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AIACPICIT ALBTATS s TATZS ez |




qrergtes @b (Endoplasmic Reticulum)
* (3% %43 (Physical Structure) :

¢ GTEIAENF @CFNT IREARACIT I AT (AT @2
ATEICS (Porter & Palade) @i 3ol O A | IA—

e 3| W GrEEfE @FAN (Smooth Endoplasmic

Reticulum) :

« IR T (I AT ARCIACSIN I ACF A, Ol QT Pjel
YT |



qrergtes @b (Endoplasmic Reticulum)
* Q| TP GqrergiEe @GN (Rough Endoplasmic

Reticulum) :

* GTAF AATCE I AECICHN TS ACF, O G Tg
ATTILTEF DT I 27 | 107 TP ATTI2SF
RTINS FoTeiee ol a1 &3 |

* (%) PrBEM (Cisternae) : (@ 38 QS NF @OFN
RICE, B2 27 Bl IR AAHIFere *1IRE, Tee, S
PRBEE 0T | QT (ST TNBARTOICE HAeere A |




qrergiee @b (Endoplasmic Reticulum)

(%) (ofFFEeT (Vesicles) : TCRFR 32 79T [@Pe ojifves
A ATEITENS @OFANCE  (OFF J0T | ATl (I
RIS [AAEFSSIT TBIT 6 | ATAT T I ¢—90 A
EXN

(o) TOCRTE (Tubules) : =M, =&l @Iz QM2
qTEIAERE  @ogame BT I | GetEl (@I
AZCTEE qR WefFaeR veve i wifes R e
AP AtiS T @o—do um IF | Gt AT AT
BTSN AP 1 |




qrergiee @b (Endoplasmic Reticulum)

b




qrergiahe @bee (Endoplasmic Reticulum)

¢« TGN @CFICR YT TS SAMI =57 (o

Yo—q0% 32 [T wo—80% | e Sy R UTETI2N 3
(FEFEIRY R | (ANT— @367easr, NADH ARG

Teisoe, NADH SIRIFIES, faRise ACaeeFal Oaeias
Fefe |




qrergiahe @bee (Endoplasmic Reticulum)

). (FIEE oo wifeeR W K¥© (AF ARGIAENT qpel
2l A |

* X I @GP (I ALHTT 2T |

co, Wy DT FT, [, ARCHES oS FATATA
Y |

© 8. Wb [VCIFAMT RO ATZBIATECY IES AN BIS IS |

¢ ¢. JIBCANCEIV, ARARFCSICNT 4I9F RO FIet 9 |

c b, (T fAerEeT A NelEe (NS cofire i e
0T W 4T 2T |




TR (Mitochondria)

‘W\‘??ﬂ?{:

e Kolliker (1850) #stara (7if*! (FITT &N MIGIFGAT ASTF
FET | Subrq A Benda O TN FEF N0 GT |

o FBEILATSN SIS (N, TR, WeIFIaa Al iy
IZCF NI OIPGAT I |

« fofb MTIHGTT 7% [ifer 7=t o< | qr2cae f[ifgo g

fog ool Serews s Sfmfireeitd o (Cristae) 32
F(F II(ZO |




TRGR A (Mitochondria)

* SYA 8 Ao :

. 2fSfs B9 fofore @ @Ifbea W= ofde | & At wrefros
AFOHT T T F1 (70-100A IPEE) I A If[Cew
(ATP Fiecaer) 21 |

* MEGIFGT TO/BCH (& W WS (Matrix) 21 |
TSI Wy f6g FHIFE FofT, 70s AR, DNA €2 RNA
TP |

 MBEBFGAF T T o0 IFT GFeniay, g ARTer <7
(Fe, Cu, S) @3 TBINT It |

¢ (NGNS gyiwe  [Afgm N Wk AEF | G0
NEEFGIET K woo OF @A™ (FIPE @FeIay AF
(Devlin, 1986) |




T3GiGAr (Mitochondria)
| AR

e fale
o falfer
ﬁfi:m

WG (4@)
DNA ¢

7z ATP f7g9 A
Fros 000 (7SI )

9 ﬁj\*ﬂ




DA

nboumn

< matrix

Ul er mamorene

INONT MAMGEare

INtprmenmtears
AL

CHLPW Do b e o Pl vy, I



TREIHYAT (Mitochondria)

I :
y. AT, fex3mifee, SArete FAERBEE, ERG
gaRed 2ejin ewepld ffan TaGEe Wty IREte =7 |
2. ATBTFRAIIOPT RISl ¥3Ca ey 7w R M iafgam Wy
AEG® T |

0., B-Oxidation Toyme [iwxr EGREIR Y
WREb® B | @Iieel R g o ATP =207ta &pe *ife et
T @R Mfeq q@es 2@ ¥ [ieeee «fe swRaR F6
=T ROGYAE @ieEs *fe wew (Power house of
the cell) T =T |

8. R AT 7478 RNA fog ey qaenss Heraae 3 |

€.CRICT (FICT Sfgras MAGIFgAeT DNA qe9+re (qi*278 2
I |




5w (Plastid)
o CREVIIICIT ARG KIS ROl (e, TR,
AEAFHoR @I TG € M AR ©IR AT |

« {95 Plastikas (tF 0T *=b7 Teq TR |
o APCTTT ToATENS SENIRIET AT Sy (18T |
e AT for gl | TA—




2156 (Plastid)

o feTOTRIPD : I8N e TR 2FTTErd FTerRaes e | Tfems
AT PE, WG, oo B, IR ¢ v-AyE SR
(PR TSCHART KAy A |

o TTSCHIATD AT AT @FEAEE “fHTe 0o A |
o TS @Y SITsT Sl a1l AR | T=A—

° Y : I5T5 ARTFA! TTOCH2ATD |

* 3 T I (o7 TRETFI! FTCCHIATD |

¢ | SN 1o R | I 1 1 1 I b A )
TSI |

e IS : *FAT (ACF IO COF @I Ay AW AT 41 @F
Y[ Fle |



25w (Plastid)

o (TG : FIE TG G 067 (T AFTT (7 T ©IF (@ ITIART |
o AT I T 06T AN

o e el SyICgIfReeT (T AT A |

o I AT 20T FReCrEes

o Q3R I e RO ACCTAPG AT |

o TfEta AT “ITSl, TR AT, IfeT T @ qer, 6 @ “eq o
3o5IMTS (TIPS AT |

* JeT :




AT (Plastid)
@IS (Chloroplast)
o I :

o (FIIEET QRO AP0 E AT I |

o TfEMT ~TSl, & > PTG, P! FeT TOJIMF (FICT AR AT
FIAAPT A |

* Sbbo A fqee\l W, Schimper &&=y ©fegw (ST 9% el
AT &5 AT R TR I (PICALTT |




AT (Plastid)

@@ra™s (Chloroplast)
. o5

o JfS @FRUPT @I Az e SgeE@=y W@y @
g A | @fs fifore e (@ifo @t «ifds |

AN BT (A @RS @ Fored e AR ik A,
AT GHIT T A9 0 |

e GQINIte® 70s FR@TEN, DNA, RNA SHIfFfers wer gosm
TS | TS FLFST (O GFSTINS AT |



AT (Plastid)

@@ra™s (Chloroplast)
. o5
PGINITS BIFfod Tl SR AFHFCAC
T |

* TOTYCE! ARERIC AN dR0F ©AF A GG FLoAF Nl
ACF | ABAFET A G2 FATF QI &1 2T |

o 4SS (FIEATE ALFTS 8o—vo b &I ATF |

R Al Qe 7 MRS AIRERRCH
T AT Bl A ACE | 93 AYSHA! FABICE EGINT eIt
6T | AR TOB(AS (FICAIRR AT |




(Chloroplast)

(Plastid)




Quter membrane - /DNA
Mo/

Inner membrane-  \ /
1 - Plastoglobulus

....._. Ribosome

| ' ’

) |
M’r/—-——— Starch grain



chloroplast

thylakoid

starch granule

“nner membrane
iInlermemeprane space
ctHer membrane
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AT (Plastid)
@IS (Chloroplast)

: YIBETFC (VNI
T2 (ENIE ¥ (ATP- synthase) 929 ¢, A ATP Cefte 7Re!
I | (TAGVRTEICS ST FCOICBF 380 AT |

FIEAEoT ey DNA 8 F2cEices
AT | G AR (@ICAIAPS e @t i3 ¢ g ey
@5 tofd Face AT awer =k, e, @i, @i,
FCRAMBICEC, ATEIRA, (FI-GFSIEN, 4O A 3wjifn AT |




AT (Plastid)
@IS (Chloroplast)

S. AT Af T 64 Trery AWy eBe 4!
GF A4 Fe |

. 2 IR AT TIPS A G
S[C5-(F ATP-C® F-efe® w1l @3 NADPH 32 31 |

o o, e @Io 8 Hefgs spiftre cefs < |
. 8.  IGILTENE I 7 F(F |




@fQe= (Centriole)
o W:

s gqiTe it Wefgmiew e SRiEe  wmim AW
NRLGFITERE (e

o (T ROITHIIET (FIT 43 (NF 20O 1T ©F 9107 I, O

TG 8T T |

« ¥t CfGer 9 P AGERIE EUGIEN I | GG
(O STRTS STABICO (FICIT WOFA ALy T NI

P




@fQe= (Centriole)
o W:

T, =, epfe fop el Sfemor e e<m adice
QTR NG (AITeT8 T (Mg Bfen (T CTTHITEHIN AAF© |




@f@es (Centriole)
¢ (ST o :

o CIfGET O Fq I TEAF O |
o GGG ATy ABBIASE I T CGIFFA |

o QST (FYICE AF G0 TR TF G @3 HCP (GF

©TENY 5 AT AT ATZIT S |

ITF | @ SHRECSE N3G BS[C (Microtubules) 6T |




@fQe (Centriole)

Canlrossme

Centrioles



@f@es (Centriole)

Centriole Structure

| P
# Microtubules




@fQe= (Centriole)
o IS 51'37‘{ :

* g9 DNA @2 RNA <t® |
o YT TP SAMIT (DT G oy 7MLy e s |



@IfGSe (Centriole)

o PG ). Qe 347 2T AT @rRfaeres e P
g (ofire «ft i A |

. 2 MHTTRTAET GG ET 20 72 |

. ©.  TAferr @3e FicsEyRt ©few 8 gidice @it @ e
3fe tefdre e (77 |

. 8 ISR AT Fhesrw [Rew @iy Fifern 3t e
e 5 |

. ¢.  YHF T BT BN A |



fSef@eT (Nucleus)

e 3316 J (Robert Brown) St9d RFBI0HT AReT A@QCRICT (IFAFIF
& (AT AF R AT NPT B iﬁ@lﬁﬂ T |

* 4TS (P NG SR(FS MF, T, AP A TA-JEPIA
AGI AT (WETFIT 1 ey <=1 = |

o M Afe (T AFL [WO[FAH ACF, O a7 GFIEFe
0O AT | OF T A 9 3G |

o Sfena PTOtaT (SF™ O T @Tifee 7@ iR Afae sz
ii@igsﬂ RSN

o SfrcRIcT R @Ikl S Siwf e fgaeT Sgeifge |



fSef@eT (Nucleus)

» fRSfF == (Nuclear Envelop) :
» fSfgaem Az s « 3 fagw mT At |

o @ oW o2 ol AT | iR gfslba w1 [Wfore 8 @ifbeTa e «ifde |
o femete ReiE gaea (@fore = e

* Je :

o AW fooEm @WHT 8 NelFSASNE AT T TFNEFET IS I |
o QBT U TNy AT €T HWIFN-LWITH FATST FCT |

o @ 3 fomga Mgy M RNA 8 (ifbT 99 (oox (AT 2T (AT
T I QR ARATHN HE I |



fSef@asT (Nucleus)

MNuChodnes

Nutious



fSefga (Nucleus)

Endoplasmic
reticulum

Nuclectus

Chromatin

Nucleoplasm

Nuclear pore

Nuclear enwvelope



fSef@eT (Nucleus)

- fEfgeare™ (Nucleoplasm) :

o TS “v Al (ot NSfFIeR SeredE AR 9, WINvIE, (& T 9
oo 2dE [eiFedieT 6 | & Fifelers 1 NefFaeere 3o =7 |

o TS QTS (o AT |

* Je :

e RNA, Riogaay qaeas e fog i e a1 Sy 301 |
o (I Tifers, fNefFea @ Afve s e v |
- fefFaer ey (o Fics =T 41 |

* JASICR FRFACAT o1 CFG AN Fer F47 |



fSef@eT (Nucleus)

fSef@eet™r (Nucleolus) :
» R FHAT (Sabd) FefPeaT i m s

» [efFegemE W W1MES FW, NEAPE, AE T @ Toge
TGP O[PS T |

« qF Y IS TAME (@IS, @zl FRGr RNA I |
felFeTrte 8Ny, AW

ST ¢

>, (AIBT HLLRT @ SRl [ |

2. RNA A9 41 |

o, eiFebiRred ouR ReE ¥ +4 |

8. @y 8 RNA AT Wi fAefsbize  Aw@rFsid
QIRCAITEIT FLEICET AT S |




fSef@eT (Nucleus)

o (IO 8 It wifeiw (Chromatin fibre or nuclear
raticulum) :

o NPT TT BT TOIF T© IBCE (F NI ©F 1
CERISITO SHifer<el e |

o (FY OIS T @ (FNIBF ©® WS FeAF (G ITey
AfFeNe 2T |

o (GFIT ©F, U (@GEINE 4TS FEG @ T-REoE (b
Q32 DNA @ A= sifde |

« qgT! fFg RNA, FERREIN @ T J60e |
* JE :




fRef@arT (Nucleus)

o [efgRIeT T
>, fASiFaRT iR (it 7 e ¥ AfpiEwE orefefs (Dynamic

center) |

2. Feiaaer (@Fitntety oy &g Qe | @ e 6 1l
Feied T IHT© (87 Wafde =7 |

©. [SiaaeT o (@D 8 O s3T FerEe fSaae 3567 |



CERITTSI QT I (Chromosome)

« (FIET SFNE W S[Ee 9qeed  (replication)
TASHTHY (K JOIFFed XM TAM AF  SIACP
CERICITTCATST 0T |

o gEifed (B PN Arore (@I Wefgaer i Wme
ALATF (PRI LI |

* Sbra¢ A [T Strasburger MSEFNGT (GITNENN WRFR
PLA |



CERITHTSIN T I (Chromosome)

Tfgna A (ERITNITEIN R &l A (ERITRICSTIST R4

Allium cepa (f31%) MY Homo sapiens (W) 8Y
Brassica oleracea (4141%() Sbr Bos taurus (7<) Yo
Carica papaya ((**) M Canis familaris ($F9) U
Corchorus capsularis (! #I5) 38 Felis catus (@) Obr
Helianthus annuus (TR 8 Eqnus cabelus (CI7%) u8
Oryza sativa (49) 38 Mus musculus ((R% 279) 80
Raphanus sativus (3¢ Sbr Bombyx mori ((S¥RICoT) @Y
Saccharum oficinarum (%) bo Aedes agypti (1)

Solanum tuberosum (1) 8 Drosophila melanogaster (¥ f2)

Triticum aestivum (%) 83 Musca domestica (1f2) N
Zea mays (391) 20 Bufo americans (3s) N
Nicotiana tabacum (ORIF) 8 Gallus domestica (CT=A-T30) P




CEFITITEIN ]V CF TS (Chromosome)
o (ST (ST o :

e AGITOCOWM (FITNCATT (AT AHRFIS 0.3¢—¢0o W3GHq AR &AF
0.3—3 V3@ 71{Q Z(© AT |

e (FIY [AOITa WOITFE W e Jore P AUE @
TSI BECAD 2T |

o (PSS ATFS 8 (WOIFEE 7Y dfe (FINEd it 7«

ACF | QAT YTOIFOCT (GFINITT 0 |




CEFITHTEIN T I (Chromosome)
Chromosome

Chromatid Chromatid




CEFITHTEIN T I (Chromosome)

\ \




CERITHTSIN T I (Chromosome)

> | (EFICACAT : GSb (TSN THEARSIE AR o (FLCAT
Sf3<) 3@ 7 AfS; @ FJAFS T ¢ |

2| (IR : @IS BT e (@ @ TT9E Wi oL
AMF, QST (SR 0T |

© | CTCRINTR : (FINCINSTEE 219 FA9 & [e0F [T 365
e Mo 72 T A4S (NN QF6T ROIT AL 2 4= FF
T T @ G5 IR @A | (@ ITHEEE @3 IR} e
EQINTR | OF T &8 I | O (@I (@I (I

GFIEF ECQINTF AT |




CERITHTSIN T I (Chromosome)

8 | CTFCIN PN : (GFICNCNCNT (T CICHIRTRT =S Sy (FIC
T AR ©f OIS T 0T Mok = | (AT AT
(TN Gl F [NeFeT (efire TRy 3, s

nucleolar organizer 9t |

G | FIHAIRD : (FIA (P (GFIHCNAT AFNE QB0 (TIPS
¥ ACH, TP HFCGETIR0 A6 | Gl HFCGeTII0YS (T 6
(SFITAITIAT JCA | CTOFET AIT FIRIPIR AFCET 9 77 |



CFITTEIN T NN (Chromosome)

/N (BN 2

[ECRRN [AR[RES
(Unit fiber)
300 A thick)

© RGBS aiEE|
G l ° ¢ (DNA + histones)

100 Athick)




CERITHTSIN T I (Chromosome)

Y | ST @I OIS : folb (@IS geReEa
e A e 9ifde |
ST GR (RO |

STGEIHT: (FENETE 4T S slgaaal [Fo (@A
BTG I | (WTS 77 [ow 965 ([T v, e
Aefo) IR FACT CCEINIB AL RSS! 8 T |

IeIfeq I NgFod ATGT @ N AwF (@ DNA T |

L@ G Ieaeifen s faca g | @ S DNA et o
S (F* US|

Ieeifer e e R e Fofss e spiEee wse
(RIS ferT [ [T (RO SH Soj@ AT |




CERITHTSIN T I (Chromosome)

@ 0N (OO @ Ceg I
f3F TRRIT SRfFe | (BICMET (@ EIEN @3 IR 96 I |
QNICEFE ST G WIFhe BB AT Aol (T |

9 09 (IR @9

CTGITRDG TUE (AF GFF G QBN FE | 93
(NI @ 92 g AN SO (MRS T IR SIEe

T 47 AFf© FOF0eY G Tl T |



CERITHTSIN T I (Chromosome)

: TG QIR WiFAIE aitsd
FRFIE ATEF | CECIRS (@ ENN OF GF 8 AHF 7 G2
SR AR (I AT AT | (I orenca aeiere weii @ Ffe
FORE'Q U Vol TT |

Q (I CICGIRRIEG AtFA
TSI TI(F® | (GTAIIGF (GFICNANE QIR T 2 |
@1 RereeTe gaieere A 97 g g 99 o7 27 |




CERITHTSIN T I (Chromosome)
o CTRRRT —

AYA

fm@ﬁ'ﬁm




CFITTSIN T FINTN (Chromosome)

o (IR IS A0 : (FNNET Q4T IATEE S2AWT
202 DNA @ (5w |

« () FEfes fe : @IteNe 92 gawa Fefge e Tz |
q—

e DNA : OTS AT ¢ FHEARME CARFARIES =40, TG FACEHD,
e, emfae, AR e ARG TIF 2GS FhE |

e RNA : @t ¢ FRORME F3E@S *Fd1, NG TACEo, SGia,
B, 3T W2 ABGEIHT TNF NIGICE =+ =l 519 |




CERITHTSIN T I (Chromosome)

e (¥) (AT : (EHFICNTNTT 72 GHCN (AT (AT T | TA—
- OB : @it wifEfw, &6, ARihm aefs a@T +fe |

o -RREB : «re Brsbites 8 BRI Sy e @
offFIICer SiNezT T |

o () S THAMI : TS FIfPrE, FIAPRIN, SE, WHCEPRIT
SR, QNEIRN 8 Sy A 2wie S ARSI A |




CERITHTSIN T I (Chromosome)
* (RTINS Fle
. > | (IR QICIT IS AT (S 8 2T |
. 2| G (IICIT RO (&9 HLRTANTS AR fzraer e |
¢ 9| TR WA 8 WA ARIST GITveE &t B I |
. 8 | fog Tfew ¢ e forst fWeieel (TN ofsrar A1y |
. ¢ | (17 RereeTs (@I [Reeg e e |




I 98 (Genetic Material)

* (@ A TAMTTT W Trol-fror @FEPTNR OIma ASIw-

ABOTe JIBAS I SIAACE IO I8 67 7 |

o fCfFE JTe (DNA) IS I8 | RNA SI3A™ ¢F@ RNA
IO IF |

o O ST [SIFEBI3T Ug =T 95w |



I 98 (Genetic Material)

* (@ A TAMTTT W Trol-fror @FEPTNR OIma ASIw-

ABOTe JIBAS I SIAACE IO I8 67 7 |

o fCfFE JTe (DNA) IS I8 | RNA SI3A™ ¢F@ RNA
IO IF |

o O ST [SIFEBI3T Ug =T 95w |



I 98 (Genetic Material)

* (@ A TAMTTT W Trol-fror @FEPTNR OIma ASIw-

ABOTe JIBAS I SIAACE IO I8 67 7 |

o fCfFE JTe (DNA) IS I8 | RNA SI3A™ ¢F@ RNA
IO IF |

o O ST [SIFEBI3T Ug =T 95w |



DNA

o qF TG TEGIET T ¢ GF Y (B PG TS T v @l
11 =7 fefgege |

o fEFGIRT : T Tq [TEfFETT «F AL OF Y TNEF6 T& T 1o
I GF 99 [FOFeHRT | IdR «F qY TGS FEF, 9F Y
CITBIE AT AR GF T FACE6 T I 9w @esw 7 efFehize |



DNA

-y 5
HOCH, -9~ OH HOCH, ~©-  oOH

4’C\H C 4’E'IRIH S C 1
AN 7| ! Nlg 21/ |

C — H C o

OH H OH OH
B-fersfa Frarare p-aETETE






DNA
* TRGITE FIAF ALTS G2 LECT;

o J— ISR FIF W RRRNGT *5s |

e IO Q2 IENE o1 =T Mo F9s

« g2 BBIFE, AT W TEAIPRTE @
23 A2 =9s |







G =, Frerg 9nEe (dAMP)

(FEwfRafemm smrems)



uracil (in RNA)

DNA

adenine

- purine bases

pyrimidine
bases

thymine
(In DNA)
—

© 2015 Encyclopadia Britannica, Inc.



DNA

o TS wmiPited o THmIS ofFetizv | WefFetidte I g o AT
IR ©ItF ABAICFSEIET R WefFebiate Iw TofgmizEe Pia AeE
OIS Ol (AR EFETIRT I&T 7T |




DNA
AMP = Adenosine monophosphate (12 JHTS)

dAMP = deoxy Adenosine monophosphate (feSfHEaIRE™T
ERIERND

dGMP = deoxy Guanosine monophosphate

dTMP = deoxy Thymidine monophosphate

dCMP = deoxy Cytidine monophosphate etc.



DNA
e DNA-GT (ST 9o :

3569 At FEAET et J.D Watson @3 I&4tend [l
Francis H.C. Crick DNA 9% (T ©IeT (X137 s1ofas Nrwe
AV TR

4 ST The Double Helix” s q3ce o a S | @3 Nee

BT &) OIAT S5O HITH (NI ATHI FMS A |

 Watson @3z Crick DNA & G336 “AJIoIear B e werel

RISON



DNA

Watson Ges Crick @5 DNA Stest

>.  DNA &9 feo@ss, AfbIear SifGs sice! gRitat qies =10 27

VEGRCGER

2 @ 920 Koy T (GFT ¢ — o A, TG
o' ¢’ ;) MY A1 S5 |

fo1e Cofe 2 foeiiy RS oIS 8
TACES G NGNS AT N |

o. Tiftags wee &



DNA

Watson Ges Crick @ DNA S¢est

8.  IERRR AN SRFS o FEETe FRTSCE
2GS IS T T T | GF e icefae o foeea i
AT A G20 FIGITE I8 7 7eFe AF (A=TAT = A)
A3 I MRa ABBI SR e ag e foafs
3G I MATE AT (C=GIAG=0) |

¢.  FERIE (AT,G,C) FNFT GF SN FIRCF AN T& A |



DNA

Watson Ges Crick €« DNA Jtes
V. TG [NIHF FAET ¢ FIKCF AL A TAES HoNET
O TR BN A TS A |

Q. ©Re & @7 2fefs sefer “fiices oaes 34A 1 alfs #Afiee
yoft THINSIFSHI3T (@e! AT | AR OF (SIG!
AAIN3fFE613T «g wef 3.4A |

b ey @3 ™ 20A | taes fifey zre ANt




DNA

Sugar-Phosphate
Backbones

v '

/
Nucleotide —
I

(Key: \
[[] Adenine
[] Thymine
B Guanine

[ Cytosine
\. P,

Hydrogen Bonds

Antiparallel DNA Strands DNA Ladder Double Helix



DNA

Watson Ges Crick @ DNA S¢est

A

() ' 2ok



DNA
o IS ¥ R DNA Bl
* DNA 7 47 LHRC=EE ]! & AT qeieifog 9% |

* DNA @912 (1Y Rereas 77 fger afefif+ 78 =71 | e
(SIS (FITT %32 30 |

e DNA 2 IoIfeq 3T (S ALF© 2 IR AEIT© 19
FAol ey |

* DNA 93 10« Sre5® i @3 oo @1 Fiaer (RS6w) =ret
O3 (I AfToT 2 4 |

e DNA @ mRNA @3 45 &3 8 31y (Ao AT
ST (A FCT |




RNA
RNA 3RS eb30ed Iewe |

Y1 ¢ FRARME FI3CETe JAE |

2 e (A), @S (G), ABGIRE (C) @Iz AR
(U) LT, RN QT 7 |

O A (FCTIRE W) |

[ @ FIRGITT TR AL @F A AR oA fafere 2
T T 4 I AR F LW |







RNA

e RNA-49 dF[<€tem

(F) &G RNA (Genetic RNA) : @ & RNA =

Feeifen Fite NEifsre A ST St S 96T | AN

I3 RNA U9 T89S |

(%) s ewvE RNA (Non Genetic RNA) : S @ifig
QI (FICT 9G9¥S DNA (A0F 38 RNA I eI qesifos
S AR FCT 91 ©ItE w9 (Seeive RNA 657 1 @ RNA
(IO LRI FICE SO® |




RNA
* T (@ABF RNA:

13 | ¥R RNA (Messenger RNA 3t mRNA) :

@ RNA w9 WSfgia DNAT =6 (template) 20® 9@ '@
DNA’T Nmf*re (FIe 92+ e [WOFAPT 20e ASCBILTECT =T
AR RS AL S JF (@O AT q= S
©itF Messenger RNA af mRNA ¢ | (16

ADNAT @6 TeAMTa e MRNA I29 6 ABBIATS
T = qee @wa Areikg RNA a7 Messenger RNA @1

3|



mRNA <1 Messenger RNA

MRNA-EAF e :

O g Fofda™m e (@Ened el IRT I
@3z tRNA @3 sITerr [\Me Sprneer spitre
AIF PR COff B ARTANTIRE, O (@ifoe
ALCERC ARAOT (A |




RNA
* | GFFE RNA (Transfer RNA 1 tRNA) :

0 @ 75 599 (IO ATEIER BT MRNA Fae (Fres
ST SR TPTECE AR SIS [eaifere A et

G RNA I
=57 tRNA (® q0—boft FEiFesize At |

OR.W. Holley €32 $19 52514t tRNA’T 9100 (@SR o1 Weee
BT FCAT |



RNA (Transfer RNA 9t tRNA) :

(RN A-a3 famfis siaw
fea-3, 23 : tRNA-= gTe= o AT



I red = guanine 3
I blue = cytosine A
W orange = uracil c
I gray = adenine C

' Amino Acid
o A
Attachment Site C .
3'

C Amino Acid
Attachment Site

Amino Acid
Attachment Site

\

\ ) .

V V
Anticodon Anticodon Anticodon

2 Dimensional 3 Dimensional Simplified




(Transfer RNA 3t tRNA)

ARfeg g7 SR wpites & vy T WEe tRNA STz |

QWS tRNA WS St suifes s 3@ 2 & Suiec
SFIPTCCS (DT CRAMCT I T ST @92 tRNA @9
S GCEed 91 MRNA (FIeeg AT (&% (pairing) MY |

Qg e [WME g [ spsiee e ge 20 @iits
AT 2T |




RNA

© | RIS RNA (Ribosomal RNA It rRNA) :

A I3E@eeEe ofss ToAme 19 @ RNA AT S
qi3cacEe RNA 2 rRNA 96T |

Qa3 @B A I& 2@ AR P (T el sfom 73 |
Je :

. rRNA @3 Q4 Fer 7br (Ao eewead I mMRNA @9
Site f&37t3 ¥e <1 (B. Lewen, 2005) |

3. G2 (@B TR HAYTS! FH R BN 510 SAWI
BT e 7 |




RNA

Bm-3.33 : eFERETATEET 7Y 7egE mRNA Bm-3.a0 - (RNA = st



DNA Replication
0

1 Watson @3 Crick &89 6 (@ @ fAcw=eaa o197 AAfasjs<s
AP (ST TR SGICST Il (S0 FAF Qo AT 20
U 20T A

TR @F GF [@F T97 JACHT &+ =I5 AT (GG R e
33 | DNA =i 59 foab Treel i <1 2O |




DNA Replication
> | FFFAE A@ie (Conservative method)

2 | IEAFTTAR @S (Semiconservative method)
o | fasgae =T s&fe (Dispersive method)

dysey AT Mathow Meselson & Franklin Stahl =<9

AL AVZOoSIF AN FE9 T DNA 9T @2cF=

FLAFTFE “mfore 7eEive T |



DNA Replication

s DNA

S A faeaere

Semiconservative

L]
L)
K
.I
[
»
»
-i »
i‘i
4
L ]
$
[
4
L ]
L ]
L ]
L]
h. .
+*e
.-
»
[ ]
.I'
"u
[ ]
»
'ﬁ
I.n
AeqFe e

Dispersive

Conservative



DNA Replication
* DNA IR (SEerier efferzie) qropmR:

* 5. DNA FEReIR 51

¢ 3. @@ A (AF (Unwinding)

¢« O, AFF @S Bl &S

* 8. 35 [Igre RNA-&IZ @3 72
* ¢ DNA *e&e 34

¢ b, RNA-2IRES f<{esies

e 9, DNA 97 NS0 ¢ (SG! #A1oi



DNA Replication
DNA replication

DNA polymerase

Original DNA

4l /Jy

Lagging stand

Topoisomerase

fragment  RNA Primase

rimer , S
P Helicase —

. -\\\
) ﬂuﬂﬂu

Leading stand

| D

Parent DNA




DNA Replication

1. DNA Wrapping




&= (Gene)

dJohansen (1909) IXLFR <T@ IB(F gene N (A |

QST Sieg 19w, Ife W &ivacs g @ | wike e
PGS (Cistron), TGS (muton) @ 999 (recon) ©2@UICF

o 4 T |

: DNA 997 (@ 9 @36 IRl (1w tofF
FACO AT | ©ICF PTG 0T |

. Muton 2@ fe*q @ @<, e, DNA
O (T R AL RISE 906 ©itd Muton 6T |

. Recon T recombination-93 @& SR,
DNA-ET (T N &1 SOIF TG (3 WLHF recon I |



&= (Gene)

& wgfee gt (Modern concept of gene) :
O IowiceT e DNA I @9 @6 S T F41 2T,

qice [ClFebide 2@ A AF | YT

Aled, Gene Is a particular segment of

DNA molecule which synthesis a functional

protein having a phenoty

nic effect.” SR,

& DNA-97 @t M2 o, I @3t FiEFar @i

Cofem Ty T e e T g

oI |



& (Gene)

ferter ey (27 fFasei—
Y1 F-afewo

2 BRI
o  TCEHT



(st (% (Genetic Code)

O qve12 7B Lo QI IS AT ORI GR 96 & 9
TG T ARTCHATIZT e Fel- @ Fa |

(AL (FICCF (ABT

(F) @Ied *7 fox o9& (Triplet code ward) : G- AAA, AUG,
UUU, AUC 35w |

(%) =dFaer (Non-ambiguityy)

() fApsfe a1 seaeiirst (Degeneracy) : (Ne— T8RN Wb (e (UUA,
UUG, CUU, CUC, CUA @32 CUG)

(%) Sefg@Eer (Non-Overlaping) :

(8) f@=E a1 w2« (Commaless) :

(B) 3oAT (e« (Starter or initiator) : AUG 9199 GUG

(R) =t (@& (Stop coden or terminetor or non-Sense codon) :
UAA, UAG @32 UGA.

(%) @® (Polarity) : ¢ 2 &F (ACF © T AST AT AT TIZ G |

(J) &N (Universality)



C’\»‘Tﬁﬁﬁ? 1) Genetl Code

npr

G
UUU UCU UAU UGU U
uuc:}F>he Tere | P UAC}Tyr UGC}CyS C
UUA}Leu UCA UAA Stop|UGA Stop| A
UuG UCG UAG Stop|UGG Trp | G
CUU CCU" CAU } Lis |CGU U
cue ... leceil... CAC CCE [ e
CUA CCA } cin |CGA [T [ A
cUuc || e CAG CGG, G
AUU ) ACU 7 AAU AGU U
AUC tlle |ACC | aac JAsn | ace Jser | &
AUA | ACA AAA }Lys AGA } Arg | A
AUG~ Met | ACG | AAG AGG G
GUU GCU GAU}ASp GG U
GUC |, | 6CC | A\, [GAC GGC |y, | C
GUA GCA }Glu CGA [ LA
GUG | GCG. GAG GGG G




Second Position
U C A G

uonisod payj|

:
=
=

th

=]
a

]
£
kL




Gene Expression

[ DNA-CS 72 2y I459e] 91k (intermediate carier)
MRNA &3 TG (17 21@ AT 513 Teoiwa2 2e fercas
I I Gene Expression |

AT GHATET @ TG DNA 72 mMRNA (o[ =T |

@2ty DNA-@T @f6 I@ad Ao @1 g
(complimentary base sequence) ¢ofF 2 mMRNA-(® |

Larsta RNA AfTIcs Gvei2s g #ffef S |







T

-

I —

A
CGAAAGC

Transcription
R N A AUGCUUUCGUAL UACGAAAGCAUA AUGCUUUCGUAU UACGAAAGCAUA
Translation
Net Lou Ser Tyr Tyr Gy Ser e Mot Leu Ser Tyr Tyr Glu Ser lle

Crr 'y —

shutterstock.com - 532794004



Protein synthesis

AG=Ifero== (Transcription)

04z & It DNA 2t RNA 3% aferics Greferst=i 3ceT |

Qussianiite “afecte DNA G2t Ge a3 «3is WMe @
(sequence) T& WelFebiates [ode wage RNA Fgae
BN

IDNA ©Re ey @9 (@ 7@fba T4 RNA 99 98 29 oIS

(GxC2B 7@ (template strand) 6T R «F [eidice @ @it
igT At ©its (@ifer 3@ (coding strand) e |




Protein synthesis
o Hitfemorae (e

1 U (FF-9FeaN RNA-Polymerase @9 St (ATCNGIE
PIeFIET I =T RNA-Polymerase complex 72 =7 |

o« PINTENEl gaes < KmT S 992 RNA-Polymerase
GFeT3T DNA AT A1 Yo7 RNA SRR 6T 8@ B |

o (BT A oS ARASIFEBIRE 7@ 2t RNA Ferafas
(O I |

21 (BNCYT FACE 75 RIAICT =T Fed RNA e 237 |
S A3 ¢’ en@cwo AT MCE AT 90 | G ATP

UI2© W |

O 1 RNA JE= 1T 20 @@ (P) FHEET ALFCS RNA-
polymerase @92 RNA & 21 |




S RNASAEIeEE [ RNA TGS SReor e
: AR JIHfFA=I a3 35T
L4

GISifEE= = a3 36-1 Bt DNA
Rt 3 YT ANSAT W
RNA STRC S

5

RNA



Translation

@ f @I MRNA (® @ PIFEH SHie e o2y St
N8 SIS GICRE AiEFa 219 GF (9513 IHED
T ARTCAADIRT (53 LR (@ tSfF T ©ItF G
0T |

NA GIeEoMIe NRIGRE

MRNA —— (25



Translation

o HIFCETHT e

o 5. NI SifTes Aferrer (Activation of amino acid);
o 3. AREFA (Initiation);

« o, Jfew7d (Elongation);

e 8. giEIFae (Termination).






fMet-tRNA _.- P-site

:Met ------ A-site

@ﬂﬂ-aaﬂﬁ (50 S)

UuuaG 3

» 5 auG uouu C GG GUG UAA > MRNA

%ﬁﬁﬁﬁ Toac T58d




3 !
tRNA from the

cytosol, carrying
amino acids.

Anticodon

tRNA released e ".:"gs'

after amino Growing |

acid removed polypeptide
chain

The translation process incorporates 20 different amino acids

in the precise sequence dictated by the three-base codons

built from and alphabet of four bases. The process in the ribosome
builds the polypeptide chains tha will become proteins.




Protein synthesis
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