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(Chapter 5 Structure and Function of Nucleic Acid)
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* Numbering
scheme

* Effects of 2’
position

— Structural
differences in
polymer

— Stal
hyc

bility to
rolysis

— Inf]

‘uence function
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p-2-Deoxyribose

3 2
OH OH

Furanose form of
p-Ribose

B-p-Ribofuranose

HOCH, 5 OH

T o™ 11

3 2
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B-p-2-Deoxyribofuranose
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* Join base to pentose

* Glycosidic bond

* [3-anomer
* Water soluble
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Deoxyribonucleosides
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Nucleoside Conformations
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* Anti- or syn- conformations

* Base and pentose rings roughly perpendicular
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Nucleotides

3'-UMP

*Addition of phosphate to make ph
osphate ester

5"dGMP _O_P_

*Position of phosphate important " 46MP

*Uridine 3’-monophosphate;

* deoxyguanosube 5’-monophospha

te; 5'-CMP
or CMP

cytidine 5’-monophosphate
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Nomenclature

* Be able to go from abbreviation > structure
* Be able to go from structure = abbreviation

O

Name this compound: \fk
‘ NH
PN

N

Examples: 99
Draw 3’-dAMP T :o_\(
Draw GTP |

OH H

Thymine 5" -diphosphate






Nucleotide Functions

* Energy carriers (specific by base)
— ATP—-central energy carrier
— GTP—Protein biosynthesis
— CTP—Lipid biosynthesis
— UTP—Carbohydrate metabolism

* Cyclic nucleotides are signaling molecules
and metabolism regulators

* dNTP serves as nucleic acid building blocks



Energy: Phosphoryl Tranfers
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How do DNA and RNA differ ?
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Structural Differences
* DNA bases: A, T, G, C
— No 2’ hydroxyl group
* RNA bases: A, U, G, C
— Has a 2’ hydroxyl group
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Nucleic Acids

Ribonucleic acid
(RNA)

Deoxyribonucleic
acid (DNA)

3’ to 5’ phosphate
diester linkage
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Chargaftf’s rules cG=C

*A=T
2. BRI E B

(1) Wilkins #1 Franklin &Z I ARERIRAT DNA 4B BFHEPMAT X
EHELTETEIE, 1953 £/ Wilkins BF/ NAS IR T, %

I T DNA @R18H X &H15EIEPEFEMM EIHAE R ST, FHIEEA DN
A B—TERTEM R

(2) Chargaff KEIDNARF A5 T. C5 GHEHBEHESE, /& Paul
ing A Corey KMAS TERK 2 TMEH#E. C5GEK 3 TS,

(3) EBJATIERR, 'ERS5IRErff = BEF B S EEE,




The diffraction pattern
from the DNA optical
transform slide shows the
central cross pattern
indicative of the helical
arrangement of the
strands of DNA. It also
shows a mussing 4th layer
line which 1s the result of
the two strands of the
double helix being offset by
3/8 of a period. The strongly
diffracting phosphorus
atoms create the diamonds.
The satelites above and
below the cross are
attributed to the base pairs.




3.4 - A spacing



Evidence for the Double Helix

1. Fiber Diffraction data:

-Helical geometry

-3.4 A ° spacing (1A° =10""m)

-34 A ° pitch

2. Structure of dCTP

3. Base Tautomerism

3. Chargaff rules
- A=T, G=C

helical

FIGURE 4.9

Evidence for the structure of DNA. This
photograph, taken by Rosalind Franklin, shows
the x-ray diffraction pattern produced by wet
DNA fibers. It played a key role in the elucida-
tion of DNA structure. The cross pattern indi-
cates a helical structure, and the strong spots
at top and bottom correspond to a helical rise
of 0.34 nm. The layer line spacing is one-tenth
of the distance from the center to either of
these spots, showing that there are 10 base
pairs per repeat.

Reprinted by permission from R. E. Franklin and R. Gosling,
Nature (1953) 171:740; © 1953 MacMillan Magazines, Ltd.

10 layer
Lines
Between
Cross
Patterns
(10
Residues
Per turn)

1A



1953 James Watson and Francis Crick solve
the structure of DNA

34 A




Watson, Crick and their double helix







3. DNA SR eSS MR R N E o

B BUNVEEHE DNA BLE#435 5

(1) DNA H 2 £ REFETHNZSRERENRNEFFEITWNENE. §
A3, 1IN,

(2) EHEGITFIZHEIMN, WEAIFRM;

(3) AmFHEENFEHEBL«:. ASTE G5 CEXWH AR, 713
HEE4EN (ASTABITEE, 65 CAHA=TEH) ;

(4) BhERVIRE E = SRMREER T ;

(5) 12HEBVIZERER 3.4nm , HEHN 2nm , HHSEEIN FEES 0.
34 nm, HHE 36 E, 10 MEEER /B,

(6) BHRIRVIRNeH, WEFHRN, EHEESHERH, XETEE
HiFm




Major groove

@ C in phosphate-ester chair

@C&thases
Q"

Mincr groove

(c) _ -
Space Filling Model ot B- B. DNA (B conformation)

DNA
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double-
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phosphodiester
bond




Twist 36°
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* Bases inside,

* Bases are plane

* Bases are

* Bases are H-

AT BaEryAN , eI EETERMANEIREERESE

Bases

phosphates
outside

and
hydrophobic

stacked

bonded to each
other

Helix axis

HEREEARE; F—TFEVBEETE K EEEIAREIT; xR
BEEASTHMGEC, E)EJZEWLX%%UE%, AST EZERTR

7

DNA &M E TS Chatgaff B9& I ESFHERT




BMILIAMEFRAES , RBIER SEEEEECY 7 e e tE nexy T i 23y == 8]

RYEER , X ZMERENR AN+, BE T ERSENEREEK
MERAZT. SURELTIEESHTE L, BEkEEHRNRZHEEXST
ERVEX A ARE, BEITEE — RAeA AR ERISIE, BNt A fess 180° # 4
R XR eI FR T, R W R IEES T i e — SF iR = B4 MYRIIE T
DNA —REMAAZ RG], X—HFERERIFHVIEERR DNA fEARGE S HIAE

EEYFTRIEIRE X




Base-Pairing

AT: 2 H-Bonds GC: 3 H-Bonds

You should know how these bases interact with each other




Base pair tilt

\. Propeller twist
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REPLICATION
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) VAVAVA

REPLICATION

VAVAVA

REPLICATION
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(S

daughter DNA helices




4. FigheLGtatvis EE =R
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(3) WEHFAT] (base stacking force ,

iR = n BB FIBIIFE BRI 51 iEchY,
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5. DNA SR ERY9 SR 3 EY

B-DNA . 92% {H3EE, EiFZENEY DNA 9%, 5 Watson
A Crick $eHBIRBIFBE P,

A-DNA . 75% tB3HEE, 53K DNA-RNA X0 FHBER

FRA, FHEN

HENAEB-A. HREFEWMF 200, BE5F

— AN REESE R,

FIEERAAARRES, 149 1.8nm , #EE 4.5nm ,

Z-DNA : 3

5—1®S 1217bp, RE/NE, B-DNA 5 7Z-DNA RIE B & A]

BEFNE A Y

HEE X,

C-DNA . 44~46% 1812 E, 4286 3.09nm , FFIEIEAE 9.33
BT, WEIHHF 6°, RlgeFERH T B-DNA #1 A-DNA HY
a1,

D-DNA . 60% tB3HEE, DNAF A . TRHRIXENXIE, &

TIETES 8

N bp, H2EE 2.43nm , HEFEF 16°,



A-form of DNA

* The form taken on
dehydration

* Shorter and fatter

* Double stranded
RNA and

DNA:RNA hybrids
are in the A-form

A-DNA



B- and A-DNA

B-DNA
- 3.4 A/bp
- 23.5 A wide

{b) B-DN&, sicie view

(d) &-DIN&, sicle view

A-DNA
-2.3 A/bp
- 25.5 A wide

- 11 bp/turn

- Base-pairs tilted
about 19 degrees
from axis of the
helix.




1979 &£, Wang #l Rich EAEHARTA ISR
HY CGCGCG B gAY X- ST LTHTEIERT 5371 & I
XHAREZRAHNWRS LHAINEERE. ER
AEFWNRNE, EEEPZIITHEIREESIRHES,
ﬁ&;] ‘27 FE—tF, ELtE Z A8 (Zigz
ag) .

X—HRPNEERUR_ETFEMAERX
HEs; A Z-DNA RF—1 18, ST
B #RAABINE, EIRMR, KANVWREFE,

D TEREIT 29



7Z-form of DNA

Also called left handed DNA
More elongated

Favored by certain nucleotide
sequences

May exist in localized regions

[
E
B
]
7




Z-DNA ZHMENRERENN? Z—SHERRRETHFER?
ERHAEWERN?

IR AE, Z-DNA MYAZRLE DNA BEiE EHIER 5130E R 2 HES PR AL AY.
Eb 90 CGCGCGCG (& CACACACA , X EHIYI AN S EMIXEESIEE
BRI RNRZEFEE. SRESEWRREWER, E1zEEE
T MEENIRINTNEY, FEtbiEL, BT REEE RN, MIERER
ERSREE R IR BRI kR, M7E Z — DNA #, 'ERE IR, X,
£ Z — DNA HIEIENEEREE A/ NAm ML, miEK _ErEE N E/)s
Ao ERSEBIENRBEHFIESEERBEEINNS R EHY|, MMEzZ
— DNA FREEFEERE “Z2” FH.

SIS UERHAARE DNA 9 FHHSSFEESR Z-DNA X, A, dAERE—EEA
Z7FLUEE B-DNA T/ Z-DNA , tbil, MEEEREAUREFNREL, &
BEEAEFMBEIIFIKX, X—XIE{ #%] B-DNA B9KAH, {# B-DNA R
FREMET N Z-DNA , X C5 FRUMREEZEYHREENN, RLEE
¥ B fARH DNA FREEXEESE 7-DNA R E0[EEMN, DNA EE2— P&

ARSI Fo



Z — DNA BE4EW=T L g?

B Z-DNA HNEMBEERNFELEEARFIA, FN Z-DNA PE 1 BEER
BBBIEERET, XerYReBHx, B2, DNA #NREZIAREXE
FIEMBRABERNBEID. DNA fiZiZheHlE DNA EFIfERHFIiE+
HENITS, RIAAX—EWUaS5EREATEX. tbilS V 40 €58 F
XemaEXMHEM, XUEERHINVESDN SEFIXEismMiirE GC 32
BHYIFES

B DNA Bl LAF IEHEERATZEFEXREBIER, AEZEREE
B ESF HSENSERMES DNA SUEFEAFPIEEN—NNEEF
HAHZAEEIER, RS REMMIEG DNA ERSEEEEN, KBRS
HEEERLLNES, AN RENR X EIZEZMEEAEE B R DNA 5
BRI, Z-DNA RAXYAESK, VAR, EEAEERIRI AR AESE
T, XEERE/R Z-DNA NEFEEAXNERTF DNA FHIPIER - IEEERZ
BHYZER, —EREEENHEAPIY DNA 5| 5L R MEEE
5mikNER, BEREMRZINEE, RERAMIERTINRMME,

B B-DNA EH5, A-DNA &3&F75H, Z-DNA EMHK?




HeIE 0 DNA SURhesEM, [ Z BAAFNEmeI, HiR
78 F HRHE




Other DNA structures

(a] B DNA (b} ADNA (c} ZDNA (d} Triple-Helical DNA




DNA B helix DNA A helix DNA Z helix

0° , 7°
10.5 residues/turn 11 residues/turn 12 residues/turn

diameter 20A diameter 23A diameter 18A

pitch 34A pitch 28A pitch 45A




Base Inclination

Handedness




Z-DNA Phosphate Backbone is Kinked

A B L




Table 4.1
Average Structural Parameters for Various Helical Forms

A-DNA B-DNA Z-DNA
Helix handedness Right Right Left
bp/repeating unit 1 1 2
bp/turn 11 10 T2
Helix twist, (°) B2 T 36.0 —10%, —50°
Rise/bp, (A) 2.9 3.4 —3.9%, —3.5°%
Helix pitch, (A) 32 34 45
Base pair inclination, (%) 12 2.4 — 6.2
P distance from
helix axis, (A) 9.5 9.4 T e
X displacement from bp
to helix axis, A —4.1 0.8 340
Glycosidic bond
orientiation anti
Sugar 0 C2'-endo®
conformation ‘
Major groove depth 13.5 8.5
width, (A) 27 117
Minor groove depth 2.8 T 2
width, (A) 11.0 5.7 4
‘CpG step.
*GpC step.
‘cytosine.
Yguanine.

“There is a range of conformations.



Sugar “Pucker” Conformations

A DNA

Base

5 5
\/\f/
2

3"-endo

[

3"-endo, 2'-exo

5’ , Base

2"-endo, 3'-exo



Rotation About the N-Glycosidic
Bond

Z. DNA (G only)

/



(Z) DNA BY=R&51s

Telephone cord

relaxed supercoiled

DNA Topology*

*Johannes’ Favorite Subject

(Students’ least favorite subject)



1. [R12EY) DNA BN =2RZ58) - B Te

# R Z R ZEYIRY DNA ZRE H 03 ARV IR e, FN5REB
H— 25 B L N2 A AR TE IR Y B8 e = 2R 4514

(a) (D)




DNA Unwinding Causes Topological Problems

Covalently
closed
circular
template

DNA Replication

(Transcription)

- |

Unwound
Parental
Duplex

Over-
Wound
region



More Topological Problems




DNA HYiEEEERELS T
(1) DNA EBiRhesfary R ;
(2) DNA EI2RESEMRIAZRK;
(3) DNA BIERERNEMFERN;
(4) #RIFHEERSZESER



DNA FELZEHeLatHY & 2]

EBY2HE DNA RBREBTE SV40 f1ZEmsSh il
1. AMERBFEMNETEENZREIZLNE DNA

BIFZ R

= SV40 DNA M#ERGRAMR S BHEN, S
HEAGSHRAZIME, B—3FLIFK 24 1%
IME, B DNA S544EHSE, DNA PR iELE
e (BE1) . &4, AlIAABIRRER—L/DIFR

DNA BY4F =,

aXRAMER/LF—1T] DNA, kit

SRR EE DNA HIHEBHNEEIFIE.




% DN A

SV40 DNA AR ’



. AV V8, AV, AV, A Via, a Vi AV,
AN 'CVAS AN TAS VAN VAN VAN X
' | BTN DNA

JOL B, e FIT 6 M 0E DN A



DNA EBLERELEHIRITE F

B-DNA BIZ % HERIEN T BS&GHE L
— AR B ARIEN, EME B-DNA Y
SmIZENES 10bp (REPR) , XE—HiR
SRS, BEVMIEE—EHLZ, WAMIKESEIR
B DNAMS, HMAER—FEPR, &AL,
EREFIEE, B5 B-DNA SEAYIEHEE
B —ERIRENE, EMPILAZKEREE,




2 7 i B

—IF B3N EE DNA £ 5 420bp , ERAZHK 42

[ 22

e, EIEIHERPNE—HER_EE, EMmEERN

SRIHFBEN LR B-DNA . EEFRF KT

Y DN

A RN—IREE, Z—iRFEZHR 6 B, ARBERIR
EfiAS. HF B-DNA E—WERNDF LRENS

1, BhIeRBE D MERREN—MZIRE.

nF

FREZEKAOTUEBRANSH: —HANE

b

55—

WA INERRELENE, EBIRHERVAZRE ERHARYINER

hiE 53 FRVIREXHEIEF B-DNA FRVIRZE (B 2)

o



40 1

35 L =42
° T =42
ap W=
15
25

20
5 1w 15 20 26 30 35 49

2 %

1 5 10 15 20 25 30 35

40

L =36
T =42
——6

ik A

DNA BIBBEROTE IS
= x HEIMBER 6 B AL=—¢6.




tE42hE DNA AIREX A M0 F 4
SISV —HHE S F ARG E T (A e
Y2, Z—MMEITFIEEEEESE, iR
TERIXBMHE AT LUMEERE (BE3) .



#B Y DNA B RG T ME 2,



DNA £fg8Y B BRI LIAZAFIURRIR

, B DNA BY—BgiEs5E 5
—BEER AR ER, SRARIFEIVENE DNA 5 F89$R
IMFE, ERRE NN, ER—EE. i, B
2 DNA ERBIL A 42, RN 36 ., EEFIIE
e, LIMEMIE,

, B1U&R DNA BY—R k42 AW A2 hiekh
FRir2 22 RIE SN, ¥ B-DNA TS, ESEFDNA
AR E IR 10 (RiFh) . , AR
YR NEAMTE =S BIRYEEEhE, T M w BT,




T, RMNBREEIE2, HPFEFE
BYIFE! DNA B L=42 , T=42, X wW=0,
BIARTFT1TEBIR IR, © 4% he sk 1E R —F
HP, 7FRFRBERES, EHFRE—E
H#XH DNA 9, LHT#7A 36,
SRR EEENE, TEEEYRAE DNA A,
L {17 36 , HfE T RFRWFARI 42 ,
W FARk -6 , BIRR AERS 6 RHHKiiE
BREo



L2

hE DNA BV SE AR 0 DNA BrE
IE=32§1977

RO, MEBEERED FHHFEHERTR,
EATRTLAER N\ DNA BYIREIT 28, RIIET FHVHR
ABEfEAE IR EXTRIEIPRIEE 0.7 nm o W—1EH
BIRNERYILAZ DNA 53 FFKi, RIENBRAFH
BT EER, BESIELD, SREBEREHFE
REFRRZE, BERIEERIIEM, f1itEiRhE DNA
M Z A ROERNBH—PIHEM, DNA K
BT HIEERNE (E 4




LR

=

I L | 1,

4

M L8 (mol/L)
81N 2 BE R BRI DNA S ER SR M




I+ DNA 3 F=HBIZRAMmERE
AEE, el BB ORIk EETR
B kR TR R EARIG AN, B LERE DN
A B XA E AR UM E. ME,
InAEHE RE R BBk B X 914l DNA B2 hEiE
ERN—mmEENAE (BS5) . EEBITE
{NZE—FEIrVEELE%E DNA



Btk A RO R MR AE ONA 0 B B v 2K



W—IFERN DNA S, LRE—EH, BHARREE
&L DNA B FIARMENEENE, ML F—
EEEINZE{, DNA NEBRBRESHELFIHSELR

(BEes) , EX—IIEF,
Bl LR OH R BRSO RA RN T MW KR, B
AL=AT+AW
AL EURRER DNA MEBWREA T TR RET R, 2T 38— BERHEW) R AR DNA

ATFHBN . AFTRRT| A BEREE I (superhelix density)o ¥4
AL

——
————

o O
I
AL=L—L, L hih3%E DNA mEsk




bl i e g
s deTels 1
i SRy F'-I.-‘l_j*'_-_ 1‘.-.



H BT ARREHKER DNA #{EL3%ET,
L ARBZIEMBERNES, E57
FRKEMBEHRIMASHEBEXR,
B REEBRER. XA, HFEN
597 F0hItKkNBEX, M BE#x
MUALLE:., M1, B NEMARMNTE
HHF9 5369 DNA NBRBIRZEEN
$F 0.05 ~ 0.07 jB], —H&J3 0.05



BIERERIEN) FENX

£:5Fd, DNA HEMAR—RERATN,

DNA IEMHKREREER, 51K, DNA K
XHEWNEALHENTIEREBEESE X, DN
A BRREEERNNENS T XMHEWTWN. B-D
NA B—HMEERNDZE LRENSEN, Bighess|
AIRS T ENEEEKT. HBEBENEFEESR
I DNA TR FE, RBIENERY DNA §ESC
IRt DNA FRARRE IR 195% K.



BilaiR, KZE DNA
5, XL FE 2000p :FTE 1
bENEKEEFEPEEER,
NA 53 FHEEIS/,

RUEBEEIEZE FELY 79 -0.0
fiitBZhE. DNA B
HEHFAZEEETD

DNA & T 22—

TLE{E DNA YRR #EDF, =X

RabiaRE. EBIEheFA

BNZRBEEHATIREE S ENEIZ, DNA f,
10bp I BAYE 50241.6-209340J/mol , Eit,
DNA FrEFEiZhEKENE S BRD LA HERT,
{B DNA B)X#h&5Ha LRI L3

MRER,



DNA TR — 1M Ris6F2
, BB REEHF
R Z-DNA . B-DNA ¥ 1Y Z-DNA {¥
AETFHENFIIL, EERLXMHIEWL
T RIAFENBRETZ N EFEIRDE,
BT B2 2,

HEIZNEAR{NE DNA 2 =S EHZENK
SMMEUENTHIREIZEP, EIh6EE
tHEERN. SHIEEWBRLLIE
EINEE ENFEE,




TP F RIS X S EH

MR RTFEE —IEEE{L DNA 7 Fid
FIEEZLNEE, SNBAEISEWEE, BN
BES DNA el HE MM & E B G -DNA Hg
&, NDEESZEa0%EE i Sk E i1
MO, {# DNA NSZERIBSUFE, &
RUTT o FRRIMNMAE, EX—3#ER, D
NA EEHREANETT, BHEZTFBREYIH
TEATN, HRicrZHESEEESE DNA ZE &
IR BREIR L, FTSAENRRA




TP F IR D

I FEERT A 70 1 BUA0 11 BU s
(1) 18 uRinHEFWEBEsERR
B, I&EFTE DNA W—RgHE~=4&—v00,
MIfES —BG 581 LASEEE, 1 11 BYEGNITE
iRt L#E—IA, HERE: 180Es
{ DNA BVEEHNESEA—ReAZ, i &
EEN{E T ReNE 2,



Properties of Topoisomerases

Table 12-1

Properties of type | and type Il topoisomerases

Type I Type II

Property E. coli® Eukaryotic® Gyrase Eukaryotic
DNA strands cleaved one one two two
Subunit mass (kDa) ~100 ~95 97, 90 ~150
Subunits monomer monomer A,B, homodimer
ATP requirement no no yes yes
Mg?* requirement yes no yes yes
DNA-dependent ATPase no no yes yes
Makes (—) supercoils no no yes no
Relaxes (—) supercoils ves yes novc yes
Relaxes (+) supercoils no yes yesd yes
Catenation, knotting yes® yes® yes yes

a E. coli topo I and topo IIL

b Yeast TOP3 most likely encodes a type I enzyme with characteristics similar to those of the E. coli rather

than the eukaryotic enzymes.
¢ Yes in the absence of ATP.

4 By introduction of negative supercoils.
° Requires a nick or gap in one strand of duplex.



SEHh RGN AR R

# 1 N , I ﬂ — L 15

—_ .  ReEy 0 Ruaw 0 0 FEEY 0 Xuiw
SETHY DNA & ' 1 1 2 9
¥ X5 TR &D) 160 % 97,50 150
L2 B Bk AB, . BCEE
¥ ATE HTR & & £ R
B Mgtttk 2 & # 2
T DNA B ATP E & ! .
P B # B 2 &
BBk 2 7 & A
W EERE & R B #
AR A 2 B B

L KHGHFl topo | Fltapa 1 12 B topo 3 TR GHEEL LA | B3,  ATP MM W,
(T3 A S 5. BRI 2 — A —41,



AR, XFMmEBIIENEM™RE
AT, RIS ES 1 F DNA EBiZhEk
B{ER iR B 1988 11 F DNA #A%th &
HI{EFFrin{®, MIN{E DNA BB hE
EERBEEYHMNKELE, HF DNA
BYEB LB HEIE E R ZIMth B2 i B WA BYE DD,
WEECL E IR R B E NN REEEH

= O




KGHTFEHRTIMNFIE 1

K PFELY 100 kD BYRA—ZRAEE;

mEENEF = (1) HER DNA B9f B3 hE
MmASliE DNA ZEHENTE; (2) DNA M
MEERLHITH, B IR B BRI K
HHGBVER -DNA PEAMERFFBFEER
EiZ, EAEE ATP T NAD XHFRYEHBIEF
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Strand Passage Model for Topo I

Covalent Tyrosine-5’P

C
Strand Re- <

Passage

Unwound
Complex

Cleavage
Complex

.........




Topo 1
Reactions




W ERE Y

(1) $RIFEEE 1 H%LESF DNA,
EFiZ8 DNA /&%, FESBEEXT K
fis— DNAES#¥,; (2) 1% DNA W
A REY—Rg, tDEISRY 5°-P A2 AR Rk k%
SEEHE; (3) DNA BY—BREESFdt]E
=, (4) ENpYEERERE, BBEREN




K EIESZ 5

Nt EEINSE
g 11 , ©EEMSthEYINEZIAEY DNA ¥{L
F1iE8I2 hE DNA .

hei: i 5 h¥r =188 1 AR, #IH
S190S 1 £ DNA NEE#RERNET 1,
mieEisllE T2 (Bs) .



A1 A EMMREER DN A
'

e BER RV M R0y DNA MRS ER
S 1 RS L FR 4 DNA 1 4~ ERIBE 2.



Model for Topo II Mechanism

) CAaw ™ @6’
& /) QJ()]) LL_JJ"]J C_J
A B C D
P 8’
./ 7.




Topo 1l
O Reactions




hE 4% B8 {F DNA BB TER:
(1) LS TF DNA , HEKY 105~ 1
40bp MREEIRIEAFRBERE; (2) T8F
R ERPOMhETIE, S—8ON 5 is5TE
AR Tyr 122 HIES, (3) EESUTE
HFR AR DNA X35, :@3IFEE B 5 ATP BY
LAamEFEmMO; (4) #HIIHAR DNA 5FIH
ZH DNA ESYFAEEFENGREEHRAS,
(5) DNA BYEBRhE b ikFiT ATP BYIKfE,
RIS E B H ATP ES;EH, T ATP 1%
1285, hEd:EERE(EAIEBIRNE DNA it




HIZENHI F15

BiZEYini2Es 1 EKREL97 95
kD WEFZEH., SACHhEXHRMN—&
5FZEYEEHEM, EERFEFELE. K
EBYENE DNA ¥, Rt {ER A EF ATP ,
BERETH EDTA FENFHT, Mg g
EEIEEED. BEIHERFE Tyr SEAR
3P EEMERSEE, X5FRZEVIEEA
KT 5°P iBARFE,




HiZzE 71988 11 8279 150 ~
180kD KU — A, se ARFRIEEN
oth IE F1 £ BB AE DNA ; ES5EZEY
AR, Aeer-EmniEigne. (EAN,
EEE ATP #l Mg* ,

Rz BEZEYHRIrZRiEEi s 5
DNA E#l. ERHMEL,



DNA A F B LEHIRIEEY

DNA BRI ELE R IL—ER DNA F57
Eiligy, Hlan, 22ZpYEE. 12 EEF5IHE
2% Z-DNA , RIAEEFIIMRER+TFA4%
9, MRRGESHFEREE - REERFESIE
BEfZ R = 554549, ME S G BFEYIRTsERZ Bk 5%
LiF, XELWRNTFEEX DNA RIEHINEE
EEEEN, UEEARIESWBRTEEmEIES
BT 53 FIBlRY,




fan, HZFAF#FYIA RNA 53E

DNA BY—REHEBCXTBY, 55— R H% wh 4620 1= Pk R
#%3F, MM R IF. R IEPFSHI R IF,
D- I 2 H W% DNA 55— DNA R,
D- M FIHEL &Ik DNA BV E SR, B
EREEHAPHAKHITER RecA EEFFhE
LAY, Holliday SR EEFEHRMNEE
thigli¥, ©H 4 % DNA #5448k (El9) . &
DNA Y42 hERY AR E vT LUEid & 2% 30 i Pt Ao 39 H

0, U LS FEINAIELE{IEFE DNA |5
RIELEREFIRZ LAY,



Holliday 55 #
EMZT R AP HEER SRR, B PANkERGZ TR



DNA A S BESWNEEEKERES
F B-DNA , EREZREFE DNA Byt
YERESRETN, 30 DNA BB BB
FaiELRNE DNA KB —#h 3w Az,

DNA B FHRRAREZENEES
BRE AT X, EXERESRAE
EFY, MXEXERZMEm AT EERS R
+FHEN ( ) o
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=fi# DNA £EHR9TERL

g (tc) M (AG)  XH¥BIE
BEEEfREIFR, FEKRRGEESERN
F5 (BE11) . 78 pH FHFTEIZK
S FHBI=§% DNA , E=HNiE DNA
R S = B9 2 B2 0% UE 5% [o] $ir 3 8% N\ R
TR DNA I KAPRERN (B 1
2) o
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=& DNA g7 @Rl Hoogsteen BEERC A



£=%% DNA 1, FERMILENERER
1789, HigE B3 watson-Crick 53U EIXT,
(i F KPS B IEIEHEN S5 IN5E DNA HEY
ZEENSENFITER, EEBNIE Hoogsteen
BB HAK TAT , CGC ZBXE, 7EfF—
BEX AN, ZEEMENEHE PRI IZENE RN
x5 H S8 (BRFi) FeES5SBIRKRERT,
XL E H-DNA #5853,




172X = 5% DNA 312 S
KV Z R ZRENFRFREBREIAS, &
= §% DNA 3 S1 #% B 8 89 (F A 8=,
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B ENE: —EZRERHER
5 BB PR ERE;, FZ—R 3 Bl AR
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= #% DNA BYfZ Bk t2 =] | 54 8 B8 hE Y X
TIRz), EEHERLEEVIEM, BIEEPRE
F{ T DNA /i S1 ZEcESRVEB SN =t BERZ
o

0E, EEEERNETEMRGHE
AR DB EIREE S IR R AR =% DNA
HFES, XREACTIATERERREREPIEF
Ao



im#iI DNA BY2E$ - P95% DNA

imhl R BEZEBENKRIERFY. iRHY
SYMENRERFIGREMHANIEE, ERES
M Eir. 28 DNA EHIKEIREEN—
PRl EENRIGEINFPEHE, DNA B
SHIFEEZ RNA 514, mol¥IbEaRbERE, H
LEERFAEFIC DNA B 5° imiZ P 45%e, imhl
DNA Y4519 K H 8 5 1 BE 79 i /R X —n) 2
EE 7 &,




tH5REA, imkil DNA FHIFSEHIERERT,
EXEEH—ETH A Yo
flan, AMEEEEDMFNIRHES $HATT
, FERECDNEURBHNES H1{u

Al , HERGFNEERUAN G,
TG, T, RINNERFRE , efllny

KERNAJL B B FREN,

imfI DNA NFEFIBEE—ENNFRIFE. £8
—RBEKE, ES G B—EHER 5 [ 3’- RKipiE
, HREFEHHVES C —BgiE 12 ~ 16 EHER

(BEl14) . REFHNXGSHENEBREAE
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= BERSEws
== 880 \M
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MBIk, mRERM RN EREZE
BRE LI ERMHF TN Z T G-G REHXY
2o B30, FERYNEEHLI DNA3’- KifkABHE
BY 12 ~ 16 bp 3 th = 51 £ 5 72 Bk [Bl #r 45 44

(B 15b) , EfflgE B dEEERIER
ERXZ RN, BREKNES G WEFIRTEER
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Zfah, G E—#IEE, HEERE H
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DNA (2nm, 200bp )

ZMF5E ( 11om, B4 %/ME 200bp
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DNA & CHROMOSOMES

€ 2m of DNA,
@2l 3 billion
letters In the DNA
code,

€ compacted into

46 chromosomes,
® and packed

| Wi

& (NN T
< CHINNNTTTTNN =TI

el ) e

e (1]

into a cell “ 2B oa e q -
0.0001cm across! BEREER
= o = & O =
13 14 15 16 17 18 19




(=) DNABYIHAEE
*DNA B9E ZIKIEE‘E%VE?]L%L: BREEK, REYERE
= B EHILUNRERE BENE R HRER,
‘DNA D FHREERNEEYZF N R EFRAER (g
ene) o —NEYAMLEE DNA FFIFRAERLE (ge
nome) .
: éElEI’th/J\’E'L_fli%El’JE—J— MHEXx, WMESE SV40 1Y
[E éﬂjt/J\jj 5.1X10%bp , KA ENN5.7X10%bp , A
77 3X10°bp .

1928 Fred Griftith discovered
transformation



DNA the molecule of life
\\\\\\\

;m..
S {It u,m&\@,ﬁ»‘s« 5 \\ )ﬁg‘m}
Trillions of cells L {g\am |

%5’1

Each cell:

® 46 human
chromosomes

* 2 meters of
DNA

# 3 billion DNA
subunits (the
bases: A, T, C, G)

“ Approximately
30,000 genes
code for proteins
that perform most _
life functions protein ®

Y-GG 01-0085




Transformation of  pne
umococci ( MRIIKE )

* R-form (top) is not
pathogenic

* S-form (bottom) is
pathogenic

* R can be transformed to S

by exposure to heat killed
S










J Heat-killed virulent bacteria




1944 Oswald Avery, Colin
MacLeod and Maclyn
McCarty isolated the

transforming principle: DN
A



'~ Live nonvirulent bacteria

i

- DNA isolated from heat-killed
- virulent bacteria




1952 Alfred Hershey
and Martha Chase
showed

that the genetic
element In phage is
DNA



The Hershey-Chase blender
experiment

Protein

coat
Phage DNA labeled with -~

32p Sheath
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5' Capping

 Very soon after RNA Pol II starts making a transcript, and before the RN
A chain is more than 20-30 nt long, the 5'-end is chemically modified by the a
ddition of a 7-methylguanosine (m7G) residue.

 This 5' modification is called a cap and the nucleotide is added to the new
RNA transcript in the reverse orientation compared with the normal 3¢-5’ lin
kage, giving a 5‘-5’ triphosphate bridge. The reaction is carried out by an en
zyme called guanyltransferase ( SHEE¥215E5) and there can be subsequent
methylations of the sugars on the first and second transcribed nucleotides, pa
rticularly in vertebrates. Cap0, Capl and Cap2.

 The cap structure forms a barrier to 5'-exonucleases and thus stabilizes th
e transcript, but the cap is also important in other reactions undergone by pr
e-mRNA and mRNA, such as splicing, nuclear transport and translation.
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Fig. 1. The 5’ cap structure of eukaryotic mRNA.
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