e Soazdu way
protein 134 cell membrane AW glucose, amino acid UAEIIDIHIT U J! L‘%J’l’cj: Lﬁfaﬁ
< v ] = o
3) Nutient 8% storage proteins 1JsRuTumdafinieldlumswiayduTaves  embryg
. q v \ H .. A A& o A o
ovalbumin 10 1447 casein Tusi1um 1ae Ferritin Tufimodadiioazauman
4) Contractile %30 Motile proteins 1UsAuni IiwaduazddiFiamnaou vazindouh nie
aﬂﬁﬂugﬂ%w (U Actin U@z Myosin T3 contractile system %8¢ skeletal muscle UQ%
nonmuscle cells Walguiia Tubulin 11 microtubules cﬁdaﬂuﬁauﬂ‘sm@uﬁhﬁﬂg%ﬂ;
flacella U8 cilia Ha¥MTIAABUTAIYDY organelles Mo Tiumad
- - Y 3
5) - Structural proteins 1At WwTRTIY filaments, cables #T9 sheets mwmmu%mswa&g
- Sy o i : ' o
lnseadraazilosfiy WU Collagenlu tendons UA¥ASEANSOU (cartilage)  wiladad
L d ) = = . . . 3
(leatlier) 1111 collagen Lﬁ@ﬂﬂi’@{‘i’l‘ﬁ Elastin 1M ligaments Keratin 13 W) B URSUUUR
Fibroin 11 lettasqa

6) “Defense  proteins mmmﬂmﬂumaﬂaﬂﬂaau”"’*‘-w?aﬂaaﬁ’mﬂﬂmmma (18

Immunoglobuhns ‘Hi'é} Ant1bod1es °Lu Vertebrates EW@GIﬂﬁ“’ﬂ@uWi’e} neutralize bacter:a,

7)

P BNy Ty ousERFTTINNTAS s wna
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= . 2+ 1
@l Parathyroid hormone ﬂ’éﬁﬂlhmﬂ‘%’ Ca UAENITUUEN phosphate  Repressors AU
fil biosynthesis Y84 enzymes T4 bacteria
. E <l o A 3 m [ B 9 T . = =3 & g
8) Proteins 8Y 9 nuIAARUIGTeY  deaUssanluld @y Monellin TuRwswianiialu
K ar . . a ] [~! ;V e
Africa Wsamudauin Antifreeze proteins ﬂﬁmﬂublﬂﬁzﬁamﬂuum%q Resilin i

URLIBd LA

53.1 Protein U52noUnI8 Amino acids
Tsdufindrumiome afuauiussnihiuandieimnnue udanuaadienn
;Imaﬁ%’mﬁugmmﬁauﬁ’uﬁainﬂ 20 amino acids (A1514% 3) 3¥HIN 2 amino acids ouABHUAI
‘Amide linkage (58171 Peptide bond ienaenthosefiu 1drd1esm 5031 Polypeptide (gﬂ‘ﬁ 28) ua
A2 amino acid 1Y polypeptide gﬂﬁﬂﬂ’h Residue (miw"hﬂ%’ amino acid %ﬂﬂlﬁluhj_) Uargweq
polypeptide @sﬁuﬁﬁ free o -amino group {50711 Amino terminal 159 N terminal ff’.]u%ﬂﬂmff‘ﬁﬁ free
carboxyl group (38131 Carboxyl terminal %39 C terminal ¥nluanavedlisfula o swldm

J5¥NBUYDY amino acids, GIRLUUBS amino acids BALAINOIIVBLATY polypeptide M1AUNALTZMS

% C-Terminal
NHj amino acid
residue

(E:I) Internal amino CH,

C—0 acid residues CHa

N-Terminal amine | i

acid residue CH- C{{B CH, (E)H CH,

/
H e} CH, o CH o CH: © CHy, ©
N N R | (N R 2N . N B : NS R 4 ]
N-Terminal H—(C—C C—C CoC C—C C—C C-Terminal
(free a-amino group) . N{{ /r\ N‘/ /\N / /\ N v /\N 7 \O” (free o-carboxyl group)

g E i | |
H H H

1 2 3 4 3

317 28. Peptide bonds (§NAT) 7EHIN amino acids

#1519% 3. Amino acids, 99AE8NYT 3 A1 UL §EAWBNYT | A2

sy Bunsfive auiuAgEYInOT4s s ama
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53.2  Amino acids {1 Dipolar 130 Zwitterion

4

¥
Tum1ava19v991i amino acid 129N ionized uazaunTMEUlAfinTanTod1e msy
E B [

amino acid I amino group 1 group AT carboxyl group 1 group Lﬁ‘t‘tgﬂ ionized T34 10er 57T ion 2
& ' . ‘o o ' ] 2
4 58n71 Dipolar ion ¥3e Zwitterion (hybrid ion) uaAM Twanaiunaa (gUH 29) Tuaomawdl
=2 =t . . q o oef w9 R o o 1 "
AN T15@Y amino acids 19JUBATUAIY Electrostatic force MUAUTINN sxHINUszavnuazseya

a

Y94 functional group vod lutanadiafios ad1onfnues NaCl fifufiudy ionic bond  WENYBL aming

acid Te5i9AvADINAIZNIIHANEISBUNT DN ) Allvwaniiy

Nonionic Dipolar form

gﬁﬁ 29. Dipolar ion %38 Zwitterion U84 form (also called zwitterion)
Amino acid #1 Amino group Uad GOOH . (E‘OOM
, HN—C—H HN —C—H
fi Carboxyl group - | » E
R R

53.3  Amino acids ulavs Acids ez Bases
1HI9AZAUAAN amino acids Juiih 1@ dipolar tons Femuiy acid (proton donor) ?ﬁﬂ
. 1 Fd

base (proton acceptor) @157 2 Roraniia I Tuanaifonsudl 59031 Amphoteric H38 Ampholytes
y . 3 T o2 3 .
1{10 amino acids gn protonated BETUANN #3994 amino group WiiE carboxyl group
) . = : . . T T . o .
5u protons Tu@nalugilunuil Fun1 Diprotic acid 11UAB 19 2 groups #1130 ionize W protons 19

2 ]
fiunsa 2 a¥a (510 30)

4 I I D I
‘lJ‘ﬂ 30. Diprotic acid #3o RO COOH — R oo COO- _J_ﬁ R—(i:——COU'
Ampholyte Y84 Amino acid NHg NH, NH,

53.4 Amino acids 111 Buffers

N I AT ' ' ;
Diprotic form 49 amino acrd ff?lﬂ‘iim tltratio cu _¢:11ﬁ' 2 ¥4 uRazFNARIY titration

curve U84 monoprotic acid ( ionize T 1&51 1 proton) mu 'i ﬂaﬁm

1) Tae29115 0 carboxyl group i px_‘qton. L_ﬂ_um__m_ﬂ

1 whnuanududuves “NH,-CHR-COO!

3
A sy

il e titrate Ao Tlazdegaiid

AsAw BunTTiReg QUTHAFEIIN0TAS s wng
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A3

o =4 s 2 A s W e = =1 o ) et . . 4
sproton AIUINHUANDA miudumaTude proton A9 2 WNIAU pH 1 pH % Dipolar ion I8
.'-JFNHJ-CHR-COO_ FIUIHUN (zﬂ‘ﬁ 31) 1159 amino acid ionized AUAUAY 1A 1T net charge Tmaf}a

3
X F

Salimtountuauu i Sen pH WM Isoelectric pH (pH,) W50 Isoelectric point (pl) 1 5e Toand
vo4a pl ¥l unsuen amino acids #iiaA1a q senandu’ld

3

. H t 1 3
2) Tureanaes 1Fe proton AINED Tag proton 880910 NH,-CHR-COO N midpoint NEBIU

‘NH,-CHR-COO

14 :
¥ NH,CHRCOO" [
o 12— Stage 1, titration
f?,ﬂﬂ 31. Titration curve ¥4 0.1 M 11 b of the ———(EOOH gmuP“"“““““ng !
Alanine. PK’1 = 2.36 UQ3 13 /:J
pK’2 = 9.69. Buffer Zones ol / R
oglure 2 pK 1 — NchHRClOOH NHECHERCOO"
By ﬁ--e- NH,CHRCOO"
i

o

| S B - S £
\\

: Isoelectric dipolar —

NH;CHRCOOH| form

NH,CHRCOQ™ /
2

Stage 2, titration
" of the "NHy—- group™ ]

o

G.5 1.0 1.5 2.0
0.1 NaQOH, equivaients added

] E t
athalsfeny A pH’s 192 buffer zones Y84 amino acids 1431 buffer AR 1N512 pH limsafin

pH 184 intracellular fluid Uazifon Ao pH 7.4

5.3.5 Structures U893 Proteins

1 &
Y T

)
uf T ldsAuianuaedIeIn  amino acids WINTFIM FIUNIMUA 20 amino acids L1l
Tlsausiviniuendieniy fleannurazaiinlaty (Sequence) ¥D9 amino acids @191 amino acids
‘=9 I~ o 3 b o o at ) s e EE ST ST
SurfioudugsnusveaTilsiu HedaBead 16y amino acids Tusnuuanaresiui 1 1a lasfuvann

HRwwila @19 9 A
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Tdsau Swunaw gﬂma 1&i5hy 2 “b’ﬁﬂclﬁajﬁﬂ (1) Fibrous proteins : polypeptide chains E%Uj&i
Fuflwduvieduudiiers (2) Globular proteins : polypeptide chains Wy favdudwfuilunsg
f1aY {sphere nie globular)

Tals@u $runanw néuﬁmﬂﬁt’huﬂszﬂﬂugu 181y (1) Simple proteins : TsAufifimme
amino acids whﬁy’u Taifiens mﬁmﬁﬂ%"wﬁ‘}uﬁmmaﬂma na (97U ribonuclease U@ chymotrypsinogen
(2) Conjugated proteins : 1 non-amino acid Wudiusensuaiy ﬁ’m‘f‘{ﬁfjﬂ’h Prosthetic group ﬂ'g}:l
fismunesnmuwilaved prosthetic group 18151 (i) Lipoproteins 1 lipids Usznauagda
(it) Glycoproteins i sugar group Usznau 182 (i) Metalloproteins i metal 1¥U iron, copper W3

zine Y7270 UnA prosthetic Aunumdrdnlunthivedldsiu

s o : oy . < a
Tsauduunat Insaadrs 3 §f (conformation) il 4 s3au
1) Primary structure

gl e A & Ca P o ot . n
Tﬂ‘iﬁﬁi%’i‘i“’ﬁ‘uﬁﬂuﬂ WITTU W backbone structure 118 A1 - sequence VA amino acid

residues ﬂ;aﬂmaﬂa (711 32)  amino acids 7420 amnsaeuiiu sequence 9197 Mdunanetunn

]
=y g ed ot

voaTdsfu Fufivsnedmivdaiiianneiafinell M wazazfatulmivilan  sequence vee
amino acids 11 polypeptide chain ﬁmmﬁ‘uﬁuﬁ 11 sequence VB4 nucleotides T3t DNA 194 Insulin Eéﬂ‘u
TalsAuaiiaug ﬂﬁgﬂ “sequerced HIARUYOY amino acids Insulin Ysznaudin 2 polypeptide chaing
ﬁ.@ A ('0_,_) chain 3§ 21 amino acid residues L@y B {P ) chain i 30 amino acid residues ﬁ?\‘l 2 chain§

g@ﬁ@iﬁué”m 'di'sulﬁc:ie'(-S-S—) cross?linkages

3 ﬂ“ﬁ 32 'Pi‘ii.nar'y. structures Y894 @@@@@ @ @@
2 polypeptides “ﬁﬁ%ﬂﬁuﬁﬁﬂ

Disulfide (-S-S-) linkage

af

Tﬁi@uﬁ wmmmmunu’lummamuﬂma 1130 k)
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2) Secondary structure
Tnseadsedunans Wulnsead 3 58 dann hydrogen bending H3o -5-S-cross-linkages

T . ) . A e W . . =t © 1 < =
5211719 amino acid residues NagAaiulu polypeptide chains ¥1ufioe 1w lazuie dhunder wie

_ wnlusy e Keratin, Collagen (g‘ﬂ‘ﬁ 33) R Elastin
i =! = =
eratin 1HuTalsAuves @l lousayy Wumy Twdumuil Keratin 2 1y fie () o-Keratin Tunu

A3 BT (i) §-Keratin Turndunsn

_iﬂl_’?_c,‘ﬂ:ﬂ:—*—' coerminal

Neterninal Ghain Y
R

"

Trotyppride g qerminal
Cagrmingd = chaim

0.5¢ nm 4
(3.6 residues)

gﬂﬁ 33. Secondary structure U84 Protein. ©.- Helix (A) 1@ - pleat (B).

w 4

£ ¢ Keratin 1§ Ysznouiuninvans fibrils wazuaay fibril (1111394 o -helical polypeptide chains 3

wepe a o d = Y 9 & T . v =t , ,
SEE wunhunasnainguwyen N9 3 §100ANUAIY  covalent cross links ~5-S- A cystine residues

-keratin Nufiatsauazimileafiqa fiv nzmoud) ¥l cystine geunds 18 %
b § . <3 1 a =% o
B -Keratin 918 18 Usenauauan  polypeptides 1MsaodntlunauEnLsnEoswIuiY (B-
pleat) uneeliingeaii uazsewiname Batuaae hydrogen bonds (interchain hydrogen bonds) Taw 1aid]
‘hydrogen bonds aatuae (intrachain ) waz luil S-S cross-linkage S$HI19610 (gﬂ‘ﬁ 33,B)
@ 9 o o . o e - = . Y
MIAANLATI ML UNLNED © o -Keratin gnanusouuazyutzdnsemiu B -conformation 1ad

fy

b BJ;:.{ R~ = o R A &
Mlmdusgndmiu o -helical conformation Au TaruMEnUA liin1asimiion B -Keratin Undl 35015 1ay

1:-:1%’11181@“1’@%@@@14 Reducing agent 73l Thiol %38 Sulfhydryl group (-SH) 12 13J@n disulfide cross-

. ‘ \ 2 ¥
linkages Tat reduce cystine residue 11’%‘?]1& 2 cysteine residues Tuudazes ﬁ)muuiﬁmm%’ B

4 . _ _ R TR
We hydrogen bonds 39119 o -helix conformation ﬁﬂ@@ﬂ_ NNUUIDY reducing. agent DDA wazld

v . .4
Oxidizing agent 2218 disulfide bonds TritAndius $HINFYDY cysteine residues YAIH W polypeptides N9

ag

08y Gung i suFkayiiior4s « wna
vy 1
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$raffu ua llsgiineuda udrdrauas Iuudnas polypeptide chains 90 d1IE o -helix conformatior
‘ﬁﬁﬂﬂ’}u W12 disulfide cross-linkages Tvai vediadrunusia o -helical coils Tutdumn ﬁﬂﬁﬂﬁwuw@n;
Collagen Ty tendon ﬂitﬂ@‘l}‘ﬁuﬁ)’m 3 polypeptide chains Tu o -helical form

Elastin Tu ligament ﬂszﬂ@uﬂﬁuﬁ’w oL-helical polypeptide °ﬁ'saé§u 9 AofuAY lysine 11?’7’L1"flua'15

w3 . . o .
fysine 9111 4. ®18 FafUAIY Desmosine residue W19 elastin Qﬂgﬂ@’t}ﬂ‘lﬁj‘l{‘lﬂﬂ’w

3) Tertiary structure

Iﬂ‘idﬁﬂ\ﬁwﬂﬂﬂﬁ”lij 1AA9IN polypeptide chain Menden wumu“lmﬁu globular structure 134
compact spherical Tﬂﬁmmmmwmmﬂmaﬂw single chain “B\%}J'VN o helix uag B structure L“ﬁ‘u
Myoglobin (MW 16,700) (gﬂﬁ 34, A) uaz Cytochrome ¢ (MW 12,400) i single polypeptide chais

o . . 2 i . e
fuwn i uazfl Heme group sﬂug{uf‘fﬂm& (gﬂ‘ﬁ 34, B) heme group A complex organic ring

i
i a4

{en1 Protoporphyrin M1l Fe' 1 atom %931 6 coordination bonds 1A 4 bonds SURL N 94 porphyrif

ring, 1bond T histidine residue 1280 1 bond d1W5U1350 Oxygen
B.

Al

MYOGLCBIN -

Heme

Propanioic (M., CH;
: N acid side |

. Polar Side \_chains CH,
COH

|
O

Side view

Fron! vigw ] : H’eme #group

.g 1l é?i.'.'Tértiary structure Y89 Myoglobin (A) A Hemegroup (B).

Lysosyme 13 1%1351@ saeany o poiysaccharlde '1u cell wall enaa bacterxa U1¥HR polypeptide

”’cham WUT T@amm hycirophoblc R group aama’lunau Lﬂmu uazie hydrt)'phlhc R group 80NATUUBT

AN GunT Rk BsuAgIIneTas s
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- 4) . Quaternary structure
Tnreaseszduid voq protein Al 2 polypeptide chains Al FaSonn Oligomeric protein
Tuanavwa luaiuazimlfidudeunii single-chain protein  UAAY chain 1130 subunit DIMMIBUNTD

TR ar ] . Qe . LY . 3
Malmiiounu uAaz subunit ﬁ?}mﬁ HUAVYDN secondary LOE fertiary structures YDIAIUDI subunits NIVUA

;:::'_]53:(::..1(. ﬁéﬁiﬂﬁuiﬁqﬁ Iﬂ‘idﬁ% 19 3 Af é’amm HENUDY 1) noncovalent interaction ‘1/?";'8 hydrophobic
“iiteraction S¥HIN hydrophobic R groups (2) electrostatic attractions 3 FATORN charged R groups asef U
;Q-:(j'_)'_:hydrogen bonding contact points S¥HWY19 hydrophobic R groups 984 amino acid residues U84 subunits
_siibunits Fluimioufuil hydrogen bonds 110N subunits Tinileufn 1w Hemoglobin (gﬂﬁ 23) 1 4

ubunits (o, B, 1Az o,fB,), enymes warwwiialy metabolic pathway YouLad 18 polymerase iy

“enzgmes TuMIFuAs I8 DNA 1oz RNA

‘iﬁﬁ 35. Quatenary structure UYaN
Ay

Hemoglobin

'5.4 Nucleotides and Nucleic Acids

5.4.1 Nucleotides
Nucleotide tuasdunidvuimdn Tuanatlszneudie 3 daufie (1) five-carbon sugar

(pentose), (2) phosphate group i8¢ (3) nitrogen-containing base 11818 pentose Ay ribose u3e
- deoxyribose #7 base 1 single-carbon ring %38 double-carbon ring (gﬂ‘ﬁ 36 Ung 39)

Nucleotide ﬁﬁlﬁﬂiﬁﬂ’lﬁ}ﬁﬂﬁu metabolism VpsdHFInf0 ATP 130 Adenosine triphosphate
(‘gﬁ'ﬁ 36) U8y NADPH %39 Nicotinamide adenine dinucleotide phosphate reduced form (gﬂﬁ 38)
i . o v g o Y o I g) [ .:‘l. i )
‘metabolism Undryadiuluvanms iilszndagega sanneainamdsaudadugdues ATe uos

'NADPH a9 catabolism 92gnnIunu Inoaudesmsveusas wadlva1soms Iiudifisansiudns

Ny Suns g ousRgEFINGT4S - 1w
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EH
M1 WSy wuderfumsai building-block molecules L% macromolecules EFARA3 19
T 14
NABamImnIY

Anhydride links

o Fster link [ Phasphate ester bond
5 S <25 Kol released NH,
L A O CE R S T plo—CH 0. Base | | ot hydm]ys‘s N %
::\ i ,:} ﬁ (ﬁ Ol N
" “0—p—0— Il’—O— Lo—CH, o N
HO OHorH -0 ‘ -0 - \B-N-Glycosidlc bond
: v .|| Phosphate anhydride bonds <25 kdimo! released
5-Nucleoside monophosphate | | >25 kKi/mol released OH OH on hiydrolysis
f . . 7L on hydrolysis
5'-Nucieoside diphosphate _

3'-Nucleoside triphosphate
E‘lj‘ﬁ 36, A, Tﬂieﬁ%ﬁﬂumqa%m Nucleoside HEAIWY T Anhydride link (8 Ester link UQE

B, uaa41n398319U849 Adenosine triphosphate (ATP)

ATP W HAIIUDIN catabolic reactions 14/7% anabolic reactions Imaqa%mmimmi 1Y
glucose 1 Potential energy mﬂmwﬁﬂ?mﬁ%’ﬁiﬂiaﬁ%’mmeﬂmaﬂa 510 glucose 90 oxidized szUany
wamuiuaﬂmmmmsauaaﬂm1%&1\1@1&1 4gi31  heat energy s,ﬂuﬂiwiwuiumisnmamwnmaa
mma m 1ummm‘l%1mﬂﬂ mechamcal work 19 MIHARIVBNEITS 1A% chemical work 151 M3
ﬁ&&ﬂﬂ wms‘lumaa uaﬂf»a'aﬂum‘msaummmmmu (work) T8RN (pressure) adhdeiilanIm
saummia‘lwa%mm@uma I'ﬂwmmuﬂfn Fadlull 18 lwadiaie mawwadiisiady sothermal
mmsaummumwaa Gt fee energy Srunannilasvesnannmssaioriiaia glucose 99
mmﬂnﬂmu h%ﬂJGﬁ;m ATP a0 free energy wﬂaaﬂﬂ@nmaﬂm T lunszurunsdannzd ATP
z,mumy@, (couple synthesis) 911 ADP 11812 inorganic phosphate wuagua'ﬁmcﬁaa
wia ATP annsoiauldfuwad]d 4 001eAe (1) Biosynthesis (2) Contraction U8
motility (3) Active transport UDE (4) Transfer Y03 genetic information
{1) Biosynthesis : phosphate group ﬁﬂma%& ATP %sgﬂéwé’wﬁwmullmﬁ"lﬂﬁ precursor C‘TéGL‘ﬁH
bui'ld'irig.-block molecules THUWHIY w%’auﬁﬂzi’mﬁmﬂu macromelecitles

(2) Contraction 482 motility : ATP Whimawdinudmiumsveduazndouiiveusad

(3) Active transport : N1TVUAATHIY membrane T1I§ AnunTanududumaniogudn dosmands
swlumsiunaeu

(4) Transfer Y99 genetic information : wmsnu ATP ’lﬂumsmﬂw@msamawumssu Wolifa

ﬂ??ﬂﬂﬂ@l’ﬂ%LiJufJﬂuﬂTiﬂ']UTl’ﬂﬂ 1Y ﬂ’!iﬁ'\ﬂﬂi} ‘H‘ D\IA RNA &Lﬁ“‘ proteins

a0y Bunsifiig ansungFaTnuras ; uny
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1. Biosynthesis

2. Contraction and
motility

3. Active transport

. Transfer of
genetic information

C

549137, ASOIENBANAIITHVEY

U

ATP Tumssiinulu

<l Y =t o g <& o

“ATP Agnld phosphate group WilawTuananalszaaedy ADP #492¥gaBNINTTUUNSHINMY
R '

s B ot . | ' o 1

9T ADP 929n recharged U inorganic phosphate JuRITUIUAALAIHITYN  ATP  FaFuad

s e 1 di o g .,
Coupling phosphorylation 18 Tnu Werraadesniswaaau

NADPH 111d3411 1151994 Reducing power #38 hydrogen atoms %38 clectrons (#io14Tums
R . R 1 s 4 o 4 .
“§UA5 1PN glucose 3 carbon dioxide TrHIMIFAURTIEHUAIUDINY wTeldluduns iz fauy acids
. G a d . . w - o
Win‘acetate [UALUBITN reducing power °1ugﬂsum hydrogen atoms #van715 Tunsulavu double bond 1%
EEgL . e ~
(T single bonds High-energy hydrogen atomsulﬁmﬂﬂgﬂi #1084 dehydrogenase U Jminaa hydrogen

Y |

'EEBE']ﬂ%'IﬂimaQm‘]‘ﬁﬁ)iwm‘ff’}mwmﬂqﬁiﬁ coenzyme NADP c?}aagiu oxidized form 181134 reduced form
39 hvdrogen carrying form, NADPH WudD carrier Al energy-rich electrons ‘W%Qﬂl&ﬂﬂi‘]ﬂumiﬂl

“1JfAi561 biosynthesis finosn1swisauae 1/

T
H M ]
A > e Oty B
g
o cHy o, N Reduced . : Oxidized
! fuel Catabolism sy product
O=P—0" I\, g
T HO OH NH; '
O=P—0_ N N
| 45
O—CH, o N ~
N
|
Q s,
HO O i
l Additd i
Qo P itional Reduced Reductive ;3
hosphate . - . X OXId
oo biosynthetic €= hiosynthetic e ized
- roduct reactions precursor
Nicotinamide adenioe P

dinucleotide phosphate
(NADPH)

51t 38, Tassadreluanausd NADPH (A) uay NsIUNeANA1ILUBI NADPH (B) luwad
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5.4.2  Nucleic acids

Nucleic acids 110 polymer U8 nucleotides vimfidwiviazawneadoyaiug
A7 TUaNaved nucleic acid Useneudin 3 dau fie
1) Pentose Y83 nucleic acids 12 %A f19 o-ribose 11 RNA 118 2’-doxy-pribose Ty DNA
2) Nitrogen bases i heterocyclic compound 1 2 viavan Ao
(i} Pyrimidine 1 ring compound laun Cytosine, Thymine @& Uracil
(i1} Purine i2 rings -Ulﬁil,f; Adenine URE Guanine (gﬁ“ﬁ 39)
3) Phosphate group duimihfeieuduasnudeuszninhaa pentose 2 upits 10
Phosphodiester linkage Wiilu backbone UBE nucleic acids 1a2 pentose L‘?ﬂuﬁ@ﬁﬁ base
#e N-glycosyl linkage (‘gﬂ‘ﬁ 36)
Ribonucieic acid {(RNA) il polymer %89 nucieotides MENAED ﬁywna pentose ifluwiia o-Ribose

11D% base 4 bases 719 Cytosine, Uracil, Adenine 1A% Guanine RNA u@ﬂ%mzﬁuf{?’agaﬁugﬂs Tl

a 3 A o L oy a1 = |
A ddueu ol luil§isedans RNA 83138071 Ribozyme

o] NH, Q
H\N/uj N//'j H\N/UE(C%
A A
: it H H

Uraesl (U) Cytosine (C) Thymine {T) i :
Pycimidines s phosphediesier bond

| 3 linkage  5'linkage |
]

NH, o

H
NF N\ \NJIN\\
kN i N> 5 J\N l N>
i }a

Adenine (A) Guanine (G)

Purines

3 Iinkége-_ 8" linkage |
T

phosphodisster hand

3191 39. A: Purine uag Pyrimidi_ﬂf_ﬁ._bcf_lf;e's._;.__B_:iﬂg_@g%‘}ﬂmﬁ 7898 RNA 102

C: TnseardaTuanaved: DNA
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Deoxyribonucleic acid (DNA) i polymer U84 nucleotides EﬂEJg]' 1%1@11@ pentose L‘ﬂ‘l»!‘ifﬁﬂ
2>-pribose (LT base 4 ¥1ARD Cytosine, Thymine, Adenine 10 Guanine  nucleotides 2 ORCRLUNT BT
hvdrogen bonds FEWIN bases VBIUARZAIW (C UMY G A 3 hydrogen bonds 102 A fufu T a0 2
hydrogen bonds) U@y 2 moiirdniamaaznuiulas dae 5 aduiudme 3 viedusunuy
antiparallel Lﬁmmﬂwmimaqmm bases TUNGW purine UAE pyrimidine HIMIAY desusuin 1y
410 nucleotides Dl undoanuuan fnulumaddiuanmily DNA 1ndemyunyia B-form

1 DNA 1191 TABRMITUTNIUAIUUMSIIIUUBY genes (regulatory region) 819N DNA

T 1 4 = g & o =
fndoamsudne Soni1 Z-form tipanndly C-G wnBuderei iindoanyudng

2.D0A
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Cellular Organization

TOUMAATINTG AT NIAY DUNT LY

(=)

d 1 3 = R o g o & st
a0 AY WH?HTﬂi&ﬁiTﬂLLﬁiﬁﬂWﬂ (structural and functional unit) NAONTAUBITINYIN

3
o P

. = =R = o 2 8/ 24 1 1 =3
corganism)  neanssunielwsadnedululaindnn  felusadiewioluiesmieveweunan

4 =

R Mmoo =t e év o) o = g P
(subcompartment) Meluwad vazulgasodualluiiiuduanawluannzgan)ila uazadn

e W T 1 o ] = o =) et a ey 7= -1
gmaa‘lmmwmwu@aﬁmazmmm [ UNIN ANVAN NT8 HIBTITNUARINUNINNY 1‘1] RIS

El

@ Y o d @ o 1 ésy o o’ 9 o
ANUEUEU (complex) LazineIAnT IMUUNUILNY (organelles) HazWufian 9 meluwad e

s =y

dszAnFomgegalunsdisedin  nszuoumswiadiadafuanuduiussnin Fuall FD8 Tnse

oy = o
#he wazhanssuvevwad

1. wluadd “’ﬁya?mﬁmcﬁaﬁ (Key Concepts of Cells)

o o ' o e w e & o ] & o ey
1. mfamﬂuwu’wmﬂﬂ’q@m&ﬂmmaﬂymz%wm FINVNHBIANTHUYOH ﬂﬂﬂﬁﬁlill]?ﬂiﬂﬁ“’ifﬁ
= Qs o
lmg‘i’ﬁ}ﬂﬂﬁimﬂ"ﬁﬁ‘uwuﬁ

q

o
o o P

- ¥ ke ]
2. wasnvuaiibe plasma membrane rﬂumamw‘yuu’e}ﬂ fuvadeennindiuiidonsoy I
=S w =y o o o a
YITHYBITITHUENTTY - DNA Uinamegluveuyad 13e cytoplasm imstaosnsdmiy

@ & as o" a4 A 4 = A P o o3 af o o
FUATIEHHAMTY FURT12H 1UTAU Mamdsudl taznanssudug AT uduaoania1sion

=

a‘g = oy & 3
3. aA%ugs Eukaryotic I Nucleus Uaz¥ed (compartment) fidonsoudioiioman nionfe
4 o aa ad A w ar Y o o ] = o o
Organclles  wanonnsonua luagunaenuesnnniy  uaslilfaseniaediullud Ay
d:g :I) . (=] r gt @ (= = n re
EradTUM Prokaryetic 111 nucleus uAdoyaiugnIsuegiluUsNm nuclear body iag il

ey o =1
organelles T u1l52noUT 1 membrane

2. Nguiad Cell theory

=

s . o g 1 Ly o [ =] o < ) oo
#F49%39 (organisms) Ysznaunloaraneesiioy 1 wad raatuluenanyln ey Imeimn

w5y )
(=4 o

=t oo o e o [% ] o ey
Haafdaudnusweddiin  (ife)  wadmeasadsidndtsaueandeldnenniived1sedinla

9 q

o ~ = = o 1
raddaszuy lassaslunnummzinaaangdnssuuan Tuddy wadfuanuidn aouaussons

I

o fal = i o ar a a [} 1 = 1
Wasunlasfunaden uay owneamids DNA Msadauius  ad v liawisonaldios unld

a

[ o A 1 3 o1 1 [ ar v
inmsusdrvesaniiuiilioguds Nenuaiina 1 anily Cell theory fail

b4
os

A aaia 9 - 1

Faidedianuadsneunle 1 wmad neunnm
& e oA s

wanunLITAUg UYeE IR

1
Y]

L 1o ‘d?’ Y dedet ot @ ¥
wad numady ldnmeraahilegudnnniy

-. . . oo
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3. nSesilefnuuwad
3.1 Light Microscope (LM)
ndowgamssadums vouTasmsFnmuaaiuguénaicvesaus  Wogd0619 (specimen)
drondesnansseiuaauuaudilszneu (compound light microscope) uraidoennunaaegIaL

oo

594 (focus) %’;mawﬁmmga& (Condenser lens) 1IN specimen UFIDTIN specimen Qﬂﬁﬂmé’umaummq
a ' 4 o oo e
(Objective lens) 1AnTMa59ue6Tnn) (enlarged real image) mwilszgnldiluiaguesauddndine
o 1 E
rauilndn1 (Ocular lens) T Idmmierdouvealng (enlarged virtual image) (Venensei 2) uozmniioz
vy inguenfom Faezibiinanmass (real image) Nv0n1muBIa (retina)  WodFudfs Idlia
9! Ao o o 1 . o . . ) 9/ g/ w ] =)
YDINADY TTPTNNNTUAUTNUTEHIN specimen N objective lens m‘[wmwfgﬂmwgﬂiwﬂa@awwaﬂ

Pk s i N v ' L. 9 o
VULHWIES retina (317 1) Taelif 114095288 M1955 1T objective lens AU ocular lens iWTIEUTEYE

ATEUDAUTAIT

(s}
fal &) Objective

tens

g‘ﬂ‘ﬁ 1. Optical pathway 11 il
Eyepivce ; ;SDEca‘men

compound microscope.

Focal plane
of abjective
lens

Chjective [{+] Qeular lens _?

() NIUAUUETIDINUN DS

W

sq ¥ A
(b) yuVBILTIN 1iKa 7 Somcinen
\ '“%w Condenser Refiecting
#8 resolution U84 prsm
objective lens \ Cancanser ,
diaphragm gl:‘;:ctwe
(¢) mudnuerglu » Spesiman on
amp field stage
/stop
afia Condenser fens

moderm compound ¢>/Co1iector
. Light soutco
Microscope.
Al

Base with
tight sourca

o e . . o t 9 . . [
fa4veI - Magnification yaanmAsidsened ldan objective lens fWNU  ocular lens

T 4 o =] 1 1 ot t
e iausafusenuezdiua1e 4 lu specimen 1@Faan Sanh

gﬁ‘ﬁ 2. Magnification versus Resolution.

58131 () 11 (b) (T

Magnification &% Resolution

e 7en 319 (0) T4 o) ol

(a) ®) (c) Empty magnification

A0 BUNG qﬁm_@ _agfu_ﬂﬁﬁﬁm"is SR
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Resolution 81973 resolution 1@119AI8MIIRUMIEUNIV09 ocular lens Mol uvoUaf
a Y . CLREES a A A Al Y . X o & =

MwAn lauY retina uan Wi sazBemfivdunnnvinldTng objective lens §3TUAITIAY
=& o = . . -5 P - ! P .

ocular lens 90T Lo Empty magnification 910 UAUBUADATHVIINN (gﬂ‘ﬂ 2) resolution

= o . . . . o Y
T UADNINN L (optical quality) UBY objective lens f117a 1ARIA

0.61A
nsin P

sgozmatioufigad 2 99 Tu specimen gnuonesnanduldiiuld n5e Resolving power

<
I

wavelength VBTN 527 nm

n = refractive index

B = YUHUFIIN specimen ﬁaque‘fﬂmq lens

nsin® A Numerical aperture (N.A.) LWS’]%QZJH%N?]Q’@:% P95 1B sin 90 =]
o . P ) 1 - 3 @ 9 & 1
Nimerical Aperture 18 ﬂmmwiummmmwm lens AIUMAINUBUADE lens ﬂﬂm%mqaq@ RIS
A refractive index 194 818 N.A. =1 Wiy N.A. = 1.5 Tunsldndesiingde q 41 fideversh
W [~ ¥ . . 3 ] A o w J ¥
Wrafnsii 1000 1119849 numerical aperture Y94 objective lens N4 Auiuigsvmnen NN
s - @ 2PN cds.l '
Qia;flé’mm empty magnification Lmzﬂablé'ﬂmmwmaﬂmwwmw&ué’f’m fi1 numerical aperture Q’ﬂgfﬁ%
o 3 ?d et & o0 g s Vo i v ' Y o
M3 laudinl focal length dudanzsiiliiauggnalndny specimen 10 Sumustuaunsdaenau

@
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Class 1 Class 2
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Golgi body

Lysosome

Microbody

T

} ui' - ] & o o . .
organelles MAUFANTANS Nucleus FuTluNu1wo48171 Eukaryotic

6.1 Nucleus:
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p} 1lf 9. (a) Nuclear pore complex ae

(b) Electron micrograph Y84
Nuclear membrane (NMRY

Nuclear pore complex (NPC)
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6.1.2 Chromosomes
w3 w ' A . - ' o
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1 1 A o I - E
11 Heterochromatin chromatin smaniliviu ldRuSaseuUen (peripheral) U84 nucleus ®IU

chromatin ﬁﬁﬂé}@ ﬂug’ﬁﬂﬂ’j} Euchromatin

Classification of Chromosomes
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SRR : Electron Micrograph of a Chromosome
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3 1 10. Oraganization U8 Chromosome
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L _ Lo A &2 = . A w9y .
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. AR sl . . 1 = o E
2)  Facultative heterochromatin 1% inactive IBWIEFWNHIVOWF IR wu lwwendedl 2 X
: T t % . o . Ll . . a E [
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Rt Buniiizg BUTLAGTIINOTLS : WA



m?ﬁm}«!ﬁﬂi‘ﬁmﬂmﬂ’: Cell Orgenization 59

(a) ® | e T

Fl YR 11, Micrographs 984 Barr body Y84 X Chromosomes, (a) E‘lfﬁﬁ il XX chromosmes

o e
iag (b) @ eyaa NY XXX chromosmes.

6.1.3 Nucleolus
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6.2 Endoplasmic reticulum
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@ 4 = 1 : o g =JEnb
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BanUTiuNI1 Seeretory pathway  unnasetmmnhasdeed Tavsmedoufinnfiyady
?hu@ha 9 lu cytoplasm I¥U endosomes (BT lysosomes ERTeR Endocytic pathway
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¥ B
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(2) Smooth endoplasmic reticulum (SER) #iaaeuiluszvummmsuiivesmely shlfuenveunar
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(a}

0.3 pm

gﬂﬁ 12, (a): Scanning EM micrograph Y83 Rough Endoplasmic Reticulum.
(b) : Transmission EM micrograph 984 Smooth Endoplasmic Reticulum.
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cytosolic space M358 13l RER i ribosomes 1nzina Tuusizdl SER T3l ribosomes (317 12) isadus
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a d
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1) #UNTIEH steroid hormones luyaaved endrocrine gland 11«!6’38}’J$§‘1JW‘L!§ {gonad) Uag

adrenal cortex
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phosphatase
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4) AmuiY Calcium ions TAnala cisternal space Tu SER 31 calcium-binding proteins Tuaa
o 9 3 ¥ e T . 3 £l o oy 1
dutuge  SER Mwmthinsugumsdasy caleium lunszduldiaduisylianouauss 1w skeletl

tuscle

Rough Endoplasmic Reticum (RER)
T v kg
Tusadiaiamsfanas (secretion) 19U IradAUBeU 1AL Isaamiamaine s wadtnaril
o A dq v @ & g @ /0 e Y
saFvanelugad hiudindany  nuceus uaznouves RER edeglndgiuveasad lnadudu
iBen 82U Golgi complex sguSnmnMuwadsuUUveandsylndiefiizlaoy sercretion 89NN
1 1 E
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(g 12) laus () TlsRufinasesnvinmed (2) integral proteins dmisummusy (3) Tdsaulugy
@15aeay  (soluble proteins) 710U Te9V895EUY endomembrane  F91ALA  ER, Golgi complex,
lysosomes, endosomes, vesicles 182 plant vacuoles
TdsAugadunmed ludids 9 Aumesluwad s TUsdull Signal sequence t3gnias 20
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s I'd ar 4 !
I (B E I EREA signal sequence Qﬂﬁ]‘ué}’m Signal recognition particle (SRP) 1ii¢ SRP recptor ﬁag”lu
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glycosyltransferase Tadu glycoprotein (lunsdi protein Wi carbohydrate) (%1 integral proteins
f51d carbohydrate Wi Tdsausean Glycosylation

mMRNA
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peplide
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polypeptide
SRP
Cytosal receptor

g‘ﬂ‘ﬁ 13. Schematic model 494 Signal hypothesis Elum?f?\‘liﬂ’i'!%ﬁiﬂfaiﬂu RER.1) SRP 91
Ribosome IL8% Signal sequence, 2) Complex U813 1 31111 SRP receptor 0¥ ER membrane,

3) SRP Ua8® receptor 1z 4) polypeptide Qﬂﬂﬁ@m"iﬁ umen.
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MIFUATIEH  lipids VoUMULTHEIMMIATUATZY N endoplasmic reticulum gAY
R S . 3 ar A Wi« o .
sphingomyeline 0. glycolipids Amsdunredisuly ER um”lﬂmmﬁuym‘lu Golgi complex
o L : Ty A : & A o &
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1 o & : v . . .
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6.3 Golgi complex (Dictyosome)
§ Qs o =]
Golgi complex Auwulay Camillo Golgi o upalsy Golgi 17%u319%8 Nobel Prize Tuil
1606
. = T . P =1 P . t:i E
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#7U compartments AUTAITANUTON trans Golgi nework (TGN) WunSet1eueans wbules Hag
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Golgi complex ﬁ"}u‘ﬁ!ﬁm phosphate (Phosphorylation) T Tals@u 1wy lysosomal enzymes §f
phosphorylated AU CGN 999 Golgt complex udaaely TON @&ﬁ mannose 6-phosphate receptor i
drduenlyd udBnnuTuYed TGN LANHLB (bud) pamdly vesicle mannose 6-phosphate receptor
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Lysosomes ﬁﬂymmﬁuqawmﬁwms}g&Laﬁiaé’uﬁmg{uéﬂmd 25-50nm MIMgnd1 I pm Lysosomes
e qUil 15)

1) devaaeesndiudoufityagtingn9in extracellular environment - TAUASLUIUAS Phagocytosis
Wy Al imaadifen (single-celled organism) fovfevues udnlassmisomisimummauh)
cytosol  macrophage {181% neutrophils ¥4 mammals vy MICroorganisms ‘U.N“Ifﬁﬂﬁikﬂa nyaouang g
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719 15, Summary Y9970 (pathways) Yad Lysésémai sysytem
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4) devasuiluveanarfmadiididienssuiums  Endocytosis a5 laodE nauems s
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6.8 Mitochondria
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Microtubuies
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B tubule (b)
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3. Intermediate filament
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Chemical Basis of Genetics (Molecular Genetics)
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Beadle U8y Tatum : One Gene-One Enzyme
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=] 1 1 ar :5 . H
uaz DNA Thudeyaiunnssu'laleTsau §9ii genes Y84 bacteriophage An DNA  othalsHad

K] 4

]
[Ty 4

lasadudaiaiai lynd mare ligaiszdwiii real organism iuau Taeia lTuilufivensuiy

24 ar U w o aa ) =<t
DNA ABTTTWHTNTTY NI 1'33@"1.]1\1%11@?]%?&']5 Wuﬁﬂ?ﬁwlﬂu RNA

1 Profein coat
— Head
, - DMA ———"1
e Talt core
™ Tail sheath
I Tail fibers
Efperiment I Little radivactivity
#Psbeled phage ; B i supernatant
' |- 32P-DNA
=51 r\ o
PR s
=0 10 minutes Blender b[ D Centrifuge
E.coficell Phage 1< Radicactivity Radioactivity  Very low Radicactivity in
radipactivity pellet of celks
Experiment II: Radicactivity
$i54abeled phage in supernatant

L—C)’/ 358-Protein
5= coat I—O
AT

+ =D O]

=ar 10 minutes C‘U Blendar

|
E. colicell Phage 12 Radioactivity Low Radioacbvity Peliet of cells contains

)

I——

Centrifuge

[
+
OGBOO

C

radipactivity [t radicactivity
Mix phage Allow time for Subject fo shearing

and Hactena. phage to infect bacteria, forees n blender, shage by centrifugation.
= 4 ' X ) . !
g‘lhﬂ 2. Hershey—-Chase experiment ULE#A471 genetic information 494 bacteriophage T2 aeﬂu DNA

4. m3figarin RNA udegoriugnssdlulSamaviia
w o o = ] =% z:'? 9 =1 oA
hfasnnunngniwunuasdnymuimasstialszaoutudis RNA wazTusAulao il
B 3 1 i
DNA 180 Ta§muaniumideudalidia (organisms) 1 Tl MduToyaiugnIsy (genetic information) Tu
q =5 o = o g . . <3} ; o e o1 =
nucleic acids 1417 TsAwsiaR lasanandill sucleic acid 11 RNA nisnaaesnfigaddn RNA (uas
ﬁuﬁﬂ‘i‘m (genetic material} Y84 RNA virus fin Reconstitution experiment Y89 Heinz Fraenkel-Conrat
Y & o o g =
uarame Iaald1a5amqy Tobacco mosaic virus (TMV) Fuiluhiawnadnl RNA Tumnaiion
L o o A w =t w o & o o ow 9 Y v
wer protein 90 Mafaaaiuiuilsty RNA sndnanoiuquile weshaduiudrenelatouluh
o
e llsfudy RNA sawfuldedraauysalaniuiil reconstituted mixed viruses fholalu
srgulifiiindiuan uduenuBnsein gene uaz phenotype v8d 157 (31 3) dsingdrldmilon

¥ ¥
RNA waseoufiafih RNA wmande uaaehdeyaiugnssuues TMV As RNA il protein
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E . Sratein A
Protein B Proten B Protein /
: r i, 1

Degraded | frote

. Reconstiuted
L mixed

THV type B RIA
8 Covirns =

Offspring

RNA
& A

infection of

Dagradeq
s, tohaceo Teal

& 5
THV type A

RNA
A

s ] o] . . : : e :
b 191 3. MIAAII RNA 1l genetie information Y84 tobacco mosaic virus Taily protein

5. 535N IAMaAiiUa3 DNA (182 RNA (Chemical Nature of DNA and RNA)

Nucleic acids 111 macromolecules ﬂi%ﬂ@ﬁéj’sﬂﬁﬁﬂf}g} 9 B9 nucleoctides (g nucleotide
UszReudiY (1) Phosphate group (2) 1::!1@!"!@ carbon 5 BXABUNTD pentose. (3) cyelic nitrogen-containing
bases T DNA ﬁymmsgﬂwﬁﬂ 2-deoxyribose 4300 nucleic acid G]fﬁﬂ“lf’j} Deoxyribonucleic acid
g1 Tu RNA Ymaidi ribose T938R31 Ribonucleic acid wadnaninull 4 viialy DNA T
Adenine (A), Guanine (G), Thymine (T) it Cytosine (C) A1 RNA §f Adenine, Guanine, Cytosine
Uae Uracil (U) Adenine 1182 Guanine 1T double-ring base 5071771 Purine &34 Cytosine, Thymine
(@2 Uracil 15114 single-ring base (38171 Pyrimidine (wymumﬂﬁugmmﬁ L H15UNTE) Farfuina
DNA Uag RNA #8493 nucleotides tana1aiis 4 ¥ila Taedi Purine nucleotide 2 ¥iin uaz pyrimidine

Opposite polarity of the two strands Hydrogen bonding i AT and G-C base pairs
5

517 4. drutlszAeuves DNA 1Az 1591 Hydrogen bonding Yadaraaod iy Antiparallel
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nucleotide 2 ¥i9  nucleotides W4 4 yfiagemuilulianasseimiufer (Single-stranded molecule)

Junsdives RNA  d9u DNA fluTuanaaedee (double- stranded molecule) (U 4)

51 Tn399319993 DNA Double Helix
Tasendfigndeduss DNA 9INATOLINI (deduce) VDS Watson 1az Click 1u 1) 1953 iy
ifianag ¥3® Double helix Tnafindngmd 1Ay 2 9819 e
1) 1NMIRUNIYEY Chargaff dawyd DNA Tanmndidures Thymine whiuamduduues
Adenine URZATIMAUTUUBY Cytosine BIFUATNANTUVBS Guanine taAIlIANUTUTIUT
U Thymine 11 Adenine U@% Cytosine 11 Guanine 1u DNA ﬂ\‘l‘ﬁ uaxmmﬁ’m%’uﬁmmmm
pyrimidine (T + C) WA uATIE U A8 Purine (A + G) usilunieasedy dasidu [T+
Al/IC + 6] nlasumlaannly DNA vesdeiliSafiaety SnarauiiGon Chargaff's ratio
5y X-ray YedwAn DNA wSani $9F X fisaudwin Tumgavesansuianiszinm lnsezaeuna
Tumnalusuuusimmneg Guni Diffraction pattern 1HiludoyassdisznovvasTuann Xoray
diffraction pattern %1413 atiufinlduuuAuidy X-ray (gﬂ‘ﬁ 3)
Watson 1% Click 1999yan1W X-ray crystallography w99 DNA Fair13uda Ty Wilkins,

Franklin taza dauaaady DNA Tadumsdesluanadudeuguin Tlasweihaiu 2 awdi

E :’ e ¥ E “9

fudsznaugt V¥PIT9NNTEOY 0.34 manometer {1 nm = 10 meter) mmmmﬂmmimaqa
Poyadiuilsznaun1ualves Chargaff, X-ray diffraction ¥89 Wilkin 482 Franklin uazn13

Ftdrnngluunlasaaiis Watson uag Click Tdiauai DNA Wundeiguamun ight-handed

double helix) Tan 2 polynucleotide chains mguﬁuﬁ'usmuﬁuhlm%u UARE polynucleotide isznavufie

gﬁﬁ 5. X-ray diffraction pattern

YB3 DNA

ficleotides (5048190 ApAUAIY phosphodiester bonds 35%74  deoxyribose 2 polynucleotides ganu

1 T t:-’ as
configuration At hydrogen bonding &% bases UDINURT 3913 bases ‘Iﬁ’sﬁugﬁ helical J90UAY

Srnw Buntiityg susIngF INe4s - e
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dusasznin 2 awuazc??amaﬁ'mamuﬂwmTmaqamﬁauﬁumasﬁublﬂﬁau (31l 6)  fD4 base
FUAUTUNIZUIN Adenine JURHY Thymine (61D 119% Guanine JUFAL Cytosine 11D @“{a‘lfmgﬂf_j base
doall 1 purine 8% 1 pyrimidine ufude hydrogen bonds Ta8 Adenine 11U Thymine Uy 2
hydrogen bonds  LRiE Guanine A1l Cytosine Fufudan 3 hydrogen bonds G?;Gﬂﬁ JUAUUDY bases L‘quﬁy
dhTaserhalninalives DNA  §afy driEwumes bases monilafaziduues bases Bnane
mfﬂé’f 2 @189U83 DNA double helix ﬁﬁ&ﬁuﬁ]’ﬁ 1 (Complementary) Ny qmauﬂ’ﬁm 83 Complementary:
i ld DNA fanmawz uezminslumniudoys uasdfoyadieiusnssunniundsEngy
ﬁﬁd- Sugar-phosphate backbone %@Gﬁ?ﬂﬂﬁhﬂﬁﬂﬂ%ﬁﬁulﬂu Antiparallel a1 i.ﬂ'?i'm A8 34
nm 3 bases 10 § WYUATY 1 581 159 360°

- i . é o r = . c;
Phosphodiester bond 9U3%%714 3" carbon %84 nucleotide ¥UINU 5 carbon UBIBA nucleotide NOY

] 4
aafiy (5UN 6) 92993 complementary strands uu%mm?magmﬁlumzmuma DNA Replication,

Transcription L% Recombination .

317 6. Double helix ¥93 DNA

ATIATETYBI DNA double helix 1T4na1In hydrogen bonds THIFIUE LAY hydrophobic
. oot Ao W @ Y 1 ' o ‘ = T
bonding ENINGIUANAFBUN T ITAmIBIUTeRUaasuU19Y nonpolar ttaziliu Triudu

. o g e a g I ) I L Vot - g y =
hydrophobic 1119 luana DNA tafies 1y aqueous protoplasm luraalitzda  Wuiidnsewitunden

ning Sunaiig Uz Ine s - e
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DNA 11 2 784 (grooves) fiD major groove 6482 minor groove FallANMERYABNITTURL Idsauine

TBIRUNISATURUNITHINUYDI DNA (gene regulation factors)

5.2 DNA Double Helix HU1#14 9
Tn59a§19989 DNA double helix AMMUULUBY Watson-Crick model (Hu Tnsaaauuuiia
Gund1 B-DNA (1 1nsaerde 3 §A (conformation) 84 DNA awldanmasssinufullumsaza
¥ g ) A g T o . Ay wes ;
(@) dwazanuduiuveunfon undall DNA 14 conformation 1 1980 11512 Tmona DNA figu
fharl@en conformation A muiaden Mediauy
1) B-DNA Taun35ua@a53 B-DNA 1 10.4 § nucleotides Anso id U 1guInA1Y04 helix 1.9 nm
& Y w 2 & A e o & . o :
2) A-DNA oanuuduseunasgay Mielinanniu double helix DNA 13dUAMAHU
A1 3 11 i’j nucleotides Lf%’uphgusfﬂmwm helix 23 nm  Major groove UALLAZAN Minor
@/ d%f P=} o1 R = ) 3 A @ ar
groove NTNLUALZAY A-DNA o Winells g Iuaealainegs (in vive) omiy 1o DNA Uiy
RNA 1 heteroduplex %59 RNA - RNA duplex 14 in vivo
1 [ = =t o Ao
3) Z-DNA UNT1UD3 DNA U310§71 sugar-phosphate backbone 1ihindoavyuany niolu
zigzag 910 X-ray diffraction WU11 Z-DNA ¥ G:C mmmzfjmz? G:C ﬁﬁﬂﬁ'ﬂ@:mﬁ C:G e
naed DNA viyusne lu indeafigue 12 9 dumigudnatuned 1.8 nm uazil groove 1#ig)

an msUningmsioTauns z-oNA Tu living celis nudeeunnluuSnaniugumsueasosn

3! os =
YparBYaRuENIIN (3UN 7)

e = =t 9
3UH 7. Z-DNA G020 U8 _ ‘
® T © Minor —
= = f
ilae B-DNA $unan)

YUY

groave

Carhon/hydrogen Q Nitrogen
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3) 1n3983519 DNA 11D Negative Supercoils 13 In Vivo

deneda 4 & A

ot 5 oo = = ) [
Snlaseadunilsves DNA fidwylusadiiiafe indorhdeunniufimuues DNA i
= Yot w A A A o 9 o o '
Supercoiled DNA (Aa ldiloAamy DNA monilswionaanemy Wedimualiaevssmennileg
] T [ 1 £ 5t 1
af eefaesgiusoumoAnily Mt undonnniieyeiudl MTen7 Supercoiling tHanyTuana

) t » k1
pNA fnvateledmenidanafimaiy 118 DNA waihvedundumidoume Insdwinuuvaiiu

Zat o

W30 15AY0961434na (rubber band) 10U laifid ey lu DNA replication uagnszuIUMIdU 9
musavilding supercoiling HIoAA W supercoiling (gﬂ‘ﬁ 8) WU DNA fufluuuenay (circular
PNA) lu prokaryotic chromosome, mitochondrial chromosome fufali DNA wudY (Linear DNA)
1 eukaryotic chromosome 3xiudIavseanaues DNA 1 circular DNA S1la1o8asemusou

. y g ¥ .. o Y y
complementary strand: lamsunes 19 Positive supercoil 1389 Overwound DNA  91W}UTIBY lalving
#eayld Negative supercoil %30 Underwound DNA

L] ¥ ¥ ¢
DNA Twanalud@aiiFiansvua sounelade 1 in vivo uazunizil Chromosomes MAa¥iaY

¥ & L i . . .
Tunanening 1wy replication, recombination, gene expression UA% regulation YO gene expression 12

. = . . [ “ o =
ﬂ?'lﬂglﬂu-'Negative supercoiling Fauilu. secondary coiling wi i lfiie supercoiling An

31I7 8. Supercoiling uaz
nsuriaing

Topoisomerase

A with Topoisomarase | One strand is cut and
one supercoil, binds to iocally. » 5' phosphate is
unwound regiod linked tc enzyme.

of the DMNA molecule.

Passed
through
break

S
WX
)

[aE

.«g« 2,

e

DNA'WEth:. ' The break  The inact strand is
no superceils is resealed.  passed through the

break in the other strand.
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Topoisomerase Lﬂm@u”lwﬂaﬂaﬂugﬂgmn Topolagy U84 DNA Tmaqa WU topolsomerase T'o DNA
o 9. ¥ : . : L : . .
gyrase Wlina negative supercoiling 34219 replication 9y prokaryotic I0% eukaryotic 1 E. coli

£y Ed
DNA gyrase gﬂﬂ‘l]f)ﬂ%%ﬂﬂ novobiocin #8% nalidixic acid i lddudansduns iz DNA T bacteria

6. Chosomosome Structure 11 Prokaryetes
o/ ! ¥ < c =t w3t 4 '
doyavas DNA  dawmnlannmsdneily  prokaryotes  alanudureutiasni
eukaryotes prokaryotes L@iE viruses i Monoploid I genes lﬁﬂéﬂgﬂlﬁm (1 set YB3 gene Wio |

<
copy U84 genome) fiu' 1311 Chromosome B In308 Nueleic acid Tmnqmﬁm

b o L. . 1 = o o Y ;
lunsdlues virus Fuiu nonliving particie |# il Supramolecules Arwiuudremrediassduesld
. R . A as i { . & o
(self replication) IW3IE virus I nucleic acids wﬁ’amauﬁ”msﬂﬁaﬂﬁmﬂu fFenI Capeid 43U
Tols@u g 9)  virusilsing Tu 2 aounm As
kY 1 et ot o B . =y 1 .. & PRy
1) 019gUBNITRALYIN Ho UMy Nonliving particle (581727 Virion Fyuuaouamnd
' ' @ & .8 =) s &
YUIR ;ﬂﬁ?dltﬁ%ﬁ’luﬂigﬂaﬁﬁﬂﬁl 1198 virion OF® mature virus HUIEY
' Feted = 9 = . . ! 5 .
2) ‘E]J'I'E)le,ulnlfﬁﬁﬂ“}j'}ﬂ 11 intraceliutar parasite WIRWIT nucleic acids (MU LAY 92187 genetic
I o =y m o 3
information ‘WJ'ENWJLI‘L[ take over 1ag 1Waoy AINITNUNFVDY host cells 1131}3J"|ﬁ\3m‘§1$ﬂ1’3ﬂ

1 4 = o 4 . . 4 Iy 3
@maaﬁmwmm’mqﬂ virus TUEDTUATH virion {progeny virion) Faazsubamanseni

qo 120
ot protue

e

Revarse
ey nuiyse

Frolein noat ‘L Mucleic acid
' X
ot bdaver
'x,»":;\ i
e /"<\\%
- vl
{f. !‘J_ SRR \ X \\\

51)# 9. Viral structures. A, adenovirus; B, T-even bacteriophage 113%

ar

C, human immuncdeficiency virus (HIV)
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RNA virus WMANHVEANINYIL 3 genes, laun bacteriophage MS2 11EnouAIe 3569 nucleotides Uazll 4

genes @4 DNA virus ‘ﬁkgﬂﬁqﬂﬁ 9-11 genes 1% bacteriophage GX174 Usznsufig 5386

nucleotides & 11 genes K. coli 1 2500-3500 genes TuDNATL Tmaqa

Prokaryotic Chromosomes ﬁ’]‘u DNA IHLQQ@Lﬂaﬂﬂ {naked DNA molecule) ﬁ’t’}hlijﬁ@ﬂ‘ii?m!ﬁiﬁ’m
sznoy I 1§19A815U8 4 mitotic 5 meiotic metaphase chromosomes Wuiniioy

Chromosome 84 £. coli #131l531191 1100 um t§usgudnas 1-2 um (U7 10) numizsiy
%“]JL?EJ.ﬂ’J'T Folded genome méfl:u folded genome DNA fﬁ’ﬂiﬂuﬁ?u%%&@%ﬂ (domain #5o loop) SIEEFTRLY
50-100 domains § RNA E‘cﬂﬁﬁj .connector A8 domain i‘ﬂ't«l negative supercoil Sa3z o1y RNA
connector 78 RNase 328991174 domains A4 116 1IATZNUAD supercoiling Y849 Domain WOREGY

o ) . . ) .
A28 DNase i ln supercoiling Y94 domain aaweamilu Relaxed domain

RNA cleaved
fe Parlially unfolded 3% ls 0,
g
chromosome 28 ;?%?SJ o
o

Partiai
RNase
reaction

Partial
DNase
reaction

(2} Circidar, unfolded (1) Folded chromosome, {c) Supercailed,
chromosorme actually 40 to 50 loops foided chromosome
‘e structure of the functional (i} Partially uncolled 7 Nick
e chromosome

'g‘ﬁ“ﬁ 10. Chromosome Y94 E. coli

7. Chromosome Structure 14 Kukarvotes

" Eukaryotic:: genomes ".'ﬁh'l"i‘i\l"ﬁ}’ijﬁffé}umﬂﬂd't prokaryotic genomes eukaryotes 'ff'mmm“ﬂu
Haploid %38 Diploid #5011 Polyploid Tuflwineila  eukaryotes I genes 152301 225 1w waa
E. coli uA¥ DNA 1nARTTBAnatoniuazsl DNA dnafuiilals genes A0

Chromosome ‘U@Qﬂmmﬂ“lfﬁiﬁﬂjﬁ aa 1 DNA #77 85 mm (85,000 um) Tuszwg Mitotic
metaphase zURLHraefed 0.5 um

1ﬁ@LiUﬂ chromatin 911 nucleus 328% interphase WATIRHHUN chromatin Yszaeudie DNA
1ag Protein iudulnall RNA Woudnder  Tusauuenldith 2 aiin

(1) Basic protein Hiszyilunind pH ifuna1uSendt Histones

NAY BUNTINIG EI‘U uniETNeT s uma
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(2) Acidie protein fi1lszypiiuavf pH WunanfivalsiesinGond Nonhistone chromosomal
proteins

b 1

Histones ?JUVI‘IHW??'!ﬂﬂJﬁ?JIﬂNﬁ%}WW@d chromatin #82N13HBAIUBY DNA (DNA packaging)
£

T4 eukaryotes 111U 1MTVOI DNA Histones IManunA 5 ytiafe HI, H2a, H2b, H3 a2 H4 WU

¢ - DY P ¢ - A b &

1%L“§ﬁﬁ1@ﬂ‘ﬁﬂ@ﬂﬂk?u sperm BULWASNOIUNYTIANT Protamines UMY histones histones 114

5 4te UIUeRTIEIY 1 HI : 2 H2a: 2H2b : 2H3 : 2H4

DNA packaging u eukaryotic chromosome 3 3 TuABHU
1. Nucleosomes 1## Robert Komberg, 1975
DNA $3AINET 146 base pairs WusauuAunanduily histones 2 Twanald 1 3/4 seu
UPUNAN histones 3 2 Twana udazTuanall H2a, H2b, H3 waz He odnaz 1 iy sauilunny
NAM 8 WUIEHW30 Core Octamer Uazdl HI Jads DNA d1musnszne DNA 2 500 (3UA 11) wie
. e gy y s A o 3 o
Y52U0 166 base pairs 119 1A 1737314 DNA 939ildluginansondt Nucteosome viaidusitegud
=1 w o ol = VY -y g =
1Y 10 nm nucleosome Liﬂﬂﬂulﬂuluﬂlwuqﬂﬂ'}ﬂﬂ@@{iﬂaﬂiiﬁu@k@ﬂﬂi@uL‘Wll’f]uﬁ1ﬂ§]ﬂﬂﬂ
-
3 =1 =3 . o 3 .
bead-on-a-string  T&HWI1HUA nucleosome (103 linker DNA A7I0817961446 § base pairs UDI 114 base
] b
pairs AR species 181 1UA1008 linker DNA uanz11992 18%4U (fragment) ¥89 DNA 200 base
pairs Nucleosomes aAAUENIUDE DNA adladszan 6 wh
2. Solenoid model 1n8 Aaron Klug, 1980
v o gy £ oy g 9 ) Py
Nucleosome fiber UH1A 10 nm WuAnldvaduinndula lnseasendie Selenoid Vi IALEH
H'”lffu?jﬂa’l& 30 nm  Solenoid %30 30-nm chromatin fiber AAAIIUBITIVDY beads-on-a-string 64
dszuiae 7 1m
3. Metaphase chromosomes
. - w e o . b4 . . =T
30-nm chromatin fiber 9013 U9TI supereoiled loops (AU bacterial nucleotide) Wusalesn
b . ° a g 1 .
PINUAUARIIEIAIY nonhistone proteins Wy Mt umiious mneai e (scaffold) 98 30-nm chromatin
fibers 19 Fauiwdiy Metaphase chromosomes Tunaaz supercoeiled loop il DNA 85 metaphase
<4 s
chromosome {luBiAnsszAUgage vianTalsea 0.5-0.75 um
LAag chromosome Hifios DNA Tumanamon Taeluanguaiuayuanmsfny) Lampbrush
chromosome ‘ﬁﬂﬂﬂgiu prophase [ 1u Oogenesis Y83 amphibians  lampbrush chromosomes UHIREIT
= ' B . \
800 um L‘ﬂ‘uf} 31z 140 duplication 483 homelogous chromosome LUARY lampbrush chromosome 3

a =t v g e A oy Y
UIIUATUNTNT LD 100}) ﬂ?um?ﬂkf}ﬂ@'E]ﬂL(]_Euﬂ"ﬂlﬂu'JuﬁJ']ﬂ 1as08e38 RNase LB protease hlﬂ

k]

Y

filament viadUAIgUINA1 2 nm 11 loop AudadalndiBeaiuduriigudnaevas DNA double

| Toes 1Y [ 3/ ¥ 13 =
helix FUNIAY 1.9 nm  UADIGOIAIY DNAase BAUNANUAY loop ATHIWALBLTINUNA

e Buns1fisrg pusunEiAnoTds  une
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:s:.uu.t @ W o $ o t
UBNNUNUWANT AUV HUIIN  Polytene chromosome Fuilii chromosome “U‘leclﬁfg

W r
TI}1ﬂLWﬁéﬁE@Mﬁ’kﬁ?ﬂ“ﬂJ@ﬂﬂNﬁ\‘lW?

H1 histone
Nucleoseme

core particle Histones
{8 subunits)

Nucieosome filament
(10 nm in diameter)

36 nm fiber

Looped domains

Metaphase
chromosome

3 11, Organization U84 Eukaryotic chromosome

Centromeres
Lo 3 - g . .
Centromeres U3 metaphase chromosome A ifunTuneaia (constricted region) YN
= { o . < 3 w t . o '
chromosome (HATUUDY spindle fibers (giﬁi 12) chromosome i centromere &4 11} duplicate 1wl 2 d9u
. 1 ¥ . < & =
VY09 chromatids N1511U9 centromere MW 2 functional ceniromeres Lﬂuﬂlmauiuma iWasunn
. ¥t A W Ya
metaphase T anaphase 1@ functional centromere ABI% 1 daughter chromosome [W® lilhiaa
.. . At & Y ' ' 7o o
Nondisjunction chromosome Alil centromere- Undvzre i dsenamsutawadfaiuy  mitosis

UAZ meiosis
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Spindle fiber

gﬁ‘ﬁ 12. Centromere

......

DNA of chromatids

> Centromers

Telomeres

Telomeres ABLA10UDA eukaryotic chromosomes ﬁamﬁmﬁamwm@émﬁaa 3 8t
1) foelild DNase goo)atoues linear DNA Twiana

2) Pestumsitionfuuesiatt chromosome i DNA Tuianadu

3) %281UMs replication Uaeves DNA Taghildimsgaudediuaes DNA

ally e o o a =% a
Telomere # My sahiuiladovtiaesTsanaiugnssy
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Central Dogma of Molecular Biology

ﬂ?itl‘ammm%zgaﬁuﬁﬂsm {genetic information flow) U3 zﬂumﬁﬁmummmiﬁuﬁmm
F6071 Central Dogma (3171 13) Fatlsznaudan
1) DNA replication 13 lwanin DNAl DNA sendumsdemaaiugnssuanjundie lBniuni

2) Gene expression 115 118310 DNA 11 Protein 581 19MIUHAI0DNUBIGNYAE (phenotype)

[INA

replication DNA

Reverse
o Transcription ST
g‘ﬂ‘l’l 13. Ceniral Dogma Yo : ] transcription
@
3 Inavesdoya o
ar ! Sf{‘ [{N;}i
U[NTIN ( Genetic KNA [ i
replivationy j
information) SN
Translation
Protein
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clué&ﬁ%%m ﬂ’]i&&ﬁﬂﬂ@ﬂﬂ%@&fﬁjﬂyaﬁu‘qﬂi‘ill (genetic expression) 311 DNA 6N protein i2
dunou

(i) Transcription M3nENeadoyaRuynssueIn DNA 11 RNA naz

(if) Translation médﬁ'&fmﬂ%@gaﬁuqnisMMﬂ RNA 11 Protein
Tunsdives RNA genome 83 virus Imsaiemeadayawugnssulvann RNA T DNA Fonh
Reverse transeription @9msmeneadoyafiugarsuen DNA 11 RNA yensezndyTundun
18 (reversible) udmssgneadoyariugnsunm RNA  Tw Prowin  nduTunduinlild

(irreversible)

DNA Replication 38 DNA synthesis

5 o w3 ] o’ =3 e
wypdfuiiaanadider suadn g @uiigudnaliznm 01 mm  VwadRe Ry

q

Sl idilumaredoniud Gillion) wadsznhaiewimsvesiisou e Tamulouyndll 65

EB!JTMEB{TN (65 trillion) L“lfﬁf{ uﬂ'agmaﬁ’ﬁ 30,000 — 50,000 genes (210 Human Genome Project) &
genes ﬁamﬂﬁyiunﬂmaé'mﬁauﬁunﬂﬂszmi HARNIINTZUIUNISTIA0Y (duplication) genes 9%
doagndeaniudnnn 1ufio haploid genome BT DNA 1lszang 3x10° bp wdegn
duplicated Jumautaradisazadt  uasmsuumadissnidoamsdannyd DNA  (DNA

o a <&
Replication) QU

1. Semi-conservative replication
o
Watson—Click model 989 DNA ILES477 polynucleotides 19 2 29 Ues DNA eansadum
HUY (template) dmindaaswd DNA TS ualuvasdu 1950s Yariugmand lnanads launse
@ wr ' =~ T o Fed & e L]
‘Ll?}ﬂllﬂ’ﬂ HLUABINTTALATIEY  DNA ﬁ]giﬂ‘u@fﬂx‘ill‘i BL‘LI‘UWJ@\'iﬂTiE’fx‘ilﬂ??ﬁ’f‘i’lﬂ?%&ﬂﬂ 1@33&’)@ 3
uuy (53U 14) Aw
e . . . = . sl o =
1) Semi-conservative replication 08 replication 1@1?‘(13&6?}@1%?}& daughter DNA U
r P
polynucleotides #10%1141491A parent uazdneodunsizivuinlm
. . . = . . dq A ow
2) Conservative replication A8 replication ﬂiwimaqmm daughter DNA Imaqawm la9n
3 T 5
polynucleotides 917 parent N4 2 €8 ey daughter DNA @ﬂiijﬁﬁf}ﬁs‘ﬂu polynucleotides AL EREAEnY]

T3t 2 e

ATnY Su‘ﬂﬁﬁﬁjg D'ﬁfuﬂﬁ‘?ﬁ"i'}1ﬂ1'45 B ing
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3) Dispersion replication 9 replication Aunay daughter DNA ldweaunin

¥
o o o

polynucleotide 84 parent U1 UUWAUAY polynucleotide NFUATIEHIMINTHA

. . .. < oo Yy (¥ o ¢ o =
Semi—conservative replication IJuuuundu il lAunigauszasnndesnuluIAnyed Wason Uag
Click Timinaassnguiy replication puntiluil 1958 Tao Mathew Meselson LA Franklin Stahl

56121 Meselson—Stahl experiment

Semiconservative Conservative Dispersive

)

s T e T s

Firstpeneration
arogeny DNA

Second-generation
progeny DNA

Y g
7U% 14.  Replication 483 DNA 3 1111

2, Meselson—Stahl experiment

. A . R . R = ¥ .
Isotopes W@ nitrogen WBYHATW isotopes N 1144 normal 1sotope NI lTuaanadeui

1 2

as 15 I~ . ==y ' ow w ¥ ) o
NUNOzABY 14,008 N 1ilu isotope MtAndy lummiwmiinazasuuinndt 3uly heavy nitrogen M

]
<3

X . & o & # ¢ ) .
Ivuen isotopes famrede0nv1AnU 19 Meselson 1Az Stah! 1@Na3 semi-conservative replication ( gﬂ‘iﬂ

aa

15) Taes
1) 1889 E coli Towinshiil "NH, Cl

y - Y d o . 'Y = = 1§
2} YJuivie4 culture A3EATING IR BN bacteria BONTINBINITIL IR E coli N DNA 3 N

~ {4 ar

3 hE coli Thdseluemsil NH, 1 taeelfimaduiiedd 1 sou sz 20 wd

4) HeRIYAR AR DNA (azuan DNA 1ﬁﬁ§qw§fﬁ’wmii‘jum%a Tag density gradient centrifugation
Funaseenauanumiumienin uon N-DNA naz “N-DNA soneIndumsii
winlwanaliwiiy  wamsuiesedues £ coli 1 50U wudnfSuimaes "N-DNA iy
USwimwes N-DNA M3 replication V94 DNA fian9@Uudn Semi — conservative W30
Dispersive 131 DNA iugmﬂu hybrid FEHTN isN nag I4I\J-pol)mucleotides !

¢ [ a [
5) ausld £ coli utiuarasseud 2 udrinsiziiuen DNA 8nafela DNA funaufdimwe

0N Sums g BUTHATTIING1 45 5 ume
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1 e 3
MN-polynueleotides AUINTURATY  HEAITNAABINIUNATLL AOAAABINY Serni-conservative

replication DY 19UAG

Transfer to

N

Y4NH,C medium

' E coli growing ) 4Q min {two
=L . colr / erati
‘gj‘ﬂ“l 15. Meselson — Staht in 1NH,CI 20 min one/ generations)
y generation) -
. = o
Experiment Wity ' Take sampie, s
e : prepare DNA DNA DNA
] . . }
21 DNA replication J Density / aradients /
I~ . :
WULUY Semi-
conservative
TARGLTBR ceaned e e T b
[EIVIETVER R T . -
ISN_ISN.... S LR rTY IR SEEEEEIEEEEEES

All heavy DNA All intermediate  Malf intermediate,
{(T*N-T5N) DNA nalf normat DNA

E?EN
EMN

3. Mechanism of DNA replication
3.1 Origin of Replication
Replication U84 DNA SUT base pair RIRTRIDYRPATICITG R Replication origin 18 base
o . 12 as d m A o 1 . .
pair HENBBNANNY - polynucleotide oMU NFUATIRHDTANN (T80T Replication fork 113
o de m v 1 Y o & = =1 1 - R . .
Fuaseidniude llauae DNA wiuy  adniulUvafeausond1 Unidirectional replication
) Y o & Y =% 1 . ae . . . . . 4
wio a1ty il 2 n19FenT Bidirectional replication 14 bacterial 1182 viral chromosomes 3
origin @y aau eukaryotic chromosomes TRl origin AR origin AIUAY replication duiae 9
2
WIeUUW NN Replicon AU prokaryotic chromosomes 4 replicon W87 UQ  eukaryotic
chromosomes W& replicons
3.1.1 Enzynes U@% Proteins In DNA replication
ar & . - S & a W oL A 9 w
NITHUATIEN DNA ma%wu%uwmawmu DU lmmmﬂmfuawmmau 1“]53&
1} DNA pelymerase
b ot o < . & (=1 1 a‘::syb [
o TN unsEsd DNA polynucleotides 1w file DNA polymerase pguou leyaitl i
ANNTNTUMITUATIZH 1A DNA Tred1ia iy (template) 993 Primer iy RNA w3on1d

Fa
e DNA polymerase T4l nucleotide simdnll  drduves polynucleotides Tmiufud1duves

nsng Aunafieg DUTHNI T IS unT
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DNA template N136® nucleotides 139 DNA polymerization vouau lasdifalusiema 5" — 3" 1aue

DNA polymerase 11197 ldvaiaetng

(i) polymerase activity A® nucleotides UM DNA template

(ii) exonuclease #8YUHA nucleotides NUavusg polynucleotide

(iii) endomuclease doauen nucleotides ety polynucleotide

DNA polymerases W E coli § 3 %ila fia DNA polymerase I, H Lag 11

DNA polymerase I U 3 activities Ao (1)

5'— 3" polymerase activity, (2} 5 —3'

exonuclease activity 482 (3) 3’ — 5 exonuclease activity

DNA polymerase I @y DNA repair enzyme TRNEY 5" — 3' polymerase activity (2} 3'—» 5

exonuclease activity

DNA polymerase [l Y activity Moy DNA polymerase 11

:DNA polymerase Tu eukaryotes FUFDUNINA ﬂ%@ﬁu%muﬂhlﬁuﬁa 5 atla A9 DNA polymerase

J By, 6 T nae e(1D Uyta lill 3'—> 5 exonuclease activity

DNA polymerase o W@z & RNCERT replication Y84 nuclear DNA  DNA polymerase v NI

. . . . 1 - . o os
-replication U84 mitochondria DNA @74 DNA polymerase 3 1lag € 1y repair enzymes 11

‘nuclear DNA

5" end

Growing
DNA
chain

free 3-0H (?H H  DNA polymerase

i
o[ 3% 10
0=P=0-P-0-P-0"
o
Entering
dTTP

n3aY Huns g

3U% 16. Ugnseves
DNA

poiymerase 1 Ao
nucleotide 197
primerﬁ 3*-OH
o ¥
WA N1
replication A

MWL 57 =

ousunIFIIneTas  una
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ot 2 ’
DNA polymerases Manuallfjisorfiugumisuiufe fufiaiedase (free)3’ —OH  vod
primer a0 5’ nucleoside triphosphate precursor Ao (gﬂ‘ﬁ 16) Fawmdelary 3’'-OH w3

e K1ldae DNA eneenne 5 — 3 direction

2} Primase

|
=4 af

DNA polymerase Anems free 3'—OH W nucleotide mmgjué’m?amm Primer UH DNA

2 o ¢ Lo & & '
template 3U5Y replication 19 fedesioulwidunsizd Primer Fuilu RNA %33 du 9 Yunnou
Ul DNA template ® origin of replication oy loidiSond1 DNA Primase Fuilu RNA polymerase

4 1
Funsed RNA primer Fuuh hydrogen bond fundnnilu RNA-DNA hybrid W5y replication

3} DNA Ligase
) ) ; ; o ¢ & P E) &
VUUNUUY DNA @ lagging strand 5 — 3 msdanszmiivuuy lddeiiedlaramie
o =t oy 1 . & ¥ Poq v - Y .
fragment @11 9 $150071 Okazaki fragments G993a03na0 IHITUTBNAN1YTUAW DNA ligase
upnwInlunumIL replication 1142 DNA ligase favimihiilunmisaonusu (DNA repair) uazlu

DNA recombination Sgt} 38

4} DNA helicase

ﬁm%ﬁﬂmmﬂﬁm (unwinding process) DNA double helix ADUNATY 2 AIULuENDBnNNY

uusn

5} DNA topoisomerase
° Y o A a - Jhup = o
shurinaanasinnnnu i Supercoiling  MNAVUINMTANNAYTY  (unwinding) VDI
DNA Liﬁ&kimsupercoiling 92119 double helix ﬁuﬁuajﬂﬂag@”lﬂ%wwﬁwm unwinding DNA
topoisonterase lu bacteria 3 2 ¥ila (i) DNA topoisomerase | #n {nick) DNA ARG {ity DNA

topaisomerase 11 W58 DNA gyrase @in DNA 2 @

6} Telomerase
P . A Y oY X A o o
M11Ja 19494 linear chromosome #38 Telomere Qﬂ‘l‘mﬂu%ﬁiw RNA primers HORTEHUATIZN
o 3/ . w o R T q‘f," ' 1
DNA 11591487 RNA primer gﬂﬂﬂﬂ@ﬂiﬂiiﬁ DNA polynucleotide g lniduneouiuuy use
< 1 1 f =%
Umailu § Yo wusedonuiuuse telomere 81303 utuAla1w 3’ telomere § sequence
¥ 1 el
GGGTTG 1 9 (repeat) (3 1 17) AUMAIEATITENIT Tandem Telomerase 33 G-rich sequence
Y94 telemere 1A (1A telomerase Ha1a RNA ity 1udq (built-in) - telomerase 9250 repeat sequence

5 = . & oA g _ P y ;
WM telemere UHENGUULULHAIOATUNBITY template (UANIUUBN) 19 DNA polymerase ot

nsfs BUNTIYY sunmgEineras suna
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. 1 3/ Q 4 . c;
deoxynucleotides ABVIHWHN Taold)ane free-3' RNA U84 telomerase #1114 1A polynucleotides 1
s & ¥ 2 A = ot Y Yy
ANYIUML 2 018 01 telomere YN DNA 179 chromosomes FunnUnd awURansznUTIeLT a0t
o W o o = (] Y
11t genes Mol chromosomes M ldiTu Tsan1aiugnssy viemeld niafaunneuls (premature
aging) (5UN71 Progerias

Centromere
proximal end Distat end

w o

No 3-0H for
covalent extension

{n}  The telomere laggng-strand primer problem.

- Parental strand

TGGGGTTGGCGTTGGGEGTTG
Accccgf‘lncorrxpiete, newly synthesized lagging strand

Telomerase binds.

3 '
TGGGATTGAGGTTGGGGTTG 19{3{?%‘”“‘
ACCCC, R
i synlhesis
Telomerase Telomerase with bound RNA template

extends 3" end
{RNAtemplated
DMNA synthesis).

3
TGREGITGOGGTIGGGGTTGRGETTGGGETTG

s Completion of lagging strand
by DNA palymerase (DNA-templated
DNA synthesis).

3
TGGGEGTTGOGGTTGGRGTTGGGGTTGGGGTTG
- AACCCC CCCCAACCCCAACCCCS_
@DNA
polymerase

P Y e . .
3 U# 17. Telomerase Lmﬂmuwm terminal primer

7} DNA-Binding proteins

nipy Suni g ousnAgE TS ; una
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] ]
o ey

' ot :i
NN Helicase LN base pairing 78WIH polynucleotides 2 mosennnfuilume@od

J4 3
Tos@u Single-strand binding proteins (SSB proteins) WAABUASIAY monomer AIWHAS helicase 11D
w W ot @ o @ o ) o o) <3
Hoamlil¥  DNA 2 eedunaziuiuiunsedloiu nucleotides Mmelumedafiy fufiueaiy

R = o q ¥ . Y . o ¥
intrastrand hairpin Falwanld DNA polymerize NN IUN template 1ii'la

iy
3.1.2 (¥MINN Replication Fork 0z Replication

ASZUIUMT replication FUFBUUAY replication DdAumstszsauemiufigquon  msdne

w o & , , o Y A wa @ o -

anlnldnnn1339buee  molecular biologist  $waumnnluielgianisniTanuaz l9na el
2
AsEUIUMTHAIL

1) 18N parent double helix f Origin of replication Tooonlan] helices 4180 base pairing U943

. o o . o . ) 4 o
parent double hehx 29N1INAUNS BUNL SSB proteins CRITRRT single stranded DINA ysnuiinatedlu

Replication fork (gﬂfﬁ 18)

5 3
Topoisomerase — =
Helicase \ PrIA,B, proteins
Single-stranded ‘ E / <
DNAbinding protein (SSB) . naB-dnaC Primesome
~~ complex
DNA polymerase 1|
holoenzyme
ANMP dNMP

1%
s

. Leading Lagging 3' |,
3 strand strand 5

717 18. (Mg5alT Replication fork 14 E.coli

nINY Buni iy BUTHATEITNTYS ; unw
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= o

2) Single stranded DNA W 2 me vthidhuutuuy i DNA polymerase I Junsizy DNA
aglniunsiunyiy 2 a1 fo

(i) auyuEe 3~ 5 (38071 Leading-strand template 11372 replication lapt1anI{ina
i Continuous replication

T ' ¥ =4 r R . . @ 1

(i) uyunay 5 3" 139N Lagging-strand template 1W31% replication 1alise
E = . . C
11194970 11}y Discontinuous replication
) ¥ ]

3) Priming 1194377 DNA polymerase §41n512% DNA Tufismie 5 — 3" minly naziSudunegy
wahild uadesmsiaedaszues 3 - OH w83 nucleotide Mllognaunduoth 5P veq
nucleotide It Ae Fedeedl priming noulag DNA primase 7313 RNA primer TuIABLe

k3
18 free 3'—OH W84 RNA primer &1 DNA polymerase 3914 free 3'—OH fiduns12¥ DNA o
T DNA primase $9UAY helicase (58131 Primosome
4} DNA polymerization o ld RNA primer (6 — 30 nucleotides} DNA polymerase IIT Fuagrz

¢

DNA @Ehwimﬁ'muu Leading strand UALUE Y Lagging strand Insdaasiey polynucleotide
553" gedulondl Okazaki fragments  UsSH1D 100-1000 nucleotides fuiney  RNA
primers  gaBERRMEMS UMl uFes Il ity DNA polymerase 1 931
deoxyribonucleotides Teftd1 llimuil RNA primers uozdosinfivfiozgniladan DNA ligase (71
18) éﬂﬁ@i%ﬁ’jﬁ Okazaki fragments fiﬂﬁ'tﬂﬁﬁﬁm polynucleotide 1ﬁﬂﬂﬂ1dﬁ@&ﬁ@ﬁﬁﬁ¥iﬂ?
Replication fork 1AFeuH Ttla double helix motiusia 2 a0 aUnsaiins ey sailuns
replication Lﬂéﬂuﬁllﬂw?wﬁ’u replication fork ﬁwmﬁaﬂ’h Replisome (zﬂﬁ 19) ﬁﬂifu Replisome
S91lsznaudag DNA polymerase I holoenzyme, leading strand, lagging strand 8% Primosome DNA
polymerase Il holoenzyme HID LE‘J‘HUl“]iﬂﬁﬁ'ﬁ‘l’fﬁ}ﬁﬁﬂmiwﬁ@éﬁuﬁ%mﬂ leading strand QT
lagging strand UUAY lagging strand i1le3n DNA polymerase 111 TNAYLVITNAY primosome

DNA polymerase Il
5 3 replicating the ieading-strand

. DNA helicase
anosomeli DNA primase

TR 7Y
3

Single-strand

~ RNA primer DNA polymerase dll; = "
replicating the lagging-strand e

gﬁ‘ﬁ 19. Replisome YB¥ E.coli

MnY funiTiive DUIHATETIMET4S ; wnd
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4. Replication 483 Circular DNA (Prokaryotes & Mitochondria)
Circular DNA Tu prokaryote AR origin of replication asdanseHodala 2 wou
4,1 Theta — form (O — form)
11 Origin of replication 185 2 replication forks msﬁ’aamwﬁﬁuﬁuﬂﬁaaﬂﬁa 2 419
484 forks M50 bi-directional replication t;'w:inmsﬁ'amﬁ&'ﬂé’f&hwﬁwmmgmsmﬁﬂu;ﬂ 8-
form (3171 20) Fedunalddondosansaml TEM  madunsizd DNA wufiwulu bacteria

Auunuay 11 DNA viruses

Origin Rep!cat\on fork O ©

Rephcatlon fork

gﬂ‘ﬁ 20. Theta form of replication Tu prokaryote

4.2 Rolling Circle Replication
&y o . =t = <t & o= '
ITHRIENTITAA (nick) N strand WUIUBE parent DNA nlane 3°- OH cﬁaaﬂu@a’izag DNA
polymerase WA deoxynucleotides L%)’]hiﬂﬁ‘lJiL?J‘Lm‘iJ%ﬂE‘ﬂﬂ@]i&%’lmﬁqﬂjaﬂ nick tazAA circular
replication fuaqmamﬂuu‘uu continuous AIUEIY 5'end #i ﬂﬂﬂi&‘%’lﬂ‘l’t%“’ﬂﬁﬁ@@ﬂm (rolled off) tiAY uJu
ummmnma‘mmmawwmmu discontinuous (Sﬂ‘ﬂ 21) replication mmuammau duplex PN

lagging strand E]ﬂﬁ‘sﬁt@’e)ﬂ nédefiu (ligation) 134 circular molecule 138 replication fiuan lUdn

O:_-"‘\Slngle-sirand nick

|

Continuous
DNA synthesis
3

Parent strand
is displaced

\ 711 21. Rolling circle

mechanism YB3

Discomtinaus
ONA synthesis . . 51
replication 14

. 3
/ bacteriophage

Jom ends of - |
hr\ear molecufe

NNy Juns vy : auTHAZTYINUT4S (K
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waw q soui 1A wazduinediad a1 ldeunsuuns genome 1810 copy AD9) i ufnz copy
Y9¥ genome %gﬂﬁmmm%mmaﬂu circular molecules 1HUMIHA replication L&‘U‘Uﬁy‘lﬂl‘lﬂu phage
#HEWFa Rolling circle mechanism of replication

Prepriming rephcation 14 E coli ?uéﬁ’u*ﬁ Origin of replication “‘éﬁﬁ sequence mmz“ﬁﬂ@ﬂﬁ strands
LN Prepriming proteins HawHALY DnaA, DnaB (DNA helicase), DnaC, DnaT, Dnal, Dnak,
PriA. PriB, PriC, HU, DNA gyrase U@¥ SSB  prepriming proteins T%mwwza&iw?}a DnaA  lan

strands B9 Replication bubble

4.3 Replication T Eukaryotes
Replication U84 eukaryotes ﬁﬂﬁ”lﬂﬁ?ugmmﬁau prokaryotes BAUATMUARNANWATEUTZAIT
8 Okazaki fragment é'?uﬂ'jw, i multiple origins of replication 119 replication w?auﬁ’u”lé’wma@ﬂ
[%37Y DNA Tmaqaimjﬂ'éwm prokaryotes wnnied multiple replicons 14 1 chromosome,
template 2 meld DNA polymerase uannU fio leading strarid 14 pNA polymerase O aIu
lagging strand 1 DNA polymerase O (ﬂé’m DNA polymerase I} ( E‘lf‘?l 22) U0¥ nucleosome

. s . o r v & I = =&
dUpllC&ﬁOH I@Eﬁ‘uﬁ’lmmﬂiG?’Euﬂuaxﬁ’duiﬁi\lﬂi&‘H‘u

DNA primase

Replication
factor C

~al the rep

replicates
. cates the ;
3 antigen.

DNA polymerase &

g'ﬂ‘ﬁ 22, m’a;mmf'ﬁ Replication fork Tu replication ¥4 cukaryote

aany Buns g BUTHAZTETINETES  un
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Transcription MI0OAIHE DNA

¥
A521IUMTTUNTIZH RNA (58077 Transeription (HUIUADUUTAVBIMTUAAIOONVDL Gene
1 3 o o § o
(Gene Expression) ABaoiaiiuy DNA 984 genelld gnosaswa wie msdunsizd RNA Fuiy

complementary strand U gene a2 RNA fdunszd Iasenn Transeript U5 N1FRILATIER RNA
lunssusunisasIe polymer {polymerization) 284 Ribonucleotide subunits Taevanlas

RNA polymerase WazlusiuuuAa DNA 283 genes aaifjisen

DNA template
n(RTP) (RMP), +n(PP)
RNA polymerase
WHB o n = 9731 mole 89 ribonucleotide triphosphate {(RTP)
RMP = ribonucleotide menophosphate
PP = pyrophosphate

RNA $asuaidlss polynucleotide @eign 1 4 wane

(1) Messenger RNA (mRNA) Liufnany (intermediary) sivdiayadugnssuain DNA Tugdaas
s Codons Seazulalunsdunmsaililsihusielilu transiation (3117 23)

(2) Transfer RNA (tRNA) ludasie (adapior) 529914 amino acids 11l codons Lt mRNA

(3) Ribosomal RNA (rRNA) flugiaulsznetaas Rivosome daflulrssmduamnilsiwiaula
$UAUAY nucieotides ﬁ@ﬂu‘uu mRNA Tffud suaes amino acids 194 polypeptides 438

proteins

rRNA gene tRNA gerne  Protein-coding gene

Transcription

Final products of
gene expression

/ Translation

%? Protein

71071 23, RNA 3 afiaudniiusanfnges Transcription

NIy BUnTiITg BUTATE INeTas  une



- SR
FEIFIHANUDIRUENTIY
iy 1 s

() Small Nuclear RNA (snPNA) fludawtlszneres Spliceosome duiiugnnd vidareulml
A Introns @il nucleotides 184 genes (TuziLil premature mRNA ‘*‘f’iﬁx‘uﬂ?'}zﬂmmj) A
Aaifiaamunailusia codon aan uay Aetudouiifliea via Exon dndeiulflEifiume

mature mRNA  fisvadmiufaamzillsiiy (transtation) SIRNA AsBenandendain

Ribozyme tlasanflanuaniisithianlasl

i dnmasialuaeas RNA synthesis
nalnnisdapssd RNA adaiunisdammzy DNA ann andy (1) s (precursor)
'.iﬁu ribonuclectide triphosphates 4 Tls A8 ATP, GTP, CTP uas UTP (2) DNA template AR
nefiinuua windufhusiuny ey (3) @ne RNA polynucleotide SuldTaelaidasns primer
nedasE RNA (Aalugdnaed DNA Araneaunioidn aidnunellones veafaiandd

Transcription bubble  RNA #idstasnzilsiilugas (complementary) i DNA template Aatiuans

RNA Aawileusne DNA nontemplate strand yntsgnns anifu Uridine wn Thymidines (31l
24) fin RNA i mRNA fiazuanli#its amine acids 1w protein fflunsuanyes gene £ 9 98
Az@upene  (specification) 284 aminc acids lugtlutiuigas nucleotide 3 siv 13891 Codon
RNA %\%Qﬂﬁ‘aﬂﬁﬂ%wﬁddﬂ Sense RNA WS1ZAAU nuclectide 84 mRNA Haauuing (make
sense) uatinl RNA a9 7T complementary i mRNA 18 RNA mﬁﬁfugnﬁ*ﬂﬂdw Antisense

RNA Transcription sfiuluiienia 5" — 3 wwdanriy replication  UiTiTen transcription

Template strand

A 2 WWRAATIVRA
DA &Y h WWNonterrmiate strangd

51l 24. RNA synthesis . SN
z = ' RNA \ -
ﬁLbﬁ DNA aeine? i Syrithesis 3 CGTATGCTAGTCCGATIGCG &

i template 5' GCATACGATCAGGCTAACGE 3

mRNA 5——— 3

5 GCAUACGAUCAGGCUAACGC 3 ¢
Sense RNA strand

@ ]
Mialaeeulsd RNA polymerases 1 lunisBuiu transcription gene (LU DNA) flasLszas
nucieotides Wineuiadiuarduiann: W RNA polymerase 4uneu aliaulaitngoam

1 T 24
Arlafiasld nucleotide Aaugn 489 RNA ffainisdanmss  a16U nucleotides wianil 3andn

N0t Bunaig suUTIAII IS une
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= o o . o g P
romoters (g‘ﬂ“ﬁ 25)  SNUUNTAIUANNITUARIBANTEY gene (Gene expression) mmﬁm@\‘i@g’m

promoter i

i3 -
Promofter +1 N end
= |
o i
5 ?_"}—__"_"%_”J:“"“_‘:,S RNA transcript
i i | |
| / i : \ g
Leader Trailer
segment segment

t

517 25 lapzunsy 189 gene WAL promoter

Prokaryote & RNA polymerase iegiimiden uwsl eukaryote # RNA polymerase 3 9519

F1VFUAIATIZE RNA 1 @W1=atng

2. NszulUNIg RNA synthesis
129284 DNA ignaansvia (ranscripted) T RNA (3091 Transcription unit Wsias unit

AMMENIRNAingL gene 1Fiae vRaenawiniuvany 9 genes sawflasiy  transcript aunaluajdl

waney coding sequences 189WaNY 7 genes wulaviali/lu bacteria

NTEUIUNTTABY transcription uthitly 3 TumeuRa

(1) Intiation nN2Bufurnsany RNA sl

(2) Elongation. NILAITUENIBANTANATE RNA LAY

(3) Termination maveavdeaunisdusmziuazilasy RNA dunmzfidlvdesnann

TEMISELN

TuniseBune  transcription  Un@lFAWT @aLanA W EERIEn USSR LA LT
wulad TneftenianaaBusiures nucleotide saun (start point) ThumanAa @y muafian s
fiandn upstream UBNATUWUSE94 nuclectides a7n start point luvedans 5 wax A1dn
downstream LianANLIN98Y nucleotides tunnvdane 3 ’1n start point  wazdausnianiaaed

genes L DNA FeAuWuUsHU transcript fael

2.1 Transcription Tu prokaryotes

1 &
RNA polymerase ultshuninatemise - feluanaees RNA polymerase (3undn

Holoenzymé 98 2 daufa Core enzyme WAz Sigma factor 1) Core enzyme 1sznevdog 4

Aany Sunyviag BUTUATEI TR ; vl
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wiageay  o,BR B Heuwdsli ribonuclectide triphosphate 4 B TR untduiu DNA
template 491 o FuthRmuminagesiauundndaui 2) o sigma factor Tutinfilewny initiation
Winthd sigma factor AVIMENRSAESL  transcription initiation ¥$® Promoter  #1usnemnn

. Q‘ 2 . . 2 [ 1 v &
sigma factor holoenzyme _ELINAW transcription 15 LmeLmuﬁNQﬂm@d

2.1.1 Initiation w84818 RNA
nMsGududanssians RNA 13 funeufe
(1} RNA polymerase holoenzyme 41 Promoter U1 DNA  Promoter %&Lﬂuﬂ‘}mmmwﬂu
m‘;‘ﬁluﬁu“ﬂm franscription
(2) RNA polymerase Aanzin@en DNA Ianeuilaes DNA iy template & RNA
polymerase steinumisiigniiasdminld ribonucieotides 2-3 residues usn
(4) @59 Phosphodiester bonds 72#914 2-3 ribenncleotides qm@ﬁ‘nﬁlumﬂ RNA L?\I:@L?Tlﬁé

16uda sigma factor wgAaen AuUaaWs core enzyme Wvtiisaly

Sigma subunit RNA potymerase
holeenzyme

-35 10 +1 Gene 5
T L L I I T T T O T T T T T T T T T T T TS DNA

5

Promaoter

{a) Formation of the
closed promoter
complex

2 J
NN AL AT
‘0

¥
‘;:I:/ 3
Bound RNA polymerase

holoenzyme

{b} Farmation of the cpen
promoter complex
a7
3 )

AMNA synthesis

) i) Initiation of

Firsttwo
ribonucleotides

Core enzyms

g'ﬂﬁ 26. N334 RNA transciption W prokaryote
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Sigma factor Hudndald RNA polymerase 4ufs promoter lu 2 WanAeR -10
sequence WAT -35 sequence (gﬂ‘ﬁl 26) Fadawnnn sequence %ﬂ2§wumﬁﬂﬂuﬁ’uﬁ@m’wﬁmﬁm
wntdaa lu orokaryoie ‘Vgﬂ‘]jﬁm nucieotide sequence ﬁwuw%’naﬂf’ivﬁuﬁ Fundn  Consensus
sequence 1178 A1ALUSETTINR 1T
-10 sequence UUAT"Y non-template 3 consensus Aa TATAAT daaluniun unwinding
DNA d1flulumsBuans RNA uay
35 sequence W sigma 4rbAnarduneuaaiundy  Recogniton sequence 3

consensus A® TTGACA

2.1.2 Elongation 284478 RNA

ar

RNA polymerase core enzyme O78U fa¥ sigma facter ‘i&@ﬂ@fﬂmﬁmﬁwﬁﬁﬁi@
ribenuciectides WifLuane RNA #iBNITuda  RNA polymerase siudhdaanaindzausan DNA
o = =4 =l o ' 2r . . . g o] 24
WAZTIHAUNALIAN nsAaendga ldnensinees polymerization site 18 RNA ideiasiziild
AIRN complement UL DNA template $9A3191920104 3 base pairs  iilagne RNA a1zeanty
Frumthgaansdanazd asdeduin DNA dAauniefuuds RNA ngnasnann DNA uaz DNA A

indzandidu duplex muldFas o

2.1.3 Termination A83d18 RNA

mﬁ‘iﬁﬂﬁﬂ%’m RNA fiadia RNA polymerase Waaudllte Termination signal T

fa} Rho-indepaendent terrnination

RNA polymerase core enzyme

Waak AU base-pairs

Stem-loop

@

(b} Rho-dependent termination
RMNA poiyrmerase
core enzyme

=l L.
g*ﬂﬂ 27. Termination Y83
RNA transcription T

prokaryote

................................ L DNA

/_/{thtcd Transcripl,

g Bunafilg puTHATE INoT4s L una
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-4 1 1 1 9

Transcription terminator Fafine sequence U1 DNA SR ﬂﬂ?@ﬂﬂ?ﬂiﬂﬂ?ﬁ%tﬂm:ﬁ%mummﬂ

aananmi Terminator 3 2 WL (gﬂifi 27)#® 1) Rho — dependent terminator fiaani3lilsfuy in
Rho (p) ﬁug’emiﬁ'mumm RNA polymerase ‘?5 terminator  2) Rho ~ independent terminator
laigfaannsTushiu ua terminator 3§ G : C wan mnudng A:T Bnssuany 6 wiernnndt 6 A
G C seguence ﬁmﬂ;m:mm transcripticn (0 single stranded DNA ALANNALNT complement
ﬁmﬁqmlﬁﬂugﬂﬁﬂuﬂum (hairpin)  ldR0919019M19u189 - RNA  polymerase Al

2
transcription WA RNA transcript bz Uadgyiaunaugneanain DNA UaE uenaanannmiy

3. Transcription 11 Eukaryotes

nszuaunstaevialiadnesuieausdudeundndnties  transcription 199 eukaryotes
Wimlu nucleus  RNAs ﬁ%’%gﬂ%ﬁlﬂ cytoplasm mandd lu prokaryote mRNAs @nelfeiausil
sa exons Wnanaiy Tall mature RNA coding regions 28¢ 2 vi3asnnndn 2 genes aailu
mudtigenic eukaryotes @uNN RNA transcript X coding region 184 gene Weatuy
monogenic  RNA polymerase 98¢ eukaryote 3 3 aflauaz RNA transcript fikaupazildnfaun
(primary RNA transcript) 3undn Heterogeneous nuclear RNA (hnRNA) lunsiizas mRNA gn

wilegdl (processing) 3 adnenaugnasd cytoplasm Aa

Antileader | Exont i Exen2 . inwon . Exond Terminalor

Transcription

Leader | Exoni o - Exon2 | fswen . Exond Trailer 5
|ntron \9\‘0 .
Poly(A) tail
= basl Leader) Exon1 Exon 2 Exon 3 Trailer ARAABAAA 3
V

NHz — “\/W"\/""‘*- COOH

71/7 28. Transcription lu eukaryote Insutlsgilaas RNA transcription (hnRNA) Tag

capping Aanw 5, polyadenyiation Alane 3, Ry splicing MM introns aan

1) WBid 7-Methyl guanosine cap % 5" end 289 primary transcript Bend 5" cap
2) N Poly (A) (base A a1URUIN) W 3 end transcript Fandn 3 Poly (A} tail 872

Ugzunme 20-200 bases

3]

Qs D ar -:vl' 1 ar o r—‘?: il 1 1 o @ ni % ar =ill =] 3
3) m&ammuwlmﬂmmwugmm T44TENI7 Intron ABRNLAZHA @Wﬂﬂ%Lﬂuﬁ‘%ﬂWﬁi@ﬂ??Naﬁ\‘]L'é‘ilﬂ"&’]

.
=

Exon dnsiuliuaeian (guf 28)
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RNA polymerase 14 eukaryotes # 3 aflm ynuinddauameyd RNA snaiindi RNA
polyamerase | 14 nuclecius #9ATzi rRNA ainidu 55 rRNA
RNA polymerase |l 1 nucleus §91A3724 hnRNA (pre-mRNA)

RNA polymerase |l T4 nucleus A9iRTNel tRNA, 55 rRNA waz small nuclear RNA (snRNA)

3.1 Initiation A89d978 RNA

RNA polymerase 284 eukaryote Gudasz RNA dapmuedlildusfanis proteins
iBeindn Transcription factors doeilunisBudu  Transcription factor ufuifons promoter u
DNA reutitaaanzinass uda RNA polymerase Sadn 4R recognition sites ﬁ‘:}ﬁiﬁ upstream
fBuam transcription start point  promoter 98¢ eukaryote iU cis-action elements AeLily
sequence lu@e DNA #ilild template

Recognition sites WIE consensus sequences Taur
TATA box i sequence Ao TATAAAA agiiszunni base 71 -30
CAAT box il sequence GGCCAATCT agflnddumish -80
GC box & 2 boxes 7184 sequence GGGCGG agtlszanu -50 uaz -100
Octamer box #I sequence ATTTGCAT atitlazuins -130
Tnasialyl promoter AiTszAnsnmasachaton 1 recognition sites wsazliwulrecognition sites
%&wmﬂu 1 promoter
RNA polymerase %a 3 7iel transcription factors WANATAU

RNA polymerase I SadalAszal MRNA @eennz TEID, TEIB, TFIE, TFIE, TFIH uay
TR 9l TFIF Sowitinfinansinaes DNA uas TEIH sl phosphorylate RNA polymerase |l
Wuwald TRIF ‘w@qm@@ﬂufiﬂ RNA polymerase I Lﬂg@mmﬁ start point C‘EIN initiation 16

RNA polymerase | waz Il T4 Transcription factor Way polymerase || LRSI LAY
usinz enzyme WUIYLNG genes § promoter 484 polymerase HI Hdautily downstream AN

start paint

3.2 Elongation 4ad4d18 RNA

e RNA polymerase (33 initiation complex Wndauaszineats RNA lnedtmiiauly
prokaryote nalnfiudiasedlslilf mszlaseadawas eukaryotic RNA polymerase felilf  1ile
. b i 2 ' o N ! .
elongation lludoludgaefs 5 end 284 pre-mRNA aTpn capping 4 7-methyt guanosine (gﬂ
fi28)  7-MG cap Hmonuénftusie protein factors Tufwadeedy initiation Tungzuomnig

translation uay cap flasiulildane RNA gndeslag nuclease

arny Gunafiteg BUTHAEEINNAS : una
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3.3 Termination 89878 RNA

mwtmﬁammxﬁ RNA Tog RNA polymerase I Tu eukaryote dlunnsse primary transcript

fAve endonuciease WINNAYMIMgAdLATIEE  nssiadialivateanseudns 1000 - 2000

14
=5

bases ﬁmﬂﬁgnﬁmﬂu 3 end Unfinsdpiatuisinumis 11 - 30 base downstream uas
conserved sequence W3R consensus AAUAAA  UAIRINENE pre-RNA NARBANNIATYNADRN
pnel poly {A) polymerase Fa%Ufy consensus AAUAAA 14 adenine Wnldl nszuuntsBandn
Polyadenylation (gﬂ“‘?‘}l 28)

terminations 999 RNA polymerase | Fadnng terminator protein 198

termination 989 RNA polymerase 1l R&181U rho— independent terminator W £, coli wh

nalndudiadadalsif

N30 BUnI g BUTHATEIINGTAS  uni
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Translation and the Genetic Code

N1ILARSABNYAY genes (Gene expression) %’uu?ﬂﬁﬂmmfamﬁﬁﬁ@ Transcription i
nstnedayaiugnasudiiulslu genes liifanaiede messenger RNA frindeyaludeanud
daam=H polypeptides Tu cytoplasm Fufiaesie  nsulasavie Transiation Whinistng daya
T mRNA  Widuatduees amino acids 1849 polypeptide SUUTUHANENTDY genes (g‘ﬂfﬁ' 29)
Translation {inlw ribosomes wazlu cytoplasm nIzLuNAsREadastl RNA % 3 Aa (gﬂ‘ﬁl 30)
1) mRNA thdfayaiugnssulusileassiia amino acids Bundn Genetic code 5@ Codon  Inafl
2) (RNA $ushiiflu adaptor 1 amino acids Whssefulinsefudrduges nucleotide 289
wafugnensdinuualfly mRNA sifadugnss 3) (RNA g rbosomal protein ety

Ribosome Musidluantuidansziillsfi

CNA in chromossme(s)
Transcription : ' ‘ - - .
B T R T A A
pro‘cessing rELLE E'Ni':t*s-w il'i‘!':""’l‘\'- b :nﬁm‘i:wx'-j'r: LESTELARL) vt PO TR R AR ; pmymerase
- 55 165 235 rRNAs  mRNA RNAs
= AN R A
e ¥
e Transtation
4 . ™,
Ribosomal >
. proteins” ™ f
- = ~ - —‘\\
- _\ —— S
= Frae = X -
n ribosomal ™
subunits - o ~ TN
L ~N )
¥ w:? 1! \\
Degradation to - ] Elongation factors,
mensnucleotides S Transfer enzymes, ~ i
o aTe Amiroacyl ~ {RNAs
, - b
Activating | L
Nascent enzymies Arminoacyl ~ AMP
peptide

f

L  Amino acids + ATP

g1l 29. IpazunsumnuansAuduiudsaiiassewing Trancription Wag Transiation 24

NI SIS LATIZE RNA 74 3 15IR 370 DNA a2 RNA fasafi e 1w

Tunsdapmzsillshiu

a0y Buns Wig
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Translation ‘ﬁ
RNA 154 3 v

WruImnu

1. Genetic Code

mRNA

&

o

123

Ry og

Amino

‘ O’ZZMS

tRNA with
amino acid
attached

LRNA

Anticodon

Genetic code Usznavdiay 3 nucleotides 78 1 code Wi Triplet code Bandn Codon (A1

54 1) 1 code TAnnuuunensiniy 1 amino acid tu&nel polypeptide genetic code Ldanusiu

El’]?'mﬁ t. Genetic Codes

The Genetic Coder

:&U—"' ..i__:‘.n S ;
" R

Uuu'l o
wel

U]

S oue L
by Ley

R CUA

UG

AU

First {5') latter

AUC > lie

AUA |

L AUG . Met
{initiztor)

GuUY
GUC
GUA

GUG

Val

GCY
GEC
GCA
GCG

Az

GAU

Asp
GAC
GAA}

Glu
GAG

GGU

- =
AZNY BUNTINITY

2Each tripiet nuclectide seguence or codon refers to the nuclectide sequence in mRNA {not DNA}Y
that specifies the incorporztion of the indicated amino acid or polypeptide chain termination.

Third (37) letter

= Polypeptide chain

initiaticn codon

pasuRyEThras s una

= Polypeplide chain
termination codan
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dufas (nonoverlapping) uazlilnaiiasem (comma free)  amino acid 1 6 a19il lduan
n91 1 codon Wiau multiple codons 1nf codons wiaiwanaA14W aucleotide LA
12 )
Genetic code ¥iaunNmil 64 codons 9 61 codons UAMNUNIERIMFU 20 amino acids
1 start codon A® AUG WAz 3 stop codons Am UAA Bandn Qchre, UAG Fandn Amber uaz UGA
= 1 d‘ o 2 ar = dlﬂd t o t’/
(sundn Opal Banmualiuganisdaamzillsiy  codons AilFesAes] fuisnumnzed gene 1o

Fundn Reading frame MU mRNA fiRe template %89 polypeptide 1hilaq

2. Transfer RNA

o P

tRNA Tiwanaaunalun) g1l 3 §5 1 clover leaf structure (pdnaludnudn) Sdaundndty
AB 1) anticodon sequence 3 bases TAUMU  codon ‘lﬁ’aﬂ’mgﬂﬁm 2) i recegnition site

o s

AU amincacy! - tRNA synthetase WeduiL amino acids ‘ﬁgﬂﬁfm (g'}}ﬁ 31 WAz 33) quiu
o s 8 , . . 0§ vt o ) Y 2 4 o o i 'y
AWAIEINPNABILU ribosome  amino acid %Qnmlﬁmwmqan@umﬂ ATP UA2R99URU RNA A
amino acid + ATP
aminoacyl — tRNA
synthetase

amino acid ~ AMP+ P ~ P

amino acid ~ AMP + tRNA

aminoacyl ~ (RNA
synthelase

amino acid ~ tRNA + AMP

L] Amino acid
S attachment site

Amino acid
attachment site

EEE TR RIS -1 7 kel
éf;.aﬂannﬁﬁ “

Hydrogen
bonds

Anticodon : Anticodon
{2) . @) _ {©

nFny Buns oy BuUsHAIEINOTAS jun
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gﬂﬁ 31. Molecular mode! 98¢ tRNA (8,8 b) War anticodon ()
3. Ribosome

Ribosome Whign ufvaanisdaaszsd polypeptide  ribosome sznauang RNA WA
protein i 2 sy (subunits) AB small subunit U&e large subunit  ribosome 284 prokaryote
PUA 30S Ay 508 42u1849 eukaryote TUIA 40S LA 60S  ribosome U8 prokaryote ALY
eukaryote UAnFNAF T MINLAS TUNALAYAIWINTBY IRNA (gﬂ“‘?{ 32) ¥ 2 subunits wanaan
NAUNAY translation U1 mRNA ﬁummﬁﬁ%mzmuﬁu‘mﬁL?j@éu translation ribosome HANY

ﬂ%@@ﬂ?ﬁ‘fgiﬁ 3 tRNA 9178 3 sites A {1) Aminoacyl site, (2) Peptidyl site waz (3) Exit site (g‘i_l‘ﬁ 33)

Eukaryotic {mammalian) ribosome

33 ribosomal
profgins

Prokaryotic ribosome 49 ribosomal
orotens

. 21 ribosomal
- proteins

31 ribosomal %,
proteins Pe2 ;;fc

y |

é’:\‘“’f/%
. ,?gfg
N
HA
~E 188
rRNA
508 L. 308
subunit S subumnit
] 408
o 27, subunit

20 nm
705 ribosome

24 nm
808 ribosome

'g‘ﬂﬁ 32. nfSvumeuaudsznoy voq Prokaryotic ribosome L% Eukaryotic ribosome

3. Translation process
susaanidu 3 %umu' 1) polypeptide chain initiation 2} chain elongation uag 3)
chain termination Initiation U prokaryotes Was eukaryotes AszLnunsAdnaRuRNTheTTade
(factors) Tunszuqaunig
3.1 Initiation prokaryote

nFTUAUNN9ENEE (1) 30S subunit 98 ribosome AUMU 5 end T8¢ MRNA L1
e start codon (AUG) iszanoy 7 nuclectides  13wnuiliTandn Shine-Dalgarno sequence

(2} tRNA Fausntn amino acid methionine a3l formyl group 1199 methionyl-Met tRNA il

NIy BunTIRivg DUTHATEYINGT S
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ribosome AUMU codon AUG 289 mRNA @4msa Psite 134 ricosome  WA32 (3) 508 subunit 289

b

ribosome “NNEUAL 30S subunit (3191 33) neELRUNINY initiation factors 3 factors As {F—1,

' '
L )

iF—2 waz IF-3 initiation ﬁﬁuujai dalrula aminoacyi-tRNA fiaf 2 Winunf A site amino acids

¥ia 2 duffudeg peptide bond uéa amino acid FusnvgABENAIN tRNA Fawsn uaz tRNA ipan

methionyl-  J
fRNAYEL S

o

i
Formation of IF-2/tRNAYE" and
. : IF-3/mRNA/30S

IF-2/-metiRNAYS! complex sudunit complexes.

i

5

The complexes formed in siep 1
combine with each other, If-1, and GTP
to form the 308 initiation complex.

Initiation compiex

w After IF-3 is released, the 50S subunit
joins the initiation complex; GTP is cleaved
and IF-1 and IF-2 are released.

708 ribosome

a7 ribosome 7 £ site

g‘dﬁ 33. Initiatioon 283 translation W £. coli  aminoacyl-tRNA Fiausn 1150 codon

a3y dunafiieg BUTHATHYVINGT'SS : 1M



fuguaioaiugniiy

i P site 994 ribosome

3.2 Initiation 1y eukaryote

127

(1) mRNA Rumdafild 408 subunit ¥uney start codon # 7-methyl guanosine cap 984

5'end 104 MRNA wazil protein AU cap (CBP) @4 amino acid FUsNA® methionine w99

methionyl- RNA-Met 718 formyl group ¥ P site

initiation factors awfy CBP WA7 initiation

complex MauathARauR 5’ — 3’ Wadnaiawl (scan) ¥ AUG codon  WHewy AUG wd) 608

subunit |{dUL methiony-tRNA / mRNA / 40S subunit complex 16113 initiation @siisndidn

aminoacyl — tRNA #9% 2 911 amino acid a7 2 ihd A site

4, Elangation

W prokaryote waz eukaryote wilaudu iunistin amino acid v luRefinmauenaun

a1¢ polypeptide #l 3 dumeude

AINY BUNTTHIYY

Aminoacyl—iRNA enters £
A site of ribesome,

#5 Transfer of growing polypeptide from IRNA
in P site {0 tRNA in A site,
Faptoyt aalanne (00 Luiunl 2oben

e
@ @ @ #% Translocation of growing polypeptite-

1RMA form A site to P site and departing
RMA to the € site,

AN

DUINATTVINOT 45 1Ty
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51091 34. Elongation 984 polypeptide 1u £. colf
1) aminoacyl — (RNA 1% A site 284 ribosome #8019 elongation factor EF-Tu GTP
2) el polypeptide chain fidlegudtain RNA lu Psite W RNA lu A site uaz

polypeptide 911 peptide bond 1 amino acid i Tag peptidyl transferase

'
'

3) ribosome WwAReUNIULY MRNA ANAzicodon luiAnie 5 >3 nammAsuhizundn

2 S
=

k23 k23 1 2 b4
Translocation duRauiifadnis elongation factor G (EF - G) (gﬂ“.‘ﬁ' 34) FURAUTIRNIN AT

i1 <) 1 polypeptide 984 protein B1#i codons fwualily reading frame

4. Termination

Polypeptide chain elongation mgmﬁ@ ricosome WARAUANINY stop codons 3Ll tRNA

Tarmination
codon

Release factor §

" £5 Release factor 1 binds t©
the UAG terrmination codon
in tha A site of the rbosomsa,

% Release of the nascent polypeptide and RF-1

P Cly
and transfer of tRNA™ from the P site 1o
= the E site.

l % Dissuciation of the MRNAIRNA-ribosome comglex.

@ =
Nascent ot
B

polypeptide v
@ @ N mANA
3
. L M .
W .v- | : BOS.ribaspm'af subunit
1RNASY

7171 35. Termination 994 transiation. Releasing factor 41 stop codon iy

ANy BNy BUTEATTIN0Y4S : unn
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gunsnilunisdaassildsfusanaanainiu AuganszLauMs
JUnfid codons wdifld uaillsinBandn Release factors (RFs) WMwdisifil stop codons
61 (gﬂﬁ 35)  lu prokaryotes # RF-1 (UAA Lay UAG) kaz RF-2 (UAA LAY UGA)
4 eukaryotes il eRF Frufura 3 stop codons A 1L§7 stop codon F9RNITL A site: 1L
Al polypeptide gnilaeeaanann (RNA 7 P site W& tRNA waeuli) £ site asnanninsziiniinig
A2 MRNA LAY ribosome LENBANANTL LAY ribosome WEN subunit 88NANTW ANTRIATIZT

ATARL

st Buniing DUTBAYTYING 45 | une
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usFansNYye : Human Genetics

Gene Action : From Genotype to Phenotype

Ed ] 1 1

faudsanssed 12 niugmeas Idanuiafioniy genes 1 lWifin phenotypes Tnefdalii]
=f £ = £ s [T~ T el 8/ o A 3

waruINved gene MIBNTEHUERITRUD genes 1 IduansoonTasdivs ueaiaaseen
S genes DULATUIY gene LWOY gene (R UATONTHAABNE Y q AnyMzUBITINTIaNned Fon
1 Pleiotropic effects LU Phenylketonuria (PKU) 1RN recessive ene ﬁag}uu autosome W11 erate

. ¥ . 1y oy o . =] ' '
phenylalanine 11il% tyrosine 1i'ld  phenylalanine azaulwdsauasilaaiz dwansznudoizu

@ oo v 4 A o -

vsgem Jumsaildaues liwann Jyansou iesnnlsa PKU aunsodieds ldndaudnusmia

==

3 9/ o . H o o o T w3 Y a8 oar 1 A o 2/ qs

1 17em15AL phenylalanine @mduAning snetlosnld uasdndresnnluiindud fe ln

Tatine19 Sickle cell anemia (recessive disorder) nennaNuAfUnAve hemoglobin (199970 Gene

Mutation (Uagu base pair teg 1 bp. Tu B — chain 484 hemoglobin A% amino acid #3716
A i . o , o q Y o . sl M Y

RIREATERE glutamic acid 14 valine M1lAMITy oxygen U84 hemoglobin Yo uraaLlaaen |A1oy
' P i &2 s gy S A = o o X

ANUNA 11919 oxygen hemoglobin 3zaANHAN AItHsaRanoAlAUIAY (sickle) 81ATVE

sickle cell anemia 1¥Ha510AUNNDTOIZVBIS 1NMBNS ZIWAAY 1A oxygen (311 36)

individual homozygous
for sickle-celt allele

3171 36. Pleiotropic I
offects U8s Sickle-cell (abnormat) hemoglobin
!
Sickie cell " \ -
Abnormat hemoglobin crystallizes when oxygen content
anamia of blood is low, causing red blood cells to become sickle shaped

Sickled cells

Physical L Heart Y Painand. 0 Br Dlar leern
Anemia - g DS e
weskness ORI £ CCtevern damape amage.
/r'; e
Voo o

Impaired Pneumprma.

mental : Paf"'iyéiéﬁ:' - and other:

function LLolehnil Tinfeetions

ATy Buns g punmzEIIneTas wna
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Environmental effects f10 Gene Expression
-~ o = =T VY] o 1 = = o o
AWIAGUNIFINTALAS NI ATURTUAUSHY gene wu guvgligunu L lduuag
= W o - = @ Y . .
HINNGHUTAY Fuagruiuamdaimm {extremity) ¥ daz 14N (17 ne {Siamese cat) oy
F 4 m [ =g o . 3 <
N3¢618 Himalayan 1189910 alleles Arugumsnandmaulugampiidn 598 uv ildiwaednais

ki)

[~ g oF Len en ] . e
Wuitaaen Hazueis hormones HaNTaNABMTLUAAIOBAVDAUNS {secondary sex characteristics)

SNMEEU90ENARADIN gene(s) UM Autosome

Pattern baldness &1 gene AILANDYLY autosome  MIlFAIBDNVBIRTHERUUANAIETY
senramet Tumanefidly homozygous (BB) g heterozygous (Bb) vzuaatunmiidmudeniy i
n unlumemgunmefidhy homozygous T Iueznaauidmnaterivey Uit 37
w1z Tumeedl testosterone NTZTAUMITUAAIVOY gene 1AM et Tumandjall testosterone HouAd
N I@ﬂﬁﬁ‘ﬁ%ﬁ%%%%dﬁﬁ@ﬂﬂ’h pattern baldness Sufy sex influenced phenotype ff‘}gmm’h

biological factor (hormone) A1U1TDAIUAY expression UBE genes

5171 37. TeRdlriredunaudeay

BufinfinaneTwenan

Penetrance 08y Expressivity

¥ x 1 '
W LY 1 oer M

au lduang phenotype Wil genotype WU 88 UURD phenotype TULEA Incomplete

U

¥ by
<, & =

penetrance (gene tAAd@aN IauiyTel) wu Snvaziiileuazdiuiunnninf Polydactyly ns i
UAAIDaNNYaY genotype (dominant disorder) %zﬁflﬁaﬁwi‘]tymiumsfjmsm&’ pedigree YDIWA

aTzna (3UN38)
Expressivity

MSIEALYDY phenotype Tl Waiuaweszinyana dnisudasesni Waihiauelinnraiy

=4 3 P 1 o . : -r:;d.:ll ' ld .di S
gﬂgmm‘mmw variable expressivity 1%U aﬂyngﬂmmmuumwmm“{wﬂ;_-_z GHRIEGRTIANY

nens Bunfvey BUALIFINENAS - g
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@

First
Generation

Second é -
Generation

Third
Generation

Fourth
Generation

. . 2 o = 1 w
Incomplete penetrance URET variable expressively paa i udInIEHIN genotype 11l phenotype 1
msusuldou (modulation) W‘U’ﬁfﬂﬂﬁﬁﬁ}'ﬂﬂ modulation 11910 environmental factors HAZUNAIU

v
10 factors IHWUFNTTHIB

AuAalnf¥e chromosome number 14 Human
=Y =y ar < Qs 1 o
ﬂ'ﬂliF\]‘ﬂﬂﬂﬂ‘ﬂ%‘lwuﬁﬂiilﬁ%ﬁ@ﬂﬂuﬁ’ihﬁﬂﬁliﬂ]‘ﬂﬁW%Tﬂkﬂyﬂﬁﬁi@\iﬂ'}@@u (fetal cells) 114?!'5’3'5’!‘1@\3
15a1 18 2 3% fo
< by
1) Amniocentesis %30 chorionic biepsy:IﬂBﬂ'ﬁﬂ‘i’f’ﬁm hypodermic syringe AAUDUWRAIINYIUN
< .. N ay o o s & ¢ saiy e
#1571 (Amnionic fluid) Tu 4 (amnionicsac) ¥4 15 FUAHU9ITAInIIA raad Ao fetal cells
] ¥ b
fingaeemnuindigen vininiyad lWonz@eunsIinngdwianuiadnAvesiugnsTu
2) Chorionic villus sampling (CVS) : 1a8n1399 (aspiration) 19 utleldesznitamiwagniudui
= 1 e e .. :ﬁgl“dllﬁ:;omw R a o :":!dyo g
{58077 Chorionic villi tluiladefifndsimundede e Wamuniugn (placenta) THMunZA
o & 1 4 o a
assnld 10-11 Fdafreudisneziann (U7 39)
Fetal cells ﬁaﬂ@%}ﬂm‘lﬁﬁﬂﬂ%mi 12¥ 11 chromosome abnormality, metabolic deficiency, 0% defective
alleles
. ] Yy o w o A at Sq Y o
(1) Detection of chromosomal abnormality: tHesvInduiljedenssailosrguniilemailvgniily
=& o A A & = A oy
Down syndrome 3ABIATIVN chromosome 21 NUNUNT W NuAaUNAYeY chromosome 9117

ae Tng Karyotype analysis (gﬂ‘ﬁ 40)

ngg Buniigg BUTNAFITINGY 5 | Hha
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Uterine wall Villi of
chorion

Py

\ Syringe

withcells

‘gﬂ‘ﬁ 39. Amniocentesis §# Vs
v 4 G Plastic catheter
HIATIDINQUWDUT ! CvS Mice

L“ﬁa& fetal cells U1

A5 121 genetic

i

disorder ¥pAN 1Y { T Syringewith cells

4
HEREL “2 Placenta

Fetal cells - Fetal cells

Amniotic Fetal cell cult
cavi . algl cgil culiure
ty Uterine B
wall
K “K - DNA
analysis
Chromosomat Biochemical y
analysis analysis

(2) Detection of metabolic deficiency: #579M1NINNI1 200 genes NNITNUABNTZVIUNIT metabolism
1 fetal cells V1@ enzyme pgalaogianiiel uaasinia deficiency U9 enzyme WU UAZHAad
81U LTANUFATIY (91157991 2)

(3) Detection of defective alleles: 1% Restriction fragment length polymorphism (RFLP) analysis 153133
#1 DNA fisnilanufiadndiilimusaasemnlddondesgadimi wielaedTmatundl 1wy
Sickle cell anemia, cystic fibrosis £8% Huntington’s disease Tludu (913 1991 2)

. o o as 1 = o e
Karyotyping analysis: Humsueaid e uues chromosomes UVDIAASI AR EL%UE)ﬂﬂ’N%JN@]ﬂﬂmfiLﬂﬂ
& o I oA Py L= )
mu”lﬂ UnamT e karyotype V0ISARINARDAYIY lymphocytes [WISIRSUBTAINAIDNDAUTY 4oy

w o #, v ¢ & . . o fd A
nszaumantusadiay Wwadignluszey metaphase 31n1uld hypotonic solution Ilwadiliaien
a ot o & o
UIBUANUAL chromosomes NI¥IBBONNAAU 1AITAITaE 1A LVDS chromosomes 3% 191 karyotype
ULLUHIYBI Y chromosomes, UM, $UIIE, WU LAY UDLUBUDUUUUNY

::'\ = 1 1 et . . . . 3 = t
chromosomes  Ued4HiF3Inla 9 Fon1 Karyotype 1uauiiil chromosome set auysaidndGonn

85
= = [

' H 1 1 5 : . X ST U t
Euploid taluaufill chromosome mwnzualaunanilindefudiuusunlanvianila deenimie

1 Py T = - e g e gt .
wnndlnaisenn Aneuploid ﬁ?’mﬂu specific genetic imbalance. ﬂﬂ‘l’iiﬂ_ﬁ_ LTANHNBRUINTIY

nT Buns Ty RIAFEINETIS s
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Packed red and ' .["i'yp'ol'c.m'ic:. L
white blood Centrifuge solution -

cells {including
lymphocytes) Q

Supernatant

€b The biood culiure is centrifuged € The sugermatant flaidiss
tor sediment the blood cells, discarded, and'a hypotonic
solittion i mixecl with the celis::

The white blood cells swelland

their chromiosonias spréad ot

The red blood cells burst. 7

}'"—_-———... 4
ETEN

€@ The slideisviewed witha microscope, diid the & Theresulting digplay is the karyolype,
chromiosomes aré photographed: The photograph '
is gntéred into'a computer, and the chromosomes
are clectronically rearranged nto pidirs::
according o size and shape.

gﬂ‘ﬁ 40, MINATIEHATIVMIEAYMLYDY chromosome 1A Karyotyping analysis

Qs 1 = ] o Qs .4 . . =y =
Genetic imbalance ‘wu@ﬂiim‘lmmaaﬁmﬂmﬂmiumwaaﬁuwummu meiosis AR1N@A

[ £ ! @ 24 . . . ‘]Jd o 4 Gl,

Ml homologous chromosomes Tiusnesnnndunie Nondisjunction (JUN 41 4asA19NNA 3) U
] et

520% meiosis 11 19 gametes A% chromosome 18 k3 an MonosomylifE gametes 1M chromosomes

IAUNSOn Trisomy

7144 41, uanalenmiia Nondisjunction Y84 chromosomes

N, =783 v .
ngna Gunsfieg AUTHAETINE Y46 | 1ma
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Trisomy
TsamnanInaAIuAaUNAvYea chromosome number ”ﬁgfgﬂ ”uﬁﬁq&ﬂuﬂuﬁ@ Down syndrome
= 4 e::‘. ol ' = 1 2 o [ = 1
fn91nTl chromosome 21 tHndn 1 une ool lasuvmisrdingy Langdon Down 1 1866 114
r @
Anywy HUNANN chromosome 111l 1959 aufilu Down syndrome i chromosomes NAMUA 47 (11N
oy karyotype 11U 47, XX, + 21 (317 42) 179970 nondisjunction Tuwow3eu nadaumnnialul
Vv ; ] ; L . 4 & o Y,
Tagmmzunfiongnndt 25 1 Guwuinnwives nondisjunction tinduTemavatu 1 Tu 1500 &
2 T o
1 g o . . = o Pl LY
wsieng 40 FulfTemendlu 1 Tu 100 mazlunumems meiosis FuATEIIUM AT LA IBOU

. 1 o s . =] ! ' iqe . '
(fetus) UBLMTHAUSEUYTONEA fertilization 1ANToy 5eMIREY fertilization TUasngaly prophase T

13199 2. TsAuEnTsuiAYINANAAUNAYEY Chromosomes 1A Genes iAILA3N metabolism

it

%

Down syidrome: Extria chromosome mental retardation, L in 800 sporadic
sumber 21 boedy alterations

Klinefelter's Male with extra abnormal sexual 1 in 2.000 sporacic

swdrome X chromasome differentiation

Cystic fibrosis Abnormal chlorde complications of 1 in 2.500 autosomal
transport thickened mucus Caucasians recessive

Huntington’s Unlknown DPIOgressive neuro- L in 2,500 autosomal

disease logical degeneration deminant

Duchenne muscular

Deficient ninscle

progressive muscle

1in 7,000

X-linked

dystrophy protein dystrophin degeneration males

Sickle-cell Abmormal beta-globin weakness, pain, 1 in G25; autosomal
anemii impaired circulation mosthy black  recessive

Hemophilia Deficiency in one of wneontrolled bleeding 1 in 10.000 X-linked

a number of clotting
[actors

males

: l’hczly'lkt-‘tmmrizt Deficieney in curyme mental reterdation Fin 15.000 autosonal
phienvlalanine recessive
hydroxylase

Tay-Sachs Deliciency in enzvine  depusition of fatty 1in 3,000 astosond
acetylhexoswminidase materiands in beadn; Ashilenazic recessive
infant death Fews
Lesch-Nyhan Deficiency in enzyme  mental retarclation. tin X-linked
syadrome UIGPRT self~-matilation 1006000
males
Gulictosemia Deficienc;\-' in crnevyme montal retardation, 1 in 60,000 autosomal
galactose transferase digestive problems recessive
Xeroderma Deficiency in a sensitivity to sunlight, 1 in antosomnal
pigmentosum UV repair enmane cancer 230,000 recessive
Severe combined Deficiency in enzyme  absence of inumune extremely autosomal
immunodeficiency adenosine deaminase.  defenses rare recessive
(SCU) or others
Ehlers-1anlos Deficiency in collagen  abnormal conneetive ~ 1in . autosomal
syndrome hyvdroxylating cnzyme  tissnes, joint problems 100,000 recessive
Familial Deficiency in LDL cardiovasenlar disease Tino autosomzl
hypercholesterolemia receptors 100,000, recessive
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red < o
Temauengdanmilumald  chromosome

o ug/’ = { = = . 1 ) 3/
nondisjunction ﬂﬂﬂﬁﬁ@dﬁ@?féﬂ?ﬂ%dﬂi@ﬂ?ﬁ%ﬁﬂ aneuploid eggs WINANMUYIBIYUBY

(r)
:{ﬂ“ﬁ 42. Down syndrome LAY Karyotype %Jﬂﬂéljﬁ'aﬂ

ey
SN
Semapect
St
o R
=

i

A Group

&

I L I

3 1 [ 1
B Group
T LT Tt
3 g 0 1L 12 }
C Croup

et 1

{h)

13 14 L5 | 16 17 ig {
D Group E Group
—&F i 4 N §§
1 20 21 22 Y
F Group 4 Group X

AT 3. ANHUEVDI phenotypes ANADIN chromosome nondisjunction

Aneuplowdy Hesuwlting from Nondisjunetion in Huntan Beings

Estimated
Clirginosome Clintical Frequency

Karyotype Formula Syndrone At Birth Phenotype

47,421 Zi+1 Down 17700 Short, broad hands with palmar crease, short
stature, hyperflexibility of joints, mental retar-
dation, broad head with round face, open
mouth with large tongue, epicanthal fold.

47,+13 2n+1 Patau 1/720,000 Mental deficiency and deafness, minor muscle
seizures, cleft lip and/or palate, cardiac anom-
alies, posterior heel prominence.

47418 2n+l Edward 178000 Congenital malformation of many organs, low-
set, malformed ears, receding mandible, small
mouth and noge with general elfin appearance,
mentai deficiency, horseshoe or double kidney,
short sternum, 940 percent die within first six
months after birth,

45X 211 Tarner 1/2500 female births Female with retarded sexual development,
usually sterile, short stature, webbing of skin in
neck region, cardiovascular abnormalities,
hearing impairment,

47 XXY 2n+l Klinefelter 1/500 male births Male, subfertile with small testes, developed

48, XXXY 20+2 breasts, feminine-pitched voice, long limbs,

48,XXYY 2n+2 knock knees.

48, XXXXY 2n+3

50,XXXXXY 2n+d

47, XXX 2n+1 Tripie-X 17700 Fernale with usually normal genitalia and lim-

ited fertility, slight mental retardation.

s . a & o 0 Yy ' fﬂ 1 ] A .
NN Trisomy NAUUNY sex chromosomes laane 1wy 47, XXY 1131158 Klinefelter (gﬁ‘ﬂ 43,

uay 47, XXX 1Wulsa Triplo-X (1151971 3)

nzng Bunmiting

aurAgTieTas | uns
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g‘ﬂ‘ﬁ 43, Karyotype 183 }?5% E %%E ﬁjéﬁ Rﬁ&g

Kleinfelter syndrome ‘ ’ . _c

Anmnie Haduazina ;%%i, %%(% gfﬁ% %3@ %ﬁ% %% @@ﬁ
Be UANANHUEUN s o , i '
BHTBIHARTS ﬁgﬁ fgugg @)liﬁ %% BRE (K%

""r xss B dm 1 3% 5
’ Kie%feEte;; Syndrome )
Monosomy

o < i oo
Chromesome WA 11/ karyotype il 45, X @157 Turner syndrome (g‘ﬂﬁ 44) aumiu
g G el e =4 oM a = o =)
Tsafiunidulivuonna ms laowdswazduaealafelnd  MIgYRY sex chromosome 873
inn lunse sperm 101 sex chromosome ﬁ%’aq ﬂjulﬁ 8 sex chromosome 14 mitosis A4 fertilization

E
W et 6 = = . . .
a1 Junsdimdatiillu Somatic mesaies AMWARUAADIN Deletion UBY  Duplication U84

chromosome segmenis

7% 38 a8 B 5

gﬂﬁétd,.l(aryotype’ﬂm }5%% %@ ﬁ@ Bgﬁg) g@‘@,’) gg,;% {?§&%

Turner's syndrome

AB Ak & B BR KRB
RHE ®H  fods e &

12 e ksl 27 x

Turner's Syndrome
3 a A ' & . o o =1 . 1y Y '
DIGRUHITUTIUUBY  chromosome 138 Deletion M4 genoine 131 Hypoploid U191 UaIU
A & .. o q.¥ 2 e ¢ 9.2

chromosome WHUHITH Duplication M w genome Tl Hyperploid W3 2 @1iH¢ il phenotype
~ a0 = 3
Fnlnd uTsn Cri-du-chat syndrome 1NA310 short arm UBE chromosome 5 delete karyotype U
46 (5p-) Temsrzuudszaminnieinlafstiaruus s wananmisus Seudsuniiouun
(‘gﬂ“ﬁ 45) @73 duplication Ui chromosome segment falunudedluau

e $ 8t

i 4

f@‘w%_ "E' A §§ § ? 13 & ; “

10 (a3

FE AW 4y FE sy &%

) " W5

3 ‘ﬂ‘?l 45180 Cri-du-chat {(a)
1ag Karyotype (b)
woefilwgnasnaag
defetion U84 short arm

_ e BA - A
Y99 chromosome 5 L

31 o Fal 2

1

nin Buwsnivng BUFHRSTTITAG - uma
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Molecular Biology 189 Human genetics

Fnmarnanennueday Ui v an fa desiniveniidaadieiuun ualu
ATHUFNTTUVBIANSAAANANE MTRWIZAD Timiounudu sncuudamiiou (dentical twins)
Tamawizadeds DNA flfianudifylumsuaateon wie lidlusdawes reading frame W50
exon ﬁﬁmuwﬁmm amino acids V84 polypeptide #3e protein maﬁagﬁww%‘mzmm exons N30
4o intron DEWULATIY U (repeat) UATUANANANIZNIUAGLYAAR 3BT Polymorphism

Q

o o ] cay‘:s &) . 4 ,:? 1 ] nw ¥ = g :syc: 3
AWIHUTUDI DNA ﬁ’auuﬁNﬂﬂuﬁJ'Iﬁ_luQWWLLIWLEUﬂLLﬁ%%UﬁLa@ﬁzuﬂﬁa la awdiun DNA HGenM

EH

DNA Fingerprinting (o111 DNA Afswummdintesdreen laianiz  Restriction
endonuclease "Lﬁ’§udm Fragments 999 DNA 714817 Length @]‘Nf] fll uffm&m‘??u?hwm DNA
Tuemihiindudiuingresiu (Ge electrophoresis — 31l 46) SEUPUTRITUEIL DNA EnDeN
nnfuaminalvavsadn

{;&;ﬁ Prepare a semisolid agarose gel with wells for DNA samples,

Pour melted agarose

on surface of plate Comb
with comb in positien. Agarose gel

f c ﬁ\. =2 0.5mm
Glass plate
Glass plate P
&g’im?z Remove comb after agarose

ki

soligifies, and place gl in the
% Load DNA solutions electrophoresis chamber.
in wells of gel.

Platinum wire

glectrode
Agarose gel 7L Ll
% Attach power supply and
begin electrophorasis.
+ glectrode
- electrode
[ — :>

4

Remove gel from chamber,
stain with ethidivm bromide,
and photegraph under UV
iilumination,

Power supply

gﬂﬁ 46. DNA gel electrophoresis.

nann BumsRles uIRAGEAIRLY 45  una



egmanimd 140
NananMsuendaszuazdneaiugnisy  gnlAsuRugnssunn  Weuazul  edNazATY

L. = Y o s 1 o y . o o
DNA fingerprinting 39ewsnFusnanudly wa-ui-gn (U7 46) 19 DNA fingerprints Alundanginluy

asfinsanadfesseniesnnuiunio-ui-gn 14

Putative father no. 1
Child Putative father no. 2

Moﬂuer\f.—_ \_

7171 47. DNA fingerprints 124
1 o 2 o '
LA bAIN LA ASRYIN

aziilunesaAn

¥
Q o 1

b )
UBNIINL polymorphism 14 introns VB4 LAaY gene %30 allele / locus A1FVLENINAU Repeat t18
Fy a5
uUHIPA9e 71 Variable 911474010 Number Biviu uudazau uag repeat tma1iGaennsa 1
' 1 A R o n:? 1 o &R et

M908 NABLIeY  Tandem A329108819 11110 genome woenu Hugudnivinadnues DNA Jaun
1 =) 5 ] 3 o 4 a’
11 Variable Number Tandem Repeart ¥39 VNTR &4 VNTRs asauaazad imileuny dioda

o v '
VNRT #79 restriction enzyme 10 92 18Fusuves VNRT miloutugnilszms (317 48)

R . e N o
@ Restriction Endonuclease : @
: Cutting Sites Tandem Repeats — .
@ @ e
— RS

g‘ﬂ‘ﬁ 48. Variable Number Tandem Repeats {VNTRs) ‘ﬁg ﬂﬁﬂﬁ’aﬁ restriction endonuciease {(A) LAy

VNTRs fgnUU DNA gel electrophoresis (1B)

nang unnfivag UTHATTITINGEYAE D 3na
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VNTRs 391411 DNA fingerprints 5210nynaa viodildinuaazdi ldazidoagndsand
8 o = m . 6 A ar P
DNA fingerprinting 19152 Toaniluamiifiny (Forensic) migininnndfosasd (31l 49)

Yictim Specimen Suspects

L 1 1 2 3

5117 49. DNA fingerprints

RNNTEBTEY NI

nIng Bun gy FUTHAFETAIMETAS - 1na
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Population Gentics

Gl e

Evolution : &IN5

« The processes that [« nszuunsfanss

have transformed S dsa
silrpuve gl in

life on earth from its uidan mngmmu

earliest forms to the o A =
AUHAATILTN DU

diversity that

Qs
o ONHMLA UKD
characterizes it
ar
naeluilagifu
today a
! 2
Observation 1 Observetion 2 Observation 3
LN S — M7 e B I S antiat lor wlation s tural resawces
Davrwin's Theory of Evolution Foriaaane o SR | | e
indranse tidea from Maithus}.

- szwingiilduanfind iy Exponential a1l
1 s oo s
1 g resources H91HR
- resources Ao i Mldifamsnaladu (competition)
Aflumalvunazay (indivi(iuaj)1uﬂﬁ:%1n§ﬁlﬂﬁﬂuuﬂm
U1 =4 =1 (7]
1f9e azsoniinunsdudiug
: . o gy A
= nmmm‘iﬁ Genetic compaosition maaﬂﬁzmnimﬂam
t =1 ot £
UUY (variant) 8 95UNHR variant AidGousn

A &4 o <% & o
tiasnney lytingvelanaldey ds=vinsdall

o ot = 1
dnvauzySunlfpu (Adaptive features) Mamnilsening
VTTHIYTY
« MI3ALAH variations ¥A19q J1 AR Evolution

oxponentiafty
fiden from Makthus i
|

Only some

GrROSMS SUrvive;

there is a strugghe

far existence Dredduetion 1
ameng indiviguals

in a population

Gidoa from Matthuz).

Qbservation 4

i Vartalion within &
e T~ | spacius; and

variation is icherited
{idea from breeders)

bDeductcn 2 P

These individuats
witl favorable

wariatians are more Deduction 3
likely o Furvive \\

2nd reproduce S Acgurnttation of
{iden of natura! o varration uver many

seleclion from

Sioare, | generations is
Darvinl. -

evolution {arwin's
idea). 4

E ] @ tn -
J2opulsfion Gepefics
= finwn Frequency 994 Alleles & Genotypes?‘l«!

populations 138 finw Genetic Structure
T ST A
= Genetic makeup 9849 population fulaeuly fae
Microevolution 138

' v
oo A

Evolution fitRaluszdufidinfga

Theory of Population Genetics

oo g r : 5t
= ANNENHHE NI Msulfes Allde frequency fu
Genotype frequency aeldzandy Random mating
Hafine

“Hardy-Weinberg Principle of Genetic Equilibrium”

= Hardy-Weinberg Principle%ﬂﬁlﬁv
+ locus 717 2 alleles

=f 1
* lecus 14 multiple alleles

* X-linked locus

A3. NINY DUNTINYY




Hiics : Midkbévolution : BUINAFHIINGT4S5 - UNH

ek

Genetic Variation

« ABuARMalumsTug (combination) U9 alleles ik
Tu individuals i3¥uAUDI population W3l gene
poel ¥8¢ population ATIUUFANE19YDA gene / allele
frequency filsiina variation T4 characters a4
population

- Morphology JUS ANy
- Physiology #¥Msiaiuunea3se
- Behavior Hife wigfAniTa

=>Raw material of evolution

< SNUBE (trait) 5TV individuals SdhalmTloviu

« Genetic variation 334319 species GOIN frequency
U84 Heterozygosity - 2 alleles ﬁ‘lﬁmﬁam‘{u s
Cheetahs - 100,000 genes #1 variation 0.067 %
Dogs - 100,000 genes i variation 5 %

Human - 100,000 genes i variation 16 %

Parcent of tietctozygous oo per indnath,at

Genetic frequencies

1. Phenotype frequency
2. Genotype frequency

3. Allele frequency / gene frequency

H

Genotype frequency

Allele frequency 130 Gene frequency

e Genotype frequency UBd gcneclwflu
population 23l 1
AA+Aa+aa =1
= DIINTSDINUDY Genotype 1844 binomial
(p+@ =p* +2pg +q" = 1
B p

frequency of allele A

it

frequency of allele a

< tiAnAaMs B AR
= Gene U locus 1@] 1oy A Yi%"?} a
= BATIUYDS alleles A Mz a T3unHwils 1
ptq =1
2 2
ptq=p +ipg+q =1
3 ar o o
th p = q lemagaingiios
1 allele FN‘?I - No Evolution
&1 allefe 1@8% - Evolution

A3. NINY DUNI WYY




Popwia%bn Genetics : Microevolution : ©11% mg%ﬁwm%s s und

kg

Genetic Equilibrium

= In the absence of any || = nsdifilifiusansznulag

outside forces, the DN HSN

frequency of each Frequency 194 Usas

aliele in a population Altete L1 paputation Taq

will not change as azhinfinuas

generations pass. WY generation snlld

The Hardy-Weinberg Principle o

Genetic Equilibrium

= (G.H. Hardy 1 Mathematician, 1908
»-~F?_ Phenotype ratio TACITE R )
BHTS frequency V64 dominant allele Haz
frequency U3 recessive allele AoasAy 0.5
= Wilhelm Weinberg 111 Physician, 1968

d [ <
= t32gné Mendelian principle funu Tdnadinssvinidian
Hurdy

Hardy-Weinberg Principie (iﬂ'@)

¥ s
« A assumption :

= population mNInv8a population 5 random mating
Tumsndngusialy

= assumption ‘f!miﬂﬁﬁﬂ‘!? Alleles T po;)uEatio:l AAASIH
#1 frequency Y84 genotypes T population Hdld

< Relationship ‘5‘::13'51& genotype frequency ez allele
frequency gaaTimT g population §i random
mating

a. rrmg?ﬂu popufation i segregation U039 gene 1 53' AUz a
= Fregquency Y94 A =p
= Frequency 993 A = g

~ Probability flazwdn zygote AA =pxp~= P

e, A a 2
~ Probability TISHAA zygote an =qxq=q
.—i’robdabi]ig,' flazadn zygote Aa =p x q = lpq (9
0l 2 AFY)

- DI AA, Aa, HDZ aa HIIR0IN p’, 2pg A q° A1
a1du ) ) ,
(p+al = p +2pqtqg”

« Hardy-Weinberg genotype frequencies '-“és‘lﬁi}
pl, 2pq H0E ¢ manFadand
Equilibrinm of Genotype Frequencies
(p+q’ = p'+2pg+q’

ptq = 1

g Hypothetical population ﬂﬁs‘i :
1000 fu BNy ndli AA =490, Aa = 420 unz aa = 90
Allele frequency:

w frequency Y83 A = (2 x 490 + 420} / 2000 §.70

G.30

il
i

I

wfrequency U89 a = (2 x 98+ 420) / 2000
~ptog= 070+ 030 = 1

i
=]

Genotype frequency:
- AA:pt = 049
- Aa:l2pq = 042
-aas qz = 0.0%

A3. NTINT DUNT Y




Population Genetics : Microevolution : ammg%ﬁmm%s ;uneg ke

- U92105939 sy Genotype 1 Hardy-Weinberg frequency
- et r
niotadifius 1wy

= MN blood types 4941729105 AU

Genotype L LMLF LY Tetal
Observed no. 1787 3039 1303 6129
Frequency of LM = (2 x 1787 +3039) / 12258 = 0.5395 = p
Frequency of LY = {2x 1303 +303%) /12258 = 0.4605 = q
Hardy-Weinberg 1:12 = Ipg = q: =
genotype frequency 2911 1.4968 02121
Hardy-Weinberg

genotype no. (predict) 17842 3044.8 1309

=Chromosomte reareangement of Prosephile tropicalis 1 A Uas D
Genotype AA AD 343) Fotal
Ohbservation ne. 3 134 3 B0
= (2x3+134) /280 = 05 = p

i

Frequency of A

Frequency of D = (2x3+134)7 280 = 0.5 = g
Hardy-Weinherg ~ p* = 2pq = P
genotype frequency 0.25 0.50 0.25

Hardy-Weinberg
genotype no. {predict) 35 0 35

BEASI heterozygous (AD) Hlomananiog survive 1T larva libz
natural selection TR frequency B9 genotypes 5EHTN
Hannmsvesiigey

20

ABO human blood groups 1941/323105 500 A

= 3 allles: I, 1B uaz 1 Wi A, B, uaz O
= 4 phenotypes: A, B, AB uaz O
= § genotypes: AA, AQ, BB, BO, AB, U2z 00
A 195 B:70 AB 25 O:210
p= A frequency,q = B freqguency, r = O frequency
Genotype frequency = (p +q+1r)?
pP 2pr+ 4 2pg+ 2qr gt =

p2+2pr +t s Ipg + 2qr+q2

Genotyps AA AOQ 00 AB BB BO
Phenotypes A O AB B
Phenotype 195/500  210/500  25/500 T0/508
frequencies = 0.39 = (.42 = (.03 =1{.14
Oallele fr. =r*=0.42 ~> r = /542 ={.65

fr. Y849 A HAz O phenotypes = p1 +2pr+ o= (p+ v’
P+ =039 +0.42 =0.81
ptr=89 -=> p=09-0.65 = 0.25

22

« 1HD99M prgrr=1 - q=1-(0.25+0.65) = 0.1

= Hardy-Weinberg genotype [requencies W1ldaan allele
frequencies dadt

AA: p = (0250300 = 30 AA
195

AO: Ipr = (2)N0.25)(0.65)300) = 165 AO A
AB: 2pq = (2M0.25)(0.10)(500) = 25 AB

00: 1 = (0.657)(500) =210 00

BO: Zqr = (2)0.100{0.65)1(560) = 65 BO

BB:  ¢F = (0.10%)(500) =3 BB} ne

U4 population ag‘l‘u equilibrium
bx]

-
Hardy-Weinberg Equilibrium39 Genetic Equilibrium
Frequengy €94 population® gene pool nah
-~ 24 ¥ A
Ioo 5 Gaulvlugauad (ideal conditions)

. Very large pepulation 1aiH effects 910 random
changes {1 allele frequency
. . & ¥ Tt el
2, Isolation 911 population 014 ¢ Taidd gene flow HID
L)

migration --> no new alleles in 138 no existing alleles

leave population
3. No mutation : 15 n15ffeuld1d atele Tu population

-t

4. Random mating Ua$ genotypes

5. No natural selection : Equal chance fiag survival uaz
’ 1 ar
01UNDAN genetic trait LAZ NAY LN
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Factors srtngulang

Gene Frequensy In Popllation
WIS SR e Microevalution

1. Muatation
2. Gene Flow
3. Genetic Drift

4. Natural Selection

Generation-to-generation change in a
pepulation’s allele frequency or

genotype frequency
5, Norrandom mating

26

Mutation

« nyalSeuly DNA Aawnenls

o o
.-ruimm NTHEA08NUD] gene > sufaen phenoiype

¢

MInAERUE W38 NisH LKAl

a

1aes allele ?‘i‘ﬁ& Tahidhy antete Tvisi

w1731 1150 86 allele {chromesome rearrangement) Tu
gene pool U84 1l5z13109 hlfiinaAe Evolution

= d
« Mutation (fin idteatunnianuoas ame

. Aa 5 9 e i
= Mutation Tufalu germ cells Wiildhie Evolutionary
' . Sy per ot
change 9513 gametes 16M0A mutation W1l Tumo Ty

< Tona 1 b 81 Hodld gene Tnai

27

« tlunsiia atlele 11aily gene poot nnetiy evolutionary « Harmful mutation:

L o -~ .
force HANAUITIRR Evalution w Gene(s) mamhngmmaanmn gene pool

43‘ 2 N 4 T o ¥ 1 . @ Y =] o ' F 1 Gt
= DI mutation ‘nﬂﬂwmmnmmmmmm envirenment wmsmﬁmmmﬂm wiadisey hivan

= . A
« {@e e (harmful mutation) ~ Mutated gene(s) Uigaensazgnintiag i

o d
« fludsslnyd (beneficial mutation) dominant allele

& -
- luna (neutral mutation} « Beneficial mutation / Neutral mutation

=« i s esefa3ahusng (pesticide) i DDT il w Resistant @12 DDT 131z Talipsdl resistant allele

a .oy . . .
iHa mutation 0 pesticide resistant genes STATILRELY) population Y9IHUDL
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Gene flow

ilumialrared gene Inpntamentw

= immigration
M3sfasi allele frequencies ~ 17131 alletes T1iad
4 4w w w 1fe1ATi3 aliete frequency AN
(HI/N NMTAADUENY (VBN VA A A
- & ¢MEgration
Tn ~ 197 allcles 281

wtilderyan allele frequency @y

ki 32
fL.8, - NISUWINTZI0VDS Resistant gene ADILNAY A0, : MInsz19ve4 17A Cystic Fibrosis 14 USA
o . P
e 4y = « Wonluszuvmelams daanemsinaeutivasih
= [ITINN resistance IDBDUENLDIN population HHQ T caw? .
1 L3
aglu population 11 Ailfihlusenaanas
il Ran T 10U0q resistant allele T amad = Allele 982 cystic fibrosis WLTIHW INAABIRALIZN
=)
giimanilw glsiniie
- 1 r 1 L]
w 1if1sn 151 atlele T3l gene pool 494 popuiation « N30 80H151015311 Caueasian population Twiaandt
s 100 VM3 719/ 8e11 genetic composition W04
w100 interbreeding fUmNFalu population Tl human population 11 U.S.A. i
i N . ;
~ 1230819 allele frequency Y83 population « Hofiun4 Cystic fibrosis o N 1IUMUAD cholera i
ey flfateude
33 M

« Bnfwa Gene flow dAny 3 oee
o TR, I~Genetic Drift
1. WImATZaiH alleles HANNIFAIBSIU species "@n =EE- 7 éjﬂ

2. 4305081 Organisms ManamiAnslunufiohann p
v e e o - maldau Aliele frequency
Tinal il species Faafv doahu / alden Alele \ v
, e , pehamaninglilg
frequency 72H3I19984 Species deriilaid Species Twad 4 ) -

, . ' . eanmlazynsvuaEn
3. migration YDINHYHIAHANINA Isolation evolution 1@
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Genetic drift ¥39 Sewall Wright Effect

. . =) =
= fprnmndmildanrindszrnsas wu liems, Genetic Drift INA210 2 A9

Tsaszuia wiegnaidiuaung
3.1 Founder effects

a 1oAY A o .
3 Eﬁﬂﬂiﬂﬂé}?lu131@"]33"‘1—1!5“311?3@“2] generations

vseruduthe vazaneld w%e dsznnsvinmndnaue 3.2 Bottlenecks

&

. Inbrecding lungumano
« WnIIAafeNUngIIAN
gzrunmna 19 Riiduansena1niu

4

37 38

3.1 Founder effects AW P
F88 1 Founder effect @&nee Bottlenecks

#

= Elophant seals 11an
miin

Amish 'duﬂeiu
siaeli U.S.A,
1720 wvIn

« InBnavoafnonane population winmdnTiugneanly
&, 1 13
#4 population 1vad 1% habitat T

2 or rsr =y o '
" i‘iilﬂdﬂ?s’lﬂﬂ‘ﬂ‘ﬁﬂlﬂ‘lﬂﬁn'I‘]!ﬂ‘%'lu'J'H‘HE)EJ ' .
ey 1900 Ghatilu
w Gene pool #1970 original founders Switzerland ¥73

DIMITVUHAD 30,000

~ Inbreeding
w Genes 11 founders HanTvane gene pool maa‘éuﬂ'aqan

- Genes fiallafiaziliing a1nd1 population Tuajinnvie
[at=]
genes Aninfdsazanng

- n3dhsiudnfio 11594 population luaing single pregnant

30 AUTINEN

.
FAUHMEEUT ;%i;
b
- £
| Recessive allele
anuaE Dwarfism 1A

Polydactylism (Ellis-van

)
- gty genes 91104
N

Yoo
- 24 genes i vartation

animal %39 single plan{ seed Creveld syndrome) tie
3 &0
G ] =
3.2 BRottlenecks 188 Bottienecks | H18 Cheetah
e 10,000 Thnudafia bottlencck

o &oe et a kY -y =)
HETIIHTN ‘ﬁﬂ‘ﬂiﬂjiﬂ’ﬁ'lﬂi‘iﬂ‘l—ﬂ“‘uﬂﬂﬁﬂﬂﬁﬂﬂ Hie
50Ra0Y78 (bottlenecks)

k1 e ‘1‘ Q‘; 1 =) 27
~froatinduaalszyinslminmanindnnuien
~Gene pool Samnamaaninfisen
= Inbreeding

- Gene HipAiENEWoAD gene pool YO ITHABYN

41l

« fagify inbreeding, Tadtolan, unz
Fomauiiugd (@dlemogy
‘t‘?ﬂé - endangered species)

Elephant seals Tlaniiie

det 1900 gadnDuaiensou

< 13789 30,000 /2 Wl igapdy genes
SIIAN ANV 24 genes Uy
il variation 1ap
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HAaved Genetic drift

= 19 Genetic divergence FEHIN pepulations

-1 allele weTdandsering

=

=t

- HAlRE T RIITATENYAD 5ﬂym:(pllenotype) # sene H

&) r ' lﬁ' o
HI0H 63 A szEpsusndn

-
e Environmental pressures 3@

v o Jqr E;
« 15z InI UGN (310) gene frequency Tainlaau Y o
g auena Tap chances fiozIdu parents wasusaly/

Tuigaufia Genetic equilibrium

43 44

The Theory of Natural Selection

o

- SRR - « {luusandniin/Bey allele frequencytiaz Mg

[he Theory of evoluionary change

= Genetic compesition Y93 pepulation alRsuiiafann
o a Oo& A dde A A =

- dounlfun une FaiTiandngovanunndiaiana

N A . @ . . \

}T@uﬂ[ gl ! : S@H@@@@{m Aonierifuaiu (Fitness = mmufﬁﬁ%mgﬂﬂ;m
genotype iﬂfj 139 Fitress HINLGE ANHNUIAYOY
phenotype ozl genes ungudoll )

« HAYBA natural selection D Adaptation ¥IU32TIN5

Ao aande = Mechanism of Adaptive Evelution
43 46

& PDarwin WU natural selection 2 QUL

= Physical environment: organism ﬁa{fﬁ'uanwmmé’au
5 rey e . . af o ad s
hiflaeduiy population ~> environment 1udiadia
U survival uaz reproduction (Frequency-independent
fitness) W W THNZIANT 8

w Competition: avsu eIz frequency U
phenotype asfinadeamilsznovyns population
{Frequency-dependent fitness) U mimicry woafitie
AT Haiy (viceroy mimics monarch} Lﬁﬂﬂﬂﬂﬁﬁﬂﬁ ,
AUYDIUN 182 camouflage Yasfiife Biston betularia T
#i industrial melanism
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Genetic variation 11w substrate

#1170 Natural selection SRSHBUDE Natural Seléction

= Variation 5119 populations: = HORD genet:c composition YBY popilation Aty
- Variatian 521319 populations 219 hiFaau e phenatype msﬂummm U0 genes mmun e
{WIZ human populations }]hﬂlgt}z}e Tin ﬁﬂﬂﬁnﬂ FEEE & 'T‘EJW“*I; ‘}’ﬁ'ﬂ ui?&ﬂ'g}ﬂﬁ"("iﬂ”
~ 119640910 geographical variation “> HHNA phenotype N3ZNUAD genotype
« Variation Melu population: gruanmili variation 134 = hivilsifia genatype & phenotype‘lﬂﬁ

U530 (quantitative) HiAIURNA RN genes ~ l3it/3uv gene frequency

~ Entneuand1sn lda ppan sRNmMsHanIean

~laidi genetic divergence FEHT population
a e »
VB genes filvefa polymorphism

49

30

Types 83 Natural selection

; Natural selection
b=) ww -
1) Stabilizing selection : (RaneyFNHANYAIETTINT AN & Adaptation

- opt;mal phenotypes mn.lu heterozygote M fRTn
§Reniiin 7 - 8 - 9 Youd, sickle cell anemia Hb*/Hb* -
Hb*/Hb* Hb /HB®

[rrp——

Modes
) l)lrectmnal selection : (A0 phenotype m:ﬂﬂmmm of
mumsrmaan > uffeu phenotypes 14 camouflage Natural
selection
mamma licken, brain ‘1!1-&'3@1?’1&! WHINOHIN

3} Disruptive selection : BaR phenotype smum&q AN
phenotype ¥ 1anannazdounis ) wu anuga

L3 4 M PQ E .}
savitiens ulet el sl Bireniylog st

51

th
I

Balancing Selection :

R X . Artificial selection by breeders
Maintaining Genetic Variation ‘

= Geneuc \anatmn gn‘mml’mamu natural selection
‘H‘SEJ 19188 variant alleles

= WA NG Balanced polymorphism
« §2 40y

1. Heterozygote advantage : hybrid vigor FH heterozygote
404 sickle cell allele, sweet corn

2z Fre,qucnc\-dependem selection : ﬂncss ﬂlm ;,tn(m pe Tae
ﬂ‘svmnsaﬂauumu frequency Lﬂm Fabivindt phenntype

7 lesy common muiam”ﬁﬂﬂswaﬁmmﬁmnnm wu
woufidnyusTuisiy ezgafiudos

Briceeh
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= d:da 1 wr A Coer
TIHYIRUADZAUABNHTHHUE

P
DHWHGIHYDS Phenotypes

55

Nonrandom Mating

« tAno1n Yedovwainesa duninaoIn

~arvaulunsionyg

o i ra ﬂ.l = 2 -
~ poputation vimdn Tifilonierdu Gedaadion mate
Fugfindia
5.1 Sexual selection:
as o . = o d
w vnadnuazislamalun s AUy

w11 HOUBIHAGS Al Haivean e wihanily
ganenlun15HIaIII UARTINI N gene THTU
anlufld

S0

8.

‘ar d owoo =
Sexual selection Tu@n ) i ldgmaiiin Sexual
‘dimiorphism M IRUAAMIITEHTN male fU female

< Feftale’s reproductive success fianudhiiefidures
LR -3 Y 2 A
14 Aaznnldnaondin
« Male’s reproductive suceess SinaTdifid vl
female Hoze3soNmr A
. LR e WA - o ar o s
= fomale Juilugfidan uaz male iaandnuasraguas
W3y
R S - AT oA
e Naturai selection 333IRM@NAYUSYEI male N female
91
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Sexual
selection

5.2 Inbreeding:
T ¥ e e . = .
e g3 allele TRTIHA2N mutation 221 recessive
wazildneeioaly population.
' A 1w a oo
= Organism WADINUITAYTHIIUNY I?Jﬂ"iﬁﬁ?ﬂ‘ﬂﬂzu
recessive allele Eaﬂ’aﬁ‘t&_
@ L g S a et
= PIHTUNHIEBE Enbreedmgiiﬂmt’fﬂﬁﬂgnml phenotype
Aadnfibiann
e PO gy &
L qnamlumm HEZ el ?’Iﬂ?’i genes TNHANYIIHNYW
Tilatn géne peol”

5

« Inbreeding ¥lififnlemameonfugnssrunmyes iR
population i variahility
4 oo e e e
- 1310 environment ey population Yhaidi variability YHU3¥OH
2z adape W gl
= population \ANBIRAATSTLMIG A4
~ 1ff0 cheetah Taqifunsie 20,000 &
A SR Y ST - " [
~ gitiTe cheetah Tasialen fadnan sperm Hoanazgilinefia
Und
w WU gencs MFY proteins 30 yiinniodon Bill variation
(i1 homozygons ﬁﬂiilﬁ"ﬁ
M e L a1 LN -1
~ genes miiouiunasuBEimaifrsaomsaunigniibe
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Molecular Clocks

= Characteristics Y83 organism A1aiufd 1ved fiugnsm
w niicleic sequences W93 DNA
wamino acid sequences Y94 proteins
« 1§ common ancestor HAAY homologous molecular
information
5 o & = a
« DNA Ua¥ proteins azasludnsngd subevisddouyiin
ﬂ: Aea 1 & kY 3 =
voafdiT3a v AufY apes Wiaa 5 §1ud
Pt S a
= [J8711 molecular genetics wlenu3en1 Molecular clocks
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Melecular Clocks in Evelution

P
&
T

Plaganials
annd marsupiats .

#

£

5

Hasrsber of amisn 4058 changes (pes K0 rvdonn)
4 3

.

—

{per 109 tripluts of DNA bases)

Tase charges
&

L .
350 75 I s
Divergente time (millions of yearsh

DNA base change

Amino acid change
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Nucleotide substitution
FEHIW spp

H

£

g T

i /‘
3
i

z 3

: i s
¥ rnagabera.
i p. /
5
c W

Nucleotide substitution Au 131 | P —

a4

Evolation of Ol-glebin polypeptide of hemoglobin

No. amine acid Crrganism Years (million)

{different from human)

79 Shark 440
68 Carp 400
62 Newf 350
27 Kangaroo 135
17 Cow 70
] Human .4
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