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(molecular biology )

1838 Schleiden Schwan Virchow(1858)

(the cell theory)

Sanger 1953

Perutz Kendrew(1953) X
myoglobin) hemoglobin)

Watson

Crickd 953 ) DNA) double helix model)

Crick (central dog-

ma)

i ,
DNA



1871 Miescher (DNA)

120 1928 Griffith (P"e"moa>cc"5)

1944 Avery (S )
DNA (R S DNA

DNA
Chargaffa949) DNA 4

thymidineT) cytocine( adenine A) guanineG)
It P (A+T)/(G+C)

DNA eg

G=C , A=T Chargaff Wilkins FrankUn(1950 1952)

X DNA DNA :
2 PauHng(1953) DNA
Natiire 1953,171 346348) Watson Crick 1953

Nature a71:737738)DNA DNA
Chargaff DNA

DNA

DNA DNA Kornberg 1956 £.

coZO DNA £.a>Zz' DNA I(DNA poly-

merase I)
, 4 dNTP( dATPdGTPclCTP dTTP) DNA DNA

DNA DNA

DNA Meselson StahKl 958)

DNA DNA

i

5N

DNA
Crick 1954 DNA RNA template)

RNA -

20 DNA 4

Yanofsky Brener(l 96 l) (triplet) 3



Nirenberg Matthaia963)

. 20

Khorana(1966) Nirenberg Khorana

DNA I DNA DNA

RNA RNA
1953 Zamec-

nik

(ribosome) ATP

RNA(tRNA)

(aminoacyl synthetase) RNA tRNA 10% RNA 85%

rRNA) 1960 T4 EscAmWncz coli

RNA

T

4 DNA

T

4 RNA

T

4 RNA
T4 DNA rRNA RNA DNA

RNACmessenger RNAmRNA) mRNA
RNA 4% mRNA HurwitzStevans Weiss RNA

. DNA ATPGTP,CTP,UTP RNA transcrip-

tion) & (/?-galactosidase)

Monod Jacob 50

(operon theory) regulatory

gene), repressor)

DNA DNA
DNA . Smith 1970

£.a)/z DNA ' DNA
DNA, (restriction enzyme)

DNA RNA RNA RNA
(retrovirus) RNA DNA

ssDNA (single-strand DNA) DNA (complementary DNA cDNA) RNA
DNA reverse transcriptase ) Temin Baltimore

(19 70) ^ mRNA
cDNA

DNA DNA
(DNA ligase) DNA 197 2 Berg

DNA . DNA
DN'A DNA (clone) Berg DNA
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DNA Sanger (1977)

Gilbert(1977) DNA
(DNA sequence) Sanger Glibert DNA

Summer(1936) 50

RNA Cech 1986 (TV

frWo/memz) RNA mRNA RNA

g5^^^j5^^^^|5^^;^^^^^g^^^ii4tmA^ia^gJ|i
f f (ribozyme), S^STS*
i RNA RNA —6]&A DNA RNA

RNA r: RNA

1

50

DNA

( Drosophila ) Arabtdopsis )

X
(DNA)

(The Inter-

national Union of Biochemistry) The Interna-

1

Kornberg, A. 1959 DNA
Watson, J. D. 1962 DNA
Crick, F. H.C.

Wilkins.M.

Monod , J. 1965

Jacob .F.

Nirenberg.M. 1968

Khorana ,H. G.

Holly, R. 1968 tRNA

Temin .H. 1975

Baltimore .D.

Berg, P. 1980 DNA DNA
Gilbet.W.

Sanger ,F.

Cech'T. 1989 (ribozyme)



tional Union of Biochemistry and Molecular Biology)

DNA (crystallography)

DNA
DNA RNA RNA

DNA

(£.^0/1) DNA RNA
(plasmid)

(restriction endomiclease) £.0>// £.

coli ".
(biological nitrogen fixation) plant—microbe interaction)

(molecular genetics)

(gene theory)

(human genome)

(molecular cell biology )

DNA
temperal and spacial sequence)
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DNA I I

/ (Rubisco)

90

DNA
Ktopoisomerase I) (ribosome)

DNA

(CaenorhabcUtts elegans).

( Drosophila meZiZ"oga5,er) ^ra6/fi^o/)5/5

,

,
flavanoid pigments)

(molecular cell bi-

ology) (cytoskeleton) (cytokine)

(molecular immunology)

(molecular pathology)

(molecular virology)

molecular systematics)

1990 (structural biology )

Nature

1994 Nature Structural Biology

Current Biology
'J

Current Opinion of Structural Biology , Structure Macro-

molecules
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a )5

y ( (ligend)

DNA
DNA(DNA duplix) DNA(DNA triplex)

DNA (DNA tetraplex) DNA DNA

(!£}2I5H_e) .
DNA

CEcoRIBamHI) repressors,CAP
trp ,Cro ,434 , Arc ,MetJ) ,DNA DNA repair protein) .TATA box hi-

stone ) transponase ) I (topoisomerase I )

— ^ DNA DNA
^"BN^Ti I DNA

PCR) fusion protein

plasmid) (£.0>/0 ,
(protein engineer)

(site-directed mutagenesis)

genome)

(Gzenor/icz/W^zseZegcz"5 ) 1 000

(Oo^^ra DNA
(Human genome)

DNA

(gene thera-

py) ,
(biotechnology)

RNAJ^ense RNA)
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,

H2CH4NH3N2COC02H2S

SO

2-1)

4. 5 X 10' 4 X 10' 3 X 109 2 X 10' IX 10^

2-1

——ATP ,

•



1. (biomolecule)

2.

(steady state)

3.

RNA
RNA

DNA RNA

2-1

2-1

!^

1 DNA
4. 7X106 bp (base pair, bp),

16 DNA 1.4X

10 7 bp ,'DNA
DNA

RNA
mRNA

70 1

15 3 000

DNA 1 1

RNA 6 >3 000

3 5

2 20

2 500

1 20



(DNA RNA) 4 DNA
DNA
——mRNA

3' 5'-

DNA RNA 4

( 20

20 (R 2-2)

4 20

DNA mRNA
mRNA

H

OH 0H

2-2 a-

homopolysaccharide) heteropolysaccharide)

D-

(amphipathic molecule),
2-1 6 000 7 000 4 4

20 c^-

2-3)

10
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DNARNA

2-3

( 2-4)

ffi!f ^
-

'«~
-

-

ATP

cAMP

^

!

2-4

(Cs),

(C,), (C3) A(C2) (Ci)

2-5) ——ATP

ADP (Pi) ATP ATP
ADP Pi ATP 2-6)

KA MjX

"1
C02 HzO

2- 5

0—P—0—P—O-CHa
H II

'

I

I «r

ATP

2-6

D
£

A
NIC.

/

/
ol

o-

OIPMHOo
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ATP
ATP ADP Pi ADP Pi ATP

ATP

;
2-7

C02H20

( 2-7)

9 3

99%
( 2-2)

70%
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6(
2-2

W7f.y /0 > 1^ A > Jffi /o )

H 66 H 63 47

33
r\U 25. 5 bl 28

C1 0. 33 C 9.5 Al 7. 9

Na 0. 28 N 1.4 Fe 4. 5

Mg 0. 033 Ca 0.31 Ca 3. 5

S 0. 017 P 0. 22 Na 2. 5

Ca 0. 0062 CI 0. 08 K 2. 5

K 0. 0060 K 0. 06 Mg 2. 2

C 0. 0014 S 0. 05 H 0. 22

Na 0. 05 C 0. 19

<0. <0. 01 <0. 1

6

.

) ;
4 4

2-8)

,wP H C C

^^1^^^^^^^

2-8

2-9)
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R'-CHj-O—

H

R'-CHj—C—

H

R'-CHj-O-CHa-R*
R'-CHj C=»CH

H

R'-CHj-C-CHj-R*

Ri—CHC OH

R'-CHa-C-O-CHj-R'

O

H
R'-CHa-C—

N

&

H
Ri-CHa—N—C

N.
H

H

Ri-CHSM1

R'-CH2—S—S~CHR:

OH

R'-CHj-O-P—OH

O

2-9 —

n

1. 2 6 6

2-10) ^^^^
^^ (con-

formation)

'
2-11 ,

2- 3

14



60 180°120°

2-10

Newman

240'

2-3 —

/3-D-

, ,
2-12)

2. 4

4^ jlB^

S

^ 2-1 3) 4

configuration) "- /) -. . "- 4

(nm) (nm)

H 0. 10 0. 030

0. 14 0. 074

F 0. 14 0. 071

N 0. 15 0. 073

C 0. 17 0. 077

S 0. 18 0. 103

C1 0. 18 0. 099

P 0. 19 0. 110

Br 0. 20 0. 114

I 0. 22 0. 133

2-11



HO

CH2OH
H-J- OH

OH
HO

H
H OH

2-12 /3-D-

"!~ /T^

2-13 /•

(a) b)

"-

C-2,C-3 C- 2 C- 3

H H
\ /
C=C
/ \

HOOC COOH

HOOC H
\ /
c=c

/ \
H COOH

$ g# Jfcf

H + H^ —H+

16



2-4

(kJ/moU W/mol)

—

H

461 C—

N

293

H—

H

435 C—

S

260

P— 419 N— - 222 .

C—

H

414 S—

S

214

N—

H

389 c=o 712

C— 352 C N 615

C—

C

348 C=C 611

S—

H

339 P=0 502

4
C H 4

C H
C H

+ 40 +40

+ 20
J_

L

107 10-5

0. 2 0. 4 0. 6—0. 8 1.0

H H

. yOllltllllllllH— / N^HIIIIIMIIIIIO-
\ \ /

I \
/\ H /

2-15 —

-40

1^2-11

200 kj/mol 2-4)

20 kJ/mol

2-14) 6kJ/mol

0. 1; 200 kJ/mol 10-35

(hydrogen bond)

2-15)

'0~HIIIIIUI"IIO\

\
/

H

N

\

--

\
-

-

-

\/N\

17



2-16

20kJ/mol

2-

16)

^

2-17

2 -

1

7) F==^
1 92 , r

D 1
80(2(rC)

1/80

20kJ/mol

short-range force)

SkJ/mol r \l,\lrs

2-18)

.
(van der Waals)

18



(a) -
3+ S-

(b)- ffl W)-«

(c)flMSl-«

2-18

2-19) il^iEM)

(

hydrophobic_toactiorL)— lii^

2 - 19

19



(

Cu(OH)2

Cu2++ 4 NHa ~~^[Cu (NH3)J2+

Cu2+ NH3 I

250 kj/mol

2 (chelate)

chelating agent)

2-20)

18

-C-CH, Fe 2+ 4

-C-CH=CH,
'

CH, CH,

f"'. B12

2- 2

.
20

C
II

H,C —C—

C

*OOC-CH,-CHf-C-C

£
H

J,



^1]1^!^^1^
,

CP) (VO (r)

(g), (£)

(9) 9^
Ê £

£ ,
1.6X10- 8

J 1.9

X10- 2. 1X10-

10— 2° 10-
"J

10- 2iJ

10- 35J

'

AE=E E

(Hemhalpy)

AH

21



AH=AE+APV

dH=AiE+PV)=dE+PdV+VAP=Aq-div+PdV+VAP
PdV du;=/MV

d£=d9—/MV
dE= dq ^ AE= q^

dH=dq AH=qp

g

^?/^£

,

(spontaneity)

,
ATP Cu 2+

(free

energy F); (en-

tropy S)

Gibbs (G) (/AG)

-

AG=AH-TAS

aA+bB ^^cC+dD

A B C 1)

AG 25'C 1
22



2-S 25 1C i^/iG°

K ^G°(kJ/mol)

10« 34. 3

10* 22.8

102 11.4

10> 5. 7

10 0.

10-1 5. 7

10-2 -11. 4

10-* -22.8

io-« -34. 3

dG=0-
AG°= -/?Tln([^^™y = -RT\n K

AG

dG° 2-5 /
2- 5

25:C /Cfis 10 AG

5.7kJ/molziG°

2-5

K
1

1 II

CH3CH2CH2C—OH +CH3CH2OH CH3CH2CH2C—0—CH2CH3 +H2O

Kilo

CH2CH2COOH
,Kii

CH2CH2—c==o
I I I

+H2O
CH2CH2OH CH2CH2—

o

2- 5 AG/
AG ,

/^Gi = z\//—TASi

AG2=4//—:rAS2

^^Gz

Cu2+

12 kj/mol

Cu 2+
AG

23



AS

AG 2-5)

AG ;AG ;dG=0 AG

AS 2-6

2-6 /^///^5
AH AS AG^AH-TAS

- +

- :r=^
+ + 7^=^

+ -

4

( A
BCD) ABCD

(L)

(R) 2-7 4

4

2( 4
16

1/16 4

3 1

4/162

6 64
1/16

2 2

2-21)

20 M)
24

2-7 4

A B C D

L L L L 4

L L L R 3 1

L R L 3

L R L L 3

R L L L 3

L L R R 2 2

L R L R 2 2

L R R L 2 2

R R L L 2 2

R L R L 2 2

R L L R 2 2

R R R L 1 3

R R L R 1 3

R L R R 1 3

L R R R 1 3

R R R R '

4

2- 22



(AO 420, 100

,

1 mol

(AS0) AS=

AS>0

2-21

12 3 4

4

2-22

'^ W

* S= R\r\W
*

R

25



;

()
AS +AS =AS

S=k\nW

W l/U^

Schr6dinger,E. "What is life"

SchrSdinger

DNA
Schrddinger

^
1

(DNA RNA)

DNA .UNA

26



DNA mRNA mRNA
tRNA mRNA /

DNA 4 20 -

2-23)

Anfinsen

Anfinsen

(HOCH2CH2SH) . 4 8

8

105

2-24)

A

Arg

Gly

Tyr

Thr

Phe

Ala

Val

Ser

\

2-23 2-24

'

>

I primary structure ), secondary

structure) tertiary structure) quaternary structure)( 2-25)"-^^;^^5^"^"7^^^

27
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IC

G
U

GG

A

U
A
C

A
c
u

uu

u

Gcc

G
u
u

uc

ul

,3

y

D

—

6_3l

65.^

^
^

^

^̂

6c36

C5e^e^

6^611



a- a-

R R2 Rs R4

NH—CH—CO—NH—CH—CO—NH—CH—CO—NH—CH—CO-

O H
II I—C—N—

t

4

t

S

(a)

2-25

(b)

I'l; u;>:

yC=0

2-26)

a-

R

20

«- 2-8)

S

1

cr-

2

a-

2-26

" C N
C C

^

^^N a—C

C N C C %mm R

^

^5^iitJiMiaSSliSlfcii5^^MSfifi^i^^^^*^^^ <^
Ramachandran 2-2 7 ) </>

<^^

28



2-8 S
R R R R

H—

CH3—

CH3
\
CH—
/

CHa

CH3
\
CHCHa-
/

H3C

CH3

CH3CH2CH

CH2—
/

HzC
\
CH,—

S GlyG

S AlaA

S ValV

S Leu,L

S IleI

ProP

HO

CH3—CH—
HOOCCH2—

HOOC(CH2)2-

S ThrT

AspD

H2N

H2N

C—CH2—

Glu.E

C-(CH2)2—

:H2— tC PheF

H2Hg Tyr0

CH2—
S Trp,W

HO—CH2- SerS

HS—CH2—

CH3S(CH2)2

—

HN N

H2N—(CH2)4

—

+
II

HzN—C—NH(CH2)3-

AsnN

GlnQ

S CysC

MetM

HisH

LysK

ArgR

S . 3 1

R. _
180°

120'

(0. 72nm)

i IX

-120'

-180*

^180* -120' -60° 60* 120' 180*

2-27
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"- /3- 2-28) a-=60°^^=4550°0. 23 nm 3. 6, 0. 15 run 0. 54 nm "-

^NH \c==0 ; R a-

/ /
/3-

R ^iSiillOTM?^ 180°, y9-

)NH >=0 5-

f
' N ^

/- 4 C=0

NH I I ,
. "-CE^^ M "-

2-28

a-. /3- /3-

2-2 9)

^zs^^n^^^^^
i^m^wr f ^ -tWS^

^§4^^^^
^ ^

, ^?^'
51
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, C A B 2-30) 3

A m^imrMM^^^^^M^^

IST

(a)

2-29

' 2-30

/ I

- ^
%
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153

16.7 kD 2- 31

8

ABCD H

2-9) R

. _^£iL _^gj_^^j^jgJlJ—;
^
^^
"5Sr4 ^ giC

î^giiim^H^f^
4|Jp raij

"-ffiiilSfi —
2-31^ N- 3 C

§^^i^EMi
Xizd^^?^!^ Fe 3+

J^"5^^j^l5^^ /?-

( 2-10)

2-9 or- 2-10 —0-^>1^
A 16 NA

B 16 AB

C

D CD

El 10

E2 10

F 10 EF

G 19 FG

H 26 GH

HC

121

2

5

4

32

( -if ^

4

(153)
78

c

(104)
39

(129)
40 12

(124)
26 35

(24)
14 45

(307)
38 17

|5^^^i£^*Mt^iail^||^tsjruc^r^J^£^
I SMIF^ U^^i^

^ (exon ) ^
334 NAir-

32



(A) (B)

2- 32

(A) NAD+- ; B)

^^^MiilMI^Ji^ 2-32) /3- : NAD+-

^Ifi^ ?^ /?-"-

ggg Jggf
^?5=^3¥$7^1^## #»

TH

100

^^^

A

B 50%

1

966

A B ,
'^liiifcds 555^5 '
I ^iiST "efS^—̂ ^^^g^'.A r<q -^Gi^.aw^^

^^^5JSi^!!l^^*•~^#4^^^^€fw1rw^^
^^^^ ^

^

lii?S^^^i^I^^ ,
33



polypeptide chain

Ci N
\ /
C H

binding protein) ^olecular chaperone)

il¥¥r=§^gl9if ;
- C^2

8 kj/mol
'

-
„

6

^^^^^^^^^^
0118011161"^7^^^^1^77^?1^^^^"" 12

myoglobin, Mb) hemoglobin, Hb)

Mb+02

Hb+02 ^Hb

O2

23-

96%
64>^

1/3

1%2%

;
<h

a 1

4 1

/5 146

,<1|.,^*
S

H ai/9i

« /9

^ 2-33

J

^ ^ Effll ^
li g 2-33) "^P^i

6?^ "Wl"^̂ i
4 &2" 2 /9

34



"1"2 /?l/?2 "l/A"2/^

l//S2"2/A

"i//9ia2/A

a- /?- /?- .

. --
CAP Cro DNA

DNA^i^iUMi S ^

M

iiL^ NAD+

a

^inucleojid^ld)

ATP 6^ NAD+
ATP &

( 2-32) NAD+ ATP /?- "-

, NAD+ .
repressor) activator protein)

CAP)
CAP cAMP DNA 2-

34) CAP cAMP- cAMP

CAP cAMP-

DNA- cAMP cAMP
cAMP- (cascade) CAP

2-34 CAP DNA

35



DNA-

DNA-

lac CAP DNA

( DNA )

:

glycoprotein)

1 " /5

^1^^^^11^_^^^1^^1^^^~^^^|^ iSi ~¥S":^ 2-35)

1—2,1—3,1—4,1—62—3,2—6 "/

/?-!>- /?-D-

Glc GlcN Gal Man

^ Sia



(Proteolipid),

(supramolecular

complex).. "
i^^

(self-assembly) AG

i^T^r^t^

2-

36) actin)

g Jtir^^ffil^g^^o ? :^^ ^
^^^^^ 51/ ii I S\ ~

2-36

(microtubule) 25 nm

I

3 " /? tubulin) "/S-

2 - 37) .
37



.

-

jff a

&> &
«/3-

2-37

RNA DNA
tobacco mosaic virus,TMV) 1 RNA 2 130

TMV& TMV AH 120kJ/molAS 415 J/niolK°

AG=AH-TAS,^TMY 2-38) lO'C ,AG; 16'C ZiG=0 ; 37 C zAG

AG

37 C

10 °C

2- 38 TMV

AG=AH-TAS

37°C AG=\20 000 — (310)(415) = — 8. 6 kj/mol

16 C AG= 120 000- (289) (415)^^0 kJ/mol

10 C ,AG=120 000- (283)(415) = +2. 5 kJ/mol

,

#

jn (ribg^me)

38
'



(small nuclear ribonucleoprotein snRNP ) Ij
signal recognition particle

,

SRP) tRNA

DNA DNA RNA DNA
DNA

DNA 6^-5^-^7¥55^^^^^51
fe > fiSSSSil

DNA
DNA

1. 01. 5 nm 106107

DNA DNA

Cro DNA X Cro

DNA --
DNA 2-39) Cro A CAP DNA-- DNA- --

2-39 Cro DNA

39
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(cell)

,

•

(tissue) (organ)

(algae) protist)

1665 (Robert Hooke) ""
Matthius Schleiden) 1838 Theodor

Schwann) (cell concept)

(Rudoff Virchow) 1858 (the cell theory) "
(vital unit)" "
"

(Prokaryote) (eiikaryote)

mitochondria ) Golgi body)
^ (endoplasmic reticulum)

^

(lysosome) cytoskeleton) chloroplast)

(vacuoles)

5:prokaryotic cell) eukaryotic cdl)

nuclear membrane)

£.co/0 /Imz^ae-

"a) (rickettsia) (mycoplasma)

nuclear envelope) nucleus)
,

nucleolus) plasma membrane)
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.
(chromosome)

3-1

3-1

1 10 txm)

DNA .
binary fission )

,

(budding)

(

DNA

((

(
(protist)

C/iZam3;domona5)

(/^C2ram"z";«)

15

DNA 3-2

3-2 DNA

(nt (£. 1)

DNA
(mm)

.
SV40 5X103 0. 00125 0. 0017

T7 4X10* 0.01 0. 014

T2 2X105 0. 05 0. 68

Mycoplasma 3X105 0. 075 0. 10

Bacillus 3X106 0. 75 1. 06

E. colt 4X106 1.00 1. 36

2X10' 5 68

2X108 50 6. 8

2X109 500 680

5X109 1 250 1 700

1X109 2 250 3 100

IX 1011 30 000 34 000

DNA (
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RNA (ri-

bosome )

symbiotic association),;
C02

:
(circular DNA) (nucleoid)

(mitosis) (binary fission)

(ribosome)

70S 80S

large subunit)' small subunit) 50 S

30 S 60 S, 40 S
11 (cy-

toplasmic streaming) phagocytosis)

(electron transport chain)

(thylakoid)

(peptidoglycan)

() "9+ 2"

(microtubule )

(TCA cycle)

. ,

()
0. 1 5.0^111128/1111
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/ (surface/volume)

Cocc"5 coca); Scz"'ZZ"5 ^»^^«7/:');
(5/>1'"7/" s/>z'n7Za) 3-1 Gysozyme)

3-1

(a) b) C)

()

1. (glycocalyx)J|jg^p

^^ISWBmM^
iff—g f^^i

g (capsdr) ^^6^^)(?5"^^
^ulei^e)— WT^-— phacocytosis)

•

3-2 £.0^/'

2. (flagellum)

(cillum) 0. 010. 02 /xm
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3-2)

(polar)

(lateral) : (basal body ); (hook); (filament),
flageUin)

(rotation),

3-3)

ATP

ATP motor)

(proton motive force) .
SSMH

3-3

3. (Pili)

(F-pili) )

4. cell

wall)

(eubacteria) peptidoglycan)

N- N-- D- diaminopimelic acid)

Gram-positive) Gram-negative)

crys-

tal violet safranin)

-

.
-

45



5. (cytoplasmic membrane)

7.5nm 20%30%) 60%70%) .
integral protein),

(peripheral proteins)
,

(osmotic shock)

ATP
(Mitchell, 1961)

H+ pH H

•

H+ 3-4)

carrier protein) transmem-

i

brane proteins)

ATP

(group translocation)

(phosphotransferase system)

2H+ 2H+

3-4 ATP

6.
- :t^^±±iaiMii|J^ (mesosonie)^^!^"^ —'

( binary fission)

^

transverse septum)

DNA DNA

7. (cytoplasm) :
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RNA (ribosome),

7 S , 50 S

30S; DNA
(mitosis apparatus), DNA

(nucleoid) (chromatin body ) (bac-

terial chromosome), DNA

histone);

,
(carboxsome)

inclusions )

E. coli

(/^omo E.coli

(archetype )£. coU

CO// E.coli

sex) E. colt 1946 Lederberg

Tatum

E.colt

1885 Theodor Escherich

Escherich Bc2cen"7W

Bacterium £5c/ienWna co"

E. coZz

'

E. coli

E. coli 0. 5 X 2 Mm ,
Enterobacteriaceae) , Escherichia
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E.coZz (strain) C-1A a>Zz'

3-3 E. coli

3-3

K2HP04 7.0g 10 g

KH2P04 2. Og 2~10 fig

(NH4)2S04 l.Og ( Fe,Co,Mn,Zn,Cu,N"Mo)

MgS04 0. 1 g 1 000 ml

CaCl2 0. 02 g

W ±^ DNA , DNA
I.E. CO" E.coh DNA DNA 1 400

3-5

3- 5 £.a>/z'
-

(/mr

E.coli (genome) 4. 6X10^ bpDNA 1 1001 400 /zm

2. (plasmid) DNA
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(conjugation process)

(integration)

,

3-6 PBR322

PBR322 E. coll 4 367

Ba,"HI Pst I, Sal I, EcoK I, Hz'"d Itt £.a>Zz

-

E.coli coli

DNA DNA polymerase)RNA RNA poly-

merase ) restriction endonuclease )

DNA
DNA £coR I

…-…

DNA DNA
DNA

A'.co/f

pAT 153 (36 kb), pKC 7 (58 kb),

pMK 16 (46 kb). pCR 1 (11, 4 kb)

« *

3-6 pBR322

DNA



£">RISamHI Hindi,

Pst I, ^SaZI, •Smal

Protist) (fungi)

(5acc/raromwe5)

(DNA) (nucleosome)

DNA 16 11X10 6 bp

DNA RNA( rRNAtRNA mRNA) DNA
RNA DNA ,

glycolysis)

C^/am_y^/omo«as)Euglenoic^)
DNA

I I P 700

Myxomycete) slime mold)

(cellular slime mold) Di":yo"e"w discoideum)

AMP ; CP/^3^5ar«m poly-

ce/>/ia/"m) Plasmodium)

DNA
(Z)roso/>/»7a melanogasterm
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(^^"^>"^0/>52'5 f/uzZz'amO

(Crucifer) 2^2= 10
150 000 bp

(nucleus) (nucleoid)

DNA DNA
(nuclear envelope) endoplasmic reticulum)

1 (nucleolus). DNA RNA
RNA

DNA (mitosis)

(chromosome)( 3-7)

46 7>mz/i:vmemi) 4 Zecz mays^t* 20 10
DNA histone) DNA

nonhistone) DNA

DNA A/:y«>/>/as;7U2

gemfczZmm) DNA genome)

DNA

SIRNA DNA)
DNA

" " Human Genome Pro-
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ject)

10 5 3X109 bp ',
,

3-4
^

3-4 —
(bp)

4^X174 {Bacteriophage 4^X174) 5 386 Sanger (1977)

i Bacteriophage X) 48 502 Sanger (1982)

CMV iCytomegaio virus) 229 000

Mycoplasma genitalium 580 070 Venter (1995)

Hemophilus influengae 18 301 376

Caenorhabditis elegans 100 000 000 Hodgkin (1995)

Arabidopsis thaliana

4

15 000 000

Nicotiana tabacum 155 844 (1986)

Sanger 0;n 74 /l Venter 1995)

(.Mycoplasma gem/^2""/n ) Mycoplasma DNA
580 700+ 32%,A+T 68%

3 , 8 4 7 2'

'

1mm 3 DNA
1 bp 1/30

1

9 95 DNA
1/5

10

4 DNA ^
DNA

4

(cytoplasm)

(organelle),

(ATP GTP) ATP

1,5- Rubis CO) ca
(Calvin)

endoplasmic reticulum)

i



K)

3-8

(Golgi body) (lysosome) (peroxisome)

(vacuole)..

(cy-

tosol)

()
(mitochondria)

1^^ 1 000

ATP

(crista)

(matrix)

ATP
) ATP

( 3-8)

RNA

()
(plastids) (chloroplast)

ATP

ADP
ATP 1 5-

/ C02.

I

989 Deisen-

hofer Michel Huber

Nobel 3-9

1986

iNicotiana a6^zc"m) DNA 155 844 bp

psaABpsbABCD) tRNA rRNA

)

I

5

3-9

53



(

(ribosome) .
(rough endoplasmic reticulum)

3-

10)

smooth endoplasmic reticulum)

C Ca2—, Ca 2+ (trigger)

(cytosol)

(
<^

3-10

(a) 0>)

3-11

Golgi body or complex)

3-11)

cis)—

trans)

(medial element)

trans) (exocytosis)

^

() «|

(lysosome) l/um

3-12)

: (peroxisome)
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(catalase),

-

2H2O+O2_§_§^^^£11£^1)
^

0. 2~0. 5jir 0. 2~0. 5fxr

3-12 K .

(
(glyoxylate

cycle)

C
i^gj^^ 31^ (microbodt^s)

(vacuole)

(tonoplast) 3-13)

an-

thothyanin) carotinoid)
3-13

(
, gP (cytoskelet^ )

^
(motility)

microfilament) iSIglubule)

intermediate filament )

g

3- 1 4 )

()
actin) myosin)

actin-binding protein

ABP)

1

94 2 Straub@ ^actin,

2.

3.

25 nm

8 nm

10 nm

3-14
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42 kD 375 l^O Kabsch X

2
(structural domain) 2

ATP G- KC1

(actin filament)

1^5^ ( stress fiber),

100 ""

"c

1 1 1 100

3-15)

myosin ) motor

protein) ATP ATP

460 kD 2 4 ATP
3- 15

~^
1993 Rayment ifi 'gglT^^J'

S

mj^o gene)

3-

1

7)

56
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3-17

ABP) tropomyosin) |i§

troponin) ABP

actin cytoskeleton)

1963 actomyosin) ATP

()
microtubule) microtubule associated protein

MAP)

I

964 Porter 25 nm

tubulin)a /? 13

55\d ^ (taxol) fiii^ „:?^MAP 3

^ (dyneinK kinesin )

j

t^j^^^^tWrrrin

)

ATP

GTP Gibbons(1965 It^Ell^.
500 kD

(cytoplasmic dynein) Vale (1989

400 kD @J îiE3^tM^
Vallee(1989) . GTP . 100 kD

IjC jLMJL

g

.
'

57-



^
¥^^^(

gg^£24i::M_^ihim^^^it^^MliMMffl^ 10nm

IfI^ ^^^ vimentin) 57 kD
IF :^

j

ki-

ratin) 55kD t|m4S?MJt^(Z ^sc) ^£SW55

1992) (neuron) IF

70kD150kD 210kD

(plasma membrane)

(lipidbilayer)

transmembrane proteins ) ATP ATP ATPase)

ATP

transporter)

(ion channel),

( 3-18)

signal receptor) signal)

ligand) .
signal transduction) acetylcholine ACh)

(neurotransmitter), (ACh receptor)
neuron) ACh ACh

^^^^^^^iM^^^^^MUE^^iiit

(antibody)

'

membrane skeleton)

(ghost), (spectrin) 3
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(band 3 protein) actin) ^|(ankyrin) ^]^"^¥^^ :^
. ,

( cell division)

(mitosis) 4 prophase) metaphase) anaphase)

(telophase)

i^^) i ^^^^5^

(̂ cytokinesis

)

M (contract e ring) g
(daughter ce\h2j^±^m^^BMm^^ i

5^5^^^^*) ,
@^±jtmipliragl22E!^t)

,

"

(=) cell motility)

(Chlamydomonas ) flagellum ) (Paramecium )

(cillium)

9 2

^^::i±^::M»s^ ^

rauscle contraction)

(sarccvnere) JIuxley(f96 9)

i sliding filament

model), |l flj^ ^
j|^ & (bruch border)

^OiTtr (platelet)

(acrosome)

59



g, j

MfeZZtz) cytoplasmic streaming)

protrusion)

Spudich(199 4 ) Yanagida

1994) (optic trap)

^
(Photodiode)

3 4 PN 1 N 10 7pN) llnm

biomechanics)

(
(neuron) - (cell

body) ^^± (axon) ^^J^il^^(impulse)

1mm 1
m ^^aM^Mfe?"^^

i^^gJl^h^^^^^Mii^axonal transport) „ J^^^WMMTOli "ITI^

J@i¥5ir3b cm #1^ 3

(neurofilament

Ca 2 + (neurobiology)

()
ff¥W¥T^nal transduction)

odorant ) taste ) neurotransmitter ) hormane )

(chemotaxis)

(complex) Cr-^^^^ji2lgjiL) h^^j^jT^T^^ G-

"51" i effector) target},

(ion channel), Ca 2+)
3-19

"

(rod cell)

l^m, 40/^rn

(1"1103008"),401^)7^^-(110111011(^6)
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(
Igtp

(7«'
G- t-g¥p)

( «:
3-19

11-cis- (retinal) transducin)

G- GTP

G- G- "- /?

7- "-nVGTP)
phosphodiesterase PDE)

cGMP~*
R -^R -~T.-GTP ~"PDE *

L 5'-GMP—

R') G- T-GTP)
PDE* )PDE* GMP (cyclic

GMP) 5'-GMP cGMP

10 Na+

1 (photon) Na +

cGMP (switch)

(PDE) cGMP 5'-GMP

GMP
AMP(cAMP)

(cone)

7 11-cis-

10nm)

1. . .: 1990.

2. Alberts, B. Bray,D. Lewis, J. , Raff , M. , Roberts, K. and Watson, J. D. Molecular Biology of the Cell.

Garland Publishing, Inc. New York 1994.

3. Lewis, R. Life. WCB, New York: 1992

4. . . 1996.

5. Voet.D. and Voet , J. G. Biochemistry Benjamin/Cummings ,New York: 1990.

6. Darnell,]. ,Lodish,H. and Baltimore ,D. Molecular Cell Biology. W. H. Freeman,New York: 1994.

7. Avers, C. J. Molecular Cell Biology. Addison-Wesley Reading , Massachusetts 1 986.

8. . . 1993.
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DNA

DNA

" "
DNA) DNA

1944 Avery DNA 1952

Hershey Chase T2 1953 Watson

Crick DNA

DNA

DNA
Z-DNA DNA

DNA
DNA

DNA
DNA

DNA
DNA

DNA

DNA
DNA

(polynucleotide chain) (DNA RNA)
3'5'- : /5-

( 1 9 N- 5'

5 '- ( 4-1) 4-1)

62



NHi
II

iSI fii:

4-1

,
ipSS^DNA

#^ DNA
DNA

4-1

(
RNA (AAMP)

G.GMP)

(C,CMP)

U,UMP)

DNA A,dA,dAMP)

GdGdGMP)
CdC,dCMP) &^
(T,dT,dTMP)

: ' AG.T,C,' dA,dG,dT dC

3' 5'- 4 -2)

2-

4-2

pGpCpTpA pGCTA 5 '-

3'
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4- 2

^^81^^]3^^5^546^5$^^41°
_^^^ ^ 7ic( )

DNA

50 DNA Chargaff DNA
DNA

A/T=G/C=1 DNA

X 0. 34 3 . 4 nm

Watson Crick

1

95 3 DNA

DNA ^aiaM^ ^
£y ^^ ^

Watson Crick DNA

-

DNA - 2 nm

C1' 4 -3)
major groove) minor groove) .

0. 34 nm;

E 10 bp( 10. 5) 3 . 4 nm

360°, 36°

^ ^̂!^^l^^Ml^l^jg^^^M

^ Watson-Crii
1( 4-4)

'
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3. 46nm

4-3 DNA

DNA

1»

T-A

6i^$L=4:iasa^

0. 34 nm

van der

Waals L^^

DNA

DNA ^^>
_^ Nli!!^ ^^dlMSii. .

~DNA , ^
4 — 5) ,
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4-4 DMA

A-T G-C

4-5 « -
iscr

4

A-T ,
T-A

G-C ,
C-G ,,

A-T

T-A

G-C

C-G .
DNA

DNA
11

DNA
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DNA DNA X
DNA

t^P

DNA
DNA

. DNA
DNA DNA

( X

DNA -
GGTATACC
CCATATGG

X

DNA scanning tunnel microscope, STM.)

<1^10
STM

DNA STM

A-DNA B-DNA

DNA— B B-DNA

A B-DNA 2-

5. 1 nm i^— B-DNA 10(

10. 5) A-DNA ^ 11^ A-DNA ^^ B-

DNA & A-DNA 0. 5 nm:TB-DNA 4-6)

DNA
A-DNA A-DNA

DNA RNA DNA RNA A
RNA

C

2 '

C

3 '- RNA

A

r A-DNA, B-DNA

DNA k DNA (polymorphism) - i^^-DNA

'

DNA fgy

^

'

67



4-6 B-DNA A-DNA

B-DNA A-DNA

4-7)

—P N-^fOl^U 4-8) CO ()^ DNA

1
M

C4(

4-7

(lie)

"

(It)
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4-8

DNA 4 1 5

4-9 C

a,b d 3 ^2' C3'#^ Cj^^££^£^ !^
C(5') C<5') N C{5')

C(5')^^^^
T

a. C(2')- b. C(3')- c. C(2')--C(3')- d. C(3')-

4-9

DNA ( 4-2)

A-DNAB-DNA Z-DNA 4-2)

4-12),

4-2 A-DNA B-DNA Z-DNA

A-DNA B-DNA Z-DNA

«
ae 11 10 12

0. 255 nm 0. 34 nm 0. 37 nm

« 2. 8nm 3. 4 nm 4. 5 nm

20° 6°

« 33 36 60°(
-

>

1

aft

-

'

C'-3- C'-2- C'-2-

C'-3- C'-2- C-3-
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Z-DNA

DNA Z-DNAZ-DNA Rich

d(CpGpCpGpCpG) X Z-DNA B-DNA
1>1^ g^- ^

^

B-DNA Z-DNA Z-DNA

0. 37 nm, 4. 5 nm,g^ lgip B-DNA Z-DNA

^

^iXim 4 -10) d(GC)

||^g^t25S±M^IJ121i>S«2i4^lLSJ;il^j
M^gLXl80°^ gj^gg( 4-11) ^^1^^^^5?1^:^1§^52^^^^^^5^

dG dC .

3'

r~r~v—
^

I

BONA

/ -P-^^
-I

7 -k:^
~2=^ r

' 7

B-ONA

Z-ONA

B-ONA

4-10 B-DNA Z-DNA 4 -11 Z-DNA d(GC)

Z-DNA G-C ,
4-12)- A-

B

-DNA

j

"TF Na+ )i^

GC AT" d(GC) d(AT)
DNA d(GC)

CGCATGCG
GCGTACGC

Z-DNA , , 6 bp- Z 1985 X
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""5 C G AT"5 C G

G">5C TA GmsC (m

Z-DNA ;
5' - 4r Z-

DNA
- "& Z-

DNA
Z-DNA

DNA Z-DNA
DNA Z-DNA

Z-DNA
DNA

Z Z-DNA DNA

Z-DNA

DNA

Z DNA B DNA

4-12 B-DNA Z-DNA

C5

DNA DNA
DNA

6-^̂
^

1̂ DNA
3 '

P 5'CG3'

)

5'CG3' C

P

B-DNA Z-DNA ^^^^
CG

B P

Z

B-DNA

Z-DNA 4-

13)

4-1 3 (dG-dG) 2 mdC-dG)2

Z-DNA
Z-DNA

Z-DNA
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DNA

DNA DNA

DNA

DNA §^^^^^^^^^1^^^^^^11^_3^)
jg^^4: DNA g^;MM|il , ^ISSSg^ ^
^-^^^ma^^DNA'

^

^^^^i^^^^;^;^^^^^;^

DNA

^iis

(hyperchromatic effect) DNA

260nm
4-

1

4)
DNA DNA

34%
DNA

70°C 8crc

"C)
90*C IOO°C

4-14 DNA

melting temperature,

Tm) DNA : —
8595 C DNA r„_

mn^.T^^^^^ DNA G4;^j^;G+
C |_ 4-15)

i
DNA 0. 18mol Na+

7„

PH 12

DNA pH

23 pH

7„
DNA :

7\„ 4 C
DNA

AT GC

•
/ /-

• /

I'll
4-15 pH7) DNA

7\> G+C
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DNA

gff
DNA R

7

; PU (re—

naturation). DNA

i DNA
260 nm DNA DNA

DNA'iilllii

(complexity) DNA)
DNA DNA

DNA DNA
DNA

C DNA

Z :

C= 1

0/((^^(^ 4-16) C/C= 0.5

Cj CfH C„/j^ k

'

1+-^o "~o,,
DNA DNA AO Cz

DNA Ct DNA 4-16(a)

MS2 T4 DNA Cf b) DNA C
,

DNA

•

"E"i"^ilj"rr^^T77^^^iJ^^iJjJ^jii5^^T^^T^T^niWE^ranfD^iA DNA 10 6

a, 103 6 10 C 1
c/.e /

DNA 4-16

^ ^ Win"rttM r nfri^fti
^^ " ' kinetic)

DNA
•

DNA
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10 I03 tO^ 10^ 10^ bp
J 1 1 ' '"

10'" 10—3 10—2 10"' 10 I02 to' 10*

4 -

1

6 3 M h.v \ .'/. <:/,

DNA DNA DNA
|

RNA DNA DNA DNA '
DNA DNA RNA RNA DNA

DNA RNA DNA RNA DNA DNA
DNA RNA

Tn MI^MjL ife^ RNA
4-17 a,b)

KNA RNA RNA A

4-l 7cd) Cot RNA Rt

DNA D Rt Rot<iR RNA
n'& ^1^1^^ r^f(n llfPr^ iTl fl

)

Rut DNA SI RNA
|RNA A 4 -

1

7 C) RNA. '

d) DNA
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(a) (b)

I &»

RNA ~^
(Lrna])

(c) (d)

10—2 KT' 10 I02 10—2 10—' 10 I02

Rot ^ot

4-17 RNA : DNA
R RNA

DNA

DNA

DNA (ds) (SS)

DNA, SV40 5.1kb 102 000 000kb

DNA 4-3)

DNA

DNA A T G C ATGC
DNA 3 DNA GC

DNA GC
0. 30. 7 GC 0.5

DNA ATGC ' DNA

1!$
CpG C 5

DNA
GATC A

GATCJf 71^,

DNA i¥ 4^
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4-3 DNA

kb) (^^)

SV40 5. 1 1. 7

0X17A 5. 4 1. 8

M13(fd.fl) 6. 4 2. 1

P4 11. 6 3 6

T7 39. 9 13

P22 43. 2 14

A 48. 6 16

T2,T4,T6 166 55

190 63

280 93 .

760 260
)

4 700 1 360 1

13 500 4 600 16

165 000 56 000 4

2 900 000 990 000 23

102 000 000 34 700 000 19

DNA
DNA 10 kb

DNA
DNA

4-18)

DNA
DNA

3 DNA (^ g

()

DNA DNA
1.700

1.692(ACAAACT)„

I. 688(ATAAACT)

I I. 671(ACAAATT)^

—
4-18 DNA

ij
(highly repetitive sequence)

2 lObp 10 5

1%50% 15%

ATG C 3% 6

7 DNA (satellite DNA)
A—

T

-A-T-A-T
G-C -A-C-A-C-G-C-A-C^^A-C
"

^ -TA*-C -A-A-A-T T A— C A — A—A -T

3
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5'-ACAAATT-3'

5'-ACAAACT-3'

5'-ATAAACT-3'

DNA DNA 172 bp

359 bp, DNA 1 400 bp

DNA^ ^ 20 100

)
'

67kb) (79300 bp)

RNA
DNA Alu

(

Alu family) If

Alu I Alu 281 bp 500 000

DNA 5%6% Alu 7 SL RNA(— SRP

RNA) B1

Alu

7 SL RNA RNA^^^
^ii^(

moderately repetitive sequence) rRNA

1 000 DNA DNA
rRNA

18 S 28S RNA GC

C —

G

A T

5-C,

4-19

()
unique sequence)
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65%

(
inverted repetitive sequence) DNA 4-

19) ^ (hair-

pin structure)"TXi5MST?^SS^^^^i^^fo^^°
DNA 1 200 bp macronucleus) DNA 20

kb 6%, 2X106

sequence organization)

DNA

(1) ^gj^ RNA liig^gg^split gene) ^g|2^
j^^^j^on) # 20

(2) DNA gf:

g

#
^

^"TXT DNA ^ d?NA 1^^^^^

j

^lig"
(4)fU^^^^^ogene)^ DNA J#

£?^1^^^^~^1^^7? DNA
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4-27 DNA L= 42:r= 42 1^=0

DNA r

36, DNA L 36:r 42W^

6 6

DNA DNA
DNA

DNA D
DNA
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DNA DNA
DNA. DNA

DNA,DNA DNA
DNA DNA

DNA S DNA ?DNA
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DNA
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'
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5 - 6)
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/

81

3'— 5' W»j
5'— 3'
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ae ePol n ' T
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ffl"-

[

32P]
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DNA 3' 5'-

C-5' dNTP

5-15)— RNA-DNA DNA RNA

RNA (primerase),

dm^G' DNA

S-5 DNA

- 0H -

H

\ .
\P

RNA DNA

•15

T7 m 1 -5
pppApCpC/A(pN)i~2'

(N: A C)

T4 1 -5 pppApC(pN)3

1 -3

*X174 1--5

1-8 (p)ppA/G(pN)7

.SVAO

( 10 PPpA/G(pN)9

-9

• 3'-pCpTpGpG/Tp-;G/T

RNA

RNA 5-5)

RNA

(lethal mutation) DNA

RNA

DNA

DNA

(helicase)

SSB

W

'

5-16 DNA

3' PriA

DNA
single-strand binding pro-

tein, SSB) 5-16)

ATP
DNA DNA/

DNA
DNA

DnaBPriA

Rep DnaB

5

Rep 3
'—

5 '

DNA , SSB SSB DNA
DNA SSB

DNA (cooperativity) SSB °' SSB DNA SSB ^^
DNA

DNA DNA
DNA

1 000 /s DNA
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lOOrpm/s DNA

I () DNA
DNA

DNA H

A B A2B2 (nalidixic acid)

A (novobiocin) B

ATP DNA

DNA

DNA 5' RNA DNA

I
DNA

(DNA ligase) 5-17)

(2) E<Lys)-N*-p_o-(1 -A + 11171 TT

:-(Lys )-NH3*

(3)

0\
0-

TT

1 1 M I rrr

% / -
0" O — R —

A

+ H++ 0-P-O-R-A

-(Lys)-NH2

0-

5-17 DNA

DNA DNA 3'- 5'-

,

NAD+ ATP
NAD+ ATP

3'

T4 ATP NAD —

DNA

:-(Lys)-NH3

(1)

E-(Lys)-

H NMN
I II

E-<Lys)-N*—P-O-R-A +
H 0* PPj

DNA DNA;
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-
DNA '

DNA

DNA

dnaA

dnaE Pol IB "
c/mzG)

Poll />oL4

DNA hg

DNA

DNA
DNA

(clone)

DNA

5-6

rpoB

rpoC

dnoB

1 " isb

1

mvtL

dnoC

dnaJ,dnoK

pom
I
~ mvfT

I

~

polC(dnaE)'

Iiff nolA

5- 18 DNA

K 12

min)

dnaA 82

dnaB 91 DnaB

dnaC 99 ( DnaC DnaB

dnaEipolC) 4 11 a

dnaG 66

dnal 39

dnaJ 0. 5

dnaK 0. 5

dnaL 28

danP 84

dnaT 9599

dnaZ 10 m y,
cou 82 1 B /

lig 51 DNA

nalA 48 ) n AATP
polA 85 DNA DNA

1

"p 83

ash 91 SSB
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DNA 5-18)

( 5-6)

a>Jn74

DNA
DNA, 0X174

0X174 5 386 DNA
0X174 DNA(

+ ) DNA DNA
repHcative form, RF) RF + )

DNA 0X174 3 1) RF (SS

— RF);(2)RF (RF—RF);(3) + ) (RF—SS)

(+ ) DNA

^X17A +) (SS ^,^^^^^5-7
I

—RF)
Primosome) 7

tkD}

5-7) 0;n 74 DNA 2 300

44

6
5-

19)

(1) 0X174 + )

PriA(n') 76

PriB(n) 11. 5

23

DnaB 50

DnaC 29

il(DnaG) 60

SSB
n'n''n";^#Mei^3t^S<jlife'

PriA primosome assembly site pas)

0;a 74 pas F G 10 pas

PriB PriC

(2) PriAPriB PriC DnaT,DnaB DnaC

(preprimosome) DnaB DnaC ATP Bs-Cs

(3)PriA ATP + )
3'— 5 '

( 4 ) RNA DnaB

DNA ATP ssDNA PriA

(5)Pol I DNA
(6)Pol I RNA DNA

DNA RFI RF I

DNA + )
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f
m 5-19 50074 + ) RF

$X174 RF + ) (RF—SS) 5-20

>

+ ) + )

SS-RF .4 (gpA); Rep

(4305~ 4306)

5-20 «>X 17 4 + )

gpA so kD 0;a 74 ( + )

cJOHM gpA (+ )

4
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(1) (+ ) RF I gpA

4 305 4 306 3'-OH 4 305 G
4 306 5'-P A

(2) Rep gpA Rep (+ ) gpA (+ ) 5 '

+ ) SSB '
)

(3) Pol I + ) 3' DNA
(looped rolling circle structure) + ) gpA

+ ) RF
(4) gpA

5' gpA ^^ 74 DNA 3'_0H

gpA 5'-P gpA

5'^?^174+)1^
+ ) gpBDFG H)

174 DNA

+ )

DNA

DNA (9

DNA DNA DNA

()
DNA DNA

DNA
ATP 245 bp or!C

(
5- 2 1) 3

I

3 bp 4 9 bp Dna oriC

KornbergA. 5 - 22)
DnaA oriC 9 bp 20 4 DnaA

onC HU DnaA

13 bp P1 45

bp DnaA ATP 22 C

DnaA DnaB DnaC DNA

prepriming complex) DnaB DNA

RNA
RNA transcriptional activation) , SSB
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AT

IHSHBBfiBSS BEm 1

16 16 16 A AAA
12 12 12 A A A

AT S
5'

G A TCTnTTnTTTT

G A TACCTTAnTTTTTC

G A AGnGGT Ja J J

5- 21

A DnaA 9 bp : AT ;
9bp

BgmJ'j^^

1

5-22 DNA, DNA
37c<20min10h

SSO 40min,

20min 60min 60 min- DNA ,: DnaA ATP ( i h) Dna A-
ADP ATP ADP

(in-
hibitor of chromosomal initiation, Ici A) 13 bp

<

()^?( 5 —

2

3)
one

( repiisome)

DNA



DNA -
SSB)

3'

pri A,B.C…
.

•

^jT;-DnaB-l)naC

D«aTZ\>>
<^ pppA

DNA

DNA >

1

5-23 DNA

DNA SSB;
DNA

, 1 DNA

m DNA
DNA

DNA ?
DN

A

5-24) PriA

DnaB PriA

DNA ATP SSB DnaB

DnaB
^

DNA DnaB 5 '— 3',Pri A 3 ' — 5'

DNA DNA,DNA DNA

()
(termination) DNA

5-18) DNA

5-24
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3*

(a)

«
3'

5'

I
DNA

+ 1

(K6<^
(4)

i
3' """""

(b)
IIIIIIIIL

(5)

jiiiiiQ'

5-25 T7 DNA
(a) DNA 3' ,
(b)

DNA
DNA

DNA

DNA DNA
DNA

DNA
DNA RNA 5 ' D^A

122 ,

5-26 DNA
3 ) 5 )

Qi^'iiiiiiiiiiiiiiiriiiniiiiQ
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T7 DNA 5- 25)

T 7 DNA 17%

Y T7DNA
T 7 DNA DNA DNA

(concatemer) DNA DNA 3'

Pol I .

(poxvirus) DNA 5-26)

(1) (2)

(3) (4)
,

DNA (5)

DNA

(
DNA 10 810i°bp

I
HI 3'— 5'

I
Klenow

2 nm DNA DNA— DNA
3 mn

DNA
3'— 5'

5-2 7) 3'-5'

5-27 3'-

DNA 3' DNA:
RNA

I
DNA

DNA 3'— 5'

DNA
3 '— 5 ' . DNA 5 '

S-ZS;, 5'-0H 5'-P

123



5 '

-OH

5

\
PPP

\1
PPP

PPi

\ \
PPP

PPP
\1
\

H,0

PPP,

OH

N \l \1

5-28 3'— 5'

DNA DNA

DNA

DNA DNA

DNA

4

(cell cycle) : (M) (Gl)

DNA GO),

restriction

point), S ; (S)

DNA
G2)

5-29)

16

24 h
8 h 100

G1

5-2 9
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(PDGF) T 2

(cascade system)

DNA

50 /s

1 S

3300 kb

DNA
DNA

DNA autonomous

replication sequence ARS) 400 ARS 36kb

ARS 1) A llbpA/T)TTTAT(A/
G)TTT(A/T) ARS 2)

B AT 3'- 50 L00 bp DNA ARS

DNA 2080

S

DNA

DNA DNA

DNA

DNA

4

DNA : a,/3S e; 7 5-8)

DNA " DNA
aphicolin)

a DNA

Pol " '
@1 50kD 60 kD 3'— 5 '

Pol a— DNA Pol 3'— 5', Pols Pol " 100

S

" 100 200

" S
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5-8 DNA

a S e r

Am Uti rt-i AAi iB7 /-V iptr Zl« *\/ 47|C

kD)
44^ ir

s

1 7ft 256 36— 38 160-^300

1 K
81

1 1 onIDO^ loU 1 oc60 215 3638 125

s

7A t^f\ Cfi *to 55 35 ,47

JUL.

+

b

+ + + +
3'— 5' SI + + +

+
+

a. PCNA ; b. PCNA ; c.

8 S 12 5 kD 4 8 kD

S 125 kD 55 kD 1 170 kD— Pol (proliferating cell nuclear anti-

gen PCNA) PCNA PCNA
36 kD PCNA Pol3 40 Pol 1 /?

/? e DNA
DNA (replication factor RF) RFA

RFC RFA DNA-
SSB RFC

Pol y DNA

DNA DNA —
DNA 16 kb DNA DNA

DNA 5-30) D-

DNA y (H

H (displacement loop)

D H 2/3 , (L) L
H ih DNA

5-30 DNA
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DNA RNA

70 RNA

avian myeloblastosis virus) Rous sarcoma virus ) RNA
DNA RNA-directed DNA polymerase) RNA DNA

RNA RNA
DNA RNA-DNA DNA DNA

DNA DNA
RNA

RNA(+ )-
RNA(+)
DNA(-)

DNA(-)
DNA(+ )

RNA(+ )

RNA DNA H)

RNA-DNA RNA DNA DNA
RNA (retrovirus) 3

( 5-31) :gag,pol 6>"T;gag(group associated antigen) polyprotein)

34
/? ;/W /? 90 kD)" 65 kD) /3

DNA
(integrase) env RNA
(long terminal repeat LTR)

LTR LTR

5-31

. RNA

DNA RNA Zn2+

tRNA, RNA 5 ' DNA
3' DNA 5'— 3' RNA 3'— 5'. 1/20 000
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LTR

retrotransposon) RNA

mRNAtRNA DNA (comple-

mentary DNAcDNA)

DNA

DNA (telomere)(
T/},, CsK, 3^

1 4

DNA
DNA

DNA
DNA

(telomerase)

RNA
RNA 1501 5 C,A_^

RNA DNA

» RNA

' TTTTGGGG(TTTTGGGG),TTTTGGGG'nTl

6' TTTTGGGG(TTTTGGGG)„TTTTGGGGTt
3' (3')H0-GGGGTT

1

DNA

W

i

- ttttgggg/ttttckx^ttttggggtt

AAAACCCCyUAACCCcjAAAAGGGGT'^

I

5 -33

5- 32

5-32

SI 3 ' TG
TG

TG TG
CA( 5-33)
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DNA

DNA DNA
DNA,

DNA

DNA DNA
()

PH

10 000

DNA P AP (apurinic or apyrimidinic site)„

() ()
(MMS)

CH3—
\ / II

S CH3—S—OCH3
/ \

IICH3— MMS

5- DNA
Bl2-- DNA

()
mutator gene)

^ >^C\ ^c^ (
'…

acridine)

^c^ c7 DNA 5-34 )
2 S DNA, 1

5-35)
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5-34 D

(a) 1)) ra-

|k(^>^j<^f (^

TCTACGCAAAAAGTCAGCCA

1

r

. AGATGCGTTTT

. TCTACGCAAAAGTCAGCCAT....

A

AGATGCGTTTTCAGTCGCTA....

, TCTACGCAAAAGTCAGCCAT

.

I

A
, AGATGCGTTT

. TCTACGCAAAAAGTCAGCCAT...

. AGATGCGTTTTTCAGTCGGTA..

TCTACGCAAAAAGTCAGCCAT ..

5-35 DNA

()
(254 nm) (

B£) Cs Q 5-36)

()
(bleomydn) DNA,

( ) 3'- ) 3'

(A)DNA

mitomycin) psoralen) DNA

,

DNA

y
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«>«

(4) (3)

5-3(3

(1) 5 6 2)5' 6 3' 4

3) «-l!g64 4) !«lg(
I

CH2

[F«o>i^

1^

I II

CH^CO-

R 3'

Se-

ll

II

,

«
X

o

,CH3 NH2

I HO' " COOH (
NH

0
ff'

I I,

NH2

CHO

5-37 DNA



02 "~-O:^ ~-H0-"-H^O

DNA 5 - 37)

Fe2 +H2O2+H+~~Fe3++H0' +H2O

DNA

DNA DNA
DNA DNA

deletion)

a

(insertion),

1!^( transition)

PS( ) (transversion)

DNA

b

5-

(A —

BU)( 5-38 a) '
(G— BU)( 5-38b)

5-BU DNA, A—T

G

5-1«

(

« /H)""'^

5-
(

5-38 5- 1]$

-C( 5-39) 5-BU
DNA G ( ,G—C A — T. (reversion)

i

5-39 5-BU
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4

GGT GGA

(silent mutation)

(lethal mutation).

Km

(leaky mutation)

DNA
(coHnearity)

(reading frame) mRNA
mRNA

3 5-40)

(frameshift mutation)( 5-41)

(suppressor mutation)

CATCATCATCATCATCATCATC

H«S
1
t

C A T C A T

1 i 1 ) 1 1

G C A T C A
1 1 1

—
i

C A T C A T A T C
1 1 1

A T C A T C

i

CAT
j

C A T C A T

(+) I l-»

5-41

5' 3'

1 cue AGC GUU ACC AU
L I I_J I_J I I i

— Leu— Ser Val— Thr

C UCA GCG UUA CCA U
J I_1 I I I I L_J L

Ser Ala Leu Pr^—~

CU CAG CGU UAC CAU
I i I I I I I I

Gin Arg Tyr His

5-40

3
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DNA

DNA
DNA DNA

DNA 5 -

.42)

100 DNA

DNA

mis-

match repair)

DNA

>

1
( )

1

_

,

' '''-

5-42 DNA

, ; ;
(continuity)

1 1 1 1 1 1 1 r 1 1 1 M ITT

H-DNA 31

1 1 M 1 m ,… Am m 1

1

DNA
300600 nm)

5-43)

Pho-

tolyase)

DNA
FADH2;

deazaflavin)

DNA
-DNA

DNA
6
-

6
- -

DNA
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DNA

UvrABC

""r.4"t;rB

uvrC

ATP, 5' 3 '

Poll DNA

(^

5-44)

AP AP

;
Pol I )DNA

DNA

DNA-

1
I / 1®

IS

1

9 9 P

\

mm
5-44

AP UvrABC N-

DNA

10 2103

DNA
DNA 5'-GATC A N6 Dam .) GATC

A

, DNA 5 - 45)

DNA DNA
GATC methyl-directed mismatch repair)

Dam MutHMutLMutS

DNA I ,SSB,DNA m DNA

5 - 46) MutSMutH MutL MutS

MutH GATC, MutL MutS MutH
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DNA

II

SSB +
• dNMP

I I 1 1

f G A T C
5 I I I I I I I I I I I I

J ' ' '

'

C T A G

•»
> I I I I t I I I I I I I

3 ' 1111

DNA B f dNTP

DNA
>

CHj

5-45 DNA

GA-TC 1 000 MutH

GATC G 5 '

5 '

"" 3'— 5'

DNA I SSB

I ( 3'— 5' DNA)DNA

m DNA
3' VI

( 5'— 3 '
3'— 5' RecJ

5'— 3 '

I

G—T C C

1 000

(error free).

DNA (error prone)

IJNA

1 000

5-47) recombinational repair)

DNA
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1 1 1

1 ii.,r,j__L

1 I 1
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' C T A G
CH3

G> T-T-T -TTr 1 1 1 1 r

-J- 1 t 1 1 1 J 1 ' 1 < 1

t t 1 1 1

1 1 1 1 1

1 1 1

1.-1-J.
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5-47

DNA
(SOS response) 5- 9)

DNA translesion replication),

non-template directed replication)

I DNA I I AP DNA

H 1 ,
5-9

DNA

DNA m I

UvrABC

RecA

SSB

DNA

»

^5-
polB(dinA)

uvrA
"I

uvrB >

uvrC J

umuC \

umuD )

sulA

recA

DNA ,
SSB

uvrD

himA

recN

dinB

dinD

dinF
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DNA

DNA recombinant) DNA recombination)

(meiosis) KChlamydomonas mW^^m/z'0

CSacc/mrwn^rces cerew'sz'^ze)

transposon ) transposition )

DNA (variation)

(mutation)

(gene exchange)

DNA 4 (ho-

mologous recombination) (site-specific recombination) (transposi-

tion recombination) illegitimate recombination) DNA

DNA

RecA

RecA

DNA

DNA

DNA

'
DNA - DNA

DNA
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, DNA,
:

(crossing over) (meiosis)

DNA DNA

—

DNA

3; (chromatid)— DNA

DNA C DNA
DNA (cross-linking)

DNA
6-1

DNA

I (prophase), 5

DNA
(bivalant)

(synapsis)

(synaptonemal complex).

()-
DNA - breakage and reunion): DNA breakage and rejoining).
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. -
S.

6-1

6-2 a)

(synapsed chromosomes) 4

(copy choice) paternal)

DNA (maternal)

6-2 b)

DNA
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1. 2. 3. 4.

(b)

1. 2.
3. 4.

6- 2

DNA , 6-1

DNA , DNA
DNA -

()
DNA DNA

DNA
DNA joint molecule) DNA

recombinant joint) —
DNA

DNAChybrid DNA)
DNA(heteroduplex DNA) —

T 4

I

()

(branch migration)( 6-3)

DNA

6 - 3
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111111111111111

J , > , 1 I ] J I ] . J 1 J J

I n 1 1 1 n 1 n n 1

1

1 i i " " I i i 4 S !

"

I 1 ! J J 1 J J ] J J J J J J j J J J

1 1 1 II 1 1 n 1 y 111 ^_^ 1 1 1 1

1

1 1 1

1

i 1 I

1 1 1 i 1 n 1 n 1 1 i! 111111 i n I w i 1

1

'

J J J J J J . . . 1
i i ' i

..1111

J JM JIJl"
1 1 I

6-5 DNA
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DNA
(crossed-strand junction) Holliday 6-4)
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()
(resolution) DNA

DNA
6-5

4

DNA

reci-procal recombination)

( 6-5
DNA

DNA DNA( 6-5

DNA
6-6 Holliday

Holliday

6-6 Holliday



75 bp

6-1 , DNA
6-7( DNA

DNA

I > V M t I

'I'll V

I

1 il M I i 1

.If III MUM 3-

1 I i .' J t j'M'i u V ( J . <! I M 1 I. . t ( I { ri:

l Y i I I I I i

i^j-ui-Lia^ If iTTtTi 3'-

I
i I 1 1 M I i r M 1 1 I II I . ' rrrrrrrrrr

Miuumii II

' … ' '

'

(

B

I

'

, in 3-

• > p. Vu. i ." n

I y M t . i t M >ri rrr

r

rrr rrrr r.-" rrr

r

--'
\
<''»»'.

n H n MU I / n-rrrr
IUfa>"L«"t 1 M 1 1 1 M i il 1 """1"

I
IT," ' rr.-rrr'rrrv ii i i i i\ rrmTV^

i i 1 1 1 il J I 1

^
< I K-UJa.>,fci < I I I t i

FTTTTTTT r- trrfnrn i t > ^ t / n .'

i i
DNA 3'-

•

I ! I J . [ I rrrrrri m ii i i i i r-n 'i i n

-^^^^Y^ Lr:
6-7 3 '-
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3'

3' D-

7^ D- 3' D-

D-

3'-

DNA

,

DNA

DNA DNA 6-7)

DNA DNA

DNA
6-5)

DNA (
DNA

DNA 6-5 6-7

DNA

(
(axial element)

(lateral element)

central element)

^ 200 nm
(DNA 2nm)

DNA

node) recombination noduce) ,
6-8
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DNA

H DNA

'
V

6-8 DNA

3'- 6-7) (rad 50)

rad 50

DNA

,

'

DNA

DNA
DNA
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rec- rec-

DNA 3'-

DNA X

DNA
DNA

I
DNA

DNA
3'-

()

rec ruv RecA

DNA

RecBCD DNA chi

DNA
RuvA RuvB

DNA RuvC Holliday

1. RecA

DNA
RecA RecA

DNA
RecA DNA

6-

9) RecA Holliday 6-

11 RecA (
RecA

6-10 C)

6-10d)RecA

DNA
6 — 11 A 6-10 d

RecA
6 -11 B RecA ^

2 . RecBCD V cTu

rec£,recC recD DNA
[^ DNA ATP

3 '-
V

^^^^^^^^^^^

6-
9 DNA

RecA

A- RecA

DNA ; B. DNA

RecA ; C.

RecA; D.

D
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RecA

>• vt

6- 10 RecA

RecA

( DNAjg
DNA



RecBCD

lAMU Ilia

5'GCTGGTGG 3'

DNA, c/n 8 bp 3,cGACCACC5'

510bp
10 kb V DNA c/H'

DNA

c/H 46kb V

6-12

3.

3 r"z; r"t;£ r"t;C

ruvB

RecA

RuvA Holliday RuvB

ATP
1020bp/s

r""C, Holliday

()
RecA DNA

6-1 2 RecBCD C/U'
single-strand uptake )

single- c/n

strand assimilation) DNA 3

DNA ; DNA 3'-

; 3'- DNA

D
6 -

1

3 DNA

6 - 5 6 - 7 )RecA RecA

DNA

6

RecA

DNA RecA

DNA
3'- RecA

RecA ATP
ATP RecA DNA

ATP DNA RecA
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DNA 3 : RecA; ;
DNA

(a) 0.5

6-13 RecA (a) b)

(1) DNA( 2) DNA RecA ;
( 3 ) RecA DNA RecA

6-14 RecA
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DNA

RecA

TTTT 1 …
'9'i i'» »»i=i=T
• •

I

'
1 I 1 1 lil

TTTTT
I li 1 ill li

I

I 1 1 y II 11 I I > il n
1 I f fit f lil

1 . ,
.'

1 ] i

n n 1 1

1

I » fl 1 "
» 111 1 1 n 1

4
DNA
DNA

RuvA,B

1 I I I I

I

I I
» 1 » H 1 1 I I 1 1 1

-

r , '|| | } P

tiiifa
I till.!.

N f I I I I

SSB)

SSB RecA

DNA,
DNA .

paranemic joint )

6-14)

DNA
RecA Holli-

day

3

RuvA HoUiday

RuvB ATP

RuvC(
Holliday Holli-

day

6- 15): DNA
DNA DNA

DNA
RecA

DMC1 RAD51 RecA

DNA

RecA
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III mini jiii I

i I >i rfi 1 1 •

RuvC
Holliday

rr
ift 1 1

I

TT
JUd

TTTT
li

TTTTT
f i li 1 i f f

6-15 DNA



DNA

1/4

(Ascomj^cezes)

4

8 6-17 8 4

8 4

6-16 4

DNA

DNA
(post-

meiotic segregation) :
4 4 (gene conversion).

DNA : 6-7 DNA

6-16

DNA I

—n'T .zzi

W -qjaim^fm^m^^ | p*—^^^^—
2 6

4 4

3 -- 5
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DNA

DNA

6-5 6-7)
6-6)

DNA.
(foot printing)

()2
1̂0 L2

insertion or deletion)( S-l?) RecA'"

() DNA

(repair)DNA
recA (recombination-defective mutant)

DNA DNA
DNA

!^
DNA . DNA

DNA
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(1)

1: I I
i

I I I I :1

-

6-17

(1)

2)

E

6-18 RecA

DNA
A. DNA; B.

DNA,

RecA

DNA C.

D. DNA

E.

RecA X

6-18) RecBC

DNA DNA

DNA

DNA

RecA DNA

A ADNA

DNA

A : DNA

(conservative recombination) DNA

155



/IDNA
ADNA'

ADNA (inte-

grate) I DNA DNA

(excise)
DNA DNA (at-

tachmem site a") " BOB'

POP' 6 —

I

9

attP
core se-

quence)

BB' PP' arm),

DNA

"""
(BOP' ) a"R (FOB' )

attB attP

attL attR

(
A —— A U in-

DNA

DNA

POP'

BOB'

ottfl

BOP' FOB'

attL attR

6-

1

9 ""/'"
DNA

attR

tegrase) DNA
DNA

6-20)

IHFCintegration host factor) IHF

20kD, A/mA /m"D him

A ;
IHF Im
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6-20 A DNA

()
(suicide substrate)

DNA Int DNA
Holliday 6-21 "3

A DNA 7 bp 3'- 5'-

3'-

7 bp

.Int.1111IHFc^«P
DNA

DNA

•)GCTTT TTTATACTAA
CGAAAAAATATGATT

DNA f

. DNA

'B-
CTTT TTTATACTAA
S j^AAAT.ATG ATT-P'

p GCTTT TTTATACTAA
^,,

'*'CG AAAAAATATG .aTT"^"

6-21 a"r cUtB
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() fl« .
DNA

•

attP attBattP

2

4 bp

11+ 11

23bp

4bp,^z"P ""£ bp

""
Int

Ij (consensus sequence)

6-22);

a" Int

N- att C-

a"P a"B DNA

()
Int IHF a"P (intasome)

a"/^ a"B Int Int

DNA Int

attB attP attB DNA
Int a" a"

()
(integration) Xis

Xis Xis

30 4Obp.IntXis IHFa"/^Xis
DNA

Xis Int a"R Int a"L
Int Xis a"

Int

Xis

DNA

6 -

2

3)
158

140 -120 -100 -80 -60 -40 -20 20 40 60 80

>lnt > <^11» (

6-22 Int IHF a"P
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DNA .
M"(

gin

CSa/;no"e//")

1. 0_^/^^«050^^«)
DNA (11-

2. phase variation)//1/^2
H2 970 bp

DNA. 14 bp( 6-

24) A

H2

m

HI//2 //1 //2 //1

HI Hin

Hin .

6-23 DNA

H2 Hi

-a- mm
I
IRU

(a)/J2,Hi

Hi

IRR(

nRNA

,Rl ,RR

^
(b)Hi,/f2

6-2 4 DNA HI HI

; DNA
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( ),
transposon or transposable element)

DNA

DNA;

RNA DNA DNA
DNA

DNA

—
simple transposon)

(composite transposon) insertion sequence , IS) „

2040bp inverted repetitive sequence IR)

(transposase)

()

IS IS

IS IS

DNA
IS 6-1

6-1

(bp) bp) ffi bp)

Isi 768 23 9 ^
IS2 1 327 41 5

154 1 428 18 11 12 AAAN20TTT

155 1 195 16 4

IS10R 1 329 22 9 NGCTNAGCN
IS50R 1 531 9 9

1S903 1 057 18 9

6 - 25 IS 1 IS 1 IS 1

24 bp

()
IS 1 (transposition)
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IS1

f

720 hp 24

(translocon),

6 - 25 IS 1( Tn

IS IS—
6-2

6-2

(bp)

Tn903 3 100 kan'^ IS903

Tn9 2 500 can" ISl

TnlO 9 300 tet^ ISIOR/ISIOI 2. 5% /

Tn5 5 700 kan'' IS50R/IS501 1 bp /

Tnl681

IR

ISl

5
552

IR

1>1) IS]

module) Tn903

(IS903 Tn9aSl

6- 26 f- / TnlO

Tn5 IS

TngO3 Tn9

TnlO Tn 5

IS 4 500 bp20 000 bp Tn DNA
DNA

Tn

6- 2 6 IS1 Tnl 681 ISl/
——

6-2?)'
DNA DNA

DNA
DNA

3
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6-27

()
' (replicative transposition) ;
: (resolvase)

()
nonreplicative transposition) —
(

()
conservative transposition)'

A A

DNA
(episome)

IS1
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IS903 Mu

()

(cointegrate)

IE

6-28
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6-29

[J1
6-28 Mu 4

5bp ,
'

-

()
"

'
6-2 9 Mu

'
DNA

()TnA

TnA ( 5 000 bp)

IS IS , 3 8 bp 5 bp

TnA tnpA

/^ TnA

3 8 bp

2

5 bp DNA 5 bp

tnpR

TnpR Z"/>A "/>iO

TnpR TnpA

tnpA tnpR A—T intercistronic)

6-30 Tn3 3;

I

TnpR TnS

r« (resolvation she ) /"/>K re.;.
; r« RecA
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'

.

"

tnpA tnpR amp.

rnpR DNA

€ 6-30

3

3040 bp 3

I

res

I m I HI

I
fn/>yl

I tnpR

3 DNA

DNA tnpA tnpR

4^"^5
DNA

re. 5'-

I

6- 30 Tn3

5'TTATAA3'
3'AATATT5'

A a"

<

5'TTAT -AA3'

'3'AA-+ TATT5'

TnlO 0. 15

10- 7 TnlO

TnlO 1 000 If^

TnlO

TnlO TnlO( DNA 9 bp

6bp . TnlO

N

IS10R TnlO IS10L . IS10R

1% 10% 1S10L IS10R IS10L
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TnlO 6-31 IS10R

IS10R Pix IS10R

RNA IS10R

47kD Pout OUTRNA

DNA— DNA

IN RNA OUT RNA bp

IS 10 R IS 10 R

IS 10 R Tn 10 Pout

IV Pout 5
'-

40 bp OUT RNA

6

9 bp Pout Pin

OUT RNA IN RNA OUT RNA IN RNA 100

RNAouT RNA RNA 5'

OUT RNA IN RNA IN RNA
IN RNA IS10R

OUT/IN RNA

6-31 TnlO IS10R

TnlO GATC A
Dam GATC GATC( S'— s' dNA

DNA
GATC A Smin ^

DNA
IS10R GATC DNA
, TnlO DNA

i^j

DNA
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()
10- 310-8 ISTn Mu

IS1 IS2

mRNA
IS2

; IS3 IS2

()

() DNA

DNA IS1

TnlO 9 bp IS3 3 4 bp IS4 11 bp

( )

()

DNA '
'

()
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,
TnlO/^sC;

TnlO TnlO

TnlO( TnlO A"<S')

TcK

10-510-'

TnlO Tcs

DNA ,

60

, DNA DNA Ac-Ds, p

FB RNA DNA RNA
copia Ty

()

controlling element) .Barbara McClintock 1942

1951

;

(autonomous element)

(nonamonomous element )'

.

DNA
168
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Ac-Ds

(disso-

ciate, Ds) (activator, Ac) Ac-Ds Ac, 4 5 63bp, RNA

3 500bp mRNA 801 5 g
Ac llbp

8 bp Ac Ac Ac

Ac

Ds Ac Ds

Ac. . Ds 9

I

94 bp,Ds 6 2 kb Ds

Ac . 11 bp Ds , Ds Ac

(Ac element) Ds

Ac Ac Ds

Ds Ac Ac

Ds Ds (Ds element), Ds

Ac Ds .
Ac Ds Ds

Ds (:>6z*t^:r

Ds i' . ..
(variegation)

( P

. hybrid dysgenesis)

P paternal contributing ) M maternal contributing)

P M
P-M Fi

M , P

P P P (P factor).

P P M P

DNA DNA .
P P P

P P

P 2. 5 1^1). 4

open reading frame, ORF)
,

P Ds -. P
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P 0. 51. 4 kb. 31 bp P

DNA 8bp DNA

P P 30 5 1/3 M P

P

P P M
DNA P P

P

2. 53.0kb

P

2,

3 mRNA )RF-0RFi-0RF2 66 kD

,
P

3 4

mRNA 87 kD P. 4

U

mRNA P

P"^ *

P ISO bp DNA, 10 bp 31 bp

TnlO ,
M P PXP P

P

P

cytotype) P P P

M
66 kD

P P
P 66 kD

M P' P

P
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P

()
RNA DNA

retrotransposon), retroposon)

Ty copia (long

terminal repeat ,LTR)

(1)

(2) DNA

(3) DNA 3 13 bp)

(4) 250 bp

(5)

(6)

Ty copia

RNA
DNA tRNA

1.

RNA DNA DNA
DNA RNA mRNA

(1) 3 4 3 gag-pol-

env : gag

DNA pol: 3

RNA H env

5' 3 '

no:
1080

R R 5 ' SO 100

U

5 3' 1701 350

U

3 US primer binding

site, PB) RNA tRNA

tRNA tRNA 3 ' PB

DNA
RNA DNA DNA RNA R;

DNA LTR; DNA 2 hp I/TR,
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(2) RNA DNA RNA DNA
RNA 5' U3 3' U5

U3RU5 LTR 3'-. tRNA U5R 100
200 cDNA 5' RNA H

DNA U'5R' R' R 3' R (
—— RNA

DNA RNA U3 RNA '-0H
DNA DNA U3RU5PB gptR—

NA RNA H PB PB' RNA H
RNA DNA « M U3RU5 DNA

DNA DNA LTR

DNA DNA

DNA LTR CA
DNA CA

DNA 4 6 bp

5' DNA 3 '- DNA 5'

DNA LTR 2 bp 5' U3 2 bp 3'

U5 2bp
DNA DNA 5'-TG…… CA-3'

,

Ty copia Mu

2. copia copia copia element)

11 copia 2060
DNA copia

copia 5 000 bp 276 bp

I

3 bp— DNA 5 bp

copia DNA copia

5 000 bp; 276 bp 4 700bp DNA
copia RNA

copia gag o/

copia

3 . Ty Ty (transposonyeast) Ty

Ty

— Ty Tyl Tyl 7 Ty
1 6 . 3 kb, 3 3 4 bp 3 LTRs
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RNA I S 5. 6 kb mRNA 8

DNA Tyl Ty

I

3 TyA DNA :Tyi?

RNA

H Ty mRNA DNA
/W

Ty copia

Ty copia( DNA DNA) Ty RNA DNA

Ty Tyl

8 GAL1

Ty

Ty

Ty RNA
RNA ——DNA

Tyl Ty ,
RNA DNA

TyB TyA gag "VLP"

Ty Ty

env

1. . D. )• . 1991. 18 P. U2167 19

P. 167189.

2. Watson , J. D. , Hopkins, N. H. , Roberts, J. W. ,Steitz J. A. ,Weiner, A. M. Molecular Biology of The

Gene. I (4th ed. ). Benjamin/Cummings , Menlo Park: 1987. p. 313— 338, p. 663— 666.

3. Watson, J. D. et al. Molecular Biology of The Gene. II (4th ed. ). Benjamin/Vummings , Menlo Park 1987.

Chapters23,p. 850—871 ,Chapters24
,
p. 936—934.

4. Lewin, B. Genes V. Oxford University Press , Inc. New York .-First Published 1994. Chapters33 ,p. 967~

997,Chapters34,p. 9991 031 Chapters35 p. 1 0331 056 Chapters36,p. 1 0591 086,Chaprers37,p.

1 1081 130.

5. Stryer , L. Biochemistry. (4th ed. ). W. H. Freeman and Company. San Francisoo
:
1985. p. 368378.

6. Lehninger, A. L. , Nelson, D. L. Cox M. M. Principles of Biochemistry. (2nd ed. )• Worth Publishers,

Inc. New York: 1993. p. 839~852.

7 Lodish, H. .Baltimore, D. Berk A. .Zipursky, S. L. ,Matsudaira, P. .Darnell J, Molecular Cell Biology

(3rd ed. ). W. H. Freeman and New York : 1995. p. 320342.

8. Kornberg, A. &. Barker, T. A. DNA Replication (2th ed. ). W. H. Freeman and Company , 1992. p. 792~
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RNA

(DNA) (ribonucleic acid RNA)

RNA DNA ( RNA RNA
DNA (transcription), RNA

DNA
DNA RNA

RNA
RNA DNA ,

DNA RNA)RNA

RNA
RNA RNA

DNA C RNA (mRNA)

* mRNA
tRNA rRNA

3 RNA DNA DNA RNA RNA
RNA ""

.

RNA ; RNA
SO RNA DNA

10 DNA
DNA DNA 60

DNA sense strand) coding
strand); antisense strand) template strand )

RNA T U
niRNA DNA

^0^1 74DNA
RNA ,

DNA RNA RNA
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mRNA, RNA RNA RNA

RNA mRNA
'

RNA

RNA

RNA

(-)RNA

RNA ATP ,GTP CTP UTP 4
5'

2' 3 '- 7-1 )

3'-0H 0'

5'-

7-2) DNA
7-2 DNA CTGA

RNA G,ACU— DNA
RNA 5'— 3'

DNA —
mm

.«(

…

(rNTP) NTP

Q
II B n

5'

P—0—P—0-P—0—ChL/^X. •

o- O- O "'^ ^
,0

HO OHOH

7-1 5'-

2'-0H

H

5 - «|

PP

…

i
I

^9
«t

DNA

7-2 RNA
PPi) RNA DNA-

RNA DNA

()RNA
DNA RNA DNA RNA

RNA

RNA ^ RNA
- 3) AU GC

GU RNA RNA tRNA,
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RNA RNA
- 3)

.UGGCGUUCGUACUUAAAUAUGGAAUU

^GCCUCA AGCAUCGCUUUUAACCUUAJ" C

7-3 RNA

RNA 50

RNA

RNA

RNA 3 RNA (messenger RNA mRNA) RNA(riboso-

mal RNA rRNA) RNACtransfer RNA tRNA) RNA DNA

3 RNA RNA

()mRNA

DNA RNA mRNA) mRNA
mRNA mRNA

3 3 (codon),

DNA
cistron), mRNA mRNA (mono-

cistronic mRNA). mRNA mRNA
mRNA(polycistronic mRNA) mRNA

3 mRNA
10 mRNA

mRNA ISO

9001 800 mRNA 10 12 000

mRNA leader)

mRNA 5'-P

(attenuator), 5'-P 3'-OH

mRNA spacer) mRNA
176



mRNA
() RNA

RNA

RNA 3 5S rRNA16S rRNA 23 S rRNA 120

1 541 1 904 rRNA rRNA

( RNA

tRNA RNA RNA
tRNA

RNA

RNA DNA

RNA DNA— 4

DNA RNA RNA
RNA . DNA RNA

RNA (RNA polymerase) RNA
3 000 RNA

3'— 5' . 7-4)

DNA DNA . RNA

I

- "^"5)

I

I

- ~©~®~®

IM]- -0-®-®

-0~®~®

I

-

@

I

-- j3

!^

I

--
1 PjglSl -- (J)

7- 4 RNA 3 '
— 5 '

RNA RNA DNA

DNAo DNA— .
DNA RNA $X

174 DNA RNA
DNA DnT" RNA 7-1)

ri^j^l^A-j^^^^^ ,RNA DNA ^

^
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DNA DNA-RNA

7-1 (D.Y 174 DNA RN'A

<PX 174 DNA RNA RNA

0. 25 0. 32 0. 33

0. 33( 0. 25 0. 25

0. 24 0. 20 0. 18

|« 0. 18 0. 23 0. 24

1. 00 1. 00 1. 00

RNA DNA

4 ,
RNA . DNA , DNA. RNA

DNA RNA

DNA RNA
RNA RNA

DNA RNA;
RNA RNA RNA,

SPS RNA SP8 (Sacz7Z"5 sub-

RNA DNA
DNA RNA RNA

7-5 DNA RNA

178



DNA , DNA RNA ,

DNA-RNA DNA
100 C DNA DNA

DNA RNA DNA-

RNA DNA 8-5
SP 8 DNA RNA
7-5 DNA-RNA DNA

RNA DNA RNA DNA-RNA DNA
RNA DNA-RNA RNA

DNA DNA-RNA
DNA A T G C RNA
DNA RNA A U,G C

RNA

® ® © ®

7-6 RNA

(d) 3'-!^.,

® ®KEh2)

(a)iij 5'— 3'

(3) ® ©
!»11

3

\
©

\
®

\ .

\

(b) 3'45'

RNA

H

®

V

3'- 8{

(c)3'- S!f

1,

RNA

®
RNA

\

®

©

^

:-5

2
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i

DNA RNA 5 '

5'- 3 '

3'- DNA RNA
5'-3' 3 '- 5' RNA '

5'— 3'
,

(); 3'—

5' (E—t® 5'— 3'

3 '- (E—(2 ®
3 '-

5'— 3' 3'-

3' 3 '- 3 '- -(E^

(Ev~^i)
3' 3'-0H

RNA 5
'— 3 ' 3

'—
5 '

7-6(a) (b) RNA 5'— 3' c) 3'-

5
'— 3 ' RNA 3'- RNA

RNA

RNA

DNA n RNA
15S 5, 0^

1551517036.5111^0(" /?'/3«2w"

450 kD( 7-7 7- 2) RNA 10 nm 30 bp

DNA DNA SO

RNA RNA

T 7 RNA 98 kD

RNA

X RNA

cr

(core enzyme),

/3 /3 (rifampicin)—
.

RNA
r"/>oi^

RNA (streptolydigin)

RNA
/9

180
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7- 2 RNA

*

(min) (kD)

RNA
, rpoC 89. 5 155 1 DNA
p rpoB 89.5 151 1 RNA
a rpoD 66.5 70 1

a rpoA 72 36. 5 2

11 1

p rho 84.5 46 6

nusA nusA 65 69 1 .
<

RNA

RNA W 3

7-8)

—im-^M DNA g|

/3

a

7-8 3 RNA
DNA

7-8 3 RNA (7/?/9'" (P)

RNA (P)

(/>HS)"
L11 L1 L10

<^
1RNA PPGPP

PpGpp 5 ' 3' <B(E)—G(B®

ilNA

- DNA

" RNA RNA
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-35 R-
— 0

MOACA TATATT

, T T T T

T TTT T TT 'T'T'
T'T,aatgtgtggaatT

CCCCaGgVtTTACACTTTATGCTTCCGGCTCGTAT
®®(gXAA-^

TGTGAGC- 3'

^JGGGTCCGAAATGTGAAATACGAAGGCCGAGCATA I I

'•yACACTCG- 5'

,x
I

I T TACACACC T TA
i* U i

(3)

a

" " '

DNA RNA

DNA RNA

100
III

RNA ^m^^i6110bp
"

35 bp

— 10

g

^j^

^

RNA

-

5?^^^^TT^ii"^ '

i— 10 35

(consensus sequence)

7-9)

7 - 9 RNA
a) 35 10

UV5 RNA
35 10 [

] 1) RNA

2) RNA
3 ) RNA

12 bp

17 b)
UV5 " " footprint analysis)

(1)

RNA 2 ) RNA
RNA

DNA DNA
RNA 5060 DNA

(a)

(I)

(2)

n
10

35

<b)

(1) (2)

7- 9

RNA

182
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""" "
RNA

3

5 10 ;
75%

25 >^ 7-10)

RNA

AAA TGAGC TGT TGACAA TTAATCATCGAACTAGTT>^ACTaGTaCGCAAGTTCACGT

tRisJA
AACGTAACACT T T A C AGC GGC GC G - T C A T T T GA T A TGA TGCGC C C CGC T TCCCGA TA

^ * * \
1 CCA TCGAA TGGCGCAAAACCT T T CGCGG T A TGGC A TGA T AGCGC C C GGA AGAGAG T C"

5^ Pi_
TC TGGC GG TGT TGAC A T A A A T AC C AC T GGCGG T GA T AC TGAGC A C A T C AGC AGGAC G

P22 AGTTAGTGTATTGACATGATAGAAGCACTCTACTATATTCTCAATaGGTCCACGG

X
A- llf

CG
i

G

GCAGT

U

CGA1

7 - 10 5

7-10 5

20 bp DNA
81

Cfl 7-11)

7-11 RNA DNA

7-11 RNA DNA RNA
RNA
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RNA DNA

RNA ( 7- 11)° """ "

3

5

-35 ; ""
RNA DNA 10

17 bp, , RNA

10 AT AT GC

10 AT 10

DNA 10

RNA

RNA RNA

" RNA"
" <>

32
)

"
" T4

^ 10 T4 35" 35 10

RNA

10 min 10

12 S
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RNA RNA
RNA

RNA 35

.
7-3

7-3

^m

' DNA

10 3 5 6 RNA
DNA 50150

RNA
DNA 1 DNA RNA

10

RNA
DNA

RNA DNA RNA DNA
DNA
DNA

10 35 DNA

RNA RNA DNA

RNA ^^ll^^M_MMMS^li?l^4Mf!i^ii^iz:i^mAj^j^mte££^ DNA

^

^iiau^iiauii^^o
Ktopoisomerase I)

DNA ggjjff
185

LexA

A

A

CAP
CAP
AraC

AraC

Ac 1

DNA DNA

L
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tai5^^i^ —*@^*»^^^^^^,'^^V6^5S_ADNA,
RNA

RNA

()RNA PPPA PPPG

RNA
7-11) 10 12 13

^ PPPA PPPG PPPC'PPPU

RNA 5'-

RNA , "^ tRNA

U

() a

RNA " -DNA- RNA

7-12)

KNA

A P

<

N̂usA Z mm
" RNA

NusA

mil M'M ii'hi'ii

«

« RNA

7-12 RNA
A. P RNA RNA iB. p RN'A RNA ; C. a
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7-12 P RNA

<7 -
DNA (7 RNA DNA

DNA a

"
RNA

- . ^

RNA

( DNA RNA

RNA RNA DNA RNA
RNA-DNA 12 RNA DNA

7-13)

^ RNA

7-13 RNA

DNA RNA-DNA 17

DNA RNA ,
DNA

,
RNA RNA

DNA 7-14) ' 10. 4

'

7-14 aH DNA DNA

RNA RNA
DNA DNA b)

RNA
1. 6 17 bp(DNA 1.6X10. 5 bp)

DNA

I

7 bp RNA DNA
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(b)

RNA

% RNA SI

7-14 RNA DNA

RNA DNA
CoZEI RNA DNA

RNA-DNA

() RNA NusA a

RNA NusA

RNA NusA

RNA NusA A

A
" NusA RNA" NusA NusA

RNA RNA NusA

RNA RNA RNA
NusA

RNA RNA DNA
<T NusA <y NusA

7-12)

NusA, NusA RNA^^^
' RNA

DNA terminators) DNA
RNA ,RNA RNA RNA

188
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DNA P

RNA
DNA P

P DNA
dyad symmetry) 1520 RNA
DNA 6 A RNA

U( 7-15)

5'-CCCAGCCCGCC T AATGAGCGGGCT T T T T T T T G A AC A A A A-3'
DNA

3'-GGGTCGGGCGGA TTACTCGCCCGAAAAAAAACTTGTTTT-5'

*+^j^,r,x, .X 5'-CCCAGCCCGCCUAAUGAGCGGGCUUUUUUUU - OH 3'

RNA)

A U

U G

c -
gA

AM—G- C
A — C - G— A
U *~C - G— A,U,C

C - G— A.U
G - C

5'-CCCA -UUUUUUUU - OH
* '

'

G

7-15 <^>RNA
DNA

7-16)

7-15) dA

7-16 RNA U RNA
a) U RNA b)RNA-RNA

RNA-DNA U A C) U
A

7 - 16 ,
P P

A
P: P RNA ATP

RNA ATP P RNA, P RNA

P RNA /?

RNA /^ DNA

P

RNA RNA P RNA
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RNA

RNA RNA
3

tRNA rRNA RNA

3 rRNA tRNA

RNA 7-

17)

tRNA
tRNA rRNA tRNA,

16S

rRNA rRNA

I I

23S
rRNA

SS

RNA

I

m
7-17 rRNA

- - , -,
. . 5 5,16 S 23 S

P tRNA 5'- rR-NA;5H^ jtRMA
190

P P

RNA . P RNA

...CCOGCCc
ccuaaug

CGCCCGAAAAAAAAc ,

(a) 3'-GGGTCGGGCGGA T T A CGGGC U U U U U U

U

U_qh

5'-CCCAGCCCGCCTAATq
*G CGGGC TTTTTTTtG

i

(b) 3' CCTCCCCCOff ff jrj:(|5f
f
j:"'"UUUUU-H

^TTTT.5'

5'-CCCAGCCCGCC T AATGAGCGGGC ^CAAAA-3'

G

(c) 3'-GGGTCGGGCGGA TTACTCGCCCGAAAAAAAACTTGTTTT-S'

5'-CCCAGCCCGCCT AATGAGCGGGC T T T T T T T TGAACAAAA-3'

m 7-16 KNA

G
c
G
G
G
c
u

I
I
I
II

I
I



in 5 Sl 6 S 23 S rRNA

mRNA mRNA
mRNA(

T

7 mRNA) n

RNA

CCA tRNA 3'-

A mRNA 3'- 5'-(
rRNA 100 2'-0H S-

rRNA

tRNA tRNA

RNA rRNA tRNA

mRNA
RNA mRNA,

rRNA tRNA

RNA

RNA

3 RNA RNA I ,RNA I RNA II

DEAE-

3 RNA 3 "- a-amanitine)

RNA I "- 10- 3mol/L

5. 8 S rRNA, 18 S rRNA 28 S rRNA
RNA I a- 10- 9 10- 8mol/L

mRNA snRNA
RNA E a- I

I
10— 510- 4rnol/L

^ tRNA 5 S rRNA Alu

RNA IK

3 RNA SOO kD 14~15 S)
.

48 10 90kD

RNA
RNA

RNA
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3 RNA

()RNA I

RNA I
rRNA 40+ 5

I

65 4

RNA I

RNA I
nontranscribed

spacer,NTS)

()RNA n

RNA I

A(
TATA Hogness box) T82A97T93A85^A83

AT GC

CAAT GGWAATCT 75

CAAT G CAAT
enhancer) far upstream sequence)

100 TATA TATA
7 2 bp

72 bp 72 bp

()RNA ni

RNA I 5 S RNA
5 S RNA 50 bp

+ 50 + 83 +50+ 83

DNA RNA H

50 bp 5 S RNA
5 S RNA RNA HI tRNA snRNA

VA 5 S RNA
5' A 3' B 13-66

RNA I TF IC TF UB

tRNA VylRNA 5 S RNA
37kD TF MA RNA

B

RNA
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I

RNA 3050

G • C

810 G • C—A • T

G • C A • T A • T G • C

RNA

3'-

mRNAtRNA rRNA SV40

P U
RNA n RNA

5 S RNA 3'- 4 U 4 U G • C G • C

T(4 RNA n

(-)inRNA

mRNA
(A) N7- 0

m

7Gppp5^

0
2' -0 1(1

m

7GpppXm

,'
2'- 2(

1

m

7GpppXmpYm, 1

(2 mRNA 10%
15% 3 7-18

7 5'

4 mRNA

(A) (A) mRNA
poly(A)+ poly(A)— ,

poly(A)

RNA
RNA (RNA termi-

nal riboadenylate transferase)

0-

0-

-0-

-0-

6 (!K:Hy^«*i 1

O-P^ 2

.6 AcH/fHf 2

7-18 mRNA 5'
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+"ATP^^ (A)„+"PPi

poly(A) , poly(A) mRNP mRNA

()rRNA

4 rRNA 5. 8 S rRNA 18 S rRNA 28 S rRNA 5 S rRNA

45 S RNA rRNA

rRNA 4 5 S RNA

45 S RNA 45 S RNA

7-19

5'
\ I— £==
18S

45SI ——
^ C3P=^MHHM 32S

I
" 1 •

U I
3-—^

5. 8S 28S

R 45SC

7-l 9 45 S rRNA

, 45 S 4? S 3'

5' /) 45 S
5 S rRNA tRNA— RNA 11 5 S rRNA 120 bp

120 bp 600 bp 7-20)

SS

1^
£ - >.|

'

( 720 '1)

)

5 S rRNA

1

2 5S
rRNA

()tRNA

tRNA tRNA 5'
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tRNA 10 RNase P( tRNA 5'

) tRNA 3' gptRNA3'

3' CCA tRNA (tRNA nu-

cleotidyl transferase) tRNA

(U Y (tRNA G37

I

Q tRNA 34 Q
tRNA34 tRNA 7-21

7-21 tRNA

I

4 )
5'- 3'-

CCA 108 92

()
intervening sequence IVS) intron)

,
RNA

RNA
RNA 80

RNA

CexoiOo—
RNA ,

i^NA KNA
5' 3'

4

1012

C " 6 al laI2

al 5 bl 1 mRNA
tRNA tRNA 3 3
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RNA
RNA

RNA

RNA Cech
g

(7> /O^memz RNA

6. 4 kb 414 26 S rRNA

RNA
RNA RNA (splicing),

RNA DNA RNA
DNA RNA
RNA RNA

(self-splicing)

ATP GTP (guanosine)

GMPGDP GTP G attacking

group) G RNA 5 ' 5'-

transesterification) 3'-OH 3'

3'-0H 414nt

7-22) 3'-0H

5 ' G 15-
I

3

9 9 4- I

m

—
395

3'

L19
RNA

7-22 RNA
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RNA L 19 RNA( RNA 19

RNA rRNA

rRNA (loop) RNA GU
AU GC 1 100: 1 OOOoRNA

G
rRNA

L19 RNA

Cech L19 RNA L19 RNA

(pentacytidylateC5) 7-23

D C

7-23 L19 RNA

A. ; B. Cs pC G;
C. GpC ; D. Cs pC C6

'

7-23 L19 RNA nuclease)

(polymerase) (ribozyme C5
IQie

RNA RNA

13- RNA

GoH

5'-GGCCCUCU(BAAAAA-3' 13-

3'-GGGAGG-5'

A3 RNA

RNA RNA L1 9

RNA viroid) RNA 300 nt

RNA 51 RNA
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,
(self-cleavage )

(hammerhead)

3 7-24)

19 nt RNA 24 nt RNA, RNA 19 nt RNA

24 nt RNA 24 nt RNA 19 nt RNA
RNA(target RNA)

RNA RNA Cech

1989

H

C C I

G G G .

'
C

A
G

3' C G C G '

5' ppp— G C G C

'
c

cue G—G— ppp 5'

U C G A G C 3

C-G

7-24 RNA
A RNA

B: RNA,11 9 , 124

1. Watson, J. D. , Hopkins, N. H. Roberts, J. W. ,Steitz,J. A. and Weiner, A. M. Molecular Biology of the

Gene. Vol I (4th ed. ). Benjamin/Cummings ,Menlo Park: 1987.

2. LewinJ. V. .Genes V. Oxford University Press, London: 1995.

3. Stryer ,L. Biochemistry (4th ed. ). W. H. Freeman and Company,New York: 1995.

4. Freifelder.D. Molecular Biology (2nd ed. ). Johns and Bartlett Publisher , Boston 1 987.

(
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1954 Gamow (genetic code) DNA(
mRNA)

20 4

3

4X4X4= 64 Brenner Crick

1961 1 2 X

3

3

I960 RNA

1961 Nirenberg

1 polyU,

(

3H"C 3
5S)

8-1) a) (0C)

DNA;(b) 0C)
mRNA tRNA

ATP'GTP 37 C

( ) 3 RNA tRNArRNA mRNA

mRNA mRNA mRNA
mRNA

mRNA, mRNA
1962
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f2 RNA

f2

mRNA

10

T4 20 kD

T4

/?- ^

1 300

mRNA

mRNA

1955 Grunberg-Manago Ochoa polynucleotide

phosphorylase)
, J

RNA+ —(Bh^

3
'-

5 ' RNA
5, …ApApAoH3, +ppA ^=^--ApApApA6H+(B

A" A„+i

RNA DNA RNA;

RNA A U C G
AU AC CU AGCU,

A:U = 2:1
IJ AU UAAUAUAAAUAAUAAAAUAUU

1

96 1 Nirenberg Matthaei ( U)

U, UUU

cil^

U

'

N

n

mRNA î

S

(b)

Q CZ:?QQ
'

W
( C)

1^8-1



AAA. CCC
GGG G (triple

helix)

AC 8

CCCCCA,CACACCCAAACAAACAAA CCC AAA

AC
A/C AC

A C 2A

1C 2C 1A

CCA CAC ACC

tRNA

1964 Nirenberg

-tRNA -mRNA U
-tRNA C -tRNA

mRNA UUU
-tRNA AAA -tRNA

8-1

- -tRNA

8-1 UCU

8-1 tRNA -
AA-tRNA

5'-UUU-3',UUC

UUA,UUG,CUU.CUC,CUA,CUG

AUU.AUC.AUA ^^^^ ^C^^

AUG
GUU ,GUC ,GUA ,GUG ,UCU

'

UCU.UCC.UCA.UCG

CCU,CCC,CCA.CCG

AAA. AAG
1

UGU.UGC

GAA.GAG

' .

Khorana

234>t> 8-2 9
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cKTAC)3 cl(GTA)3, DNA
I

DNA RNA GTPUTP ATP

(GUA) RNA 8-2 CTPUTP,ATP UAC)
8-2

CUCUCUCU……
cue UCU UGUGUGUG…… ,

UGU
GUG

DNA

TACTACTACTAC

A TGA TGA TGA TG

•GU AGU AGU AGUA.

SI

UACUACUACUAC —

8-2 DNA RNA

3 AAG(AAG-
AAGAAG…… 3 AAG) AGA)

GAA) AUC AUC)
UCA) CAU) 8-2) 4

(UAUC) - --

UAU CUA UCU AUC UAU CUA UCU AUC'
8- 2 2 3

(CU)„ cue UCU cue- 5'-CUC-3'

t( UCU
(UG)„ UGU GUG UGl>" ssc UGU

GUG
(AC)„ ACA : CAC ACA— ACA

CAC
(AG)„ AGA : GAG : AGA—

AGA
8[ GAG

(AUC)„ AUC i AUC i AUC- ^[ 5'-AUC-3'
UCA i UCA : UCAm it UCA
CAU

\i CAU i
CALN" CAU

Nirenberg ,
8-3 ,

(
202
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8-3

U C A G

U

UUUl
uuc

,

Phe
ucu-
ucc

>SeT

UAU
UAC

(Xyr
UGU
UGC

Cys
U
c

UUA 1

Leu
UCA UAA UGA A

UUG j

T T

P

UAG UGG Trp G

CUU] ecu' CAU)
His

Gin

CGU' U

C
cue 1

CUA
1

Leu
ccc
CCA

>Pto
CAC
CAA

'

CGC
CGA

>Arg
c

A
cugJ CCG, CAG

, CGG. G

5,

m
A

AUUl
AUC 1

He
ACU
ACC

-Thr

AAU
AAC

• Asn
AGU
AGC

'Ser
U
c

3,

m
AUA
AUG-

Met
ACA
ACG.

AAA
AAG Lys

AGA
AGG

Arg
A
G

GUU GCU' GAU
Asp

Glu

GGU U

G
GUC
GUA |val

GCC
GCA

^Ala
GAC
GAA)

GGC
GGA

>Gly
c

A
GUG- GCG. GAG GGG, G

' 5[-tRNAr*" GUG . (ambiguous codon).

Nirenberg Khorana 2 1

1968

8-3

-

(1) 1 18 1

2

3 ; 4 ;
6

(2) " (unmixed codon family)" 4

(mixed codon family)

6

U C C A U A
00
(3) AUG >
( 4 ) ( U)' ( C);;
(5) mRNA

(frame)
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1 2 mRNA 1

-

(degeneracy) UUU UUC
UCUUCCUCAUCGAGU AGC

A U

C UUA UUG
' CUUCUCCUACUG

tRNA 8 - 3)

DNA
AT/GC

tRNA?^

G— <

G—

0„
G

GGCG'

ACGC G

GGGGG

Gu / / G,

NH2
G—
C —

G

U G*
CAG

GUC

.N

N

N
H

HN

L
N

mRNA

G—

U

G—

<

G —

(

G—'

S

GC

ggugG CGGG

Gu ' '.G A

GG

GAG

cue

204

8-3

tRNA
*

tRNA

mRNA 61

tRNA 6 1

tRNA(-tRNAAia)

tRNA

I ) 6 C
6-

AU C 1966 Crick" " wobble hypothesis )

(1)mRNA
tRNA

(2) 5 '— 3 '

tRNA

C
A

U G



U A G G C U I

3 I AU C 8-4

(3) 8—4

2

tRNA
(4) 32

tRNA 61

2 (
tRNA

G U

C

C G

A U

U A

G

I A,U

C

«

cf >
N=C\

C—

C

V

\ -«

/
C
\
N-

=c

W

tRNA

{ \ f \

"iiljcix/

n III II

S' aGa 3'

-'

«
tRNA

ko^^
-GCU 3' mRNA ' 5' GGC::NA 5' AGG 3

. ~^

' 8-4

ffl: U

A

G, I
U,C A

- AU GC^ -
8-4 S- 4 -
AU GC

205
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1966 6

3 tRNA 6

tRNA,

tRNA 3 3' 2

5' 3'

("wobble" "" " " 3'

^gES^tRNA

4 6^^^^^^NA 1 GAC
UAC 2 tRNA IAC 3

5' U
tRNA 5' U

tRNA XYUXYCXYGXYA
4 XYA XYG

5' U tRNA U

2 [ (XYUXYC) 5'

G

tRNA

AT DNA
U A 0;a74 DNA

A

24%C2 2 >^G2 3%T 31% U

1 2 9 4 ACU 36 ACC26
ACA 3 ACG 2 244

GCU 28 GCC 38 ,GCA 14 ,GCG 6

1 tRNA tRNA

tRNA 11-tRNA,
3'-AUG-5' tRNA

mRNA tRNA 8-

5 tRNA 26 tRNA
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tRNAl^u 1.0 tRNA 4

8-5 recA tRNA

(/^-lactamase) 0^ 74

tRNA

I
96%

2

5. tRNA g^aiilMM^Jigj^
oj tRNA ^^ ^^gjg ggjfj^NA
'

13- »

a

<PX174

tRNA tRNAp

8-5 tRNA 4 tRNA

tRNA tRNAi^e" 1. 0

. tRNA

(1) 5' )U A G

(2) 5'
I U C A

(3) 2
AU C(

GC U( AU
tRNA ,

mRNA
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AUG N- -tRNA

(initiation codon ) N-

tRNACtRNA' AUG

tRNAf^" tRNAJT— 3'-

UAC-5' C tRNA' tRNAir AUG tRNA

fMet-tRNA' IF 2

30S Met-tRNA!r EF-Tu

AUG

fMet-tRNAfM" GUG GUG
AUG 1/30 GUG GUG tRNAf^"

3' -UAC-5' (3')
(5' tRNA^^"

^

3' tRNA 1

UUG CUG
GUG

UAAUAG UGA nonsense

codon)

termination coclon) UAA ochre) UAG
(amber),UGA opal) 3

RF1 RF2
2 RF1 UAA UAGRF2 UAA UGA RF1

RF2

3

UAA
2 3 8-6)

R1 7 MS2

2 8-6 mRNA 2 3,
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MS2AS

MS2

/?-?L«1=K

IIVG

Sl3

t*^ S7

•AGA ] AGC

-UAC

-AAA

-GUU

-AAA

AAU

UAA UAG
ACG-

UAA UAA UAA

UAG UCA

UAA UCGGGGUGA

UGA ACQ

8-6 mRNA 3'

DNA (mutation)

""
(missense mutation)

nonsense mutation)

. 3 61 1

( point mutation)

1

temperature-sensitive mutation) restric-

tive temperature:), permissive temperature:)

abnormal hemoglobin) ' (cold-sen-

sitive)
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(suppression) .
suppressor mutation)

intragenic suppression) intergenic suppression)

() .
(frameshift),

(
8-7) 8-7

DNAi) ( 1.
.

(a)

DNA >

,
II

(b)

DNA, h

DNAi y

i

H

i

DNA,

i
mRNA,

I

i

mRNA2 '"' ^ ' 'M TTrrrri' i " 1 1 m iim

DOOCKIKDfJO-an
' ' ~

'

fi*

*^

1*1 S-7

(a)

,

( b) —.
,

,, AB ,
A

2

67 211
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( GGA AGA)

AGA AGU)

AGA ACA)
,

8-8)

()

suppressor gene)

-
1. misreading)

mRNA

3

UAG 3

UAG ;
tRNA tRNA

tRNAT" 3'-AIJG-5' 3'-AUC- 5' UAG
8-9) 1 tRNA

UAG
UAA tRNA

UAA tRNA UAA
UGA tRNA tRNATfp UGA

tRNA 24

G

A ,>
tRNAT'p

24 L 5nm -
mRNA tRNA tRNAT^p

UGA UGA"" (leaky)

tRNA, tRNA

UAG tRNAT"

3 tRNATyr duplicate gene)

tRNATyr ^ 200 bp

UGA tRNAT'p

UGG
tRNA

A tRNA;
211

"DDOMIH^IDDO
\ 210 H

~
2^
~

H 212 ~\

il

s

s S

8-8



O) (2)
i

(3)

(
3' 5'

A
K J
AUG

(4)

(

(7)

8-9 tRNA(l)^^2)KtRNA 3) mRNA

4) aittRNA;(5) 6) tRNA;(7)

UAG UGA tRNA

50% UAG UGA UAA 1%5%
UAG UGA

UAG UGA

mRNA tRNA

10 " " (context effect)

Q/? RNA
14 kD) 38 kD),

N- UGA
8-10)
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8-10 5% UGA 327

A
I~ i

'I I'l ———1

~

I
mm

AUG' 'uga' 'u agu aa'

AAAAA/W 131 S
~ 95%

A/^j^vJ<^j^WWWVWWVN/V\ 327 S

8- 10 Qi?

UGA

mRNA 3' "

1

4 1 UAA
U C CAA

1

42

172

8-5 S-tRNA

tRNA
tRNA

tRNAfiy 3'-CCC-5' GGG gly Usu 3'-UCC-5' AGG

gtyT 3'-CCU-5' GGA gly Tsu 3'-UCU-5' AGA

GGG AGG

giyV tRNA?'" 3'-CCA-5' GGU

GGC

2. tRNA

A

tRNA 3 tR-

NA^iy 8-5)

8- 5 tRNA?iy GGG GGG
tRNA?'y tRNA?iy

3'-CCC-5' 3'-UCC-5'

AQG,
GGG

tRNA

tRNA

-tRNA

A OH

U
pG

-G
G
G
G
-G

G
t ccc
GAGGC-

Uc"cA—

8-11

tRNAglfo
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3. mRNA 3

(frame) 1 2 ,
frameshift) mRNA CAU i CAU CAU … U

U, CAU UCA UCA UXX ••••••

3

tRNA. -tRNA( tRNAglfo tRNA8&jG)

CCC CCCC( 8-11) ( 8-5)

tRNASi^ 4 mRNA 4

A P 4

-tRNA

4.

30 S-tRNA

30S mRNA-tRNA- ,
(1) (2) (3)

.(S S) i (S S

I

(a) (b) (c) (d) (e) (f)

8-12

(1) A » 2) R R 3)
X X »

(a) b) , S g; C) —
IS , (d) j|,(e) , (f) —
8-12 A

( 8 - 12 R —
8-1 2 X^

X

,
214
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U
C A

Barren 1979 AUA
UGA .

8- 3

2

UGA ,UAA UAG ;
8- 3

DNA 8-6

215

5.

mRNA
mRNA

tRNA

— -tRNA

tRNA

8-13)

8-13 (DrtwoM!'") tRNAT"

G UAG
Q(Q"e"o5me) G

'Ofl

pC—

G

C —

G

D
G

-G
G

C

U

D CUCm*G

% lie i

ocp3U

A— U CGGCC
U I I I I I

A GCUGG

' n m'G TG—Ua
0 —A G
G—

C

G—

C

A —U„

,G

8-13 tRNAT"

/
I

^
J
\



UGA Trp AGA AGG AUA
Met. AUAAUU AUC

Trp

1 3 CGG Trp

UGA CGG ( 8-6 ""
8- 6

UGA AUA
AGA

AGG
CUN CGG

lie Arg Leu Arg

Trp Met + +
Trp Met Ser + +

Saccharomyces cerevisiae Trp Met + Thr + 1
Tonilopsis glabrata Trp Met + Thr 1

Schizosaccharomyces pomhe Trp + + + +
j

Trp + + + +
Trp + + + +
+ + + + Trp

+

G

—

G

G—

C

tRNA"-"

-CGGT AC

CCA TG

T TC TC

A AGAG

:-G

ATCG

TAGCa

G-(

1)"+ " 2 )N 3 )"?" ,
32

1 ,

tRNA 64
'

'

22 tRNA

22 tR-

NA 64

2

tRNA

U

U

4

tRNA A

G

U C
tRNA

2

4

tRNA 2 UGA Trp, lie

AUA Met
tRNA GT CRA D

tRNA T C 7

G

mRNA

8-14 2 tRNA

3' CCA)
-'
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tRNA 3 9 tRNA D 8-

14) tRNA

M:ya>/>Zflsma

capricolum UGA Trp CTe^ra/ijyTnemz ther-

mophila) UAA UAG Gln

COO—
I

H3N+—CH
I

CH2
I

Se

I

H
. selenocysteine Se-Cys)

fdhF 715 140

UGA Se-Cys UGA Se-

Cys 2(RF- 2 26 UGA

( 4 UGAC Asp(Asp

GAC) + 1)

8

DNA DNA 3

3 DNA

DNA

DNA
1976 Barren 0074

DNA £ 237

4 5 6 D. 1977 Sanger B
26 ^ 1 546

A

^4

C 8-15) £

8-16 2 £
217

110

8-15 ^>174 DNA
£ A . £

D

K A r



I

3' DNA A
40(SV40) RNA Q/3 Q17 GA

I

DNA
mRNA ,

8-17

£> --- Val - Glu Ala - Cv
.- Vaf — Tyr - Gly - Thr - Leu - Asp - Phe ---

^j:gi[^_jilM£L!Lii][!r^[^IIiIlll^ UI|G G UIIA C GifC U GIlG A C||U U Ulf^" — —3'

£ -- -G UUGAGGCUUGCGUU U lA U GlfG~irA]|C G ClfU G GIlA C UllU U G --

Met - Val - Arg - Trp - Thr - Leu ---

8-16 (PX 174 DNA £> E mRNA

mRNA 2

mRNA MS2

"" MS2 RNA

3

trpE-trpD CAGGAGACTTTC T GATGGCT

trpB-trpA CGAGGGGAAATCTGATGGAA

8-17
I

~~
I

I~
I

8-18)

+1

AUG

^

1 1308, 1335 1724 176) 3395 3569

^ U':

'

I ~

i

/'»»
/

1678'. +151
'1902

8-18 RNA MS 2

mil
DNA ^, T 7 3 DNA

N
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c

10% 1

20

20

1. , . . . 1992.

2. Fox,T. D. Natural Variation in the Genetic Code. Ann. Rev. Genet. 1987. 21 67~91.

3. Lehninger , A. L. et al. Principles of Biochemistry. (2nd. ed. ). Chapters26. Worth Publishers, New York:

1993.

4. Watson,], et al. Recombinant DNA. (2nd. ed. ). ChaptersS. 1992.

5. Watson, J. A. et al. Molecular Biology of the Gene. (4th ed. ). ChapterslS. The Benjamin/Cummings

Pub. ,Co. Inc. California: 1987.
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RNA ——

2

DNA C DNA

DNA

SO Caspersson

RNA
4"""" 200 .

RNA RNACmessenger ribonucleic acidmRNA)
RNACtransfer ribonucleic acid tRNA) -tRNA aminoacyl-tRNA-synthetase)

initiation factor , IF) (elonga-

tion factor, EF) release factor ,RF)

20

ATP GTP

(cell-free-system)

RNA
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15 000 3X10 3 kD

1/4

400 (
40kD) 10s

2

2 9-1) 2 RNA RNA
20 nm

H H

Q

34 S ft 21

9-1 (
70 S. 70 S S Sendberg, ' 3 S SO S

5 S, 16 S 23 S, RNA 5
S.I6 S.23 S

RNA 4 0, 500,1 000 kD;70S.50 S,30 S 2, l
600.900 kD

£• CO", 30 S 50 S (8 .
4 S 60 S

2 1 1 1( 9-^
30S) 1 RNA(16S1 542 21 ' 50 S) 2 RNA

(238,2 904 5S120 34 3 RNA
350X 10 3 kD,16S rRNA

500 X 10^ kD, 850 X lO^kD; 460 X 103 kD 23 S ^RNA 5S

rRNA 990X103 kD 1 450X IQS kD 2 300X IQS kD
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9-1

Sao.w
(run) R-NA/

( MD)' (W/W)

rRNA

MD) S2CM

70

80

70

55-77

30

36~41

2835
28-40

50

60

22. 5±2. 5 2. 62. 9 2 = 1

28. 2. 8

22. 5 2. 5

22. 2. 2

25. 2. 5

22. 2. 2

22. 5±2. 2

28. 0±2. 8

46—54 22. 5 2. 5

3960

44. 5

53. 3

24. 5

0. 95

1.4

1. 2

1 I. 7

1. 75

13. 1

2.4

]. 652. 5

1

1

1. 1

1

1

1.3

2 ' 1

1 ' 1

1 3

0. 6

0. 7

0. 6

0. 30. 7

1. 17

0. 04

1. 2 I. 75

0. 05

0. 4

1. 1

0. 04

0. 03=

0. 5— 1. 5

0. 04">

16 S

18 S

16 S

1214 S

23 S

5 S

2528 S

5.8 S

5 S

23 S

5 S

4. 5

1625 S

5 Sb

•4. 5 S rRNA 23 S rRNA 3 '- 100

b

*MD

21 S 1S 21

3

4 L 1L 34

S L

S1 9 -2)

9-2 E. col, 2i 34
SEO L 26 L 8 L 7/L 2 L 10 , ,, 3 S S 1 ( 60 kD) ,S 21 ( 8 kD)

, 50 S
1 25 kD) ,L 34 5 kD)
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L 7 L 12 L 7 N
L 12 N L 8 L 7/L 12 L 10

L 26( 5 50 S 1 L 26 30 S

S 20 70 S S 20 30 S SO S

, S 20=L 26

5

4

L 7/L 12 4 1 54

28% 20% /9

S 1,S 2 S 6 L 7 L 12

RNA

L 7/L 12

L 7/L 12; L 16

S1 16S rRNA3'" " ribosomal

RNA,rRNA) mRNA5' S 5 30 S

, S5 30 S 28 S 30%50%
S 5 S 2 S4 GTP

S 4 S 5 S 12 3

core pro-

teinCP); split protein, SP)o RNA
30 S 50S

RNA; rRNA rRNA

9-1

(40 S)
1 18 S rRNA 33 60 S) 1 28 S rRNA 1 5. 8 S

rRNA 1 5 S rRNA, 49

rl^NA rRNA

RNA
9-1) ,

60S RNA
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'
3 :

(polysome)

mRNA —
RNA ,

mRNA 80 1 9-3)

4\ ^^l.^rVr^ , . ^
^ ^ ^

"
a': ' 'i±J LjJ \±J LL^y [±J LU IIJ i 3f '

[

:

lBfno8odii;iJi A
' Ul IM .^ 3i L-^f «5 j!^_ t>tl " ^ * # fc A i . t.}gt 1 ^

i 2 0£ ' '

' --'

'

'

irroM,D '

^ 'RNA

9-3

-oiq 3103) 0: '6&»4?^^^13 '0^

70S

50S 30 S 9- 4) (mathematical re-

construction methods) 50 S

3 30S 1/3 2/3

9-4 9-5 70 S

;^

Stark

angular reconstitution) cryoelectron microscopy)

0. 3 nm 9 - 6)
2.0nm SOS

Stark exit channel complex ,ECC)( 9- 6) ECC
LI (CP) ci?

7 S ECC 9- 6 b 50

81 1 U' h''1^

IS S rRNA SOS 9-7 30 S """"""""""" "" rRNA "h" "h,

9-7 30 S



^^^^

I

•

'

9-4

a , b A B' S , L ,( ) r|

9- 5 £.co/!2
70 S tRNA A , A

30 S 50 S
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(a) 70S

SOS

9-6 70S

(a) 50 S L 1 70S b) 30S

2

9-7 30 S

16SrRNA

RNA "h"

9-8 2 tRNA 30 S 50 S ""
A P

2

L tRNA 2 tRNA "S" A tRNA D-

9-8 2 tRNA ,2 "S"

(a) 7OS ()tRNA (amicodon loop) CCA , P tRNA, b) 7OS ( ( 30S CCA ( 50S.
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P tRNA T- tRNA

30 S mRNA tRNA CCA

70 S 11 nm 5 600 nm\

2 6OOm3 45% 55%

(rRNA)

(rRNA)

2 rRNA(16 S23 S) 5 S)rRNA

rRNA

rRNA mRNA

,rRNA

16S rRNA 1 542

23 S 2 904 5 S rRNA 120

3 rRNA

tRNA

rRNA rRNA

(16S rRNA

1987 16 S rRNA 1 542

RNA

16 S rRNA 18 S rRNA

12 S rRNA secondary structure)

16 S rRNA 9-9 1 542 10

'111'09661115967 1112(„^42^5(147111^151«111^1519 ,
N^- A

mRNA tRNA 16 S rRNA

m^i 518
mzSAi 5"

«

i

16 S rRNA Shine-Dalgarno

mRNA Shine-Dalgarno mRNA Shine-Dalgarno

mRNA AUG mRNA

. IS S rRNA 1 400

C

1 2 nm tRNA P tRNA
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rrOr?:?r?rrV) «

6

•

"

UGA

Ok 0& \i . .ep
-y \ ^.!f """c«„cM .'"^-^

tRNA >...„coc^S'"'rt:^«niHr"S%
":::::?^^^ff^H#::fe::i_f7:; v'-vi'- ' --

:

f / 4 8 k u c "c

^ # jia r^'^'-^

1420^:f
in

III

«- Shine-
15

-

-

'hi

'•(-i

1540 Dalgarno^
I

o= .
9-9 16 S rRNA

5'( C 1 400 1 500

16 S rRNA 1 4001 500 "" 1 404
1 445/1 4961 497 rnRNAtRNA

ISSrRNA Ci4 5 6 -
1]^ tRNA

Watson-Crick IS S rRNA

G

3i,A 746 Ai 4", 2 (G3i,A746)

16 S rRNA

rRNA IS S rRNA

16 S rRNA 79 50 S G791 A 30 S 50 S

ISS rRNA 1 4091 4 9 1

Gi " 6 U Ai Ai 5

UGA Ci 2 Ci 23 UGA
(23S rRNA 5S rRNA ..

23 S rRNA 2 9 4

23 S rRNA 9-10
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9-10 23S rRNA rRN«^|^^(
)

(a) b) (c), d)

( 5'-

23S rRNA 803811 5'UAGCUGGUU3'

23S rRNA 2 803
811 2 0302 615 A2 45lC2452-tRNA P

EF-Tu EF-G EF-G 23 S rRNA

1 67 EF-G 2 660 I
-sardn

'U ) H n

5 S rRNA 120 5'-

"Y ( 9*11)

5S rRNA

16 S rRNA 5 S rRNA 18 S rRNA

rRNA RNA

16 S rRNA 3' mRNA 5 '

5 S rRNA 313 4 48
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51 5 SrRNA 4 bp( 3 bp)

CGAAC 9-11) 5S rRNA tRNA
T C GTWCG RNA-RNA

1 rRNA RNA-

G A U
'

I I Hi G
C U r

9-11 5 SrRNA," • "0—1«;(£)(1^,11,12?11,^12),

-

()
9-12

16 S rRNA 3'-

N

6
-

i 518 1 519 Shine-Dalgarno
mRNA S 6S 11, S 15, S 18

mRNA S 3S 10S U S 19 - (U) tRNAPhe ^
()

"

3 : L1
12

L 27L 18 5 S rRNA 2 L 7/L 12 L 10( 9-l 3 (a) (b))

P L 19 ( 9-13 C) ifi,/t
9-13(d) (e)

^"^^

X 5 S rRNA L 5,L 18.L 25 5 S rRNA a (
9-11) 5 S rRNA L 18 23,24,51 ,54,566467 G L 18 Is^^S

(Leu-Gln-Glu-Leu-Gly-Ala-Thr-Arg-
) 5 S rRNA 5 S rRNA

i^'^L: G=l=
5 S rRNA US

^m^ff^Tf^f
L 18L 28

5
S rRNA, L 18.L 25

5. 8 S rRNA
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(b) (d)

9-12

(a) b) c) (d) IF1,IF2,IF3

EF-G EF-Tu e) 16S rRNA 3'- 5'-

9-13

(a)b): . 1

L

7/L12 , t'): 5S rRNA,23S

rRNA , P,M,E d) e)
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9-2<

9-2

rRNA

mRNA
R

A

P

GTPaw

E

16S 3' SD

leS/m'G 526

16S/G 530,A 1 492,A 1 493,

A 1 408,G 1 494

23S/803811,

16S/1 393-1 401

16 S/C 1 400A 1 500

16S/1 3921 408

23S/1 030~1 130

23 S/ I ,575745
V ,2 0302 615

23 S

16S/787795811820
23 S/2 3062 313,2 7502 757

S21

S 3.S 10, S 14, S 19

S7,S 11, S 19, S 18

S 13, S 19

S 5,S 9,S 12, S 18, S 21

S 12, S 13, S 19

U

7/12, L 10. L 11

L 2,L 16, L 23

V

30S

50S L 7/L 12

L 1

S 12

50 S

3 rRNA 53

19 68 rRNA
30 S

16 S rRNA 21 (—" " (self-assembly)

rRNA

,
9-14

3 S SO S 3 S 9-

1 4 16SrRNA 15

16 S rRNA ^
,

0C 40 'C or+ ^215 26S ——^30 S
21S 15S 21S

23 S rRNA

+ O'C 44T fi-p

5 S rRNA-——^^33S 41S ——-~^48 S^50 S

34Li
42^+1 34L lOm^gO^l+ZL

50S!

|

9-1 4 30S,50S

A
( , 30 S rRN'A 7~1 3 S

IS S rRNA; 1? L 23 S rRNA. 3 L 5 S rRNA.

{
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21 S 6 30 S

16SrRNA rRNA
5'

50S 2 3 S 5S)rRNA,

9 -

1

4

2

3 S rRNA 5 S rRNA

20 L 33 S 41 S Mg 2+

(0 C) 50 C 50S

_tRNA

-tRNA

tRNA ATP,mRNA 3 tRNA
'

40 tRNA

tRNA

22 24 tRNA DNA tRNA

„ -,tRNA

350 tRNA tRNA

80 tRNA 4 4

521 9-15 a, 9-15 b) X tRNA

L-

9-16)

tRNA 5'- 3'- tRNA 3'- CCA

tRNA CCA

tRNA 3' ;
CCA 3' tRNA (nucleotidyl

transferase) CTP ATP CCA

tRNA 3'- A -tRNA

(anticodon) mKNA _CCA

EF-Tu GTP tRNA, -tRNA

A CCA , C U
C EF-Tu —CCA 3'-

A NH3+

tRNA
9-1 5 b 9 - 3) tRNA
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queuosine, -
9-16) tRNA

3' 37)( 34 ) tRNAr^a A G
l3< 1/3

90% AG C tRNArAi»mil37

20%30% , tRNA 38
39 40

tRNA tRNA 5975
tRNA

tRNAM" tRNAMe'

(a)

(521

«5

9-15 a RNA
tRNAs tRNA , 11?\>«, W:Y=«, R=, H= , 1^ + , 9 26 S10 G

G, 521 , D
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75

— nr.'C

70

Um.Cm

9'

9-15b RNA

tRNA . (y),

2 '- 9 - 3

TM'C TM'C

3'- 3'-

"

[

9-16 RNA

tRNAP"" 2

« . '
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9-3 tRNA

tRNA

2' -0-

N 2
-

N 4 -

N1-56-
3-(3-#(»"3- •)
N2N2-

3-

5-

5-
"

5- S"2-

5-

queuosine

^-D-manosylqueuosine

/?-D-galactosylqueuosine

Wybutosine( Y)

Wybutoxosine( wybotosine)

N 6 -

N 6 - S
N6- t6A

N1-

N1-

2' -0-

N 7 -

5-

2' -0- -5-

Um,Cm,Gm,'*'m

m^G

ac^C

miA

D

acp^U

m?G

cm^U

mcm^U

mcm^s^U

m^C

Q
manQ

qalQ

I

yw

o2yW

i«A

t«A

mt«A

m'G

m'l

*in

m'G

m^Um

1, 13, 20B, 25, 26, 28, 30, 31, 32, 35, 36, 38

40, 45, 46, 47A, 50, 54, 55, 65, 67, 68, 72

4,13,18,32,34,39,44,64

6,7,10,26

12

14,58

16,17,20,20A,20B,47

20A

26

32,47C

34

* 34 Y UmO

34

34,40,50,72 05'

34

34 --"

34

, 34

37

37

37

37

37
'

37

37

38

46

54

tRNA . ( 9-1S b,3^j^,^3-«

Q Wye ( Y n*^*

Q Quo R =H
(queuosine)

manQ R= /?-D

galQ R = ;?-D

1^

Wyo= Wyosine( 'YtR =H

c- Wybutosine( *Y'

)

^ :R=—CHz—CHa —CH—NH—COOCHj
t COOCH3

Peroxywybutosine( 'Yr. Yw Y
R=—CH2 —CH—CH—NF^COOCHs

I I

OOH COOCH3

T
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tRNA tRNA -tRNA

tRNA

ATP -tRNA)
tRNA -tRNA -tRNA

-tRNA

-tRNA tRNA

tRNA 20 -tRNA

tRNA

tRNALy' 2 -tRNA

-tRNA

22

-tRNA (" (climer)(a2)

("4"2/^2) 300900

* ^^^^ :T

-tRNA 4 M- at

(aggregate)

1 000 kD 11;
-tRNA

10 ( 9-4)

3 (ATP

tRNA tRNA

tRNA' N- ' nu-

cleotide-binding fold) motif )
/S- a-

" "signature sequnce) ATP-

tRNA C-

3
a-

N-
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Arg Ala

Cys Asn

Gin Gly

Glu Asp

He His

Leu Lys

Met Phe

Trp Pro

Tyr Ser

Val Thr



-tRNA -tRNA

(AA-AMP)

AA+ATP'-t

AA-AMP+PPi (1)

AA-AMP tRNA

tRNA

AA—AMP+tRNA ,

—tRNA
AA-tRNA+AMP (2)

1) 2) H
AA+tRNA+ATP'"

AA—tRNA+AMP+PPi (3)

(3) 1, tRNA

ATP 30. 51 kj

PPi 2

9- 17

tRNA3' 2'-0H 3'-0H ;
3'-0H

20 mRNA-tRNA
tRNA-tRNA

-tRNA (proofread-

ing) tRNA(cognate tRNA)

tRNA -AMP
-tRNA

tRNA tRNA

9-18 tRNA —AMP
tRNA Ile-tRNA S|

AMP tRNA"', Val-AMP tRNA

-tRNA tRNA L tRNA

9—19)
Gln-tRNA tRNA D-

(minor groore) Asp-tRNA
tRNA major groove). tRNA

(amicodonarnO tRNA
tRNA
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s

K

HK-tRNA

9-1 7 -tRNA tRNA

S PP;

H
R-C——C-0-

I II

*NH3

S

II

-P-O-CHa
0 0

1 !!SI
I

H H
H

5'-

OH OH ( tCSt-AMP )

O—CH2

I

CIOIP--0

o

OMUPIO-o

fr

o

b̂

oo="p—bo

c=o

He
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RCH
^COOH

9-18 -tRNA

9 - 5 tRNA1 5 Ala-tRNA G3 • U70 bp
tRNA

-tRNA tRNA" " " "secondary code)
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9-19 -tRNA

tRNA(
9-5 — tRNA

tRNA

G3 • U70

A20

U35

L34

G1 • C72.G2 • C71,A3 • U70,C11 • G24

G20.G34.A35,A36.A73

jnRNA
9 - 3) ' mRNA

mRNA 45

8090
mRNA

mRNA .
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, mRNA

aurintri-

carboxylic acid )
(pactamycin )

mRNA

50 S/ 30 S 50 S/ 30 S)

1 min

9-20)

sparsomycin )

""
""

®

9-20

© "" ""

; .
30S/ 50S

30S/ SOS): ;©

mRNA

mRNA
mRNA 5'

3 ' A) 7-

mRNA 5' 9-21)

mRNA mRNA
5'- 3'-

mRNA 5 '- pppA pppG
3'-

mRNA 20200
mRNA 5 '- 5' mRNA

mRNA

400
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UGA AUG

(a)

s'ppp

'

1 2

(
3 3'-

(b)

AUG
7 MeG.ppp.^^^^^^^I

3'- (A)

9- 21 RNA
(a) mRNA; (b) mRNA

mRNA 3'- RNA
mRNA (translation regulation)

()N-

N-

(fMet)

9-22)

tRNAfMe'

Ni°-

0=/ V
H

CH,

CH,

CH,

N- S (fMet)

Met-tRNA" 'fMet-tRNA^Ni°-

-tJ^NA

tRNAfMe', tRNAr tRNA:r

tRNA?^" tRNA^ tRNAr(
tRNA^e' tRMAr

3
3' 5 tRNAfM" A

tRNA?^" 5' C tRNAr C

(Mel)

9-22 N-
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5' G ; T C, tRNA^e' T CA tRNAr G;, tRNA^' 3' A, tRNAr ' A
-tRNAf 30S-tRNAm .

()
30S fMet-tRNA?^et mRNA

50 S 7 S mRNA
mRNA

AUG

30 R1 7 A mRNA
E3(colicin E 3 )( 16S

RNA 3'- 59

RNA RNA mRNA-rRNA mRNA rRNA

1975 Shine

16 S rRNA 3'- 5'-PyACCUCCUA-3' Py

mRNA AUG 5' 10

AGGA GAGG( Shine-Dalgarno

AUG ( GUGUUG ) 9-23)

AGA GGAQ/?

A

Qfi

Q/3

A Cro

fl

<fX 174A

174A'

i>X 174B

174E

RecA

GalE

GalT

Lad

LacZ

LIO

L7/L12

RNA 86/?

mRNA. 16 S tRNA 3
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CUG
CUU
UUA
AUG
uuu
AAU
UUG
AGG
GCG

AUC
GGC

AGC
CCC

CAA
uuc
CAU
UAU
AGC

AGU
UGG

AUA
GUC

CUA AGG
AAU
AUG

UAC UAA GGA

UUG
AAA
GGU

AAU GGA AAC UUC
CUU GGA GGC uuu
CUG GAG GCC ucc

UCU AGG AGC UAA
UCG AGG CUU GCG

UAG AGG GUA UUA
AUG ACA GGA GUA
CUA AUG GAG CGA

GAU UAA GGA ACG
UUC AGG GUG GUG
ACA CAG GAA ACA
CAA GGA GCA AAG
UCA GGA ACA AUU
GAG CUG AGG AAC

CAU AUG ecu AAA UUA
AUC AUG GCA AAA UUA
UGC AUG UCU AAG ACA
UGU AUG GAA CAA CGC
cue AUG AAA AAG UCU
UUU AUG GUU CGU UCU
ACU AUG AAA UCG CGU
AGA AUG GAA CAA cue
UUU AUG GUA CGC UGG
AUA AUG AAA CGU ACU
AAA AUG GCU AUC G
AUU AUG AGA GUU CUG
ACC AUG ACG CAA UUU
AAU GUG AAA CCA GUA
GCU AUG ACC AUG AUU
CUA AUG GCU UUA AAU
UAA AUG UCU AUC ACU
ecu AUG GUU UAC UCC

16 S tRNA 3'- OH AUUCCU CCACUAG 5'

9-2 3 mRNA

(
l(i S tRNA 3'- ^ 1(5 S tRNA 3 '-- .



Shine-Dalgarno R17A

6 16 S rRNA 3' (G • C

A • U ) A
mRNA-16 S rRNA

Shine-Dalgarno AUG( GUGUUG)
Shine-Dalgarno AUG
mRNA mRNA

Shine-Dalgarno

mRNA SOS S 1S 4S 18, S 21)

mRNA
ISS rRNA-mRNA

mRNA mRNA
mRNA -

tRNA

()mRNA
mRNA

5' 3' 5'

mRNA DNA mRNA
3'— 5' mRNA

5'— 3'

mRNA
(

• mRNA • tRNA

3 gp:IFl

IF2 IF3 3 30 S GTP GTP

IF2 IF1 2

IF1 IF2 IF3

IF1 16SrRNA G529G53Ai429 Ai493 IF1

-tRNA 16 S rRNA IF1 -tRNA-tRNA A 30 S IF1

G GTP IF2 IF2a IF2b

mRNA IF2b IF2a + 47 1 IF2

IF2 IF2 IF2 • GTP • fMet-tRNA?*"

IF 3 tRNA IF 2 fMet-tRNAMe"— -tRNA Met-tRNAr^' IF2

IF2 GTP GTP IF 3

IF 3" IF3/? N 6
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IF3 mRNA
16 S rRNA 700 79

840 1 500 9-9)

700 790 -tRNA P
IF3

16 S rRNA 3'-

mRNA
fMet-tRNAf

AUG IF3 SOS

50S

9-6 3

9-6

(kD)

IF1 9 IF2

IF2 100
GTP fMet-

tRNA,

IF3 22

mRNA .
16 S rRNA 3' «

EF-Tu 43
SSt-tRNA A

EF-Ts 30 EF-Tu-GTP

EF-G 77
$"tRNA mRNA

A

P GTP(
RF1 36

S~tRNA UAA
UAG

RF2 38
36"tRNA, UAA

UGA

RF3 46 RF1RF2

p3QS-

70S

70S

9-2 4

fMet-tRNA?^" mRNA IF • 30 S • GTP , fMet-

tRNAf*" IF2-GTP 30 S

SOS . GTP 9 - 24 )
70S

B

() tRNA

2 tRNA P() A(
at) 9-2 P A 30S SOS
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mRNA -tRNA

mRNA -tRNA

()
-tRNA

-tRNA A
tRNA -tRNA mRNA P

:
( 9-25)

EF - Ts GTP

9-25

5^ EF-Tu EF-Ts EF-Tu -tRNA

A EF-Tu GTP EF-TU • GTP (EF-

TU • GTP complex) -tRNA EF-Tu • GTP •-tRNA

A P fMet-tRNAf^" -tRNA GTP

EF-Tu . GDP EF-Tu

100 000 tRNA

EF-Tu tRNA

GTP GTP •
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EF-Tu •-tRNA) tRNA A

GTP tRNA

^

GTP -tRNA EF-Tu GTF

Powers tRNA 16S rRNA

GTP EF-Tu

S

4S 5 S 12 16 S rRNA G530 912915 RNA

1981 Rheinberger U) 3 tRNA

2 tRNA A P tRNA E (exit

70 S A P tRNA

E

3 9-26) APE 3 tRNA E

P mRNA 5 ' -tRNA P E

A -tRNA -tRNA A
E -tRNA E

9-26 3

EF-Tu -tRNA A EF-Ts

EF-Ts GDP EF-Tu EF-Tu

GTP , GTP-EF-Tu EF-Ts EF-Tu-GTP
-tRNA 9-25)

2 tRNA mRNA 6 bp,mRNA
U A E l" 6 Agrawal
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^ (cryoelectron microscopy ) 1Q S 3 tRNA

\|
APE 3

*f
E tRNA E

^ tRNA ,A tRNA tRNA

E tRNA -
^ tRNA A E E -
-

1989 Moazed Noller 23 S rRNA tRNA
' (hybrid site) -tRNA CCA P

23 S rRNA E

I

6 S rRNA P P/E

-tRNA CCA A 23 S P

I

6 S rRNA

A

,

A/P tRNA 23 S rRNA

i , 3 tRNA 6

^
()

]

(Peptidyl-

transferase)o 6 L 23 S rRNA 6 5 S

rRNA 2 -tRNA

P tRNAA -tRNA

EF-G GTP EF-G GTP EF-G
GTP GTP EF-G 1 GTP'

1 2 GTP K+

Mg 2+

1992 Noller 23 S rRNA

1

ribozyme RNA 1994

' Purohit Stern RNA rRNA mRNA tRNA

/ RNA
RNA/

:
; (RF )

tRNA tRNA

tRNA

tRNA ,
3' . tRNA tRNA

tRNA (release factor, RF)

RF1 UAG UAA, RF2
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()
-tRNA, ( )-

250

UGA UAA
GTP

-tRNA

P

9-27) P

tRNA

tRNA RF

GTP

GTP RF

RF3
RF1 RF2

RF1 RF2 RF3

GTP GDP

SOS

(ribosome releasing

factorRR) RR

mRNA
-tRNA

RR
GTP EF-G

°4

NH

c=o

HjN—C—

H

I 2

K

H

9-2?

1

, tRNA 3 '-

S t[

A
NHj



1

()
30 S 3 S

30S -tRNA A

( -tRNA A

(
50S

()
50S -tRNA"" A

,
GTP

GTP

GTP ATP—
GTP

(IF2EF-Tu.EF-G) tRNA GTP

GTP GDP Pi

-GTP GTP

GTP

GTP GTP,
50 S 4 L7/L12 GTP

t GTP

GTP ,-tRNA GTP

GTP -
tRNA -tRNA A EF-Tu-GTP

, mRNA-tRNA

( 10—" -tRNA
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«

-tRNA-EF-Tu-GTP ATP—GDP

5' 3' (P)PPGpp

tRNA A
idling reaction), ATP

pp5'-G-3'-0H(GDP) PP5'-G-3'pp tRNA,

A mRNA Pp5'-G-3'pp pp 5'-G-3'pp

ppGpp 1969 Cashel I (magic spot I MS I )

pppGpp I (MS I )
, r I A

• mRNA • tRNA
, a(p)ppG+pppA Kp)ppGpp+pA

(P)PpGpp 2 mRNA A
tRNA "" SF (stringent fac-

tor)" " reM

77 kD PPpGpp ppGpp

PPGpp " "
tRNA rRNA EF-Tu EF-Ts EF-G
533411234 7101112
PPGpp PPpGpp ""

rRNA tRNA

(stringent response)

relaxed mutant ) rRNA tRNA
SF SO S L11" "

tRNA

(1) mRNA mRNA
mRNA,

( 2 )

( 3 )

( 4 )
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mRNA 5 '-"" 7 - (m 7GpppN) 3'-

50200 polyA) 9-21)

mRNA ,mRNA
""""

(GpppN-) mRNA,

mRNA mRNA poly (A)

mRNA mRNA
poly(A) mRNA poly(A)

(PABP) poly(A)

tRNA

tRNA tRNA

9-7 9-28

3

( )43S

eIF-3 80 S 4 S 60 S eIF-3 1

eIF-4C(eIF-lA) elF- 2 GTP

Met-tRNA' 40 S 43 S

( 9-28 a)

()mRNA
e:[F-4AeIF-4BeIF-4E ATP 43 S mRNA elF-4A

mRNA eIF-4B mRNA AUG
eIF-3 40 S mRNA elF-4E" I "(cap

binding protein,CBP I ) mRNA eIF-4F CBP I

CBP I eIF-4A 220 kD P220) eIF-6 60 S

40S Met-tRNA^ mRNA 5'-

mRNA AUG 9- 28 bi)

CBP ATP mRNA 5' 4 S

CBP mRNA 5' elF- 4A elF- 4B mRNA
43 S mRNA 50100

Kozak , ' CCACC^G 43 S

mRNA 3' ' " AUG

tRNA eIF-2 ' 48

S 9-28 b2)
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9-7

(kD) (kD)

eIF-1

elF-lA

eIF-2

eIF-2B

eIF-3

eIF-3A

eIF-4A/eIF-4/9

eIF-4B

eIF-4E(eIF-4a)

eIF-4F

eIF-5

eIF-5A

eIF-6

15

18

130

272

550

25

44

80

25

270

60

15

24

15

18

a36

/338

755

a 26

/? 39

/58

567

£82

a35

y336

/40

SAA

e47

fee

7115

eno

25

80

25

/?44

mo
60

15

43 S 48 S

GTP Met-tRNA,

eIF-2 • GDP

eIF-2 • GTP

40 S . SO S

mRNA 4 3 S

eIF-4C

GEF,anti-HRI

60 S

RNA ATP

mRNA 43 Sn

mRNA 43 S , AUG

RNA ATP m

m

, mRNA 43 S

elF- 2 GTP eIF-2 eIF-3

elF- 2 elF- 3 SO S

SRt

GO S .

CBP- I

CBP- 1

eIF-4D

43 Sn 43 S , CBP: GEF:GTP-GDP

( )80S

48S 60S

elF- 5 elF- 2 GTP eIF-2-GDPPi
elF- 3 40S • Met-tRNA'mRNA . 60S

9-28 c)

Met-tRNA'M" P
-tRNA -tRNA
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9-28

()
EF-Tu EF-Ts eEF- 1

EF-G eEF-2 9-2 5 ) eEF- 3

eEF-1 a/>%4 eEF-la

50kD EF-Tu GTP -tRNA -tRNA

GTP eEF- la eEF-1/3

EF-Ts eEF- 17 eEF- 1^ GDP-GTP

eEF-lS eEF-l/? eEF- la^yS

EF-Ts —
eEF- 2 100 kD EF-G GTP

-tRNA A P Nilsson eEF-2

GTP e£F-2 GDP GDP GTP

10 eEF-2 Thr56 • Thrss

'

eEF- 3
120125 kD GTP

GTP ATP,eEF-3 Uritani.
I (introductory site) eEF-3 eEF-l" • GTP •-tRNA

A tRNA
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eEF-3 ATP -tRNA

()
I

eRF eRF 115kD
I.3UAA,UAGUGAeRF

GTP

(diptheria toxin)

(shigella toxin) ricin)

mRNA

()
60 (denaturation) "

"" " (re-

naturation)„ 60 Anfinsen A
(1 96 1 AB

S—S

," "" "
() ft

(U) (I),

(N)

:
""
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hydrophobic collapse)

„

Oas Kim

16 , 4358

I

4 2033

30 51 Cys

Cys 30 Cys 51

Ptitsyn a-

"-" "melton-globule state) „

( (
()

;

(CO

-

translational) (post-

translation) /?- .
N

, 95 >^

folding

helper)

1. i (protein disulfide isomerase PDI)

(peptidyl prolyl cis/trans Isomerase ,PPI) o
-

... .
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,

2. Laskey

nucleo-plasmin) DNA

(molecular chaperone). Ellis

""

-70

(stress- 70) (chaperonin)

(1)

-

7 70 kD
-70 N ATP C

-

7 heat

shock proteinHsp) 70Hsp 70
(assembly)

Flynn - 70

Bip

Bip

ATP

tl

Bip

GroEL

9-29

GrpE

ADP + GrpE

Dnaj Dnak

DnaK.DnaJ GrpE

— 7

Hsp 7 DnaK, DnaJ (—
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GrpE(— DanJ DnaK

• DnaK • DnaJ 9 -

2

9 a) DnaJ DnaK ATP

( 9-29 b) DnaJ DnaK-ADP DnaK-ADP

GrpE ADP DnaK S-29 c )

DnaK ATP ATP

• DnaK • DnaJ

(2) - 60(cpn-

60), 14 60 kD
GroEL cpn-60 -10(cpn-

10). 7 10kD
GroES cpn- 10

*

GroEL GroES

GroEL "" ATP

GroEL ATP.

GroES ATP ATP

(flexibility)

.

,
•

() N '
(peptide deformylase)

3

( .
(preproinsulin), 1^^ 24 N
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pre-peptide) (proinsulin)

^

,
A,B

'1

()
1. Cys (disulfide isc

merase)

2.

X

Pro-Gly(X Gly 4- 3-. 5-

.
(core-specific lectin )

3. .
(cross-linking)

e- (allysine) 2

®

(aldol bridge) 9-30); 6<

(glutaminase)

Collaqen

CHj

CH^ S
CH,

CH,

CH,-NHJ

£-

CHO

,CHO
(

"I— CH - CH? -CH,- CH, —

<

".CtV NH-CHj-CHz-CHj-CHj-

9-30

4 .

(prothrombin) y- ca 2+

K
5 .

C^
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9- 8

9-8

Aar -W -c^S

ADP-
- r xA- oft

Bit AUh^- 1 ;§1/^- 1

* 4f ;«
^

(dipbthamide), ADP-

5- ;
S

S 3- 4- :
S : ; tRNA

fC ;
-

(
(N- ) (0-

>

()

- 3

(1)

.
-CoA

( 2 ) N- N-

( 3 ) - (GPI) C

GPI- GPI-anchored protein )

()ADP-

ADP- NAD+
N- 0- ADP- (diphthamide

,—) N N- ADP-

ADP- C "-
ADP- ADP- ADP-

RNA I
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()

'
-CoA N N-

()
(mediator)

^

()C

C C

()
3'- -

5'-

9-3])

9-31
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) ,

2( co-translation) . N

( )

()

()
N

1336 N
10 15 (

C

9-32)

BPiWl AlolGly |P F9MCTI^fr^lCT|"^|M[^ra|BSi[^|^r^f^|Thr |GlnjBJBlIBB

'
I

9-32 N 29 S

signal recognition par-'

ticleSRP) 9-33) SRP

SRP SRP-

SRP docking protein,DP) GTP
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(signal sequence receptor ,SSR )

..
3

SRP

SRP

N-

SRP 1 300 TSL-

RNA 6 6

9 kD L4 kD 19 kD
54 kD68 kD72 kD 2

GTP 54 kD

68kD/

72 kD

2 70 kD " 30 kD

/? a

SRP 7SL-

RNA SRP " a

SRP
. ; DP

,

;SSR, : ER, .

GTP/GDP SRP /?

SSR

3

4 kD 23 kD

SRP negative regulation)(
SRP

C ,
, ,

() ,,
264



) Bip

Bip)2 grp

78 grp 94) KDEL( Lys • Asp • Glu •

Leu) C- KDEL C-

HDEL(H= His) integral

membrane protein) anchor) stop-transfer

signal)

2 I N C I C

N I I(

Bip Hsp70

/ Bip

(1) (lipid doHchol)

2 N- 9 3

CHs CH3 CH3
I I IHO—CH2 • CH2—C—CH2—(CH2—CH=C—CH2)„—CH2—CH=C—CH3

H
• " = 922)

(2)

N-

(3) 3 14
( 4 ) ,

N-

-

' NH Man AcG~Gal SiA

HC—CH2—C—N—ACG—ACG—Man AcG—Gal—SiA

Man AcG~Gal SiA

AcG:N- : Man: ; Gal: , SiA:
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(cisterna)

(
(vesicle)

'

6 o^^M^o
k<

^
• "

;
IP

' 9-3 4

""
9-34)

GTP
ATP (coat)

(adaptor)

9-35),

- 9 — 35 ,, ^
ri=t^==t!^ (itutive seeretin) (bulk flow);

(clathrin), (secretory vesicles ),

(ex—sis) ===(endocytos's) 9-34)
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(endosome

-6-

f

translocation for post-translation)

9-9)

3

(quasi-soluble)

9-9

(
N- 1230

N- 25
79

11 C- SKL* 3

* SKL Ser-Lys-Leu

()
9-36) A 4

(1) 42 kD

(2)

(3) ATP

(4) N
ATP

B
C

C.,
D

b2 A)

N" "
( matrix-targeting signal ) " " membrane-targeting

signal Mg2+ ,
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N )
" "stop-transfer sequence)

9-36

AS ;OM; IMS 11\4;M

3

Tom 2°pTom 22pTom 7°p " " protein transloca-

tion motor)

()
5

2025
GTP GTP

(motif) Oep34 Oep86

()

100 125X

103 kD 9 nm C

nuclear localization sequence NLS): NLS " " (im-

portin karyopherin NLS " "
-/? importin-/? binding domain, IBB) y3

^

GTP Ran(small guanosine

triphasphatase, Ran) GTP 2

9-37

()
C Ser-Lys-Leu

268
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1 (peroxisome-targeting signal 1 PTS1)

N 11 (consensus motif ) PTS2

PTS1 Pas8p PaslOp PTS2

Pas7p Pas8pPaslOp Pas 7p

(

9-37

(
J!^

. Mm
SecA ^

SecB

9-38
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N

560856€360£56€¥ SecB

'

SecA SecA ATP SecA

•

ATP ATP SecA SecE/Y( )'

(leader peptidase) 9-38

.
1. . . 1992. p.l0 715 4 .

"

2. . . .
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(gene expression)

f

.
(
(

. 0.01%2%

DNA mRNA mRNA

(transcriptional level)

mRNA mRNA
(translational

level)

mRNA
(£.«>zn,

1

,
2 000 4 000

600800
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ATP

copy) &
(/^-galactosidase)

/^

460 kD 4 116 kD .
3 000 /?-

1.5%

'

20kD) 53 20% 2 000

EF-Tu(
100 000

100 200

E."^"

/3- 3 000

1/1 000

inducer) inducible enzyme)

20

end pro-

duct) repressive en-

zyme) (corepressor)

mRNA,
mRNA /?- 50

/?- mRNA
1 /?-

mRNA I

\

—
I

(constitutive proteins),
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1) mRNA; (2)

3)

regulatory protein)

(positive regulator) negative regulator).

(constitutive mutant )

activator)

Francois Jacob Jacques Monod 1960 Proceeding of the

French Academy of Sciences)

(/?-galactosidase) (galac-

toside permease)

(operon) operator) (theory

of operon)

1965

Jacob Monod

() /3- DNA
DNA RNA mRNA

, mRNA '
DNA 10-1

'

(lac operon)

10-1 /9- (Z) (y) .
thiogalactoside transacytylase) yl)( 3
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lac

Jacob Monod

,(/ )
lac i

,' DNA
re-

pressor)^
' ',, —

\

'

1

Y
1 A

1

RN\
j (O),

'^^^^ y zy >i

J»t m / "
(

10-1 (lac;

') DNA P

lac

10-1)

(allolactose) £. co/fz.

lac^ - 1 000

/5-

isopropyl thiogalactoside,

IPTG)

IPTG IPTG

£. col!
35 10 )

10-2)

274



,

—35 -10
I

GTTAGTGTA|TlGA^TGATAGAAGCACTC-TAC[f7TTinCTCAATiGr,TrrArr,r.r

GT - AT AT A -|

'

"̂— Z ^GCA

10-2 DNA £• coil RNA

DNA

^—.

—

'

(3)

10-3 DNA
(a) DNA b)

(1) 2)DNA DNA 3)
DNA . DNA 4 ) » 110130

275

A

_

>

CCCT

ACCC

C

T

-!
>
.i-

^
A

AACTAAT

G
C

ATTGTTA

AA

GT

GT

GTCC

T

i»h

•

m

-i
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i
I

nuclease) DNA

DNA

DNA .
DNA '

(foot-printing method)

(finger printing method)

10-3) DNA

DNA
inverted repeat)

(near repeat DNA lac

24 bp 16 11

10-3 10- 4

10- 4 lac

lac mRNA 1 , 1 1 ,
lac

X DNA
DNA ^ £.a>/z

CAP ACro A a

DNA 10—5)
DNA - A 2

3 "-, Cro CAP A 3

A B-DNA(3. 4 nm)

3 3

DNA
3
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TIATIAAITAITCIGAIT

^

AITTIAAIT

GI
GIC

S
t

CIGGIC

t

AITGIC

t

TIA

t

GIC

t
E

1

A

t
J

1—

A

f

AIT

1f

AITGICGICTIA

I

—TIA

i

ICIG

c
i

AITTIATIAGIC

-f

A

Til
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. A

a- 434 X

COOH

DNA-
(NHj

10-5 A N- DNA C-

"-
10 DNA a-

DNA DNA a- --c^-

(helix-turn-helix) (motif)-- DNA - -
a- 79 /?- 20. DNA

recognition helix), DNA
DNA 434 Cro

( 10-6)-— Zn finger) leucine zipper)

DNA

30 4
(Cys)

(Cys) (His) (^+
DNA

T

4 32 gene 32 protein)
. DNA

.
2 "-
7 1 . "- .
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XCro >l Cop

lU-tS 1+ 1A
f;t:':j t'iG'

ACro, A Cap) "- ^
"-. "-

,
10—

7) ( glucose-sensitive operons), ()
,

.
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==m
A-

3510 825

10- 7

(
RNA DNA

RNA
RNA 21 DNA mR-

NA 21 lac RNA. RNA
RNA

RNA
" ()

mRNA

(corepressor) /9-

(allolactose lac

/3- . lac

niRNA 10-8)

( 1 )
.

'GCACCCCAGOCTTTACATTTATGCTTCCGGCTCGTATGTTGTGTGGAAT T G T

G

aGCGGA T A A C * A T T T C AC AC AGG A A AC AGC T A T G-3'

-35 -'0
, ^

\ / (8)

(2)

10-8 DNA mRNA

(l)DNA 2)e 3 )

—— S
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•-H
y

' $ ^ ^

i

•••

mRNA

r

mRNA

I

10-9 /?-

(
/3- mRNA

10-9) 10-10)

(a)

'

(b)

+

s '

Z . Y
+

e II mRNA

m

280

10-10 mRNA
(a) ; b) a
(1) , 2 ) ;3-



AMP

*
catabolite)

AMP(cAMP) (cAMP)

cAMP ATP cAMP
(adenylcyckse)

(phosphodiesterase) cAMP AMP
cAMP 10-11)

AMP lac mRNA
(cataboUte gene activator protein CAP) CAP 45 kD

cAMP DNA

6^ CAP

CAP RNA CAP mRNA
RNA

RNA ,CAP RNA
RNA CAP DNA

cAMP

10-11 AMP

CAP RNA



CAP cAMP RNA

10-12 10-

1

3)
^= SG9

C / • f i 2 S

- ' ,

"

-
- ^^^^^"^^X

RNAHft^l
"^GTGAOC<KiATAACAATrrCACACAOGAAACAGCT>VTOACCATC

DNA B

CCnTGTCGATACTGGTAC.

.

CAP i9 DNA& 12

10-12 E. coli

CAP IP ?1«

K

RNA

mRNA

1. cAMP

2. CAMP

3. cAMP

(IPTG)

4. cAMP

5.

RNA

6.

RNA

m

7. CAP

8. RNA

mRNA

10-13 CAP cAMP

IPTG)

(arabinose operon)

C C BAD
araB,araA araD 10-14)

C

C
AMP CAP C CAP

C

C 3 , araIaraOi araOz

10-15)

araOi C C C
mRNA C autoregulated) C
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. aral araOz CAP

BAD

cAMP CAP

C

. aral

ara02 DNA
10-15)

C

BAD RNA
aral CAP-CAMP
aral C

C

araO^

RNA BAD

C BAD

(a)

C

C'

B

-

I

"

I

'^

^^5

10-14

5-

(

araO^

c-

araOi aral

-4-

C mRNA
CAP-

BADmRNA

(b)

1. A

c

(=

CAP +

araO?
ara Uj

aral

C mRNA

O, araOj

^^^^^^^
CAMP

jraO,
0> aral

BAD mRNA

10-15

(a) b) 1. C 2.C cAMP

*

3.C 5^ . A. BAD C 8. BAD ,C ; C. BAD V

C .
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cAMP BAD

(lac C CAP

C

DNA RNA

A CAP

coll CAP

DNA
CAP

RNA RNA
RNA CAP

CAP RNA RN

A

CAP lac

CAP C CAP

C

(r/>)

5 tfp £DCI^A 10-16)
5 trp mRNA

(corepressoO. ,r/>

r/> ,, r/) mRNA
mRNA— r mRNA

(

r/> 10-1 6)/^6
(terminator), RNA ( 10-16 3 4

8 (U) (attenuator ) RNA
RNA

I

39 ( 10-1 7) 3 R^A
1) 1 2 ; 2)2

3 2 3 3)
RNA U: 2
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10-2) 4
-

7

P0
trpE trpD trpC trpB

-

trpA

mRNA

-^t'/'niRNA

(1)
i

(2
i

(3)

i

(4)

i

(5)

i

(6)

10^16 E. coll up

(1) 2) 3 ) 4)

-n ||;(5)/?- i|;(6)a-

10-2 S

i(
-

tC GEDA

S- tC

B

pppAAGUUCAc^

Met Lys Ala lie Phe Val Leu Lys Gly Trp Trp Arg Thr Ser

Met Lys Arg He Ser Thr Thr lie Thr Thr Thr He Thr He Thr Thr Gly Asn Gly Ala Gly

Met Thr Arg Val Gin Phe Lys His His His His His His His Pro Asp

Met Thr Ala Leu leu Arg Val lie Ser Leu Val Val He Ser Val Val Val He-

•••lie He Pro Pro Cys Gly Ala Ala Leu Gly Arg Gly Lys Ala

Met Ser His He Val Arg Phe Thr Gly Leu Leu Leu Leu Asn Ala Phe lie Vel—

"•Arg Gly Arg Pro Val Gly Gly lie Gin His

Met Lys His He Pro Phe Phe Phe Ala Phe Phe Phe Thr Phe Pro

Met Thr Thr Ser Met Leu Asn Ala Lys Leu Leu Pro Thr Ala Pro Ser Ala •••

… Ala Val Val Val Val Arg Val Val Val Val Val Gly Asn Ala Pro

CGACCCAUAGACUAACGAAAUOCCUACCACU,

I ' mc Kj\r\ t nr
•

A Oqj^q^ gCuUUUUOUOGAACAAAAUUAGAGAAUAACAAuGCAAACA.

(
10-17 trp RNA

RNA^ 10-18 2
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3 (3 4 ) ,RNA

trpgl

2 3 4 RNA

1 2 trp

S

' ^
b'

I

\jrp mRNA

10-18 trp

a. 3 4 .RNA , up ; b.

2 ;c. trp 2 3 3 ,4 RNA' trp rnRNAid. AUG 1.2 23

'
,

10-19

GC
AT 10-20

zr/)
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P,0 L E D C B ^
1

a

(
10-19 rrp

P . a L £D.C£M trp

(0) (P)

h GC ~~

5' iAGCCCGC'iCT lAATiGARiCGGGCfiTTT

—— AT ——

ffTTgIAA iCAAAA TT

3';TCGGGCG:GAiTTAiCT:CGCCCGA:AAAiAAAACiTTiGTTTT;AA

UUUUUUUU—()H 3'

mRNA

10-20 trp

GC AT

leader

peptide)

16 8 4 10-21

A. Met- Lys- Arg- lie- Ser- Thr- Thr- He- Thr- Thr- Thr- lie- Thr- He- Thr- Thr

( 5' AUG AAA CGC AUU AGC ACC ACC AUU ACC ACC ACC AUG ACC AUU ACC MX 3'

B. Met- Lys- His- He- Pro- Phe- Phe- Phe- Ala- Phe- Phe- Phe- Thr- Phe- Pro- Stop

( 5'AUG AAA CAC AUA CCG UUU UUC UUC GCA UUC UUU UUU ACC UUC CCC UGA3'

C. Met- Thr- Arg- Val- Gin- Phe- Lys- His- His- His- His- His- His- His- Pro- Asp

( 5' AUG ACA CGC GUU CAA UUU AAA CAC CAC CAU CAU CAC CAU CAU CCU GAC3'

10-21 mRNA
A. ; B.

15 7

1 mRNA
tRNA

]^" mRNA RNA
RNA 7
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AUG

68 19 74 Shine Dalgamo
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H3 135 15. 3 13 10
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•
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3
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DNA C- (C-value),C-

C-

1

2-12 (phyla) C-

350



5X10S 5X10' 5X]0' 5X108 5X109 bp
_

1

10 10 10 10 10 10 bp

12- 12 C-

C-

CS."rez^z5!'ae) 1.3X10 7 bp
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R. J. Britten and D. E. Kohne, Science. 1968. 161 : 530.
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5.8S
18S

I

28S

I_.

45S rRNA 45S rRNA
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P
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12-10 - (rubisco)

DNA 5 ATP I I

b/f

I I

45 RNA 27

18 ; 10

30

12-10 DNA

(kD)
)
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3
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1 2
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1
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U1 RNA U1 snRNP mRNA , 5'

15-

5' mRNA

5-1

l

^ks—U—A—A—G—U 3'

3''^~>~''~^-'*~»~~«~^ A U U C A cap
5'

U1 snRNA

1 +

2

5'
, =iGUc= lAi— iAGt= '3'

mRNA

12-37

U1 5 ' ,

U

2 U4-U5-U6

U

2 snRNP U1

U

2

5' 3 ' U1 3' U1 U2 mRNA
U4-U5-U6

U5 5'

ATP U1 5' U1 ,U5
mRNA 5' U4 U6

U6

U

4

U6
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U6 U4
5',U6 U2 U2

U2 U6

snRNAs

12-38) 2'-

5' 1

1
3'- 3'

U2U5 U6

RNA

U6 snRNA .A

G

G

-ACAGAGAUGAUC ^0
C U A G u U2 snRNA

A A_/

G
\U G U A G U A 3'

3' H

2

hG A- -A C A U C U A-

V

5H

1

"FG U 7

mm\IA

12-38 U2 snRNA

U6 snRNA

H. D. Madhani C. Guthrie. Cell. 1992. 71 803.

; ATP RNA mRNA

RNA RNA

RNA

(TVfnz/o/memz 6. 4 kb

1

4U 26 S rRNA 12-

3

9) Thomas Cech

RNA^^,
RNA, DNA 6 . 4 kb

DNA RNA

RNA DNA RNA,,
4 14 RNA

ATP GTP ATP GTP
ATP GTP , GTP

GTP GMP.GDP GTP

G G ,
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RNA 12-39)G RNA 5 '-

5'- 3'-OH

3'-0H 3'- 4 1 4

12-39 — RNA

4 1 4 G

RNA 19 L19

RNA

3'-OH 5'-

G

I

5 G
3"

4 RNA RNA L19 IVS (linear mi-

nus 19 intervening sequence

I

9 Ll 9 RNA
rRNA

RNA— RNA stem) loop)

12-40) RNA AU GC GU:GU AU GC=1 100 1 000
rRNA

G 32 Mm),

G (pocket)(

1

2 - 41)

5 '

CUCUCU) guide se-

quence,GGGAGG) 12- 42) 5'

G 3'-0H
3' -OH

rRNA

(stereospecific)

L19
RNA



12-40 RNA

I
T. Cech. RNA as an Enzyme. Copyright ® 1986 by Scientific American , Inc.

-3'

1

2 - 4 1 RNA

B. L. Bass and T. R. Cech. Nature. 1984. 308:820.
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15 RNA
4

RNA 395- L19 RNA L19

RNA I®

L19 RNA G
Cech L19RNA, L1 9 RNA

(C5) L19RNA
12- 43) Cs C4

C3
L19 RNA RNA

RNA Cs U5

As Gs Michaelis-

Menten Cs 4 2 tim,kCj

0. 033/s 2'-0H -Cs

Cs L19 RNA

Michaelis-Menten

395- RNA

RNA

,

1

2 -43) 5

C RNA

G

Cs 4 5 C

G 3'-OH G

C -GpC

C,

, pC

L19 RNA
GpC Cs

Cs GpC L1 9 RNA
-GpC OH- 3'-0H . pH

Cs C6 Cs

C,

382

C UC UCU

U

RNA(

1

2 - 4 2

T. Cech. RNA as an Enzyme. Copy-

right ® 1986 by Scientific American, Inc.



RNA L19 RNA

Q
101° ,RNA

RNA
RNA RNA 4

(building block) 20 RNA
RNA

(ribozyme) L19 RNA

D

12-43 L19RNA

A. ; B.Cs pC G C4; C. GpC D. pC Cs

' C6 A.J.Zaug and T. R. Cech. Science. 1985. 231:473.

DNA
DNA DNA

( DNA
RNA

RNA RNA
DNA RNA
DNA;

DNA 'RNA

M, RNA RNA ,

mRNA (Chla-my-
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donionas) RNA

I

I
2'-0H( 12-44)

RNA tRNA

14-

I I

5' 3'-OH 3'

I mRNA
(A 2'-

OH) (G)

mRNA

12-44

I I I ' mRNA

snRNAs P. A. Sharp. Science. 1987. 235:769.

Phillip Sharp mRNA RNA
I I

I ,
.

RNA
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1. Lehninger , A. L. , Nelson, D. L. and Cox , M. M. Principles of Biochemistry (2nd ed. ). Worth Publishers,

(Chapters 23. )1993. •

2. Stryer ,L. Biochemistry (4th ed. ). W. H. Freeman and Company, (Chapters 33 and 37. )1995.

3. Lewin.B. Genes V, Oxford University Press , (Chapters 22,23,24,25,26,27 and 28. )1994.

(
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60 Monod Jacob

70 DNA

20

DNA
cDNA) ,

(flanking)

,

4 DNA,

DNA (

1

3-1).
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mRNA mRNA

13-1 A); (B)

DNA

DNA

DNA DNA ,
10 510 7

DNA
DNA
( DNA

DNA

DNA
DNA DNA

13-2) DNA

C-5 !
DNA DNA
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13-2 DNA DNA

« «
, DNA" "

N

6 N- 7 13-3

A) N- 7 06

13-3B) DNA

A
B HO

I
1

H CH,

H

N

\ Ni

0'''HN

CHz

CH,
I

NH

H—N—C
H

N-H

H
'"O

N

H
T : A C :G

13- 3 DNA
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-
A=T van der

Waals pocket) A==T DNA
DNA

DNA 6090 DNA

(structural motif) DNA
(zinc finger) - - (helix-turn-helix)

DNA

( zinc finger)

13-4

DNA
(zinc finger protein) steroid receptor)

^

S
f#

%.

#
%
•

# zir+
(

,

13-4 SP1 3

13-4-X2~4--X3- -X;- -X2--X3-

2/ 2

23 lin-

ker) 78

RNA DNA

TF I ACRNA DI 5 S rRNA) 5 S 5 S rRNA eIF2/?

DNA
TFHA 9

ADR1 2

SP1 DNA 3 13-4)
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13-5 TF HI A 9 DNA

DNA

DNA 5 bp,

9 45 bp 5 S rRNA

5 S rRNA

TF HI A

TF HA

B»TFIC,TFIBfP RNA U 5 S

rRNA
TFn A— RNA n TF I A

DNA

RNA H m
13-5 TFKA

9 5 S rRNA

Q

fP
I

DNA

/vOooooS-

o

o o

dbg,oo
€~i

o
cr
o

O (i

—
^ Cy*):';

.

'' tz/'V

.

.

^

13-6 1
DNA

2

390

(

Zn2+ 2/

2

DNA

13-6)

2/ 2 2/ 2

1

DNA 2

1
DNA

(GRE

ERE
DNA



GRE ERE 1

13-6 GRE ERE

()- -
DNA

A Cro DNA
DNA -- a- /?-

DNA "-
DNA

DNA

(homeodomain)

DNA (homeobox)

DNA
DNA 3"-

l

3 - 7 f"grciz7eW

DNA 3 DNA
DNA 3

2 3 --
1 2 3 N .

DNA

13-7 DNA

«3 DNA .« 2

«3^«. N- .
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DNA RNA

DNA DNA
. 2 4

Cro DNA, lac

DNA DNA

homodimer); hete-

rodimer) DNA DNA-
--( - helix-loop-helix,HLH)-- -- (HLH HLH

4050 amphipathic)a-

)
15

I

6

13-8 "- HLH

13-8 HLH 1 2 1024
HLH 1

13-8 MyoD HLH

DNA HLH HLH HLH
(basic HLH protein , bHLH bHLH

1 4

6 HLH Id)

bHLH : E12

E

47 ,

element) MyoD myogenin) Myf- 5

myogenesis) [ counter-part)]

bHLH

E12E17

MyoD

Id

MyoD

Id

MyoD

Id

Id 6

1

MyoD Id

2

Leu Ser Lys Val Asn Gin Ala Phe Gin Thr Leu Lys Arg Cys Thr

Leu Tyr Asp Met Asn Gly Cys Tyr Ser Arg Leu Lys Gin Leu Val

Lys Val Gin He Leu Arg Asn Ala He Arg Tyr lie Gin Gly Leu Glu

Lys Val Gin He Leu Glu His Val lie Asp Tyr He Arg Asp Leu Glu



da MyoD AC-S
bHLH

bHLH DNA
DNA HLH

bHLH DNA
E47 E12-E47 MyoD-E47

DNA E12 DNA
MyoD .
HLH DNA

DNA HLH .
E47 E12 E12 DNA HLH

W /

bHLH

DNA DNA DNA

( DNA
DNA

( leucine zipper)"-
"- ,

7 -
«-

l

3 - 9 "- -
"-

(coiled coil) .
30

DNA- DNA
DNA

Y ,

Y
"- DNA

GCN4
GCN 4

40

GCN4 9 bp

13-9

DNA

C. R. Vinson.?. B. Sigler and S.

L. Mcknight. Science. 1989. 246:911.

S
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GCN4

DNA 13-10) DNA

TATA H n(TF I D)

TATA TFID

vimiym^

DNA
S

88 147 221 281

13-10 GCN4

GCN4

AMP(cAMP) cAMP

cAMP (CRE) 8 bp DNA
5'-TGACGTCA- 3'

3'-ACTGCAGT-5'

cAMP CREB) 43kD DNA
CREB DNA

CRE cAMP CREB cAMP

G A(PKA) PKA CREB

CREB

GCN4 CREB

API( 1) API 2:

Jun J"" 1-^""

"B_;'"" 3

Jun API

Fos,c-/^wr-/^w^-
Fos Fos Fos (Fos-related antigens ,FRA)

,

Fos

Fos Fos Fos Jun

Jun-Fos Jun-Jun Jun-Fos Jun-Jun DNA
API

ATF-CREB 13 IS 78

(combinational association)

DNA --
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DNase I 200 bp

DNA

5' 1 000 bp 5'

3'

DNA DNA
CpG I!S CpG

HI (ubiquidn,—.
) rRNA

DNA H2AH2B
H3 H4 DNA

DNA
HI(

100 200 DNA
10

DNA

— RNA .
:

DNA
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DNA

DNA

RNA
DNA

5 ;

100 000

100 000

RNA

3 RNA

RNA 3 RNA
13-1) RNA

I

IS S 5 . 8 S

2

8 S RNA
RNA (SS rRNA) RNA RNA ID

RNA RNA n RNA
U1 snRNA

I

13-1 RNA

a-

I 18 S,5. 8 S 28 S rRNA

mRNA snRNA

tRNA 5 S rRNA

RNA RNA

DNA 5
'— 3 ' RNA

RNA
RNA , ' 500 kD 8 14

RNA RNA

I RNA I RNA
I 3 812 11 ;

220kD UOkD), RPB1 RPB2
/5 , 220 kD) (carboxyl-termi-
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nal domain,CTD) ------
RNA 1 27 CTD 50

CTD

RNA I CTD 10

RNA I 3 RPB56 8) RNA
I

m

RNA
Amcim'f^z phalloideso

(-amanitin) RNA I

mRNA 1/xmol/L)"- RNA m

I

RNA RNA

RNA
RNA

3 RNA
RNA

RNA
I

HI

RNA 1

RNA RNA

RNA RNA

'

RNA I

RNA I
RNA 11

U
DNA

(-)RNA
I

RNA I
RNA

I

rRNA 13-11

RNA
I

(core promoter) 45+ 20)
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RNA
I

CTCCGAGTCGNNNNNNTGGGCCGCCGG p ^^ ^>

' ::.:-:..::":;:!^.:.
-170 -160 -150 -140 -130 -120 -110 -60 -50 -40 -30 -20 -10 + 10 +20

1

3-11 RNA 1 , 70 bp

UBF1 SI.1 RNA
I

upstream control element UCE) UCE 180 107

GC 85%
°

RNA I
: UBF1 SL1 UBF1 UCE

SL1 UBF1 SL1

DNA RNA
I

RNA
I

UCE RNA 1
UBF1 UCE GC UBF1
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RNA
I

UBFl I

SL1 SL1

.

SL1 4 TBP( RNA I 11

RNA
I TBP

GC DNA DNA SL1

TBP RNA SL1

SL1

RNA TBP

RNA H n 3 RNA
positioning factor)

TBP

(-)RNA n

RNA n 5 S rRNA tRNA

(internal promoter). RNA
RNA ID RNA 11

snRNA( RNA) 13-12 RNA DI 3

1 2 1 (3

(sequence element) 1

(box)A C 2 A B 2 A B

1

A

C

2

3

OCT PSE TATA

A

B

13-12 RNA in

I

3 - 13 3

TF n A TF I B TF D C 1
TF I A C

TF IB C TF 1 C TF I B TF ffl B

TF IC RNA U

2 TF I C B A TF ffl B

TF II A TF M B TF ID C TF I A TF I C,TF ffl B , RNA ID

TF ID B RNA D TF M B

DNA TF H A TF 10 C TF HI A TF ffl C
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(assembly factor) TF U B RNA RNA
I

SL1— TF I B TBPTBP RNA

RNA n 3 13-13 3

TATA PSE OCT snRNA RNA I

RNA m RNA I snRNA RNA
III RNA HI TATA PSE

OCT

1 2

TTIIIB

4^

A

C

TTIIIA

TFIIIC

ss

TFIIIB

^
A

B

TFIIIC TFIIIC'

Hi

13-13 RNA IB TFU A TFIEC

TF M B RNA

U

DMA .
TFBC

TATA TBP[TBP TATA-binding protein (TATA-] TBP TF m B SL1 TBP
TF HI B SU
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DNA TATA TBP

DNA . RNA M

RNA n DNA
DNA preinitiation complex)

RNA m TBP RNA

()RNA I

RNA 1

element)

100 bp

RNA H

RNA
RNA 1

RNA I 3-
(1) (basal factor) RNA

RNA 1

(2) (upstream factor)

(3) (inducible factor) fe

* (response elemem)

constitutive gene)
,

(housekeeping gene)

1. RNA 1 RNA I. basal transcription

apparatus;),

generic) RNA 1

TF I X(X .
. .

mRNA
A A PyzCAPys initiator
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Inr) Inr RNA I

RNA I TATA TATA TATAAAA
100 TATA

A T TATA A=T
TATA 25

TATA TATA (TATA-less pro-

moter)

TATA
Inr RNA I

RNA I

RNA I DNA
13-14 TF I D TATA

TF I D TATA TATA TF I D

TBP- TBP-associated factors TAF) TF I D

TAFs RNA
RNA U TF DIB

I SL1
TF I B SL1 TBP TAFs

TBP DNA 30 kD

DNA ( DNA-

TBP DNA

N TBP DNA
TATA DNA 37 25 TF I D

45— 10 TBP DNA

TF I A( 2 3

TAF TBP TF I B , 10 + 10

TF I F RNA I TF I F

DNA (helicase) RNA
I

TF I F RNA I

TF I F RNA I RNA
n

+15 +20 TF I E +30
TF I E TF 1 H TF TF H H

RNA I CTD RNA
I

RNA n

TATA TATA. TF I D TATA TF I D
Inr Inr, TF I D
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TFII A

TFII B

-40 -30

TATA

-20 -llO

^.^

+10 +20

13-14 RNA a

TF I D TATA ,
TATA TBP RNA

I RNA IB

20 500 kD RNA I 10

500 kD
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RNA I RNA
RNA a <y RNA

RNA ^

RNA a

RNA ][ CT RNA 1

RNA I

RNA RNA

TATA TATA RNA H

TATA TATA
TATA

-

2. RNA I RNA I

Inr TATA

100 bp

/?- 13-15

100 . Hela

(:(,TAGAGCXACAC(:(.T";TAA(-'ATCTGC TCA CAC AW. ATA "M; A(AO(,A( (:CA"":Ar;AGrATATAAG(;T(;A«;TA";ATCA(,Tr«rTCCTCACA

13-15 /J- 3

TATA,CAAT GC



3 30 75 90

3 /3-

3 30 TATA TATA

75 CAAT GGCCAATCT

CAAT 90 GC GGGCGG
5' 3' TATA

CAAT GC

13-16 3 3 4

TATA GC CAAT (octamer 8 bp.
—

SV40
I i 3

I i 1
~y~~

H2B»^ 4 4 k -

~1

A
-140 -120 -100 -80 -40 -20 \ ~

j

CAAT GC TATA

13-16

1030 bp— DNA
RNA I

RNA H , .
RNA I

DNA
13-2 DNA

20 bp DNA 10bp

DNA

[
(activating structural domain)] 3
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13-2 RNA n

DNA (kD)

TATA TATAAAA ~10 bp TBP 27 7

CAAT GGCCAATCT ~22 bp CTF/NFl 60 300 000

GC GGGCGG 20 bp SPl 105 60 000

ATTTGCAT 20 bp Oct-1 76 7

ATTTGCAT 23 bp Oct-2 52

kB GGGACTTTCC 10 bp NFkB 44

kB GGGACTTTCC ~10 bp H2-TF1

ATF GTGACGT 20 bp ATF

(1)SPl GC SV40

GGGCGG CCGCCC
SP1 SP1

SV4 5 GC SP1 105kD DNA[ DNA (DNA-binding domain)] C- 3 SP1

2

5% SP1

( 2 ) CAAT CAAT CTF

CTF

CAAT CTF1 CTF1 5. 5 kD DNA-- DNA DNA
CTF1 20%

CAAT C/EBP ACF C/EBP

GCAAT ACF CCAAT C/EBP

C/EBP

DNA CAAT
CP, CAAT CP1 -
CAAT CP 2 y- CAAT

CAAT

IJ

CAAT H2B

CAAT 13-1?)

CAAT CAAT
CAAT CAAT- CAAT-displacement pro-

tein CDP) 13-1 7 CDP CAAT CAAT-, CDP
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F*€3WiW l^QkAW 3 ^TAT-m

(

n)p

13-17 H2B

CDP CAAT. CAAT .
Oct-1

H

2B( Oct-1: Oct-2, Oct- 2 Oct-1

Oct- 1
Oct-2

Oct-1

C/EBP CAAT CAAT,
DNA DNA DNA

DNA^^^DNA
(3)GAL4 UASc up-

stream activating sequence, UAS)

GAL 4 DNA

C-

GAL4
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3. DNA

;
DNA IS-

IS DNA
DNA

(connector )
DNA

GAL4

GAL 4

UASc GAL 4

3 DNA
GAL80

13- 18

1

3-19 GAI"

N-

6

5

GAL4

1

48196 768881

DNA
GAL4

659 4 GAL 4

DNA
DNA

65

DNA

65 94

768 881

851 881

GAL80

13-19 GAL4

851881 GAL80 GAL80

GAL4

DNA
DNA

1

3-20

LexA N- DNA LexA) LexA DNA GALA DNA

UASc gal LexA DNA

UASg GAL4

T)NA

GAL4 DNA LexA DNA

DNA
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UASq LexA

iGA"

^^^^
LpADNA^

13-20 GAL4 DNA

LexA DNA GAL4 DMA .
I .

I.i'xA 1^.;^91

tat RNA tar

tat DNA h

13-21 H1V tai t'J /ri IS

HIV tat DNA
tat DNA ^ RNA
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tar 13-21 tar tat

tar tat tat

tat

tar tat

13-21 tat DNA
DNA

DNA
DNA ""

DNA

enhancer)

(
SV40

5.2 kb)

(UAS)

,
SV^O

72 bp

l

3 - 22

API

,
B B

-
DNA

MMTV) DNA ,MMTV(
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CCAGCTGTGGAATGTGTGTCAGTT >

GGTCGACACCTTACACACAGTCAA TCCCA CACCTTTCAGGGGTC CGA6GGGTCGTCCGTCTTCATACGTTTCoTACGTA GAGTTAATCAGTCGTTG

AP4 API AP3 AP2 API

13-22 75%

-

DNA
DNA loop)

. 5

5

mRNA

.
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RNA I

mRNA, 5 ' 3 '

RNA mRNA
mRNA

()) )
()

(re-

sponse element) heat shock response element ,HSE)

(glucocorticoid response element GRE ) (serum response element

,

SRE) 13-3

13-3

DNA (kD)

HSE CNNGAANNTCCNNG 27 bp HSTF 93

GRE TGGTACAAATGTTCT 20 bp 94

TRE TGACTCA 22 bp API 39

SRE CCATATTAGG 20 bp SRF 52

:
copy) .

200 bp

;
HSE GRE

RNA

.
heat shock genes) mRNA-

RNA 10

(HSE)

HSTF 20

' HSE HSE,
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STF HSE HSTF

HSTF HSTF

HSTF HSTF

metallothioneinMT)

13-23

_

13-23

TATA GC

TATA GC (basal level

elements BLE), BLE TRETRE
MT BLE SV 4 TRE API

API API

TRE (phorbol) TPA (—

API TRE
(MRE)

MRE
GRE 250 bp

-
()



regulatory

transcription factor) (.
13- 4

-

13-4

^"Q^T^^^FQ^

^

^^
HSTF

8?

API (Jim/Fw)

^^^^

^)
^5

NF-kB

^
HLH
(MyoO/IO)

1.
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2.

(HSE)

(HSTF) HSTF HSE HSTF

HSTF

API API Fos Jun

Jun

3.

13-24)

(GRE) GRE -

13-2 5 )

30(
homeostasis)

D

metamorphosis) ecdysteroids)

A} ' (chick

limb bud)-
cDNA

(super-family)

(ligand-responsive) DNA

415

V

y I

A

-4

13-24



13-25

D A

DNA

DNA, DNA
N- C

DNA
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C-

GRE

GRE

GRE

ERE

C- 30%57%

DNA

half site). 04 bp

(GR) (MR)
(AR) (PR)

TGTTCT (ER)

TGACCT
(T3R) D (VDR) RAR) 9-

(RXR) TGACCT
RXR

lbpVDR 3bpT3R 4bpRAR 5bp

4. NFkB B K ,
I-«B (— NF/cB

NF/cB B NF/cB I-zcB

GAL4 GAL4 UASc UASc

GALSO GAL4 GAL4
GAL 4-GAL80 GAL 4 ,,

5. - (HLH}

HLH bHLH)
bHLH DNA HLH

DNA F( 13-26)
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bHLH DNA HLH DNA

HLH

1

/

Y

MyoO/EI2

AC-S/da

\ £12 / Id 1

Y

DNA

l

3- 2 6 HLH bHLH DNA
DNA

emKextramacrochaetae)

c/a(daughter-

less) achaete-scute complexG4C-S)

da bHLH emc

HLH emc Da AC-S

Emc Emc

DNA
Emc AC-S/da

bHLH
MyoDMyoD myogenic cells)

MyoD MyoD-E12

MyoD-E47 MyoD

HLH Id MyoD / El 2E47 DNA
Id E12E4 7 MyoD Id E12 E47,

Id Id MyoD( E12
E47)

HLH bHLH

HLH
bHLH HLH
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mRNA

.
mRNA mRNA mRNA

5' 3'

mRNA
mRNA

mRNA RNA
()mRNA

mRNA mRNA
mRNA (alterna-

tive splicing), mRNA
mRNA 5' 3'

mRNA

;,
DNA

()

I

3 -27 A)(
13-27 B) SV40 T t'^

()
1.^5(€&1(&011;11)

1

3-28) 6 2

4 (l^mRNAmRNA
6. mRNA I 2 3 5 6 5

(calcitonin gene related peptide .CGRP)

•
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(A)
A, A,

DNA

Y////M

5'
{
^ 3 ' (A)

DNA

Al A2

j
•AAA(A),

mRNA

(a)

AAA(A),

mRiNA

-AAA(A),

(b)

-AAA(A),

13-27

(a) 2, Ai A2) b) 2 3' ,

I CGRP
5 6

2 3 3 4

AAA(Aj„ AAA(Ai„

mRNA

CGRP

13-28 ^
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2. , B pre-B lymphocyte)

C

13-29) B .
B C

RNA

"V

B

13-29 A. B ; B. B

13-30 IgM(
M) IgM mRNA constant region) 6

2 B M2

6 4 4 2 Ml
M2) 41 C- Ml M2

IgM IgM B

B mRNA

/^4 mRNA Ml M2 IgM

C

Cp

6
11 III

^1 m2 m3 m4 mi M2

«
RNA

M2 ,
mRNA

Ml M2

mi 1

r mMAAn

RNA
A<4

mRNA
4

~ ^iAAAAn

13-30 IgM
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3. SV40 mRNA

T 100 kD) t 18 kD) 13-31 SV40

mRNA
T

mRNA

t
3' 5'

mRNA

JL
T mRNA

TmRNA tniRNA \

i
T

100 kD

t

18 kD

13-31 SV40 T t

(
SV4

3 ' 5 ' T
t

T 5'

t 5 ' mRNA
Adenovirus) E1A

3 ' 5'
3 (

I

3 -32}
tra 5 ' 3 '
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SV40 T/t 5'

3'

E1A 5' — 3'

289

243

] 55

tra 5' 3'

SV40 T/

t t

t mRNA

t
mRNA

al-

ternative splicing factor ASF)

SF2 SF 2-
RNA .

RNA -
RNA mRNA

3' 5'

SF2 3 '

5' 5 ' SF 2

SFS

5'

()

13-33 X
Sxl(Sex-lethal) Dsx

(double Sex), Dsx

Sxl s:rl 3 '
(X >

mRNA

(X ) mRNA

Sxl sxl RNA

Sxl transformer(Zm)

13-32) mRNA
Sxl 5'

3' 3 ' '
mRNA. / rcz

zr" 2
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^

4
Dsx

/<

^•«*^^^jr^

^ Tra2

Dsx

13-33 L>."ie/""og""fA")

Tra 2 Tra 2 :r Tra Tra2 SF2

- RNA tra2 Tra

dsx Tra Tra2

13-34 dsjc

Tra

Tra2) 3 5 ' 3'

4

4

Dsx

Tra Tra2) 3 5 '

4 3' mRNA

4
6 Dsx
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, 5:rZ

SxlSxl Zra Tra Zra2

Tra Tra2 Tra2 c/5:r

mRNA
3' Tra Tra2

SF2 SF2

()
RNA RNA

(cis-spUcing)

RNA trans-spli-

cing)

03^/>c^mwome) mRNA
5' 35 leader

sequence )o

RNA
RNA 3'

13-35 RNA 35

5'

mRNA mRNA
3'

13-35 mRNA
RNA 3'

mRNA 5'

5 ' GU 3' AG
5 '-2'

Y

Y 13- 35

Ce/ega"s) actin) 3 mRNA
( RNA) 5' 2 2

100 RNA RNA

5' RNA RNA (spliced leader RNASL
RNA) SLRNA
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3^
f 100

U
G

A AG -

mRNA ]
A AG

Y

35 mRNA

13-35 SL RNA ,
mRNA



3- (stem

-

loop) snRNA

U2U4 1/6 snRNAs U1

U5 snRNAs SL RNA
U1 SL RNA U1

snRNA 5' SL

RNA U1 snRNA-
SL RNA

13-36

a^/am_y^^mo"a5)
psa 3

1 2 50 kb 2

3 90 kb

1 2

3

RNA

RNA mRNA

mRNA

H"RNA RNA editing)

mRNA DNA
DNA mRNA mRNA

RNA
DNA RNA

DNA
DNA

(B

DNA
DNA DNA

RNA
RNA mRNA

RNA DNA RNA
mRNA

;
13-37 B(apo-lipoprotein B,apoB)mRNA
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75 /
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apoB

apoB 512kD apoB-100

240 kD apoB-48

apoB-100 4 563 apoB- apoB-100 N 2 152

apoB- 48 apoB- 100 C ,
apoB-100 LDL(

B 29

-

E II I III |||

2 153

CAA UAA

smmm.
mRNA
4 563

mRNA
UAA

2 153

13-37 "/>^^/
mRNA

.
4 563 mRNA

apoB-100 apoB-48?

mRNA mRNA mRNA 2 153

CAA DNA C

U UAA

C U

RNA C—U RNA RNA
apoB mRNA C U .

apoB 515—," mooring)" 11

mRNA

>^

427



RNA RNA
apoB

(postsynaptic) (cation-spe-

cific channels) RNA mRNA (CAG)

(CGG) Ca 2 + Na+

A G

I oxr H (frameshift) 13-38

co:r H mRNA
4 (

mRNA
mRNA

mRNA G
ISSLGIKV E N L V G V M

A TATCAAGT T TAGGTATAAAAGTAGA G A ACC TGGTAGGTGTAAT DNA
ij

1

I SSLGI KVDCI P G R C M

13- 3 8 co:r II mRNA DNA 1

4

RNA 13-

39 brucei) cox I mRNA
DNA mRNA 7

7

yAy^yGuuuuGIUUGUUUAUUAUGUGAUUAUGOUUllUGUUUUUUA UUGG UAUUUUUUAGAUUVA

yyyAAyyycyyGAyAAAyACAyilliyAUUUGiJuuGyyAA mjuuuuuG uymjo ycuuuu ugouu

uagguuuuuuu g uy^yGyyGyyyycyAyyAijGAyiiGAGuyyGyyGUu^^^yyi^imGuumj

i -
UGAAACCAG yUAUGAGAGUUUGCAUUGUUAUUUAUUACAUUAAGUUGG UGUUUUUGCUUC

13-39 T.bnuei cojt 1 mRNA
DNA U( RNA U( T

U RNA(guide RNA)
mRNA 13-4 Lezs/imama)
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b RNApre-edited

RNA) 8 U
mRNA RNA mRNA

3' 5' RNA
RNA RNA A

RNA U RNA

U RNA mRNA
39 U

RNA RNA
RNA :^ Leishmama DNA

b^ mRNA RNA
RNA b

RNA .
AAAGCGGAGAGAAAAGAAA

RNA AAAGCGGAGAGAAAAGAAA

RNA AAAGCGGAGAGAAAAGAAA

TTrAACTTCAGGTTGTTTATTACGAGTATATGG

G G C UUUAACUUCAGGUUGUUUAUUACGAGUAUAUGG

Jjjj^

RNA

G G C UUUAACUUCAGGUUGUUUAUUACGAGUAUAUGG

.—r. 11 11 MiSSfl
RNA AUAUUCAAUAAUAAAUUUOAAAUAUAAUAGAiJuUUG )UGU UCAGUAUACACUAUAAUAAUAAU

Jjjj^

mRNA AAAGCGGAGAGAAAAGAAAUUUAUGUU3J CU UUUAACUUCAGGUUGUUUAUUACGAGUAUAUGG

i

RNA AUAUUCAAUAAUAAAUUUUAAAUAUAAUAGA AAAUUGAAGUUCAGUAUACACUAUAAUAAUAAU

Jjj^

mRNA

mRNA AAAGCGGmGAGAAAaGAAAUUUAUGuUOUCU UUUAAC'JUCAGGUUGuUUAUUaCOAGUAUAUGG

13- KNA # ^
RNA U mKNA RNA

" RNA mRNA""
(trans) (complement)

3

RNA 3'— 5'

RNA RNA U U
RNA 3 5 U 3 ' U U 5

24 U U RNA RNA RNA
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13-41 U

RNA .
U 13-41 .

RNA RNA 3'-0H

RNA 5'

3'-0H; 3'
5'

RNA 3'

RNA 5'

3'-OH RNA U
RNA

U RNA

U .
U U

U
RNA

b NADH
mRNA DNA

U C apoB, U
G

mRNA

mRNA mRNA
mRNA 810h mRNA

mRNA 10 3 min

mRNA
mRNA 3 '

AUUUA mRNA
mRNA mRNA AUUUA

mRNA mRNA
mRNA
mRNA

transferrin receptor TfR)mRNA TfR
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TfR

TfR

TfR

TfR mRNA TfR TfR mRNA
3' 5- stem-

loop) 13-42) IRE- -
TfR mRNA TfR mRNA .IRE-

TfR mRNA
IRE- TfR mRNA TfR mRNA

TfR

mRNA b; mRNA (C) IRE

A 1RE

, /bViG^ f g~> 3'

3Fe 4S ^
IREBP

S

3Fe4S
-IREBP

4Fe4S\
IREBP

h3 tn'G-1

(d) IRE

t t

13-42

3 mRNA-
mRNA -2 ;

GCN 4

3

(
> —— mRNA

ferritin) C:

90kD . mRNA
5'-

l

3 - 42a) -
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13-42c d - iron-response element IRE)

IRE- IRE-binding protein , IRE-BP)

(iron regulatory factor IRF) IRE-BP IRE

mRNA IRE-BP IRE mRNA
IRE-BP cDNA

[Fe-S] IRE-BP

IRE-BP [Fe-S]

[3Fe-4 S] [4Fe-4 S] IRE-BP

IRE , IRE-BP [3Fe-4S]

IRE [4Fe-4S] IRE

mRNA IRE-BP

IRE-BP IRE mRNA 13-42

a g|HRE-BP 40 S mRNA 5'- -
IRE-

IRE-BP IRE

mRNAs IRE 5'- SO 5'-

IRE 5'- 67 40

S mRNA 5 '- mRNA
40S

mRNA 5'- 40 S

(TfR)mRNA 3' IRE

—— IRE-BP TfR mRNA TfR

IRE-BP— mRNA 5 ' IRE

IRE-BP TfR mRNA 3 ' IRE TfR IRE-BP

a- -y mRNA,IRE-BP mRNA 5' IRE

'

( GCN4 mRNA
05.6^>^"^1^"7'"^>) GCNA

30 4
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GCN4 •mRNA
GCN4 GCN4

mRNA

GCm mRNA mRNA
5'- GCN4 4 (open reading frame, ORF)

mRNA 40S eIF-2-GTP • Met-tRNAi

mRNA 5'- mRNA 3'

5'- AUG 60 S

AUG mRNA 5'- AUG
ORF AUG

ORF AUG ORF

AUG ORF

ORF ORF 80 S ORF 60 S

40 S mRNA mRNA 3'

AUG AUG (reinitiate

translation) ORF ORF

ORF 60 S 40 S AUG
AUG 40S Met-tRNAi ORF

40 S Met-tRNAi

GCiV4

13-43 GCA'4 mRNA mRNA 5'- GCN4

4 ORFs( 1 4 . GCN4

elF- 2-GTP • Met-tRNAi eIF-2 •

Met-tRNAi 13-43 40 S Met-

tRNAi eIF-2) GCA^4 mRNA 5'- mRNA
AUG ORF AUG 60 S

ORF ORF 60S 40 S - AUG
4 S Met-tRNAi AUG mRNA

Met-tRNAi 13- 43 a

EIF-2 EIF- 2 Met-tRNAi 4 S

ORF 40 S Met-tRNAi
,. ORF4 ORF4

GCN 4 (mRNA 5 ORF)
ORF 4 ( )RF 4 ) GCN 4 13-43 b. (uncharged)tRNA

eIF-2 4 S
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Met-tRNAi ORF ORF

40 S ORF4 0RF4 40

S GCN4 . Met-tRNAi

GCN4 GCN4

(a) GCN 4

'eos

02^
"^

^et-t^NA ^
eIF-2

(b) GCN4

(C) mRNA GCN 4

13-43 GCN4

e Met-tRNAi 40 S. Met-tRNAi 40 S,
13-43 0RF1 ORF4 0RF1 ORF4

200

3

4 6 GCN4

40S

0RF1 ORF 4 40 S 0RF4 AUG
ORF 4 GCN 4

GCN4

mRNA
mRNA

ORF GC;V4 mRNA
C7^41 mRNA ORF

GCN 4 mRNA ORF 25-

GCm mRNA CPAl

ORF mRNA
ORF mRNA oncoprotein) (growth factor)

mRNA
mRNA mRNA ORF

() elF- 2

GCA^4 eIF-2
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elF- 2

IF-2 a [
(reticulocyte lysate) ]

eIF-2

13-44)

13-44, eIF-2 GTP Met-tRNAi

eIF-2 Met-tRNAi 40 S 43 S 43 S

mRNA 5'- mRNA AUG
,

eIF-5

eIF-2 GTP eIF-2 G GTP

GDP GDP elF- 2 40S eIF-2-GDP 40

S Met-tRNAi 60 S

80 S

eIF-2 GDP GTP 400 GTP

GDP elF- 2 • GDP elF- 2 • GTP eIF-2B

guanine nucleotide exchange factorGEF) 13- 44(b)

eIF-2 13-44(c)eIF-2"
eIF-2 • GTP mRNA eIF-2

eIF-2 • GTP GEF

elF-2("p) eIF-2 ISO eIF-2 25%

GEF elF- 2 («p) eIF-2(>p) • GDP • GEF

elF-2(ap) GEF

elF- 2 • GDP elF- 2 • GTP* 13-44(c)

(a} b)5J5eIF-2 (c)eIF-2

Met-tRNAr
.

elF-2-GTP-Met-tRNAr" eIF-2-GTP

40S
I

elF-3 —— l"GEF

mRNA

GTP-

43S elF- GEF

GDP

48S elF- 2-pP-GEF
eIF-5-^

60S eIF-2-GDP-

80S
'

elF-2 («P)
-GDP-GEF

IF-2(aP)
DP

SI

eIF-2

-

1.&
2.

3.

4 .

f

~^S2 ,

I ^
13- 4 4 elF- 2

(a)eIF-2 . GDP 40 S b)GEF GDP GTP c)eIF-2

eIF-2(ap). GEF

elF- 2 DA1 p68

RNA HR1

HR1 HR1 eIF-2
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cDNA

elF- 2

I

elF- 2 eIF-2/GEF

eIF-2 -
elF- 2

•

3

(1) mRNA
mRNA GCiV4

mRNA GCm mRNA 40 S

AUG 40S eIF-2 • GTP • Met-tRNAi

AUG eIF-2

GCN4

(2) (cytosol)

mRNA mRNA
elF- 2

mRNA mRNA
mRNA RNA)

( 3 ) mRNA leader sequence)

5 '- 43 S

mRNA ,
mRNA 5 ' mRNA

>

mRNA mRNA 5'

mRNA Kozak

620 mRNA( cDNA) S' GC GC
mRNA GC

<50%
a- "-fetoprotein) mRNA

mRNA mRNA
GC( 50% 70%) .

mRNA
mRNA 5' 70%90% GC

mRNA signal transduction component)
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(housekeeping protein) » mRNA
43 S GC

mRNA 43 S mRNA mRNA. GC

RNA (RNA helicase), 43 S

mRNA 5'

3' mRNA

( mRNA

*

mRNA

(cell cycle)

(interphase)

M mitosis

phase)

RNA

DNA
S S synthetic period)

DNA
DNA
14-45

gap phase) G1 RNA

l

3 - 45 ;1 ,S 02

DNA DNA

G1 S S
GO
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DNA S

G2

RNA
DNA S (

:
1824 h 13-45

G1 6 h 12 h

G1 S

68hG2 M
lh

G1 DNA

S

start) restriction

point)

G

2 M
M DNA

G1 G2/M

G1 G1

G1 S G2

G2 G1

G1 G1 S G0
GO G1

G

2

G2 DNA G1

G1 G2

S M

l

3 -46
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1)
S G1

DNA

S DNA

S S phase activa-

tor);(2) S G2

S G2

DNA

S

DNA

S

M G2

S

S

S 3)

(pseudo-

mitosis), premature condensation),

M 4) G1 G2

G1

G

2 S M
S M

S M

X. Zaet^/5 ) —
G2

M
1 mm)

G

2 M (maturation promoting

factor MPF) MPF M M
(M phase promoting factor MPF) MPF

MPF S

439

S X G1

S X G2

X

G1 X G2
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MPF
MPF 34 kD p34

45 kD

p

45 (cycHn) p34

P45 p45

A 8
MPF B MPF

M

G2 M M M M
13-47 P34

S p34 M
P34 14 15 161

P34 14 15

M

cdc25 p34 cdc2

DNA

n¥wl4/Tyr.15

8?

p34

*

*

13- 4 7 M
-H, -15, -I 6

M

M

M
(ubiquhin) M
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self-limiting)

-

M: ; (lamina)

(envelope) ; (microtubules) ; (cytoki-

nesis) (actin fUaments) M
M

M M

M M
. G1 S

M
HI M
lamin) M

.

13-48 fission yeast, «5./>06

78/im

l

4l 6 f^m) (baker's yeast,

S G2( G2 M^
a"

(conjugate)
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CSchfzosocchoromyces pombe )

CZ) CZD CT^
G > S G2 >

Gl S ^)G2> M

00 00 ©-
"oec^JoromyeM eerevis/oe )

13-48

G1

(mating factor)

G1

G1 G1

13-49 S. pombe cA2

t^*"e/) G1

(cell division cyclecdc)

13—49 ^$./>0«6^
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S.pombe Cdc G2 M G1

Cdc2 a^c2 cc^c2

M C(k2

Cdc2 p34 P34—
ccfc cAlO

S G2 M cdcl

cA13 cA25

Cdc2 G2 M afcl3( B M 13-47 p34

Cdc2 15 161 p34

14 Cdc25

Cdc2 15 M Cdc25

Cdc25 M
Cdc25 S

M Cdc2 Pl3

G1

Cdc 2 15

Cdc2 'rM

u^eel ^7»/^1

weel

""^eel ct/<:25

Cdc2 15 Cdc25

Cdc2 Cdc 2 5

I

Cdc 2

DNA
Cdc2

443

S. pombe Cdc2 Cdc 13 (B-

S. cerevisiae CDC 2 8 CLB14 (B-/ P34 AB1B2

S. pombe

5. cerevisiae

/

13-50

Pucl

CLN13
AC

D1,D2D3E

M Gl
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cere-

"z'M'flg c& & "rez;z'5zc2e

M cdc2& S. pombe Cdc2 Cdc2, Cdc28

M G1

G2 13-50

(cc^c2 cA28 p34)

B A G1 S

M p34

CDK2 CDK4 G1

A B

A B

ft

P34 CDK2

mRNA

3
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- -

«-

3 8

13-51 3- anterior-posterior )-
(dorso-vemral) axis) gradi-

ent)

RNAs) -.- --
( mesoderm ) neuroectoderm

)

dorsal ectoderm)

2

metamorphoses)

13-51

(cuticle): - (denticles)

11 11

; - , '

13- 5 2 ,

m 13-51
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90 min

18
(

4

6 000

1^13-52

(polar plasm) 9

7

9

4

(cellular blastoderm).

oogenesis) (oocyte) 13-53

(follicle) 4 16

15 nurse

cell) cytoplasmic bridge)

(ring canal) RNA
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maternal gene)

(female sterile) .

: (
maternal somatic gene);

(
|^^(^3161*1131 germline gene)

4

13-54

I

13-53

4

cxupcrontio copucono

swallow spin

staufen staufen

oskar

torso/ifce

trunk

Nasrat

palehoie

nu<M
windbeutei

gastrulathn-defectiYe

snake

caster

pumilio

hunchback

IE hunchback

buttonhead yw"*

orthoderrtrc/e

empty spiracf^s

tailless

huckebem

lerknulk (zen)

decapentaplegic

13-54 4 1
j ^W )u. .

ft . IE
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(morphogen)„

4 3 - -
(1) anterior system) Bicoid

/m"c/i6t2c/K

bicoid RNA

(2) posterior system)" "

S

hunchback mRNA
(3) terminal system)

(acron) (telson))

forso

(4) 4 -
Toll jor.M/

30 4

(body axis) --
(rescue)^^««^

^»/0>2'^
bicoid mRNA bicotd mRNA

()
bicotd mRNA

mRNA oogenesis)

13-55 Bicoid

7

s^t^" e^^"

Azo^j mRNA ^/owc^ mRNA
6zcozJmRNA 3 '

Bicoid !U

(segment)
f

(anterior-like) Bicoid 1
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-
BicoM Bicoid

Bicoid Bicoid

&
Bicoid hunchback

Bicoid

Bicoid

Bicoid

Bicoid ]̂ hunchback

()

100

75

50

25

1

100 200 300 400 500

13-55 Bicoid

500 fxm 200 ixm

•

mRNA"a"o5 mRNA
(posterior pole) Nanos

Nanos """os mRNA
"""OS mRNA .

OS mRNA nanos mRNA' 3 ' ^z'coz'c/ mRNA

nanos mRNA

bicoid nanos hunchback hunchback

mRNA, mRNA Bicoid /^""c/^6^^(it

mRNA m^mw A""cW,dr>& mRNA /'""c/i^acA

mRNA

krurps !)I hunchback

knirps giant

polar cells)

"a"o.;"am>5

pumtlio.
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" />";m7w Nanos

pumiUo Nanos Nanos

( - 11- ( 13-54) [ (mesoderm)

(neuroectoderm ) ] 1 3-56 .

Toll

13-56

- :To"

-
3 />,>>""AZ t^mWe"W)

(

easier spatzZe 5/>cifzZe 7W/

(Hgand)To//

Toll

Toll - -
Toll
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(Spatzle

(perivitelline space) Toll

Toll

Toll . tube pelle

/W/f

Cactus Dorsal dorsa/

Cactus Pelle Dorsal Dorsal. Toll ^rsa/

Dorsal (syncy-

tial blastoderm)

Dorsal

Dorsal fzt;z5/ 5naz7 Dorsal

( - torw mRNA
Tor-

so "^^55 huckebein mRNA
mRNA
(

13-57

»
hunchback RN

A

£
rianosKUA

IT-«

»
as

)!&]gA^

bicoid RNA
Toll

Spatzle Toll

Spatzle

RNAs
*

Bicoid S Nomos IP Dorsal

^ooooqoooqooo
j

JKM Dorsal S

9(rW /mnc/jfead: RNA

mmm

RNAs

krjirps giant RNA dppfa zen RNA IP

.v"u/'/ RNA ttSp

l

3 - 5 ? . K i4 K-V

RNA
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-mRNA(6/roW"c^"o5)
mRNA 3' -

RNAs ./

(Bicoid

(Dorsal

(Nanos 50% mRNAs

--
(loci)

zygotic genes) (segmentation)

-
13-58

(segment)

(groove) 3 (T) 8 (A)

(A) (P) A

P

A3 A3A A3P

(gastrula) parasegment) 56h
P A 4

TIP T2A 9 h

*

30

3 gap gene); -
(pair-rule gene) segment polarity gene) 13-5

segmentation genes )„ 3 13—58

I

3 - 59

(
4 - --

13 -
452



-

lOh

3 8

13-58

13-S

hunchback engrailed

kruppeL

knirps <i] gooseberry

giant ' cubitus interrupts

tailless patched- hedgehog 13

runt dishevelled

hairy costal 2

ftz 11— 12 fused

even skipped

paired

odd paired

sloppy paired

odd skipped
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13-59

4

Hunchback hunch-

back mRNA mRNA
buoid Kruppel

r"/>/W Hunchback

Knirps Giant. Hunch-

back nemos

Hunchback

m'r^f

1

3-60

gap protein)

4

hunchback

_

kruppel

3 hunchback krup~

pel /^ruppeZ

4

€3

61 <
-

'/^A

14

13-59

—/^""^^6"^/^ 5 / ;b«"/>/W

hunchback knirps

j

-

j

I-
-

eve 3
3

Hunchback Bicoid

Giant Kruppel

I

3 — 61

ez^e Hunchback
454
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Bicoid Giant

Kruppel
eve

Giant-

13- 61 eve 3

(A) eve

P) e"graz7ed

engraz7ed P A
A P A P

- -
- eve

(transform)

homeotic mutations) - Antenna-pedia

/In^) 4"^+

homeotic genes)

,
complex loci)

(antennapedia complex,ANT-C) bithorax complex, BX-

C)

13-62 ANT-C ANT-C

350 kb

1 4 ) ANT-C ANT-C
ANT-C

M6!aZ yl" /> T2T3



lab

pb

DM
Scr T1 T2
Arttp T2~T3 Tl

AMT (^<1^^

iliilililli JIJLQ EM
Pb zen bed ama

too 150
I

350

DNA

... 2 3 4 5 6 7 a

'aokbjf aiskbHI iskb] || liidb

mRNA

'

•

c—• » am »• •o» -0»- M -

ft

13-62 ANT-C

Arup

13-62 103 kb 8

DNA 1>^ 1

3 7 kb

BX-C

13-63 3 (triple

mutation) TSA[ (haltere) ] T2
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4

BX-C T2 A8 BX-C

ANT-C— BX-C

l

3 -63 BX-C ab:c,b:c

/^6^ 3

- -
RNAs

§ ?
(homeobox)

_

David Hogness Walter Gehring ANT-C BX-C

180 bp 6

(homeodomain)

I

3 - 64 DNA
DNA
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X - 3

« 13- 64 1 2 3- DNA 3

DNA . 2 3 - - DNA

I
1

I I
2

I
3

I

lab pb Dfd Scr Antp Ubx Abd-A Abd-B Hojc2 9 2.8 2 7 26 2 1 22 2.3 2 4 2 5

I

3- 6 5

ANT-C BX-C

Ho:c2

E. B. Lewis. J. Amer. Med. Assoc. 1992. 267 : 1 524.

( )
6

DNA

1. Lehninger.A.L. , Nelson, D.L. and Cox,M. M. 1993.

2. Principles of Biochemistry (2nd ed. ). Worth Publishers , (Chapters 25 and 27. ).

3- Stryer , L. Biochemistry (4th ed. ). W. H. Freeman and Company, (Chapters 37. )1995.

4. Lewin.B. Genes V. Oxford University Press , (Chapters 13,29,30,31 ,32 and 38. )1994.
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A)

MO-10 B) MM3 C) 4«/> D)

homeo box gene)

Ho:r (homologs)
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