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i Methanococcus jannaschii ) 1740kb , 17%

A1.2)

A2) 10100im
W

A4)



A 1 3

A1.2

L3)

DNA
N2)

{ Drosophila )

K



A

A2

I

DNA , DNA RNA

C02 ATP

DNA RNA

——^
~~

I

^^^
<

W

A1)

rRNA 01)

Q4)

DNA D2 D3)
A1.2) RNA

M ) RNA 0)

Q) rRNA

M2 01)

W ATP

121111 1000-2000



A2 5

( cristae ) ( A1 A1.2)

DNA RNA

DNA

Q4)
C02

(

A1 A1.2)

( xenobiotic ) W

Q4)
W

A1.2)

W W

2H2O2
—^2H20+02

SI

W

W
A4) W— W

W
( A2.1 a)



6 A

^ >

';i

•-•)
: 1

A2.1b)

W
W

A2.1C) Ficoll (—
metrizamide( CsCl ( G2)

W

(a) (b) (c)

-or-

81

A2.1 a) b ) C )



A

A3

: DNA RNA )

[
a
- W a (1 4) P (1 4)

a (1-4) a (1 6)

N -

mucopolysaccharide )

telomerase )

P ( ribonuclease P ) 0 mucoprotein )

A4)
B )

C )

(
B DNA

RNA )

C

W



8 A

(1-4)

A3. la ),

40

A4) [
W a (1-4) A3. lb );

a (1-4) a (1-6)

10
6

W

N -

A3.1 a ) [P (1-4)] b ) [a (1-4)]
1 4 6 (1-6) W

A4)

( =
W

W
W

A3. 2)



A3 9

0 /
0—C—(2)7

=

(2)7:

\-
A3. 2 —

W W

W RNA

D3 E3); P RNA

(tRNA ) RNA DNA
P RNA P

02)
<1%,

>

90%), Q4)

A3. 3)

A3. 3 N -

>107Da)

>1000



10 A

[ farnesyl )]
A4)

W

W
B1)

W



A

A4

I

dynein ) ( nexin )

!
I

70S 50S 30S '
23S 5S RNA 31 16S

RNA 21 80S 60S

(28S 5.8S 5SRNA) 40S (18SRNA)

DNA

i

W
4

A3) rRNA 01)
D2) R )

llOkDa
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300

(30 nm)

A4.1 a P a ) b )

B2) Freeman , W . H . Lubert Stryer {
> Stryer, 1995
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S 50S 23S
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RNA 31 30S 16S RNA 21

80S 60S( 28S 5.8S 5SRNA )
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RNA

RNA Q2)
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- pH
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YEp W
F4)

( H4.1)

200 kb Ti Ti, tumor inducing,

Ti T-DNA DNA (
H4.2) T-DNA

T-DNA Ti

DNA Ti

T-DNA Ti

T-DNA T-DNA
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Ti T-DNA

T-DNA

H4.3)

LEU2

X

LEU2 LEU2

X

H4.12^1

H4.2 A. Ti
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A (umefadens

H4.3 A. turnefaciens

H 1 Q4)

SV40( R4)
I

SV40

5.2kb ;^ H2) W
SV40

R4) RNA

dsDNAo I)NA F4)
W )

DNA W

W

DNA W DNA
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II

DNA
DNA cDNA cDNA

~~
I

W
W

W

DNA
I

DNA
W

DNA

n BAC

lOkb 23kb 45kb

350kb lOOOkb T4 DNA DNA

H 1) YAC BAC (H3)

H2) mRNA hnRNP snRNP (03)

DNA DNA
W DNA

DNA DNA
DNA mRNA cDNA ,

cDNA

D4)

cDNA

W mRNA
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DNA

W
( N ) W

P /

0.99, 20kb

E . coli 4.6 xl 0
6
t)p ) 3 xl 0

9
bp )

— ln(l -0.99)

— ln[l - (2 X 10V4.6 X 106)]
1. 1 X lO

]

r
ln ( 1 ~ 0 . 99 ) — n 1 nSN

=ln[l - (2x 10V3X 109)]
6.9 X 10

W 5 lOkb W

^>1

W YAC 13)

X

DNA

DNA ( DNA

/

W DNA
DNA kb

DNA

C2)

DNA
DNA

Klenow

G1.1) DNA dNTP DNA 3'

G3) DNA 15~25kb

DNA
DNA

II

Sau 3A ( 5'-/GATC -3' /

BawHl (5'- G/GATCC - 3')

W DNA
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CpG D3)

G3)

E . coli W
H1) 5000 5kb ) W

99% 4.6 xl 0
6
bp)

31 BAC )

YAC ) W 23,

45 350 lOOOkb ,

31 EMBL3,

DASH ), H2 11.2 DNA;V ;^ W DNA
X W

;^
DNA W T4 DNA

X G1 G4)
H2)
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12 cDNA

dT)

mRNA mRNA poly(A) dT)

mRNA [
;

mRNA
mRNA

mRNA

cDNA dT) 3'

mRNA cDNA

cDNA 3'

W Klenow

[ poly(dC)] [
dG)] cDNA

cDNA

cDNA Klenow

cDNA (
cDNA W

cDNA

I

W
cDNA

gtll

DNA G1) II)

H1) 13)

- H2) mRNA hnRNP snRNP (03)

mRNA mRNA cDNA mRNA

mRNA cDNA cDNA

cDNA mRNA cDNA

T DNA)

mRNA
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cDNA

mRNA
cDNA mRNA
()3) 200 3' mRNA

dT ) W poly ( A ) mRNA
RNA (-

( dT )

dT )

mRNA
A2) mRNA -

Q 1) W mRNA
mRNA cDNA mRNA

mRNA
mRNA

W mRNA
mRNA

mRNA 0.5kb lOkb

rRNA mRNA
mRNA
cDNA mRNA

cDNA

mRNA mRNA

mRNA cDNA

mRNA mRNA cDNA(
mRNA mRNA

mRNA
mRNA W cDNA

cDNA

.1 cDNA

G 1, .1) W W mRNA
cDNA dT ), cDNA

W
dNTPo dNTT

cDNA 3'

cDNA
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(a)
5--

34

5'—

3--CCCCCCCC4

5 - P GGGG~OH
3 - CCCCCCCC

mRNA

4 dNTP

mRNA

cDNA

——AAAAA-3'
HO-TTTTTp-5.

n

AAAAA-3-
•TTTTTp-

5.

dCTP

mRNA

cDNA

AAAAACCC-3-
•TTTTTp -5.

RNA)

DNA

cDNA
TTTTTp -5.

5-pGGGG—
3.-CCCCCCCC4

Klenow

SI

4 dNTP

cDNA

-3-
TTTTTp- 5.

(b)
5-pGGGG

3-CCCCCCCC

5-pGGGG
3--CCC

5-pGGGG
3-CCCC

HO-CCGAATTCGGGGGG
3-GGCTTAAGCCCCCC

5-pAATTCGGGGGG
3-GCCCCCC

CDNA

TTTTTp -5'

-3.

TTTTTp -5'

Klenow

dNTP(oRl

3*

TTTTTp -5*

T4 DNA HO-CCGIAATTCGG-3 -

ORI 3’-GGCTTAAIGCC^H

CCGAATTCGG-3 -

TTTTTGGCTTAAGCC -0H

EcoRl

CCG-3
-

TTTTTGGCTTAA p-S.

12.1 cDNA a ) b ) cDNA
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cDNA 3' ""
G1 .1)

3' dNTP , dCTP (
.1) mRNA-cDNA 3' C

mRNA C2) W dG )

£. CO" DNA I Klenow G1 .1)

cDNA
3' 5' poly

( dC ) dG ) cDNA

cDNA W
cDNA

J W cDNA

S 1 cDNA 3'

DNA I Klenow dNTP 3' cDNA

£coRl .) cDNA

EcoRl G3) W
cDNA W T4 DNA

G1.1) cDNA
5'- cDNA

EwR I W
cDNA cD-

NA ""
W cDNA

EwRi .1 cDNA

cDNA 0.5~10kb) W
cDNA ;^ H2)

W cDNA ;^ gtll

lacZ C £a)R I cDNA (3-
13) T4

DNA cDNA W H2)
G2) cDNA
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~ cDNA 1/6 W p

-

cDNA mRNA mRNA
cDNA

mRNA W cDNA

^ I

H1) J 1)

H2) mRNA hnRNP snRNP (03)

cDNA

W B2) W
DNA DNA

DNA
PCR J3)

PCR

PCR

PCR PCR



147

W
cDNA

cDNA [ mRNA

X

13.1 DNA

DNA
W DNA(

W
X

DNA

J1)( W

X

W
W

cDNA ;^ gtll £a>R I cDNA 1/6

P1)

£coRl ZacZ C W
lacZ cDNA 3

-( W
" "

cDNA

DNA

W
W
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32P-

DNA (NaOH)

13.1

cDNA mRNA
mRNA
r ( cDNA cDNA

cDNA W
cDNA cDNA

mRNA

( cDNA

5' 3'

) W
13.2)

J 1 )

W

- W
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J DNA

J 1

I

DNA

W
DNA

W DNA
DNA

DNA

DNA RNA

W
Northern RNA South-

ern DNA DNA

DNA G1)

DNA G2)

G3)

II)

13)

J2)

cDNA DNA

W DNA
W DNA

DNA J2)

ORF ) ( P1)

RNA
DNA G2

DNA
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-
DNA TE lOmmol/L Tris • HCl ,

Immol/L EDTA , pH 8.0) ( G2)

DNA W
DNA G3)

DNA cDNA DNA
EcoR I cDNA £coR I

DNA
DNA

DNA( H2)

iU J1. la

EMBL3 / I £coR I

BawHI
SaZ I W 9kb 15kb 19kb

Wfnd 4kb

nd 4kb

7kb llkb 21kb 4kb 21kb

2kb (19 + 2 = 21)

Sa/ I nd 2kb 4kb 5kb 6kb 7kb 19kb

19kb W 4kb 5kb — SaZi

W 21kb 19 + 2) kb, llkb 6 + 5) kb

6kb 7kb HVnd SaZ I

J1. la

DNA

J1. lb CO I lOkb

Ikb 2kb 3kb 4kb

DNA EB 6kb 7kb lOkb

3kb 4kb 6kb

3kb

4kb 6kb lOkb W

W DNA RNA
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W DNA
dUTP

(a)
Sail 19 kb, 15 kb, 9 kb

Hind 21 kb. 11 kb, 7 kb, 4 kb

Sa/l + H/ndlll 19kb, 7 kb, 6 kb. 5kb, 4 kb, 2 kb

19 (

®
15

f 9( )

I

n H H

1

H

I

7
1

11 4

I

SH

1

H

I

S H

!! u_ _6 ,5,4
2

10 kb *
6 kb ^—
4 kb ^

3 kb ^—

3 kb 1 kb 2 kb

EE E

6 kb

—— 4 kb

3 kb

4 kb

-10 kb

Jl.l a) b)

*

5-pNpNpNpN 3. DNA RNA

5-NpNpNpNpNpN

.

A-p-p-p, "
SS + [7

--"PI ATP

5-*pNpNpNpNpNpN 3. + A-p-p (ADP)

J 1.2 5'

5'
J 1.2) polynucleotide kinase )
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5'- OH
5' alkaline phosphatase ) ( dephosphory -

lation ) ATP y
- G 1

1) 3' terminal transferase )

3'

EcoRl zwHl G1)

DNA 3' DNA DNA poly-

merases ) [ a-
32 P ] dCTP )

3'

1~4 DNA
DNA

DNA DNA
nick translation ) DNase I DNA ,

DNA I
5' 3'

E2) dNTP 5'

3'

DNA
DNA DNA

PCR ( J 3 )o

W DNA M13 H2)

DNA 3' 5'

DNA DNA W cDNA

la) RNA RNA
SP6 T7 T3 H1)

pGEM pBluescript ) W
RNA RNA
RNA RNA NTP

RNA Northern

DNA DNA RNA
RNA DNA RNA Southern DNA ) Northern( RNA ) ( J 1.3)

Southern DNA

C2). RNA
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RNA C2) DNA RNA

100% stringen -

cy )

25 68t

43t Tm UC
Tm Tm = 69.3’ + 0.41 [ ( G + C)%] -650//

/

RNA mRNA
cDNA

RNA DNA
RNA

DNA Southern cDNA

cDNA

DNA Southern

DNA RNA

DNA

/

MM
\

J 1.3 DNA
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DNA DNA Maxam Gilbert

DNA
Sanger

^gl^'J. /j^

RNA
I

3' RNase

RNA

I

DNA RNAIM EMBL
GenBank),

I

W

W

DNA G1) H2)

DNA DNA

‘ W Maxam Gilbert

DNA
5' 3' 3' DNA

( D DNA -
(dimetlyl sulfate, DMS ) G A G,

(hydrairne) C+T) T

W G A+GC +TC )

W J2.1a) DNA
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RNA

DNA ddNTP )

Sanger J2.1 b) DNA
DNA ddNTP

ddNTP PAGE

3'-

0

H

[ a
~^5S ] dATP

DNA

DNA
DNA M 13( H2) ^

DNA DNA i[ 15~

17nt

DNA Klenow 17 DNA

a
-

[ a
-35 S ] dATP

ddNTP dNTP ( C dd -

CTPt[ dATP dCTP dGTP dXTP )

PAGE

J2.1 a J2.1 b)
PCR J3)

DNA RNA
RNA

tRNA rRNA 01 02) 3'

RNase 5' RNA
W

PAGE RNase RNA
RNase T1 G RNase U2 A RNase Phy M A U ac-

cillus cereus RNase U C

^W

fC DNA
EiyfRlT^^ GenBanl^ RNA
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cDNA

cDNA cDNA

dT A A
A 3' W

A

GCG

PC DNAstar

-
y

(bioinformltics)

~

cklNTP DNA

4

’

4 W

AIDS HIV ); 20 £. coli (4.639 X

10
6bp ) Helicobacter pylori 1.57 X

10
6
bp ); Saccharomyces cerevisae (12.1 X 106bp)

Caenot^habditis elegans (100 X lO^bp ) ( Drosophila

melanogaster ( 160 X lO
^bp ) o

22 34.5 xi0
6
bp ) 1999

97% 90% 2000

"" 22

11

23

BAC YAC H3)
shotgun)

1)

1) 2000 . 97% 2001 .
2001

—— ’
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D4) I

S.

cereuz'sae 6200

W
B3)

DNA DNA

DNA
DNA

DNA DNA

""
65536 8-mers

256bp IQU 20-mers 1Mb

10
6

Ikb
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J3

PCR
I

PCR ) DNA
DNA DNA

PCR
I

95t DNA 55t

W 72t

Mg2+ dNTP
~~

I

DNA DNA
PCR

I

(G + C )
18 30nt

DNA PCR DNA
W

I

DNA Tag

PCR

Mg2 +

PCR PCR

PCR ( DOP-PCR) PCR PCR (multiplex PCR ).

cDNA RACE ) PCR

DNA G1) J 1)

II ) J6)

13)

PCR

PCR

PCR DNA W
DNA

poly -

merase chain reaction ),

DNA PCR
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J6)

J DNA

PCR PCR J3.1 DNA
95°C 60s 55t (

30s) DNA
72°C (60 ~ 90s)

dNTP Mg2+

95t

W
PC 100%, n

2" 20 40

PCR DNA
PCR

DNA DNA
W DNA DNA

DNA PCR

PCR 18-30 G + C

W
(<25nt ), C) Tm 2(A+T) +4 (G+C)

3'

500bp

PCR lOkb DNA

20 G+C)
J6) PCR 5'

DNA
cDNA

P1) DNA
His Phe Pro Phe Met Lys 5'— CAYTTYCCNTTYATGAAR — 3' DNA

Y R= N= 2X2

x 4X2 x 2 = 64 64
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N

PCR DOP-PCR

DNA PCR

Tag Thermus aqucUicus

1 2 min 95t 2 h

3'~-5' F1.1 G1.1) Tag

DNA 250nt

DNA

PCR DNA PCR

100%, W
DNA cDNA

cDNA cDNA

mRNA PCR NA PCR ( re-

verse transcriptase PCR , RT-PCR) PCR

Mg2+

Mg2 + 1 4mmol/L PCR

PCR PCR

PCR PCR

PCR

PCR PCR DNA

PCR PCR ^>1

PCR

DNA
5' 3'

PCR RT-PCR cDNA

oligo ( dC ) cDNA
5'-

J3.1 oligo ( dG )

5' cDNA

(RACE) mRNA 3'- 3'- RACE mRNA 3'

poly (A ) oligo ( dT )

PCR J 1
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PCR PCR W
13) PCR DNA

J5 PCR

* PCR W DNA PCR

DNA
DNA

PCR

W DNA J2)

(cycle sequencing) PCR DNA D4

J6)
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J4

^ W NA
poly (A)

cDNA Southern

cDNA

S1 I

5' 3'

RNA S1

DNA
cDNA

5'

DNA
-DNA

DNase I DNA
DNA

(
DNA G1) II)

cDNA W dT

cDNA A 3' A
P1)

cDNA ATG
20~100nt

cDNA
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DNA

cDNA

S1

mRNA cDNA
3'- M4

03)( M N)

cDNA

cDNA Southern

J1) cDNA W
cDNA

cDNA—

RNA 5' 3' 5' 3'

J4.1 5'

DNA RNA DNA
80% W DNA-RNA

DNA S1

DNA
PAGE

RNA

RNA 5|-,

DNA 3.1

S1
DNA RNA

RNA 5-

DNA 3.

PAGE

J4.1 RNA 5' S1
•

5' 3' DNA

RNA 5'
J4.2)

5' S1

DNA
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DNase I

N1)

DNA

RNA 5 3
-

3-1112 *5
.

DNA

dNTP

RNA 5
-|-|-|-f

3

DNA 3 ' *5'

PAGE

J4.2 ’=

DNA
DNase

DNA
DNase I W

DNA DNA PAGE

DNA

DNA

( DNA
(•OH )

K 1) S1

DNA -

1=^

HSP70 (3-
X -gal HI ) HSP70

-
p
-gal
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N2)



J DNA

J5

DNA
3' 3' 5'

DNA M13

PCR

PCR
PCR DNA 5' 3'

PCR PCR

DNA G1) H2)
G4) J3)

cDNA

cDNA

N C

N

^DNA ATP C

J5.1 MCS) cDNA

5' 3'

1[ 3' 3' 5'

3' J5.1 m
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S 1 G1)

G4)

200bp S
cDNA

GAGCT-3 ‘ 5-GATCC
C-5 - 3 -G

GAGCT-3‘

C-5‘

G-3-

C-5.

5-GATCC

S 1

G
C

J5.1

cDNA

W
M13

DNA
DNA
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PCR

M13 DNA PCR

PCR J3) J5.2

20nt DNA
pGEM SP6 T7

PCR SP6
5' T7 3'

PCR SP6 T7
5' 3'

20nt

100%

J 5. 2)

SP6

T7

PCR

X——

X ——
—— X

PCR
SP6

- »

X——
—— X

T7

X
X

J5.2 PCR X PCR
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PCR DNA



J DNA

J6

DNA

DNA 1=^

DNA Southern

W

I

I

D4)

H4)

H1)

S2)

PCR W

DNA

W
( HIV CJD)
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DNA

W
cDNA

cDNA

H1) 30%

Q4)

VIII 186kb

J5)

genetically modified organisms, GMO)

GMO

W

1997 Dolly)

(
D4)

VNTR)
DNA

Southern

(
J6.1
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DNA

J6.1 DNA

PCR E VNTR
DNAUJ[ Southern J6. 1 VNTR

(a)

R1 A2 f

R1 R2 R3 R4 R5 R6

R1 R2R3

X R1 R2 R3 R4 R5 R6 R7 R8

(b)

4

J6.I DNA VNTR

(a) VNTR b) VNTR

S2)

PCR W
I

W

I

W
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K

K 1

I

W DNA RNA RNA
5' 3' DNA

I

RNA
DNA RNA

5') DNA
RNA DNA

DNA RNA
+ 1

H ~~I

RNA DNA NA DNA

^
I

RNA

P

C 1) K4)

RNA K2) L2)

(

jW K3)

W DNA RNA
RNA

DNA ATP GTP CTP UTP

( K1.1) RNA RNA 5' 3' (
C1) DNA RNA

RNA WU
T ) o RNA

RNA DNA RNA
DNA

( K1.2) DNA 5'

L)
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DNA W

DNA RNA

RNA + 1

( K1.2) DNA RNA

K 1.1

RNA - AUACG

3
-

5 ‘

3
'

K1.2 RNA
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RNA RNA 3'

K1.1) 5' 3' RNA
DNA 3' 5'

DNA , DNA
RNA 3'

37t £. co RNA 40

RNA
DNA K 1.2 K2 K3)

RNA K1.3)

W rho

P ) RNA-DNA W
DNA RNA RNA DNA

5
- ... NNNNAAGCGCCGNNNNCCGGCGCUUUUUU -0H 3*

N N
I I

N C

G*C
C*G
C-G
G-C
C*G
G-C
A-U
A>U

• ••NNNN UUUU-OH

K1.3 RNA
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K2 RNA

RNA

0

'

RNA RNA ) ' 2a ip
'

Iw 0

0

RNA a

RNA (3

P P

RNA P
' DNA

0 W 0

cjW

0

DNA
8

9nt 0

K 1) 0 L3)

(

jW K3) RNA : ( Ml )

K4)

RNA
RNA 5 a P p

'
CO o

a asPP
'wa)0

DNA 02(3
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• RNA I rRNA

• RNA n mRNA
RNA

• RNA 5S rRNA tRNA
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RNA

RNA
RNA 12
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E . CO a

RNA
RNA

5' 3' RNA DNA

RNA n

carboxyl-terminal domain , CTD ) ,

Tyr-Ser-Pro-Thr-Ser-Pro-Ser RNA 11 52

B3)

RNA K2)

RNA I M2)

RNA 5S tRNA M3)

RNA M4)

RNA n M5)

N2)

RNA

n CTD

RNA RNA RNA
RNA
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RNA

RNA

RNA
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RNA ——a-
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-
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a
-

• RNA RNA Pol m ) t NA

5

S rRNA U6 snRNA

W RNA a
-

12
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'

K2) RNA . CO
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RNA I RNA

n E . CO RNA a

4 7
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RNA ATP GTP
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RNA

RNA n 7
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Thr-Ser-Pro-Ser, CTD

CTD

CTD RNA
RNA n

CTD

M5 N2)
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RNA
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TBP TAFi

rRNA 18S 58S 28S rRNA

rRNA RNA I ( RNA Pol I )

rRNA

rRNA

UCE ) 50

- 100

UBF ) UCE

DNA

1 ( SL1) UBF-DNA
RNA I

SL 1 TATA TBP) TBP

3 RNA NA
I TBP TAFi
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TIF - 1 RNA I

rRNA

D4) K4)

RNA (K2) RNA : ( Ml )

(
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RNA I rRNA

RNA 5 rRNA 40 rRNA
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UCE 10 100
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12 72
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C A C 81 99 A
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W
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RNA Ml )

RNA I M2)

RNA n M4)
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RNA
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5S rRNA 16S

rRNA 23S rRNA tRNA 6000nt
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rRNA

rRNA 18S 5.8S 28S

RNA
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RNA RNA
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rRNA
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40S 18S rRNA 30
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W 45

rRNA

rRNA
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RNA I M2)
RNA 5S tRNA M3)
tRNA RNaseP 02)

RNA RNA K M )

RNA RNA
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RNA

rRNA

rRNA
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5S 16S 23S RNA M5 M16 M23

5' 3'
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t
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RNA
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RNA RNase
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0.95 X 10® Da

31

+

23S rRNA

(2904 nt)

5S rRNA

(120 nt)

21

+

16S rRNA

(1542 nt)

RNA

3 X 10® Da

1.5 X 10® Da

28S rRNA 5.8S rRNA
(4718 nt) (158 nt)

5S rRNA

(121 nt)

30
+

18S rRNA

(1874 nt)

01.2

(a)

01.3 . CO/:• a)30S b)50S c ) 70S

01.2 80S

60S 45 5S rRNA 5.8S

rRNA 28S rRNA 23S rRNA 40S
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18S rRNA 30 rRNA

RNA

1|

100
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02 tRNA RNA P

tRNA

tRNA

P

tRNA tRNA

RNaseD E F P W
tRNA RNase E

F 3' RNase D 3'

2 nt RNase P 5' 5'

RNase D 3'

tRNA W 5' 3'

tRNA
3' CCA tRNA

377nt RNA 13.7kDa

RNase P RNP RNP

tRNA 5' RNA
tRNA , iU RNA

RNA RNA
RNA

W

RNA

RNA 5S tRNA M3)

tRNA P2)

rRNA 01)

01 01.1 rRNA tRNA

tRNA tRNA

tRNA tRNA

RNase E F D P

02.1 tRNATyt

P2) D2) (RNase E F )

3' 3'
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tRNA

P

RNase D 3' 7 RNase P

tRNA 5' RNase D 3'

3' tRNA

tRNA RNA

tRNA P2 P2.1

1 .

02.1 £ CO tRNA

tRNATyt 02.2

tRNA 16nt 5' 14nt 2 3'

5' 2 3'

tRNA 3' CCA

tRNA 3' tRNA

5'- CCA -3' tRNA 3'

tRNA 3'

tRNA tRNA

tRNA

RNase P RNA
RNP tRNA

5' RNase P RNase P

tRNA

P
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OH 3

D T

C

U

.2 tRNAT>"
RNA

RNaseP tRNA RNA
W

rRNA W
01)

RNA

W RNA
mRNA
W

NP (snRNP)

377nt RNA 13.7kDa RNA
tRNA,

RNA RNA
RNA ,

RNaseP

5 P-I

02

A.9C.A4

f6.
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03 mRNA hnRNP snRNP

mRNA xT
]

mRNA
RNA mRNA

mRNA RNA ( hnRNA)
hnRNA hnRNP ,

— RNP

( snRNP ) hnRNP RNA
hnRNA 5' 3'

hnRNP 1 RNA hnRNA ) S hnRNA A B

C

hnRNP

600-700 hnRNA hnRNP RNA

snRNP
I

RNA snRNA

snRNP ,

rRNA 5'

-

RA ( U)GR -3' snRNP

5'
~

I

RNA n 25 nt 5'

7- m7G) 7-
W 5'-5' 5'-

mRNA A A
RAP ) RNA 3' 250 nt poly (A )

3'

mRNA

5'- GU AG - 3'!^/—
snRNP

mRNA
mRNA 5'- RRACX -

3' R N6
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RNA n M4)

NA 01)

mRNA mRNA
mRNA mRNA 5'

W
3' 5'

RNA n 60
300nt RNA (snRNA ) lOOkb Antennapedia

RNA ( hnRNA ),

mRNA mRNA , mRNA 5'

3' A mRNA

hnRNP NA n hnRNA mRNA ,

RNP ( hnRNP ), A U hnRNP

hnRNP A B C

30 40S

hnRNP 20nm 600 ~ 700 rit

RNA

1 ) 3& A2 ) 3Bi Ci ) 3C2 hnRNP

hnRNA RNA

snRNP RNA n snRNA

snRNt RNA U1 U2

mRNA U1 U2 U4 U5 U6 snRNP

rRNA

01) snRNP snRNA

8 snRNP

Sm RNA 5'- RA ( U)
GR - 3' U6 U4

snRNP RNA n

5'

5'

5' RNA RNA 20~30nt

5' 7 - 03.1) 5'
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3'

3'-5' GMP
W RNA 5'- 5'

mRNA

5' mRNA

03.1 mRNA 5'

mRNA mRNA 3'

A poly (A)

mRNA RNA cDNA

II

DNA mRNA
5'-AAUAAA- 3'

11 ~20nt

"5'- YA- 3'" Y 03. 2a)

GU
mRNA

PAP)

mRNA 3' 250 A poly (A)

mRNA poly (A) poly
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(A ) poly ( A )
3'-

poly (A ) mRNA mRNA
3'

(a) DNA 5.
• • . . AATAAA. . . ( 20 bp ) . . . CA .

.

3.. . . .TTATTT GT .

.

. . TTGTGTGTTG . .
3.

. . AACACACAAC . .
5.

RNA 5 . . . . AAUAAA . . ( 20 . CA. . . . UUGUGUGUUG. .S'

I I

Poly(A)

GU

(
5 3’

I

5-..AAGUAAGU . CURAY . . (10-40) . (U/C)" N C A G G . .
.3'

03.2 a ) b )

mRNA
T W mRNA mRNA

mRNA mRNA
poly (A )

mRNA
03.2b) 5'

5'- GU - 3' 3' 5'- AG - 3' 3' AG
D polypyrimidine tract )

10-40 5'-

CURAY -3' R Y
5'- UACUAAC - 3'

03.

3

a) 5' G
5'- A 2'

1;
3'

AG G
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U1 U2 U4 U5 U6 snRNP

snRNP RNA 5' 3'

03.

3

b) U 1 snRNP 5' 5'

U2 snRNP U4 U5 U6

3' 5'

snRNP mRNA
mRNA snRNP

mRNA snRNP

spliceosome)

(a)
1

2

(b)

1 2

\

U1

03.3 mRNA a) b) snRNP

mRNA mRNA
A N6 A

"5'- RRACX - 3… X G 0.1%
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mRNA A mRNA ,
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04 mRNA

•

&

’5’ . •'»/&

&

3/^'3/*/''»^.^>»^^^^^>»^'^^^«/^"^'^@'^^'»''^^^

mRNA mRNA W mRNA,

poly (A )

mRNA

mRNA la poly (A) • W
mRNA

I

W 5' 3'

mRNA
1) 2) poly (A )

3) 4)

RNA
I

RNA
Apo-B

mRNA C U
NA RNA (RNA

RNA n M4)
mRNA hnRNP snRNP (03)

poly (A)

mRNA lit

mRNA mRNA

poly (A )
3' mRNA RNA

poly ( A )

poly — mRNA 03)

( A ) W
mRNA

mRNA
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W—
mRNA poly (A )

03) W
poly (A ) poly ( A )

poly (A )

04.1 a ) 1
b )

C ) d )

D . M . Freifelder (1987)

04.1 04. la

a
-

5' ""
5' 3'

a
-

5'

04. lb poly (A )

poly (A )
3'

poly (A )

3'
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poly (A ) W

04.1 c

P

mRNA

04. Id )

T mRNA W

RNA RNA
RNA

B mRNA C U
14500 nt 6666

RNA B100 512kDa

B48 (241 kDa ) o

mRNA A G

( Leishmania )

b cDNA

cDNA

mRNA
U

RNA RNA RNA
DNA RNA RNA

(



P tRNA

PI

• )
64 )

61 20

20 18

ORF ) DNA

F1) Q3)

tRNA P2) Q4)

Q2)
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20

W W 42 16)<20<(4364)
3 20

64

mRNA
3 tRNA

P2)

( Q3) W

20 60 Nirenberg

DNase

mRNA
20

19

mRNA ,

[ poly (U)] [ poly ( C)]

[ poly (A)] W [ poly ( G)]
mRNA 20

poly (U ) poly ( C )

poly (A ) poly (G )

U G 0.76:0.24 GGG
UUU 2 U G

mRNA

20 60

-tRNA

^>( -tRNA P2)- tRNA 20

61 3
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P1.1) ( B1)

P1.1

(3,(5, U C A G

Phe uuu Ser ucu Tyr UAU Cys UGU u

Phe uuc Ser ucc Tyr UAC Cys UGC c

U Leu UUA Ser UCA UAA UGA A

Leu UUG Ser UCG UAG Trp UGG G

Leu CUU Pro ecu His CAU Arg CGU U

Leu cue Pro CCC His CAC Arg CGC C

C Leu CAU Pro CCA Gin CAA Arg CGA A

Leu CUG Pro CCG Gin CAG Arg CGG G

lie AUU Thr ACU Asn AAU Ser AGU U

lie AUC Thr ACC Asn AAC Ser AGC C

A lie AUA Thr ACA Lys AAA Arg AGA A

Met AUG Thr ACG Lys AAG Arg AGO G

Val GUU Ala GCU Asp GAU Gly GGU U

Val GUC Ala GCC Asp GAC Gly GGC C

G Val GUA Ala GCA Glu GAA Gly GGA A

Val GUG Ala GCG Glu GAG Gly GGG G

20

18 W

(
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1980

""
P1.2

P1.2

AGA Arg Ser

AGG

AUA lie Met

CGG Arg Trp

CUN Leu Thr

AUU lie

GUG Val

UUG Leu

UAA Glu

UAG

UGA Trp

DNA
ATG TGA TAA TAG

X 174 53%bp 11

262kDa

200kDa

Q3) RNA
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P2 tRNA

tRNA

tRNA 60 95 76,

tRNA 15 8

tRNA
5' 3'

tRNA

D-loop ), [ T

(T-loop)

L W

tRNA 3' - tRNA, tRNA

tRNA

tRNA AMP)
tRNA AMP

W tRNA L

tRNA tRNA

tRNA

C1) tRNA RNaseP 02)

tRNA tRNA mRNA
60-95

76 tRNA

20% tRNA

50

tRNA
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RNA

( T ), RNA D

D ) I) tRNA

D T tRNA

15 8

R ) Y) 1
5'

76 3'

8 , 11 , 14 , 15 , 18 , 19 , 21 , 24 , 32 , 33 , 37 ’ 48 , 53 , 54 , 55 , %, 57 , %, 60 , 61 74 , 75,76

D T

S

H 11 H

N C
I II

/C C

(/ \n/ \h
I

0

H li H/H
N N

I I

/C /C

1

0

N C
I II

/C c

1

4 - Ms4
u) w m

0

H II „

N C|_|
I I^H
\n/ \h

I

(D)

,
'\ /C\ N
N C/

I II C-H
H Cv C,/
N/'V N

\

H

(m 1^

O

H\/C\ N

I II
C-H

/ N

/3
NH— 2—CH=C
I

\3
^C\ / N \

I II C-H

/VY
w6 - (i

6
A)

P2.1 tRNA

tRNA tRNA P2.

2

a

RNaseP 5'-

5'- 02) tRNA 3' 5'

7bp 74

76 5'- CCA -3')

02) 5' 3'

D 3 4 D

5 7 mRNA

tRNA Q1)
3~21 7
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tRNA P2. 2a D

T T>I^C 5

GimC tRNA

(a) 76 A-OH 3

9
C

I

(b) 76 A'OH 3.

C
I

C

(c) TyC

P2.2 tRNA a ) 1= <^= 1^=
Y= * b ) tRNA C ) tRNAT^

1^= C E). M. Freifelder (1987)

tRNA= 9 tRNA

P2.2b)

D

T

tRNA L L
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tRNA

tRNA

tRNA

tRNA 2C) (
C2)

tRNA -tRNA( tRNA),

tRNA - tRNA

tRNA tRNA, tRNA tRNA

P2.1

P2.1 tRNA tRNA

tRNA -tRNA -tRNA

tRNA -tRNA Seryl-tRNA&f

tRNA -tRNA Leucyl-tRNA^

tRNA A Leucyl-tRNA A

P2. 3 ATP

AMP
2

tRNA tRNA AMP
2'- 3'-

-tRNA

tRNA

tRNA

a 02 04 ^
334 1000 tRNA L

40 tRNA tRNA

P2.4)

tRNA

tRNA tRNA

tRNA^a G3 : U70 tRNaGy* tRNAfhe

3:70 tRNA - tRNA
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•

)
P

H
P

n
P

ATP

+ C— CH— NHq
I

A

1

C— CH— NHg

AMP

o %
O O

ooS
oooo ooooo

ooooo"

’§

s %

o
II +

-C —— CH —— NHo

I

R

3- tRNA

P2.3 - tRNA
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o O G24 o

O o.

oo

ooooo
O > o

G20

OOOO
OOO

tRNAAb

O O
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A35

tRNAP

G35 • U37
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tRNAfWet tRNA

P2.4 tRNA

0 0

0
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Q

Q 1

mRNA tRNA

3 5'

tRNA W

5' 3'

tRNA
3' A C

U

3

mRNA
16S rRNA 3'

W
Shine-Dalgarno SD

I

mRNA mRNA
mRNA

tRNA
I

AUG
tRNA tRNA

tRNA

N -

tRNA tRNA

tRNA

rRNA 01) tRNA P2)

tRNA RNaseP 02) Q2)

~

mRNA tRNA tRNA —
mRNA 01)

Q1.1) tRNA
5'( P2) 5'

02)

6 -

5'
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Q1.1 - -
tRNA

32 tRNA 61) tRNA 5'

5' C tRNA G ;
G U C U

A G A A

A C U
3’

Q1.1

Q1.1

5‘ 3'

A U A I

C G

G C U G G , C U

U A G 5' U

I A

C

U . I
3'- A -(-1

mRNA 8 13

ine Dalgarno 5'- AGGAGGU - 3'

16S rRNA 3' 5 '- ACCUCCU - 3'

Shine-Dalgarno SD
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(a )

Met

mRNA Q2)
70-80

mRNA
mRNA mRNA

mRNA 50

80

tRNA

N-
AUG tRNA

tRNA AUG tRNA

tRNA Q1.2)

tRNA

A , AUG GUG GUG
mRNA tRNA AUG

tRNA - tRNA

-tRNA , tRNA

N- -tRNA N-

fMet-tRNA
…

Met-tRNA*^

Q1.2 £. CO tRNA a ) tRNA, fMet-iRNA^^*'; (b) -

I

ACCAAC

-5CG

iACCACC

•5

gg

tRNA, Met-tRNA'
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tRNA P tRNA A Q2)



Q

Q2

I

• mRNA
• mRNA

’

-

I

mRNA tRNA 3 IF ) GTP 1 IF]

30S IF2 GTP

W tRNA

RNA tRNA AUG
IF; 30S

IFi IF2 + GDP , 70S

mRNA
—
~

I

S EF ; EF-Tu EF-Ts EF-G) GTP

tRNA 70S

• tRNA EF-Tu GTP

GTP EF-Tu - GDP EF-Ts GTP

Tu ’ GDP EF-Tu-EF-Ts

-

• EF-G ) GTP

mRNA tRNA

P

I

RF 1 RF2) RF3

mRNA

tRNA RNaseP 02) Q1)

tRNA P2) Q3)

• —— mRNA ;
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.

- ——
Q2 . 1 Q2 . 3

IF EF elF

eEFo

Q3)

mRNA
mRNA

tRNA GTP IFi IF2 IF3

9 120 22kDa

IF2 GTP

Q2.1)
• IFi IF3 30S ( mRNA 30S

- IF2 GTP

tRNA

• 30S mRNA RBS ) mRNA
Q1 )

• tRNA mRNA AUG
IF3 IF3

W mRNA 30S

• 50S IFi IF2 GTP

70S

Q2.1 Q2.3 tRNA

A P A -
tRNA P

01 )
tRNA P tRNA

tRNA A

70S

tRNA Q2.1

P - tRNA , A

3

EF-Tn EF-Ts EF-G GTP GDP

45 30 80kDa EF-Ts EF-G
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EF-Tn 10

30S

30S

fMet

50S

70S

3

mRNA

Q2.1 £. CO
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RNA

A P
EF-G GTP GTP

Q2.2



Q2
269

Q2.3 £. ro/:'
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-tRNA EF-Tn tRNA A

GTP EF-Ts EF-Tn

GDP EF-Tn-EF-Ts EF-Ts

GDP, GTP EF-TnGTP

-tRNA tRNA -
tRNA EF-Tu

-tRNA A P

50S

ATP

tRNA P2)

EF-G ( GTP

tRNA P -tRNA A

P mRNA GDP

EF-G A

tRNA E )
-tRNA mRNA

6 R4)

A

tRNA

RF1 UAA
UAG, RF2 UAA UGA RF3 RF1 RF2

H2O -tRNA
mRNA IF3 W
70S



Q

Q3

W eRF ),

tRNA

40S mRNA 5'

mRNA AUG
AUG

9 elF

mRNA tRNA

mRNA
tRNA 40S tRNA eIF2

Q2)
EF-Tu EF-Ts EF-G
eEFla eEF eEF2

eRF ),

GTP W

tRNA RNA P 02) Q2)

tRNA P2)

A2) Q2

elF mRNA

tRNA tRNA ,

N-
Q3.1
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Q3.1

IF3 eIF3 eIF4C eIF6

eIF4B eIF4F mRNA
IF2 eIF2 eIF2B tRNA

eIF5

EF-Tu eEFla tRNA

EF-Ts eEFlpr EF-Tu eEFlo

EF-G eEF2

RF1

RF2 e F

RF3

mRNA Shine-Dalgarno SD 1^(
Kozak

tRNA 40S mRNA 5' mRNA
AUG AUG

AUG , 5 '- CCR CCAUGG -3')

R

Q3.1

• eIF6 eIF3 eIF4C ;• mRNA W 5' eIF4B

eIF4Fo eIF4F eIF4E eIF4A
• tRNA eIF2 eIF2B ;

• eIF5 60S

Q

40S 5' mRNA
eIF3 4C 40S

tRNA eIF2 GTP )

mRNA tRNA Q2 Q3.1)
mRNA mRNA eIF4B 4F (4F

5' ATP

40S 5' mRNA ATP

mRNA W AUG AUG
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eIF2 eIF3 eIF5 60S 40S GTP :

eIF4C 60S 80S

elF2

eIF3

elF4C

elF5

tRNA,

40S

3

r
43S

GTP

43S

Q3.1
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eIF2 - GDP eIF2B

eIF2 a

eIF2

Q3.1) eEFla eEFl

eEF2 Q2 EF-Tu EF-Ts EF-G

eRF

RF 1 ( F2) RF3 eRF GTP

mRNA
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Q4

*'& ^ *>'4/«\*^*/55?'^^/«?'/'**/'4(/©«^<©\3/©'*^^'.«^/!©'/!5?'*^

mRNA

mRNA , 5 '- AUUUA - 3'

mRNA

N C

6

26S

RNA Q2)
M4) Q3)

mRNA hnRNP snRNP (03)

mRNA 04)

mRNA
L1) W

mRNA

mRNA
( £. CO

mRNA
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mRNA
rRNA mRNA

mRNA
RNA W

M4) RNA

03 04)

3' 5'- AUUUA -3' mRNA

mRNA RNA " mRNA ",

mRNA
mRNA

R2)

mRNA (

A 1)

W

( SRP ) ( Q4.1)
mRNA , SRP

W SRP

13

10 15

Ala SRP SRP

A2)
SRP

N
-Lys-Lys-Lys-Arg ys ,

NLS)
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Q4.1

B2)

W
W N C 20

Ala Gly lie Leu Met Val

Pro

D3)

N

8 N Ala Cys Gly Met Pro

Ser Thr Val ) fi/2>20h) 8 Arg His lie
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Leu Lys Phe Trp Tyr ) 2 30min ), 4

Asn Asp Gin Glu )

N

Gly

Lys 26S

ATP

(



R

R 1

20~30nm )

W

DNA RNA W
mRNA

Ikb 300kb

DNA
DNA

RNA
RNA RNA RNA DNA

DNA

R2) NA R4)

DNA R3)

18 90

Jenner viri -

on )

bacteriophage phage)
capsid ) DNA

RNA

( R1.1 )

nucleocapsid) M 13)
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R 1.1 a ) b )

T4); (C) M13); ( d )

e )

budding),

( envelope glycoprotein)

receptor) receptor ligand) an-

tireceptor) matrix)

lit RNA • DNA

true organism )

DNA RNA
( linear ) circular )

segmented ) positive

sense) ( S mRNA negative sense ) ambi -

sense , W P1)



R 1 281

100 W W
helper virus ) wild -type )

( complementation ) ( H2)

DNA RNA
DNA herpesvirus , R3)

papouavirus , R3) 40

(SV40) RNA
RNA

RNA retrovirus ) reverse tran -

scriptase , RNA DNA DNA
RNA R4)

W
permissive )

nonpermissive )

lit transformation ,

R3 S)

virulence

(1)

(2)

(3)

)

(4)

(5)

B

(6)

S ) SV40

R3)



R

R2

1^11 M13 DNA W DNA
M13

~

I

W

c/ ;V

-1 Mu ,

H2)
K4)

N2)

R1)

DNA R3)

RNA R4)

— bacteriophage phage )

RNA DNA 2.5kb 150kb W
integration )

( transposition , F4)
Twort

d
’

Herelle 1915 1917

DNA
mRNA W

H2)
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W
20min

W M13)

DNA
DNA X

Mu)

M13 6.4kb) DNA
M13 R2.1) g3p)

F A1)

DNA
DNA replicative form, RF) M13 10

W
( R2.1)

RF

DNA RF RF

+ ) W 3'- OH RNA
RF + )

+ ) [ -)
DNA

M13 W
M13 DNA

M13

H2) RF

tU DNA DNA
DNA M13

DNA

X

H2) X

48.5kb DNA
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COS cos end )( H2)

cos

DNA ^

R2.1 M 13 a ) b ) a )

b ) /> 3

X

( immediate-early ) , delayed -early )

late )^
R2. 2;^

/>R

N cro

DNA RNA /) L ) R )

R2.2) N cro rho K4 ) N

RNA N cro

0 P

Q ,

DNA E4) pO , pP

DnaB ) or/ (
m: rolling circle replication ),

R2.3)
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pL pft

|4 1 1

-

; int gam N O
0 1

cos att on COS

1

0 10
1

20
1

30
1

40

pL pci pR

cUI N cl Cro cU O

R2.2 )
COS cos

R2.3

R Cro

R Q
N HIV Tat

N2) Q /)R
'

R2.2) cos

35mm 100

31

(lambda repressor ) c /
Q

/> L

C C mz

c / znf ;C
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c/ ;V />R/>1^

cro Q
Cro

( c/ Q
C C#

X

W
c/ c /

cD c/
DNA

RecA( F4)

Mu i {
x ) o

""
DNA

F4)

replicative transposition ) ,

DNA



R

R3 DNA

DNA W DNA

DNA• DNA

DNA SV40

5kb 6

DNA

-1 ( HSV -1) 70 W
150kb a)

( Y )

DNA

-
1

DNA

DNA

H4)

M )

R 1)

R2)

RNA R4)

S )

DNA DNA 200

DNA
DNA

DNA
H4)
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DNA

DNA

-1

40 (simian virus 40, SV40)

S) SV40 5kb

45nm

5

( R3.1) SV40

T

t large T-antigen and small t -antigen )

S
VP1 VP2 VP3

R3.1 SV40 A=poly (A)

"" DNA

R 1), 270kb 100 ORF )

DNA

100

HSV -1 150kb 70

ORF DNA
R3.2)

( Ui^ Us ), IRi^ IRs ),
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T TRs) b b
'

C C
'

a ) a am)

IRl IRs TRg

^ b' Sm c ca

R3.2 HSV -1

(permissive cell , R1)

a RNA

n a a

a- Krans-inducing factor a-TIF ) HSV - 1

a-TIF

a

amRNA ( mRNA

P 13

DNA W

P

20 25bp TATA CCAAT W
3

RNA n

0RI )

ORI -
-DNA DNA E)

Y DNA
a
- TIF)

"
a
"

"
a
"

latent infection ),
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B

.

5'- GGATCCTAGG - 3' DNA

C . Lac Zac

D . Lac

E . Lac Zac

F . IPTG Zac

2. W
A . cAMP CRP ) CAP )

B

.

cAMP

C . CRP cAMP

D

.

cAMP CRP DNA
E . CRP DNA

3. W
A

.

RNA
B . Trp

C . Trp Lac

D . Trp

E

.

F

.

4. W
A

.

rho

B

.

C

.

D

.
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E

.

F

.

trpE

5. C

A

.

RNA
B

.

C . 0 -10 -35

D

.

-35 - 10 17 0

E . B . subtilis (J

F . T7 0 RNA

M

1 . W DNA I n m

A . RNA a
-

B . RNA n

C. RNA tRNA

D

.

RNA I n in NA
E

.

RNA RNA

F. RNA n (CTD) 7

2. RNA I

A . RNA I RNA
B. 40 5 tRNA

C . 18S5.8S 28S rRNA

D. RNA I

E . RNA I

F . rRNA

3. W RNA I

A. RNA I (UCE) 1000

B. (UBF) UCE RNA I

C. SL1 UBF-DNA

D. SL1 TATA TBP

E . Acanthamoeba rRNA •
4. W NA

A. tRNA

B. tRNA

C . TBP TFinC
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D. TF B

E. 2000 5S rRNA

5. W
A. RNA n

B. TATA

C. TBP TATA

D. 100-200

6. W
A. F D TATA

B. TFIID TBP TAFn

C. TBP RNA I n

D. TFDB TFUD-DNA

E. RNA TFD ETFn H TFII

J

F. TFIIH CTD

N

1.

A. --
B.

C. DNA
D. DNA

E.

2. W
A. SP1

B.

C. Statla

D. HIVTat RNA n

E. MyoD HLH
F. DNA

0 RNA

1. W (50S)

A.

B.

C.

D.

2.

tRNA?

A. RNase ADE F
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B . RNase D EF H

C . RNase D EF P

D . RNase A DH P

3.

mRNA
A .

3' 5'

B

.

5' GMt 3'

C

.

5' [ 3'

D

.

5' GMP 3'

4. mRNA
A

.

W
B

.

5'- 3'-

C . U 1 snRNP 5'- U2 tri -snRNP U4
U5 U6 UjI

D

.

3' G A 2'-

P tRNA

1.

A

.

B

.

C

.

D

.

2. W tRNA

A

.

tRNA 76 747576 CCA

B

.

tRNA

C . tRNA L RNA

D . tRNA D T

3. [ tRNA

A

.

AMP tRNA 3'

B

.

C

.

A76 2'-

D

.

tRNA

E

.

AMP W
F

.

Q

1 . W -
A .
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B .

5' 3' A C U
C .

3' 5' A C U
D .

5' A

2. W
A

.

tRNA ine-Dalgarno

B

.

IF2 GTP

C

.

IF1 IF2 IF3 tRNA mRNA 30S

D . 50S IF1 IF2GMP
E

.

70S A tRNA

P

3.

A

.

: tRNA

B

.

tRNA

C

.

EF-Fu-Ts EF-Fu-GTP EF-Ts GDP

D . EF-G GTP

4.

l ( RFl ) W
A

.

UAA
B

.

UAG
C

.

UGA
D . UGA UAA
E . UAG UAA
F . UAG UGA

5.

A

.

mRNA
B

.

9 ( elFs )

C

.

N -

D . 80S A tRNA

E

.

ATP AMP
F

.

mRNA tRNA

6. W
A . EF-G ; eEF2

B . EF-Tu ; eEFla

C . RFl RF3; eRF

D . EF-Ts ; eEFotg

7.

A .
— mRNA

B

.

C

.

D

.
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R

1. W
A.

B. —
C. W DNA RNA
D. W
E.

F.

2. W M13

A. M13 DNA
B. M13

C. (RF)M13 RNA DNA

D. M13 DNA
3. (

A. DNA
B. X DNA

C. X

D. N CTO rho

E.

F.

4. DNA
A. DNA
B. SV40

C. SV40 T-
D. DNA
E. SV40 VPUVP2 VP3

5.

A.

B.

C. HSV-1 DNA
D. HSV-1

E.

F.

6.

A. RNA DNA
B. Ty

C. RNA
D. HIV Rev
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S

1.

A

.

B

.

C

.

D

.

2. W NIH -3T3

A

.

B

.

C . NIH -

3

TS

D . NIH -3T3 DNA
E . NIH -

3

T3 W
3. W
A

.

B

.

C

.

D

.

E

.

4. W
A

.

B

.

C

.

D

.

W
E

.

5. W
A

.

-2

B

.

Aaj

C

.

3

D

.

BCL -2 BAX

E

.

P53

F

.

6. W
A

.

B

.

C

.

D

.

E

.

DNA



^ t > Am
• ^•/? A .‘'•— W A ..A I

4^^-‘ W ® >8

<. A& • k lew & R
ftfeii w’«r.- y*-

• • , * .a'
t

E ,*n4*«jN|rtir WBUTg-HlW. TW .s

fr 5 '.

A

t / r • 9 5 .a

. * :V igK* @• I arC'^Hiw )

* • '•-
: > '^* iMi ^ €•M .a

h •-)j^i^si,^|f^^|W .
W# > .C

. — W .A *

I <'^>> .8

‘ y 11||^4> .3,…4« A —•^ —•"— itiai

•% •‘.

;•

> r®iiKl»v »..
6 A

;
:

—

C 9 • *! & *f
.

D .
- 4? f ,1» •• e *«i| .3

fc iw n

>

w .

F• i W ‘
:: - » .A t

•

4. u • Nm » .a

A r^A0wmrmmp\ • * * ; mw a •>

n *0 4 4 W ft »w
C SV,d * \ tr ** '^’1.1<«?#«» .3

D, ^,|| . *4^*»^^1,.3
E . SV<U A Vli V

I

.V ..
1

W
5; wT*f f’<ti)^||Mi||

i" rik^mm^ 1*4 » .a •

A s
•

.

i -.. n r• p
111 njtliii"^ Tiict

*" AW
9(

.

C W >1^1; ># A C .3

. D.HSVM * V «pi .3^
. I;. g lUft I: 4^^|»1>*1^6{>^>>^^1 .d

F A’ir > 1» .A

6. w IT ^|«M’.# • .a

A- RNA * —T 44; ^W .

B . W # Hi 8P^I

W ‘
C *># Tl‘’ j W AW @jw J
D Hrv iy^^iiH , Av‘i •’

a
V



A

IC, 2B, 3D, 4B

B

lA, 2D, 3C, 4A 5D

C

ID, 2C, 3B, 4B, 5C

D

ID, 2D, 3C, 4A, 5C

E

ID, 2C, 3A, 4D, 5A, 6A 7C

F

ID, 2B, 3A, 4B, 5C

G

IB, 2D, 3A, 4A, 5D

H

ID, 2B, 3C, 4C, 5D

I

lA/E, 2A, 3D

J

lA, 2A/C/E, 3E, 4D, 5C/D, 6A, 7B

K

IB/D, 2B, 3C, 4E, 5B
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L

1A/E, 2D, 3D, 4B/F, 5D/F

M

IF, 2A/F, 3A, 4B/E, 5C, 6D

N

ID/E, 2B/F

O

ID, 2C, 3B, 4C

P

lA, 2C, 3B/D/E

Q

1C, 2B, 3A, 4E, 5A/B, 6D, 7C

R

IE, 2E, 3A/B/F, 4E, 5C, 6D

S

1C 2C E, 3D E 4A, 5B D E, 6C E



2'- 32

2'- 235

5- 59

7- 243

Acanthamoeba 210

anti

AP-1 300

A-DNA 35 37

bcl -2 308

DNA 3536|37

bZIP 224

Caspases 309

CCAAT 216,289

CDK 81, 220, 230

cDNA 103, 139, 142, 147

CHEF 129

DNA 95

DNA

214,288

287

287-290

287

287,290

40 288

DNA 45-48

46-47

45

46,50

46-47

47

50

46

46

52

111-112

52

52

46,185

188

DNA

Holliday 97

99

97

97,134

98

DNA 98

DNA 48,76,188

DNA 66

134

DnaA 76

DnaB 76

RNA 74,76,78

71

74,289

72,83,281

84

76

57,58,85

58,85

84

71,73,74,84

72,74,84

72

74

284

74

76

289

71

83

84

72,74.76

74

75,286

73

72

77,88

84

84

40 83

84

105
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74,77,88

72,73,77

84.132

106

116,147

105,119

oriC 76 - 120-121,126

DNA 76

DNA 154

aDNA 84

8DNA 84

eDNA 84

(DNA 90

I 77.95,99,104,154

77,84

DNA 103,116

109,114

119

109

109

117,152

148

149

102,103,116,120

102

cDNA 166-167 126

117,152

167

167

146

151

152,167

170-173

166

119-120

117

102,105,115

160

148-149

134

110

109

DNA

DNA 174-177

DNA 112

/afZ

0

/acZ‘ 121

106

160

102

106

-
p
- D - 120

M 13 ( RF ) 120

T-DNA 134

Ti 134

X -
120

p- 120

125,129

^ 122,126

125

122

DNA 114

134

134

MCS ) 121- 106

106

127

: 117

115

134

132

133-137

DNA 136

103,115

116

134

122

DNA 74,77,95,99,104.114,145

DNA I 168

DNA 96

DNA

3- 92

7- 92

91

92

92,95

88,, 94, 95



92

92

92

06

-

92,94

DNA 47~48

I 48

n 48,76

DNA 48,76,188

IV 48.78

DNA

88,95

94

95

95

94

94

90

DNA

4-

N - 35,109

5

-

35,59,109

7

-

35,109 .

DNA 76

DNA 64,175-176

E2F 81-82

erbB 298

FIGE 129

/os 300,303

F 283

GTP M 299

G 299

H - NS 50

HU 50

ICE 309

Klenow 140,144,145,158

LINES 63

myc 301 , 303

NIH -3T3

Northern 154—155

PFGE 128

Pribnow 185

RBS 67

RB 82

RecA 90,97

Rev 294

RFLP 64

Rho 181,191,198

RNA 67,250

RNA

HIV 66

292

280

RNA 67

RNA 234

RNA 67

T3 182

T7 182

a 183

P
'

1 83 , 206

P 183,206

0 182,187,201-203

179,182-183,187,201-203

183,187

182,188

RNA I 206.207-210,234

208

RNA n 67,206,218

CTD 206,220,230

218-220

215,289

216

RNA 206,211-214

214

214

RNA A 104, 106

RNA H 104

RNA 2%

RNA 168

rRNA 233-238

16S 234

18S 235

23S 234

28S 235

5S 234

5S 214

5S 206,213

5.8S 235

PCR 164

207

234-236

235

189

189
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241

S - 234

S1 104, 145, 171

SD 262

SINES 63

SNP 64

Southern 154

SP 1 216,228

SP01 202

SRP 276

SSCP 65

SSLP 64

STAT 229

T4 DNA 104,141,145

T7 DNA 158

TAFi 210

TAFu 219

Tat 230,285,294

TATA 215,289

TBP 210,212,215,219

TIF -
1 210

tRNA

240

239-240

Ty 100,292

U6 RNA 214

Wilms 226

X - 120,168

X 236

X

29

52

Zoo 155

a
- 249

a
- 206

p
- 120,145,194

p
- 105

283-286

182.187,201-203

281, 288, 293, 295, 302. 309

2%~305

300

299

159.294

105,120-121

15-17

277

-tRNA 252,258

270

- tRNA 258

258

261-262

202

168-169

DNA 45,49-50

211

161

DNA 39-40.44,154,161

RNA 40, 44

21

277

147

147

280

280

281

280

281,289

279

280

281

280

279

300

280

-1 288-290

281

288

281

281,294

281

293

281- 288

281

40 281

279

140,152

193

67,193



Maxam Gilbert 156

Sanger 158

158

158

158

157-158

165

159

46

58,84

DNA

5,12

303

230,296

307

59,228

254

DNA , 1

DNA

DNA 101

27,122,174

62

222,225,231,243

63

RNA 241

( SNP ) 64

(SSCP ) 65

mRNA 67

( SSLP ) 64

27-28

26-27,122,174

276

66

30S 266

70S 266

80S 273

67

30S 236

50S 236

A P 266

RNA 11

11

237

266

12,237

12,237

( RBS )

265-270

266,272

266-272

271

270

266

266

293

272

272

270

9

278

278

140

C 19

N 19

X - 29

a- 20

p- 20

23

20

13,21,22

20

29

22

22

13

13,20,21

19

20

20

14,20,21

21

19

19

19

19

28

28

30

6,41,71,106
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299

134

13,39

CHEF 129

FIGE 129

PFGE 128

28

103,110-112,117-118

30

7

193

148

57,58

9,58

276

104.152

252

263

A 67,143,244

245

( MCS ) 121

289

mRNA 67,194,275

7 85

295

256

181,198

275-276

15

143

293

252,256

261

194

RNA 276

154,178

200

DNA 103, 139, 142-145

66,100,292

gag 293

HIV 66

67,281,292

293

2%, 294

293

292

292

env 292

/ 292

- PCR 164

67,104,143,281,292

100,292

13,21

147

214,288

2,3,230

245

12,21- 106,140,152

19,21

77

126,283

174,229

117

183

3,5

160

185

198

2

dG 145

dT 143

146

145

154,158,161,167,172

3,159,231

P 250

252

3,4

3,4

3,4

300

9,12

( NLS ) 276

32

32

234,277

234,240

234,240



anti- 36

- 36

54,57,84

9,236,241

RNA, hnRNA

RNA 243

RNP 243

3,4

3' 32

5' 32

40,43

39

43

32

32

43

32

39

39

152

153

152

39

146- 32

44

38

44

42

43

52,239

DNA I 58, 154,168

RNA 234

RNA A 104,106

RNA H D 239

RNA E 239

RNA SI F 239

RNA H 104

RNA H M16 234

RNA M23 234

RNA M5 234

RNA P 239

RNA Phy M 158

RNA SS T1 158

RNA H U2 158

SI 104, 167

145

158

104,145,171

52.239

52, 77, 88, 239, 243, 276

m 104,170

52

108

S 1 167

32

RNP) 58,234,240

2%

236

2?6

236

Z36

158

234

188,199

154

67

179-181

32

40

31-37

236

- 230

188

188

34

39

38-39

37

188

154

42

67

DNA 63

2%

67,122,262,276

276

12, 52, 58, 59, 84

279
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175

281,294

185,195-196,198

194,198

2,11,22

TmRNA 250

256,261

12,22

D 82,224,230

249

67

175

103,139-149

140

139

DNA 103,139

103,139

146-149

102,177

281

2,49,62,159

159

2

159

159

2

159

62

159

103,139

159

DNA 160

DNA 160

160

279

37, 58, 92, 95,108,1%, 246, 277

89,93

156

40,155

226,229,301

256

15

97

6^245

snRNP 68

248-249

68

68

241

. 246

88

104,113,115.124.145.154

258

20,22,277

12,22

131

Z-DNA 35,36,37

159

141

193

(GMO ) 175

- 181,188,199

156

( PCR )

165

165

164

PCR 164

( RT-PCR ) 164

(DOP ) 164

cDNA (RACE ) 164

164

164

162

164

162,164

162,172

164

165, 172

162

244

143,236

248

152

224

147

l (CSF -
l ) 298

147

2,283

22, 147

98



147

151,254

254

DNA

DNA

102,141

134"^ 135

M13 102, 126-127

pBR322 119-120

Ti 102,134-135

Xgtll 145,147

102,123-126

124

122,287

136

287

134

102,136

102,136

YAC ) 102,131-132

( YEp ) 102, 134

102,129-130

102,123-127

( BAC ) 102,132,159

40 102,136

M 13 127

102,105,119-122

202

228

228

229

67,252,270

50

'L

5

6,41,71,106

6

182,183

183

250

45

224

123,284

33

277

156

104,145,171

41,71,106-- 224,231-- 222 — 223,231

143

293

6,41,71,106- 261

252,256

253

32,253,256

250,300

179

4

13

13

5

1~3

152

104, 145, 154

( ITS ) 235

62,68,240,245

3,5,276

147,154

1,49

9

102,129-131,140,141

( 124,284

32

32

40( 168

W,) 46

156

281

HSV -
1 288-290

32,253,256

67

-10 185,188,201-202

— 35 185,188,201-202

RNA I 208

RNA n 215

RNA m 211

179,182-186,188,202

202
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tRNA 263,266,272

67,266

216,220

mRNA 67

289

47,89

62

154

293

13,17,22

110-112

57

DNA 49-50,57

DNA 49-50,54,57

49,52-53

49

57

57,58,131

57

58

54,57,84

295

57

(BAC) 132,159

X 58

57

49-50

54,56-60

57

57,131

148-149

149

53

12,51-55

30 54, 57, 58, 59

CpG 58-59,141

DNA I 58

58,84

54

54,57,84

52-53

54

53

DNA 53

58,84

12,52-54,60,277

198

168

185

Helicobacter pylori 159

66,292 .

Rev 294

TAR 230

Tat 230,285,294

230

102

123,124,284

287

194

195

198-200

272

198

RNA 199

199

198

198

179

URE) 216,222

(UBF) 208

(UCE) 208

298,299

159

106.147

143

270,274

147

147

147

M13 102,126-127,279,283

Mu 283,286

RNA 182

SP6 121

SP01 202

T4 75

T7 75,121,122

98,102,123-126,159.283-286

0 202



127

125,141

151

125,141

282

282

U 74 75,254

299

14,17,22,26

39

158

158- 288

243

105,120

206,220,230

277

270

32

5.277

8

10

245

147

276

145

253

222,231

’ 231

222,231

295,304

88

87,253

87. 90

88

88

302

87,253

88.91

89,92

88

89

89

89,92

89

231

145,154

(DNA )

A-DNA 35-37

11 43

B-DNA 34, % ~ 37

CpG 58-59,141

DNA 50,222-226

G+C 41,63

SINES 63

Z-DNA 36,37

45,49

39-40,44,154,161

140, 152

104,156-160

46-47

63

DNA

40,62,140

43

34,35

43

64

35

62

63

41

44

62

62

63

34

37, 58, 92, 95, 108,1%, 277

62, 140

32

34~35

156

39-40

145

44

44

111

103,114,141,145

45

46-47,49-50



344

152

140

40

46

47

47,89

35-37,38

111

44

34~%
46

46

39

103

62

44,109

47-48

1%

63

58,63-64

38-39

145

4~5

34,35

63

37

47,111

5

44, 103

64,175-176

62

62

40

42

146

235

22,68,245

248

143

2,11,12

2,11,22,57

[ 52

3

DNA 58,63-64

2,3,230

230

281

1

306-309

-1 288-290

281

288

281,294

281

281- 288

281

40 281

6,140

2,3,11,22

2

2,11

11

1,2

79-82,220,230

DNA 80

E2F 81-82

Go 80

Gi 80

G2 80

M 80

S 80

K 81-82

80

80

80

80

80

80-81

82

80

80

( R 80

82

80

80

81

( BAC ) 102,132,159

11
,

7

304
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159,307

3,4

108,140

152

109

109

109

109

117,152

151-152

Bam H I 140

EcoRl 109

&k3A 140

103,149,151-152

(RFLP) 64

32

106,140

147

RNA 243

206

68,235,241,243

(MMTV) 297

224

(SRP) 276

276

276

276

229

RNA

poly(A) 68

143, 155

67,275

67,194,275

143

143

143

252

242-247

67,243

246

243

244

248-250. 245-246

67

276

67

143

32

32

256

47,111

85

158

21

299

174

103

4-5

(CDK) 81,220,230

102

293

270

63-64,88

102

66,251-254

253

252

252

253

254

253

253

254

106

89,%

-p-D- 120,195

58,84

194-195

292,302-305

266,270

V 174

154,162,172

162

167

295

Northern 154—155

Southern 154~155

Zoo 155

147

DNA 104
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57,80

154,179

172

89,91

172

170-171

89,91

DNA 89

295

2S>2,296

1

134

284

40 83,216,288

302

44, 146

147

147

297

155

148

148

250

216,300

143

1

1,2

98

50

10,22

7, 10

RNA 250

DNA 288

293,296

89 295

66

236

198

181,188

295-305

281,288,293

mRNA 143

117

117

117

175

263

66

188

180

226

180,226

188

67

188

179

167,180,185

188

154

181,188

67,181

188

181,188

188

225

22,221-226

DNA 222

RNA I 207-210

RNA 218

RNA m 211-214

SP1 216,228

TBP 210,212,215,219

225

222

168, 171

277

222

30

134,297

RNA 67

CCA 240

D 212,2%

T 212,257

256

261-262

255

256

256

258
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212

239-240

255

256

263,272

257-258

256

259

- 255

206,211

63

L1 63

Tn 99

99

100,292

286

Alu 63

Ty 100, 292

57

147

281

241

200

12,52,84,277

H 1 52,53

H5 53, 60

,!> 52

60

52

60

60

Alu 63

£coRI 145

erbA 301

fms 299

int -2 297

jun 301

/acZ 120,147,194

L1 63

N - 263,271

P53 304

nw 299

RB1 303-304

299

Syn- 36

TagDN'A 104

Tetrahymena thermophila 236

trpR 198
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