UNIT 1

HITAHT: ST oIt i T go0Ts (Cell as the Basic Unit of Living)

FITITRT (Cell) STTaT T §XaATHS ST fhaTeHe (functional) THTS BIAT gl TG STTAT #hl TaH
TIET TS g, ST TFas &9 § FHT S{aq BhaT0 (SE — SIS, T8, i, T9) Fed | qe09
2T 81 ZEforT, FTTAreT AT "STad ot i T ST Fgl Srar 2l

FITOTRT forgia T =TT TEE (Schleiden) 3T ST (Schwann) 7 #FT off, 3fi¥ 7 a0 €S oh
34T (Rudolf Virchow) & a=faa fram =o gia & @9 77 Hg &

1. ¥ St FHITFTSA & q9 I 6

T ST — o, ST, SHaT] s — U I7 U F STTAT HIHret F o gid gl
2. HITLART STTaw T GLAATHF AT THATHE TH1S B

T T T TR AT (ST SoTT SCATEH, STT=A, ITeid) HITARTSAT o AT gral gl
3. TS HIFARTY Feael Tgel A HIS[E HIARTA T g ST et

72 Rrgia sfra it Aazar v geriar 21

o ITSTRT U T2reett & Fordy grat 8 forer siferet f@3reett (Cell Membrane) Fgd &

o THH ATMWE (Nucleus) ZraT 2, SaH DNA (STqafers 7=mef) 91T Srar 2

o ISR | TATHT 3T (Organelles) BT g ST TS &1 %d 8, S¥ — AT w2 AT Sl
SIS FXAT ¢, TSATEIH T aa7dT 8 i




1. THRITART ST (Unicellular Organisms):
STE — ST, TETHITIH, ST T e U HIT9RT & a9 gid gl
2. H@Tﬁfw st (Multicellular Organisms):
ST — AT, 9T, STeq| T AT I-FAAE T RITARTSA & a9 g &l
3. I FITFT (Prokaryotic Cell):
2t T AR A 2T AR
4. FHRATTEH HITAFT (Eukaryotic Cell):
TAH T AT Y e [-a5 T G g STE — GTe Si¥ Seali i FITAFTT|

o UT AT T YT GLAAT g AT At Srae R = et 2
o ST ATg TF HITAHT BT AT TgRITLARTT, ST THT AT FITAFRTSAT 9T T 9T It &
o ETTSTRT BT STTad & THT AT T AT FIAT 8, S — Flag, T, T RAT, TTI0T 1T

Iﬂﬁ'ffe\l'ah‘[ &1 UfagTiereh fasm (Historical Background of the Cell

FITAHT STraT T HLAATHT A HATHT THTS g TS ST GH FHITHT & J1¢ | AT &, T Fe
ASATIART o6 AT 6T GIST ST TATH AT TOTH g1 A= HITAHT o6 Uldglierd rawre w1 927 forawr

o T &

Bl ¥ =R =1 g R

ll. TfaE g (Robert Hooke) — 1665

RECEEREIEPE KR ER]

Irgi Tget a1 gEHaHT (Microscope) &t TgTaaT & & (4= 6T @I A1) il qaeit
Y FT AT AT

o SrEid IHH WLWFT F T TH -G HeT o 3T 3w "Cells" (FIfAFTT) 7197 2=
FTEAT H F G RIFABTY off — Farer Frforewt T A off, sigw w1 St wwr 787 @



() Iegl FIAHT 9157 FT Tgell FTT TINT 1397, [Srad FITFT @777 #1 9251T 7141 11 51

l2. TaIHT 3 STSa9g1% (Anton van Leeuwenhoek) — 1674

o T AATH ASAAG(E o T T AperTet geraeft a=mam
IR TgeAT AT SITad HITSIRTSAT (SIE — TFE AT, TR ST, LRI 7T T
SR AT

3vgiv =72 “Animalcules” FZT (AT Fle-FIe A7)
Iegie ST %l T, F(q A, I ATS | GRSl Bl @7l

0 W#“Q&WWWW’ (Father of Microbiology) 9T #gT STTaT &1

. #ferrmer greee (Matthias Schlciden) — 1838

o I AT ok F9eafd AR (Botanist) 91
o TeRid FaraT 5 a¥Y orer FTAFTSH F 9 I €
o Iegid FHITIHTAT T TTE FY HLAATHT THTS o &7 § TZATATI

l4. =1 T (Theodor Schwann) — 1839
o I AT ok YT AT (Zoologist)

o Tegld aarar 5 et ST RITAFTH A 99 i g
o TS ST AT 7 T HITHT FAFTT (Cell Theory) T TATIAT 7|

7 ST it fAgia & & qed f6g (1839):

1. =sft STraemdt Frfaewrst ¥ a9 grd 2|
2. FHITHRT SHEA T GXAATHE AT FIITHE THIS Bl




Bs. =Stew =it (Rudolf Virchow) - 1855

o I THA FHATHF ST SiFe I
o Iraid FITAFT MG | T Agea ol (&g SIET:

"Omnis cellula e cellula" — Z¥ FHITAHT T & HIS[E FHITHT H ITTH gl g
o THT A g ToF FITART T AT awl, afoh AT (Division) 3 gTT a9dT 21

serfA FrferRt Rgia@ (Modern Cell Theory):

1. st St Frferrett & a9 gra 2l

2. HITOHRT SHae il HTAATHF ST AT Tars 2l

3. T FITARTY Tl | HIS[E HITARTSN 6 [AATSH & IcT gl 2

4. RIS F SMGATH g (DNA) AT § ST HATAT I ST 2T gl

5. T TRt | Strae ATy it § — S I, sq9|, Icasid, g el
B AT it g S S ARTeT:

CRUEEICIE 1o L TRTET
e gF 1665 "FITAFT" 9rs7 FT TAT AT TART (FT FITARTE 3 T)

TEHT 39 i9amgie 1674 Tgelt AT Sfad HITAHTT @l (FEwsiial it @)
EIDRI R EED) 1838 utert & Hriorarait 71 Rrgia
IRRISRECIC] 1839 STesit § FTTorhTaH 1 FRrgia

TS Io% fa=t 1855 FITARTT TgeT F HISE FITARTSA T IcT gl &



mEeot S - e Ao
FITSHT T H<FT (Structure of Cell in Hindi)

FITART (Cell) T ST Y HE=ATHF ¥ TR Tt 81 T8 T gew Il g o =3 Faer
gemaefl (Microscope) & &1 S@T ST HhaT gl

Tg g / IR ERIEE]

1665 "Cell" 9re2 T T RECEE]

1674 Sffaa Frfrrd =t FATE®
1838 dret | Iferant FRrgia AT gre=
1839 Sreer<t § it Frgia e s

1855 FITAFT T FIforT 7 Safyr  =STew fa=t

1931 TAFSIT ATSHIERIT FT [AHTE FEHT 3T qTT

1953 SuAT it G¥=AT T @IS Alead 37 e

ANIMAL CELL




Eukaryote Prokaryote

BB Mitechondrion
choid nuchiu Hischeedd Capguly

healus gt Cime prokarysh

'fq;::__—_' 4 FlagellL
T i
Ig’@T 1< it HITHTY (Types of Cells):

THT IEEILEI

ST FITAT (Prokaryotic Cell) AT T 7% & (S#r — StraToy / S=FTa)

TR AT (Eukaryotic Cell) FTE ATIHF ST STHT ATAT (S — WreT F STTAALN 1 HITAFTT)

Bt oi st iy i s

qeh TS AT STg HIAFT
Fifrer frf Berdre X
FATUCATES Bt XE g

FT 7T (Vacuole) [@asT 21t & XErET o1 72t 2rdt

ATFTT T AR 9T 0T AT A=t

Iﬁ'ﬁ?lw % &g 9w (Parts of Cell):
1. ST f2reeft (Cell Membrane / Plasma Membrane):

o T IR AT AT TLT BT gl
o FAS-TTETET BT & — AT Fael T A bl T8 AT T 2

2. HITSRT 57 (Cytoplasm):



o Y TH SIS S q¢A TaTY gIaT gl
o THH TR * AT 3 TF (Organelles) TTT T2 Bl

3. AT (Nucleus):

o I FITAHT T HFA0T 3 ZraT gl
o THH DNA (&t qars) gram &l
o TEEH ANWE:
o wTIwhT f2reeft (Nuclear membrane)

o vgfFaTed (Nucleolus)
o HATET (DNA FT &Y)

4. AT TegaT (Mitochondria):

o T "HITAFT FT o1 Te" (Powerhouse) FgT SITAT 2l
e TE AT (ATP) TATAT 21

5. UeTATIoHa Lfegerd (Endoplasmic Reticulum — ER):

o T TH THEAGTE HCAAT g ST TSN S F97 o AT § T gt 8l
o ZATHF I &
o % ER (Rough) — T=aEH 2 3T &
o &I ER (Smooth) — {5471 Trza |
6. TTZa e (Ribosomes):

o TE W& FAHior w2
o I ER AT FHITAHT 3o § 91T AT 2

7. oSty A1 (Golgi Apparatus):
o T IIE FT FEIAT (modify), T T THag" Far gl
8. ATEHSIH (Lysosome):

o TH "HITLAFT H TATSS " F2d 2



o T AT TITAT I TATT HT HTH FLAT Bl
9. THYTT (Vacuole):

o T FHITAHT | ST, TTIF qcd AT TATAY TaTe T FLAT 2
o TTETH FST T FET BT &

10. FfarT f&rfRy (Cell Wall) — Faer gie |:

. T T S AT B S O AT FEAT E A
. T =T AeEe A A 3

11. FUATEE (Chloroplast) — Fae qT&T |

o TOH FAMUTHSA 21AT &, ST THTIT T (Photosynthesis) FLAT 2
o T UTET I G 7 <dT Bl

FITSTeRT forgTa FT @2 (What is Cell Theory?)
FItrT frgia a8 S frgia 8, ST 98 Famar
1. ey o iR & o g 8

2. ITAHT ST T AT HAATHS T FATHF THIE g
3. qeft AfrRTE TEer & WieE FITRAHTH F & I gt T

L) iRt FRrgia & i 9 fAgia (Main Postulates of Cell Theory)
THHIE frgia

1. gt Sfaard v 3 st wrfoewrst & a9 29 8

2. &rierET, Y Stragrfat f GeEareHd 67 F AT THE gl

3. =¥t Frferrd, q@-fa=mT (pre-existing) FTAFTA F Icq= ZIeft Bl



L) TSRt Rrgia g (Importance of Cell Theory)

75 g wear g B asft sfat & gorga wwar g

g Farar g T Strae &t &t frmd wrforrrsi grar £ feta gt @)

77 Frg ar g B Ffig, s, sott w7 fRmtor et wredt e v =av o= St )
Tg SraATasT f Tt armaTsti i Hia § — S AT, gersha oA, Famae
=

bl e

Ll rferenT fRrgia i FHTd (Limitations of Cell Theory)

1. amaTH (Virus) S @t 9% 98 G AR 981 grar #ith F &1 HIT9T 6 o gisE
24

2. TR HETT I TTL Tl HTAT [ HITHT l TgAT Il FHl gs

3. Fw A9y wITArTT (S RBC — AT T FITERT) ST AT (nucleus) T8T T@dl, S7a

THT G IAT gIaT gl

L] FITART % WL (Types of Cells)

THL IEEEUI

1. ST AITAFT (Prokaryotic Cell) St STaT (Bacteria) — 39# ATIH A&l graTl

2. THATTEF I (Eukaryotic Cell) S WY ST 9] — TAH R1ST ATIHF 3T FEreeiiag o gid 2|

Prokaryotic Cell ST Ultrastructure (&9 =)

B 7= (Introduction):

Prokaryotic Cell (SToRTITTET FHITART) o FHITAFHTT ST g oTTH Tl TIMTST AT1HH (nucleus)
el graT oY fEreet & ¥ RITAFET (membrane-bound organelles) AAIRIT B Bl



[ FHITAFTT AR H Tgd GIET 37T T HLAAT ATAT Il &l
ST SFITAT (Bacteria), ARSI AT (Archaebacteria), TS TAT

(Cyanobacteria)

Prokaryotic Cell #t Ultrastructure (&7 €<=T):

= TR T RITAHT o THT HT ST T Aeqa [@awor (&3 @ g

1. [] Capsule (F5g):

o AT UF 57 5] FTIET qRA RN € AT Feg TR AT & 4TS AT 2
o T TFETAT T LHAT F TATAT & A TTALAT 7 & U+ § 7ag Fdl g

2. (] Cell Wall (FTevT forfxy):

o IAT FIFT HIT F3IT TITRIAT & ST TATSHT [T o T o gt gl
o HEAT: peptidoglycan T T&TT F FT BT 8l
o T FTAHT T ATHTT TSI FLAT ¢ 3N T TaT9 & =TT 2

3. [] Plasma Membrane (STSHT f3eeit):

o g TF FETIRIFT (semi-permeable) 2wl gl gl
o T FHITAHT F HIT 3T AT TGTAT o ATEANHA [ A>T FLdT Bl

4. [ Cytoplasm (FITqwTET):

o TT Fe7 77 FTTRIAT & o FIfersT F Tt "ew qv
o Tt S TETEAE Rt 7€) 9T gt 8l



5. [1 Nucleoid (IF13e):

o IZ DNA & FIFITHT ST FT ST AT & STgl TT HITIHT T ATTA AT TaTY (genetic

material) ZTAT gl
o THH T nuclear membrane A&l grdl|

6. [ Plasmid (=Tf2AE);

o TE HI2 TITDNA FYZIA g ST §&T DNA & T gid &
o I ATATR SIIF FT T8 Fd 8, ST Ui Tra<re (antibiotic resistance)!

7. [ Ribosomes (TSI EIH):

o JTEA HW (protein synthesis) FT T Fd 2|
e I 70S YT F BT ¢ (Prokaryotic fafare)|
o I fEreett A8l BT

8. [] Mesosomes (¥ETHH):

o TATSHT oAl &F F7T #7317 g1 g5 G777 gl gl
o IAT FGT, DNA #T JIa%1d, HIT HITIFT [@9T77H 9gTa gidl gl

9. (] Inclusion Bodies (§=3 =T):

o TE YSTIU FURIA g Al A AT 7T TETAT TaTd FTHT ¥ gl

10. [ Flagella (FSTT{SeRT):



o U T T IR & ST A (motility) T&TH FA 2

11. [ Pili or Fimbriae (4=t / fohfesram):

o T FI2 FTT GG FTEI g ST Tdg I I T T 741 (conjugation) H TgTTH
El

TEAHH- TIET T
HHEW- A9 3T DNA gfasfa
FHITTIHT- T

qrEefl- 9T e o

JFEITCIS HITHT 3 THT 37 (Organelles of Bacterial Cell) -

|

GTH 3T gl § ST 3eh S{1a 3T FHAT o [o1T AaeTF 2|

i+ (Capsule)

o FFITT FY HEH TR T T B

o TT 71 G GF7 [FfEY el gl

o TE @A, TETA F1e, 37T o Sal (S€ q9a TAer aF) | T=4719 FHdl g
o Tsft ST 7 92 g




Bl farfir (Cell Wall)

o FHA F A= AT B

o TT FIFT HIT F3IT TTT AT B

o HEA: TS IIAIZHT (peptidoglycan) AT T2Td & F=T 2T 2|

o TITLTRT AT AR TATT T@AT & 3T IH FLEAT Il gl

o TF TFNAT (S ATSHISFLAT) | LT TR AT FHITHRT 9T et g

l‘?ﬂ?ﬂT far<ft (Plasma Membrane)

FrtorenT forfRy 3 siew gt 81

Tg qaell, dHIAT I eIy Brett 2

g FHITAHT o T ST T TSTAT & AARMHAA [ AT FAT 2
TAH USTEH EId & ST Fo1T IcaTad Sie H1d F3d gl

l%‘rl'aﬁ‘?vrlw (Cytoplasm)
o T FHITAHT F HIT qLA TaTd 2raT 2l
o TEH THT FITAHT 37 A7 2
o S TETEE TR T 2t 2|

lv‘{ﬁ?ﬂﬁ? (Nucleoid)

o DNA FT 98 &7 gt a9 AT gt gl
o T ATATHT TR T &F ZraT

o THH FTE AT fBrecit T3 g

o TFTAT F AT AATAF 9T T2T AISE B 2

lW\TﬁIl's' (Plasmid)

o TAZ FIE, A, T DNA ] 21 2|
o 3 STETE o1 A & S g AT giaeren




o TET DNA | ST gId g 3T a1 Wi a7 qhel Bl

ltl‘i?ﬁ'ﬂ‘m (Ribosomes)

e UTE "YW (protein synthesis) F o foregam
o TFITAT % TEATEH 70S THTT F B &, ST Th AT HITAFRTSAT 6 80S H T 21T &

lﬁ'&ﬁ?ﬁ'q (Mesosome)

o TATSHT THEHAT Al ST il AR Fahl gs dLaTl
o IT FHT (respiration), FITAHT fAATSIT (cell division), 3iT DNA YTaafd (replication) &

AET BT 2l
o gl ot § FEEH A Iufeafa s sfAeT 9% faEr 21

Bt (Flagella)

o T AFEAT F ITH T ST 2
. i@,wﬁaﬁ@%%ﬁﬁ%ﬁwﬁsﬁ (movement)%?f%l
o U IH FT SFAAT &l AN A& H 7EE HLd 2

B8r=<tt / fefism (Pili / Fimbriae)

o T, ATA Y 3 2l &l
o U 3T Tag 9 s ¥ o e e 2
o T UTSAT Fi7 FHIT (conjugation) | AT T &, TOIEE ATATAF T2TF FT SAETH-TETH

BT 2

.ﬁﬂw (Inclusion Bodies)

o I FITART F HET STHT HoIT HSTIT o FH0T 3 Bl



o S TSRS, forfue, wiehe e

o AT § ATHTAT: WYl T IVE T2 AFIACH Tl g, AR T SFRAT § Gle-gre
T FFZSHA AT ST 2

o AT H AL A 1A & ST TFTLAT &7 I § A § HIE FLd 2

o FF BT TFYSH T qcd T AT FATgd FT T Bl

13. Ferdifen ITgeR (Metachromatic Granules)

TR FIABIeRE degea it FEd 2l
T FFETIT F ATL FolT WSTOT o ToIT STHT TR IER F 0T Bl 2|
farerT 7 (ST ATef &) T 9% T [ J&@Ad &, ST g Helh A e gl J1aT gl

&1L Corynebacterium diphtheriae % 9TT ST g

o T T TRAT S FAMIH Y TiEew, Tfaga TRFafa & =94 % o #21
ST [ATCHT T 99T 81 T A T80T TF Sad T@d 8 i< Tqhd el o 9% qih7 ar
ST 21

o TOEE: T AHAT T TSI § BT 8, SR § agd 7 90 1 & e € s
fAfewr stae grat &, ST Shta &1 Sfager aRRataat § a=rdr 8

o  HTSHISISTH THiAT e RITerhTeN F form f&er gra )
o FFATEAT H ATSHISSIE TR T 14
o THOT, SFEAT | HIAFT AT Sl =7 % o0 7 dq =1 3|




o HTEAHITHATHCH Wl G & § THLATTeH HITARTSA § 97T AT &
o SFERATH ATSHITRATHCE AIS[E Aol gl
o TFITAT HT HLEAT AA AT &, TATAT T F&H dq Aot 2|

17. Ef&teq (Centrioles)

Hfeaed WY ThRATIEH RITAFRTA & HITIFT [FHTT7TH TgraH o1 21 2|
AT # Afsiew € T AT

FFETET § FrfereRT T areay fhae g7 2T 8, S TR TR 2

T Tiferfea (Gram Positive) 3f¥ ITH J97fea (Gram Negative) SaaIAT & 1= &1 3iq T0=1=T
FFATATATSIT § Tgd STeT gIaT gl Tg AMHIUT S TLAT 0T FHITrRT T3 (cell wall) T HE==T
I AT graT 8 3 T8 "Ury gt fAfa" (Gram Staining Method) 3 912w & 7T STTT 21
Fr=r 2T & g ifrfea s am avrfea ST it qoqr <1 T &

O I gitsfed 98 RAT (Gram Positive Bacteria)

1. 9 Fie T AT

AT gftegmaTs s (Peptidoglycan) T 9% gl gl
2. ITH 4TI G

SR (Purple) T &TI0T %A g 119 crystal violet TS IThT HIET &ATE H HE SATAT 21
3. ferraisEsaseE (LPS):

REUEL
4. THRTEH UEE (Teichoic acid):

gIAT &, ST &6 afe [ AstaaT <dT &l
5. gfa<rer (Resistance):

AT T2 STTE HARAAT BId & AT THT Sie Ueraraiies = Tl
6. SETEI:

o Staphylococcus aureus
o Streptococcus pyogenes




o Bacillus subtilis

C) I A9fed S9EITAT (Gram Negative Bacteria)

1. | qiA Sl W=
TAAT TS AT ohe T gIdT g 3T AT Uk ATl f3eel T (outer membrane) 2T gl
2. UTH 4T Q@

TATET (Pink) AT AT 337 &T0T F¥d & FA1TH crystal violet & SITAT g 3 safranin TTE ¥

STAT 2
3. ferraisEsaseE (LPS):

Tt FRreett ® Sufead grar g, ST f39«T 81 @dT g (endotoxin)|
4. THEH TR (Teichoic acid):

T Bt
5. wfaQy (Resistance):

A a7 2 E i 5l
6. IAI:

o Escherichia coli

o Salmonella typhi
o Pseudomonas aeruginosa

O I &mer fAT8r (Gram Staining Technique):

1 {(_ECrystal Violet ST =7 St 17 & 4317 94T 2
2 Jodine Treatment g W ZIaT &, ST violet TTE T T FTT & ATedT 2|

3( Alcohol  ITH TifSIfea T WL TATT TS T AATT TEAT &, AT JTH A Ted il Tqe]
Wash AT ¥ TS g ST g

4( $afranin Stain T TF FTISTEA & ST ITH ST TFITAT T T[EATET T 24T 2

Treh{ AT 3T LA HITLAHT | Fa¥ (Difference

between Prokaryotic and Eukaryotic Cells)
. Frrerar LTSI ECE R R Fif




*.4. v TR FITART THRATTEF HifAw

FHITLIHT T ATIHH areeTiRre ATers &t 2rar; DNA famr

1 (Nuceus) foreeft 3 cytoplasm # 2T & T ST FRreelt & Forr goft i gt &
2(1 ] DNA it fRafa fFrarze (nucleoid) &= & graT & ::Tmi?:n::?wi)ﬁ qE

4[] s (Size) e 2 £ (1-10 ATEHRET) T2 2 ¥ (10-100 ATZHET)
5@:?1?% (Cell et fafar — Refrsmrart (binary fission)  edifire = frsirfr eft srfeer Frforat
6@113_@1ﬂjT BIE TR % (70S) T AT % (80S)

(Ribosomes)

R AR (Cell e 20t &, W Afrdwomredm & Soerer it wite et & At & fvedt A

7C wan) - Sregeer 1 et A1 &

8 (1 ]SareTr (Examples) ST (Bacteria), {HaT (Archaea)  wYef, STTerar, e, Tifewer it Ffarhrd

UNIT 2

Th (AT GrE sl hITART hi ST -HLAAT T g fAa<or
(Ultrastructure of Eukaryotic Plant Cell)

q== (Introduction)

OTEr T AR Tehi 1T HITAHRTE (Eukaryotic cells) FT &, BHH U #8 ®7 7
TfaTioa AT (nucleus) AT 8 3i¥ F2 fArect-a FITAFIT (membrane-bound organelles)



Ut g 2
"Sreel-a5adT" (Ultrastructure) FT 379 & — FHITHT T a8 EHAH AT q<=T, o s
gerasft (Electron Microscope) ZT3T S@T ST HdT g

arert T THRITETH HITAFT T T Aee-4=a4T¢ (Main

Ultrastructural Components)

1. FrfLraRT f3RY (Cell Wall)

. ﬁ-ﬂﬁ:maﬁﬁm
. w . =T & & GogAnsT (Cellulose), gHHEIATS, 3T Ufed & a1 grdl &
o

o  FITSTHT T ATHTT AT FSLAT AT

o HATITEF ST T LT FLAT

o ST HIAT qATT TGAT (TETA/ET J9T7)

FaeT qTe ¥ RIS § SF it forfxy gt 21 78 SHa<t ¥ wrferwrst § F2i gl

2. WATSHT f2res(T (Plasma Membrane)

o TRufa: wrforr forfzr % siew Rua v gaett, =it et
o AT forfue fewada 2ot (phospholipid bilayer) Sred wE= siaf=iza ga @
. T

o TETAT FT HIT-ATg ATANHA I =T Fdl g

o FAH-UTETEAAT (selective permeability) TadT &

o HITSTRT T AT ATATALOT F 3T FLAT &

3. AT (Nucleus)

o YTIAT:



o AT f2reeft (Nuclear envelope) — 21T f2reetT ST DNA &7 97T &

o “gAAAd (Nucleolus) — TTEaTETH AT & &1
o #ATET (Chromatin) — DNA + & &7 farsror

o HATATIF STAHTT (DNA) T TUfRT FeaT &
o IferRT Fit TdT wiafAfert wr et war g
o RNA 3T T=aEH FT AATT F2qT1 8

4. FTFTEST (Cytoplasm)

o THTIAAT: T-5F STET ATRIT s Tt HITUFRT Mefaa Bd &
. T

o T TETAS THATSH FT &

o RITTRITT T HErT 3T TR T FdT &

5. gia@a® (Chloroplast)

o =TaA oot ¥ BRI gam gaT 8

o I ATIATHIAE (Thylakoid) TTHF Tq If I g ST AT (Grana) F €9 H 2
CIRE

o UTHT % FATEL &I qLA AT (Stroma) FgATaT §

o AT DNA ¥ e | grar g

o THTL-HHWI (Photosynthesis) FT T
o I % TR Fl THTANF IHofl § FadT g (RIS JA7dT B)

6. AT 74T (Mitochondria)

o THAT:
o Tao Breett § a9+ T



o HAafeF fEreety § e (Cristae) 19 H1E 219 &
o it s= #r fea (Matrix) Fg7T ST 2
o TEAADNAGEATE

o T (ATP) 1 fRHTor — rforeT it ott zors
o ITSHT FT “Powerhouse” FZATAT &

7. URTATIoH Yfeherd (Endoplasmic Reticulum - ER)

o TR
1. Th .3 (Rough ER) — THH =€ S[E A &
> T TIE FUT 3T I Tagd
2. g .3 (Smooth ER) — f&4T Tr=aE™
> & F49T (lipid) ST Texize &1 [AHto, g

8. Mestt A1 (Golgi Apparatus)

o  HTAAT: 99¢ JAT (Cisternae) Fit F@aT

o T
o ST 3% forfues 1 |erterd, 99 o7 giaaie fedr g
o Ters, fUe oiw fEreet MwiTor § agras

9, TrsarEi¥ (Ribosomes)

o HEAT: RNA 3T T 7 g+, fBreeht «f2a
o« Touafd: ER & 2 a7 Tods =7 § AT2ereAsT § I3 gU
o FTH: M YT (Protein synthesis)

10. TRFT (Vacuole)



o GIIAT: UH T31 eroctiag Jett, /w3 (cell sap) AT &

. W:W(Tonoplast)ﬁﬂﬁﬁ%

o T
o ST, AT, USITEH 3T AUTqY FT HURT FLdl g
o HITTRT § qeiara (Turgor pressure) AT &N &
o RITITHT FT SATHIT FATT AT &

11. (A (Peroxisomes)

. q;p:f : Ferecttarg qieatd e st vemew g
c‘> FET AFAT T ferated FHear
o ETSSIS TIFTEE T (O a=mT

12. TEHIREHTET (Plasmodesmata)
o GTEAT: FwifERT oty § sufRad gew B
. FA:

o UETHT FHITARTS F = G ST ARARAT T AREH-IIH H9F T4 3

13. FITARTT hawrel (Cytoskeleton)

o  HHAT: ATSHIGEIH, HIZAHhATHEH 3T SedHISUe RIZa? | a7 &l
. T
o HITSTRT T ATRTT 3T BT w2 Fear g

o SATATYE FHITARMT KT TATTIT FLAT §

Teh AT T RITAHT AT e T-HadT —

= 797 FHITART (Animal Cell) FT sreaT-H=AT (Ultrastructure) FT FEEaTe & F0I9 7T 74T

TE TR SAFSIT ATEHIEHAT (Transmission Electron Microscopy) T% ST g, ST |19
STERTT HTSH DT | Fgl S8 GEAAT § HITART GLa9T 90Tl 5




1. @ 7T (Nucleus)

o GTFAT: T f2reatl (nuclear envelope) ™S¥H nuclear pores T &, THE Hh: AT,
EEEEIEK]
. FTH:
o S #iT wfasfd (DNA replication) 3T ZiEHwE (mRNA HHTT)|

o TIFAAAH H TLAHM IT-ZHSAT IAAT &
2. @ Tr=ara™ (Ribosomes)

o  HTAAT: 80S THTEAT — RNA + e, FBreati<iga
o I
o Rough ER T2 &
o TEAA T H ATZAATSH |
o T T &7 GYOOT — FrforeT it wiafafersy & forw srasas vrew sfiv #=qTcas
TE

3. Bl ter=ATou® e (Endoplasmic Reticulum)

« Ruff ER (RER): TEaHHIE T Fforat — T S8wor si iadare |
« Smooth ER (SER): forfue, g wgwor; foragor $iw sfeeraw w=mor

4. B Mestt HiFa (Golgi Apparatus)

o THAT: T, U Breetiare afert (cisternae) 3 afereed

o FE
o JIE 3 ferfoge 1 "erte, TS i fawrs, e i fFreet
ICIECINICIERE IR

5. 4arzerhifgaT (Mitochondria)

e Y{IAT:
o =TI oAt (Outer + Inner), e (cristae), #fee § DNA & TrgamE™
. FTH:

o Aerobic respiration — ATP T fa|ToT|

o “Powerhouse of cell” FgaTaT &



6. 0 o= (Lysosomes)

. qu . Uhe TR iag qieaty SEH gregiarsies USer 2id & |
o STATAY AT, T HITAHTAT T T FIAT (Self-digestion)

7. B S (Peroxisomes)

e T - 31 fEretag alﬁaﬁc«a,ﬁmﬁ@wﬁmm TS |
. T
o I ufHE fEaed A7 grege uRiaETEe 7 faue 9 (‘H.02” — a1+ +
A T) |

8. [ Heramw i "fesiewr (Centrosome & Centrioles)

o HEAT: T FEATHR 9-fTaere ATEhIesed |
. T
o WTEeleh U= aq aaT™T T HITHT AT & o7 |

9. B wifArfrT Farer (Cytoskeleton)

o HEH: HISHIEISTA, HISHIhATHE, TeHITSUe (haTHE |
o
o SATHRTT TFTT TEAT, AT AT FT T FHLAT, RO T TS A< T &

GEAREN

10. B[ wrsHT fBreeft (Plasma Membrane)

o  GHTIAT: BIERITAIE BEaT + T, Fleeeia AT Faigrzse |
o T
o FAT-UTETHAT — FATHT TARH, Hohd ZIHSHTH, FHITFRT T4 |



?ﬁ?ﬁ\?ﬁﬁ? FIfHT (Eukaryotic Cell) F &7 aARtaed (Cell Organelles) & FTH, §T=AT 3T H1d

Bl eI TR & TH@ ATAed T AT 3N Hrd

1. AT (Nucleus) 3T Ffasmed (Nucleolus)

o HIEAT: TAA [ReAA1-Ih HEAAT e AT I9 gId 8| SHh 3 HrHted (DNA +
TIET) TAT Y FANAE raT 2
. FHE
o HATIATF FAAT (DNA) FT ST AT =7 Fz|
o RNA STTEH ¥ TEATEE ITSHEAT T A7 (FHFAAAH 7)1
) 2. TEEEH (Ribosomes
e« TIIAT: RNA + 18T & a4, o) 7R 80S e at; Tad= &7 & qrearersy & a1 RER
2 2 2

o FA: mRNA F FATE FIRT TEA T

e 3. @WW’H’ (Endoplasmic Reticulum, ER)

« T ER (RER): T=dTEH I FA< 9 (cisternae) — STl S|

« T ER (SER): =AY §=4T, foAT Tammw — frfus, wexige 939w 3w g #
EAREGI

4. Mt f7=1 T (Golgi Apparatus)

o GTIAT: TA< I (cisternae) T 9fTer T, cis-face ¥ trans-face T FHIZ|
o  FE: EW 7 forfue Ferream, TR 3w rferrT & fiav/argy giedre & o awfiwe
ERIGIE

5. AT ~g4aT (Mitochondria)



o  GAT: TS ety siafien el § Rawes free; fesm # domew siiv DNAY
o A AT FEF FIT ATP HT0r — FITAFT F¥ FoAT THTLN

6. &SI (Lysosomes)

o  GHTIAT: UHe R 1<k JH el forad I USTTeH gid 2l
o FTH: FHITIHT FT ATTAT AT2TT (digesting foreign particles, worn-out organelles) 3
AT

7. AT (Peroxisomes)

o  TEAT: I Rroctiag afiswen OwH st U1y g 2|

FTA: TET TFAT T (A=A, TR ST LTSS & [Aug e, e orfe =gamv=a #
AT

8. TH¥eT / AE1%T (Vacuole / Vesicles)

o LI U f2reet 17w et 797 FITRT | Gre, e & a=1 dhuid el
o FE: UL (A, AA, ATTAY), ST T TATT TGAT (TTET), 3T T

9. IR FTer (Cytoskeleton)

o HIHAT: ATSH IS, ATShHITRATHEH F TeHISUe [haTHed HT ST
o T FHITART AT SATHIT IAT, AATLH SR HT TAAA HLAT, AT T A@e o
TETIAT
10. TTSHT HI (Plasma Membrane)

o GxgAT: forfue 37T (phospholipid bilayer) & TTér fafral
o T FAATHE AL-TTEIAT, Hehd =T T HITAHT T AT HHTLET
11. Frfret TRy (Cell Wall) (F5e7 w772/%97 5)

o HTHAT: GAS (AT H), FISE (FH), T A Hl
o T HIAATHS THAA, GIET, ¥ Il FF=m)



12. gRawa® (Chloroplasts) (#ae 7187 7 F&7 J1iew2d 7)

o THAT: TAA {2rocll, ATAATHITS ATHT, TETHT, TTAT DNA T T TEH]|
o T THRTLA-THHTOT FAT — TX FSAT T IS § T2 T

13. hgehg SfiX ATEAT (Centrosome & Centrioles) (F&TT: T #1197 7)
o  HEAT: 3T G AT IS d-Teaeed | = gid gl
o T ATl (BT Tql HT [HHT AT HITART [AHTST § qErEaT|

MODELS OF CELL MEMBRANE

TheAIeH (Eukaryotic) HTAFT FBreett i@ Ated

1. B sira<e (Overton) #igw - 1902

o Hraved 7 urar % Frfte-sreaii ooy fEreet & et & o 8, et gara et

FT FHiSATS It &
o TH ATYT UT Irgid yearrad far o et 9T (lipid) & 3+ gt § — 78 & s

IS Fgardl gl
2. B T{ET 3iT 32+ (Gorter-Grendel) 7 fg-wad frfie wisw - 1925
o SR AT T HIrETen F forfue Merarse 3@ o =9t aag e & s v i

BT &
. 7gt ¥ g e ©F et gora: arfafe fB-a<a (bilayer) 2 21

3. B Tgg-3MuHAT (Davson-Danielli) 'dsfa=" aiew - 1935

o IO A ¥ RiehITre G- &1 ST T M 9Xdqi & =T TAT AT (protein—lipid—

protein)



o THH 39T TRt T ITETHEET 37 9 i Gaqg AT A THATAT 27|

4. B \a&aw (Robertson) &7 'IfAe A%+ Afsw - 1950s

. WW@%W@W%MﬁEﬁ?ﬁ(trilaminar)‘@?ﬁ%: TEA—
IEIEER I

o Teaead 7 =& et Ffehrr it & v gum 9 — zafon @@ gfhe et Raia
gl 7|

5. B wqss #wms® (Fluid Mosaic) #igs - 1972

o T siw Aereres 7 yeariaa BT & Reet v aie wieniree 9qs 7, S
TIEIT 'q% o ghel ol a%g d<d &
o TS (FHATS) 3T THET (surface-bound) TEF T HISE 21 8
o ug FEreett e wiasfierar wefda vt @ — d i feifue s =0 &
TATATATT BT Tl

6. 0 % U f9sew (Fences & Pickets) #fss - 2005
o g gTTr § Rreet) 1 S TN (actin-We”) g7 Frrfora 2@ o, st

TR T 378 ated 8 (frere)
o L HISH A AIATEH | AT Trefierar ofiw A sqae ™ w1 99T § g7 )

PROKARYOTIC CELL MEMBRANE MODEL

e et (Lipid Monolayer Mode) - Langrmui

qg: ~1925

o = wienifcite vad oea F =9 § 9T T Jdg 9 SFaed gid 2l
o Heha: fTIEH amphipathic BT § — BTESITRICTS 6T A0g I 3T 3T grESMRIEF 48
T

o Hra: ag ToriaT T fEree forfie & &=t gt 2l



Y 1924-1926
T AT T IR F (Aehrerane oo &7 qet # HeArar — et f3apfora aram

4TI
o T Rreeft &1 At ATt § (bilayer)

=l

o TW: 1935
o  TUET: BIEHITATIE Z-Td & FTge—aTgL e Fil Tdg ol gl § — protein—lipid—
protein sandwichl!

o UTH:

o Toreeft it wrag a=Ta 9 ZAT § — WA HIS[E W8T AT U
o Electron microscopy & =a€1a H¥=AT FT G7)

o a9: 1959
o  TU@T: AT FTITAITSTRe TR TeAdT T SIHT gt & — “unit membrane”|
o GTIAT: AT IIE T2dl § FHI BIERITTAE [3-07a; B fT@rae & 914

o TW: 1972
. T AR
o TRITRITAIEH T f3-07d UF qea STt STHT gl gl
o TIE (ZEU ST Ufhee) THH dd & — ST iceberg o Hl
o TrfU= i arée afas =7 & Tiaefie gia 8; FBedt swied 3T wze gl gl

. U= T "i=s (Lipid Raft Model): & &5 9T &7 & Filereaio i Rowoaga
H HYE 21d &, ST Ao 1 Fied Fd ol



o e Aied (Picket—Fence Model): ATZEISISl AT (“95”) 3T STEHTT T
(‘Treree) foreett ot iqrefierar &t @A d<==Te & afed g

FITRreRT fRreeT (Cell Membrane) F ATEIH | IETAT & &7 AT THIX & Tagd — MASHT
qf@g (Passive Transport) 3T HHT ITag" (Active Transport)

fAfe#r 9fagw (Passive Transport)

o TRWTST: 7 =g wiwkaT & Rred s et & wreaw § St wigar & Rt aiwar f a9
T T T 6, 3T TR FHoAT T AALTHAT Tl grdt A, 7Y AH0T (Simple
Diffusion)

o T, TT-LEA A FH O, ¥ CO, Her forfie fF-ra F TR gr I € |
B. 9gTa# fa@or (Facilitated Diffusion)
o TSN, AT AV (S TR, AA) AT A9 A7 HRAT A waw F ARG F Ara 7 o
STq 8, AT et @ *
 Reddit 9T TF ITTRTRAT I4Td &

“Channels move ions by PASSIVE transport... moving DOWN their electrochemical

gradients.”
C. =R (Osmosis)
o 9T =T & qE FT FEr — 37 TA-Aiaar § e STA-"isar St A< aquaporin At
& HTEAH |
4mtaa aiae (Active Transport)

o  UIRWTHT: ATP ISlT T SUTRT Tk TITAT ol (A AT & IF AT i A of STAT AT
g — 7Ty gfede & faeTs

BRIRICER IED] qﬁag? (Primary Active Transport)

« Na"/K*-ATPase 97 HaH T{¥3 SaT8L &
o T =% 3 Na' 9Tg< 3 2 K' 3@, ATP @< gl g



o AE AT ATERT ST FITAHT FT "LFeT TrEfATA" TATT LT 2|
o 37T IATEI: Ca?*-ATPase 3T H/K'-ATPase
o [ factte =i 9RagT (Secondary Active Transport)

o T ATP FT ITART AT, T3 T I AT AT YTSUE T ITANT FHIT 7T § |
o Symport: TF HT 3T (0] HIA [T &, T4 Na' TRl HIETaaret
« Antiport: T 3] 3(a¥ 3T THT ATEY, T8 Na'/Ca?* THIHAY |

affge aftag (Vesicular Transport)

o T FON % forw ATP-TFerT Afersher sreaTia aiaga:
o TSI Trarsertaw, foamTsar, Racwe-aerey
o TUFHIETSSIHE: AT SiY XS Ie? T &9

CELL CYCLE

ISR =56 (Cell Cycle)

FTTIHT = 4T 37

FATORHT =T T ST T & e Ao

. A FATE,

. 99 DNA & YTaahfd a1 &,

. g ¥ oo daTh T 2, 8T

. WTEITR 3T &7 % T FIferehrsi § faforg gt &

AW N =

J11] 7= =71 (Phases of Cell Cycle)

1. STTEEAT (Interphase)
T A5 T TTAT 90-95% FTHT THH Sadr g |

e G HAAHT (Gap 1)
o Al FT AT RNA, TIEM T organelles FT HETOT ZAT 2|



o Go ¥ TITT FITARTT (SIF ~II(F) =7 | ATZL T Thell &
e S 3ATHT (Synthesis)

« DNA & afdsfd gidt 8; FHfesq aad &
e G HATHT (Gap 2)

o IR faraTer  for sifaw qamdt: RNA, ATP, 3fiT 1= STl &1 AT
o 2. \TEAEH/T AT (M Phase)

o TOY ATIHHTT AT (mitosis) T ATSEIHTZATET ATHHA &
o HTETAH H IT-FLT &

o Prophase: #ETeT Condense, Spindle TATAT A=

o Metaphase: FTHIHH HT TET 9T

o Anaphase: freeT FrAfeEH e
o Telophase: =[Fa< A& IA: 99T §

o HTZETHIEATHH & A et oo gr st 2

JqEed sfiT fA==r (Checkpoints & Regulation)

o Gi/SIFqIEe: DNA fourfa &t g ar 9812

o G/M IH9TE2: DNA & & wfaferfoeag gam g2

o M IwUTEe: FUee a8t w10 FT w@r g?

o T THEAT ITE ST &, AT p53 SIH S[AT-TIET 37T Cyclin-CDK TTE FH9T: DNA

HEFAT AT HITHT g (apoptosis) OF FA g

Go FaeT (Sfaa/fasm fRuf)

o T FITHRTT, S 72, Framsre 7t w2t 37 Go § fRow Tt 8; Ao wrete 7 Rty
H O Gy H AT HFATE |

HENTEINERIE LR A C I ]

1. FTART =56 (Cell Cycle)

1) S=The (Interphase): FITTRT TATLY LT %’—Gl ) '{ﬁ;’, S ® SuAT Qﬁﬁ, AT G,
H sifaw AT



2) M-S (M Phase): =0 a1 &7 RaT0 gt 8

o FRFATEE (Mitosis) — ¥ &1 9T
o Cytokinesis — FITFTE=T &7 fraTa=
o 2. 9rzertaw (faarfes fErams)

HTZITEH 3 AT FI;
=0 [EERuI
- AT AT ZAT T U A7 &; ATehr et gl €; foreet hrea fafaa
' EARES
AT TR ¥ % HeT (Equator) ¥ UF «Ted § HYferd 2 |
AT T FHIATCIH AT graT Ta=a ZIeT ¢fat it o o= 2 |
TR & Y i Rreett awdy 8, o R & T €, i siaa: wrferr &1 ait § ate Sy

ATEHTEART Zl

v’ g5
o Ffe, weEa, i Frferr gtaeam=

o SATATAF ATHTAAT AR
o THTAT HTA ALAT ST s TATATT |

3. @ (Meiosis)

o NI ToTA F forw smaeTw

« TH diploid FITAFT & AT haploid FITAHRTY FAAT & — T & I[OTGEAT =T HEAT eeft Frel
g



o T FHATATE AT I &: Meiosis I ¥ Meiosis 11, T% | WT-, HiaT-, TAT-, EAT-e

AT &
Cell Cycle

09“ Division

% Sciencefacks .ot



interphase G2
(4c, 2n)

cycle start

interphase S

G° - cell interphase G* (2c x 2 = 4c, 2n)
specialisation, (2c, 2n)

no more

divisions

(2c, 2n)

I - :
prophase
mitesis ==

IS A CYCLE

/ metaphase

(4c, 2m)

telophase anaphase
(2c % 2, 2n % 2) (2c % 2, 2n x 2)



Cell Division

Interphase (G,) Early Prophase Late Prophase Metaphase

e Spindle
Poles

Kinetechore

Sister
Chromatids

X
Centrosomes

Anaphase Telophase Interphase (G,)

ST TS AT FHITAHT J (Apoptosis or Cell Death)

Iﬁ‘ﬂ"«'cﬁﬁ'ﬂ' (Apoptosis) FIT g2

e UF REEa s wararias st & R SifaT g & geierg &1 § 98 w2 3T g
TH "HABRHT BIART JI" (Programmed Cell Death) HT FgT STaT 21

T UF AT AT ToHAT 2 S AT H FATI9AF, S fQued AT FATFAT ZTAFIH HIIAHTA T
ZETH &1 H1 FIAT 8




Iﬁ‘ﬂ"«‘cﬁﬁ'&f &I fFuaru (Features of Apoptosis):

g IEERU
S f uéwmaﬁwiﬁmﬁﬁﬂﬁmm?ﬁ%%mw-wﬁaﬁﬁﬁmﬁﬁw
ATl
AT g AT Fre-Zie TheT H 2 AT 2

FHHT R TR & FTOE G 2 AT 2 i oot irer 21 st 21

HTAFT & &Y S
&

EDIE T T AT & s o7 T o AfAFTT fAwrer aefy 2

HTZETHI egdT ¥ 77 3 < BT ST 3

Iﬁ‘ﬂ"«‘cﬁﬁ'&f % 9T (Stages of Apoptosis):

1. TRrfeiT (Signaling):
FITAFT &l ATCHZAT FT Hohd (HAAT § — Tg Aqrew (DNA &) AT ATl (THIA freed)

gl T gl
2. FHTEYOTAT FihaaT (Execution):

GTH USITEH (9 FF4H - Caspases) ThT ZTd 8 ST HITAHT T TS 9 21
3. f&g= X @@= (Shrinkage & Fragmentation):

TRt TFedT g, FBreett wedl A5l U2 BIel-gel T HAeddl § a3 ST gl
4. HmETIEIRE:

SH-ITH %l THTE FHITAFRTT (Macrophages) I THET Fl TTF F <l g

Iﬂﬁf@l‘cﬂ' g % 3T W< (Other Types of Cell Death):
THX IEERU

FAI T FITHT g — Ae, o a7 siais 6 FHT gt g o 3T e it
TSN T THETT 2Ial gl

WP FITATRT G o SN T TATHRL ST Tael 0 FHI1LT FIAT | SATEF &7 1 702 G &l Fh1 2l

FHIRT (Necrosis)



THL CERUI

(Autophagy)

Iﬁ‘ﬂ"«‘cﬁﬁ'ﬂ' FT Hg<d (Importance of Apoptosis):
| PUREEIERESHIE R UG

B2 FTQvRTA 7 AT

AT et TOTTeAT it QT HITerTet &l ge T

BZEF9OT AT FITOrRTSA T A FEAT

UNIT 3

SIFT &3 (Genome Organization)

St fReft T St o a9t sIqaifer (genetic) TETAT &1 T TIT AT § — ITHT 3% DNA IT
RNA ¥ AIS[@ FHT S (genes) 3T AT-SH THT (non-coding sequences)!

1. DNA — 39 — g — S

et T St &1 ST 2 Tq<0 9% E91ed graT &

] 1. DNA (S1UU)

DNA T &Rl ATt gerad §3=eT gral &, oeH gaaerzsq (A, T, G, C) 31d &1 5T DNA
ST 31T 3T ST H aTdT g

(] 2. S0 (Genes)



T DNA ¥ 390 o 21 & 1 S e ¥ Fore e 3 3

o TS SOAMT | ST 20,000-25,000 ST 2T 21
o TS H UF THIET (promoter), FHITSIT ATHA (exon), 3T non-coding TFFH (intron) B

2l

0 3. {=sfie AqHH (Non-coding Sequences)

She 7 @2t fRemT She a8t grar — afes;

« %27 (Introns)
o 83 DNA
o TR ATFA
T gT S FT ATH=TRE (expression) FT FAT Fd 2

] 4. A (Chromosomes)

DNA T# Iga &l oA graT &, Fore e Wi T 78 & 9% Fvh HAW e § g8 Srar gl

o WA H 23 SET UEA BId 3 (T 46)]
o T IO UF A FT FZEAT 2

@S T 22

ST DNA (IT RNA, T aTa7E1 §) & UF UHT @< grar g e T a1 RNA 39 % fAmior
o0 sTare== =T (genetic code) ZTaT &1

=7 Sfi 1 o fafre sRer 2T &, S

o T e AT #r fAwi
o 9TIT o TN (traits) T FHEHT FLAT
o FITTERTT FRATSA T H=TAT F2AT



ST ol *|§<|§ ¥ =T (Detailed Anatomy of a Gene)

T GTHT S & [MHeed 987 71 31 2.

ll. THIET &7 (Promoter Region)
> TTT: AT F TTG IRA T

> FT

o TE g 'O gAT g STl ¥ RNA T USed DNA 9% =T 2|
o g TIEATHETA I TTHAT 1 F FA | HIE FLaT 2

Ardard:

o TATA S15: T AT AGHH (TATAAA), STgf SiEiHe| T (machinery) =4t &1
« Enhancer 3T Silencer: 77 $TFT T T el g SIT S il A(ATATEN HT FLT AT AT Tohel
2l

.2. 5' UTR (5 Prime Untranslated Region)
> T FHIET FT FIT 8T F T

> FT

o ZTATHT F JT8 RNA FT Tg AR STEAH § WHT Al ol
o T2 mRNA F T ¥ TG F =+ F1 HaH=a F7ar gl

l3. e FE (Start Codon)



> graraa::AUG

> Fre-

o ST ST T LESA FaT &
. QTl'a’x‘91'12ﬁ7ﬁ'WQ'I%E’MethionineﬁGﬁE’K‘lT%’I

U114, TS &7 (Coding Region)

Tg ST FT qa9 T AN | THH T TE IT-91T gl &
a. TFqi~ (Exons):

o TE FHITET ATHA ¢ ST TE § I3 2
o TdH mRNA # T HIS[E @ & 3T a9 § ST o g

b. g2 (Introns):

o T I-HITET ATHA B &
o  T¢ mRNA THATSET & I geT 3o S 2

() TATERAT: mRNA ¥ S8 ZaTAT ST U+ &l STl

1115, =7 Fie (Stop Codon)

> grara:: UAA, UAG, UGA

> FT

o TE THAYT FHT UHAT Bl
o T Hha aqT g T NEM F9T GHIH BT T B

1116. 3' UTR (3 Prime Untranslated Region)



> T &7 FleT F T

> Fre-

o T2 mRNA Fit TR, TREgH, i< S a1 S T9Tfad Fdr g
o ZTH microRNA binding sites 9T g1 et g, ST {1 Eﬁ'%{ﬁfﬂ? H AT ot 2|

117, Tffeex AqHH (Terminator Sequence)

> Fre-

o g RNA TS il €ohd a7 g 3 Siefheerd aaTe <
e TH FLOT % dT& 91T mRNA nucleus & T8 JTHT AT FHLaT gl

TR TT [<eh Sl §<=T (Structure of Gene in
Prokaryotes)

At faivea T 2 &2

o UH GEASE SH GETied ~If4aae (nucleus) T2 2raTl

« DNA e gT2erearsq | 9137 S7dT 8, AHA T 9 T MATH (circular) FIHSIH & T
H

e 3318 Y: E. coli, Salmonella, Bacillus

Bt it oY sreper Frda:

. ST 9a4q (continuous) Z1d § — I7H Seivq A5l 2Id|

. ST U AT 99T § 97U STd § — g, sifu= (Operon) F2d &

. TF & mRNA & FE T S4TT AT Th & — Tg qreATTereer=1% mRNA FgATdT 2|
. TR 97 (regulation) FTEA 3T Y& BraT Bl

AW N =



T T ST T €A & & |

1 Promoter (FH1X)

o I DNA &7 UF {97 9w AT & STl & RNA polymerase i€ (& FdT gl
o THH I HEATO ATHA 2N &

g ELEL o
-35 Region TTGACA JHTeT | 35 o€ STET 39T

-10 Region (Pribnow Box) TATAAT YHTe< & 10 a9 SITET FIT

() F77: STATHCT T Q[&aTd &l [Ha=d Far g

20 Dperator (TTEX)

« I UF DNA d#H g ST Repressor ATHH TEF & 2 TFdT &l
o TZ SO FT Af=atch 7 A" AT "AE" FA § AEE FLAT 2

() #7450 % T (regulation) # @ ST

3 (0 $tructural Genes (FFIT SA1+)

o TS FIA S I TET AT USITEH  forw e &2 2l
o FT TTFALA SAIF Uk AT ek gl AT | qT7 7 2

'l 3T
lac Operon H:

 lacZ — B-galactosidase SHTAT ¢
« lacY — permease FATAT &
o lacA — transacetylase IATAT &



4( Terminator (2ffA2x)

o IZ TE DNA STHH g &l RNA polymerase STHTHT T LT
o THF 918 mRNA FT AT 917 2T 2|

() 77 Eatheerd T qHTTH T Heohd < 2l

A § aidifaegi=eE S

e TH Z mRNA § &% ST T SR 2T Tl 2
« TH mRNA T Polycistronic nRNA Fgd gl
o TSI FT AT T ST TNT FHISA 21T 2

() 79 Ag TRAT GOTe T T9d FEAT g 3T e SALaTed Y& Fdl 2l

lac Operon - rsfTfe S FT ITTEL:

qH F
Promoter RNA polymerase T aterq Y S8
Operator Repressor Y& &T AT AT5e

Structural genes (lacz, lacY, lacA) Tsrzat =1 Rt

Terminator TITRTeT &7 ThaT 8

WWWW (Flow of Genetic Information in Hindi) ﬁwéﬁr«rmﬁﬁ
THSTAT 1T 2| T FAw Hiterd S THRaT &1 39iar 8, ST a8 9araT @ % 9 DNA # #i9g
TAAT & TIE &7 HATT g1 § — 3T T5T T gHTY 9T % T (traits) ¥ HTAT
Rorifir 2 2



AT STTTRIT &7 94718 (Flow of Genetic Information)

'] "Central Dogma of Molecular Biology"

CIERREEAR)

ZIDNA — RNA - &+

Tg 9 q&T =F00 | grav &

ll. gfae@ (Transcription)

ST THAEH H — FfFaad
wiHaT:
DNA #it Ts @ (strand) ¥ mRNA (messenger RNA) FT 90T 21T 21

() I AT g?
RNA polymerase TTH% UST2H

() T graT 8?
DNA F dTZ291 a9 (A, T, G, C) #¥ SITHTE T mRNA F a9 (A, U, G, C) ¥ F&T SI1dT 2|

[ SRTEI:

DNA II7#FH: TACGGC
mRNA F17T: AUGCCG

B2 mRNA SRRIT (Frerer ThfReiee &)
(e e oo et 2rem)

] T



o T2 F ge™T (Splicing)
o THGITE T ST
o 5T T 3 TIAT A T SIEAT

|z mRNA 2o 3T & e giererT ¥ o e 2 2

1 3. {qaTaq (Translation)
TIT: ATSaATST H, TETE I

BIEDI
mRNA FT FFAT F ATAT, tRNA AT THHE ATHT TF TE @ (polypeptide chain) F=TAT
gl

() 3T graT 8?

o mRNA F HISH (3-99 TIHA) FT TT JTAT §

o tRNA 39 ®Ieq & AT GTAT UdIhISH Y FHAT THHE AT 8
o TSI FHAT TS &l M99 § S{IEar § — M

[ ST
mRNA: AUG GCU UAC
TS Methionine — Alanine — Tyrosine

9 vatg (Flow Summary):

=TT FIET IS

1[]_DNA > mRNA zi=freer
2 mRNA SR (Tfree &)

3(_ mRNA - S1& Ziwrerer

9o fEaterT (Cell Signalling) -



cell signaling T StTarsh ITeraT g fSTaeh ATe9w & FHITAFTT TH-ZAC H TATE FLAT & A ATl

TRl T STATT <t gl Tg ToRAT T T Flag, TEwT, TRT TTaresh &adT, 3 Sqad a9 @
H Igd Hgd U1 S[THHT (AT gl

() &< forfeisT & q&T 9eh (Key Components):

. Tuferr AT (Signalling Molecules / Ligands)
o T F THTAMF T2 gId g off REw ¥ = 2
o SETEIIT: FIHIA (S THOM), FXISHHIET (SIE STATHH), TTT FaFe|
A=< (Receptors)
LA AT E AT A £ m AT dze Wz 25 e P aod A
TEATHd 2l
o H&hTL:
¥ gag RAH (S9 GPCRs, T e fimes)
ST Frit (7 ST 2 P
. e i< (Signal Transduction Pathway)
o U AT e REre 7 2 et Frferert & fav afafwar Sos w2 81 =08
e HEHST (SE cAMP, Ca?") #li¥ TIEA ohee oTiHe g1 Jahd &
o AT FfafHaT (Cellular Response)
o Sifaw wfafehaT, S & ST &1 afhg 2T, Tera =i, frferenr forarse, a1
FITAHT T (Apoptosis)l
Twrer 7 99TH AT (Signal Termination)
o Torrer &1 dg F Y wiwkaT arfeh smTaeTs AT sreatae sl 7 2l

ChatGPT said:

TRl T T TR Y S (Ees i ey fE g e

g (Hormones) i< 39+ Ra=¥ (Receptors)
1. f== % (Pituitary Gland) % gTHI:



HLIE A= 1 71 w

GH (3 grHi+) et T ey e Y gt

TSH (ITaiae ST gMia) G-EH I faer amawigs &1 3o #3ar 8

ACTH G-I I Aeer ufgea Ut &t i #ear g
FSH, LH G-I I =y oo+ it &l At #war &
TrAf¥esT (Prolactin) AT ATEThTE A= g4 3T

2. TTEIAE U (Thyroid Gland) F gTHI:
HLIE) A= 1 W Eany
T3 3 T4 i A=< (Nuclear receptor) Farafersa 1 fafre va &

HFEIAT G-TEH I Fieex T | ey 7 FEar g

3. GfenaTe (Pancreas) % gTHIA:

TEE =T H TR Cay
e =R e Tl o ¥ s #H AT g

TLFEIA G-I Ik AT T § TS a@1al ©

4. Ufsae AT (Adrenal Gland) & gTHIA:

HEIE R w1 = FTF

TEATRM/AIRTEATN G-MEN I i (B 3R o RA=) wa et (A=T a1 9rm)



HEIE R 1 = FTF

TeS e GUREIRREE A TITH T T SqAT aA17 @A T

5. \Tv<e gHI9 (Gonadal Hormones):

g A= w71 &R F

TERAT BUEEIRREC it R AR EEAE:

TR/ ATferrr fieaT afger s yorret &1 [

6. fif==r Ifr (Pineal Gland):

T AT # TER A

AATEAT G-I I=F frfreex Aia-omr 7 =9 {3 Fzar 2

ST 47 872

'{I’Hﬁ' (Hormones) St THTA (Biochemical substances) 21d g, otve o T farferer ufarert
(Glands) &THad FAT 81 T TF 418 (bloodstream) # ATETH H TEIT  TATH T 3T ki aF
T # o Tt ¥ Tt AT AR AT S A #

SR SO, ATAXN A, T, TATIO sl



Igrﬁ-r( T T[T I

o 9T F A &Y giyg w1 A F74T (Growth & Development)
o oIl & HaTd{ersH (Metabolism) H=f3a T

e T FTAT T AT (Reproductive functions)

o T X AR HI TATAT FIAT

o O Y it Rowar 91U T@AT (Homeostasis)

Berit Rt 7 80 22

RA=d (Receptors) feT T&TT & TIE BId & ST GTHIA &l TgATd § 31 394 J=d &l 5
ST 30 Aferd REees § a1 §, 09 U 60U SraeFad ThaT 8% Il & Toree Rlierent §
IEQERER IR

Hlerita-fdres i firm &2 3 &7

1. gTHIT aTEq grar g Bt 3t 7 (S fised, ameree)
2. ST W & G ag ATerd 3 a Ig=dT gl
3. ITRRT T qqg (IT 32Y) T¥ FRug RA=< 39 A #T Tga1=dT 2l
4. TEex greie & =4t g (binds) 3 FITrewT § Rt AT 4 gt g
5. =H THAT & FITAFRT | T84T 21 & A4
o S T A=< (gene expression)
o Wﬁﬂﬁﬂﬂ
o FITeraRT foraTe, g a1 g

I'g'l'tﬁ? 8" & 9% (Types of Hormone Receptors)

lﬁﬁ Hﬂ@ fR@=H (Cell surface receptors)



= | I FIA ST AT H A0 gId g (S SHIO, TSATd), o TR sl ddg 9% ora
e & =T 8

T&T THIT:

e G-Protein Coupled Receptors (GPCRs):
ST USHATT, IR, FSH, LH

o Tyrosine Kinase Receptors:
SEHECIE )

o Cytokine Receptors:
STE: AT g, Tt faed

2. Seraeqe fRA=H (Intracellular/Nuclear receptors)

= | I FIA ST 9T § FAqele gid g (S ATALET GIAIA, TEIUTT GIA), I FITART 6 AT
T FIA & ST T AT9F (nucleus) H STHT DNA H S[=d 2

FITER:

e Steroid hormone receptors:

S SRR, RIS, Fifeare

(I DNA 9T [etshe Siie it Af9eaf<h a5ad 8)

e Thyroid hormone receptors (T3/T4):
HTer DNA | S[=d & #fIT Tl S0 i TH7fad F2d 2l

Pl %5 Wi gTH i ST S Raeed &7 e

oI A= w7 =R ERI
EGIRE] Tyrosine kinase receptor Y@ ST &1 FHITAFTAT § TAI FIA AT &
TR GPCR T H TS FETAT &

TR GPCR (a 37 B fE™=?) w2 wiatwm, gea afa szm@r g



HLIE) AT #71 =R R
AT FHEIA (T3, T4) e fiex HETATTorSH F&Tal §
TR/ TE NS e s RIEREEICIE R LR E DIy

T FTHIA (GH) Cytokine receptor o Y Sars s wreafor i 3y

e gie® (Signal Transduction)

ST gTHIT YE § =T 2 ar:

AT it G391 § g 2T 2l

FITITRT o e Tt H3eraTea (second messengers) 9 & ST4: cAMP, IP3, DAG
T HIYETEH 3a< i Sitah raTetl &1 =T Fed &

TiRumaEEET i e St gfafwar gt § — & ustrew "iwT g, s stfderfe
FEAAT AR

bl S

Bl s g AT e & TEaEt g7 9y qr?

. WﬁﬁmmﬁWHW(Diabetes)
o UTARIEE M it FHt — grEarEmEaesy

o GH & atfersrar — Sreiifesw a1 TRAdst

o TE=T i T — gWIT w1 Al HT QT

gehe HHTT (Second Messenger)"

qohe HUSTL FAT gIar g?

Yhe AU (Second Messenger) I BT TTHTATAS 3 2T g ST w1 (cell) F Sra< w1 F:2d
g1 ST FIs g (First Messenger) IT &l Rt U | T qag (surface) TT HIS[@ =<
H AT &, T T Hehe HESIT a9 &




I Fohe HEHSTL FRITART F (2 AU T T &1 & AT FITAHT T TIATHAT (cell response)
FLAT & — o o

o TUSTSHT FI Ufad FTAT
o ST Y arforeafze aerET

o hfcoraw FefisT FeAT

o HITAITISH T a7 FHLAT IR

AT SN LT AT a1 3l 57

™ T HLAT 82 gl B FLAT 57
First Messenger  aTe<T fuer S7aT 2 (S ETHIA, =qLISTHHIEY) T ¥ ar2?

Second Messenger 3 3w & sia¥ $aar 8 FITIHT F 33T

SETE:
AT (First Messenger) — RHTET & AT & — AT & HaX cAMP (Second Messenger)
FAAT § —> HITART TTATHAT IdAT 2

Eohe AU F9 wH FLaT g2 (Step-by-Step Ti#3)

IR (AT 2 et orvp) REces & =t 8 (3% GPCR)|

& tF G- 1 T FaT 2

ORI G-TTET U USTSH &l Ulded Hal g (S8 Adenylyl cyclase)!

TE USTEH ATP FT a2 T JAT (I cAMP) a7 2

AHT HHSTT FITAFT e ATHT USTee, W e, oY sv STopsll &7 qihT Far

2l
6. TSI — TRt IS A9y wiathar <t 21

A

BT THR & e HE S

1. cAMP (Cyclic Adenosine Monophosphate)



a1 &: ATP ® (Adenylyl cyclase TSITEH §T27)
« REw=T GPCR

« #FT3: Protein Kinase A (PKA) T T F¥aT &
TR S AT R, Heraiosd | dasi

1) SRTEL: TSATTT — cAMP — @ | TTe®IS ged? IS | a3dl &

2. cGMP (Cyclic Guanosine Monophosphate)

e F9AT g. GTP & (Guanylyl cyclase ZT37)

o FHA: FTACTAAL (T AT(HTU FATAT), BIErerasaerd (ArEi #)

o Tf%T FLAT 8: Protein Kinase G (PKG)

() SRTGLT: AT sAfFaTeE (NO) — cGMP F9dT § — THATT Jedl &

3. IPs (Inositol Triphosphate)

o F9ar g PIP2 919 forf9< & (Phospholipase C ET2T)
o FT USrATOHE Hegew & Ca Arad e F2ar g

o I ATH: TAMHAIA 1,4,5-2ThHITHa

(] SRTGLIT: EHHTT — GPCR — IP; T9dT § — Ca?* Refiot grar g

4. DAG (Diacylglycerol)

o FAATE: IP; % ATI-ATT PIP2 |
« FT3: Protein Kinase C (PKC) T T F¥aT &

(] IIME: DAG + Ca>* — PKC Ufdea — FHifarwr # qiafeard



5. Ca*" (Calcium ions)

o HA: HITHT F #3T (ER/SR) AT ATEL A

o T FT WOHATH § FF FXAT § — oIF Freaeft 5=, qeraH e fefis

|| SQTE: IP; — ER & Ca?" REfTST — wigaeft dg=e

6. NO (Nitric Oxide)

o THFHFETH FE FLAT S
e FE: cGMP AT, T AT U HATHT (vasodilation)

(] IRTELUT: NO — Guanylyl cyclase TfFed — ¢cGMP I9dT g — THATT FH

Hahe HYSIT #T Agd (Why Second Messengers are Important?)
o [EERUS

Amplification (3f) T gTHIA s Hohe HASE 3¢« FedT g, o e a1 grar g

Speed (fR) Fohe HESTC Tgd d9T A0 & FRIT9rERT THARaT Feara &

Specificity (ffarsar) ¥ AT T gTHIA &7 oIe T dohe {89 g 96T §

Versatility (sg-Fraefierar) v e f3w 72 Th 7 wfaframt oF < a6ar &

B< #io 6t wae & A o et A 27

o HITITRT AT (cell division)
o TS [AHT (energy metabolism)
o ZTHIT =19 (hormone release)



o WERTYT WTATHAT (vision)

G-Protein Coupled Receptor (GPCR) Signaling

- G- TR RO d3%a 33" 78 UF Ja Aga T A faega Rfent yomet § st
T T AT 70% STTaew hATAr | o gt &, SI&: gIAT (eai, g8, e, Targ, qierem
TR, T3

o 2q 30 e 7 6 & awsi;

G- wgaa R&we< (GPCR) 71 8?7

G-Protein Coupled Receptor (GPCR) T 9 Thg R (FITAFT Tag! REwe<) grar g, sir
e FRATeRT o0 (S8 g, 7RISR ET) & §9% § o+ 9% G-I &l T0T F:3aT &

GPCR ¥ H¥IH & -UTE 7 AL FeAT AT ¢, AT =7 7TM &% (7 Transmembrane
receptor) HT Fgd 2l

qeq o< (Main Components):

1. GPCR (Receptor):
A shl Tdg I (20T 2rav &, ST R T et T qg=r9dr gl

2. G-Protein (GTP-binding protein):
o ¥ TS =1 TE (heterotrimeric protein) AT g rad o= e gt &
o (Alpha), p (Beta), y (Gamma)

3. Effector Enzyme:
G-Protein 3 &I ZI4 o T8 T TST2H AHT 21AT & (S Adenylyl Cyclase,
Phospholipase C)

4. Second Messenger:

FHITART 6 T AR AT FATT ATAT A (S cAMP, IP3, DAG, Ca?")




GPCR fRrfeir afsar (Step-by-step Explanation in Hindi)

7] Step 1: Ligand %7 &< & J=4T (Ligand Binding)

o e TAUTORT S (S gTETT AT =RIgiaHeY) GPCR fEws & J=ar &l
o THY AT &T AT (structure) § FEAT ZraT &l

(1L Step 2: G-I & AT T (Activation of G-Protein)

o AT FT 7g TIAT T G-Protein Fl ATHTT FHdT 2
«  G-Protein FT o-FFe 9% ST GDP (EAHITET STEHICHE) =T 21AT &, T e ST g 3T

GTP ((RIAITHT SIEHITHe) [ STaT 2
o Y oA TOHT BT ATAT § 37T B-y FIFeor & T g1 1T 2l

4>Step 3: Effector Enzyme T §ha gIHT

o  TRT a-GTP TfHe FHITAHT FHeet 97 Rua T Effector Enzyme T Ufaede wedl &l
ELAEEU R
o Adenylyl Cyclase (— cAMP AT )
o Phospholipase C (— IP; [T DAG T9TdT )

"] Step 4: Second Messenger T AT
o Effector enzyme FITSFT % 32X Second Messengers 3cTs F3dT g

Effector Second Messenger copy
Adenylyl Cyclase cAMP PKA T Tfeha #¥aT g

Phospholipase C IPs, DAG Ca?* fi=fier, PKC T Fear 8



"] Step 5: FITART fT TATHAT (Cellular Response)

Second messengers FITITHT Wﬁﬁ?ﬁﬁ'ﬂ} FAT, 7 S aﬁwﬁaﬁmﬁ%ﬁmﬁ
Frfirer 3 0 21 &

o WITEHISH § IEATT
o STV T SAA/SAE ST
o I fEfe

o AT HFAT

A IEETR:E T

"] Step 6: U= FT &g T (Termination)

« GTPase AT 7 o-IfAe FT GTP — GDP ® F&d 14T gl
o o-FAe ATIH By F AT FHAFT inactivate FT ST B
o AT off siew di= foraT STaT € AT deactivated 21 SITAT )

HET THE F G-Té:
G- TR Effector FIGIER )

Gs (Stimulatory) Adenylyl Cyclase  cAMP FgTaT &
Gi (Inhibitory)  Adenylyl Cyclase cAMP =eTaT &
Gq Phospholipase C  IP3, DAG a9dT &

Gt (Transducin) Phosphodiesterase 32 & 14 #¥ar g

IaTew ¥ g9 (Example: T3ATR X Gs Pathway)

. WA (Adrenaline) B-adrenergic receptor & Sedar g (GPCR)
Gs T T 2rat & (GTP bind)

Adenylyl Cyclase T — cAMP S94T &
cAMP — Protein Kinase A H#T — HITAHT H TATZHISTT TEHT IS IdT &

b=



GPCR Signaling ¥ Clinical Implications (f=1f% #gc)

o TS SO RUfenT pathway ¥ F# GPCR T &
o JTEULEA: B-blockers GPCR (B-adrenergic receptors) FT inhibit Fd &

o TATSHAT T TAEA: AT 50% TATAT GPCR I FT FIAT 5 (S T TgeerHId, p-
blockers, opioid drugs)

o e, 38, T T T4 GPCR AreTiRA pathways T FTH F3d

O HITARTY FIAT 572

FIT FITAFTT T A@THT (abnormal) FTTARTT ZIAT & ST T T AT =107 yorrfert 7
TXRATE T FREAT T F Tt 3 s St 81 T Frforrrd arames wifarersii i a<g
FTH AET Al 3 7 g1 T T HAT § e [Fareie Fedt 2l

FET FITLERTeR it fF9roard (Characteristics of Cancer Cells):

1. A== T gfE (Uncontrolled Growth)

o TTHTT FHITAFRTT T F Fooer (S Tt a1 faewme #ee) 92 &1 Ao gt 21
o FET FIHTT T A=A T FAorsiaTs F o7 &6 F7d 2

2. AU 7 9g<ma (Altered Signaling Pathways)

o T FHITARTT 3o AT 3T faraToe o forw steva & SameT et 9=y 2
e TS =T (programmed cell death IT apoptosis) F Hehal T LT 2l

3. HLAT (Immortality)

o  TTHT FHITARTAT 6T AT AT U AT ST 8, AR Fa FITAFRTT FTL-ITT Faerora
g Tahdl 2l



o T 3TN SATHIS USTEH (Telomerase) Fit ARAAT & T Z1AT &, ST STUAT o SATHH
T FETY TEdT 2l

4. TS 3T 311?% H g&19 (Morphological Changes)

o FHTFHITARTT AR F AT 3T SrATHTT 2t 2
o AT ATIYS (nucleus) ATHTT & FET 3f¥ AT 2T 2

5. BaT AT (Metastasis)

o FET FHITAFHTT ATAITH % FHAh! H THAS FHIAT & AT Th F (70 & ST LT F 777
et T et STt &l

6. SSTT T STNT ISTANT (Altered Metabolism)

o FET AITAHTT TS I AT T STTEH ATAT H STANT AT &, T STEF FofT 37T
o S graT g (P& Warburg effect Fgd 8)1

7. TSASHTAT (Angiogenesis)

o T FITAFRTT A TH ATRHIT AFATAT & qTTF Svg A ST 3 T ey, Breg =@ a8
qh|

HFTT FITART 3T qTHTT FfAT F ¥ (Difference between Cancer Cells and

Normal Cells):
T T HITAHT HEL HITAHT
[EGIEERERER el s =fifem srfedita siv sefife

g TTAT (Apoptosis) AFeTFATIATE AYAT § AL & Tl &
TRTT [T =T a9 At FETAT, ATAATHT 1T
e e FA FedTE AT FTd @Y AT AT FHTHTA

Fereefia Tl AT 9T % gAY fRedt | ety &



T T HITLAHT HFEL HILAHT

FolT STINT AT AITE(oroq AT TSt ITART (Warburg effect)

B st € e Rfrerg?
DNA R4 3T Si aRaa:

o  TIEE&ST (Proto-oncogenes) et w1a I« Rfas &1 M= wwaT grav 8, Fav &
T T B ST & — SAwRIsiie (Oncogenes) I ST & ST hITOTRTSH T AT Tz
SR

. E[H'{Hﬁ'ﬂ'{\‘rﬁ?r(Tumor Suppressor Genes) ¥ p53, RB arfe & arfa & o o
=T Tew g1 STar 2l

o DNA TOIX S F @31 g9 9¥ FHIfAFT | T 98 7T 2l

fehisii<T (Oncogenes) FT gId &2

AvahIS( 4 UF S 21 & ST AT TR o [ (growth) ST forams= (division) T
=T e €, AT ST T ST =Iee (mutate) BT STTd & AT ST SATTSTRE SAHAET T ST &,
AT T FAIFAFT T AT T F T@ ST FAq I 1 oA 7 1 3 )

ATETIOT 9TeaT |, SHhTS(Ie o "G SO & STT HITLURT T FAL AT STHTL T AL TheAd 2

it =rrofier 3 a2

AeahIS( 4 TE § MEAhIS (Proto-oncogenes) ¥ I 2l

TSRS A AT qTHTT SO gId 8 ST ri2rent o e, s s e #19 % forw e
CAREA

ST TSRS | Fw T (S SIUAT § FaTd, ToA RS, FIHHEA ST herd) gr Srar
g AT T ARSI a7 SATAT &, ST AITHT T AT T2 F o0 I v gl




SR st=nTSh & T (Types of Oncogenes):

ATISI A s THTL F BIA &, ST HIT9VHRT o T forer st =67 worfaa &< 8

T Fw EEiEU
Growth Factors FITITHT T FFog F b T & PDGF, EGF

Growth Factor Receptors &< fRrrfeir Racev st forer &1ferr 7 & HER2, EGFR

Signal Transducers AT o sia? Foae Tg=rd & RAS, RAF
Transcription Factors  S= #it stfr=rfs FfHa a2 & MYC

Cell Cycle Regulators T qTIHA T (FAHT Fd ¢ Cyclins
RIS 8 FHITAFT BT HEC T 57

1. stfAaa a9 (Uncontrolled Cell Division):
FTIT AT FAOAT 1 A i Brari S5 e 3, e & Fi # ah
FT T&d 7 Bl

2. ITAHT FT TS HT UHAT (Inhibition of Apoptosis):
I TS FT programmed cell death (apoptosis) & T=Td 8, FSE#E @¥Ter AT ALAT
Tl 2l

3. T fAwferT (Autonomous Signaling):
T FITAHT G& BT oz o [o1T BRIt Icas T Tl 8, ATELT Fehd | 9T AT 727 T |

4. DNA #t 70T | w4
TlErs AR T % DNA 1 7w i 57 Terfid 7 i wgzom a2 31

t=hTsie & 3a18X0T (Examples of Oncogenes):

o RAS: & ATH ARSI, ST HITIHT (90 STHSHFIT Hl (FAT HLam gl THHT
VLI FE qg & HET (9 FHS, FIAA) § AT ATAT 8



o MYC: U Zrafheere $aex, ST Ael AT I J@TaT <dT gl THehr SAfaathadr &
FIHRTHAT T 9T FHL BT &

o HER2: T9 F8T # 30Y THF S(A l TTAfe(9 98 St g (Amplification), e
FTTAHT ofT T TEAT B

e BCR-ABL: FHE Y T U FHifaehTl ST BLaae (translocation) & ST &, ST FifAH

ATAAIEE FLHAT (CML) § 9197 S1aT gl

BRT=RISTI ofiR ST T¥ET ST 1 4qa:

o I H AT UG S (S p53, RB) B & ST AT (AT il Tehel & ST o< &
EEIGR]

o I ST YEL SO G T S0 3T AT F ATeahlstI ToRT gl ST, T HHT T Gal
EESICEASICIN

S[HT TIYEL SO (Tumor Suppressor Genes)

SAT UG ST (Tumor Suppressor Genes) UF ST 2 & ST FITATHTAT o GTHT A,
TSI (division), 3% < (apoptosis) FT FF =T F2d gl
TATT AT FF AT § — A 99 & AFAT|

ST = SOT H T (Mutation) 3T '{Iﬁ' (Loss of Function) Tl &, T HITARTY ARAT T
H T AT & ST AL AT ¥ a7 T gl

S[HT TUEL S & 9&7 714 (Functions of Tumor Suppressor Genes):

1. whrfrepT frams= it [T FEAT (Cell Cycle Regulation):
ST T SO g 99 F3d § TF e wifere s @i g =z siv w72
Tf< DNA S0 g, a1 7 fa9mei & Thd 2

2. DNA HTHT (DNA Repair):
DNA H Tt a1 T8 g U< Tg S ITeh! AT FLaTd 2l




3. TATRI®E (Apoptosis - FITAHT AT "sTHGAT"):
T TS FHITUHT Tgd ATF ATATET g 3T AT H9T Tgl, AT Tg S IH SATH-TAATT
(programmed cell death) % forw faafera #a 21

4. URIASATEE FT AFAT (Angiogenesis Inhibition):

AT AT fAantad gid & oI g+ it srqfd ATfgul T ST 39 Gl I Hl a4 & Uh
T gl

& AT 999 sii9 (Major Tumor Suppressor Genes):

1. TP53 (p53 (i)

o T "SAMW FT ¥&AF" (Guardian of the Genome) Fgd 2|

o T S{F DNA SHS &l 9g9T9dT g 3T AT a7 I& TLFAT FHLAT g IT FITAHT FT apoptosis
F forw IR wear 8l
o T 50% FET H p53 T TTAT ATAT 2

o FHT AT FOT, T FHT, sAST FAT, ATF

2. RB1 (Retinoblastoma 1 S{i¥)

o TG HA ATEHA &l Gl T S &S § TALT FLA & Teha T Bl
o THAI B & FHITARTC AT FIHT TBA AT Bl
o FOT IEASATEAT (ATG FT FHY), ATEATEHTHMAT

3. BRCA1 3T BRCA2

e ¥ DNA TIA-EEE o il AT FLd 2l
o A SIATH T B & T (breast) 3T SSTAT (ovary) F FHI FT STTGH Tgd a8 JATAT
2l

o FHET FTE FOT, AANIT FHT, T F47)




4. APC (Adenomatous Polyposis Coli Si+)

« g B-catenin ATHF T T A= Fear &, e wrfersr it gig F=ta 2 21
o THEHI MW F AT H FET g1 il FATEAT 98 ST 2
o FTHT FANEEA HET (AT FT FE7)

5. PTEN (Phosphatase and Tensin Homolog)

o T HA WA AT FATZaA 1 AT FaT 2|
o PTEN i 219 & rferert &7 srfers o= grar 21
o FOT USTHTIIS, 54, T FA7|

Idzgg-l{ TG ST § T F TRy (Consequences of Mutations):
EEIC] [EERUI

FrforT srfaata g 2 T fRfo avma grar g
DNA &1fer &t 7o 727 2t weee a8 &

.Sﬁ'?l'eﬁvﬁ? ST =[AT T39S+ 7 < (Difference Between Oncogenes and Tumor

Suppressor Genes):
o COURSSEES TG I I 1

GLED FHL AT AFAT  FHL T FLTAT &7
T & AT At 21 AT € " v S g
Eiii] AATT ST T AT-SARST &

EELEAS TP53, BRCA1  RAS, MYC



Ao fereset Tt fawer FAT 8, Fi T 9T i FHITAHT 56 (Cancer and the Cell Cycle) FT
AT | Fgq T2 qae v gl
AT AU T FEea & i #Hag a0 J [Bal § Tgas  994d 8|

FITSTHRT T FAT %’? (What is Cell Cycle?)

FHITSRT =56 (Cell Cycle) T iR THwAT & e &g ot Frforar fawfaa grdt 8, DNA it
gfafert™ T § 3% fhe a1 72 Fferrret # fararte gt 2|

FITLTERT % o AT T F0T 31 &

T F
G1(Gap 1) =ITErRT &1 ATHT=T fasTe, RNA & T Sauor
S (Synthesis) DNA #T wfasf (Replication) 2Tt §
G2 (Gap2) DNA #Ft Sit=, UsTew 3cqted, s it aardr

M (Mitosis) =TT a7 72 Frfarewrat § oo gt 8

1 G1, S 3T G2 f4=T*< Interphase FgHATAT 2l

rireT 9% =7 (Cell Cycle Control)

FITAHT =56 T TAAT AFHATEeT i< T (Cyclins 3HT CDKs) T == o srar 2
TAHT 3297 § TG AT FLAT
« DNA gl 0 | giteshe gal &l

o TRt g A afa TEi 2l
o TIaTS 99 31 3T 9T 99 F 3 2l

& 9Faised:




1. G1 AFAISE — FHITAFT AT & [T T 8 a7 T=i?
2. G2 9®UISE — DNA Hgl & F gftetehe gall AT Ag1?
3. M =aise — g9 e forarse & fore S & 93 8 A7 a51?

NEsa< 77 8?7 (What is Cancer?)

O T UHT FRufq g 99 FITARMT ARARHT €T & FA91Sra g9 a0 5, Fdised S el
FIAT B, AT AT o SHaFi (tissues) T SN L ZHAT FAT 2

FEL & AL
o AMFET FTF (Uncontrolled growth)
R NREIREEIE I IR AR EL

o FHITRTAT T FHTAT (Immortality)
o  HeTEHH (Metastasis) — T 33T & g8 | HetT

B 3T FITRrhT =%k T 99

FET T ZIAT ¢ ST FITHT T 7 [RG=T0r 7 fAoher 21 SITAT 81 THERT FHTLOT ATAGIL I 2T 2

1. &[AT TIGL S (Tumor Suppressor Genes) it fA%adT:

SERES

e TP53 (p53) — DNA &fc it 9g=TH i¥dr g 3 o= hat gl
e RB1-GI & ST H T Hl AT gl

= | T ST % T & e faqr {E=r g &R 2

2. ARSI (Oncogenes) 3t AHIT:



o ATHTT NET-AHISIT ST T ZT ST 8, AT SIS a7 & ST RITARTAT DI ATATL
TSI g &1 "@aer < 2l

3ETEI:

« RAS,MYC, HER2

3. DNA HOHT YOIt it fAerar (DNA Repair Failure):

« DNA &Td &l LTI a7l S i BRCA1, BRCA2 Tfe At g1 9T, a1 =eer aed
2l

4. TATI8E (Apoptosis) FT & g1 AT

o  HTHTAT: ATAUET FHITAFRTT apoptosis FTIT AL SATAT g
o FET AITAFRTE TH TTHAT HT TH AT 3, O o 7T TH7T T AT 7@ Thal &l

FET FIFRTeR it fF9rwamd (Features of Cancer Cells):
fardroar TTAT HITAHT FET RITAFT

[EEISE] IERIEE] st

DNA &fftr o= Wi fsar =% a1 g IT apoptosis T FodT T&al &

EERIEC] Frrefter AftwT

<

SIEEEIE] "t YAt (Immortal)

ClE-o AT HeTee o 3T hefra



YA § FITrawT 756 6T 57T (Cell Cycle in Cancer Therapy)

[) TATST T 34T
FHT ATARTSAT T I aoit & AT G F A% § UHAT T T FAT|
STHR 9gfaat:

1. AR (Chemotherapy):

o TSIt | TAsTiora g1 Tel FITerhTa il e =Tt 2l
. R o

o DNA T &ATd TgaTaHT HITARTSAT 6l Fo FAT &l

. Targeted Therapy:
o Tere Sie (S p53 AT BRCA) il LTI AT Uhel I AT

4. CDK Inhibitors:
o Cyclin-dependent kinases FT TshehT =5 I STIAT FLd Bl

N

(O8]

L[] Apoptosis T %’? (What is Apoptosis?)

Apoptosis (TITTE®) TF St wiwar g, e grer o £ wrforwrd [t six Temmeg
GRE R G

g TR 0 T T IAT0 T, S TQred T TATI9TF FHITAHRTA T g2, AT FET A1
TRt T TAT T § GETIE 2l 2

o B4 ® Fgd &

[ FTAHT HITAHT TF (Programmed Cell Death)

Apoptosis FT 32¢7 (Purpose of Apoptosis):

1. R AT e HIAFTS HT geMT
2. DNA SHST AT HHAT ATAT FHITAHT HT TTAT
3. eI o fash & IO ST 1 AT |51 & & HLAT

(578 T 7 STeral & 1= #1 f7@eA] FT §27)




.Apoptosis # fagrward (Characteristics of Apoptosis):

farerwar IEERUI
RIEEICP-SIERI g ATHEAT St § — famT et gote a7 goame &
ESIAGEES TH ATP (FS1T) HT AraeT=hal gt g

TETHT FITAFTAT T THFATT Tl 2rar Fi1H Beedl wedl Tal o

T A BT E T &1 HE H O e T g

BlApoptosis s Necrosis # sia<
Fa< F1 Ay Apoptosis Necrosis

THTT TrTag (Programmed) srRfEa® (Accidental)

Ft A SrFeTEAT A L gt

T T Bt [AEI
DNA 22 FT T g afataa

FTL AT G, DNA S80S =1, 9aar, faw

.Apoptosis %Y wiwaT (Steps of Apoptosis):

1. Initiation (YTI¥):

o DNA HS, ITH HHHAW, IT AT F Hehd & FHILIT apoptosis & graT gl
2. Signal Transduction (R &1 HeATH):
o HATAfa (Intrinsic) JT STELT (Extrinsic) AT § Fehd AT g

3. Execution (FFaT=aa9):



o 399 USTEH (Caspases) THT gId &
o I FITIHT F HHT T ST 2

4. Cell Shrinkage and Fragmentation (F1frT T ﬁIWT A gad):

o I rgE<T 8, DNA Sie-gIe Tt § g2dT 2|

5. Apoptotic Bodies ST:

o I BIE THET | 22 "apoptotic bodies" TAT AT 1
6. Phagocytosis (W&TUT):

o ST IT 37T FHITARTT T apoptotic bodies FT @T STT 21

Apoptosis ¥ a7 4Tt (Pathways of Apoptosis):

"1 1. Intrinsic Pathway (RT3 t~gaT g1 Ma=a):

o S DNA SHS I7 9919 2raT gl
o HTEeFITegaT ¥ Cytochrome ¢ fHerar gl
« Caspase-9 THT ZIAT & — STHT caspases FT AT AT 2l

'] 2. Extrinsic Pathway (STg<1 f&oer g 0):

o FTELT AT S Fas receptor & e fHerar g
« Caspase-8 T T gl § — HATFIA ¢F graT &l

Apoptosis ¥ TR THE TE:
EIcic) 4
Caspases FITATHT =T T FTEd &

Bcl-2 family proteins #TzarifegaT & Cyt ¢ #¥ AT #+a &



BICiE FH
Cytochrome c Caspase cascade &l JTe F¢dT &

p53 DNA 23wt T feorfa & apoptosis % FdT &

Apoptosis F FHET - T | gl 3 F417?

1. 9o fa=me:
o AT F &= i et gemT
o HAATALTT HdAFI HI gaTdT
2. wia<ar yorTet |:
o ET-FITHTA T FIT — TAT -HEH I G0

3. DNA ¥ €t feafa #:
o HHT HI T o ToIT &Taured HIT9HT T T HIAT
4. FETT i< T
o A #T apoptosis — Alzheimer’s STHT fiaTR=T
o W apoptosis — FEY
o fF apoptosis — rgLil-fQ\ﬂd e o

Necrosis (VI T9®) FT 872

Necrosis 7% IT-AATT (uncontrolled) 3T 3HTTIT FHITAFT T (cell death) T STHHRAT &, ST
et aTgt A, "waor, wh Y w77 Rt e F wrer gt )

Tg T faaTera Siix Serieri forer (IRT-HaelT) SHhaT 8, Sae o & Sdsi # 9979, 4, 3%
TRAT T ThaT gl

Necrosis

"HRITARTT S T AAFT H AT T, ST St TRt geledr a7 STy o F120r grar gl



Necrosis 1 grar 8?7 (Causes of Necrosis)

LT ICERUS
0 =1e (Trauma) FEH, ST, IT e
[ @A (Infection) FFETEAT AT ATALH F FTLT

[ T Y 3T & (Ischemia) T Rr2re 75 SAtRfs 2T T 7 ageT
2 [ fawT<e ward (Toxins)  Ff¥wew, zareat, o

4 TrfRre TeieT 3T AT, AT, Tuer anfe

Necrosis $t ¥f#aT (Mechanism of Necrosis):

FITAHT T Al AT ST T FHT FIAT B

ATP E=t) it Ffy — Frforet & et 1 dqee favrzar 2|

TRreelt et &, FSrae TSt % 3% F USTeH 3fiT | are e S 2
TETET FITAHTS FT ST THATT Tg9aT B

S (Inflammation) 3T F+-FH¥T €FAM (infection) AT 2

Al e

Necrosis F %X (Types of Necrosis):

1. Coagulative Necrosis (§5eT T3hITo)
o AR 9 foe, foneeh, fawslt & graT 21

o FAF H AT TF 9T qF a7 gaTl gl
o THIXUT: T I AT && 2T (ischemia)

2. Liquefactive Necrosis (Fer ﬁ?ﬁﬁlﬂ)

o H0F T ATE TIA H F&A SATAT &

o THATT ST W (abscess) & T@T ATAT 2



o I SFENIA HHAT, A AlE

3. Caseous Necrosis (IgITHT "IT4H)

o TdE "I I faEar gl
o &Y (Tuberculosis) ¥ 3T 2|
o T I A Z& ATAT &, T T a¥g & foeerar 71|

4. Fat Necrosis (9T A5 99)

o TN (pancreas) ¥ Fa9 UT2= § grar 2
o FHT AT & ST ATEA S8 T (saponification) T g

5. Fibrinoid Necrosis

o T ATRHTS H BT 2
o THIA U % T T ST B Bl

6. Gangrenous Necrosis ()

o SIT AT HIT AN (S8 IT AT S[EAT) HET R1CT B
« Dry Gangrene — T YdTg & — Sd® T ST T@T

« Wet Gangrene — S 9T [ STAT § — T&9 3T T

Necrosis & v (Consequences of Necrosis):
EEICH [EERUI

01 g (Inflammation) st st FrforeTsit § serer



9T CERUI
4>%% (Pain) FAF AT A T2
) 5waT (Infection) SFE T T ATHAT

[ ST T T FFAT Sy faer, T, foraw sfe 1 et g

C] TR = T AL AT T HAAT TeH

-Apoptosis 3T Necrosis # 3ia< (Difference Between Apoptosis and Necrosis):
IECREI Apoptosis Necrosis

IBRELI TreTag (Programmed) sfSa 3 (Uncontrolled)

Zoft Y 9T gt g (ATPuT fA9fe) 7 Eret

T RECEL RS

Roreeft a2 e ST 2

T srafr w3 <z, T, T A A
e AR T e o, e A

T & e T T, T

INecrosis # U419 (Prevention & Treatment):

THT 92 ITAT F Te97 SHS T ST 9T B
TEATIITET TATE — HHAT & A= & forw

TSIl (Debridement) — I S &l geTAT

o SRS AT - T § AT FETT

WA & -l ST T FTEAT (Amputation) STELT g1 THAT 21

UNIT 4



Prokaryotic and Eukaryotic replication

ST 3T ThATew STuAT Sfashid (DNA Replication) Te FEATET Sifas T4 &,
TSTEeh |Teqw | U HITHT I STUAT T T TErF FHIdT T4 g1 T TOoRar g+t sfat & gt
<, AT TR ST THATH | T T Hgcd 0l Taoqall | ST gIal gl

ST TAT o A1 TELTE | TAAT HLd & A THAT &

I‘Slﬁﬁ (Replication) T &?

SIUAT Tidhi 78 Tt 2 SEd T STUAT 9o) ot widT a=rar g1 g Tiar ao fRetom
(FITAFT FAATSH) & Tg BT & ATh 8¥ A% FHITAHT I Tk FHIF SAAT (Genome) ITH 2T

I‘Sﬁﬁv‘ﬁ'ﬁﬁ?ﬁ dtug wfasfa (Prokaryotic DNA Replication)

FITART HT TR STTHRRITEH ST 5 E. coli FI

AT FF GC=T: [, g% (Circular) TUAT 797 ZraT 2|

TF & AT A% AR (OriC): Fad TF Tige F LCAheT gF aral gl
IS T A 1000 FFAAETZEH T Tl

I ATZeredTsH (Cytoplasm) H ZTdT g FAITh 38 ~[(FAa9 Tol graTl

1. Initiation (F73%):

A

e OriC ATHF Ta {9 ¥I19 9% TUAT geftehel (DNA helicase) TSTH STUAT &l GleAdT
2l
o WTSHW (Primase) T ST RNA JTSHT ST gl
2. Elongation (375):

o AT TS (11 90 A FadTerEe SEdav g



U# &< (Leading strand) TTTATE AT &, STateh ga<T (Lagging strand) STe-gic THeT
(Okazaki fragments) H ST gl

3. Termination (FH797):

ST FT LCARIT Fleh TH-gE & [HeAd § q THa1 98 g1 St gl

4. Enzymes Involved:

DNA Helicase
DNA Polymerase 111

DNA Polymerase I (RNA YT=HY g4 2q)

DNA Ligase (ATRTHATHT SFi¥eH &l ST 8)

Primase
Single-strand binding proteins (SSB)

I?@?ﬁ?ﬁﬁﬂﬁ et afasfa (Eukaryotic DNA Replication)
v [ faervaru:

FHITRART T THIC TR TeH S T T4, 978, STHav

AT i =M. |41, W@ (Linear) 3T [OMEET (Chromosomes) # ST g9l gIaT
5, NI AT oereher (Multiple Ori): T4 FHITTETH U 3 TATAT & LCAherT NS
2T 2l

4. Tl T T 50 AT EEEE T G

5.

T =39 (Nucleus) ¥ 2T gl

1. Initiation (F73%):

ORC (Origin Recognition Complex) gTT ¥feeTehere T 2T 2T 2l
g Tohel STUAT &l GIAAT g 3T ITH RNA TTHY ST 2

2. Elongation (375):

DNA Polymerase o, 8, 3T & ITIRT H 1T 2|



« Okazaki fragments F9d g
« Histone proteins T +ff 77 SrumT F | AEAT Igar %I

3. Termination (FH797):

o TS T AR Hh foerd €, ThRaT T gt 21
o THATHYT USATSH 2ATHT (chromosome F T8Y) T T&AT FeaT 81

4. Enzymes Involved:

« DNA Polymerase o (YT2HT f&afem)

DNA Polymerase 6 (lagging strand)
DNA Polymerase ¢ (leading strand)
DNA Helicase

DNA Ligase

« RNase H (RNA YT=HY g2TdT )
o« Telomerase (TATTHIAT T FIEAT)

4@ q< (Differences):
fR<roar THRAEH THAH

Yo" F HT=AT e, AT T ad, W

Ao At TfeersherT Faer U EEED

wfr 3 (1000 nt/sec) it (50 nt/sec)
I TS ATSH EEERL]

uSTeH i fafaear w9 afarw

AT T 2 BT & 3T TeTaY

SITAY Tidahid = Ateed (Models of DNA Replication)

AT STAsla 7 G G0 & (o J5riaent F fF T "o Jeqrad 60 1 T 7l o9
T T SATEAT FLA 8 1o T T STUAT ] T FHIT I g, T AT STUAU oFg &7 F 917
STAT § o graT 2




1. Ff-Fera fea wiew (Semi-Conservative Model)

BRI HERERIRITIR
Watson and Crick (1953) 517 30 Aiso fiI wiaegaroft £t w2 off
O fgra:

o AT FT 3T TESH UFH-TAL & AT gl 8l
o T AT ¥ (parent strand) U 97 ¥ F o0 1A (template) FT FTH FIAT 21
o ORUTHETST, 7 SOAT AV T4 5, S8 Toh AT i UF 7 €€ 2l gl

L] JHTOT:

Meselson and Stahl Experiment (1958) = Oiso 1 g B
v [EERELLE

o T TEH SHTET THTT T gl
o TZ ST FT TEF ATTATNF ATARTE T TATT 7@ | T 2l

2. hwdfea Aisw (Conservative Model)

O g

o RIS STUAT S0 ST FT T9 TgaT gl
o UF qUiq: 79T SITAT V] FAaT g FSraH IET 95 #29 Il &l
o T, U STUAT H AT TAT TSH, 3T AL § AT 9% #24]

XqHHT:

o TE HISA g Aol THAT T oF SIUAT il STHHRET TadT TEhaT & i ZHAEL gl gl
o AR & TH @IS HY &3 12m



.3. fewfda wtewr (Dispersive Model)
BRLFALE
o STUAT 6T AT [T ESH Shst | Z& AT 7

o T THES AT FFAACTSSH % H1T I T4 2
o TRUHEEY, g TS W § T #iR 72 Suay f it weat e f)

XqHHT:

o I WIHAT AgA STt gIall
o TH HISH &I AT Meselson and Stahl & T g7 @1 ¥ 23T wam|

@ Meselson and Stahl #7 s (The Experiment that Proved the Semi-
Conservative Model);

] 9T T I2e:

AT T T STUAT o6 AIS o AT FHIdT grav gl
1) fafer:

1. E. coli T AT ATZSISA (N-15) I ATLAH § SIATIT AT ATH STTAT AT BT AT
2. T 78 AT ATEeS (N-14) aTel AT | ST 3 1m)
3. HITRIT % ATET STUAT T a7 a@T 47 (Density gradient centrifugation )|

ChatGPT said:

(| gfAe Ath Leaeher= (Unit of Replication) -

] 9=T (Introduction):

FuAT gfasta (DNA replication) U STed STTee Sl s WHAT g e Sruaw &t widT

FATE SATAT g1 T THHAT § T A¥aqTcHT ST HIITHT SH1SaT gIdl &, owe g9 Replication
Unit I7 XSRS T THTS Fgd 2l




TH THAC & 70 3 q&F FTewi ol Feq F G041 T4 3.

Replication Unit % &7 91T (Components of Unit of Replication):

1. XfeeThie (Replicon)
2. A i Ao (Origin of Replication - Ori)
3. fHA9 9152 (Termination site)

1. =i (Replicon)

O] g T:

Replicon 3g STUAT AT (DNA sequence) EIAT & ST U & AT AT (AR &
ST U Bl 35 YOI o siaiid I3 a¥g & Hidf arav gl

T, e IfeeAentd ag IfAe & ST T S A T ML F F g T aE Tiada grav gl
7 TR A

o TF &I AT AT & FA(1h A T SRS (OriC) T &l
o SRR E. coli FT T HIATHIN T LoAHIT &l

O I H:

o IAF AR I 8 FAIH FIFHH Tgd o I 2
o THF FIHETH § F3 AT AE AR 21 & — TATCTT 3T oA g 2l

2. AT 3w Yeaeher (Origin of Replication - Ori)

) T

75 9 AT STUAT SFH graT g Tt F STUAT Tiaht i THRAT I g gl



BACHLRILE

o ZTHH A-T rich region ZIAT g, F(Th A-T & 19 g2 o9 aivS HHAST 21d & (2 bonds),

S AT e | gadr gl
o IT TTZE A & oI sraeas Wi WS (initiator proteins) T STHTUT FdT

O MR 9
o FHFA UF AT grar g (S E. coli & — OriC)
O I H:
o % TS B § (R ZHEen STy e e wfee g 2)

3. zffne wTs2 (Termination Site)

O] g T:

Tg a8 TATH raT g STl Trashtd T Tiehar TaTT gt 2l
Skopr
o IT FATHT Far g o STUAT T FIGT TF a1 H T AT TE1F 2T

o TIHATCH H Ig TTE €T § TATNT AT & (9 Ter AT3E), T THATCH | {9
TTRAT srferes STfeet gt 2

e s Ieaher T qof afeaTT:

e AiE AT a8 Ul SIUAT G g ST Teh AT 8 € gl UF af I H L a@ d
AT graT 81 39 RS, Weawia X efiqee aree onfie gid g



T & gidt 82 (Simplified Flow):

Ori ATEE UX SIUAT GdT &l
Initiator 3T Fe(TshsT SI& UATSHT DSB (double-stranded break) &V &l

Leading 3% lagging strands 9% ITA&hfd 0% BT Bl
st a9 ATge U< Tow gt 2|

@ ?Iﬁ?f (Replicon) FTHT T SITT B

M

SITAT ¥ gr&aa (Initiation of DNA Replication)
1= p

FuaT gfasdta (DNA Replication) T H&T 90l # Il &

1. Initiation (ITIH)

2. Elongation (3f&)
3. Termination (FHTIT)

Tgt ZH Ha Initiation T FAEIT STAHT 24|

Initiation (AT Fir geea)

g a8 T § T STUAT (0] T TTAHd (FIAT) FA o o1 IgAT ST GAT 1T g i< aeqh
TSITEH 3T ST 36 TOhAT 6l % 3 &l

[ Ag 901 & 9 § i & w1 § ST giav g

71 1. Origin #FT qga1 (Recognition of Origin of Replication)

T &I &

o Initiation ¥ THHAT F¥ FATT TF AT AT FTHA T T © B SR it
Ifeehar (Origin of replication / Ori) FEd gl



faergarg:

o T AT A-T rich AT 8, T A-T & I Fael 2 GrES o dive gId g, AT G-C (3 bonds)
&1 T H FEA 21T 2
e Ori @TZZ ¥ DNA ETT § "unwind" 24T 2l

TR

o SRR (SH E. coli) § T gl Ori AT g — OriC
o THATEH § F2 Ori 31 & — FF( (% 39 SIUAT 9gd 92 I &l

71 2. Initiator Proteins &T Bind gIHT

i LCIEA

« DnaA (in prokaryotes) — OriC 9¥ bind gIdT gl
o IHRAEH § — ORC (Origin Recognition Complex)

e

e I VI Ori AT I TZATAd & 31T IT & &l @A (denature/unwind) & T DNA
Tl gooh ° a9Td | A1 2l

71 3. DNA Unwinding (g&T) Si¥ YA &1 Q0T
g% (Helicase):

« DNA g&Tw (S DnaB in prokaryotes) Ori #TZE T¥ ST GISg 1o S+ d HT AT &

AT AT T ZIoTaRT T T F2AT 2l

SSB (Single-Strand Binding Proteins):

o T g SIUAT &I GIAAT &, AT AT TSH G SATAT & AT T F & &l TG aret
2l
« SSB W 3+% stabilize F¥d § ATl I AT 7 =1



arTrarzaiaeT (Topoisomerase):

o SUAT AT T AN qA19 T2 21T 2
o TIITSTSEHL (TTHRITEH | gyrase) DNA F 3IRT &7 coiling FT 7 AT § ¥ I
TR ZH relaxed TE@AT 2

§75%% (Primase):

o JTSHW RNA =IFaTeT2sH &7 UF Fel TheT Si2dl § o RNA YTEHT F24d &
« I ITZHT DNA Polymerase % foIT starting point FT FTH FdT g

& TSTSH 3 Ieht AT (Important Enzymes in Initiation):
U1 / W FA

Initiator Protein (DnaA / ORC) Ori T Tg=TAAT

Helicase (DnaB / MCM complex) AT GreAT

SSB (Single-Stranded Binding proteins) e STUAT &1 R HwAT

Topoisomerase / Gyrase Supercoiling FT g2T=T
Primase RNA ST=HT STre-T
Initiation =t Fquf SfRaT

Ori |T3e & 9g=M+ & forg Initiator W& &1 g

Helicase TXT DNA S gicTa &l @Il STdT 2l
SSB WIE ¥¢gd #I P9 T@d gl

TTTATSHIHLT DNA 91 T i F¥aT 2l
Primase T& RNA YTSHT ST &

1T DNA Polymerase elongation [¥ F<dT 2|

A e



2. Elongation (3% =) - S sfasia &1 gar =<

Elongation ag F¥0T g fSrer 75 SIUAT €89 FT Wi Z1aT1 g1 g F207 Initiation & 3T AT &,
ST Ori A2 & TNUAT G THT Z1AT g AT RNA ITSHT [ T[T 2raT gl

"1 Elongation ¥ Y@ THaTV:

1. Template Strand 3T Complementary Strand #T 357

o SUAT AT I TSH FAT &
o Leading Strand (SIR@TE FXA qTAT &E)
o Lagging Strand (figf 9= ATl %)

') Leading Strand Synthesis (F9TATE 9 a7l &S)

o TETE TUAT & 3' — 5' fZorT § Y € (template strand), TAT 75 w2 5' — 3' far &
T o Tl T 2|

e TF T RNA 28T it 7&d gt gl

« DNA Polymerase & RO A [FAA T3S 2T gl

") Lagging Strand Synthesis (¥5-% % a9 qToAT Q_S’)

o TE EE template F 5' — 3' T H FAT 2, ST 7% T FHI N T AR FATA 2
o THMU TH FIe-BIc THET H IATAT SATAT & S7g Okazaki fragments F2 2|
o T THS F 1T 79T RNA TT2HT F&47 graT 2

AT

1. RNA Primase BTl ITSHT ST 2|
2. DNA Polymerase 38 YTSHY | & (@< 5° — 3’ &9 § FHAezSH SIiEar &l




3. DNA Polymerase I (STITeq H) RNA YTSHT & ZeTHT SIUAT ST 2
4. DNA Ligase T Okazaki fragments T 3ITT9 § S{I=dr gl

e whear stfass stfeer it 2

[ & USTEH S 3t a1 (Enzymes in Elongation):
LR FA

DNA Polymerase Il (STHRATEH) T STUAT W07 F7qT &

DNA Polymerase | RNA JTZHT ZeTaT 8 3 DNA 9¥aT
DNA Ligase AFTATHT THST T ST2AT 8

Primase RNA JTEH S[T=aT §

Helicase DNA & Tgat &

SSB Proteins g TEgH AT ¥ TEar g

3. Termination (F9T99 9X0r) — STUAT TRl T SiTad F<0T

Termination T TN § gl STUAT TTAHI T TTRAT THTH GId & T IAT A5 SUAT 0] T
qg dATT &l AT 2l

" Termination: TIHRIATEH H (S E. coli)

o E. coli F TATHT 10T & OriC & 0% g aT replication forks e fRemst § s«
gl

e I DNA ¥ "Ter sites" (Termination sites) 7% 3T f¥eTd 2



ZfHerT a13e 9T FT Flar 8-

« Tus Protein (Termination Utilization Substance) — g YT replication fork T TrwdT

2l
« DNA Polymerase &% gl SITaT gl
« I daughter DNA molecules 3T 2T ST 21

"] Termination: IH{ITeq &

o IHIATEH § T replication forks BT &l

o ET-FAT Ori & 4[F T replication forks e I

=

ge7 F14:

ST & replication forks 3T # A= g, 7 TTasfd Taq: 51 g1 SATdT 8
RNA primers 2T faT STd 8 3% gaps 9% {0 o1ar 21

Okazaki fragments S[€ ST &

DNA winds back into double helix forml

sl .

| Telomere Problem (Fas THIATH H)

. ?ﬁw‘ﬁ?ﬂﬁiﬁ FIHTEH a0 (linear) T 8, fSTEeh FTeor ifaw lagging strand T 3w 9T

rUEEEERINI
o =AY fT-oTY SUAT FreT g1 T 2

THTETT.

« Telomerase enzyme — I8 U 9T USITeH g AT STUAT & A% (Telomeres) T a9T0
T gl
e TE UH RNA TTIeIE T ISTANT AT ¢ s SToAw &1 82 a2 o7 79|

a7 ToRaT =9 =7 7 stem cells 3T cancer cells # TR AT



$TAT Ifasfa stadies (Replication Inhibitors) —

lclﬁ?RT (Introduction)

Sy SIﬁT% FaUEF (Replication Inhibitors) 3 TaT (drugs/chemicals) g g S SuAT &
FIAT 21 T TTRAT ITHT DNA Replication FT Tshd AT €T ¥ 3 2l

Trg AT I 9T AN FohT STTaT &

o FHTITARH (FAITF Foe wrforwrd it & fFrarfora grdht €)

o UdEmEites qarst § (SR it i T 3q)

o UHAERA IR A (T F DNA/RNA #FT Ifasha &7 T & form)
o HATHYTT (Research) # DNA synthesis #T fFa=a #2 %’@

T AR T IeAehT TATIAT TTHAT AT T(WIE USATSH oF AT T A1 [T STAT 2

1. DNA Polymerase Inhibitors

Ekopr

DNA Polymerase TSITEH 98 T&T USTEH ¢ ST <A [FAATaT22d 1 STEH 75 SIUAT T aa7dT
2| THEF ATUIF DNA synthesis FT H&T T 1

1] IETE:

Bphidicolin:

« DNA polymerase a, 8, 3T & (eukaryotic polymerases) T inhibit FZdT gl
o THHI TANT HA ATSHA ATI9 | 2T 8l



Kidovudine (AZT):

o TE UF AAAIETEE TATAN ¢ (thymidine T THAT &)
o HIV amaeH % faw gimiwcest 7 T 2
« DNA polymerase T Tg4TH qg! 9TdT — 6 I chain synthesis & ST gl

2. Nucleotide Analogues (Chain Terminators)

] T

o I THAT AFAATCIZSH B & Toivg DNA polymerase ST HHHFHT DNA H ST 24T g
o ATHA 29 3' OH YT &l g1aT, SHT AT HAAETZE IS Tgl q1aT — AT T AT
gl
L 3T LT
T TR
AZT (Zidovudine) HIV (T&-3gramaer)

Acyclovir Herpes ama¥d

Cytarabine (Ara-C) ¥ (leukemia)

3. Topoisomerase Inhibitors

] T

« Topoisomerase TSITE® DNA & supercoiling &1 f=3ra #ar 81
o THF FAUIH DNA FT relax 71 819 < — Replication fork H& STAT g — TTdHId a4l

1] SRTE:

& amptothecin:

« Topoisomerase I T inhibit FZAT & (eukaryotic cells H)



o HET HH & U H ITANT
Etoposide:

« Topoisomerase II FT inhibit F¥AT g
o DNA Ta ¥g I F¥dT g, o I« 7% ATt 2l

Buinolones (77 Ciprofloxacin):

o SFIAT F DNA gyrase 3i¥ Topoisomerase IV &7 inhibit F¥dT 2|
o  SFITYAT T DNA replication & SITdT |

4. Helicase Inhibitors

]

« Helicase DNA & Il ®SH &l @Il gl
« Helicase FT inhibit ¥+ ¥ DNA unwinding &1 8l 97T — TTAaHid [ &f qa! af 9T

7] IITEI (Bt SRIRTATET & IR):

e $ synthetic small molecules under researchl

5. Primase 3fi< Ligase Inhibitors

]

o Primase RNA YTEHT SHTdT § 3T Ligase SAHTATHT THST T STTSAT 2
e T USTSH  inhibitors TA&H(d  lagging strand synthesis FT TATIAT FLd 2

O A

« ¥ inhibitor FH FAFHAT g, AT T SIqHLTT I &7 2



6. Telomerase Inhibitors (f39w#< &< F o)

]

o FETHTH § TAMLH USITSH T ZraT 8, ST DNA &7 dgIT & F FT FHLe T AT
T gl
« Telomerase inhibitors DNA #¥ "qTe®" AT F2d 2l

L 3T LT
T FA

Imetelstat SRS FT inhibit F2aT 8, 97 ST |

TIUAT g39d (DNA Repair) —

) 9= (Introduction)

AT FATTARTSAT T ST SITATE AT AT T @Al = 69 § 2T gl
R —

o AT fAfHTOT (UV radiation)

o  THATAA (chemical agents)

o SrRfefed a9 (oxidative stress)
o WTdsld # < TEaET (replication errors)

[ U &AfT (DNA damage) Tfe ST 7 T ST, 97 THH IAAT (mutation), FET 3T 37T
ST BT Tt B

zoterw, Sfat 7 fawre T wihar & FF DNA Repair Mechanisms &R o 8 S 27 arfat
&1 IgAT T Irg o1 AL &



AT &fd % 7w (Types of DNA Damage):
THC [EERUI

Single-strand break (SSB) T &I STUAT T TaT

Double-strand break (DSB) T+ #i5q 2

Base mismatch TAT 99 € =T

Thymine dimer UV % FTT &7 ATATHA ITEH-97T6 [ ST &
Depurination o 99 (A AT G) e STt 8
Deamination Cytosine - Uracil ¥ 3 SITaT §

e STUAT 93HT d (Major DNA Repair Mechanisms):

1. Direct Repair (981 94HQ)

0 a8 FAT 8?2
o TE HYEHT [T SITAT HT Fe T A TAUed o] HT Tgl FdT gl

1] SRTE:

EPhotoreactivation (Light Repair):

e  ITATHA TEHT (Thymine Dimer) T UV Y& § g2 & forUl
« Photolyase TTHE USIT2H TH FHTF &l FHdT gl

B\Ikyltransferase Repair:

o @ DNA ¥ fHIT= 97 U= 47 € 1d &, af MGMT (06-methylguanine-DNA
methyltransferase) TSITEH 3+ g2l <dT &l



2. Base Excision Repair (BER)
[) Tg AT ST HLAT 82
o Tl AT TREdT AT THAT, S

o Deamination (C — U)
o Oxidation (8-oxoguanine)
o Missing bases

0 iR

DNA Glycosylase — TIqUT 99 I geTdTl gl
AP Endonuclease — AP HTZ2 9T Fe oTAT ¢l

DNA Polymerase — Tgl <[(FaIe1zE SEAT gl
DNA Ligase — %2 [ S[gar gl

bl

3. Nucleotide Excision Repair (NER)
() Tg AT ST AT 82

. dF ﬁTﬁ?ﬁ' (Bulky lesions) STH:

o Thymine dimers (UV #)
o Chemical adducts

0 iR

erfared 280 1 92=19AT (e.g. XPC protein)
DNA  3T9-9TH T {2807 FTeAT (endonuclease enzymes)

DNA Polymerase ZTXT dgl AT AZAT
DNA Ligase T sifae Hifer T

bl S e

[ Xeroderma Pigmentosum TTH%F S0 ae T & ST NER foeew & a9 grar 21

4. Mismatch Repair (MMR)

() TE AT ST HLAT 82



« DNA Replication  Z¥T9 gU AT FAAIETZE AT (A-G, T-C)
00 & TIEM:

e Prokaryotes #: MutS, MutL, MutH
« Eukaryotes #: MSH 3f< MLH family

00 gieRaT:

1. ot aFfRar & ag=e

2. AU T T TgATT (methylation )

3. AT AT &l gerdT

4. DNA polymerase 3T ligase STXT gl FLAT

() Lynch syndrome (hereditary nonpolyposis colorectal cancer) MMR f&e® #T T=a2T & Il

2l

5. Double-Strand Break Repair (DSB Repair)
() IE G GAATH TH1L HT &1 &)
3 @ Tl o

2. Homologous Recombination (HR)

o TEFH TAR 2
« TH Sister chromatid FT STTRT F¥h T AT STTAT & — TATAT T S 3T G2 T H &

AR
« BRCA1/BRCA2 ¥ =6 T&T o1 A9 g

Eb. Non-Homologous End Joining (NHEJ)

o SITGI ATHA ALHE TR 2
o AT ge R AT g S[re 3T gl



« ¥ Ku proteins 3T DNA-PK <TH g &

NHEJ S97-¥¢T 5% Ku, DNA-PK T < error-prone

Direct Reversal of DNA Damage (T8 HGHA) -

T (Definition):

Direct reversal (YT&T HTHIT) UF STTAT TTEHT i G < a9 Tiohat ¢, s Siuaw &
e erfawrea 2o &1 der 3z famT gere &ie forar Srar 2

[ TEH DNA & areT T 73T SFIelE Agl a|TaT 1T, Fioh et T IHT 978 3k e o srar
2l

&I T $T e 7Ha (Main Types of Direct Repair):

B1. Photoreactivation (TFHTL-T{hT L)
O] SHET:

« 5 DNA 9% UV radiation =0T &, T TTH-TTH & & ITATHT ~F(FAAEIEE A9 H

FEAH €T F I ST 2
« 29 Thymine Dimer FgT SITAT &, STT DNA replication 3fI¥ transcription &1 TrdT g1

LD qHTET:

o T {99 USTEH S Photolyase Fgd 8, TH ATATHT STAHL &l IgATHAT 2l
o IE USATEH & FT 7t T« (blue light, 300500 nm) T FSIT T ITTNRT Fideh ATATHA
TTIAT FT qIE 34T § ¥ DNA T a9 HTHTT J47 3T 2|




] qieRAT T

UV T&T¢T % FT0T Thymine Dimer 94T 2|
Photolyase DNA T¥ ST 39 TTIHY &l TgATHAT g
GREREK] #Y 3T & Photolyase THT grdT 21
ST FT F&9 L <aT gl

DNA IT J Ha€dT § Al 31T gl

nhwhbh -

[ TE HEHEAT TIHRATEH (S E. coli), FaF (yeast), UTeli I Fg STHAA | TTE SATCAT 2
XATET § I USTSH Tl I14T T4l — AT §199 Thymine Dimer FT Nucleotide Excision
Repair (NER) & geTd 21

B42. 06-Methylguanine Methyltransferase (MGMT) §TXT HTHT

L GHHT:

o  F-FAT DNA § T\ Usied (S alkylating agents) T a5g & guanine 7% methyl

(—CH5) IT S SITaT gl
« g O6-methylguanine FTAT &, ST A pairing FAT g (T & T 2 ATaT & G &

TS19) — Mutation FT T

UL qHTETA:

e  MGMT (Methylguanine methyltransferase) T USTSH 3 methyl I T g
guanine FT THTT &7 § Ta <dT 8l

] qieRAT T

1. DNA ¥ O6-methylguanine 4T 2|



2. MGMT USTEH 3H Tg=9dT 2|
3. TUSTEH methyl T T (AT FUL AR FT AT 5 (TE self-sacrificing enzyme )|

4. Guanine T HT=AT ATHTT &I ST 2

| MGMT U a% 3TN % 1= fAftsa g1 smar 2|

B23. Alkylated DNA Repair (alkylation % 3+ T1<)

e AIKB TT9% TSITzH (E. coli H) T T A5 #T alkylation (/¥ 1-methyladenine, 3-
methylcytosine) FT oxidative demethylation STT 315 FdT 2|
« g AlkB-dependent pathway & 3% eukaryotes (& A1) # T homologs IﬁTﬁ’ )

(ALKBH family)!

Direct Reversal & @& (Key Features):

farrar [EERUI
LI DNA FeaT T81 &
I st s wevaa fafert i gamn § 9 2rdr 2
TSI Haed A g ATP IT THTIT T AT T SALTHAT

TrTSe fY AFETRAT Al Aol SATFFTLT % for7 777 DNA strand &t ST&=¥q 75!

Excision Repair (FTEHT HFHJ) -

Excision Repair #7187

Excision Repair DNA H¥Fd & a8 T ¢ Ore# &faueq _aaaierss i DNA ¥ Fea
FEAT STTAT g 37 SHeht SRTg 43T gt A Ierse ST ATaT &l




TE &7 Y1 &7 gIaT &
THC LT
E4BER (Base Excision Repair) ST AT T o9F & Taued gl

EANER (Nucleotide Excision Repair) /a8 T =Ifaraierse a1 39 a=T fR&ar afared 21

PART 1: Base Excision Repair (BER) - "u&s 99 &t g30q”

") BER faafeq grar g2

ST DNA ¥ Fad U [FAA1E15E & aF (A, T, G, IT C) ATAUed gl U, T Tg T F0hF gram
2l

(1) TXOT BT T 3

e Deamination (C — U)
e Oxidation (8-0x0G €HT)

o Alkylation (methylation)
e Spontaneous base loss

(10 SfoRAT (Mechanism):
T 1: &7faveT 39 #1 TgF717 S §eTT
« DNA Glycosylase TSITZH A Tred S Y gerdr g EIET] sugar-phosphate backbone T
Tl gar
() TEY 99aT 2. AP 9T (Apurinic/Apyrimidinic Site)

39 2: Backbone FT F12T

« AP Endonuclease AP HTZe & UTH FT€ 3dT §



T 3: Correct ~qfFT912T3< FAT

« DNA Polymerase p (THXTTeH H) Tl <[(FAAIET5E &l SIEAT &

7T 4: DNA 71 o7 F<AT

« DNA Ligase %< U [ FI S[g <aT § — DNA aTqHq qTH1

7 BER # 9T A9 ATl THE TSIT3H:
T LEIET)

I 2T DNA Glycosylase

FE AT AP Endonuclease

AT FfFAArETES SrEaT DNA Polymerase B

STEAT (ligation) DNA Ligase
] BER ¥ faQrward:
T [EERUS

TETF AT Tgd high-fidelity wfar
re afa o FHea Fae 199

Tt Sfat & wis[g WhfATed sfiT Theared

Nucleotide Excision Repair (NER) - "_{ﬁ-?'rr ATETES T hl
"



"I NER fafere grar 82

NER T &Td F7dT & 5@ DNA H I §3aqTcHa [ (bulky distortion) 2T SITT

(1) TOT BT T 3

« UV light & Thymine Dimer ST
e Chemical adducts
e Polycyclic aromatic hydrocarbons

(10 SfoRaT (Mechanism):
T 1: &7fa #1 95w

o  THRATZH F XPC TET DNA FT & F2qT & 3 g e 1 qg=maar 2|

53 2: DNA @1

« TFIIH complex (XPB i XPD helicases) DNA ¥ SH9TH T 26T AT g

(unwinding)
5397 3: F12a7 (Excision)

« Endonucleases DNA % &ATcRIea [&eH & I aF 24-32 W Fed &

T 4: Gap T3AT

« DNA Polymerase /¢ 97 Hgl I [dadeTse S=dl &

B sur5: #ifaT

« DNA Ligase I DNA &I SIIE ZdT § — DNA il Io §¥=T Aledl g

1 NER ¥ 91T &« aTef &7 e (e ®):

FE MEA/OSTER



wd EICiR/AS e
At 7g=™ XPC
DNA &&=t XPB, XPD (TFIIH)
FT AT XPF, XPG
DNA s97ZaT DNA Polymerase

STrEAT DNA Ligase |

) NER &t faQioqru:

T [EERUI
=T eAfd g2 S thymine dimer, bulky adduct
AT # FTA @ DNA 389 TOrTett

UV eafa g zem 9w =9 9 e

] NER pathway § 319 & ST T

Xeroderma Pigmentosum (XP):

NER pathway % ST (S XPA, XPB, XPC &%) & ¥eer9 | I8 FHTET ral g
KRN

o UV F ufa srcafeas sagsfiear

o TIAT FEL FT GA

Mismatch Repair (MMR)
— ITAT | STeT T AATAAT ht AT It



Mismatch Repair =T 8?

ST DNA replication & T8I A o9 (€ A % 19 C) S ST g, @7 39 Mismatch FgT STaT

2l
Mismatch Repair (MMR) foeed = TATqIT T TgAT9AT @ Sl Tot 2k DNA ¥ [EaT &l
AT TEAT Bl

Mismatch Repair & 3T FI1 &1 872
HTT ST

DNA polymerase & Tdt G & HTHH T [ STET

Tautomeric shift & Ft Rafa sreamrft =7 9 qga ST 2

Replication slippage Microsatellite repeats & extra bases [ ST &

1) Mismatch Repair it s (T%R3ew - E. coli #):

[ T TiE:
T wrd

MutS mismatch &1 Tg=T=aT &

MutL MutS 3T MutH F i Ft a=Tar g

MutH ST T2 T TgHTHHT e FLdT g (GATC AT2E IX)

] qioRAT T

1. Mismatch Ft Tg=T:
o DNA ¥ mismatch (/5 G-T) g 9% MutS 38 qg=19dT gl
2. TS AT



o  MutS—-MutL F{Feeia T9dT |
3. ¥ HT IgAM ST Hfe:
o MutH 39 DNA strand &I Tg9TAT & ST STHT methylated g} g (7% £2) ¥
TE! e FLAT 2l
4. Exonuclease FT FTH:

o e ¥ T mismatch T &l T AaTs geTs ATdT gl
5. DNA Polymerase III:

o T U REH HI g Hel FFadierze el &l
6. DNA Ligase:

o TdH STIE FT seal FLaAT &l

Eukaryotes & MMR (®T= @fgq):

[ T TiE:
FY AT
EERICE MSH2-MSH6 (MutS homologs)

FITersF AT MLH1-PMS2 (MutL homologs)

IEERES Exonuclease 1, DNA Pol &, DNA Ligase |

] o 3 g9y

e Lynch Syndrome (HNPCC):
T MMR pathway # ITHHe SO (S MSH2, MLH1) # mutation g7 SITU a7 &= 3T

I FHL BT GAL 9 AT g
2 MMR # f3erward:
LG IEERL

High fidelity TEd &l TerT FIEd



e [EERU
Post-replicative DNA replication & 978 g T¥ FaT g

Mutation TrsaT g SeTTHF fRaar a=me w@ar

Translesion DNA Synthesis (TLS)
— Afau=T DNA F¥ bypass FIA T Th emergency SIET

TLS #T8?
ST DNA polymerase 3T ST &1fawred g (lesion) T Teddl &, STal ag ol Tl a8 TR,

dT Translesion DNA Synthesis T {391 TTT & polymerase T Taa & IT &fd Sl bypass F<
AT g, 1T replication % g1

B TLS Fs FTH Far g7
SIREARE LY IR

Thymine dimer UV radiation &
Abasic site (f39T 39 aTHT) Spontaneous depurination

Oxidized bases Reactive Oxygen Species (ROS) &

[ a7
Normal DNA Polymerase (S Pol §, €) lesion & HTH &% S[TdT &
= DNA replication &dT g
= T division ¥ ¥ IT T AL THAT &

TLS polymerases =7 lesions T bypass F% & o7 7 21



[] Translesion Synthesis $ wf3aT:

1. DNA replication & HT lesion [¥eraT &

2. ATHT polymerase (Pol §/g) ¥ SITAT &

3. PCNA (Proliferating Cell Nuclear Antigen) 3f¥ 377 TT&I9 TLS polymerase T recruit
A

4. TLS polymerase lesion % 9% ¥ DNA 4T T g

5. % & normal polymerase FTTH ATFT replication ST T&AT &

TLS ® 9T 919 a1t polymerases (9199 #):
Polymerase T EE I

Poln (eta) Thymine dimer bypass Low error
Pol L (iota) Minor lesion bypass  Error-prone
Pol k (kappa) Bulky adduct bypass  Error-prone

Pol {(zeta) Extension polymerase Error-prone

[ eam <= T 9T
e [EERUI
Error-prone Fidelity = gt g (mutation T STTTaH)
Proofreading &1 grar TATTAT 31 Al gr ATt
Last resort mechanism replication T %%, TATTT AGRT BIAT &

SOS Response & J=T (prokaryotes ) damage sensing T fo@ graT &

Recombination Repair 3fiT SOS Response -



ST 1: Recombination Repair (IS 75 )

— "SI DNA it TEI ST AT STTRT H AT Dl ATt 8"

-~ LESRF

Recombination Repair T UHT F¥¥AT WHAT & fSra# AATaed DNA &1 39 G0 JTHA
(homologous sequence) #1 gag 7 i T Star %I

TE GIEAIL 9 a9 gral g 94

« DNA ¥ double-strand break (DSB) 21
« DNA replication % I U strand T T SITT

Recombination Repair % J&r<:
THIT [EERuI

Homologous Recombination (HR) @&t 3ii¥ &T® T<¥Ha, 99T DNA &€ ff Agg &

Non-Homologous End Joining (NHEJ) Tt =&t ¥ &l SITEHT, AT F7 T9ei®

| Homologous Recombination Repair (HR) — ¥{oaT:

57 DNA double-strand zz 57at g (34 # X-ray @):

1. DSB & 9gATT — ATM kinase & T DNA § 2 TIT9 &l TgaTd &
2. End processing — DNA % ﬁﬁﬁﬁﬁﬁ régf;rvléudlas ZeTT STd 8 (resection)

3. Strand invasion — T Z2T g3TT ¥ (T GHTT STHH AT HIH TS IT HIAEH H T4
FAT S

4. D-loop 9dT % — 3fI¥ DNA polymerase 39 intact ¥ T template T TLg TEIATA FiT
synthesis FLAT &

5. Holliday junction 9 §

6. Resolution 3fiX ligation — DNA HTHTT 2T STdT &




[ T TiE:
T wrd

RecA (prokaryotes) / Rad51 (eukaryotes) Strand invasion F¥aTdT &

BRCA1, BRCA2 HR =T et #2a &
DNA Ligase Z&T strands #T STTEAT €
) HR % %<

T IEERU
v GEIETRCRR: I template FT ITAMT EraT &
B+ weew w8t high-fidelity
BADSB S I 1¥ THam & 3 a1 g

l Clinical #g<a:

« BRCAI1/BRCA2 mutations — breast 3% ovarian F&¥ T Ga<T 92dT g
o A ST AT ITET § HR pathway [RToHT 21 STaT § — 29 9=d &

9T 2: SOS Response (THATTH Wi TohaT)

— "/ DNA g AT &faared g1 SY a1 S v Araraehreiie A Torre ™



-~ AESRF

SOS Response T# 9T inducible DNA repair system g ST S&1 AT (S E. coli) # DNA FT

g ATere THATT g T 67 2raT 2l
T response DNA replication T TrshdT, TTHT STi¥T =T T3 FQT, 37T Translesion

polymerases T ESIEL %I

SOS &= T graT &7
e UV radiation & AT DNA &fa

 Chemicals (Mutagens) & REXIG)
e Double-strand breaks

« Thymine dimers, abasic sites 3T{<

SOS Response %1 Activation:
ERU [EERu

1{]_ DNA &1f3 - replication % STaT &, fira-v2= DNA (ssDNA) I &¥7aT &
21 ssDNA 7% RecA T Uf3=ae grar &
3(1_RecA, LexA @z #r g 3ar 2

40 LexA 3 gea & SOS 5= (30+ Sf1¥) activate &1 ST &

5(  DNA #77a % forg ST&dt SEe a1 & (UvrA, Pol V 3mfR)

B e T
RICAL w4

LexA SOS Sfi= #T repress AT g (inactive T@dT )

RecA DNA damage sensing + LexA #T inactivate F%dT &



e F

DNA polymerase V (UmuD'2C) lesion bypass #%dT & (error-prone TLS polymerase)

SOS Response #T fa9wary:
e [EERUI

v [ %% DNA repair S+ activate FZaT &
1 Mutagenic g1 T%dT g (Trfagt szt 8)

Bt i s=ar § 9T aEe |

7] Self-limiting — ST& ¥3FAT & STaT &, LexA aTTH repress F¥aT &

3arger — UV & sk SOS Response:

« UV ¥ thymine dimer 9d & — replication ¥HaT g

e RecA activate graT &

o LexA Z&ar g — SOS S activate

« UvrABC (NER), Pol V (TLS) damage bypass F¥d &
o WYHAT B &f LexA ThT repress F¥dT &

SOS Response vs Homologous Recombination
fI9rwaT  SOS Response  Recombination Repair

I AITAHTAT HFHA 22 DNA strands &t AeFaT
Fidelity Error-prone High fidelity

oTfA=  LexA, RecA, Pol V RecA, Rad51, BRCA
forar frg dFAfar AFATET + TR

woqTfed &0 (transient) =i DNA repair =T



DNA Recombination (37T9T Wﬁ‘rr)

DNA Recombination =T 8?

DNA Recombination T# UHT ST g S+ <1 A7 ¥ & AT DNA AR & @€ 9 § Jed
IqT ATA-TSA BId g, TOTEH T 7T S{ GITSIT (genetic combination) ST 1

g Tihar STat & At RAaear (genetic diversity) AT § Sgd Agea ol YA FTd 21

"DNA recombination T THT wfaar g STgf T DNA ¥ Rer #r fft g DNA ¥ 97er siear-aaat ¢ & STt &,
Sra® T9T S qq S aar 81"

Recombination i &< §?
FTT T

At Aferear 95 fifeat # @fss qor amar g
DNA 9Z#rd Z&1 DNA strands #T homologous recombination & ¥7FHd
Crossing over Meiosis # homologous chromosomes == crossing-over gIaT &

et fafdegar g9 immune system # recombination # ST@T-31eRT antibodies a9 &

S AT Biotechnology # recombinant DNA §T< 3T SITaT 8

Recombination & 9T S+ FTer TSITSH:

T F
RecA / Rad51 Strand invasion F¥aTaT g
RuvA/B/C Holliday junction =T a=THT 3 TeAT

DNA ligase DNA ends T STTEHT



CIE: F

Helicase & Nuclease DNA ETAT 3T FTEAT

Recombination #r sifa% #ga:
] G
Meiosis Crossing-over & STt fafaear
DNA repair  Homologous recombination & &t DNA #T 93

Evolution U SO FATS 99 & A g g €

Biotechnology Recombinant DNA @&+ (ST insulin gene cloning)

Recombinant DNA Technology (Biotech Use):

ISATIHE TART § DNA F SHel &l Flea? el o+F DNA H SIT2AT — {589 997 DNA s9ar1 8
— Recombinant DNA

IITEI:

« T4 insulin gene FT bacterial plasmid H STTEHT THIT FATHT
e Vaccine development (e.g., hepatitis B recombinant vaccine)

DNA Recombination % Y& Hi<« (Models for

Recombination)

DNA 319 # 2T homologous SHFHT & &1 THET o SETA-IETT il ATHAT H FHATT & o7 F5
Stfa wieer yeartaa fhu 1w €



@ gex 3 Aisd:

ER) e &7 A PEIEED
1{I Holliday Model Robin Holliday (1964)
2(1 Double-strand break (DSB) Model Jack Szostak et al. (1983)

3@ Synthesis-dependent strand annealing (SDSA) Hastings et al., 1990s

éﬁ'@'qg'rr: IS (DNA Recombination) ag T13T & SEH 1 STUAT U % The 199 §
SEHT Teh 4TSI HATSI a49Td g1 g THhAT AT [afaedT (genetic variation) & form
&L AT & ST AT TS, STUAT AT ST HIHTE A i T-Aa7 § Agea ol ST
Tt 21

Oarifraqed & J&F 1 7ied &

1. gifee #iew (Holliday Model)
FEqTad: Robin Holliday (1964)

faQruara:

o AT WA FIHITITT F1474777 (homologous chromosomes) & S FHIT TTHH
(homologous sequences) TT ST 2
o HITEAT-3AET T AU FLAT g, ST HATTEH FITAHRT AT (meiosis) F 214 T 2

g

THTT STHA T QT SITAT I T A1 5l

F1 STUAT T 2H § TH-UF ST e (nick) AT &l

T ¥ UH-ga¥ & 979 S[E ST § — =4 strand invasion Fgd 2|

U gitere Siae (Holliday Junction) I9AT § — Jg FIH * ATHIT FT ATC-GAT ATAT
oA TefifRue §)

5. Tg TFAH F77 ArEHUTFHRLAT 8, e U 1 U 927 FET va= g1 A gl

bl e




6. TRSITega= (Resolution): EITeIS ST e FTeh &I TTUAT U TR FHT ST 1 FIET %
ZT T B T &
o Horizontal (same strand): To=T HHET
o Vertical (opposite strand): FIAET g'lm %I

KIETAIE I

o TYA AT HEH & | Fad T TT: GATSIT TATH Hl FHAT IT4T &

2. T9A-t¢ o RUge gied (Double-Strand Break Repair - DSB Model)

JETAd: Jack Szostak 3% 17T FATIAFT ZTIT 1983 HI
I AT qa9 FATT S H1Y 2
g

U TUAT ¥ § TIA-¥¢< 5% (DSB) AT gl

S AT &5 § 5° F 3 e AL 3’ A T4 AT 2

T 3° AT gAY gIHTANTH SIUAT § S[ETS FIAT g (strand invasion)!
AT HHUT (DNA synthesis) ¢ AT § — AT TUAT F494dT 2

T I gITlS S 4T gl
Rsriegers & arg AT ar:

o FHIFAET ZAT & (IFTT SR T TET el T ),
o AT AF-HITAAL (3T THATA 29T § T 21!

AN S e

ATH:

o HIATTCH FIFAET ST STUAT AT AT HI GHATAT B
o SII¥ Fvasid (gene conversion) FT SATEAT H¥AT g



3. fFrafaw-fRuee &= R wiswr (SDSA - Synthesis Dependent Strand Annealing)

g TF A-HIaaa< I GAIS Al 7S 2
RIERIF

ST (DSB) 24T 2

U TEe ¥ O SIUAT § qHAT § 3 STua7 [@Yraaaar gl

AR TS S ZIToTS STFerd A1 a7l

fETEST ®T qo THele § aT99 ST o9 97T ¥ | [ 7aT § (annealing)|

T TS FIAAAL Al gIaT, AT (I Feaoied T3 2|

A e

ATH:

o STErRTer WTZETTee A: HATS ZHT AR & 2raT 2|
o SO FY srE=EAT It AT B

IUAT q: AT (DNA Recombination) # SITHWT TSR ST Wi — et # gas &
HHATT T

SIUAT qA: IS (Recombination) TF Sfee St T TiHaT 8 e 2 w2 &
USITSHT (enzymes) 3T TTET (proteins) 9T 2d &1 I e STUAT FT FTed ¢, AT 8,
SIY T AT STUAT SO T T: FATISIT Heh FAT ATHA (sequence) TATT &1 Tg TehAT
GTHHT gAY LI (homologous recombination) # =& dvg & THeAT < B

THE TSI+ X T (Enzymes and Proteins) -

1 1. RecBCD F{¥== (4T eukaryotes # MRN complex)

Sfrer TATEH / FiFT Eop]



Sfrer TATEH /| FiF<T Eop]

AT RecBCD TAA-FEE o (DSB) T TZATAAT AT IH TTEH F¥AT 2l
MRN complex (Mrel1, Rad50, DSB &I g=Ta#¥ 5'->3’ exonuclease activity & FfeT F¥ar
TH{ATEH
Nbs1) 2l
IEERUE

« RecBCD STUAT & & g5 STg &l @l g oY 3° 8 e o J3 F:7aT 2|
o MRN Fiverag THITeH H DSB &t §3HAT 31T signaling § 9T AT (aT 1

71 2. ZTereheT (Helicase)

T $=TE 4

RecQ, Sgs1 (yeast) FTUAT TTAFH FI GIAFT [RTA-E2S FATA &

o T ATIHIN § off A2 F7d 2
« Sgsl, Bloom Syndrome Protein (BLM) 3fe ot grareriare {ieniFaierd # gierehel &1 w1

FA Bl
1 3. feTer-vdE STEfET Wi (SSB or RPA)
sfia qw Eop]
JFhfaT SSB fETer w8 T fRuw wEar gl

THATeq RPA (Replication Protein A) [T ¥ 97 a3 gra< §¥aAT &l a4T0 7@l &l

o IE AT Far g % IUF0 FraT 9 [ AT AT hairpin structure 7 S9TT)



177 4. RecA / Rad51
Sic) CIE: FH

FFITAT RecA ¥ THAWH FTAT € (strand invasion)

ThATeq Rad51 AR SUAT § HIS FT 7% ST g ol a4TaT &l

+ RecA 3T Rad51 RRA-¥T SUAT F T TAA-F€ STUAT H ZIATANTE SITHA & &
ST qATS (invasion) FA &

] 5. DNA Polymerase
F IEERUI
FUAT T TS TAATA & AT 94T STUAT 4747 &, Foras T 9% a6

o THIATEH H DNA Pol 8/c T Il B

o TFATAT H DNA Pol III ATHATT I FTH FHTAT gl

<[] 6. IS e TTETET USITeed

(a) RuvABC #ie=i%7 (Bacteria)
qeH FH

RuvA & RuvB Zifore SiFerd &l Tg=aT=a J1= AU F0d 2l

RuvC gifere St#ere 7 Frear g (Resolution FdT g)!

(b) Gen1, Mus81-Emel (Eukaryotes)

o  THRAEH § Ig TSI FAAT IS SFeIT Hl FlEah? IH: TATST I Fd 3



7. Ligase
F IEERU

FIUAT THET T SATSAT THIATSIZSH % 19 BIERISTSUET Fiee IATTT g (ST STUAT T THA [ 14T 2

qTse-TU o The TR Fa=9r (Site-Specific Recombination)
qRATST (Definition)

arse-Tufafhs Repifraqes (Site-Specific Recombination) T JHT T AT q: AT
(recombination) %, e ue feror %F]'Q?Q' ATHHA (specific DNA sequence) ¥ qgaTd Y, IHT
TATT 9T STUAT AT T T: FATST gIaT gl

Tg FTHTT GIATANTE TR e & {9 & Fif 208 a2 TqHA1 0 q9r9dT (homology) T
ATYTHKAT A1 BT — Faer Ueh A2 "ReRirer AT22" (recognition site) FT ST&Xa ZIAT 2l

e faQware (Key Features)

Tg Ueh TANTSH- R Td T13haT 2|
o Taifraaee fAfrg DNA stgm o< €1 grar 2l
ol T g
o IIUAT FT TEULT (integration),
o ITe (deletion),
o AT TN (inversion)|
g TERAT T © F SRR, wifens, o i sehfaafor & 2=t s 21

T (Types) - arse-eafiihes RaiFaaerT & e u<
TH s IETEL

T (Integration) T ST 7 gAY H [EATE A phage FT FsiRaer St § yaer



TH s TR
Afa (Deletion) == &7 SuAT REAT AT AT e W SIUAT &7 a1g< Aot

T9 (Inversion)  STUAT T U fZEAT qere 7T S & St arfsrerttw v feEr

& USTSH: ATge-Siths [l e (Site-Specific Recombinases)

T USTH DNA F U (AT2d S il TgaT9d 8 3T TH: S0 H7d gl
3T =T
1. T iRt (Tyrosine Recombinases)

A [EERUS
FrrtfRrer T2 T SUAT AT Fed § AN FFAT FT SUAT fi BIEREREL 9iv 92T &

S A =& (lambda integrase), Cre (from bacteriophage P1)

2. 94+ iR e (Serine Recombinases)

FE T T AE Fed § A T: GAISH T &

J&TEIW resolvase, invertase (Gin, Hin)

B "rge-aufahs faiftaqee S afehar - s e =7

IETELT: A ®eT (Lambda phage) T DNA ST § &9

() FOT 1: TS T IgA™

e ST DNA 9T T a9 AT '@‘cﬁ %’: attP (attachment phage site)



o  TFITAT FHIFEM 9T A5 AT - attB (attachment bacterial site)
o\ ZENIS USTSH 39 [ AT5ed Hl TgardT &l

(] 9T 2: DNA HET (Cleavage)

o \integrase I ATSCH & ITH T [H 2T TATH T F¢SH HI Hledl &l

[ FOT 3: T TEEES AT fonae

o ST 3T FFITAT DNA & T U o0 &l orad | e 3o sar &
o TR el DNA SFETRIA DNA # 9H1Rd g ST &

o AZ T ATZEH IATAT & attL 37 attR

[ =0T 4: TSI (ST 3T T8 TAT)

o T ST A ATET AT BIAT &, AT U o= USITEH Excisionase (Xis) T 738 & TH: HITSI
3T gl 1T gl

q TG I
"] Cre-loxP YUTTS(T (Cre-lox system)

« Cre recombinase T% HTZe-TITH e USTH ¢ ST loxP qrzed T IgATEdT g
o SF ATHATSE, ST TAGH, AT A U9 o o7 TEIHTA gIaT gl

[ 3T T loxP ATzeq UH o # gf — e
0 3Te Ao feem 7 g — geaeie
() 3T ST FHIHTE T gf — A lherT

g IO ST S RfaT i grasfAe rofy fAsafor § age i 21



Tree-afe s Raiframes s g e ReifFaqee

EEE aTee-afaf HEISING
SFTHH T ATAFAT AT FTHA EEREIEEREL]
TSTEH fetfeaast (3 Cre, A integrase) RecA, Rad51 fe
SBET A R i e feee st e

Sfaes 3eTETT Phage integration, i Afharse HATfeH FifERT-3a<

Tree-afefs Raiframeas & ST (Applications)

1. BT TRRTET (Gene Editing):
o TSI STTHa<l 3T Ut &1 fAam|
o SIA & hwa/AToRT weam)
2. @R R
o ATATH % AT H FaoATa FT F|
3. BT A SR Shie i
o WSl DNA T 213 HITAHRTA § e FEATI
4. EERTHET SSRERAT:

o T TITHT 9% AHTEH TH: HITS FHATI

UNIT 5

Ziat#eer™ (Transcription)

(e (Transcription) T St wiwar g S Swaw (DNA) F STHH I SITHHTLT &l TH
fRiver-tde sRuAT (RNA) & &7 STaT HEERIERI ST Srfor=afxF (gene expression) T EEEIL
FT7 g

O @'QT-FQ' — mRNA (messenger RNA) — T
() TR SIUAT & mRNA Fit 3cafxr 2



Bz e g graT 87

FITAFRT THL e

TR (Prokaryotes) ATzaersy &

TH{AeH (Eukaryotes) 34« (nucleus) &

I8 H mRNA (a9 F g THT ATZSCATSH H 9T FITaT gl

FGIERIC IR EDI
1. gATerTe (Initiation — YTE¥)
§H71e< (Promoter) #1 9g=77:

o TIUAT U UH (AT ATHT FSH THIET F2d & — T AW o &F g HT 79 &
« RNA polymerase T8 THIZT il TgATHHL dgi S[=2aT gl

[ IRATEH H§ TATA S (TATAAA) THIEZ &7 6T 2rar 2|

HRQAT THAHGT #1 IAHT:

« RNA Polymerase TUSTT=H Zieherd il T T B
o TE SIUAU % 37 TSH | ¥ SFIoE €< (template strand) FT TZHT mRNA F9TAT &1

2. A= (Elongation — f3&TR)

« RNA Polymerase S¥FTIE T TT FdT g AT 5' & 3' f9m § 797 RNA 977 2l
o T UF ATz aF (A, T, G, C) F ATETE complementary RNA base S[=dT &:

DNA 39 RNA &

A (Adenine) U (Uracil)



DNA a9 RNA ¥
T (Thymine) A (Adenine)
G (Guanine) C (Cytosine)

C (Cytosine) G (Guanine)

&I & RNA ® 151+ (T) it g Iterer (U) graT 2|

3. ZfH99 (Termination — THTR)

« RNA Polymerase 99 T FeIaT TgAT & ST dF I (A= Hrghg T21 {Hetd il
o AT UF 39T DNA SI#H g ST Heha adT g T3 Saiheerd Tg1 90T gl ST

() FHTH g1 9¥ mRNA, RNA Polymerase 3% DNA &3 1 ST &1

Pl TR 3T FHRATeq & giahheed & s

frerwar ElEJRE I Cl THAEE
T ATZEATSH e
RNA Polymerase T THTT A s (1, 10, 1)

MRNA FTE T Tl gt gt g (T, EarsfH, 2fem)

TTETRCT ST Zeerer ATT-8T g & ANT-Te T T T8 &

T THee & 912 - mRNA TETET (Fa Thaed #)
1 1. 5" %97 (5' Capping):

« mRNA ¥ 5' ¥ 9% 7-methylguanosine 9 STTET S(TAT gl
o T mRNA F RIS & F9TAT g ¥ Sieerad | Tgraar T gl



1) 2. TATEFRT (Splicing):

« mRNA ¥ i+ (non-coding parts) 227 30 SITq 2l
o TFII (coding parts) T SIST STTAT B

1 3. 3' giefiufeaer  (Poly-A Tail):

o 3'T IT Adenine (A) F[FAATTZZH T T FEAT SITST TTAT & (~200 A's)|
o  ITE mRNA F ®ITHd T 2

[ H&T TSI 3R NeA
TSTEA/IE w4

RNA Polymerase RNA O F3aT 8

Transcription Factors (TFs) T2 &t 9g=1+ 3T RNA Polymerase T TT2E F¥d &

Helicase DNA T TTeaT
Topoisomerase DNA ¥ asar &1 et wear 8
Spliceosome MRNA TATS RRT F7aT 8
FLIERIC SIS ESUE- 14

o SO T STHHTET DNA ® 2rdT 8 SR DNA RE=w a& w61 S
o TATIT RNA UH HHNL 6T TG HTH HLdT § — DNA | AAFRET A 39 R a6

TEATAT & STl STl aaT g

B s Ranfes sk ghRanfes grafameer -

B g Sgaa:

AT = TTUAT (DNA) | FF4T FT mRNA (messenger RNA) # T&AT ST



g Tioar TRaed i THRaed § gl 2, dfsd a1 § 72 Agea ol Sa< ald gl

g gt (Comparison Table):

O fa QT [ M graiweE [ grfanfeT Fiafem
1. =7 (Location) qrsarersy § fFTa9 (nucleus)
2. RNA Polymerase Y §&aT & T& RNA Polymerase & 7T RNA Pol |, 11, 111
f RNA 5 ST
3. mRNA FRT T A (raw mANA 37T S % e, wr R, i
BT 2)
:;ei;r T S gt 1 -8 (Simultaneous) T (FHATH ST AT AT H)
5. yHTe< (Promoter) T THET, A7 -10 (Pribnow box)  sifeer wHieT, & TATA atF

6. Zrataeer Hae< (TFs) AF9TF A2l, o-factor TATH AT TR A i 2 i

Faax
7 <t e A%< S (Continuous gene) — 3@ fRa sfi= (Interrupted gene) — =i
8. T (Splicing) T Eret BTt & (Z21+ et fam o €)
9- RNA polymerase &t GHIEE) aTfers |Erhar i proofreading

proofreading

HqZ: rho-dependent aT rho-

10. Termination YT STfeet =fie Tehal FT AraeT=har

independent

RNA Polymerases - ZHRIed § TH1X
RNA Polymerase T

RNA Pol | rRNA (28S, 18S, 5.85) FTaT £



RNA Polymerase T

RNA Pol Il mMRNA, SnRNA, miRNA 14T § (T8 Hg=aqol)
RNA Pol llI tRNA, 55 rRNA, 3% Z1e RNA 9TdT
mRNA TETET (Fe THRAET )

wiar HH

5' Capping mRNA & 5’ ffi¥ 9T 7-methylguanosine 9 SiT=dT g

Splicing 321+ gaTHT 3T WaaT+ SIeAT

Poly-A tail 3’ ¥ 7T Adenine =IfFaaTeT=SH SITEAT (~200 A’s)
Hferm Sarge:
11 E. coli (TH{A2)

« RNA polymerase # o-factor ZIdaT g ST THIE &l TgATAdT &l
o ZTETHEE 3T STECISE Ueh 9T 2Id 8l

O] T SITRUERT (THRATE)

« RNA polymerase Il TATA T3 Hl TgATAHT I [& FAT g
o mRNA STHTHT % I1F & mRNA =IF1a9 § I1g< JATqT 2

RNA Polymerase in Prokaryotes & Eukaryotes -



RNA Polymerase #71 g?

RNA Polymerase 72 USITZH g ST DNA % SFole €€ H IgH< RNA TATAT 2|
Tg e eheere (Transcription) T H&E T ¥ AFLAF TH(S B

TAATCH AT TThATTeH 9918 Thixaifes RNA Polymerase

) fF9war [ iFRAe" § RNA Polymerase

T FAT TH &l THIC
HTIAT 5 39-THEAL 0y, B, B, w, 0

o-%hFET  THIEL FT TZATT F oIy STt

T afY wHTT % RNA F9TaT 8
TRTERT  STETERT it ST=ed Jgl

afafwiHdr e

WA Te®s RNA Polymerase -
| SECCIF

o T 5 IU-THIZAL:

2 a (Alpha)

1 p (Beta)

1 B’ (Beta prime)
1 ® (Omega)

o O O O

" gHRAET § RNA Polymerases

& w1 (Pol 1, 11, 111)

FE IT-THIAT, TAF polymerase F T TATSTH

T 2rar (TFs ZEHT 31 &)

FT-3TT RNA % forT 37T polymerase

RNA TT&ERT ST&T (MRNA capping, splicing, poly-A tail)

ERIPEAEITES

() Tre THETRT F9dT § "core enzyme"
« o-factor (Sigma): Tg THIET FI TZATAH H Ha& FdT gl

Core enzyme + o-factor = Holoenzyme

|~ SARE

« mRNA, tRNA, rRNA 47 & 99701 THT UF polymerase FTT 24T 2l



e HIET S -10 (Pribnow box) 3T -35 region Fl T2ATT 2|

gHiFifes RNA Polymerases -

] RNA Polymerase I (Pol I)

farar [EERUI

Fd  rRNA (28S, 18S, 5.8S) FT HZWIT F¥dT §
e Nucleolus (FIfarTer™)
CEEINECICICREE IR KT

] RNA Polymerase II (Pol II)
[ERLG [EERUI

#F@  mRNA, snRNA, miRNA FT fF#Tor

RGN B

gHreY  TATA A 7 F2 TFs i sraearshal
9T sratheere % a1g mRNA TTEIET sraeg®

ag<d W RIS i 7 RNA T2t & 979471 § — Jar9 Agea ot

"] RNA Polymerase III (Pol III)
T IEERU

FF  tRNA, 5S rRNA, 3% Zre RNA 49TdT 8§

RGN B
fr9roaT Non-coding RNA T ST &7aT 8



e Sae - i #
fig  WIFRANfeF RNA Polymerase  IHRTfes® RNA Polymerases

=T Fadl SECENECEL)

o-FFeT AT e TR Brar

e & dSTew @it RNA S9TaT § SART-30 USTTEH, Si1-7T RNA

TIETEAT TRl ardr T EAT

General 3¥ Specific Transcription Factors -

Transcription Factor (TF) =71 giaT 82

Transcription Factor (TF) T W& graT g ST DNA & @19 AIFH (sequence) o =hT RNA
Polymerase &7 STETHRUTA [E Fed, AT #3737 T § Wag FaT 2)

= [ | T TTFTHRTT % "on/off switch" T TTE FTH Fd 2

Transcription Factors % 9&7 w1

DNA ¥ YHIET AT enhancer & & AT

RNA Polymerase % DNA 9T 9gl Rufa ax am=w
S Y arfreafRe v 9@ av w9 FT

e A fAdrw forfa & St 1 w=rrer F

Sl .

Types of Transcription Factors (TFs):
Srofy ™ [EERUI

L{L General Transcription Factors (GTFs) - gy polymerase =i sitee i it i gfafimer ar Fe i



5 E Specific (Regulatory) Transcription

Factors

AT FA 8

et farorer sfer &t srfersnte 1 [Rfaa o1 Aiegee F3q 8

1. General Transcription Factors (9T Ziaiseer )

O] g T:

General TFs & TIEIF B & ST T ST & forg &< 21 8, aTFF RNA Polymerase 11

TTATRTeT T 0% T Tohl

[} 999 General Transcription Factors (GTFs):

GTF F

Transcription Factor
TFIID -

Transcription Factor
TFIIB 1B

Transcription Factor
TFIIF I

Transcription Factor
TFIIE IE

Transcription Factor
TFIIH I

w1

TATA i 1 Tg=T=dT &; =05 TBP (TATA-binding protein) 2T &

RNA Polymerase Il F GgT €79 9% @l §

RNA Polymerase %I DNA 9% f2a¥ #¥ar &

Eierenet 1 Ufede #ar g

DNA &7 @rear g (Helicase), 3T RNA Pol Il #T ®iFRTee #dT g (Kinase

function)

[} General TF =T ﬂﬂ%‘a?ﬁ EAD)

1. TFIID YHIEX 9% TATA 15 &l IgAT9dT &



2. 39 12 TFIIB, T TFIIF RNA Polymerase & AT S[Ed &
3. TFIIE 3f¥ f%T TFIIH DNA T @Ted g 3T RNA Polymerase T activate F3d g

4. THE JTE STETHIT F BT &

() faT General TFs % RNA Polymerase ZHTHCe q= BT ST Y qHATI

2. Specific Transcription Factors (fafers ziafee haew)

) T

Specific TFs%W@%%ﬁW%MﬁﬁMﬁWW%—%WWW
e Fear g T wrforr e ofiRafa § 2 (Ssreon aama, g, e snf@))

O T

E1p] Frawor
Activator St srfereafzr #1 Tg &
Repressor St srfereafze 1 A &

Enhancer & =9T DNA % 37 21T enhancer & =T i@ &l 5T HLAT

Signal Integration gTHTA, TrovT, F9Ta =fe % fAoes #r i F I & Fga=r

"] Examples of Specific TFs:

qrw FA/SAST
p53 DNA THS 9% i #T activate FIaT §
NF-kB =7 freateq &1 fFafEa Fwar g

HIF-1 siterfisr it 3 02 19 F2ar g



T FA/SAST
Myc =FTfrT feramsre =t fFafaa wear g

CREB 1 (CAMP) forrfeit & Sfi=r wamsere #ear 8

10 Specific TF & &TH FXd 52

I. DNA%Enhancer’JTSilencerﬁ@%f%
2. DNA & HIEd g dTf% RNA Polymerase T Hehd Tgo
3. FI-UiFEAeT AT HI-OET T % T e HIATe i grerd 7 98 F:3d 8

Transcription Factors T GLEAT (Structure):

Specific TFs # fAeferfera = (9mT) 29 &

DNA-binding domain (DBD) — DNA ¥ J=dT &

Activation domain (AD) — 37T TIEIAT & AT T FLar %’
Dimerization domain — TF 3 &7 Il &I STEdT &
Ligand-binding domain (¥ TFs #) — gTH19 a7 {0« ¥ a1 8

bl S e

Promoter (JHIX)

AT (Definition):
Promoter (H12T) DNA #7 U= fafas ATHA (sequence) AT g ST THET ST % 5" GIX 6 99
T graT g 3T STgl & S| iwwe & giav gl

() Tg A TATH & TaT RNA Polymerase 3 Transcription Factors T giafereer &t wirar
T X 2|



R &1 %4 (Function of Promoter):

RNA PolymeraseﬁDNAWﬁ'@'Wﬁ'WW
Fretoheer it feeT ofie wiw g a7 a1
St &t srfereafRn it wrfa &1 AT a7 (T RNA 3= m)

Enhancer 3T Silencer F AT [ S| it On/Off Ryt fRratfa a1

bl O

e Y §<=AT (Structure of a Promoter):

) TR THIST H HE AT & g 8

] IEERU
Core Promoter TTEToRCIT T T T &
Proximal Promoter Elements RNA Polymerase 3T 9T TF &7 bind F#¥ & #ag

Distal Elements (Enhancer/Silencer) 3= f2d gra &, Ao ST ¥ srfsraaf<s &7 a1 a7 o2t 8

Trehffes THIeX (Prokaryotic Promoter)
qF F

-35 Region RNA Polymerase % o-%&2< & bind #¥dT §

-10 Region (Pribnow box) DNA &I &1+ & ¥4 (melting point) — ATHT=T sTTFA: TATAAT

+1 Site TrEter g &g

BECIH UL

pgsql

CopyEdit

5’ — TTGACA — (16-18 bp spacer) — TATAAT — +1 — 3’

1 1 1
-35 Box -10 Box Transcription Start Site



ganfaifes wHeX (Eukaryotic Promoter)

T & YT Ao STt G & 9ie 2 70 HE T F grateer g w w2
ELEd [EERUS

TATA Box Core Promoter =T 9T, AT -25 bp 9% — A TATAAA

CAAT Box ~ -75 bp UT — TiEFCI T FETET 8

GC Box ~ -90 bp TT — T THF TFs H J=aAT 8

Initiator (Inr) +1 F 979 R, siatwreed it gr@ena w1 FHa F#ar g

BRE, DPE, MTE fafi=r regulatory elements (% Sfi=i #)

TATA Box F4T §?

« TATA Box T& Y@ promoter T g [STEaT AT AT "TATAAA" T &l
« I TITM RNA Polymerase II 3T TFIID (S/@H TBP = TATA binding protein T §)

& S[E & [0 qa9TF g

STHIEY F8 w9 F<al g? (Mechanism)

TFIID (TBP 9fgd) TATA (T &l TgaT9dT &

JTT General Transcription Factors (TFIIB, TFIIF, TFIIE, TFIIH) = &
RNA Polymerase II &l gl T 9% ATAT STAT §
DNA & I ¥SH &l GrdT 1T &

TTETRCI = AT &

AR

Promoter # v&X (Types of Promoter):
THC [EERUI

Constitutive Promoter 8T d1T T2d & (Housekeeping genes)



TR R
Inducible Promoter frera Rt (s grate, o) A Srafrr g g
Tissue-specific Promoter Fa F& Sdai (tissues) & dfT

Viral Promoter FTALH FIT ITANT 60 ST 2, S Sy & St (3% CMV, SV40)

Iﬁﬂ SRt § Promoter %7 39T (Applications in Biotechnology):
a= START

sher SShfRafar Tt S it SarmaT = v e % forT SR yees 9w
TSI qret/Aa fee-satarfthes sy 1 ST

ST St FTATA THELT | TS ST TFaserT

Transcription Insulator -

gfTaT (Definition):

Transcription Insulator (STETHSTT SHET) DNA FT UF [ SIHH (special sequence) ZraT
S ST T STIET AT regulatory &3 (S enhancer 3T promoter) # &= T T4 (barrier) T g
T HLAT g

= | TEEHT T F1 g (% TF ST % enhancer IT silencer FT THTT TAX S{IT 9 AT =

Iﬂ'@r w1 (Functions of Insulator):

1. Enhancer-blocking activity
[ ST& enhancer 3T promoter F 1= Tar ST, ar I3 enhancer ED) promoter 9¥ FTT LA
H ehaT gl



2. Barrier activity

() =g | S &5 (euchromatin) FT [HTSHT & (heterochromatin) ¥ 3T FIAT 21
R T

s & Insulators?

o FHT SIIFM # g STIA agd IT9-9T9 21 &l

 TTT FIS enhancer TF S T activate F¥ TET ¢, AT dg Tt & TSTET SO F7 off activate
T FHAT gl

o T "G UfFEA9H" | T9T9 F {17 insulator sequences FTH 31T 2|

Insulator F& F1d F1d &7

] &1 YT o 1

EEL Fd
1. Enhancer-blocking insulator Enhancer 3T Promoter F 1= 3% enhancer % T9TF &1 2T 8

2. Barrier insulator Euchromatin 3fi% Heterochromatin & &= aTeT s Sti= 1 o T@ar g

(1 Illustration

css
CopyEdit
Enhancer

[Insulator] Promoter Gene

o

Insulator prevents enhancer from activating promoter

Insulator Binding Proteins:
A Fd

CTCF (CCCTC-binding TIE THE e TIei; enhancer-blocking 3T 3D genome architecture 3T
factor) H Agaor



e w

USF1/USF2 Barrier-type SHET H oA

BEAF-32 (Drosophila) FATE | AT FFIMH FLAT

CTCF - 5% #wg<a W Insulator Protein:

o T2 DNA F CCCTC ATHH T TgATdT §
« Enhancer-blocking F¥dT g

« 3D genome structure T loop ¥ organize F3aT g
« Epigenetic regulation & {1 fAwmar g

Insulators #t AT S &7s7 # (Genome Architecture):

« CTCF ST Cohesin T8 TIEiT fHa®< DNA & 9T a97d &

o THH TF S T AT express gid 8, 3 TS AT @A §
o T ATET UH “Topologically Associating Domain (TAD)” W‘I‘cﬁ %

Insulators & 37 TR & START:
k] ITANT
She St ZTESie T Fe=Tar SAf=aie 7 T & forT THeres e ST &

GMO A=t Enhancer spillover & T g4

Epigenetic studies Gene silencing =T activation T AT T gfvaTioa 37 |

Enhancer-blocker vs Barrier Insulator - g&«T qvft:

IECAGL Enhancer-blocker Barrier Insulator

T Enhancer 3T Promoter ¥ &= Euchromatin 3fi¥ Heterochromatin ¥ <=

4 Enhancer  THTE T TFAT {19 T heterochromatin ¥ ATZA ERT THTS & =TT



IECEEL Enhancer-blocker Barrier Insulator

=T Wi CTCF USF1, histone modifiers

e 9T (Transcription Repressor) -

gfTaT (Definition):

Transcription Repressor (et fOHY) U UAT MEH (protein) 2rdT 8 ST DNA & fafars

FTHAT I S[EHT RNA polymerase FT ST THHAT 0% F & ThaT gl THHT FTT ST T
AR T AT (Gene Silencing) 21

ITHT T ST & “on” I T HHATAAT Tl A HLAT g AT T AE & U Tl gl

& %14 (Main Functions):

RNA polymerase & promoter ¥ bind 19 & TrheT
Enhancer 3 FTT &T se(h HAT
Activator TIEI9 & g1 IFaeqgt FTAT

Chromatin T &% (compact) F%F gene Tl inactive TATAT

A S

Gene expression T TITAT &T & repress F¢T (Epigenetics &)

Repressor & %13 #¥ar 82 (Mechanisms of Repression)
1. Promoter T Operator ¥ Binding
« Repressor DNA % 39 {241 (S¥: Operator, Silencer) & S[EAT § Sigf RNA polymerase

T transcription factors bind FXd gl
o THA RNA polymerase promoter T H@' g ITdT — transcription ¥ STTdT El

2. Activator FT s AT



o = Repressors activator proteins = AqTT JTaeTe T FLd 2l
e 3T repressor TgeT bind g AT, AT activator FTH qZI FT TTUITI

3. Co-repressor & TT¥ fHHT FHTH FLAT

e % Repressors el T Hff RN
o« I cO-repressor proteins #¥ 72T o %" ST

o Histone deacetylase enzymes &l TATd &
o Chromatin T compact T DNA T 39T (inaccessible) T7 I %’

4. Chromatin Remodeling % gTXT repression

« Repressors DNA & T d¥g modulate F¥d & T a8 heterochromatin § I8 STT — JTHT
St el = § §9 & 9

Repressor TE & T
THIT F

Constitutive Repressor W4T AT T2 & 37 AWTATE repression F3d &
Inducible Repressor  Fae farera afifRafa (¥ gTHIA, q9Ta, 919r) # activate g1 &

Direct Repressor T DNA & bind 2T ZTETHCeE Thd &

Indirect Repressor Activators 3T cofactors FT inhibit F%F FT Fd g

g Iarg<r (Examples):

] 1. Lac Repressor (lacI) — Prokaryotes C)

e E.coli§ ImATATAT &



e lac operon T lactose T SFﬁﬁuﬁ ) repress h{dr %’
e I lactose ITEAT ZIAT &, AT TS repressor &2 STAT & — transcription =TT ST SATAT 8

(] 2. REST (RE1-Silencing Transcription Factor) — Eukaryotes &

o A STIFT T non-neuronal FHITAFTAT | repress FIAT
o @ (development) & I S{IF it THIag Aiy=at<h I AT Far g

'] 3. Hairy & Enhancer of Split (HES family — Drosophila &)

o fEeTETEs iRt § aHT-a9T 9 SAT AT repress FIA &

71 4. p53 (IFLT HIHHT ATAT)
o T target genes T activate FLAT & AT T T repress FLAT & (STH: FHITAHT T3 THAT)

Repressor Binding Sites (Sgf ¥ DNA W< bind g1 g):

DNA Region IEERUI
Operator TR § — ZTEHET % d T8l
Silencer THATER § — ¥ f29a regulatory region

Promoter-proximal Elements SH2< & 9TH fRord — repression &1 &t a<i & fAg=d #2d &

Epigenetics # Repressor #¥ sffa=r:

« Repressors S{HTH & TATAT "gene silencing" # 9T (d 3.

o Histone deacetylation
DNA methylation
o Chromatin condensation



« THY S transcription % 1T AqIASY T SATAT gl

Co-repressors FTgId &?

Co-repressors TF TIEF gTd g ST T2 DNA ¥ bind AT ¥, ST repressors & AT THAHT
chromatin FT 7 FT <A Bl

ISR i
NCoR Histone deacetylase FT recruit F¥aT &

SMRT Transcription complex & faft#= Fzar

Transcription Enhancer -

AT (Definition):

Enhancer DNA T U UHT fa9ry AqFH (regulatory sequence) @?IT % EISIGEIEIEE A
(gene expression) FT FETAT g, 7T Bf A8 AT (A (target gene) T qgd R gn

Tt Enhancer RNA polymerase FT SITR{Hd e § AT HLAT ¢, [oraw giafweer &t &< (rate)
JE SATT &

=g 14 (Function):

« Enhancer Transcription Factors T bind F%dT g
« I TFs 9T RNA polymerase II T promoter ¥ AT IT fEIT e § HEE Fd &
o  TRUMTEETET, mRNA FT 3TUTET a9t a1 g

Enhancer # f39rwamd (Key Characteristics):
AT [EERUI



e [EERU
T T FwTH Enhancer S{9 & &2 Z9TT 919 g2 21 99T & (32780 1000-100000 base pairs)
fRer-sread=rar 7g &R (upstream) a1 918 (downstream), feT «ft fom & g1 @ar 8

Fg-RemHF  UF Enhancer UF ¥ farek S % ot w19 =1t wwAT B

Tissue-specific & Enhancers {1 farera Saent a1 o & sraeam § #1 #+3d &

Enhancer 3® % #ar g§? (Mechanism of Action):

1. Enhancer &3 9% Specific Transcription Factors (ST activators) bind F%d g

2. DNA T loop STdT % qTfeh Enhancer &T TF, Promoter % T8 RNA Polymerase o
% L Hh

3. Co-activators ST Mediator complex, Histone acetyltransferase (HAT) Tfs S=d 5

4. TE I complex RNA polymerase FT STETHWIT AT Fed H AT FLAT &

"] DNA Looping:
Enhancer ZIHTHCIE Fl TETAT & loop TATHT, AT LS 2 enhancer promoter % a0 3 SATUI

Enhancer #1 sifa% #g<a (Biological Importance):

CLED] IEERL
Development forerrer it fafrer sraement § faforg Sfiw 7 activate F2aT 8
Tissue-specific expression [T Faai & SO FT =T F2aT § (S ATeaefy, drE, «iaw)

Hormone response gTHTH-responsive genes # Enhancer gTHTF a1 37 ¥ Ok 20 &

Disease association TS SATAT (S FHT, HErsHgT T) § AT enhancer activation 9T 2raT 8



Super Enhancers 7 g1 §?

Super Enhancers U enhancer gTd & SII:

« &% enhancer FTF AT a9 A &
o AT gene expression FT AT Fxa 8
o aw =7 T Rwmaefier wiferrreit a7 Fa< ffdrersn & aFT g g

wegl Enhancer 3<1gr:
IETEL IEERUS

Immunoglobulin heavy chain
enhancer

B-cells & @< FTF F¥aT g

B-globin Locus Control Region

Globin = % enhancer complex
(LCR)

Limb development & &<, & enhancer #t mutation ¥ limb

deformities 2Tt &

Sonic hedgehog (SHH) Enhancer

Translation (AT / FTATEA)

gt (Definition):

Translation (ITATEA) a5 SITaF THAT & SFH mRNA (messenger RNA) #T #H
(sequence) T amino acids F¥ @T § FAAT FTAT 2, FOrE® TF T (Protein) ST 21

Translation = mRNA — Amino Acid Chain — Functional Protein

g IIAT ribosome (TEHTEI) T2 2T 2

[ Translation #t §&7 =4t (Main Components):
qH e



qTH e
mRNA S T ST (FT2) AT AT
tRNA 3=a T ufere & A1at € (anticodon # codon TEATHAT 2)

Ribosome W& &awor £t S8 €

Amino acids &+ F fafeeT sata
Enzymes  TETIAT F¢d & (4 aminoacyl-tRNA synthetase)

GTP/ATP  ZSTT T STa9a=haT Bl &

Ribosome: Translation #T %t

TEATEH | &1 g gl .

o Large Subunit (50S in prokaryotes, 60S in eukaryotes)
e Small Subunit (30S in prokaryotes, 40S in eukaryotes)

R URIECICICR

e Prokaryotes: 70S
o Eukaryotes: 80S

Translation it 79 &7 s@e¢ (3 Main Stages):
1 Initiation (JTT)

o Ribosome FT ST THE mRNA F start codon (AUG) ¥ bind FZt %’
o tRNA 39+ anticodon (UAC) F AT methionine AFT 3T %

o fRTasy H’sl'{ﬁ'd‘ Tvﬁ?ﬁ' %’ 3T translation LS '@'clT %’

= ] Start Codon = AUG (Methionine)



2 Klongation (3f%)

« Ribosome mRNA #F codons &l I2dT &
« tRNA 39 anticodon ¥ codon Tg=TH#Y 3T amino acid TAT &
« Ribosome peptide bond SATAT & — fSTHH amino acids ¥ F@AT ToT &

TreaTET T 3 AT gt 2

qTse T
A-site (Aminoacyl site) 73T tRNA 9T F¥dT §
P-site (Peptidyl site) Peptide bond I9aT &

E-site (Exit site) TRTET tRNA a8 faaerar

3({ Termination (SHTI)

o S FIS stop codon (UAA, UAG, UGA) 3ITET g, translation & STaT %

o IS tRNA stop codon FT AT Tg=TAT
« Release factors = & 3I¥ polypeptide @ T Y FT < &
« Ribosome F@ERT g JTaT 8

Codon 3fiT Genetic Code:
IEERELE IEER

Codon mMRNA 7T 3-letter sI9#¥ (S4: AUG, GGC)
Total codons 64

Amino acids 20

Start codon AUG

Stop codons UAA, UAG, UGA

Degeneracy T amino acid & o0 % codon 2T T &



tRNA %1 % (Transfer RNA)

« tRNA T fafarg amino acid %< 3aT &
« THH anticodon AT & STT mRNA % codon & complementary gIdT &
« Aminoacyl-tRNA synthetase ZT3T amino acid =dT &

Trehi T 1esh (Prokaryotic) 3fiT TH{<aTe® (Eukaryotic)
CARIE R o

gfamaT (Definition of Transcription):
Transcription (ST THCET) g STae THaT g fSEH DNA #it SITeRt<r % mRNA (messenger
RNA) % &9 # for@r a7 giashres 731 Smar 2|

DNA — mRNA
= (| Tg TgAT FL0T AT g T G (Protein Synthesis) T TTHaT H1

Heq siq¥ (Prokaryotic vs Eukaryotic Transcription)

frdroar Prokaryotes (1<) Eukaryotes (IFRA1eH)
T (Location) Cytoplasm Nucleus
RNA Polymerase Faer 1 71T (RNA Polymerase) i« 1< (Pol I, Pol II, Pol 111)

General Transcription Factors (TFIID, TFIIB,
Initiation Factors Sigma Factor (o) i

mRNA STETERT T It Extensive (Capping, Poly-A tail, Splicing)

Transcription i<

) TTI-ATT B & (Coupled) TS TATH T B &
Translation



IECLEL Prokaryotes (TrTeH) Eukaryotes (IFRA1eH)

-10 3T -35 & (TATAAT,

Promoter Region TATA box, CAAT box, GC box
TTGACA)

mRNA it Rear i srfer v

Introns REUEIG] g1 8 (Splicing sTaeTs)

Prokaryotic Transcription (STRI e giaimerT)

] 1. RNA Polymerase:
e TUH ér Th1T %T RNA Polymerase '@’cﬁ %I
o THH I AT &
o Core enzyme: o2pf'
o Sigma factor (c): THIET HT ‘JETTIT-I%T F form

] 2. Promoter Region:

e -10 region (TATAAT — Pribnow box)
e -35region (TTGACA)

] 3. Steps of Transcription:

1. Initiation (F73%):

« Sigma factor RNA Polymerase &l promoter T @TdT gl
« DNA unwinding gTdT 8l

2. Elongation (37%):

« RNA Polymerase mRNA T R F2aT 21

3. Termination (FH797):

o TIF

o Rho-dependent termination
o Rho-independent (hairpin structure)



EImRNA Direct Translation § STaT §

=[] FS splicing, capping AT tailing T&T Tl

Eukaryotic Transcription (F¥Raifes giafaer)

] 1. RNA Polymerase Types:

TR A
RNA Polymerase | rRNA (28S, 18S, 5.8S) a9TdaT g
RNA Polymerase Il mRNA, snRNA 4TaT &

RNA Polymerase Ill tRNA, 55 rRNA WEIT%

] 2. Promoter Region:

e Core promoter: TATA box (-25 bp)

¢ Proximal elements: CAAT box, GC box

« Enhancers 3T Silencers: LS 2T regulatory T
] 3. Steps of Transcription:

1. Initiation (F73%):

« General Transcription Factors (GTFs) /& TFIID, TFIIB, {3 promoter & bind I &l
« RNA Pol Il [=4T g 3T transcription [& FdT &l

2. Elongation (3%):
« mRNA FT [HHT AT 81 DNA # 924 g7 RNA polymerase 3Rl F24T g

3. Termination (FH797):

« RNA Polymerase Il T# specific signal (AAUAAA) 3 ST& transcript Tl THTT FLAT gl



mRNA Processing in Eukaryotes (F%Raea@ & mRNA W& Rw):
RIERI IReT

5' Capping MRNA #FT nucleases & =TT ¥ ribosome binding

3' Poly-A tailing mRNA #it ff2ar 3T translation & @graar

Splicing Introns ZeTAT 3T exons T STTEAT (AT eukaryotes # 2rdT 7)

= | SifdT mRNA %I mature mRNA F2d g, ST cytoplasm # translation 3 forT SiTaT 21
@ f§g (Key Points):

o TIFRRAIEF grafaesrT drem i aw 2
o  THRATEH TETRSIT ATeF STfee g, T¢ T\ (regulation) & forw srfers qeqs
o  THIATEH ¥ transcription F IT& mRNA FT TH€H F7F ol translation § 9T STTAT &

Translation Fit 3 T&7 srEeTV:

1. Initiation (STIH)

2. Elongation (37%)
3. Termination (FHTIT)

1. Initiation:

« 30S subunit mRNA ¥ Shine-Dalgarno sequence & HTEIH ¥ bind FLAT &
o fMet-tRNA (formyl methionine) start codon (AUG) & =t g

« Initiation factors (IF1, IF2, IF3) gl #¥d &

« 508 subunit =T § — 2T 70S ribosome TFAT &

] 2. Elongation:

« T tRNA, codon #F THATT A-site TT 3T &
o Peptidyl transferase enzyme peptide bond FTAT &
« Ribosome 3T FZAT § — mRNA F 92aT &



1 3. Termination:

« Stop codon (UAA, UAG, UGA) ITd T Release Factors (RF1, RF2) S[Ed &
« Polypeptide 5@ < BT &

EUKARYOTIC TRANSLATION (FHRaifes sara)

[1 1. Initiation:

« mRNA ¥ 5' cap ¥ 3' poly-A tail ZrdT &

« clFs (eukaryotic initiation factors) ribosome FT mRNA 9% @Td &
« 408 subunit AUG codon @Il g (Scanning Model)

¢ Met-tRNA (HTHT methionine, T formyl group %) J=AT &

« T%¥ 60S subunit =T § — 80S ribosome TFAT §

] 2. Elongation:

o T TR T<H STET, 9% eEF (eukaryotic elongation factors) T ITFNT gIdT &
e Amino acids STTE®X polypeptide FaT ZIAT &

[1 3. Termination:

« Stop codons 9T eRF (eukaryotic release factor) S[EaT §
o Translation THTT ZIAT &, STEIA ribosome o H&FeraT 8

Agcaqut &) (Important Molecules in Translation):

qF LR
mRNA Codons ATAT g ST amino acids & FH &l A9 F:vd &
tRNA Anticodon # codon TZATHH< amino acid TaT §
Ribosome mMRNA 9ZdT g 3% polypeptide @t F4TdT §

Aminoacyl-tRNA synthetase tRNA FT #ET amino acid & =T €

GTP/ATP FATIATE



Ribosome T Sites:
qr3e FF

A-site (Aminoacyl) 79T tRNA 31T &
P-site (Peptidyl)  Peptide bond s¥ar

E-site (Exit) AT tRNA a8 fHsherar

tRNA $ i

o ETtRNA 9% TF AT amino acid =T 2rAT &
« TH anticodon AT § ST mRNA % codon & complementary 21T g
« 61 codons F o7 ~45 tRNA BT g (wobble base pairing 3 FT0)

Translation & G=faa T (Diseases Related to Translation Errors):

T I
Thalassemia mRNA processing/translation Ffeat
Antibiotic resistance Ribosome-targeting antibiotics T THT translation 9%

Cancer Translation regulation # TE=T & uncontrolled cell growth

PITranslation Machinery -

Translation Machinery FT 37 g 37 7+t FITFTT T (Cellular Components) FT LR ST
feTFT mRNA & W& 99 (translation) T T 7 HUw Fed 21

g "HefiF" U SAfas G4+ (biological machine) FT TXg FTF FIAT § — BT T il fAforg
AT It 2l



Translation Machinery % sf#< &1 se% (Main Components):

KEsd e
1{ ;RNA 1< 29T & amino acids % %% ¥ forw
2 Ribosome Translation T sraeft Fest
3( §RNA amino acid &1 TeT AT

4(0 Aminoacyl-tRNA synthetase tRNA % S# T2 amino acid & STgar &

5 (1 Initiation Factors Translation T g[&aTTd # TgMa®

6 Blongation Factors Translation T 3Rl FETH § AZTH
7( Release Factors Translation T T AT

8( &TP/ATP ST Y& H AT A

1. mRNA (Messenger RNA):

o DNA ¥ ZTE#Ed g a9dT g
« ZH codons A & (3-nucleotide sequences)

« 2¥ codon T specific amino acid T represent FAT §
o Start codon: AUG, Stop codons: UAA, UAG, UGA

2. Ribosome (T=ar&®): Translation #t %

+ Ribosome mRNA T 94T g 3T amino acid & (" § S=dT &

o A FALEH H AT AT &
EL BIET AT FET AT FA AHTT

Prokaryotes 30S 50S 70S

Eukaryotes 40S 60S 80S



o TI9 ATEe graT &
o A-site (Aminoacyl) — T tRNA 311 %’
o P-site (Peptidyl) — peptide bond S9aT &
o E-site (Exit) — tRNA STg< STaT &

3. tRNA (Transfer RNA):

« tRNA T# "adapter molecule" §

o THEHIEIE:
o Anticodon: mRNA % codon &l 9gaTHAT g
o Amino acid binding site: amino acid J[=AT &
e ~45tRNA BId g ST 61 codons &l T84T Tohd g (wobble theory)

4. Aminoacyl-tRNA synthetase:

o U USTEH ST
o Y tRNA &I 39 gl amino acid & STEAT g
o ATP T HgTIaT & amino acid T "activate" F¥dT §

o 37 fAferear (specificity) 2t &

5. Initiation Factors:

TF Initiation Factors
Prokaryotes IF1, IF2, IF3

Eukaryotes elF1 to elF6

= | 7 ribosome FT mRNA H ST, T5l tRNA &l AT 1< subunits & Tgl TS H TrAAT
FA Bl



6. Elongation Factors:
Tt Elongation Factors

Prokaryotes EF-Tu, EF-Ts, EF-G

Eukaryotes eEF1, eEF2

= (| I 97 tRNA &4, peptide bond AT 1T ribosome T mRNA TT Rl T H AEE Fd 2l

7. Release Factors (Termination Factors):

Tt Release Factors
Prokaryotes RF1, RF2, RF3

Eukaryotes eRF1, eRF3

= | I stop codon T TZATAA g 3T polypeptide FT ribosome & Fh FT 3 &

48. Energy Molecules: ATP & GTP

o ATP: amino acid #T tRNA & g4 #
e GTP: Initiation, Elongation, ¥ Termination THT TN | FHoT =T %’

Translation Machinery 1 a1f2# %@ (Combined Working):

(] Initiation:

« Initiation factors, ribosome #T small subunit 3I¥ mRNA & STEd &
e Start codon (AUG) U initiator tRNA ST §

| Elongation:

« 27 codon F foIT tRNA amino acid ATAT &
« Ribosome peptide bond IATAT §
o JTHAT T TF FAAT & T aF stop codon T 3T SATT



(1 Termination:

« Stop codon 3T¥ 9% Release factors = &
o Protein < gIAT g 3T ribosome 3T &I SATAT &

Initiation, Elongation 3T Termination Factors

BNINITIATION FACTORS (STEW %T<H)

Translation FT $[%TT # T FT¥H Ribosome, mRNA, 377 initiator tRNA T STE" § &g F:4d &
qTfek protein synthesis $T& g1 Tl

(] IR Initiation Factors:
Factor ST

IF-1  30S Ribosomal subunit & A-site FT Tr%dT § dTr Initiator tRNA P-site 9% 55 &I
IF-2  GTP #T 3o o< Initiator tRNA (fMet-tRNA) &7 30S subunit 9% 9TaT 21

IF-3 308 subunit # 50S subunit & T T@AT § iT MRNA & @1 q40% 9 =9 # Ha8 F2dT &

wiHaT:

IF-3 308 & <% T@dT &, IF-1 A-site 1 FdT &, IF-2 fMet-tRNA Tl ATAT 5| 5T I 9 5=
ST & ST start codon (AUG) TIS{terd ® 21T €, @& GTP hydrolysis ZIAT & 3 50S subunit [
STt &, TS 708 initiation complex ST Bl

() AT Initiation Factors (eIFs):
Factor S[faT

elF1, elF1A Ribosome ¥ scanning ¥ start codon #t 92T § TgTIAT F4d 2|



Factor S[faT

elF2 GTP &t Z=1T ¥ Met-tRNAi*Met T 40S subunit 9% 71T 21
elF3 40S subunit #T stabilize F¥AT g 37T 317 elFs % ATT interaction F¥AT 2

elF4 complex (elF4E, elF4G, mMRNA % 5’ cap FT Tg9T94dT & siI¥ mRNA &I @< ribosome ¥ for &=me
elF4A) FLAT 2

elF5 GTP hydrolysis #T fA=ira zar g 5@ 60S subunit = a1

wiHaT:

elFs 40S subunit T mRNA ¥ ST &, ST 5' cap H [& arf< AUG T & F2aT gl Met-
tRNAi*Met start codon T¥ ST &1 THF AT 60S subunit [T & T 80S initiation complex
AT 2

BIELONGATION FACTORS (& #13F)

Elongation F¥0T § ¥ &< polypeptide chain FT amino acids STEd g AaT Fd &

() TrhfATfe® Elongation Factors:
Factor G (RED]

EF-Tu GTP #T ST @&< aminoacyl-tRNA FT ribosome F A-site % ATaT 2|
EF-Ts EF-Tu# GDP &1 GTP & qA: |faha Fear gl

EF-G  GTP #T (T & ITANT F¥ah ribosome T mRNA 9% T codon 3T o STdT g (translocation)!

7] IHRATTET Elongation Factors:
Factor g

eEFla Aminoacyl-tRNA FT A-site T AT T FTF F¥AT 2l

eEF1By eEFlo T GDP & GTP # q=: | T gl



Factor G e

eEF2  Ribosome & translocate 4T &, fSr9#r mRNA 9% next codon T&T STdT 2|

S TERMINATION FACTORS (&HTI FT<F)

T4 ribosome mRNA 1% Stop codon (UAA, UAG, UGA) 924T &, @7 ¥ factors protein synthesis

T THTH Fd 5
] qreh e Release Factors:
Factor st

RF1  Stop codons UAA 3T UAG & Tg=THdT gl
RF2  Stop codons UAA 3T UGA & Tg=T+dT gl

RF3  GTPase &, RF1 3T RF2 &I ribosome & T # #&g ¥dT gl

"] IHATTEH Release Factors:
Factor syt

eRF1 @sft 919 stop codons FT Tg=THAT & ¥ polypeptide chain T RS F2aT B

eRF3 GTPase &, termination process &I [H=fra war 2

Translational Inhibitors -

Translational Inhibitors T gia 87

Translational Inhibitors 3 TETIF T (A9 w9 & tramaitesy, oo 9o onfe) gra
%‘F STT protein synthesis (translation) #¥ s 7 Rt T 9 (initiation, elongation,

termination) ¥ Trshd IT &ftHT Fxd %I



7 inhibitors AW 9¥ ribosome AT SEH HATET S0 T FTF Fd 2l

@ wrierd (Targets of Translational Inhibitors):

Elongation factors

Nk =

Translocation step

Ribosome ¥F subunits (308, 508, 40S, 60S)
tRNA binding sites (A, P, E sites)

Peptidyl transferase activity

Translation &t inhibit 3 ¥ FgaR 3= 3 97X # ferwrisra B s aear g

=qIOT

AT HT FE

Initiation  Ribosome assembly T tRNA binding FT Tr&d &

Elongation tRNA binding, peptide bond formation =T ribosome movement & Tr&d &

Termination Polypeptide chain T release FT Td g T T release FITA &

Translation Inhibitors #t g=t

' 1. Prokaryotic Translation Inhibitors (H&Iq: SFEIAT & TTWIE FLA 5)

AR TQIE

Streptomycin 30S subunit
Tetracycline 30S subunit
Chloramphenicol 50S subunit
Erythromycin 50S subunit

Spectinomycin  30S subunit

ERUE KR}
Initiation complex T 31T FTAT &, mMRNA T Ted T2aTdT &
A-site 9% tRNA ¥ binding T TaT &
Peptidyl transferase enzyme T inhibit F¥AT &
Ribosome #T translocation T TdT &

Translocation #T inhibit F¥aT §

Puromycin A-site 9 bind 21T & Premature chain termination #ZaT g (prokaryotes + eukaryotes)



'] 2. Eukaryotic Translation Inhibitors (AT FITAHTAT AT IF SAAT I THTH)

EERELY T o = T
Cycloheximide 60S subunit Peptidyl transferase #T inhibit #¥aT g

eEF-2 (elongation

Diphtheria toxin ADP-ribosylation %% elongation T#dT g

factor)
Ribosome T U specific base & g2T#¥ translation T Tufa:
Ricin 60S rRNA ! T spectt !
TFTATE
a-Amanitin Transcription T inhibit F¥dT & > mRNA g1 a7d1 >
o RNA Polymerase Il . :
(indirect) translation &t grar

'] 3. Broad Spectrum Inhibitor (Prokaryotic + Eukaryotic I9I &l THTfad i<d
?):
CENEED o

Puromycin Aminoacyl-tRNA ¥ #9719 fa@ar g, A-site & bind 2% premature chain termination F¥dT

Translation Inhibitors ¥ SUIT:

B&:iweiT STRT (Medicinal Use):

« Antibiotics S/ Tetracycline, Streptomycin, Erythromycin — Bacterial infection & e
)
« Anti-cancer drugs (T translation inhibitors) — IS{T & farsTord gf Tal cells T T H

« Toxins study — Cell biology # SIRTSITAT LTI Fq

XTI T4 (Toxic Effects):
« % inhibitors (S Ricin, Diphtheria toxin) cafers st gra &



o Translation #T qUT FFTae & HITLHT T I & THAT &

Mechanism-wise @g«s& Translation Inhibitors:
T Inhibitors

tRNA binding T Tetracycline

Initiation complex ST FAT Streptomycin

Peptidyl transferase inhibition Chloramphenicol (Prokaryotes), Cycloheximide (Eukaryotes)
Translocation T&T Erythromycin, Spectinomycin, Diphtheria toxin

Premature chain termination Puromycin

rRNA fAfSea s Ricin

Puromycin - T& @€ sadres:
o Aminoacyl-tRNA Ft e F¥dT §
« Ribosome F A-site § T FAT &

« Peptide bond T #F T polypeptide FT premature €T & =TT FLaT 8
« Prokaryotic 3fI¥ Eukaryotic 9l translation T TIdT &

Translation Regulation (rata+ &1 fAaw)

== (Introduction)

Translation g ST TiHAT 8 SrH mRNA & T &1 FHT07 2raT 81 78 Tinar sreafas =i
T FAT B, THTT THHRT Tl (I (regulation) ATTTF ZIAT Bl

Translation ¥ regulation I8 T FdT &



e HIF-AT mRNA translate glill

&4 translation &= I
o ot 9 translation A

o TFaeT &= T=

Translation Regulation ¥ yq@ <

WY =T g7 grarT &2
1[0 Dnitiation Level Translation ¥ g[&aa &1 =T Fear
2 (I RNA Structure Level mMRNA #FT §¥=4T & translation 9% T4
3 Regulatory Proteins i< RNA Repressor T Activator ¥ gr=T =T
4(1_ MiRNA / siRNA g1 Translation T AT a1 MRNA &T 7€ FTAT

5{_Global control (Cell stress, starvation 31f&) T FfarT & translation T &faT F7aT

1. Initiation Level Regulation (Translation it srEsia & A=)

"] Eukaryotes H:

o elF2 U& #gcaq initiation factor ¥ I 75 phosphorylate 27 SITU, AT IF translation
U AT gl

- I

Cell stress 3T viral infection ¥ 2T # eIF2 phosphorylate 8 SITAT § — Translation 58 —
ERIEAER]

2. mRNA it =T g7 == (mRNA Structure Regulation)

15> UTR (Untranslated Region):

o AN IﬁFf{ hairpins / secondary structures ribosome ¥ binding FT T TFd &



o T mRNA # Internal Ribosome Entry Sites (IRES) 2Td €, ST cap-independent
translation FT allow F¥d &

- I
Ferritin mRNA & U# IRE (Iron Response Element) Z1AT &, ST Alg &l |TAT % ATHL
translation T =3 Far g1

3. Regulatory Proteins g1 fR=r

o F® YIE mRNA F untranslated regions (UTRs) & SE% translation T S&Td AT ST
gl
L] I*Tg LT
Regulatory Protein FA

Ferritin mRNA ¥ IRE & bind %< translation #T inhibit #¥dT & ST« iron &%

&

4E-BP (elF4E-binding protein) elF4E #T bind T =aT > mRNA cap T block #¥ translation Tr#dT g

Iron Regulatory Protein (IRP)

4. miRNA 3R siRNA ST SIqared &1 =7

o T & RNA 97 (20-25 nucleotides) mRNA & complementary 1< bind F¥d g ¥
translation &T block F¥d & 9T mRNA T degrade F¥ ad 3|

] T

RNA T F

miRNA  Translation repression a1 mRNA degradation

siRNA  Specific mMRNA #FT degrade #¥aT & (RNA interference)

= I
RNAi Technology FT ITIRT F€ AT ATILH & mRNA FT 9 Fa+ | AT 7T B



5. Global Regulation (50t Translation T fR==rr)

e FRurfarey &

e« Amino acid starvation
o Heat shock

e Viral infection

o Hypoxia (low oxygen)

= FITFT elF2 AT 4E-BP T T AT [ATSHFT T2 TCOT translation €T a1 T A 21

Translation Regulation F 33Tg:

SATE

Ferritin mRNA

Hsp70 mRNA (heat shock

protein)

Viral infection

[EREMEIR LIS
Iron-responsive translation inhibition

High temperature 9% translation st

Host translation & SITAT &, virus 3T mRNA &7 translate FTaT &

Translation regulators #it fafafer a STt 8 S uncontrolled protein

Cancer cells synthesis 21T
e @1 aer arfer:
IERE LKLY T (Mechanism) TS
Initiation elF2 phosphorylation  Translation s&
MRNA =47 5 UTR hairpin, IRES Translation block IT allow
Regulatory proteins IRP, 4E-BP Translation inhibit
mMiRNA / siRNA RNA binding T cleavage Translation repression IT degradation

Global control

Stress responses Translation ¢fraT o1 9%






