Chapter 14 SXMAHY (Genetic Information)
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DNA replication(& A]), Transcription(AA}), Translation(H <)
DNA repair(f+ A A 44), DNA recombination(F A=} A %)
Gene expression(fA A+ &), Metabolomics(H A} &)

Genetic material history

- O. T. Avery & his colleagues (1944d) :

-4 A H (genetic information)©= DNAe°| X3t ddHT}

- E. Chargaff : DNA base molar equivalence 7 (X-4 3 &&27])

A=T, G=C, A+G=C+T 2% DI &]
DNAS] 32 725 ¥el= 4471 4

- Watson & Crick(19534) : double helix model of DNA(OI=SUMPE) HIAl
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Transcription Translation
Replication A——» RNA ——— Proteins

mRNA

Reverse tRNA
transcription rRNA

Replication vRNA —» Viral proteins

1)

2)

3)

4)

5)

Translation

Replication (EA) :
ol o] DNAS dsDNA A& Zhzto] AR Al 7F# e = (Complementary
nucleotide)”7} A3tste] ojHo] DNA®F £ A= 2719 daught DNA duplex
< M= 34

Transcription (FAA}) :

DNA 2] A EE base pairing®] 23} complementary nucleotide 7144 &
zk= RNAAFES H438tH A DNA &9 HEE RNAZ SHF= U1HE
Translation (1 9) :

DNA°IA RNA(mMRNA)O dAtd ARl e} 5ol opmits A4
gl dS dsteE AA

Reverse transcription (8 A}) : RNA — cDNA

Genetic information donor &4 DNA tj4le] RNAZ Ap-& 3t}

oluf ot &4V} “reverse transcriptase” (& HALE L)

ex] retrovirus

Gene expression (& 2}
DNA gl Coding =] ©]

o]
AN
A& (gene product)$l el A S A B
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ol



DNA Replication (|ZXI SXl)

% Semiconservative replication (¥FX &% HA]))

* Watson & Crick A%, Messelson & Stahl 9§ Z (PN 599425 o] 4)
Replication proceeds simultaneously in two opposite direction (3" — 3
DNA* DNA polymerase°] ¢]3le] A €HE — 37).

DNA replicase system = replisome : &= SHI|| Qe HHE X 94 =Sl
* Unidirectional replication, Bidirectional replication

+ DNA is synthesized as fragment (Okazaki), which then become joined

*

*

*

DNA template
3 T 5

\LPrimase

R T T T T T
5' I 3
RNA
primer
lDNA polymerase Il

3 I s
5’ I .
New DNA

1) Process of Replication(SXIt&)
- Start at unique site (or7 site)
O Prokaryotes &-A| 7 A1 & : origin of replication (or?)
- orf R8I : SH JHAIE ZE(245bp)
O Eukaryotes HA|ZHAIF @0 1788 AMA| Aol o2 7R HA A H o] =4

® HHMMIO| =Xl (Prokaryotic replication)
+ [nitiation (SXIHAD
- Ori siteol helicasel} Z23lo] DNA double helix7} =2 W A(DNA uncoiling)
replication fork (SHIEII&)S 9T o= WA H1ATP/bp).
- /WA= DNAEA @A F FdsiA ZE0| J1s8t SHlolth
- 54 JHAIS] AJI= DNA HIE2IQ Mz HYEEUO DA ojste] JIFS
Hh=T

- 54 A% DNA= ¥ w93 (0rCel HHOPDIE2 HE2E) €.

+ Elongation (A1)
- 5A 7184 primase(DnaG @9 2)7F #-2(10~20 nucleotide)RNA A]HE2
(primer)E& st A EFE A ZETH
- Replication fork7} =74 AW A Z} DNA strandol]l AH A2l 7] 59|
Mz AgdomAs BA7F P ETh
- DNA polymerase lll¢] =82 = o] primere] deoxyribonucleotide”} % 7}¥ t}.
- dEdE (replisome) : 5471 el 4 DNA 342 Fdats AA A
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« Termination (5&
- 27€] replication fork”} circular E. coli chromosome®] tEsideo| A whd ] &4
- SHIVIA0] S3E5 A terminus region, 20742 7))o A whdtl,

- Jer sequence = Tus(terminus utilization substance) il & & vl 9]
AgArg = 2hg-ghot,

- Tus-Ter BFAE oA F PPN o= BANFNL 44 A2 £ Ao

2) Enzymes associated to DNA replication(f A X E Ao #HH & &)

Helicase

Single-stranded binding soe
protein T /‘ Primosome

. '\ Primase j \\
DNA polymerase j

1l holoenzyme

DNA

polymerase | /
DNA ligase />‘3

Lagging
strand

/o
S\L;*:::;g
O Replication fork(2HI2J|H)
O Primosome : DNA helicase (DnaB) @} primase (DnaGl= Z2I0I2E SEHI
Z 0lu9 JIsHQl HYE 14

@ DNA polymerase | (Kornberg enzyme, MW 103,000)

- consist of two polypeptide chain (large and small fragment)
- (DNA)n + dNTP — (DNA)n+1 + PPi

dATP, dGTP, dCTP, dTTP
primer, DNA template, Mg " free 3'-OH 7} Z &

O Large fragment = Klenow fragment
- DNA EAJls(polymerase function(s'—31] : DNASHIAl 5'—3 Waoz Hx
- Exonuclease function (3'—5" = DNA repair function, Proofreading (%)
or editing function
- DNA SHIAl LEE JA2100] Aol &2 HEE nucleotideE E2iN =M
ex) E. coli (3.7 x 10%p) : 10’~10" bp@ 1719 & F Al

1,000 or 10,000 replicationd 17§ 243

Q Q Klenow fragment :

O Small fragment :
- (5'—=3’) Exonuclease function



@ DNA polymerase II and III (holoenzyme)
* [DNA polymerase I ¥} 543+ ]
- (5'=3') polymerase, (3'—5") exonuclease activity (proof reading, <~
* [DNA polymerase I ¥} t}& #]
- (5'—=3') exonuclease function : No
= DNA polymerase II : structure (polB, dna A)
- have a highly specialized DNA repair function
= DNA polymerase III : structure (polC, dna E)
- 1s primary replication enzyme in E. coli
@ DNA ligase

phosphodiester
* DNA chain » longer DNA chain
DNA ligase

* 3 -0H, 5'-® groupOl EL0t1 ATPR} DNAJI B2

* DNA polymerase [ dNTPZ primer chainol] ¥7}sl= A& 7Fsshu
271¢] short chain (Okazaki fragment)S AA3}# %3
O Okazaki fragmentQ] &
DNA topoisomerase Il Leading strand synthesis
(DI\iA_egrase) (DNA polymerase Ill)
3'
< ] 5
(a) :: g \] (”tation fork movement Is-targ?ll;:
"~ DnaB ¢ .. 5
helicase
DNA
primase RNA RNA primer
primer from previous
Okazaki
fragment
C / <
(b) ) ]
K

ELaggim_:j strand synthesis

(DNA polymerase Ill)

() <«
ﬁ (D D
T B5¢
- dAS HAS FI primases ME Q7MY FHE WEV] 98t Qs
MANA AIZREEE vt Zh2be] AP A= DNA polymerasedl] o] ste] 917t}
- DNA 32 ofdel whsozl 97kab7] Z7be] AlEd RNASH whd wj7b+] Al

Core

Leading

—>
= — strand
Clamp-loading complex
— }/wnh open 3 sliding clamp
Lagging strand
DnaB :4_ : RNA primer
of previous
Okazaki
fragment

(a) Continuous synthesis on the leading strand proceeds
as DNA is unwound by the DnaB helicase.
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3

4)

a)

6)

@ Top01somerase (ol A A3 & 4) ¢ supercoiling control
* 2FF9 aavt 2428 Tioﬂét 1 stve 2735 771E olgA7] L
1jre stip= ohA]l gt
* Linking No. (A1) 93¢ =
O Type I: &gz oz $AF vkgoz XUM DNAQ 0l2AE Z0H3)
- DNA double strands 3% strandE LA
A1 ddd X2e dZdsh
O Type Il (DNA gyrase)] : ATP 2+
- DNA double strand2 ‘54l ddate] negatively supercoiling (& =L
MIAX)S THET

Primer synthesis and hydrolysis (A|2EZ& Sl Ji+=Z0H)
: BNA polymerase= DNA polymerase® E¢el primer8l0l short chain RNA &4
@ Primer : short chain RNA (10 - 60 nucleotides)
@ &g A : primase (RNA polymerase)
@ Primer (RNA chain) hydrolysis : DNA polymerase I
- RNA primer= DNA polymerase®] 293 &3], AlZ¢] &% DNA chain%t <4
@ DNA polymerase Ill : primer (RNA-3'-OH) Zhe] A 28 DNA &4
DNA =7] : ~ 1,000 nucleotide &4
© DNA ligaseo] ¢]3}e] DNA chain(27}#7] Z72hH& A4

Replication fork (SHIEJI&)

- oj¥jo] DNA®| o]guid 7heto] Fojx il F DNA 7heto] sAlo] HA == AH
~ helicase(4}4 Eﬁ:)ﬂ Z+g-3lm ATP7)F 28

- T8 W EAE dnaB A A ESQ] DnaB Tl ol

DNA mOUlflcatlon

- DNA £ Fo] methylaseo] 23t DNAZE methylation A 71t}

- AlgtE o ol Al DNAZE e+ As WAt €5 DNA &3

MY IO |Hl= W EQU}U
- A A EZ2] DNA A= E-33k vkl A (nucleoprotein) T3 2 22315 o] T}
- Eukaryotes : 1JHC] SAHH| 2H0f| 0131 JHel SHl JHAI™EOl EXH
- 2H I3 ASEAAL(ARS) T EA A (replicator) gl & 2 TH(
- 717 214 -3+ 4| (origin recognition complex, ORC) = O}& AHY ©
P EANAE BA 2 st
- ORCE AIAAEZ HEF7] - #HA35
st o] Fol ot =HHTh
- MCM S8 (OIUSAMH |XI HHE)
a2 Fe] EA helicaseil Alite] BnaB helicase®} AFsitt.
- DNA polymerase a(H A0 42T =Z 4) © primer 373
- DNA polymerase §(primerE 17%), DNA polymerase e(primer AA 7]%)
- Telomere (S2d) : 1 P=AAA 2 2ol = &2 FEULEHOE ME
o] M= Fx

-
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3. #8XI2 55 (DNA Repair)
« ol (mutation) : DNA nucleotide A&l AojA F
* A E= DNA 34 575 A% g3 A="dS 2t
1) Mismatch repair (E. colil : Dam methylase
2) Nucleotide excision repair : ABC excinuclease

S
30,
Bu:)

O Mismatch repair O Nucleotide Excision repair

. 5’ AN, 3

3 Mismatch — 5’ [TTTTTIIT Il T TTTTTTT

ITTTTTTITT T T Tgl TTTTTTTTEITT = 5
T

Excision of a
12-nucleotide fragment

5’ \L 3 by uvrABC excinuclease
- S Y Sy |
IIIIIIIIIIIIG DNA synthesis by
T g DNA polymerase |
lExonuclease] e TTITTTTTTT
G
EEEEENEEEEENEREAEEEEREEEE
lDNApolymeraselll .
Joining by
DNA ligase
ITTTrTrrTrriiigi Pt rrrrTd
INESEEEEN EEEEEEEEEEEENEEEENENEEEEES

3) Base excision repair (ZIIZH=) :
- DNA glycosylase : DNA =479 <123}
E4E 4715 AASE &4
- IS THXI2](abasic site, AP site) : DNAJ] F@ oy Jgjnglo] A AE g
Jo

- AP endonuclease : o} deoxyribosed -¢14ko] A A% 31 A 28 nucleotide

-

N-glycoside 2% #9]

g ol K

4

-3 =] 1

2 Xstste= a4
4) Direct repair (21&=241) : DNA photolyase
- A7y wEELE =S AA glo] H Hoh
- pyrimidine dimer @ Z}2]A FX Wk <lsto] A== DNA photolyasecl
ojste] H ) .

4. DNA recombination [(SZX}I THZEE!)
* DNA 2kl 9] e 24k g n e AujdS ekt
O |UEII HEXEHA2 IHIZE EF
- Homologous genetic recombination (¥8HA 21 A=)
© AR DNA sequences 7Fzl Fatol A 5+ DNA Fhol] dojub= Fd4 wgk
- Site specific recombination(Z+&] o] AZXF) : ojHl EA 7| AT HAY
- DNA transposition (F2 & A <)
D AAA Y] g A ERY tE YA R o]Fste Y

o

A DNA @ o] 3o



1) Homologous genetic recombination (&®F& <l A =3)
* A% FAA AzxFL 98 71X 7|5 g
*x AT 4% A2 A2FT = AZXF DNA B¢
- DNA &4 E9dA 33 Jd&e 24 7189 ATAHL Ao FAFao
* ZWAE :
- 1 JdE BA 713y BETE XA AXELE 9 EAA g 9EES 7
- Az ZFFEd(meiosis) ¢ 7 £ WIEZ dojdth

[H+=EdS210] X8

Gene Gene (3) The invading 3'end is extended by
5A 3's’ B 3 DNA polymerase plus branch migration,
3! '3 5 eventually generating a DNA molecule

— - with two crossovers called Holliday
= - intermediates,
(1) A double-strand break in one of two — J—

homologs is converted to a double- I '

strand gap by the action of exonucleases. el Y i w00 g Vs

Strands with 3'ends are degraded = =

less than those with 5'ends, @ Further DNA replication replaces the

producing 3'single-strand extensions, DNA missing from the site of the

— — original double-strand break.

= == -\ '
- ’-\ ----- J -
(2) An exposed 3'end pairs with its - =
complement in the intact homolog. @ Cleavage of the Holliday intermediates
The other strand of the duplex by specialized nucleases generates
is displaced. either of the two recombination products.

In product set 2, the DNA on either side of
the region undergoing repair is recombined.

=

Product set 1 Product set 2

O dxE2dmeiosis) : + T FMAE 2t o] vl Al (diploid) AY 2] A L7} A 8} o
Auj A o] WA A FE(gamete) S BAstE HA ot
O Holliday intermediates (E2I4I0] SZHAl)
- BE AEAY FE FH2 AxFA R 5ot}
2] Site specific recombination (Xi2] £0| IHxXEH
- fFAAel wsto] AAI DNA sequenceo| A Lot}
- recombinaset= 574 A HoA DNAS Autstal A 23 &3 AgA 71t
- DNA Ad¥ 2 x4 5o 7158 g,
3) DNA transposition (XXl X¢)
- AAA S DNAY &S @ (Hopping genes)©] ThE AMA R o] Fal= &A
O Transposable element (transposon) : XM%Jls Q4
- ol5d 4 & DNA @A
- A2 ol dubE A7 < (inverted repeat)s 2ttt
4) Y= EE FUI= THZE0 CoHAM == ECL
- x> AEZR stoda AgkE DNA ¢35 9F 8 =FH(DNA-coding capacity) &=

FE 9AUA Bd FAE wE YRS dFh

A



9. RNA biosynthesis (¥ AL, Transcription)
1) Structure : DNA$} RNAS o] H
* Single stranded molecule with hairpin loops
* T — U (thymine — uracil)
* Deoxyribose — ribose
* Need not have complementary base ratio
* k9] A7) DNA H|sle] At}
* Prokaryote ribosome size : 70S = 50S + 30S
- 50S subunit : 23S, 5S rRNA
- 30S subunit : 16S rRNA

Table E. coli RNA 259 A&
T 7 7l & T 7 RNAe®| g Hl&
mRNA | DFINO| Fd | a% 3%
tRNA amino acid adaptor 50-60 7%
rRNA ribosome?] T+ Q4| 23, 16, 5S 90%

2) RNA synthesis
Eukaryote RNA 314 : nucleus
Prokaryote RNA ¥4 : cytoplasm
D DNA template : ds DNA or ssDNA
@ Activated precursors : NTP (ATP, GTP, UTP, CTP)
@ RNA polymerase : DNA-directed RNA polymerase (Mg++)
- (RNA)n + NTP — (RNA)n+1 + PPi
- Direct of synthesis 5' — 3' direct
O RNA polymerase (holoenzyme, 2 g4)
- a28 B': core polymerase (53 : DNA binding, A': active site

+ a : enhancer site binding)
o subunit (initiation factor) : promoter recognition

- RNA polymerase does not require a primer to initiate synthesis.
- Template strand (minus strand) : antisense strand

. serve as template for RNA synthesis
- Nontemplate strand (plus strand) : coding strand, sense strand

TABLE 28.1 Subunits of RNA polymerase from E. coli
Subunit Gene Number Mass (kd)
o TpoA 2 37
B rpoB 1 151
B’ poC 1 155
70 rpoD 1 70




3) BNA synthesis is initiated at promoter

-39 -10 +1
9' -| TTGACA TATAAT start site| - 3 °

O -10 region and -35 region : conserved seguence
O CRP (CAMP %-SXI EHWA) : o) gafo) A MAIZAID} CHYx
- AT A EEgo] gl u TR 9o B T hitel
FEsshe fAAY AAE FrAR

e

rlr
kol
il

4) Mechanism of RNA biosynthesis
D RNA polymerase and DNA binding (promoter site)

/ RNA polymerase

RNA-DNA hybrid
helix

= PP Movement
of polymerase

Fig. Transcription bubble
= 0Operon (transcription unit) : promoter S£AMM XA SZ%l= termination)iXl
= RNA chain start with pppG or pppA

@ RNA chain initiation :
- DNA¢9] 1st @A} base — thymine
« Rifampicin : RNA synthesis inhibitor, RNA polymerase® B-subunit °] 23
Z A} 9] initiation= A 3]
@ Elongation
- °F 8709 nucleotide’} ¢ Z2 %™ RNA polymerase™ & subunitZ release¥] il
core enzymeWro 2 A H A d7E A4
+ Actinomycin D : RNA elongations A &l
@ Termination (in E. coli) : 213&
* o(rho) protein : termination factor
« RNA MAKEZQl hairpin #XgY

5) ZISMMIZE RNA polymerase
* RNA polymerase I : el 4] IRNASEXIE MAl : 18S, 5.8S, 26S, 28S RNA
x RNA polymerase II : hn BNAZAlI — mRNA
* RNA polymerase III : tBNA & 5S rBNA |8 XIE HAl



TABLE 28.2 Eukaryotic RNA polymerases
Type Location Cellular transcripts Effects of a-amanitin
I Nucleolus 188, 5.88, and 28S rRNA  Insensitive
II Nucleoplasm  mRNA precursors Strongly inhibited
and snRNA
111 Nucleoplasm  tRNA and 55 rRNA Inhibited by high
concentrations

6) RNA processing(ZISH x| %)
+* MRANA 2 5 *-CAP, 3 ‘-polv(A] tailing, splicing (Ec}t AJI)
@O 5 “~CAP : 5'-end°l| 7-methylguanosine®] <A A% o] Ut}
- 7% - @A Agtele] translateE Al ZSE7] 918141 ribosomeo] mRNA 2]
ZAglol oz
@ Poly(A) tail : A7 59 = FH7F (- 200bp)
- 7% ¢ ®4el °J¥ mRNA9 Z3& HelEtt

Template DNA /\
,\’x,\.,’\’,\.,’\m’\c\c\c\c\c\c\c\c\/\,\f

5 Cap AAUAAA)g

Nascent RNA N Cleavage signal

Cleavage by specific
endonuclease

ATP
Addition of tail by
poly(A) polymerase

PP;

5’ Cap AAUAAA AAAAA(A),—OH 3
Polyadenylated mRNA precursor

Fig. Polyadenylation of a primary transcript

3 RNA splicing
transcription
and 5'capping
DNA —_—
5 ﬂ
| Exon Intron
5'Cap .
Pol li
completion of
. primary transcript
Prlmary . 7 Noncoding
'transcrlpt end sequence 3
A N I| 1 ’ ’ ,” ‘
, ™. cleavage, ;| / Fo
K% polyadenylation, | \g ;o
. a\nd;splicing I.V, £
Mature - Y v 5
mRNA 5' 9 P ¢ -AAA(A), 3'

Fig. Formation of the primary transcript and its processing during maturation
of mRNA in a eukaryotic cell
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O [Splicing mechanlsm]
- AHAFE mRNAEL 5 deto] A (5cap)7F 2ot}
- QQEEY oo BE DNAoJA RNAZ AALET)
- RNAJL QIEEQ| et AJ[0 HSMEgS sttt
CRIEELS gl A g4V A FAEHA Z2 self-splicingS o).

Ovalbumin gene

l 7,700 bp '
[L 12 3 4 5 6 7 |
DNA W[ A~ T[T cTIoT e [TF[T 6 ] []
transcription and
5'capping Extra RNA
Prima L 1 2 3 4 5 6 7
womserpr 2T TRl € TIFIT < T+

Cap
splicing, cleavage,
and polyadenylation

Seven introns [] ExtraRNA
Mature - T T T - aaan
mRNA 1692 n

nucleotides

Fig. Overview of the processing of a eukaryotic mRNA

O Alternative processing
- A gene can give rise to multiple products by differential BNA processing
(CHSH RNAC] J1Z0ll CloH o SMXIZRH 32 L4200 SdE0)
- Ribosomal RNAs and tRNAs also undergo processing
(o] & RNA9 tRNAE GA] 7hF )
ex] MYZEH heavy chainlilA JIHEHO| OF S JIsSOHHl Sttt

O BNA 4= RNA WAl & LS 0FEO| =0HXI0ICH
~ RNA M2 g : @AZ M Z20l= RNA
*» 2|2 XIY (ribozyme) : SAZE Z20l= RNA EXICL
+ XHI|ISE Ol= RNARX= AAFT 52 WHAFFodA FHdx dde =4
ex] ribonuclease p (2|HHAZHE L P)
- °] &A= RNASH vl Ao o, @2 (RNAZF Ashe s wath
ex] AAZ AZEA0IY Ol= CUEE2 ZMEEE Ol= < otuel ol
- g gaet g grEAYS AaS i sy g

O MZUW mRNA= MEZE OE £E= EiEt
- frAAdd 2 0 AlEW mRNA s o



9) RNAS DNAS RNA &34
* Reverse transcriptase = Hlol#{2~ RNAZSEH DNA Saol= 84
* o] 4% mRNA 250 4127 DNA 430, 0l3T WHo =z SHME
DNASZ cDNA=tz F=2mv) MIEW |SX8X E2S0 A2
* o] 23t vlo]H ~E Retroviruszhal ghr},

« AN HERuolY 2 b dlo]=2E Yot

O Telomerase= S8¢t reverse transcriptaseOlCt
- Ao dA Bk A EY DNA polmeraseo] 2|ake] A &A= A
gt Andog d8AE AE7 AdE AFZSE 234 Fopxt
- Telomerasezt= &7t GAAe] Zol] FEHE H7F AAF] o d #Al&
sl 23+, telomerase= RNAME it SHHE M2

1
o

L

o e

B 7EA AL Q)

O dHFvlo]#l 2~ RNA+= RNA2 = RNA polymerased] 2|ste] &-#)| Ht}.
O RNA A2 Aststd HAslo] 3t 523 G = A& 3k},

[Transcription and Translation of prokaryote and eukaryotel

(B)
~Zn Nucleus
M\J/’fp '?5
] S{MM\JIS Primary
| 5,_"‘/—\“\ ,\‘3\\-6; transcript
| Processing\l/ |
— Cytoso
\S———= % <7
Ribosome .
Ribosome
5 Nascent
protein Nascent
protein

PROKARYOTE EUKARYOTE

,12,



