Chapter 6. Nucleotides and Nucleic Acids

Nucleic acid

Objective
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Replication transcription translation
DNA —— > RNA ——— Protein

Structural component of nucleotide
Nucleotide = Phosphate——-Sugar(pentose)-——N-base(&71)
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1) Nucleotide component
@ N-base (¥71)
- Purine bases : adenine (A), guanine (G)
- Pyrimidine bases : cytosine (C), thymine (T), uracil (U)
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Adenine Guanine Cytosine Thymine Uracil
(DNA) (RNA)
Purines Pyrimidines

@ Pentose (sugar) : DNA (deoxyribose), RNA (ribose)
@ Phosphate

® - ® - ® -- sugar —— N-base [purine, pyrimidine)

| nucleoside (glycosidic bond)
|

v
Nucleotide (ATP, CTP, GTP, TTP)

O EXFdE&Smolecular biology)
- FAARTERY FAAR MES AT sk ok
O Q¥Il= I MME(ZIHEOIE = 0 ST ANARIHS 453 3=
g Zdes IMEHEE UL YHESS THOI= DNA Mot
O Nucleic acids : DNA and RNA
- f™&EH(genetic information)& X&0I1 ME0l= JIsS sl
- genetic information is stored in the sequence of bases along a nucleic acid chain
- DNA (deoxyribonucleic acid), RNA : ribonucleic acid
O |1 Yd(gene expression) : Ax7t g7 i BFANTE] WHgEe {4
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Nudleotide: Deoxyadenylate
(deoxyadenosine
5'-monophosphate)
Symbols: A, dA, dAMP
Nudleoside: Deoxyadenosine
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Deoxyguanylate
(deoxyguanosine
5’-monophosphate)

G, dG, dGMP

Deoxyguanosine
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Deoxythymidylate
(deoxythymidine
5’-monophosphate)

T, dT, dTMP
Deoxythymidine
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Deoxycytidylate
(deoxycytidine
5'-monophosphate)

C, dC, dCmP
Deoxycytidine

(a) Deoxyribonucleotides

TABLE 8-1 Nucleotide and Nucleic Acid Nomenclature

Base Nucleoside Nucleotide Nucleic acid

Purines

Adenine Adenosine Adenylate RNA
Deoxyadenosine Deoxyadenylate DNA

Guanine Guanosine Guanylate RNA
Deoxyguanosine Deoxyguanylate DNA

Pyrimidines

Cytosine Cytidine Cytidylate RNA
Deoxycytidine Deoxycytidylate DNA

Thymine Thymidine or deoxythymidine  Thymidylate or deoxythymidylate ~ DNA

Uracil Uridine Uridylate RNA

_._.,ll' """"" 0.33 nm
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2) Function of nucleotide (212t + & + €&7J|)
- Nucleotide® #2te] 7|& FA <9 (monomeric units)
- AAUAA FEdEE EAsHA S 2% biological s
- dAlA S iUXIe M 332 52 g (metabolic intermediates)

- 23} 39 FAH o BoslE dehydrogenased XRA AB(enzyme cofactor)



ex) NAD : nicotinamide adenine dinucleotide

NADP : ! " ! phosphate
UDP ! uridine diphosphate
FAD : flavin adenine dinucleotide

= Point : M2|2AM0|] Y= nucleoside — adenosine(AlHtSX A S+HXA)
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3) Nucleoside 0]21& & 2214 (Cyclic nucleotide) : regulatory function
@ Adenosine 3, 5'-cyclic monophosphate (CAMP) : serve as second messenger
- ATP — adenylate cyclase — cCAMP
@ Guanosine 3', 5'-cyclic monophosphate (cGMP)
@ Cytidine 2’, 3'-cyclic monophosphate (cCMP)
- RNA alkaline 7}=%3] or 4% TA=2 2§ — THEI|
@ ppGpp (AI2I&F A0 -
- Algo A ofn A4t AP o2 duld fF Ao AstE W YA
- CHHZ S0l AF2EI= rRNA, tRNAS] SIS AKIOI0 ETQTH SiAto| SHdES WX
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2. RNAS} DNA9 FH/HAFTx
1) Phosphodiester linkage
- DNA & RNA 9] backbone (phosphate, pentose) : hydrophilic (Xla=4)

End 5'end  RNA 5! :
b & " 0—CH,
P

Phospho- 7 g o Adenosine 3',5cyclic monophosphate
diester | 0—P=0 “0—P=0 (cyclic AMP; cAMP)
linkage I |

-o—r|>=o

o

Guanosine 5"-diphosphate, 3"-diphosphate
(guanosine tetraphosphate)
(ppGpp)

()
,'1 Guanosine 3',5"-cyclic monophosphate
3' End (cyclic GMP; cGMP)



2) DNA is an acid
- Negative charges are generally neutralized by ionic interaction with
positive charges on proteins, metal ions, and polyamines
3) Base sequence : 5 — 3 YWACE L1
A C G T A

5' End 3' End

OO

4) The properties of nucleotide bases affect the structure of nucleic acid

- 2ot @Iy 2lelE (basic compound)

- hydrophobic(&44), water insoluble at neutral pH

— absorbed UV light (260nm)

- highly conjugated molecules
3. DNA structure
DNA®] Nucleotide = 2I&F + &(deoxyribose] + HIIAGCT= A= 3
DNAE 0lZUMIPZE(double helix)= 7<) polynucleotidet= & WHAE |}
DNA®] 71¢] nucleotide®= 3' 9'-phosphodiester 28l <Jajx A2 ¥ o] 3l
DNAROHE A : deoxyribonuclease (DNase)
Phosphodiesterase : phosphodiester bond & &+

*

*

*

*

*

1) DNAs have distinctive base compositions
- QUI2AZL Fd g a2
- 2L FoA £3 ¥ DNAE =33 #AGe L.
- DNA composition< W3}A &=t (aging & nutritional state)
- Chargaff's rule (AFJHZO] BiA])
«e A=T, G=C, A+G = C+T
« DNA?| 34 725 si¥st= 44
ex) 40% GC, AGCT®e H « [ J:[ 1:0[ 1:[ ]

Thymine

Cytosine




2) DNA is a double helix(DNA+ o|SyAF+Zo|)
- Watson & Crick 7t DNA secondary structure (DNA 2X}#1X) A

* X-ray

diffraction analysis(X-4 3|ZdEA])o =2 39l

right handed double helix

two strands of helix are antiparallel

DNA sequence of two strand are complementary to each other
DNA double helix (duplex) is held by two sets of force

+ hydrogen bond between complementary base pairs

- base-stacking interactions (AFAAIDXIL)

7] QORE =), AN FEAE
o 3} Be date] 3xF2E ¢bg gtk DNAE A9 & Baet 4%

- Minor groove and major groove

Major

A form B form Z form

[DNA 20l 8t Watson-Crick 2&] [AY, BY, 7 DNAQl Hlul]
3) DNA can occur in different structural forms

@O B-form :

most stable structure (Watson & Crick model)

sugar-phosphate backbone rotation

10.4 base pairs/turn, 2.4 nm/diameter, 3.4 nm/turn,
0.34 nm/base pairs, 18-19 H.0/nucleotide

@ A-form :

@ Z-form :

right handed helix, relatively devoid of water
2.5 nm/turn, 0.23 nm/base pairs

11 base pairs/turn, 2.6 nm/diameter
A-form> ZHol|7} #il B-formXE vt #7o] Atk
left handed helix

4.5 nm/turn, 0.38 nm/base pairs

12 base pairs/turn, 1.8 nm/diameter

backbone : zig-zag appearance

4) DNA supercoiling (DNA 3% %)
DNA packaging, SHI, MAlI 5 HESIA HISS & WP =A s



@ Liking number(2<) :
Szl A ZF DNA 7heo] & 7S wAkshe
@ Twist(H 7)) @ WYd3d4

@ Writhing number(229}<7) @ 248 3xF729] =W 345 2

«L=T+W
« -2 AE DNAE ° A

0]
“ AN
* Topoisomerase = DNA 72479

5) Certain DNA sequence adopt unusual structure

P EFY TR E2 A gl DNAS 7153 diatel 9dE Foh

@D Palindrome (3]%) : inverted repeats(A1 ¥ Eo]% DNAZ g =2
@ Mirror repeat (H-&7%¥5) : TTAGCAC CACGATT
@ Hairpin : TGCGATACTCATCGCA

@ Cruciform (HAE %)

(® H-DNA : polypyrimidine/polypurine tractoll A &2
- FAARA AR UERd T

O FJAH ®AD|(Hoogsteen pairing) : ¥ AP A A A71%4 2F

- ge-aE BA L ok #4Y)

- 328 BARA7d g3l 35 79 DNA (triplex DNA)3 A
Palindrome
»m I - T G T A A 5 TGCGATACTCATCGCA >3

I I I I I I' ' §
df L1 3'< ACGCTATGAGTAGCGT *5
AATCGTGCACGATT l

> A
:D_‘

. C
Mirror repeat T A
A T
W TTAGCACCACGATT .
N N N Y N N T N T T O gg
AATCGTGGTGCTAA T A

5,4 J \ . \3:

> T | =

3'€ III‘rIII > 5
A T
C G
G «
C G
TGCGATACTCATCGCA = A
5’<—|j—|- TTTT '|—|-|—>3’ A T
o3 o)
G A

l Cruciform

ﬁ
-
v
A—a
A—a
- —>
a—n
- —>
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4
/
)

TCTCTCTCTCTCTCTC
< FEEEEETTELETTITT ey
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A T FEEPELETETETITTT %
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© G / /
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Hairpin ,"\\\;’
AN
N4
SN E
A



4. Nucleoprotein (3¢9 3d)
t AlX£2 DNA % RNAE @l Zd 3 A3 EFAZ A
1) Nucleosome(7+Z# 2.&) : histone-DNA complex
- RAHAE QAL FERATH, 8FA
- histone 8% Aol 42 % DNA+= ¢F 140bp
- nucleosome¥} nucleosome AtolE AAs = HIS °F 60bp
2) 924 (chromatin)
- FE 3 histone (50%) — 9714 @A positively charged
- DNA <QI4F ester7]ell &= o] A3t ¢F 165 & F3)
- Histone protein : regulation of protein folding

- Nonhistone protein : Fd 2} @& A zpe} FHuj7p &4
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=
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1pm
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DNA(2 nm =|2)

N
e
%‘

3 RUMIAX

* X5 AEo] fEMI(genomels EHESH TR SFUBEE SRty At
* AT A7), RS ALEZAAA 2T
* A el A7) MycoplasmaZl 71 #e At o]t}
* A ES] FAAE JAHANE FAARG ¢ 2}
* Aol Fx7F AAAE(FEME OlUC B9 X))+ AW E(FEME
201 S£= 1 0|&9 MyAX)e 2o
x [e]

O 438 #AdA &4

O Genome size (FAA=Z7]) :

- gREe gIaAEY Axe IAAERY EN Ak ex) E. coli 4.6Mb



(e]
- AR AEAte] B FdA LSl bs DNAS 79 £dsta A v

#Hy fFHax5L QHEperon)CE AL XEW
L plasmidE 735 FAA WA 2 EE53 dAFHS %% pIg=s

§
r‘.\*ﬂ
©
o
e

@ AR E FHA &F

O Genome size (FdA=7]) :
- human genome< 3200 Mb, 25,000 - 40,0002V |XMXt= F=4 =1 St}
- OIZ HIEOl 2 45%= HtS M Slrepetitive sequence) &0kl ACH

o UBIII|S :

- QAR fgse] DNA Ade d55de 23 9% 9k,

- = AAbE AEkE 2% 2-EE VPR A &
- HgEs MLl Ve deA dA ey ZEOIU AXH JISE Ol
Ao FAHH, A7t FREMS & 1.5%J)F BHES Azttt
- AEA L] PREe] DNAE vl FAS &% o
O Y29} AKY
- AP E] FAAE wdEdolth H 22 EIIME(lntron)2 |FUIIYYES

A 3ot=(exonlM S Lol ol AkAlE] ATt
- M EO| FTXI= exondt intron0l EXH
O WMHAESAHE(alternate splicing) :
- A& QJQEZ EA Wi IAAEL 1/ FHAAZEY 17] <3<
polypeptideE AA3HT},
- YA A4 2 (alternate splicing) S o] &0z W d&o tpgd F3o] A
2 dZdHo] dAS mRNAE WHET.
ex) AHS2EHUY I FEAE d5gsts A4 A <EY rearrangememt
L WA Qase Fun Ao e FAE AL

Unique Expression, replication,
s\&‘ (&° ot and maintenance
“ Intergenic K Intergenic of the genome 3
15% *, regions: DNA: 62% Signal
transduction
(96%) \_30%
Related Pt %
sequences &
(Gene fragments
and pseudogenes)
Genes and :
related Genome-wide
sequences repeats: 70%
38%
General
biochemical
Various other functions of
Genes (4%) activities the cell
o o = — xI
[QIZtITIHI] [FMIIE 2220l= 17t HUA]

,9,



O QIZQHMIOl DNAME 24
- °F 3200Mbe] JAzHFHA T

AdE F F44 A4

- FEE FARE AR
YeiH s g A s

—_ o

_—

ﬂ?}ﬂr
O #dA(pseudogene) @ E&FA3st Hal H] 7|54l FAA HAE
O Z"HkE (tendem repeat) : Ths H-A|Eo] Ues] vjd o] I+ DNA 97144
- 91”4 DNA(satellite DNA), minisatellite, microsatellite : SHxIH
O A -A A wFE-(interspersed genome-wide repeat) @ A AT AbA g wbE

N o] Aol fREe A9 Aol

0. BNA structure
# A|3Eol = DNAS] 108 Aol afdat= RNAZF 9
* DNA®F RNA®] o] 4]
- 34 : deoxyribose(DNA), ribose(RNA)
- 97] : AGCT(DNA), AGCU(RNA)
- structure : double helix(DNA), ©d7tg o2 Eo|st 3z4% &4 (RNA)
- Chargaffs ruleo] & &5 % ¢+
- RNA9] FF : mRNA, tRNA, rRNA

1) Messenger BNA (mRNA) :
o carry the information from genes to the ribosome
0 % RNAY 5%Z ztA]stH = 7|+ theksiot,
o ASMAE mRNAE o2l Budg 4 5 e
o FHMAE mRNAE & shie] Buide $de 5 9
5 I
Gene
(a) Monocistronic

TAARE g-(polycistronic)
= A RE {monocistronic)

I 2 Eaaas 200 O Baa 020200022 maakl
Gene 1 Gene 2 Gene3
(b) Polycistronic

o mBNA M 2 modification : BNA processing (5'cap (methylguanosine, 3'polviAl tailing)
o (Cistron : polypeptideE TtAMOl= HHEQl COIEE JIsl ZR? MIEIIE
JIXI1d %= DNA MEO0IC.

2) Transfer RNA (tBNA)
© mRNAS] HHE ofn|wsto] Eogh Ad& Wit
o & BNAQ 15%= #HAletH, 94 3Hd-& 98] ol ieihS ribosomee] -RFgHT}
o tRNAZA}Y] HtZo]= 75 nucleotide
o tRNA A& S ofv| =ity ZAet7| Wi Alxs dfdoa ddE=
20 ot At A A= & A o] tRNAE itz ok
o tRNA structure : 3'end—CCA, anticodon, loop

,10,
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— 384 27|
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@ “ f::::|u:, :ﬂ; = ) |l “ “ [ @ @
@ \Ql) {7':f= <, ‘\5? chzQ

D25

olelzE BE S wigs

— ERE 27|

(b)
Fig. tRNA structure

3) Ribosomal RNA (rRNA) :
- structural components of ribosomes, & RNA2] 80%E& =}#]
- 7% @l ASA S et (carry out the synthesis of proteins)
- AIAXE : 70S = 50S + 30S
50S @ 5S, 23S, 34 polynucleotide
30S : 16S, 21 polynucleotide
- AP M E : 80S = 60S + 40S
60S : 5S, 5.8S, 49 polynuclotide
40S : 18S, 30 polynuclotide

4) Heterogeneous BNA and small nuclear RNA
@ Heterogeneous RNA (hnRNA) : DNA®] primary transcript, mRNA2] A
@ Small nuclear RNA : small nuclear ribonucleoprotein particlesE & A a}l7] 93l
A 2y eI 28 splicing &t Al
RNA (ncRNA) :
RNA (micro RNA, miRNA)
W3] RNA(small interfering RNA, siRNA)
©] RNA(small nucleus RNA, snoRNA)
- 23 RNA(small nuclear RNA, snRNA)
© mIRNA, SIRNA : RNA 3] (RNAD@ 3 == RNA S0HaFE0l 20f
O RNAiC| 7|§ :
- A3 FHRAAES BT oEAN TAFAANA FAALESE =4
- Hlo]g] & RNA FAAZRE AEXE BEFT

o)

?01'

@ v

_

o

ot oft }“}

]

o
o
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6. Virus(HIOI{ A)

* violg s AES 9% BE A sS 222 T F oglon, Alxy VS
219 Aoyt 0lSA 8E & (mobile genetic element)©] tf
x Hlolg s o EWMO| 010 v MIEMAIL THEED = R 24 &3

1) Virus structure (B}o]&]~-%)
- Viruse 5““4 capsid(Im WAz = o) 9ok
- e 97hE 201 A ot}
- 9] virus FH%F 1 o] F 7 DNA, @97t RNA

2) HtHI2|IX| T4 (T4-bacteriophage)
- SFAM|EZE bacteriag ©]§, 1A 32+ dsDNAo|th
- Life cycle (A4&gh : Lytic cycle 1} lysogenic cycle
- @A T UMransduction) : vlolel =& o] &3ty sFHAEE JAAS A7]& A

3) HIV (human influenza virus)
- human BYZ ¥ virus : AIDS 2
HIVZL 4Ae] d9AE AAHANH.
- retrovirus : ssRNA — DNA(S HALE A $H7)

- ssRNA genome, reverse transcriptase, RNA 7}=33] &4

G Theas e

ol

’ ’

integrase
- HIV+ T-helper lymphocyteE & 24 gt}
7. A0 IR
1) Chromosomal DNA : store genetic information
ex) E. coli : 4.3kbp, ds DNA, o2] : virus (RNA)
2) Plasmid DNA
- M|32 chromosomal DNAZ®] || plasmidE &
- ZpAle] BAY Qo §HAARE dF 5 vector(HHA)E o] &

- 71 1 Al J&FJ Alete] WA, F-pilus® |4, S49 44

T7 phage
promoter

Amp'

21 restriction
sites

T3 phage
promoter

L2

ColE1
ori

pBluescript 1l SK +/—

Figure 4.11 The pBluescript vector. This plasmid is based on

3) Mitochondrial DNA
4) Chloroplast DNA

,12,



HSss 4934 2 &4

1. Nucleic acid & gel electrophoresis : Agarose gel =5(0.7%])
- DNA staining reagent : ethidium bromide
UV z2AF — @3 (300nm)
- Agarose + urea or (formaldehyde) : ss nucleic acid ®&AFe] 7] 24
(4714 43S HA)
2. HIigt=2 A (Restricrion endonuclease)
- DNACl £3 sequence FHE 2IXI0I0 EH0l= g4
ex) EcoRl : 5'-GAATTC-3" ———— 5'-G  AATTC-3'

3'-CTTAAG-S’ 3'-CTTAA G5
* AFEAZEIEEY : sticky end ¢ blunt end
x« A g A 9% A7]4= 4 base recognition, 6 base recognition &

* Restriction enzyme mapping (|38 A A] &)
ex) BamHl, Hind 11, PsA

3. DNA sequence
(@D Maxam & Gilbert method : chemical method
@ Sanger method (dideoxy method)
O Reagent
- primer
- DNA template (ssDNA)
- dNTP, ddNTP
- DNA polymerase

Primer .
+ I T e
3 emplate 0
3 [ —cTAAGeTCGACT — unknown sequence
Template = K\‘a =
L \
. Dye-labeled segments
Ll == s E a:plied toa calgillaf}’
T~ DNA | | and subiected
ioration —| gelandsu jected to
DNA polymerase, migra - electrophoresis
+ddATP +ddCTP +ddGTP +ddTTP four dNTPs, =
E—GATTCGAGCTGddA EE—GATTCGAGAdC E—GATTCGAGCTddG E—GATTCGAGCAdT fOUI' ddNTPS =
E—GATTCGddA —GATTddC E—GATTCGAddG E—GATddT SN
W—GddA BE—GATTCAdG E—GAddT . \ =
.—ddG J— J -
—_———2 A =
™ L= [
e WL I
- — Y, =| Laserbeam L\ 1
A C G T : 7  |=|
, i Detector | Laser
1 ” o -
11 . G Denature l
0 — T
I c
8 — G e Dye-labeled
7| m— A E— segments of DNA,
g — g — copied from
2 — e T o & temkplale with
3 g T e Unknown sequence \
2 | e—— A ! I
1 i G CCTGTTTGATGGTGGTTCCGAAATCGG
Autoradiogram of Sequence of Computer-generated result after
electrophoresis gel I y strand bands migrate past detector

,13,



4. Denaturation and renaturation of nucleic acid
@ DNA melting :

®

Absorbance —

b. SEUZLAHYUS

Single-
stranded

Double-
helical

- dsDNA — ssDNA (boiling 100C for 5 min, NaOH)
@ Hypochromic effect : ¥4 =228

- SSONA — dsDNA £ M2HE [ S35t dA0l=

Hyperchromic effect

@ Tm value : depend on GC ratios(G,C H]&°l] ¢F)

dsRNA= dsDNA Ktk ¢Hgd 53 GC%el

220 260

Wavelength (nm)

1) PCRY 7{

d

- o

300

°o]-§-3] DNAS

DNAE o] &3}

2) Reagent (A] ¢F)
- primer, DNA template (ssDNA) : 3 a7|4 <4
- dNTP, Taq polymerase, & EA}o] 2 (thermocycler) : PCR 7] 7]

3) PCR ##A

@O DNA<¢] ¥4 (denaturation)
- 90T - 96C=E 7}¥3sle] dsDNAES ssDNA®E # A 7t}

@ Primer?] Z 3 (annealing)

- WHAH single stranded DNA®| primer

@ DNA¢?] A (polymerization)
- 72-75Ce°l| A Taqg polymerase’} Primer=Z%E DNAZ Al 3kt
4) @ - @ cycleg HHE3A DNAE FEg.

o (target region)<

value”’} =t}

=
=

(Polymerase chain reaction, PCR)

)72 BAsh
O B AW Wz FE
Be ko] DNA @40 b5

e SE(B0-65C)dA 2

5

5[

- - Bl ~ |CGTCAATGGT| -3
[ATTCCAGAGC | A solNg | |-5
T

24T I DNA Aj2S o0=

714
\ TR oo JCGICAATGGT| |-a

+
[ATTCCAGAGC| =& sl -

1Y 90TColA dsDNA — ssDNA @

TTER SUlNS T |CGTCAATGGT]

TAAGGTCTGG| 3’

=2lo|H

o ¥ GCAGTTACCA|5’

2a. 7

3|

TATTCCAGAGG[

] |-5°

138 50 -60Cl A primer 2¥®@ & — 70C A2 719 FAHO

,14,
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6. Hybridization (RAINE3S)
« Southern hybridization : DNA$} DNA<2] -#AF4d (homology) #74
« Northern hybridization : DNA<} RNAS] A 74
+ \Western hybridization : Protein®} protein® A3 # A4

1) [Southern blotting]

@D DNA electrophoresis (digested DNA, plasmid or genomic DNA)
@ Denaturation (dsDNA—ssDNA) : ¥4

@ Transfer DNA into nitrocellulose membrane

@ Baking the filter at 80C for lhr : DNAE membrane°] 174

® Hybridization : (membrane + &S 288 2X0IM annealing
® Washing (SSC buffer) (@ Exposure X-ray film

[ Southern Hybridization oA ]

Agarose gel electrophoresis
of DNA fragments

Denature DNA and blot

—TITT

Flow of DNA with current

-

Absorbant paper Cathode
Filter

Gel with DNA bands

Filter paper wick

Anode

&

Buffer reservoir
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7. RNA processing (RNA J13)
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Fig. Overview of the processing of a eukaryotic mRNA
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