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Gibbs free Energy)

G

G AG
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A G

2.

A—B G = +5. OkJ • mol '

C—D A G= -20kJ • mol-'

A—B C—D
A—B

A+C = B+D A 6= -15U • mol '

3. ADP-ATP

——ATP(
ATP

" " It
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3 -27 ATP
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ADP-ATP

ATP

ATP

ATP

ATP

ATP ATP " " ATP

20kJ • mol-' AG
-30kJ • mor'

ATP

ATP C + D—
E ATP

C + D—E—P—0H
I

0H

I

ATP + H2O—ADP + H0—P—0H
I

0H

I

C + D + ATP + H20->E + ADP + HO—P—OH
'

I

OH

ATP + C—C ~ P—0H + ATP (1)



74 -
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OH OH

I
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I
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I
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(plasma membrane; plasmalemma ) ( cell membrane)

biomembrane; biological membrane)

——

glycocalyx) cell coat)

E. Overton, 1895

1897 Crijns Hedin

E.Overton

4-1)
1917 Langmiiir

film balance)

-7 -yj.<^7EiPr^yv-i-/»caj^*« 4 —
i (

/(



• 90 •

(COOH)

0.2nm2( 4-2)
2.5nm

2X10"'nm^

d :^ (A)

4 -2

(A)— B)
(C)

(D)

( De Robertis 1980)

Gorter Grendel(1925) Langmiiir

Overton

ghost)
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4-

3)
Collander Barium! 1933)

4-4)

4- 3 ' H,0

4- 4

lOnm( Avers.C.J. 1981)

(
Overton

Cole(1932) Shapiro(1934)
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0. lN/cm2 1 ~3N/cm2 IN( = lO' 1935

J.F. Danielli H.harvey

J. F. Danielli H. davson 1935 ——
Danielli- davson 4-5)

4 - 5 J. F. Danielli H. Davson

Danielli, J. F. and davson, H. 1938)

Danielli

4-6)

4 -6

( Danielli J. F. and Davson 1935)
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(

20 30 50

50 J. D. Robertson

2nm

3. 5nrn 7. 5nm( 4 -7)
unit membrane model)

2nm J. F. Danielli

2nm

Danielli

--

4 -7 J.D.Robertson

--
""

(

(1) 40%
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(2)

(3)

(4)

(5)

5 ~10nrn

lOnm, 5 ~6nm 7. 5nm;

20 60

S.J.Singer G. L. Nicolson 1972 fluid

mosaic model)( 4 -8)

4-8

-
•% .

——

——
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.

integral protein) intrinsic protein)

Na+K+ - ATP

peripheral

protein) extrinsic protein)

spectrin), 20% ~

25%

(1) Sendai virus)

L. D. Frye H. Edidin 1970

H-2

HLA

heterokaryon)

37^ 40 4-9)

(2) ligand)

-
patching)

(capping) -
4-

10)

(3) lectin)

A(Con A)

4-1)

A N-

AMPase), ConA

4 - 11)
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4-9 4- 10

I

4-1

f

A

concanavalin A(ConA) fl ( Conavalia ensformis ) a- a-

wheal germ agglulinin ( WGA) ( Triiicum vulgaris)^: N-

soybean agglutinin (SBA) ii( Glycine max ) D- N-

pea agglulininC PA) ( Piiim sativum ) a-^ peanut agglutinin ( PINI A) ,r:( Arachis hypn^aea) (3- N-

4 11
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S. J. Singer G. L. Nicolson 1972

(1)

(2)

(3)

(4)

fluidity)

mobility)

(

lecithin) 25^

temperature of phase transition)

1.

5 -
C C gauche)

flip-flop) 180°

20 ~
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30 4 - 12)

2.

(1)

4 - 13)

4- 2)

_

4 - 12 ,
4-2

=C)

70.

1 14

2

3 - 11

(2)

(3) /

(4) /

25 ~ SOT ) 37t

T1) 6

(5)
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^^ 99%

-22"^ dioleoyl lecithin )^ ATP

dimyristoyl lecithin) (
24^ ) ATP 24t

()

10-9~10-| 3(^1/34-3)

4-3

^) D(cm/s)

20-23 3x 10-12

40 2.5x lO-'°

37 5x 10-9

23 2.6x 10-'"

( 25 3x 10-13

40 1.2x 10-9

3T3 37 <2x lO-'"

( Jain and white 1977)

(1)

(2)

spectrin)

(ankyrin) 4. 1 band4. 1 protein) 3 band3 protein)

4 - 14)

4- 15)o

(3)

4- 16) S.J. Singer

A10
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'*^\
'-

'

4- 14

A. B.

NicolsonG.L. 1976)

bP^I

r ConA
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4-16 NicolsonG. L. 1976).
GP2 GP,

transmembrane control system)

20% -70% 30% ~70%c

4 -4) 10%

4-17)

4-17

(1 ft A
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4-4 )
22 60 60 76 50 75

78 40 40 24 50 25

4» 33 24 26 22 6 25

22 20

17 9 13 1

6 1 1 24

()

55% ~ 75%
(cephalin),

/

50% |xm2 5 X 106

109

(1)

micelles)

liposomes)

(2)

(3)

2 2

CH3)2N + CH2CH20H)

(phosphatidylcholine, PC)[ lecithin) ] sphingomyelin)

phosphatidylethanolamine, PE)

phosphaticlylserinePS) PE)

acyl transferase)

glycerolphosphate)

phosphatidic acid);

(diacylglycerol) choline phosphatransferase )

PE) PS)
phosphatidylinositol, PI ) 4 - 1 8 )
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ER

4- 18

A3 - CDP-

flip-flop)

10

phospholipid translocators )

—— Sl(flippase)

N- ceramide) N-

N-

3

ATP ATP-dependentaminophospholipidtranslocase)

ATP ATP-dependent flippase) (lipid scramblase)

@i PS) PE)

PSPE PC

flip-flop),

c.^c

S"

MSB

M

-

S
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^ ATP Ca2
+

^

C

(4)

5%

()

1.

25%

75% 50%
50:1

integral protein)

peripheral protein) 70%

4 - 19)

4-20)

2.

a-

P- P-

P P barrel) porin)

3.

glycoprotein)
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4- 19

a

P P barrel)

; ®,®)

(A) B)

4 -20

A); B)

4.

transport protein)

receptor protein)

5.

(1) glycophorin)

131 NH2 16

100 90%

II. m.
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MN

(2) 3 SDS'
930

3

02 C02 C02

C02 HC03-) HC03-

3 HC03- Cr HC03-

C02

H2O + C02^~~^HCO 3
— +H +

(3) spectrin) g
25%

- 4 ~ 5

4. 1 ankyrin) 3

4-21)

ifft^

4- 21



cotex)

4.1

SDS

4-22)

A) ; B)

cell
'

coat) glycocalyx) f

10~20"014-23)^ H.Luft(1976)

4-23

Jil^"
) \

240 000-

220 000

210 000 —isr^'

100 000 -^^B"- 3

30 000—^^ Iftl

82 000 -mmm 4.1

43 000 1^

(A)

4-22 SDS'
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""""

4-24) 9 D -

D- D- L- L- D- N-- D-

N- -D- N- 6

3

4-24

3 :
CH.OH CH:OH IMH

N- fit-D- N-- D- N-

5%

8 10

25 1% 60%

Ca2 +Na +

f
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(
20 "" H. V. Wilson( 1907)

4-25)

Townes HoUfreter( 1955)

3 3

3

( 4-26) MosconaA. A. 1979)

A
B

g

4-25 -
M

4 -26

. 3 1

Wopcrt. L 1998)



10 w

-

" "

N -

(selectin) lectin)

P- P-

GlcNAc

:al-NANA

^3 4-

27)

(integrin)

A

i ;JMt

[1 4-27 1^
1 r i

ffl 4= ftl fi:

^
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()

20

MN 4 -28)

ABO ABO

AB0
A N- B; ( 4-5)

4 -28
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4-5 ABO

itu IKL -PC. IHI
ifh iir (ir
Im. J/L

mT rfn
"J M 'M

jM) [* B\\
wi tn ' J y'l

A A

B

A R— Glu-Gal-GlcNAc-Gal-GalNAc

1,

Fuc

B B

A

B R— Glu-Gal-GlcNAc-Gal-Gal

1

Fuc

AB A

B

Jc R—A B

A

B

R— Glu-Gal-GlcNAc-Gal
-

1

Fuc

R, Fuc Gal GalNAc .V GlcNAc, A'

Glu

()

4-29)

4 -29

cell junctions)

4- 30)
occluding junctions) (anchoring junctions)

(communicacating junctions) o 9 4-6)
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1*1 4-30

A. B. C.

tight junction) zonula occludens)

C
W'



1 14
•

4-6

it ^ Aj. J3s

1

ft

n

-

4-31)

4- 31 Stachlin, L. A.and HullB. E. 1978)

C

Tj

46118111;0)20-120-27?16
140xl03 a- Z0-1

Z0-2 220kDa



1 15

Na+ 1

15

4 -32

adherens junction)

( adhesion belt; zonula adherens)

(intermediate junctions) o

4-32)^
(cadherins), 10

700 ~

750

5 4 Ca2 +

a- P- 7-

(catenin)

vinculin) a-

a- actinin)

(plalcoglobin)

f

4

-

33) I^ f

3^
4-34),

E N - P-'

I'i

1:

4 33
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I? E-|i5

|J§ 8! 8

uvomorulin)

( 4 -35)

(adhesion plaques) integrin)

NH2

septate junctions)

4 -36)

(desmosomes) ( macula adherens)

lOnm

4-34 ^
5

3

His-Ala-Val

4- 35



( 1 17

4- 36

plakoglobin)

desmoplakins)

keratin filaments),

desmin filaments)( 4 - 37 ) Ca2 +

f

4-38)

(basal lamina)

(hemidesmosomes), integrins)

4-7

'
'

O lPm 4-38
4- 37 . ^"|,1^!

i^^: > 1^11 ;f
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4-7

1^1 «
"f E- ^-

a-
'5 ^

a^f34) :

gap junction)

2 ~4nm

4- 39)

6

connexon)

( 4 - 40) connexin) a-

4

IkDa

pH

a 4-39

f3 Gilula,N. E. 1978)

ii mm , a 4- 40

….W.

-
5

X

§

§
§
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•
1 19

Ca^l^

Ca2 + Na +

4-41)

11

C

—- —-'

4 -41

f Ca2
+

10- 7mol/L Ca2
+

Ca2
+ Ca2 +

30

8
Ca 2

+

Ca2
+ Ca2

+ 10-7 ~

10-5niol/L Ca2 + 5 x lO ^mol/L

coupling junction)

(

- 8

compaction)

8
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( trophectoderm ) inner cell mass ) (

4 -42)

""
(positional information)

()

""

(

electrotonic synypses)

( Electrophorus e/«'mVu^' ) ^ Malapterurus e/f>"n:cuA') ,

800V 400~450V

4 -42
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Bennett

plasmoclesmata)

20 ~40nm

syncytium)

desrnotubule)

(cytosol)( 4-43,4-44)

800

(B) 25 nm

4- 43

( A ) 1^ B) ^6 1'"]
rfrf
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(A) (B)

4 -44

(A) B)

Gates( 1911)

cytomixis)

microvilli) 4-45).
0. l^JLm

0.6~0.8Fun

3000

villin) fimbrin)

- +)
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4 -45

(A) B)

cortex)

terminal web)

C 4-46)

-I^ -I

ATP 4 -47)

-I

C

3000

30

85%

(microspikes), filopodia) (
4-48)c 0. l^xm, 5 ~ lOjxm c
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,

0.2 [im

4 -46

( Hirokawa'N. & Heuser, J. E. 1981)

4-47

4- 48
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ruffle) laniellipodia)

0. l^Lm,

4-49)

4-49 LP)

bleb)

1 10 4-50)

G,

Gi 8~10

S

G2

M

, infolding)
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4 -50

( 4-51)

4 -51 i1:(
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cilia) flagella)

"" " "
transport by

vesicle formation) transmembrane transport )

bulk transport)

endocytosis)

exocytosis)

cytosis)

()

1. "^ (phagocytosis)

" "
phagosome ) ( 4-52 )

2. pinocytOS1S)
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1 (xm

4-52

pinocytic vesicle)

(ligand)

micropinocytosis)

65nm

Schwann cells)

early endosome)

membrane recycling) late endosome)(
M6P

transcytosis; diacytosis ) ( 4 - 5 3 )

3.
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0.2 nm

f 14 -54 (
( A ) K'l m hi ( B ) K i 6; /1 13 .

3;- AlSf iTi g|n tt: Rothheri;, K. G. et al. 1992)

caveolae)

50~100nm

(caveolin), caveolin

coated vesicles )c 22kDa C N

4-54)

(A)

i -
r-

pH
'

:

A(lgA),

IgA

IgA

C

4.

4- 53

•: 1. fit f»f

ilfi^fjSn^2. 111 3.

Hl'M

P (4^

i I \ /
© \

3. i£i .

/ \

«
-
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Ca 2
+ - ATP

(GPI)^ Ca 2
+ -ATP ^ IP3R) Ca2

+

IP3RGPI-

G ""
5.

cytosis)

motor proteins)

clynein), - )

kinesin) +)

myosin)

(

(receptor-mediated endocytosis)

1.

- 25

coated pits)

clathrin) (
4 -55)

(coated vesicles) ( CL

3

triskdion:tri- skeli -on, 3 3/
f!I '4

?^1! f 4 - 56 )
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A f
-

i(.,(,nn

2.

a(iaptin)c

4

Phe Arg X, Tyr)

4-57)

3.

low-density lipoproteins, LDL)( 4-58) LDL 3x

106Da 1500

800 500

50 xl05Da LDL

LDL LDL

LDL

LDL

endosomes)

LDL LDL

[14-55
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4-56

(A) B) C)

LDL

LDL

atherosclerosis),

4.

transferrin)

80 000 2 Fe3+ LDL

-
pH

UpotransO'rrin), -
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-

f

4 -57

22 nm% -

4- 58 LDL

pH
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(

permeability)

permeability

coefficients), cm/s( 4- 59)

A

H,0

•

C1
—

4-59

cm/s)

(mol/cm 3
)

S
10-4mol/cm3(10 — V10-3L = 0. Imol/L),

k'm 2 10- 4mol/cm3x

lO—'cm/s, 6 X 10' /(S • iim')

-10'

10"

-10'

-10

-10'

• — i(r

(1)

(2)

02(32Da) C02(44Da)

(3)

18Da) 46Da)

60Da) 92Da)

Mr) 180Da

4 -60)

(4)

aquaporin)
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4 -60

600Da

C

pH

(
passive transport)

(active transport) concentration gradients),

electrochemical gradients)

transport proteins)

(carrier proteins) (channel proteins)

1.

simple diffusion)

HCOr,Ca2+

CI—Mg2+
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.

02N2

/

/ 4-8)

(P)

KD
P=

/ /)

U

4-8 / CoUanderR. 1937)

/ X 10
2

)

'

0.78 0.99

0.74 0.077

0.57 0.087

0.26 0.043

0.049 0.043

0.007 0.00074

0.003 0.000046

ionophores)

mobile ion carrier)

(valinomycin);

channel-forming ionophore),

A(grammicidin A) H+Na + K+)

L- L- D- D-

6 K +

K +— A 15

D- L-

2

A P

(1ms) 2 X 104 1000 A
H+Na + K +

4 -61)
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(C)

(B)

4-61

(A) B)

(C) a. B

b.B C. K'

2.

channel proteins) , ion chan-0613)~3+1^+03 2+(1-

(voltage-gated channel),

mechanically gated channel),

ligand-gated channel)

Na + ,K\Ca2
+

2.6nm
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3.

active trans-

port^ metabolically linked

transport)

ATP

primary active transport) ATP

Na+ H +

cotransport)

secondary active transport)

(symport) Na+

antiport) C02

HC03-(co2 HC03- cr
—— 3

4-62 4-9

(
4 -62

4-9

m "

I

(
+(
+

(_
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4 - 10)

4- 10 mmol/L)

*f

Na+ 5-15 145

K + 140

Mg" 0.5 1-2

Ca2* 10" 1-2

H + 7x10-5 4x 10-5

(10-^ -mol/L;pH 7.2) (10- 7'4niol/L;pH 7.4)

cr 5-15 110

HCO3- 8 27

( (
* ' + ' '-- '

(
pump)

transmembrane proteins) ion pump)

ATP ATP

Na + -K + Ca2
+ H +

H + H +

3 + -1<+1^
1. Na + -K+

K +

Na + Na + K + 4 -11)
Na'-K + Na + K+

Na+ K+

Na + -K+ J.Skou 1957

4-11 Na+ K+

(

mmol/L)

Na + K +
Na +

11 91 138 4.2

12 100 151 5.9

16 127 106 2.6

8 160 147 7.3

C/wM) 66 65 460 10

VWom'a) 35 578 460 10
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Na+ K+Mg2
+ ATP ADP Na + K+

Na * • K . Mg-
ATP + H2O ADP + H3PO4

Na + -K + ATP Na + -K + Na + -K + ATP

Na + -K + Na + -K + H + Na + -K +

ATP ap a ATP

120 000 Na + ATP K +

ouabain)

P a P

a

Na + -K + ATP Na + K + ATP Na +

K + Na + ATP

ATP ATP Na +

K + ATP

K +
1 ATP 3 Na +

2 K + 4- 63;4- 64)

1 ATP Na+K+ 1:1

3 1 Na + -K + Na+ K +

Na+ K + Na+K +

Na + -K + Na + -K +

cardiac glycoside)

digitalis) Na + -K + ATP

Na + -K +

ATP 1/3 ATP

4 -63 Na*-K*

Na'-K'ATP 4:

ATP f 3 Na* 2 K*

IC
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•

141
'

4-64 Na+ -K + Na\K +

(1) 55mol/LH20 0. 154mol/L

10. 15mol Na + 55g

360 Na +

Na + -K + Na +

(2)

Na + Na + 4- 10 4- 11

Na +

Na + Na+

( Na +

Na + Na + -K + 4-65)

(3) K +

K +

(4)

membrane potential)

-20mV M - lOOmV, -60mV -90mV
resting potential)
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4-65 Na +

A B) A B Na*

Na*

diffusion potential);

Na + -K + Na+ K +

K+ Na +

73 K+

.

,

RT [K+]
Av^d =

In
F " [K+]

«A<i /? 8.316J/raol); r F

(96 500C(
K+ Na +

K + Na+( 4 -12)

4- 12

Li+ Na+ K +

nm) 0.16

rnn) 0.73

r
1

L j

3

4-66 Na'

0.2 0.23

0.56 0.38

22 4.5

Na + K +

Na +

K + 4-66)

Donnan

A

C

0©
00

A C: :>B

/̂
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1)

action potential)

(nerve impulse) o lOOm/s

voltage-gated cation

channel)

100

depolarization)

Na +

Na +

Na + Na +

-70mV) Na +

+ 50mV) Na + 4-67)

Na + —— K +

Na+ K+

2)

synapses)

acetylcholine ) neurotransmitter )

synaptic cleft)

transmitter-gated ion channels)

Na +

/
,

4 -67 Na*

3
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relay station)

5- serotonin) Na +

7-

7-aminobutyric acid )( GABA ) CI -

C1- cr

cr

ligand-gated ion chan-

nels) neuropeptides)

G

G

G

3)

( neuromuscular junction )( 4-68)

5

2a& 7S) a

5

4 -69)

Schwann

® 4-68

''

/^i
A. B. C.

1?14- 69

5 I'l IM'Ufl- a A). W i'f iHfU/n'j Na' K*

. - ^ B) HH

Na' K'

Alberts, B. el al. 1998)



ffi fll ^ddl 145

rflf l(P

r 0. 6nm Na+ K+ Ca2
+

2 a 2

4- 70)

transmilter-gatecl cation channds) 1

(( Na+) -
'

,m
[1 4-70 ffl

2 «' .5 . ifi, . W,

f-

2.

Ca2
+ 10-7mol/L

Ca2
+ 10

3mol/L

Ca2
+

Ca 2
+ Ca 2

+

(~5xlO-6moI/L Ca2 + Ca2 +

calmcuiulin)^ Ca2
+

Ca2
+

Ca2* Ca2 + Ca2+ - ATP

(Ca2
+ ATPase)Ca 2

+ Na + -K'

isoforms) Ca 2
+

5 [^ ^'^^ ,
':| U
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pq

Na + K +

Na + -K + ATP ATP Na + K +

Na + -K + ATP Na + -K +

Na +

800 ~ 1000 Ca2 + Ca2 +
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1.

2.

3.

4.

5. LDL)?

6. cytosis)

7. Na*-K* ""
8.

9. ffij

1997. . 24(3):194 ~198

1998. .52 ~ 109

1997. . 24(6):

518-520. 1998. . 25(6):508 ~512
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extracellular matrix)

5-1)

;t

K

1^1 5 - 1 f ifif 1?1
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C

i gel-like ground substance)

C

'

f

collagen) elastin);

j
( noncoUagen ) fibronectin ) laminin)

fibroblasts)

chorKlroblasts)

(osteoblasts)

EM)

(

N-

(
N -acetylglucosamine ) N- acetylgalactosamine ) c c

uronic acid ), glucuronic acid )

iduronic acicDo

glycosaminoglycan, GAG) GAG

(mucopolysaccharides) GAG

5-2)
GAG)

hyaluronic acid) chordroitin sulfate)

dmnatan sulfate) heparan sulfate) heparin)

(keratan sulfate)( 5 - 1 )
GAG "

f( NaO, rih:

GAG ^ ffi , R(
-
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5 -2 dermatan sulfate)GAG

70 ~ 200

5-1

D- N-- D-

D- N- - D -

A

D- N - - D - - 4 -

C

D- N - - D - - 6 - 5

L- N - - D - - 4 -

D- N - - D - - 6 -

D- D- L- D-

(microfibril)

( N - )
GAG 10%

GAG

GAG 25 000

( 5 -3)

fi—

« N-

C =()

0H

CH,

N-

-4-

CH

2H

H

c
—

o

5 -3 '. j^li
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'1:

;

GAG

300

proteoglycan);

(

1.

GAG

core protein)

1% ~

60%

95% GAG 80

aggrecan), 3 x

lO^Da, GAG 100 1 ~ 10 GAG

decorin) 1 GAG 4xl04Da

aggrecan)

5 -4)
hyaladherin)

2.

(link tetrasaccharide)(
glycosyl

transferases), GAG

5-5)

(epirnerization)(

- -
ft] fn? ffrf ^ f
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(substituents) :
1 X 104 ~6 X lo^Da

GAG GAG
5 -2

5 -4

100

A. ) 10"

2 X 10cm 3 ~2x 12cm', B.

C =

H-C-CH,-0-^;^ )^ y( y(:
H-N

GAG

5-5 GAG

- , GAG

i

lull



153 '

5- 2

A
GAG

GAG

( aggrecan

)

210 000 + ~ 130

7 m
( belaglycan

)

36 000 / 1 TGF-(3

(decorin)
40 000 / 1

' 1

TGF-P

(perlecan)
600 000 2-15

( serglycin

)

20 000 / 10- 15

-1

(syndecan - 1

)

32 000 + 1 ~3 FGF

3.

GAG GAG

(1) GAG

perlecan)

(2)

fibroblast growth

factor FGF) FGF

FGF

GAG

P( transforming growth factor TGF-P)

TGF-P

(3)

(4) co-receptor)

serglycin) C

(glycosylphosphatidyl inositol, GPI)

syndecan)

GAG
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integrin)

(
collagen)

25%

1.

collagen fiber),

collagen fibril)

10 ~300nrn 5-6)

5 -7)
4!

3 a

a

a

3

Gly-X-Y X Y

X Y

25 a

3 15

I niii V XI I IX xn

fibril-associated collagen),

5- 6

l%NaCl

64. 9nm

)



I [al( I )]202( I )

n [ai(n)]3

ffl [al(ni)]3

V [al(V)]2a2(V)

XI al(XI)a2(XI)a3(XI)

K al([X)a2(IX)a3(IX)

n

1 [al(M)]3

IV [al(IV)]2a2(IV)

W

}f

I

n

.

I

n

III

1 '

5 - 7

IV Vn network-forming collagen) IV

VII

anchoring fibril),

Vn 5-3

2.

5-3
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a pro-ct chain)

propeptides) C

a a 3

procollagen)

5 -8) a

1000

67nm

fibril-associated collagen)(
K xn

5- 8

(
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3.

(1) a

a

C)

C

a

(2)

I

n

HI

(3)

(4)

fibril-associated collagens)

C :
=

DC n

xn I

()

5 -9) ?)
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5- 9

microfibrils), 1 1 nm

elastin)

tropoelastin),

72 000 800

desmosine) isodesmosine)

R

5-10)

fibrillin)

5 - 11)

()
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HOOC T ,NH,

^H—(CH,),-|J^'^^(CH,),—CH

H,N ll J ^COOH

(CH

CH

H,N^ \oOH

(c)

5-10

U) b) C) '
4 S R

(noncollagen adhesive proteins) o

fibronectin) laminin)

1.

(1) f
4. 5% ~9.5%
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"V" 2500

5 ~6

5 - 12)

inin

N W

5- 12

mRNA 5 6

A) r i?I B) EngelJ. et al. 1981)

5- 11

A. B.

{^

(A) C C (B)

50nm

-

^^^
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m type in fibronectin repeat) 90

15 m 5-13)

m -Arg-Gly-Asp-(RGD) RGD

f

1 5 Lons!
m

Aig

Asp
Gly

Ser

5- 13

a. b.

RGD
RGD

RGD

integrin)

RGD
'--'

RGD

(2)

~50kb) 50

RNA RNA 3
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mRNA, mRNA

RNA 20 mRNA,

RNA

IE

III

RNA

C

RNA

2.

—— tenascin)

6

6

in 8

syndecan)

3.

40~120nm)
basal laminae)

5 - 14)

\

'
I

WW ^

-7r(

X

I

5 -14
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(1)

( 5-15)

IV type IV collagen)

—— perlecan) —— laminin) entactin) (

10|am

5 -15

E. BL. C.

5 - 16)

IV 26

-

3

N -

5 - 17)

IV

IV 3 ~850kDa)

5 - 18)

IV

1 1 1 2

IV -
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{\

»joogo •

^^^^^Tvl^v. '

lOOnm

5 -16

IV IV

5 - 19)

(2)

1)

renal coipuscles),

split

pores), 25mn( 5-20) 0. 1 ~

0. 15jim

70~90nrn 5 - 21 )

Mr 400 000)

horse-radish peroxidase) ( A/, 40 000)

(myelope^oxidase)(Mr 160000)

|

2) m L
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170nm

I

I

CEI

c-

N-
>

c-

"-"

I ||

I

j

N"

N-

5-17 IV

5- 18

AB,B 2 ) 1500 AB,B:
3 32 18

IV A) f B)

a

(A) 20 nm
I

( 3 ) 100 nm
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(A) IV * B)

Yurcheno. P. 0. et al. 1990Kf

5- 20
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5 -21

5-22

5 -22 11: [!

'r;'
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3)

neuromuscular junction),

synapses)

IV

5 -23)

I

i

5-23

agrin)

4)

CaenorhabdiUs elegans )-
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integrin)

()

S-

-— P

a P

5-24) a

MOkDa,

3 ~4

|3 lOOkDa a

Ca2
+ Mg^+(

RNA

9

P

14 a 20

Pi 9 a

asp,

asPi

P2 3 a

aL^2 LFA- 1 ( lymphocyte function associat-

ed) T

aMp2 Mac-1 (macrophage),

(32 (32

t]

10 /im

5- 24
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1.

a stress fibers)(

5-25)

transformed cell) (

metastesis)

3,

talin)

25
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2.

'
P3

fibrinogen)

T

T

T

LEA- 1 T

T T TB
T T

T

3.

cell wall)

protoplasts)

(
middle lamella) primaiy wall)
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(secondary wall)( 5-26)

pectic substances)(
D- L- D-

Ca2
+

microfibrils) ( 5-27)

hemicellulose)

(lignin) pectin)

):'
.

? ^^
5- 26

D-

P(l ~4)

5 -28) 500 p(l ~4)

60 ~ 70

5 -29)

20~40nm

10% extensins)

5 -30)

.vi--"""^:.̂

,

' 4
.

it

(

.'^
*«- -' .:v —

-

-.

.…

^

-
.B{

,

..
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5 -27 - VWoma),
xl7 500( hoh.T. and Brown, R. M. Jr. 1986)

H ^^
^CH: HO ^J^^"^0 CH:

5-281.4-3-^^ 1,3- P- if>i
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'
.

r^csMii

"1 M
{

1^ 4j
(A)

2(K)nm I |ani

5-30 Alberts, B.etal. 1998)

(A)

Wells, B. and Roberts, K. );(B)

Gunning, B.

)

phragmoplast)

rnidlxKly)
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cellulose

synthase complex)

()

cortex)

cortical array)

5-31)

5-32)

' ethylene) gibberelHc acid)

5-31

SI
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0.5 n,m

5-32 aactomo;p/ia)

N- N-acetylglucosamine) N- N-acetylmuramic

acid) (3(1 ~4) 4~5

peptidoglycan) 5-33)

15~50

15 ~80nrn 90%
10% teichoic acid)

C

^sc/^e^ic/^ia coli)

l~2nm

diafninopimelic acid)

periplasmic space)( 5-34)

endotoxin)

porins),

16 P 600
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5 -33

L-Aln. D-Glu, L-Lys,

5-34

5- 35)

capsule)

Sfrepfococcu^ pneumonZaeh slime layer),

M ( Staphylococcus epidermidis )
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*&yfaira

B

2nm

5 -35

A.

B. 16 B

SaZmonsZZa«:^/u')

C
Satton(1964)

1 ~5

1 xl08 ~2xl08

bacterial protoplast) spheroplast)(

GAG) GAG
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2
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N - N -
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1.

2.
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4.
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6.

7.
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cytoplasm)

r ——

cytoplasmic matrix, cytomatrix)

cytosol), '

(endomembrane system) o

6-1)
DNA DNA

DNA DNA,

DNA

6-2)

compartmentalization) ( 6 -3)

membrane differentiation) o-
5~

6nm, l&l rough emioplasmic reticulum,

RER) smooth endoplasmic reticulum, SER)



6-1

Alberts 1994)

6-2

( De Robert is. E. P. D. and Robertis, E. M. E. 1987)

nuclear envelope) 7 ~ 8nrn
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-~|^o

h
~-

-

^

- til

15 jam -

6-3 —
i: K ( Alberts 1 994

)

cistema)

(dictyosorne) "'6')

tr

h

6nrn( lOnm(
C

pH

——

cytoM)! ) cytoplasmic matrix ),
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( 1 )

K+ Na+ Mg2+ Ca2 + CI-

(2)

(3) RNA

DNA RNA

( 6-4) 20% ~30%

50nm

6-4 Alberts 1994)

^

1!1
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. iri^- '/£

(4) t

,

(

6-5)

WW

I I 6 - 5 11^^
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i
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NADH
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(

I

(

1.

N-

2.

>5 myc)

N -

Met) Ser) Thr) Ala) Val)

Cys) Gly) Pro)

12

N-
N-

N-

(ubiquitin-dependent path)

N- Lys h
6-6)

^



I I 187

-
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T®T'

6- 6

4f f,Y ^ ] -- e-

IE Alberts 1994)

N-

N-

N-

fMet)

-tRNA N -

N-

( pH

pH

1897 Gamier
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Gamier

(ergastoplasm)o Gamier

1945 K. R. Porter

( endoplasmic reticulum, ER )

6-7)
(cistema)

luminal face), cytoplasmic face)

(protoplasmic face) 6-8)

0. 2|xm

6 -7 OrciL. 1994)

rough endoplasmic reticulum, RER);

smooth endoplasmic reticulum, SER)
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1?1 6-8 Alberts 1994)

6- 9)

6-9 Alberts 1994)

5 ~6nm " --"

30~40 IniL 11m 2

M
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microsome)

.
1/3 2/3

30 ~40

(NADH - C NADH - b5

b5 P-450) P- 450

b5 NADH-

b5 NADH - C P -450 5'
-

-6- P- Heather

P. Harding PKR-like ER-resident kinase,

PERK),

6-10) eIF2a 51

43S-
Harding, H. P. 1998)

521 536 589

K (

(«

m 6- 10 Koch 1992)

signal-recognition particle

receptor)

reticulo-plasmin),

emioplasmin) f5 calretieuHn)

(immunoglobulin heavychain-hincJing protein, BiP) (protein

disulphide isomerase, PDI) KP60 6 - 1 1 )
tl ^

Koch 1986); BiP '-j HSP70

II
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molecular chaperone); PDI

^^
C calsequestrin)

Ca2 + C

HR

' KR

6- 11 Koch 1992)

(

1.

HSP70

-

eIF2a Harding, H. P. 1998)

C- " Lys) - Asp) - Glu)-
Leu)" KDEL



.

2.

doHchol phosphate)

6-12)

6-12 .

N-

core region),

N-

terminal region)

0-

6-13)

AsnljNAcGl3-|NAcGlcHMan
Manl-fMarl

Asn|-|NAcGt3-lNAcGlcMMa

|Man|-|ManHMar|-|Man|

Man[-;-fMaril

H*"
6- 13 N-



Grp78 Grp94 PDI

Kozutsumi et al. 1988, Gething et al. 1992) ——

3.

"C-

"C-

membrane differentiation)

4.

3H - -
6-14)

6- 14

SI,
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5. !3i 4

t Ca2 + f

Ca2+

Ca 2
+ 10-7mol/L) Ca2

+

Ca2
+ ATP f

Ca 2
+^ Ca2

+

Ca2 +

endoplasmin) ^
(calreticulin) Ca2

+ C Ca2
+ Macer Koch

1988) f ^ calsequestrin)

(Smith and Koch 1989)

Ca2 + Rizzuto, R. et al.

1998)

o

(

1.

2

(flippase)

phospholipid exchange proteins)
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2.

detoxification)

P-450 P- 450

50kDa,

phenobarbitol), P - 450

50% ~ 100%

3.

-1-

i
-6-

ER

6- 15

-6-

-6-

-1-

-6- -
6-

- 6-
-6-

6-15)

1971 Blobel Sabatini

signal hypothesis),

( mRNA

Blobel

1999

f t



(

myeloid body)( 6 - 16)

6-16

M. Mb. SER. WangK. et al. 1998)

(

annulate lamellae)

( 6-17) ;
RNA

(
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6-17

sarcoplasmic reticulum)

1.

(H

central cisterna) 30 ~ 40nm

terminal cistema)

6- 18)

||
6- 18

(T)

- T>
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(transverse tubule) o

2.

Ca2
+

*5 ATP Ca2
+ ^

(calsequestrin), ^ iC

Ca2
+ 8 X 10-4 ~ 10 X 10-4rnol/L)

Ca2
+ *^ Ca2

+ ^ Ca2
+

-

M

GiS G2

25 ~30nrn

1897 Gamier

1953 Robinson

1955 Palade 1958 Roberts

ribosome),

15~20nm
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--^11^''|^'/:
6- 19) 23nm- 1^ 23xl2nm 1/3

1 mRNA

6-20)

t#

6-19 Alberts 1994)

B A 90°

(peptidyl transferase center) , (decoding

center) 6

mRNA

16S rRNA 3' mRNA

mRNA A aminoacyl-tRNA,

-tRNA

P

peptidyl-tRNA,

-tRNA E exit site),

tRNA

rRNA; GTP EF-G GTP

m (translocase) G GTP - tRNA A

P 6-21)

23S rRNA 6 I ~ VI V

A P Rachel Green

et al. 1998) 23S rRNA V VI

Itaru Nitta et al. 1998 Paul Schimmel et al. 1998)

mRNA
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Mg
2
+ [Mg2 +]> Immol/L

[Mg^+] <lmmol/L [Mg^+] lOmmol/L

mRNA

polysome, polyribosome),

80S 70S

55S( 6-22)

70S

SSrRNA

120

23S rRNA

80S

5S rRNA

120

2900

34

6- 22

160
1900

4700 f ~33

21 ~49
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RNA 40% -50% RNA 50% ~

60% RNA RNA RNAUibosomal

RNA, rRNA), RNA 80% rRNA

f-

( ) RNA

rRNA 16S rRNA

I (1542 23S rRNA(2904 5S rRNA( 120

4 rRNA 18S rRNA (1900

28S(4700 5S(120 5. 8S rRNA( 160

rRNA rRNA 70%

rRNA 16S rRNA 3'

mRNA 30S

mRNA 5S rRNA tRNA T+CG( (^

tRNA

()

CsCl rRNA

M. Meselson

core) split

protein) 30S 23S SP30) 50S

40S SP50 23S 16S

rRNA CP30 core protein); 40S 23S rRNA5S

RNA CP50 6 - 23)

55 21 S1 -21 S6 2

30 L1 ~ 31 L7 L12 2 S1

65kDa 7 ~32kDa

6-24

6^

49 33 80



/CsCl 'l!)^

30sQ

/ \

1

505

••• •••
«

16S CP30 SP30
5S 23S

?50 SP50

6-23

CP. SP.

6- 24

mRNA 6-25)

I
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7§)

60S >lP.'T'-f>'/

lOOnm

lOOnm (B)

6-25 A) B)

mRNA tRNA

() tRNA

N- C-

tRNA

Paul Schimtnel

(1998) 6- 26)" L" tR-

NA (arms)

acceptor), T^C

3' CCA

A

mRNA

^Uc /
q : CACA GAAUUCGCAfginS'^
C ,^"YGUGUm'C UUAGGCGS-

A A

X'SV m'-6
V-

J %<G A
C G

^.g ( BS

A Y
C A V

fi^

(
6- 26 tRNA

Schmunel, P. et al. 1998)
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7. 5nm tRNA

mRNA tRNA -

mRNA

mRNA tRNA mRNA

(Paul Schimmel et al. 1998)

(
mRNA AUG

AUG AUG tRNA

initiator)——tRNAMe' tRNA

N -

AUG 16S rRNA 3' mRNA

5' AUG 3 ~9 Shine-Dalgamo sequence)

eIF2 GTP tRNAMe'

40S 43S

preinitiation complex) mRNA 5'

3' tRNAMw mRNA AUG

AUG AUG eIF2

mRNA 60S

tRNA ™-* .mRNA

30S mRNA - tRNA 30S

GTP Initiation factor, IF) IF 1 ~3 IF2

GTP 97. 3kDa

GTP GTP 30S -mRNA-Met-tRNAfme'

50S 70S GTP

70S P

6-27)

AUG 43S

6- 27 43S

tRNA mRNA
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(
A P - tRNA

tRNA™f' P A -tRNA,

A mRNA A

P tRNA A

23S rRNA(Itaru Nitta et al. 1998)( 6 - 28)

23SrRNA

23S rRNA

23S rRNA V VI rRNA

rRNA

N- St
H OCHj

H H H 0=0

OCH,
H

c=o
H H H !>^H

C-S-C-C-O-H
I III
H H H

G

C- tRNA

$' mRNA

6- 28 23S rRNA

elongation factor, EF)

- tRNA A -tRNA A P

mRNA UAAUAG UGA termination condon)

release factor,

RF) tRNA

30S 30S
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rRNA

80S 70S 70S

55S 80S 80S

60S 40S 28S 5S 5. 8S rRNA,

18S rRNA 70S 50S 30S 23S 5S

rRNA, 16S rRNA rRNA tRNA mRNA

6 mRNA A P E T
GTP

rRNA

30S rRNA

rRNA 16S rRNA 3'

mRNA 5' AUG 3 ~ 9

mRNA " L" tRNA 3' CCA

Til;(
mRNA 3' CCA tRNA
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(phosphoreatine) ATP 5

ATP ATP

+ ADP + ATP

ATP ATP

ATP

ATP

dense body)

Z

2:1 1

ATP

1/10 6 2

4

17kDa LC17) 20kDa LC20) 2

2

*5 ^ ^ (calmodulin, CaM)

9-40)
0.2- 40s, 0.04~ 0. Is

Sobiezek(1977)



• 272 .

>

'
9- 40

Mg2 + -ATP

Ca2 + Ca2 + 10-7

10- 5mol/L Ca2
+^ ^ 1^5

9-41):

9 -41 I
^ t

Alberts 1994)

(1) [Ca2+]

(2) Ca2 + - CaM)

(3) Ca2
+ CaM CaM

MLCK) Ca2 + • CaM • MLCK

(4) 2 20kDa LC20) (
19

(5) Mg^+ - ATP

(6) Ca2
+
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6 ~7mn

ectoplasm)

stress fiber)

()

actin), 43kDa

6 4 a

2 P 7

()

F G

G F

F

" + " " -"

tread milling)( 9 - 42 )

9 -42

+ )
-)

+ ) - )
' * '

+ ) -)

9- 43)
in "111"0)7?3 2 +~3+ K + ATP

Ca2
+ Na+K+ Mg2 +
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Na + K +

in vivo) ;
(

9-1):

9-1

kDa)

fimbrin)

fascin)

filamin) 250x2

n n tJ* 3<E IV IM^gBU myosin I) BII S BR • [ftl

11

( myosin II)

( cross-linking protein)

480

(spectrin)

llOkDa 110

vinculin) 130

a
190

(a-actinin)

talin)

tensin)

gelsolin) 91
Ca2 +

fragmin) 42 Ca2 +

( Capping protein)
villin) 95

Ca2
+

Acumenlin - G

profilin) 16 G

(ihymosin) G

( monomer stablizing
DNA SS I

109
G

protein)
(DMA Pol 1) ( G

(̂cal(lesmon) 1?

1. (cross-linking protein)

a (a-actinin) (filatnin)

fimbrin) spectrin) vinculin) talin)
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2. (capping protein)

C gelsolin) fragmin)

(villin)

3. (monomer stablizing protein)

G F

G F

profilin) 9-44)

9-44

actotnyosin complex)( 9 - 45) Mg2+ Ca2 + ATP

9 -46)

(

1. (cytochalasin)

9-47)

B D
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B

15~20

-

(
(

9 -45

(a)
'

b) Alberts 1994)

9-46

1. -2

2. -1

ATP

3. -1

4. -

1

2. philloidin)

/lmam'to/)/iaZo<iies)

F

G

()
'

Alberts 1994)
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p-GTPase

p-GTPase

1.

9-48)

2. (cyclosis)

MfaZ/a)

9-49)

8(HjLtn/s

0. 2^JLm 50 ~ 100

CHOH

9- 47 B

9- 48

(a)

b)

-

Z

2~5cm

(a) (b)

9- 49

(a) b)
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c

B Ih

B

3. (amoeboid movement)

F

R. Allen

9-50)

9- 50 Alberts 1994)

Ca2 +

filamin),

gelsolin)

Ca2
+

1 xlO- 6

Ca2
+ ATP

C
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4.

fimbrin)

villin) Ca" Ca"

Ca 2
+ Ca2

+

llOkDa

Kmyosin 1 )( 2)^ calmmlulin)

1 ATP

C spectrin)

9-51)

9- 51

5. stress fiber)

9-52a)

(focal contacts)

a a-actinin) myosin) tropomyosin)1^
9 -52b)-

0.2 am

14

-•1

•
•1

g

-
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(b)

I —— a^"!"
'

' ~~

Q

9 -52

(a) b)

adhesion belt)

(adhesion plaque)

integrin) fibronectin)

a a-actinin)

vinculin) talin)

(paxiUin) 9-53)

a

(
50nm

9-53

( Alberts 1994)

9- 54

6. (cytokinesis)

2

contractile ring)

9-54)

Imin

a
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7.

I

F

)

intermediate filament)( 9-55)

lOnm

lOnm

( 20jxm

9 - 55 rat kangaroo)

PtK2)

Alberts etal. 1994)

.

9 -2)

9-2

(Mr)(kDa)

cytokeratin) 1 40-68

vimentin) 1 54

(desmin) 1 53

neurofilament

protein)

glial

fibril aridic protein)

3

1

68 ~ 200

51

/:g lamin) 65-75
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(

3 9-56)

310 a a

4 3 N-

C-

\g^^^==^a#^

^

9-56 Alberts 1994)

9-57)

4

a

Fh

9-58)
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NHi

a

48iim

COOH

m

lOnm

10

9-58 Alberts 1994)

(a) b) ^ C) ' d) ;
(e) lOnm

(

1.

epidermolysis bullosa simplex)

2.

-
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3.

9-3

# o_ 1 <@

25nm 6 - 7nm lOnm 15nin

a, p

50kDa 43kDa 40 - 200kDa 480kDa

13 a a

g

E. Fuchs

(1998)

plectin)

9-59)

t

MMHBHM

^^jpm? —
9-59

ffl

i
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25nrn,

13 a |3

e MAP), MAP

MAP ——

+) -)

Sih noco-

dazole

1

9

C

2 9

AB
9 A B 9 A B

MAP

dynein) nexin)

ATP, ATP

15nm)

6nm)

ATP

G G F 2 F

6nni

Z

Z

Ca2
+ ATP

ATP ADP

1
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+
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1.

2.

3.

4.

5.

6.

7. ——
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1980. ["1^^^|1|{|-. 1:6 ~ 14; 2:38 ~42 3: 45 -50;

4: 29 - 34

1985. ^t^^l '';^:^* *'7:m i: 31 -37
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ATP

DNA,

Kollicker, 1857

1888 1890 Petzius

sarcosome) Ahman 1890

bioblast) 1897 Benda

mitochondrion, mito chondrion, 10-1)
1900 Michaelis Janus green B

10- 1

(a) b)

20 1912 Kingsbury

1913 Engelhardt

1943 ~ 1950 Kennedy Lehninger

Lehninger

20 50 G. Palade, K. Porter F. Sjostrand
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' ""
( 10-2)

3 ~5

24h

10-2

pH

0. 5 ~ 1. (Him, 2 ~ 8M-m, 4(Vm

5pun

10~2{Vm 4(Vm

10-3)

10-4)

( Blastodadiella emersonia)

( Polytomella agilis) 500 ~ 1 000.'
30 C/mos c/uicw) 50
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i
20 min V

500 ~ 1000

ATP

10- 3

10-4);

Ducibella(1977)

-

(a)

10-4

(a) b) ;
(C) d) 2 ;

(e) 123
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10-5)

10-5

(a) rhockmine 123 b)

Alberts 1994)

4 10-6)

10-6

) M HI

r !ft >fj i'l: ATP . // F,
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porin) 2~3nin

lOkDa 10-7)

(A) (B)

10-7

X /?/io<io6arter ca/wuiaziw )

16 P A) 3

B)

6 ~8nm

0. 11-0. 15kDa

cristae)

10

SP2/0-Agl4

10- 8)

elementary particle ) F, F, ATP

Fi - ATP

Fi Fo F, F
FqFi - ATP ATP ATP synthetase) o ATP



• 293 -

(a) (b)

10-8 SP2/0-Agl4

(a) SP2/0-Agl4 b) (a)( 1993)

H + ATP

6~8nrn intermembrane

space) ;
inner cristae

space),

DNA RNA
70S 55S; Ca2 + Mg^ + Zn2

+

Ca2
+ Ca2

+ Mg
2
+

Ca2
+ Ca2

+

——
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(digitonin) Lubrol

mitoplast)

Lubrol

WX
10-9):

+

1
12000g, lOmin 144000g, 60min

m [ zJ

+ lubrol WX

144000g, 60min

10-9

DNA RNA
65% ~70% 25%~30%

50%

80%, 20%, ATP

/

21% 6% 6%
67%

25% ~30%

-
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K+Na+Mg2+

Fe2+Zn2+Cu2 + DNARNA

120 37%

10% 9%

DNA

ATP 10-1

10-1 as

ISNADH- C A

ATP

NADH 81 K p-

^
80% ATP ATP

CoA

ATP 10-10)1^
Ca2

+ Ca2
+ Ca2

+

HeLa

Ca2 +
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10- 10

CoA' ATP NADH;

K CoA ATP NADH; CoA

H2O C02 NADH ATP

L( mitochondrial permeability transition pore, mtPTP)

c apoptosis-inducing factor, AIF)

(caspase) AIF 57kDa

AIF effector)

mtPTP

C
AIF

DNA

mtPTP Ca2
+ Ca2

+

reactive oxygen species, ROS, O 2 -)

mtPTP,

CoA
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CoA

1950 Kennedy Lehninger

ATP

CoA
CoA

C02 NAD( 1) NAD + NADH

H + NADH 1

NADH FMN Q b c

a a3) NADH

FAD

FAD FAD CoQ

2 4-

ATP

1968 E. Racker

( sub-mitochondrial vesi-

cle)

F)

ATP

F

NADH

ATP
( 10-11)

10-11

(a)

8? b)
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(

C
Q

CoQ

(1) NADH

FMN)

FAD), FMiN FAD

2 H + 2 e-)

(2) FezSz

Fe4S4 Fe2
+ Fe3

+

1
e-)

(3) Q: Q(
QH( QH2( 2 H + 2 6-)

(4) aa3bcc,

c

aa3 Fe Cu

Fe2
+ Fe3 + 2 e- )

Green

4 I(NADH- Q- FMN— [Fe—S]„) n(

- Q- FAD— [Fe—S]) m (QH2 - c - b—Fe—
S—c,) IV( aa3Cu2

+ )
10 - 2c

10-2

I

43x2
1FMN, 16~24FeS NADH M H +

(850kDa) (6 FeS Q (NADH— Q)

n

(140kDa)
4

1FAD, 8FeS,l

b(3 FeS

M

Q (— Q)

in

11x2
2 b Q H +

(480kDa) 1 ci 2FeS C, C (CoQ^ C)

IV
13x2

2 a, a C H+

(160kDa) 2 33 2Cu 02 M m ( (T* 02)

c

(13kDa)
1 Ic-

ci C

a C (CoQ— a)

I ffl IV
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I

NADU H+
[
NAD

10- 12

NADH n HI IV

10-12)

NADH M

bci ni)

11

240kDa, 1 2) mitochondrial

processing peptidase, MPP) bci

8 4~

5kDa 3 8

C C C a(C

CU2 +( 33 M

NADH 02

10-13

- InADM

- %<i^ \m

- / " ' IJif

2H++l/20i H,0

10-13 Alberts 1994)

(>E)

^^s^s
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ATP ATP

F<:)

10 nm

10 - 14 ATP

81 FiATPBI;

FH*

Alberts, B. 1998)

(ATP

ATP ATP

F-F, ATPase complex)

Fo-Fi F-F, coupling factor)

16 Mr 500kDa

head

sector) (Fi F,ATP

(membrane sector) (Fo)( 10-14)

ATP F-Fi Fi

Fo ATP

H +

1.

Fi

F, Fi Ca2 + Mg^+ ATP 10

5 3a3p7e 5, Mr 56 52 3221 1 1. 5kDa

5

a i ATP Fi S

F, ATP

10 1 F,

Fi Fi inhibitor protein) lOkDa ATP

ATP ATP ATP

H + Fi F Fo

H +

F,) ATP 100 ATP

ATP 3 H + 10 - 15)

2.

F 70kDa

proteolipid),

ATP

DCCD(N'-N
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1 H- H

H+ H+
H

H'
H

H
H-

(A) ATP (B) ATP

10 - 15 ATP

ATP A),

B) Alberts, B. e« a/. 1998)

Fq Fq H +

Fi

F, Fq

F, ATP 10-3

10-3 ATP

A/,(kDa)

F.

53

50

33

17

Fo

F,

DCCD

B

10

8

10-14

12

29

14

ATP H +

ATP ATP H +

AG)
G H + ATP ATP ATP

H+
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1 2

'

2 ATP2 NADH + H+ 4 6 ATP

1

6 8 ATP
3 NADH + H +

1 FADH2 9 3 2 ATP

1 GTP( ATP) 15 ATP

2 6 8 ATP

30 ATP 1

36 38 ATP

NADH FADH2

02 Fi-F ADP m
ATP

3 NADH FMN

b C a 02 3

50. 8kJ41kJ 99. 5kJ ADP ATP

chemiosmotic coupling hypothesis)

1961 P. Mitchell?b

pH

Fi-F ATPase

ATP
Mitchell 1978

NADH

1

3 H +

(FMN) NADH 1 1 H +
)

1 FMNH2 FMNH2 1

(FeS) 1 FeS 2 CoQ) 2

2 2 QH)
2 b 2

I

2 QH2) 2 2 I
C, 1

b 2 b 1

b 1 Q C, 1 C

02 1

10 ATP 3 ATP 10 - 16)
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Mitchell

10 - 16

X
3

Fe Cu

C H +

2 c3 Cu 2 Fe

Ch Fe C' e- Fe-Cu
Fe e - 4 °2

H

20
H + 10-17)

[H +
]

[0H- ] [0H-] [H+] pH ^
H + H + ^

F,-F H + F,-F
F,

ATP ADP Pi ATP
1

1 ATP pH ApH) )'

proton motive force) (A/;) ATP

p=
(lpH = 59mV)

RT
AP= Ai|;-2. 3-— ApH = Ai|;-59ApH
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(B)

10 -17 SI

3 B) Alberts 1998)

7? r F Avj;

ApH A/^ Ai]; 139mV ApH - 1.41

(
= -84mV), 223mV 200mV

150mV pH - IpH

H + ATP

ATP( 10- 18)c

(1) NADH 02
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(2)

H +
1 3

3

(3) H + 0H- H +

(4) H + H + F,-F

ATP ATP

(5) F,-Fo 2 1 ATP

(1)

H+

(2) K+ K +

ATP

ATP

(3) Stoekenius(1974) WaZo6a"m'um /ia/o6/um)

C

pH

ADP C Stoekenius

ATP

ADP Pi ATP ATP

ADP 10-19)

Mitchell 3 3

3

Mitchell

Q 2 3

Wikstrom

(1980)

3

NADH- Q 1)

Q C

III) IV)

( 10-20)

Mitchell

ATP

ATP

ADP+Pi V

10 -19 ATP

^ ATP ,
-,

ATP A^fp
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H K D

10-20 C

C I HK D H

D His

Cub D51

NADH 220kJ(52. 6kcal)

3 ATP [91. 6U(3x7. 3 21. 9kcal)]

C 02 ATP

ATP Mitchell

ATP Wikstrom

aas

ATP

ADP Pi ATP ATP, F, [H+]

ADP ATP P. Boyer

F, ATP F,

F, ADP Pi)

ATP) F, 2

1 ATP ADP Pi F,

ATP ATP ADP Pi

ATP ADP Pi F,

ATP ADP Pi W
ATP F,

ATP ATP
ADP Pi ADP Pi

ATP ATP ATP
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ADP Pi cytosol)

ATP

adenine nucleotide translocase )

H + ADP Pi ATP

10-21)

40

rnyopathy)

——
10

Leber

(LHON), DNA

CPEO) Keams-Sayre

KSS) DNA 50

DNA DNA

DNA Friedreich

DNA

DNA
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10-22)

10-22

(a) mtDNA 143 7 ND1 2 3, 4. 4L, 5 6);

1111110>11), b); 1V13 3 COI, n, in); ATPase

16 2 ATPase6, 8); rRNA( 16S 12S rRNA); 22 tRNA(
(b) mtDNA

Wallace 1999)

1963 M. Nass S. Nass DNA

DNA (mtDNA) 1 1

DNA mtDNA 3H -

G2 DNA mtDNA

DNA

mtDNA 5. 5jxm 26jjun

7500 mtDNA 16 500 mtDNA

200|xm 6. 5 X 10" mtDNA

mtDNA mtDNA rRNA(12S 16S) 22

tRNA 13

LNeurospora") 70S

55S( 35S 25S
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70S c

10 20

3 b-c, 1 ATP

DNA

RNA mtDNA

A) 10-4)

10-4 SI

7 4 3

1>C| 6 1

ATPSS( 9 4

30 30

22 21 1

10-23)

DNA RNA y '

-

-
tRNA »

RNA

10-23

R ^
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5 -

-7-

I

3

De novo)

b a)

De Robertis 1962)

Luck(1965)

CH01-1

l|xg/ml)

/ lOM^g/ml)

10-24)1985 Frederic

1

2 1

N-

I

leading peptide)

10- 25)

molecular

chaperone) Hsp70

1

Hsp60 TimlOp Tirnl2p



13^

10-24

septumM T )

Kanaseki, T.

)

(a) NH

10-25

(a) b)

10-26)

10-27)
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10-26 Kanaseki,T. 1981)

A. B. C.

10-27

a) b)

4

1 ATP 2

NADH
1 1

H +

.
' '

V

-V

.

f



313

FADFAD NADH

1 FT 1 H +—
1 CoQ) CoQ 2

2 2 b

b 0
0

a ( 10-28)

2H +

NADH+H+

10-28

2 1 ATP 1

1 3 X 10
5

6~8nm

8. 5nm F,

1: 1

4 1: NADH- C- ^
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DNA RNA

(ATP) r:^
02ADP ATPH20 C02

C02;

H2O;

ATP 3

ATP GTP

NADH FADH2

6CO22ATP2GTP10NADH 2FADH2!t ATP

4

3 1 ATP 1 NADH 1

3 ATP FADH2 2 ATP O2 O2

H20 39% ATP
ATP ATP F, ATP

F ATP F,-F F

F H +

Mitchell ADP

H + 0H-

H +

A P)H + F

Fi ATP

CoQ C

§ 4 NADH-Q -

1) -Q- II) QH2- C- III)

C - IV) 4 3 H+

Mitchell
I

1 ni 2 1 F,-F

ATP 1 ATP
1

I

3 ATP

DNA
DNA rKNA tRNA ATP
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chloroplasts)

(photosynthesis) C
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leucoplast)

(amyloplast)

chromplast)

(proplastid)

17 Antonie Van Leeuwenhoek( 1676)

1883 Schimper

Meyer(1883), (grana)
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50 ~ 200

20~40

4~10fxrn 2~

4jjLm

11-3)

thylakoid)

(stroma)

20nm intermembmne space);

stroma) thylakoid)

6~8nni 10 ~ 20nm

11 -2

(a) b) C)
11 -3
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(grana)( 11 -4)

0. 25-0. 8jxm,- m O.Olfxm;

IP*^" "^^jg^^llll^
frets)

stroma

lamellae) ,

40 ~ 80

5 ~30

11-5)

11 -4

«

DNA( Nir I. et al.

)

11 -5 1998)

20 0. 25|xrn) 400^tm2

t

Howell
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11 -6 ATP

Mondvianakis(1967) 12nm

-1 5- ribulose-l 5-bisphosphate carboxylase,

RuBPcase), RuBP

5~6

lOnm, EDTA ATP

(CF-CFi CF

CFi 11-6) CF,

Fi ATP

ADP

ATPo CF,

ATP CF 3

8kDa 6 CF, a3p3
75e 9 ATP a p ATP ADP

7 S CF e

ATP ATP CFi ATP

Mg^ + -

10~13nm

I(PSI) 10~18mn

Il(PSn) Park

quantasome)

PSI PSII

11-7) PSI PSII ATPNADPH

b

DNARNA r:

RuBPcase 15 ~20nm 70S DNA

2. 5nm; RuBPcase 10 ~ 20nm CO2

C02 RuBP C02
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DNA RNA

Fe Mn 50%

69%( 11 - 1)

DNA RNA

11-1

)
50 34

50 8

1.1

69 21

31

38 0.7

RNA 1.0-7.5

DNA 0.02-0.1
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ATP

A

60%, 40%

1.

( 11- 2) 40%
11 -3)

11 -2

)
26.8

13.7

4.1

9.1

a

15.0

b

5.8

2.8

3.3

2.2

17.0

2.

integral membrane protein)

(peripheral membrane protein)

CF,

ATP)
CF, 10nmMr 325kDa EDTA CFi a

P7S e 5 Mr 59563717 13kDa CF,

F, ATP Fi CFi

Mg^+ CF,

PSIPSII
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11 -3

(

278 401

a

238 281

b

40 130

P700 2.5 0.6

P- 21 17

10 29

15 20

g 16

76 66

231 214

172 185

65 59

b

1.0 3.4

f

0.5 0.7

1£ 0.3 3.2

CFi (sodium

dodecyl sulphate, SDS) SDS' 20

10~100kDa SDS- chlorophyll-protein complex, CP), CPI CPI-

I CPI KphotosystemI, PSI) 12

28% CPI a a b 12:1( 11-

8a) CP n 11 (Photo system 11 PS 11)

16 50% CP II a b 1: 1

( ll-8b)

(a) PSI 12 A B Abrol.Y.P. 1992 )

(b) PSII 13 3

D, D2 Barber, J. 1992)
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plastoquinone)

(plastocyanin)( ferredoxin) (
NADP +

553(f) 563(b) b-559 HP( b-559LP(

60% RuBPcaseo RuBPcase(560kDa) 8 56kDa) 8

(14kDa)

DNARNA phytoferritin)

70SDNA 10_' 5 ~ 10-

0.03% DNA 150nm

20 ~ 60 DNA RNA
rRNA mRNA tRNA

PSI ( -NADP )
PSI ( f ) 11-9)

PSn PSI NADP
b6-f

11- 9

b6-f

b-c,, ^
NADP' NADPH
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PSI PSn Light harvesting com-

plex, LHC) PSI PSII photosynthetic unit) 250 ~

300 reaction center) a

a a

PSI a P700(P 700

nm) PSII a P680 -
light-harvesting chlorophyll protein complex , LHC) antenna

complex) 40% -60% LHC

PSII( PSI) PSII

EFs) 80% ~85% EFs

15% ~20% EFu PSI

PFu 11-10) K.P. Miller

PSII PSI

(a) (^^^^^^^^^)
^^^^^^^y,

• I I C f I ATP SI

11 -10

(a) b)

photosythesis)

H2O C02 02

:
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nHzO + rtCOz [r.H0] „ + n02

light reaction),

ATP,

NADP, NADPH2 dark reaction)

ATP NADPH2 CO2

11-11)

^^

11 -11

(

light harvesting chlorophyll) reaction center chlorophyll)

antenna

chlorophyll) ab^ C; a

P700 P680 P700 I(PSI)

P680 n(psn)

1 photosynthetic unit)

HjO-

00

I ATPI + I NADPHl

I

J
3- !

1
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1
1 1 11 - 12)oPSI

P700 PSII

P680 )

11 -12

a) a

a 1 1

a

1

a 1 ilj

a Mn

1 2

NADP+ NADPH2

(
20 60

i(PSi) n(psn)

NADP+
"Z" 11-13)

PSII ) P680 P680 1

Q) P680

+0. 82Vo -0. 06V

Q

(plastocyanin)
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11 - 13

DCMU( DBMIB

553( 0- PSI PSII

+0.4V PSI a(P700)

P700 P700

0.6V X
P700 P700

PSII

P680 PSI P700

X (ferredoxin-reducing substance)

]^
-NADP NADP+ NADPH 1

1 1 NADPH( 2 2

1

(
ATP

photophosphorylation)

ATP

^

^

W

^

(>E)
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1.

P680 PSI PSII

P700 NADPH H2O NADPH

ADP + Pi ATP
ATP NADPH,

C
NADPH ATP

ADP

[3-(3'4'-dichlorophenyl)-l

1 '-dimethyl urea, DCMU] PSII

DCMU
DCMU PSI NADP+

PSI PSII ATP NADPH

PSI ATP PSI PSII

2 5-dibromo-3-methyl-6 isopropyl-p benzoquinone, DBMIB)

PSI

2. ^
P700

b6 f

P700 ATP PSI—
PSII NADP

ADP ADP

10 000(ApH 4) ATP

2 2

P680 1 1

P680 2

PQ)PQ 2 PQH2 PQH2

f

P700P700

Fd)
FAD) FAD 2 FADH2 FADH2

1

2 NADP + NADPH 1

3 4

r:

CFi-Fq CF, ADP ATP( 11-14)
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11 - 14

r:

CF-CF, ADP ATP

1 2

3 4 3 CF,-F

1ATP 11 - 15) 1 3

3

11 -15

1 Fi-Fq 1 ATP

ATP

A.Jagendorf(1967)

pH ATP pH4.
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H + pH8.

H + H + H +

ADP ATP

H + ATP

NADPH

ATP NADPH ATP CO2

darkreactionh

ATP NADPH C02

( C3

20 50 M. Calvin CO2 Calvin

"C '4C02 '4C02

14C-3- 3- "C

C02 1 5- C02

1,5- RuBP)

2 3- ATP, 3- 1 3-

NADPH 3- m
11-16)

6 1 RuBP

1 C02 Calvin Benson 1 CO2

RuBP RuBP C02

12

RuBP C02 Calvin cycle)

3- C3 6

6 C02 RuBP -6-

( C4 ^
— C3 C02 C02

P

5xlO-'ml/L (50ppm) [ CO2

0. 03% 3 X 10-4ml/L(300ppm) ] CO2 5 x

6ml/L(5ppm) C02

C02 M. D. Hatch C.R. Slack 1966
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IC

3 -1,5- 5C

3ADP-^

3ATP-

3 -5- 5C

S |3~ 3C

6 3- 3C

— 6ATP

^6ADP
13- 3C

- 3C

— 6NADPH
6NADP

3- 3C

6 ATP 9 NADPH,

3 C02 1 3-

11 -16 C3

C02 3

Hatch-Slack

C4 C02

PEP) ——
C02

ATP PEP) PEP .
C02 C4 11-17)

^
A

ADP^ V

P )ATP

00^

-1,5-

^

C3

11 -17 C02 G
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PEP C02 PEP

C02 C3 RuBP

C3 C4 PEP C02

RuBP C3 C02 C3

C3

C4 C3 11 -18)C4

C3 C4 C4

C4

11 -18 C3 C4 C02

(A)C3 G B)C02 Avers, C. 1981)

C02

C4 C4 C02 C3 11-19)

,RuDP,-ATP

«ft

(B)

CO,

>^
k--^^-

/ C
NADPH PGA ^^

ATP-

-
}
'

,

f

Mg
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CO

NADPH+H*
*&

gj^tr/ NADP+

C4

>

11 -19 C02

—— DNA nucleoid)

DNA • DNA

DNA 0. 9ix.m\ DNA 3. 7^im\

DNA 40 ~60m 200

DNA(chDNA) mtDNA chDNA

DNA DNA DNA
DNA

RNA

70S

DNA DNA

DNA DNA 11 -20)

DNA RuBP 8 8

50 ~ 55 kDa

12 ~ 14kDao

T. Pfannschmidt(1999)

apoprotein)
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11 -20

(Proplastid)

0. 5 ~ 1. 0(1. ~ 1. 5)

jim DNA

11 -21)

11 -21a)

" prolarnellarbody)

ll-21b)

etioplast)

r 11 -22)
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11 -21

(a) b)

CIS. CL. CM. G. V.

11 -22 //uw«>/u5"u/gari5)

PG ; G
T );T,

( Avers 1981)

(proto-chlorophyll) a

1

3
'

11 -23)
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arnyloplast)

(chromoplast)

DNA DNA

2um

11 -23

15 ~

16nm "- -"
02 11-24)

(bacteriochlorophyll) 890nm P890

1

PSI( 11-25)

C02 H2S

H2S

6C02 + I2H2S C6H12O6 + 6H2O + 12S

C02 6C02 + 12H2 -> C6H,206 + 6H2O

2CH3— CH3—c- CH2—f +2H2O
OH

H2D) H20
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11 -25

11- 24 I

C02

I 11

H2S

2H2D + C0 [CH2O] + HaO + 2D
-

H2D H20 H2S C02

D 02 H20 C02

ATP

1

a

i(psi) n(psn) I n a

a

PSI 700nmPSII 680nm P700 P680 PSII

LHC)

14nmPSI 8nrn

11.5nm

NADP+
NADP + PSII PSI

PSII PSII PSI PSI NADP+

Q Q

iNADifNADHi

PSI

'/So

C, PSI

(1

-
-J

,
-'

/-

-

<
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b6 f

P700PSI 2
P700 ——

-NADP NADP+

NADPH
PSII PSI NADPH

ATP

b6 PSI PSII PSI

ATP ATP
ATP NADPH

RuBP RuBP

(02 5 1 5 - RuBP) 6

2 3 ATP NADPH 3

3- 1 5-

C3 C3 C02
C02 3 ATP 2 NADPH C4

C02 C3 C02 C4

C02 3 ' 4

C02 ATP

C02 C4

C02 C02 C02

C4

DNA
DNA rRNAtRNA

ATP DNA RuBP

I

02

1 PSI

j

CO2 H2S 1
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120;
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10~15jjun
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.

\ .

12-2) 12—2 —

nuclear envelope)

()

7. 5nmo

outer membrane)

inner membrane)

B 20 ~40nm

(perinuclear space)

.
(nuclear pore)( 12 - 3)

12-4)

100 0. 5 X 10^ ~ 1 X lO^kDa

nuclear complex)

pore membrane domain) gp210

()

80 ~ 120nni 9 x 15nrn
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12-3

(a) b)

12_4

(a) b)

3 000 ~ 4 000 11 /jun2) 3. 8 x 10^60 /^Jun2)

11 /Jim
2

3 /(jun
2 150~300

1.

125MDa(lMDa = l xlO^Da),

30 66 MDa

1970 FrankeRoberts
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Franke and Scheer 1974) H.

Ris 1991) AkeyC. W. 1993) 1974 Franke Scheer

80~ 120nni

annulus)

8 10~25nrn annular granules)

central plug),

transporter)

12-5)

12-5

(a) b) Franke,W. W.et al. 1974)

1998 M. Ohno

(spoke)

(cytoplasmic ring) nuclear ring)

8 30 ~

50nrn 8 lOOnm

terminal ring) ( 60nm)

nuclear basket) ( 12 - 6)

p270/Tpr
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12 -6

(A) Alberts etal. 1998);(B) :^
( Ohno et al. 1998)

50~100

30 nucleoporin)(Doye&Hurt 1997)

FG)
0- N-

p62 p62p58 p54

p45 p62

p62

nucleoporin), gp210

0- gp210 N-

0-

8 ~ 10 nucleoporin family)

2.

(
12-7)

9 ~ lOnm 15nm

<|
5kDa 17kDa 60kDa
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GZ)
RNA/RNP

12-7

NLS. ; NBP

RNA RNP

10~20nm, 26mn

25~30MDa;

ATP

DNA RNA RNA

DNA 3000 ~ 4000 3 106

100

RNA

(1) DNA

RNA karyophilic protein) o

nucleoplasmin) (—

- 20nm

12-8)
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nuclear import signal), 4 ~ 8

LysArg Pro

N-

SV40 T SV40

DNA T

DNA T "Pro-Lys-Lys-Lys-Arg-Lys-Val"

Lys Thr T

it

1
ir

# ]

I

T

12-8

nuclear import

signal-binding protein, NBP) importin) NBP

adaptor) nuclear import

receptor)(
a P

a P

Mg^ + -GTPase GTP

(2) RNA RNA

RNA

RNA(heterogeneous nuclear RNA, hnRNA)

hnRNA hnRNP hnRNP

RNP 12-9) RNA
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(small cytoplasmic RNA, scRNA) [ RNA RNA

7S RNA( ] scRNP,

scRNP mRNA scRNA(RNA

n 5'-

m

7G

m

7GpppG RNA

m

7G RNA rRNA

RNP

rRNA 5S rRNA tRNA( RNA IE

5S rRNA L5

TFDIA 15nm)

9mn

RNA

ATP

annular lamina)

RNP)
RNP RNP

RNP

12 -9 RNA a) b)

mRNA mRNP

)

100nm
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10~20nm

30 ~100nrn

lamins)AB C 60 ~ 80kDa

12-10) B

lamin receptor)

12 -10

(a) b) ;
(C) b)

A C

12-11)

12-11 '

( 12-12)

(chromatin)

euchromatin)
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12 - 12

heterochromatin)

()

1. ——

20mn

3

20~30nm

lOnm 2 ~4mn 2 ~4nm

DNA

chromatin fiber) , 20 ~ 30nm lOnm

20~30nm

12-13)

-

12- 13 30mn)(a) lOmn) (b)

30mn lOnra
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20 70 staphylococcal nuclease)

DNA 200bp400bp600bp800bp

200bp

R. Kornberg 1974

DNA

200 DNA 9

DNA nucleosome) 8

DNA

Komberg

Komberg D. E. Olins A. L. Olins

lOnm 0. 7mol/L HC1

H, H,

DNA H2AH2BH3 H4

20 70

(nucleosome core) 147bp DNA 8 12 - 14)

H3 H4 H3)2(H4)2

1 H2AH2B Komberg Klug
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8 12-15

DNA 147bp 1. 8 DNA 165bp

2 Hi DNA

Hi 165bp

chromatosorne)

DNA DNA(linker DNA) 200bp

35bp lOrnn

lOnm nucleosome filament) chromatin filament)

12-15 4

(a) (1) DNA H3)2(H4)2

70~802)3) H2AH2B

30 ~40 DNA DNA 4) H, DNA

Klug& Butler, 1984)

(b) 4

N C

4 Thorpe, N. 0.)

DNA 4

(H3)2(H4)2 DNA 2 H2A) (H2B)

H2A HzB H3 H4 DNA

H2A H2B

DNA

DNA 2. Omol/L NaCl
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NaCl DNA

DNA

DNA 200bp 68nm

lOrnn DNA 1: 7

DNA DNA 0
lOObp, DNA

DNA 195bp 160~170bp(
0)

Hi H3 H4

DNA 200bp 165bp 147bp 165bp

Hi H, DNA

DNA DNA Hi

165bp

12 - 16) 12 -17

12 - 16 H,

(a) . 146~1470~
Hi 165 ~ 166 . DNA

H, b) DNA

DNase I nuclease hy-

persensitive site), DNA

DNA RNA DNA

1

Imol/L)

lOrnn H,

(solenoid) 30nm 6 ~ 8 H,
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30nm

lOnm

(B)

12-18) HI lOnm 30nin

HI 30nm

2.

(heterochromatin)

(euchromatin)

(heterochromosome)

,

20~30nm

90%

3

DNA 200bp

1 DNA

•••a..6 a.
+

(B) (B)

(B)

146~147bp DNA

r^T-T—

1

HjA H2B H3 H4

(B)

12 - 17

(a)

30nm

DNA

12 - 18 30nm

(a) « ffl 6 ~8 H, 30nm

(b) C) 30mn
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constitutive heterochromatin )

faculative heterochromatin) o

DNA 5% ~10%
( Drosophila virilis )

40%

DNA

X

1 X

2 X 1

16

1 X Barrbody)

( 12 -19) X

12-19

(a) b)

()

12 -20) 12- 21)

12- 20
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12-21

(a) b)

1.

DNA 5cm 5 - lOjim
DNA

DNA 1/5 000 ~

1/10 000 30nm

DNA

1%

5^1111

DNA —
lOnm—30nm —— 12 -22)

lOnm

lOnm

30nm

> 1000

> 10000)

30nm

30nrn
j|i^^^^^^^^^^^^^^^H|^^^^yiu||^ 1400nm

12-22

lOnm 4



• 356 •

polyanion sulfate PDS) PDS DNA

DNA 12-23)

chromosome

scaffold)

12-23 i4i

2 2 DNA

( Poulso e( al. 1977)

2 1 DNA 25^jLm(75 OOObp)

12-24)

(a) (a) (b) (b)

12-24 DNA

(a)DNA b) DNA

( De Robertis 1980)
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DNA 25jxm 40 30mn 0. 6fun

ljJLm)

2.

"^

12-25

constriction)

centromere)

(
primary constriction)

(secondary constriction)

( nucleolus-organizing region, NOR)

arm)c chromosome comple-

ment )

12-25 12 - 1
(1) metacentrics):

(2) submetacentrics):

(3) acrocentrics):

(4) (telocentrics):

12-1 Levan 1964)

1.0- 1.7 50.0-37.5 2

1.7-3.0 37.5 - 25.0 2

3.0-7.0 25.0-12.5 2

7.0- 0C 12.5-0 1

1. X

=

/( +X X 100%

2. = /

3. = / X 100%,

4. 1 2

diploid)

2n; haploid),

In polyploid), 4n6/i 8n

2 n4ri6n 8/1

12 -2)
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2^""
(chromosome set) genome)

chromosome complement):

12-2

23 Triturus cristatus 12

Drosophila melanogaster 4 Notophthalmus viridescens 11

Drosophila vivilis 6 Plethodon cinereus 14

Chironomus tertians 4 Batrachoseps atennatus 13

Chironomus plumosus 6 musculus) 20

Locusta migraforia ) 12/13 ( Mesocricetus auratus) 11

(XO/XX)

(

Mesocricetus auratus) 22

Xenopiis laevis 18

(

Gallus galIus domesticus ) 78

Xenopus tropicalis 10

(Wamz pipiens) 13

chromosome set): 1

basic number) 0-

In

(secondary basic chromosome set) , 1

(secondary basic number)

genome): 1

1 1

DNA pg) C C value) DNA

2C DNA 1C

(1) centromere):

'* T-wfflirw ' 1»±
^"^v^-'SmBM

'

kinetochore)

12-26)
||

4~40

0. 20-0. 25^Jun 40nm,
12-26

(a) b)
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1. Sjxm,

(0. 8fJLm)

LuzM

( 12-27)

12-27

(A) Saintpo/ia iorumf/in) Mt) x81 000; (A)

K)

M), x39 000( Ledbetter,M. C. (A)and Stubblefield E. (B))

Plata(1990)

- centromere-

kinetochore complex)-
(kinetochore domain)

central domain)

pairing domain)

( 12-28)

I

I

n

12- 28 -

1 i

1
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(fibrous corona)

DNA;

1

5

(CENP): CENP-A(17kDa) CENP-B (80kDa) CENP-C( 140kDa) CENP-D(50kDa)

CENP-E(250~300kDa)o CENP-A -
CENP-B -

CENP-C -
CENP-D CENP-E

C ACA (anti centromere /kinetochore autoantibody)

(inner centromere protein, INCENP) (chromatid linking pro-

tein, CLIP),

(2) telomere):

DNA DNA

(3) secondary constriction)

DNA

(4) nucleolus-organizing region, NOR)

NOR), DNA rRNA

18S5. 8S 28SrRNA

(5) satellite):

3. DNA key sequence)

2

DNA J (autonomously replicating sequence, ARS) DNA
(centromere DNA sequence, CEN) DNA

ij ( telomere DNA sequence, TEL)

(1) DNA DNA 20 70

DNA DNA

11 ~ 14bp AT

200bp DNA
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(2) DNA DNA

DNA 2 80~90bp

AT llbp DNA

DNA

DNA 2

(3) DNA 20 ~70

3'-GGGGTT-5' DNA

DNA telomerase) RNP RNA

DNA 3'-0H

DNA DNA

T2G4 DNA DNA 12 - 29)

ITTGGGGTTGGGGTTGGGGTTG
lAACCCCv

ITTGGGGTTGGGGTTGGGGTTG
lAACCCC

5'

SI

GGGTTG ^"^^^
^l^lCCCCAAC^B

ITTGGGGTTGGGGTTGGGGTTGGGGTTGGGGTTG
lAACCCC

5'

GGTTG ^^^^

3"

ITTGGGGTTGGGGTTGGGGTTGGGGTTGGGGTTG
lAACCCC CCCCAACCCCAACCCC

5'

12-29

(yeast artificial chro

DNA(
12-30)

4.

(polytene chromosome)

lampbrush chromosome)

(1)

DNA

DNA

YAC) DNA

12-30 YAC)
CEN, DNA TEL DNA ORI,

DNA
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DNA

4 ~ 15 24 - 215 DNA

endomitosis) ( 12-31)

DNA 1000

I )

(b) I

12-31

(a) b)

C)

3 X

4AF
\2

"-^^

:"

12-32)

(puff)

Balbiani(1881)

Balbianiring)( 12-33)

13-14)

mRNA
3H- DNA

/IZZiumur-

im^m)

#1

12-32 I
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12- 33

(a) b) C)

85% DNA 15% DNA
^ '

puff),
'

(2)

lampbmsh chro-

mosome)

590(Vm 3

12-34)
,

12 - 34 Tritunis vinVi«m«jW

Gall J.G. 1981)
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1

(chromomere)

12-35) DNA DNA 5%

1

5000- 10 000 DNA

(matrix) RNA 1 1

DNA

DNA mRNA

RNA RNA

DNA

Z-?

12-35

(a) b)

(C) b) DNA Alberts 1994)

()

DNA 60% - 70% , RNA 30% 1% l^jun

DNA 1300^mi DNA

DNA 1973

Pettijohn Hecht DNA

DNA RNA
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DNA DNA

1000 12-36)

12-36

RNA DNA DNA RNA DNA

Pettijohn et a). 1973)

DNA RNA RNA

DNA RNA

DNA DNA

DNA

DNA HHUP
DNA

H HU H2A H2B P

DNA

1 nucleolus)

nucleoplasm)

(nucleolar organizing chromosome)

granular area) fibrilar area)

12-37) 15~
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20nm

5 ~ lOnm

(intranucleolar chromotin)

DNA (rDNA) DNP rDNA RNA(rRNA)

RNA

nucleolar organizing region, NOR)

4

12-37 Jordan, E.G. 1982)

rRNA 12 -38)
rRNA RNP) RNP

3H-

DNA—
rRNA rDNA

rRNA rRNA

DNA

rDNA

12-39)

D 13 14 15 G
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12-38
Alberts 1994)

12-39

(a) H
b)

21 22 1216 18

1 2(/»„^^ rRNA^ ^
10 rDNA ( 12 -39b)
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(nucleoplasm)

40~45nm perichromatin

granules); 20 ~25 nm

perichromatin fiber) coiled body)

RNA

DNA RNA

2%

DNA
RNA( 12-3) RNA

DNA 1: 1

12-3 (

DNA RNA

31 36 28

31 17.5 33 18

( DNA

DNA

DNA

13% -20% DNARNA
DNA 12-4) 1 DNA

1 DNA

DNA 4 X 10'° 8 X 10*,

DNA l^JL^l 2 X 106 DNA 20 OOO^im,

1 30(Vm ^
DNA DNA

10%

DNA

(A) G) P C) T) 5-
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MC) DNA

DNA

(1)

(2) A+C=G+T
(3) A=T); G = C)

12 -4 DNA:
DNA

(10-'2g)

0.00011

0.000055

T2 0.0002

( Escherichia coli) 0.0047

(

Staphylococcus aureus) 0.007

( S<iZmfuea typhimuium) 0.013

0.018

Drosophila melanogaster ) 0.18

S( Rana pipiens) 6.5

( Miis m usculus ) 2.5

3.2

DNA A-T G-C

DNA

DNA

()

pH DNA DNA

DNA

M 10~20kDa

HeU 450

pH4~9) pH> 10

6

H,H2AH2BH3H4 H5 Hs 12-

5) Hi A/r 21kDa

H2A.H2B M 14. 5kDa 13. 7kDa,

H3(A/rl5kDa) H4(MrllkDa)

H4

102 2
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protamine)

12-5

Arg Lys Lys/Arg *
*

Hi 21 (kDa) Lys 2.5% 26.38% 20

H2A 14.5 (kDa) Lys 6.7% 16% ~ 17% 1.25

H2B 13.7 (kDa) Lys 11.5% 10.5% 2.5

H3 15.3 (kDa) Arg 13.4% 8.8% 0.72

H4 11.3 (kDa) Arg 14.1% 9.7% 0.79

H5* Lys

* H5

* * Lys: Arg:

DNA 1: 1 DNA

DNA
DNA

DNA

DNA

DNA DNA
Gilmour Paul(1970)

DNA DNA

RNA

mRNA
RNA RNA mRNA

mRNA

mRNA

mRNA

DNA

DNA DNA

DNA repetitive DNA sequence) DNA

DNA

12-6) DNA 20

30% DNA

DNA DNA
(highly repetitive DNA) DNA 10

7

DNA(middle repetitive DNA)

DNA 3 DNA
12-7)
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12- 6 DNA )( Brewer et al. 1983)

102 ~ 103 10^ ~ 10" 10" ~ 10^ 10* - 10*

99.7 0.3

62 2.3 9 3

W 40 20 25

55 10 20

60 15 10 10

55 38 3

70 3 10 8

12-7 DNA ElsethG.D. and Baumgardner 1984)

DNA R')
0~ 50

5 ~ 300bp,

> lO
5 DNA

DNA

DNA

10 -50 5
102 ~ 107bp,

"~ " R

(1)

(2) rRNAtRNA

10 -80 1 >106 .
* R

(
DNA DNA(satemte DNA) DNA

DNA CsCl isopycnic CsCl gradient centrifugation)

DNA DNA

G-C CsCl buoyant density)

DNA DNA DNA 1. 705

1. 728)

DNA 2% DNA
DNA G-C

(68%) 12-

40) DNA DNA

DNA

RNA, . 20

DNA
DNA

pH

25 CsCl, pH

DNA G-C

G-C DNA 1962

C. Schildurant 1

1.728 1.705

12 -40 DNA CsCl

DNA 1.705, DNA

1.728
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G-C

P = 1. 660 + 0. 00098(% G-C)g • cm"'

G-C DNA

1. 69 ~ 1. 71g • cm-3

(
RNA(rRNA)

rDNA 5S DNA DNA 450

RNA 2. 3 X 10- 5S RNA 4 rRNA 28S 18S

5. 8S 5S RNA 28S18S5. 8S RNA rDNA

rRNA(pre rRNA) rRNA

37S, 40S 45S 45S rRNA 18S 28S 5. 8S

RNA( 12-41) 40S rRNA 450

5S rRNA

5S rRNA 2

^ ^ ^^
18S 5.8S 28S

' '
' ^ "

ffi

12- 41 RNA

5

12- 42) A-T 5

(a) (b)

12 -42 5 DNA

A-T DNA

(a) b)
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5'-H4-H2B-H3-H2A-H, - 3'

6000 5

1

5 400 10 ~20

20 70 R. Berezney D. S. Coffey

nuclear matrix),

3 ~5nm 8 ~ lOnm

(2mol/LNaa)

(Triton X- 100 NP40)

nuclear

skeleton) ( 12-43)

- -

(a) (b)

12-43

(a) Ward and Coffey 1991);(b)

C. L Nu. 1990)
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(
1991 Coffey

12-43)

3~

30nm 3 ~4nm

RNA
90% ,RNA

(nuclear matrin)DEFG 4 DNA Nuc 2
+

S. pomfte Nuc 2
+ 76kDa

AT DNA

mRNA

(attachment region binding protein, ARBP) M,95kDa, AT

(matrix-attached region, MAR) DNA

nuclear matrix-binding protein)

,

DNA n DNA a/ I RNA 11^
CRB Rb RNP DNA RNA

()

DNA RNA
DNA

1. DNA

DNA DNA
MAR DNA §1

MAR AT DNA 11 DNA MAR
DNA n DNA
DNA DNA DNA

DNA replisome) DNA
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2. RNA

DNA RNA

RNA

MAR DNA n MAR

3. RNA

mRNA

mRNA mRNA

poiyA mRNA mRNA

4. DNA

DNA

AB( inniiv

12-23) 30

SCI sen 40% )SCI DNA

11 CENP-B CENP)

DNA

RNA

DNA n

I
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80~120nm

8

!?^

5 200bp DNA H2AH2BH3H^4

1. 8 147bpDNA DNA 2

165bp Hi lOnm

lOnm 30nm

6~8

X X

4

mRNA,

DNA RNA

DNA

rRNA 4

RDNA rRNA

rDNA

DNA 6

DNA

mRNA

DNA ATGC DNA
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Z-DNA)

DNA

DNA

rRNA

10
5 DNA 10

7

DNA

1.

2.

3.

4.

5.

6. ?

1981. . 4: 19 ~23

1981. . 4:5 ~9

1983. . 62 ~7

1998. . 300 -348

1980. . 1: 1 ~6

S 1995. . . 173 ~215

1980. . 3:1 ~ 6 15

Alov, I. A. and Lyubskii, S. L ., 1977. Funclinal Moqjhology of Kinelochore. IrUemational Review of Cytology, Supplement

6: 59 ~ 74

Avers, G. J., 1984. Genetics. 2nd ed., WC Willard Grant Press, Boston. 123 - 139

Bostock, C. K. and Summer, A. T. 1978. The Eukaiyoric Chromosome . North-Holland Publishing Company, Amsterdam.

13-70; 109 - 138; 175 -231

Cordes, V. C, Reidenbach, S. et al.. 1997. Identification of protein p270/Tpr as a constitutive component of the nuclear

pore complex-attached intranuclear filaments. J. Cell Biol., 136: 515 -529

Daneholt, B. 1997. A look at messenger RNP moving through the nuclear pore. Cell, 88: 585 ~ 588

Doye, V. and Hurt, E. 1997. From nucleoporins to nuclear pore complexes. Cuir. Opin. Cell Biol. 9:401 -411

Gravel, S., and Larrivee, M. el al., 1998. Yeast Ku as a regulator of Chromosomal DNA End Structre. Science, 280: 741 -

744

Komberg, R. and Klug, A., 1981. . 6:24~27

Lange, T. D., 1998. Telomeres and Senescence: Ending the Debate. Science, 279: 334 - 335

Ohno, M. and Fomerod, M. et al., 1998. Nucleocytoplasmic Transport: The Last 200 Nanometers. Cell, 92: 327 - 336
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signaling cells) o

(target cells) o

signal transduction)

cascade) signaling),
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1. (paracrine signaling) ^

2. (synaptic signaling)

(synapses)
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3. (endocrine signaling)

hormone)( )

4. (autocrine signaling)

"" community effect) o

( differentiation-inducing signal )

()

()

;
——

()

""

1.

D Cortisol)
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DNA

DNA

DNA

30

primary response);

secondary response)

D

gene regulatory proteins) o

( 13-1)

13 - 1

(A) B) C) D) DNA E)
F)

2.

signal transducer)

(1) ion-channel-linked receptors)

(transmitter-gated ion channels)

DNA

-
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(2)G G-protein-linked receptors)

GTP trimeric GTP-binding regula-

tory protein), G G-protein)

G GTP

A. G. Gilman M. Rodbell G 1994

(3) enzyme-linked receptors)

protein tyro-

sine kinases, PTKs)

13 -2

(A)

(B) (B)

(C)

13-2 Alberts, et al. 1998)
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signaling cascade)

GTP

1

phosphorylation cascade )

/

100

1%

0. 1%

13-3)

13 -3

(A) A B Y

»f B) A B

a b * ab
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13 -4)

cAMP

13 -4

A—7 —G— —cAMP—A—
' G G

G

G G

G 20

G aP 7 G G

G

G G G
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G GTP GDP GTP GDP

^
ij

G GDP GTP G

P7 13-5)

G a GTP G a

GTP GDP a P7

.

P Y

(A)
^^^^^^^^^^^^^

mmW

p., a

13 -5 G

(A) G G G a GDP;(B)

G GDP GTP C) G a

2

G 13-6)

G

(1)

G G - G GDP

•
(2) G GDP a GTP, G

a P7 a

(3) G a GTP GTP a

GTP GDP, a P7

G

G G
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G

13-6 G

G a GTP GDP

G stimulatory G protein) Gs G

G G inhibitory G protein ) Gi

Gs G, a ou oti

Gs Gi (3-

Gs a2 —

G,

G

G

(-)

G K +—
G G a

K +

K + a ATP

ADP a G K +

13-7)
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St
ir

K+

13-7 G . K +

(A) G G a
B) 37 K* C) a GTP

a G
'

II II II

-O-P-0-P-O-P-O-CH

0-

S'-AMP

OH OH

13-8 cAMP

(
G

(adenylate cyclase) ,

AMP(cAMP) C
cAMP

10-W/Lo

cAMP

5

cAMP

ATP cAMP;

cAMP

cAMP 5'-

5'-AMP)( 13 -8)

cAMP

13-9)
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G>

13 -9 Gs

() C(

G

( intracellular mediators ) ( second messengers )

G

cAMP Ca2
+

IP3) cAMP Ca2
+

G
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()cAMP

cAMP cAMP

13-1) 13-10);

13 - 11)

13-1 cAMP

, ; ;;
Acra(
ACTH , adrenocorticotropic hormone)

A

1-

13 -10 cAMP

A cAMP A SI(

cAMP cAMP

(cAMP-dependent protein kinase) A
cAMP A

A

A A
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I

13 - 11 cAMP Alberts et al. 1998)

() 15
-

Ca2
+ Ca2 +

Ca2
+

Ca2
+ Ca2

+

Ca2
+

Ca2
+

€&2+1?1^03111103111;11)1^!
Ca2+ ^ 150 4 Ca2

+

13-12) 107 |i5

1% 15 Ca2
+

Ca2
+ cAMP Ca2 + /

Ca2
+ -ATP Ca2

+ /|i§ Ca2 +

Ca2
+ Ca 2

+ Ca2
+ Ca2 +

Ca2
+
/|i! Ca2

+ /I^

Ca2
+ /calmodulin-dependent protein kinases)
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Q

A - NH - Ac

13-12^
4 Ca2 * Ca2 ' 6 a Klee,

G. B. et al. 1980)

CaM CaM kinases) o CaM CaM

CaM- II 2%

CaM- II Ca2
+ /

Ca2+ Ca2 + /

autophosphorylation) Ca2
+

CaM- n Ca2
+ memory

trace)

-0

cAMP Ca2 +

cAMP cAMP cAMP

Ca2 + /|i5 A Ca2
+ Ca2 +

Ca2
+ cAMP CaM-

A A

CaM- 51
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C---.0 ' <

J

CH^-CH-CH,

O
-o-p=o

CO (.—
'

o ()

CM,-CH-rH,r\_n}-un—i.n-v i 1

I

o o
CHJ-CH-CH2

5?^

OH

mm

« ft (Pf)

o

OH
"P ')+()0:0—

o=p-o

iPI4-8l»(PIP)| |P! 4,5~:H (MF^

13 - 13 PI) PIP PIP2)

13 -2 G

St«

n

G, G C-{3

C(phosphoinositide-specific phospholipase C) 1 C-^

PIP2 inositol triphosphate)

(diacylglycerol) ( 13 14) PIP2

IP3

Ca2 + nVgated Ca'^ -release channels). Ca2+( 13-15)Ca"

(
inositol phospholipid) ,

(phosphatidylinositol,PI) 2 PI- Pl-phosphate, PIP) PI-

PI-biphosphate PIP2)( 13- 13) G

PIP2 25 13 -2)

.

vVWVN

Iff?.

-
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91 M>:M «V

13-14 PIP2 IP3 Sfc

IPj Ca2
C; C

p"yS G

Ca2
+ Ca2

+

IP3 Ca2
+

13 -15 C

C I . 4 . 5 - IP Ca2 *

Ca2 *Ca2
* ftUittt C
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IP3 Ca2
+

C(protem kinase C)( C PKC) C Ca2
+ IP3

Ca2 + C C

Ca2+
C

C

C C

81 DNA C

inhibitor protein)

13-16)

cGMP

St

C* C

1 2 1 2

13-16 C

(»« MAP « Elk-1 EIk-1

( serum response factor, SRF)— serum response element, SRE) DNA

C Ik-B NF-KB,

5 cGMP:

;
/
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cGMP guanylyl cyclase) cGMP

cGMP cGMP G-
GMP cGMP

(epidermal growth factor, EGF) 1200

EGF

EGF ATP

(autophosphorylation)o EGF

PDGF) FGF) HGF)
-1(IGF-1) NGF) VEGF)

M-CSF)( 13 - 17)

13- 17 6

S " "
(receptor tyrosine kinase) a

10 ~20
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*1

ftMM «IMK«MMI ^ *
,

13 -18

adaptor)

Ras 13 - 19) Ras

GTP GTP

Ras

Ras Ras

Ras

Ras

30% ras

Ras B) (B) (B)

13-19 Ras

(cytokines) T
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(antigen-specific receptors )o

Src Janus '

interferons) T interleukins)

tumor necrosis factors)

resting cells)

CD45 CD

"cluster of differentiation"( 100

T TB

Lck

Lck CD45

/

-|3(tranforming growth factor-ps, TGF-P)

(superfamily) /

-P
local mediators) ,

TGF-P
activin)

4 G

cAMP C C Ras

|
13-20)
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13- 20 4

4 G cAmP KC
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.

'

G
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cAMPCa2 + IP3)

signaling cascades)

A
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.1

Ras

I

1

\
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I

SI 111

G

\
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frpZ) f/7>£

DNA RNA

mRNA

mRNA

(lactose operon) 3

DNA DNA,

DNA 2xl09 ~3xl09 bp DNA 1000 10

DNA

DNA

1

DNA 40% ~80% 79% 70%
55% 750~2000bp

mRNA
104 inRNA

mRNA 4 10
5

4

10
9

10~ 104 DNA

10%~40% rRNA tRNA

DNA 10% ~60%
A • T A 'T CsCl)

DNA DNA DNA
DNA CsCl 4 DNA DNA

DNA

DNA

mRNA mRNA
mRNA

intron),

(exon),

DNA DNA
DNA
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DNA ( DNA)

DNA

DNA

DNA

DNA

DNA

DNA

Watson-Crick DNA

DNA

Watson Crick"
"

()

DNA DNA

DNA DNA

semiconservative replication)

1958 M. Meselson F. Stahl

'

5N 3 DNA
14 i 5N"N "N

"N DNA i 5N

"N-DNA ' 4N-DNA

DNA DNA

DNA DNA

'4N

1 DNA

i

5N-DNA

"N-DNA DNA

"N 1 DNA

1 DNA 1 DNA "N-DNA,

DNA "N

'

5N( 14-1)
DNA DNA DNA

DNA
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(A)—
DNA

(B) "N
DNA

(C)

i

5N"N— DNA

(D)

i

5N
"N

DNA

VZ

3)

14-1 DNA

(DNA

DNA DNA

3 DNA

DNA I DNA A. Komberg 1955

Komberg 109 X 10\

400 DNA I

3'-0H 5'—3'

37<^ 1000

DNA I 3'—5' DNA 3'

DNA I
5'—3'

DNA 5' RNA

DNA DNA I

DNA

0. 5% ~ 1% I DNA

DNA I

1969 J. Cairns DNA I pol A-

DNA n 12 X 104 100 DNA 11

5'—3' DNA I 5%
DNA n 3'—5' 5'—3' DNA

n DNA

DNA in Mr 900Da

10~20 DNA in DNA I 15

DNA n 300 5'">3' 3'—5'

I
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DNA in

pol C- DNA M
DNA m

10 aeeT7S
S'X (3) 14 -2) aee

a

e 3'—5' P m)

DNA DNA Slin

DNA DNA

DNA

()DNA

DNA DNA

(topoisomerase) DNA

1. DNA

DNA

DNA

DNA DNA helicase) ATP ATP

DNA ATP DNA

DNA DNA

3'

14-3 DNA

14-2 RNA IE
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single-Strand binding protein SSB

helix destablizing protein) DNA -
SSB 10

SSB DNA

SSB DNA

Rep

3'—5' ReP DNA

DNA DNA( 14-3)

2. DNA 5'—3'

DNA 5'—3'

14-4)

14-4 DNA

DNA DNA

fl? DNA" e"
e theta structure)

replicating fork)( 14-5)

3. DNA ^
DNA

DNA DNA

DNA

J. C. Wang 1971 Sl
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14-6 HI
(a) RNA DNA

«« » b)RNA 5'— 3' RNA

( - )

-
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= n DNA

gyrase)c I 11 DNA

DNA 14-8)

-
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14-8 DNA

4.

DNA DNA 5'

—3' 3'—5' DNA I n

m 5'—3' DNA 5'—3'

1968 R. Okazaki) DNA

semidiscontinous replication)
3H

DNA 8 - 10S

DNA

DNA 3'

—5' 5'—3'

leading strand) o
5'—3' 5'—3'!^ DNA

DNA

lagging strand),

Okazaki fragment)( 14-9)

DNA

T7 DNA

DNA

1000 ~ 2000

100 ~ 200 4S

5. RNA DNA

DNA 3' primer)

3' DNA
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3'

14- 9

RNA BI ; , DNA m

DNA RNA DNA I RNA

DNA DNA BS 3'

5' DNA RNA

DNA RNA DNA RNA

10 DNA RNA

50 ~ 100 RNA

(primase) DNA

RNA RNA (
14-10)

M13 G4 l)Xn4

(primosome) DNA

RNA DNA

RNA DNA in DNA RNA

DNA I DNA DNA

6.

DNA DNA

20 70 A. Komberg replisome)

DNA m

14-10) Komberg

180° 3'—5'

DNA RNA

(^ 5'

DNA

RNA DNA

DNA
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ATP 2 ATP

ATP ATP

2 P 2

6 1 12
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DNA ATP
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DNA in
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DNA m ae e a DNA
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P holoenzyme)( 7 1

m 1 T 2 P P in

14- 11)
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ATP DNA DNA
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sliding clamp), DNA HI
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I
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DNA

(
DNA

14-13) replicon)

14- 13 DNA

DNA 14 - 14)

3(Vm 3~8(Vrn

C DNA 0.7jJLm/min

0. l~2.(Vm/min 1 x ~ 5 x

DNA DNA

16 10 000, 3
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14 1 5 DNA

DNA y 8
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a
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ated regoins, MAR)

AT MAR
DNA

hsp70 K MAR
n(topoisomerase 11)

n DNA DNA DNA

VM26 MAR DNA

n MAR MAR
DNA

DNA- MAR

DNA

DNA

J/(

I

5 \

14— 15

n

^

14-15)

() .U

DNA DNA

DNA

DNA 5'RNA

DNA

DNA
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DNA

(telomerase) 1986 E. H. Blackburn.

(TWra/iymemi)

GGGTTG

dGTP dTTP

5' 3' GGGTTG 6 1

PBR322 DNA

90

- RNA 150 5' - ACCC-

CAAC- 3' DNA GGGTTG

RNA

DNA DNA

RNA DNA G +T 3'_ 0H

TTGGGG

1995 V.Brayant RNA 11 5'-

GUAACCCUAAC-3') GGGTTA)n

RNA 3' - AAC -5' DNA 3' TTG—0H 5'—3'

GGGTTG

DNA

14-16)

15kb

10

Wilmutt

"Dolly" 20% Dolly

DNA

(1)

(2)

(3) DNA
1

(4)
5'—3'

(5) 1

DNA

(6) RNA DNA
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14 -16

G

RNA G DNA a( )
G Tetrahymena) GGGTTG; GGGTTA; Socc/iaTOmycw cerevisiae Gi-A

DNA 1
DNA

1

DNA
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( ) (rolling-circle replication)

<I>X174)

DNA

4)X174 OX174 DNA

<I>X174 DNA( + )

SSB) RNA DNA

2031 ~ 2355 RNA DNA

Sini RNA 3' DNA DNA

3 5- DNA
(RF) DNA

DNA
5' 3' -0H DNA m

14-17) DNA
5' DNA 5'

DNA DNA + )

DNA RF

DNA

5'

(+)-(-) 5'

DNA

5'

14 - 17 0X174
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5' DNA

()D

DNA e 1977 Jerome Vinograd

D D-loop replication) D DNA

D D 5'—

3' 5'—3'

DNA

DNA 14 - 18)

(

14 - 18 DNA D

DNA

gene amplifica-

tion)

rRNA

2 rDNA 900

600 ~ 1600 rDNA 200

rDNA DNA 75% ( 14 - 2)

ii
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14-2 !Ill {Xenopus Laevis) rDNA 1974

J. B. Gurdon)

DNA(pg) DNAw DNA
(pg/) rDNA

6 2 6 0.012 900 2

37 4 12 25 2 000 000 1 000 ~ 1 500

(

puff)

Spradling 1980)

10

double minute,

"dm" ) Kaufman etal. 1979)

DNA

DNA

——

20

DNA C
RNA mRNA

mRNA

translation)

RNA

1958 Crick central dogma)

DNA—RNA— 1970 D. Baltimore

H. M. Temin Rauscher Rous Rous fowl

sarcoma) RNA RNA DNA reverse

transcriptase) RNA
DNA DNA 14- 19)

Crick 1970

RNA DNA Fieg and Brachet 1971)

RNA RNA
RNA( + RNA

RNA -
RNA mRNA
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ASV

14-19 RNA

C.J. Avers 1981)

RNA DNA RNA :

DNA mRNA:
DNA RNA DNA RNA

T—U transcription),

DNA RNA
3' RNA ATP

4 RNA 3 RNA(mRNA) RNA(tRNA)

RNA(rRNA) RNA

RNA

RNA RNA DNA
DNA 4

Mg^ + Mn2
+ 5'—3' DNA RNA

r RNA

AA0

\

^§§1

T

5.

0^
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1 RNA mRNAtRNA rRNA
RNA RNA

(holoenzyme) 5 a 4 X ICT) 1 |3 1. 55 X

10^)1 P' Mr 1.65 x 105) 1 (T Mr 32 x 104 -9 x 10*) 4

rpo Arpo Brpo C rpo D 465kDa(
7

(T 012 P P' core enzyme)(
14 - 20)

DNA RNA

a

DNA

P RNA

RNA

DNA <T

7

P

7000 RNA

2000 ~ 5000

DNA

60

DNA 17

DNA DNA

DNA

RNA 3' 12

DNA-RNA 3' DNA 5'

DNA RNA DNA-RNA RNA 3'

50 DNA 51

3 RNA RNA I n HI

3 RNA ct-amanitin)

14-3) RNA

5.0x10^ 10

I

13 n 10 in 14 2 Mr 2.0X
105

1. 4 X 105

3 RNA RNA n
Mr 240 X \0\ 7 carboxy-terminal repeat-

ing heptamer, CT7n) carboxy-terminal domain, CTD)7
Tyr-Ser-Pro-Thr-Ser-Pro-Sero CTD

26 44 52

n CTD

:

14~ 20 RNA
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14 -3 3 RNA

RNA

I

RNA

n

RNA siin

a- 5^ I n
rRNA mRNA, tRNA.SS RNA RNA

RNA

CTD TFD-H

CTD

CTD RNA n

RNA 3 RNA 5'—3'

RNA

RNA(
DNA

RNA

mRNArRNA tRNA

( RNA(mRNA)

1. mRNA

(1) mRNA RNA

RNA

RNA (T

8 RNA <T

RNA RNA (T

DNA DNA
RNA

7

RNA RNA DNA

I

3' DNA 20 ~ 200bp

RNA

DNA

+ 1
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-10

TATAAT Pribnow

(Pribnow Box) TATA TATA Box) Pribnow RNA

- 35 TTGCA RNA

-10 -35

'J (consensus sequence)( 14-21)

DNA^

_
-35

" -40 ' " '-30 -20 ' -10
.

+.1

vF^|"*^TTGACA""*" TATAATWg~>^i^F*l 5'

AACTGA ^— AIWriA— 3'

5'

GRNA

14-21

(2) DNA

RNA ""
terminator) p(rho)

P 14-22)

C A AU C A A-C

Z^^J-

I
I
j-I
I

.

.

)

I-

.^i

6-w

B
<!>

6

\finTTI

1
1-

p ; P



P
G

• C

4 ~ 8 U( DNA A-T

DNA RNA "'' 3' U
RNA RNA-DNA 5'

U

3' dA • rU(DNA • RNA) RNA DNA

RNA ""
U

P
G

• C

A .T RNA

P

RNA3' P

A/r 2.7X105

NTPase

RNA P

RNA

P RNA
5' NTP

5'—3' RNA

RNA 3'-0H

RNA RNA-DNA
5'—3'

RNA 14-

23) RNA
P P

RNA

RNA

(3) mRNA mRNA DNA
5' (5'-ppA 5'-pppG) 5'

AUG 20 ~ 60

leader) UGA UAC UAG)

(trailer) mRNA AUG 4 ~7

5'-AGGAGG-3' SD Shine Dalgamo se-

quence) 16S rRNA3' 3'-UCCUCC-5' mRNA

mRNA

14-24)

RNA DNA

P RNA

RNA P
DNA- RNA rrpSSs>^

RNA P RNA

14- 23 P RNA

•

-

T/C;$4^, ye ACT
UINA 5 I

A/G /^UG UGA
mRNA 5 I III 3

14-24 mRNA DNA



• 425 •

mRNA :
mRNA DNA DNA

mRNA DNA RNA

mRNA

mRNA

2. mRNA

mRNA —

mRNA mRNA

mRNA
mRNA (pre-mRNA) mRNA

105 ~2 X 107) R'NA( heterogeneous nuclear

RNAhnRNA) mRNA 5 ~ 15

mRNA 90% )

mRNA mRNA 7 ~ 10

mRNA

(1)5'"" capping) 5' 7-
5'-M 7G-ppp( -3'( 14-25)M 7G

RNA RNA triphosphatase ).RNA

RNA guanyltransferase). RNA - 7 - (RNA guanine

7-methyltransferase) RNA 5'- 5'-5' 7 7-
5'-5' RNA 5'

5' 5' IVTG

5' mRNA M7G

mRNA mRNA

M

7G

M

7G

mRNA NTG mRNA
10% 5' mRNA

14-25 mRNA 5' 7- ""
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mRNA5' mRNA

capO), mRNA

mRNA 2'-0H

1 capl) 2 cap2) mR-

NA

mRNA ""
(2)3' mRNA 3'

[poly(A) ] 100 ~ 200 poly(A)

3' mRNA 3'

Cleavage and polyadenylation speci-

ficity factor, CPSF) RNA n 3'

10~30 AAUAAA GUUGUU( snRNA 3'

14-26) U—
G Poly(A) mRNA

mRNA ploy(A)

mRNA

100 000 poly(A) mRNA IJ

mRNA RNA poly(A) mR-

NA poly(A) mRNA

15% mRNA poly(A)

polyadenylation)

(3) "" poly(A) mRNA
mRNA

||
mRNA mRNA

Leder &- 104 105

550 550
I

mRNA 104 105

50

8 7 mRNA 7564

8 mRNA 1872

/

n

-

I

14-26 mRNA

(CPSF:
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mRNA 90%

mRNA 5' 3' consensus

sequence), l~AG GU RAGU YNYAGG GU-AG ij( 14-27)

3' 18 ~ 40

UACUAA'C A

RNA(sn RNA) (
14-28) snRNA U1U2

U4U5 U6 5 snRNA 5 ~ 9 RNA

small nuclear RNA protein, snRNAP) DNA ATP

5' 3'

C A
5'— or AG or A G U A -

A G

5'

( A

UUU UUUUUUUU C . G
,

or or or or or or or or or or or N or or 3'

CCCCCCCCCCC U "

A

3' (

14-27 mRNA

200nm
3' DNA

14-28 A) B).

RNA 5'

5' 3'
C

5' 12 RNP 2 5'

3'

Alberts, B. 1994)

U1 mRNA 5'

U2 U2 auxiliary factor, U2AF) 3' U2

pre-spliceosome)

U1 ATP; U2 ATPU1U2
U2

A) U4/U6

U5 spliceosome associated protein,

SAP) 14-29) U4/U6 U5
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5'

5' V""^'
/CX

U5,U4/U6,

U1 snRNP U2 snRNP 3'

/V
I ,'

J^ mRNA

1

3' 5'

U4
U4/U6

2:

' (

mRNA
' )

14-29 mRNA

OH

=P—0"

_

I

5'*«

""k"^'0—

0H

jC~rir, 0—1

U1 5'

\^>3 I

U2 A 2'-

^SSS-^

3' A 2' -

5' G

G

A 2'-5'

5' A

(lariat)

3' 3'-0H

debranching

enzyme) 3' RNA

( 14-30) mRNA

RNA ATP ATP

mRNA

mRNA

cis-splicing) mRNA

0H

=P—0"

14-30

0H

|3' '

3'

mRNA RNA

I

P-0-

13,
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mRNA mRNA

trans-splicing)

mRNA

mRNA

mRNA
5' 3'

mRNA mRNA

alternative splicing)( 14-31)

+

A A-

DNA

mRNA
mRNA

VbUV^ ^^3' mRNA

.^^-^^-^^VyV^^^^— 3' mRNA^^^^jy\^/Njy^J^^^"\^3, mRNA

14-31

(

(4) mRNA

6 - M6A) mRNA 100 ~ 400 1

mRNA

mRNA mRNA .
mRNA 10 mRNA 1/20

RNA

mRNA 14 - 32) RNA— hnRNP NES)hnRNA—
mRNA

6 hnRNA mRNA,

5' 3' A) mRNA

I

RNA

1 mRNA RNP RNA -

mRNA

mRNA RNA
' ( 12-9)
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pseudogene)

mRNA

5S rRNA a P

() RNA(rRNA)

rRNA 50% ~65%

rRNA

rRNA rRNA 14 -4)

14 -4 rRNA

rRNA

70S 50S

30S

80S 60S

40S

55S 35S

25S
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1. rRNA

16S 23S 5S rRNA

tRNA

7 rm tRNA

1969 C. Woese rRNA

30S rRNA rRNA 30S rRNA

17S 25S

16S23S 5S rRNA 4S tRNA( 14 - 33)

2. rRNA

18S5. 8S28S 5S 4 rRNA,

18S 5. 8S 28S rRNA NOR)

14-34) 5S rRNA NOR rrn

rRNA

14-5)

rRNA

5 ~ 10 rRNA rRNA

rRNA

rRNA

15 2 X 106 RNA I

30

rRNA

DNA 1 rrn

rRNA 1 rm 1 1

RNA I

DNA rRNA 14-34)

3' 5'

rRNA RNA I

16S rDNA—tDNA—23S rDNA—5S rDNA—tDNA

DNA

14-33 rRNA
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18S 5.8S 28S

h——

^

14- 34 rDNA

14-5 rRNA
' rDNA(%) rRNA

0.42-0.65 8-22

0.38 9-10

HeLa 0.005 - 0.02 160 ~ 640

0.27 130

0.2 450

18S5. 8S 28S rRNA 45S

rRNA rRNA snRNA U3 Hela

rRNA 45S RNA

15 80% 18S5. 8S 28S rRNA, 20%

45S RNA

20S 32S 20S RNA 18S RNA

32S RNA

40 28S 5. 8S RNA 30

14 - 35) IJ3 snRNA 32S

rRNA RNA

RNA 26S
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ONA 3'

rRNA

rRNA

45S

bed
18S

I |5.8^ 28S

rRNA
5S

rRNA

18S rRNA
mm-')

14 - 35 rRNA rRNA

45S rRNA 4 41S 20S 36S rRNA20S

18S rRNA 40S 36S 32S 32S 5^ 28S

5. 8S rRNA, 5S rRNA ^

RNA 1 413bp Mg^ + GTP

1 GTPGDPGMP
3' 5' 3'

1
3'

3' 5'

3'—5' 14-36)

RNA GTP ATP

self-splicing) RNA

RNA RNA

RNA RNA ribozyme

5S RNA RNA in 5S RNA

rDNA 5S RNA 5S RNA

28S5. 8S 18S rRNA

(tRNA

tRNA 1957

tRNA tRNA

tRNA

14 -37) ""
tRNA

(1) 2. 5x104

(2)
""

,



y
iimmmmivcvQ'Gc ««1«1 3' -

1

imBiucu J3UAABBHam:

2

:IHIiaBIUCUUAAaHMH= .

A

RNA

14 - 36 RNA

tRNA'

D
D(G)®

C
C
A

30 G
A

(Cm)

(0

U 55

G aG45
G
U
m5C40
f
A
(Y)

-(5')mRNA

Gm A A

(3'H~~I C IJ U
"

14 -37 tRNA( tRNA)
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(3) 4

(acceptor arm) 3' 3 ~ 4

7 (anticodon arm)

3

D 1 T^C

T^C 1 extra ami)

3 ~4 10

mRNA T^C 5S RNA D

)

(4) tRNA 3' CCA A

tRNA CCA DNA

(5) L 14 - 38) tRNA

tRNA tRNA

tRNA 200

1 ~2 5~7

tRNA RNA DNA tRNA tRNA

tRNA tRNA

RNA ID tRNA tRNA

RNA tRNA RNA

tRNA

tRNA

tRNA tRNA

tRNA 14-39)

tRNA

TVC

RNase Q

+

14- 38 iRNA 14-39 tRNA

(1) tRNA tRNA

tRNA 5' 39

3' 3 tRNA tRNA

Hribonuclease P, P procession)
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tRNA INAase P RNA 5: 1)

RNA

tRNA 3' 1

10~60bp splicing endonuclease) Ugase)

mRNA tRNA

tRNA

(2) CCA tRNA 3' CCA

CCA-OH tRNA

(3) tRNA

6

( RNA(siiRNA)

3 RNA RNA(smaU

nuclear RNA snRNA) 100 ~ 200 7 U

U1 ~ U7 snRNA U3 6

U6 RNA III snRNA RNA 11

5' TMG) ""
3' Sm

snRNA U1

106 snRNA;

U1 snRNA 90%

snRNA

(small nuclear ribonucleoprotein particle, Sn RNP) snRNA
RNA U3 snRNA 28S rRNA

U1 mRNA U1

mRNA - U1 5'

U1

snRNA A -
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mRNAtRNA

( ) mRNA

mRNA DNA mRNA

3 triplet) 3 code

word) codon) 1 1 1961 M. Nirenberg

UUU

Nirenberg 64

61 3 UAA UAG UGA)

20 61

degenerate)

(synonymous codon) 6 CUACUG(UCCUUUUA
UUG

VI)

F. Crick wobble hypothesis)

tRNA mRNA

tRNA 1

AUG GUG

AUG

mRNA 5' 3'

mRNA mRNA 1

()

rRNA mRNA

mRNA

(polysome polyribosome) 20 000

10
6 101 2

mRNA
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RNA

rRNA

mRNA mRNA

tRNA 5

mRNA AA-tRNA A tRNA

P

mRNA 5' 3'

mRNA

(tRNA—
mRNA tR-

NA tRNA mRNA

tRNA 4 tRNA

4

(1) amino-acid attachment site) 3/ CCA

(2) ——D tRNA

( aminoacyl-tRNA synthetase) amino-activating enzyme )

tRNA

(3) ribosome-recognition site): tRNA

7^1^0 T 5S rRNA

(4) coding-recognition site): tRNA

mRNA

5' tRNA

G U A

U G U 5'

NH2—C =

0) U A C G tRNA

mRNA
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14-40 tRNA

tRNA 81 ATP

AMP tRNA 3'-0H AMP

mRNA tRNA

( initiation factor)

.

- mRNA - - tRNA'
60S

tRNA mRNA tRNA

3'C:CA tRNA

tRNA 1 tRNA

150 tRNA

tRNA tRNA

tRNA

tRNA tRNA

tRNA

tRNA

tRNA

-

tRNAo tRNA

ATP tRNA -
tRNA 3' A 14-40)

3'

OH

+ T ^o^ti^Kj
'

"| /
HjN— C — , H3N- c c

ATP
tRNA

ACC

^ICICiolACC^
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3 IF-lIF-2 IF-3 IF-1

IF-2 IF-3 IF-1 50S 70S

IF-2 et-tRNAf""^' 30S P

30S IF-2 GTPase IF-3 mRNA

30S 30S

eIF(e 14- 6)
eIF-2 GTPMet-tRNA eIF2 • GTP • Met-RNA eIF-2

3 aP"7 a GTP P Met-tRNA7 eIF-2B

eIF-2 GTP eIF-3 eIF-3 8

IF-3 elF

14-6

eIF-1 1.5 X 10" 40S

eIF-2 1.2x 10" GTP-Met-tRNA

eIF-2A 6.5x10" AUG Met-tRNA 40S

eIF-2B 6.5 X 10" eIF-2

eIF-3 7. Ox 104 40S

eIF-4A 5.0 X 10" mRNA

eIF-4B 8.0 X 10" mRNA ATPase

eIF-4C 1.9x 10" 40S 80S

eIF-4D 1.7 X 10"

eIF-4E 2.4 X 105 ""
eIF-5 1.5 X 10* 60S , 40S

elF

( elongation factor, EF

)

3 EF-TuEF-Ts EF-G EF-Tu

tRNA A GTP tRNA EF-Tu •

GTP • -tRNA EF-Tu fMet-tRNA""" tRNA

tRNA fMet mRNA AUG
EF-Ts EF-Tu • GDP EF-Tu • GTP EF-G

-tRNA A

P

EF-G GTP GTPase GTP

EF1EF2 EF1 EF1„ EFU^,

EFU 1 EFU 1 EF1 EFla

EF-TuEF-le7 TF-Ts EF2 TF-G

EF3
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( release factor, RF

)

mRNA

RF- lRF-2 RF-3 RF _ 1 UAA UAG
RF - 2 ijUAA UGA RF - 3

RF-1 RF-2 GTP

1 RF 3

()

-tRNA ATP

- tRNA 14-40)

N- C- J.Waller 1963

45% N-

mRNA AUG

-tRNA

tRNAM", tRNAfM"

-tRNAfM" AUG- tRNA mRNA AUG
tRNA AUG

mRNA AUG

AUG mRNA

1 AUG AUG 16SrRNA

5~10 Shine-Dalgarno(SD)

N-

30S mRNA

mRNA -tRNA 14-41) 3 IF-

1 IF -2 IF - 3 GTP IF - 2 - tR-

NA 30S - mRNA IF - 2 GTP

-

tRNA 30S - mRNA IF - 2 GTP 30S

mRNA IF - 3 30S

70S 30S 50S IF - 1

IF- 2 IF- 3 Sephadex G - 100
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30S

mRNA

AUG

(a)

IF3(IF1)

(b)

fMet-tRNA
IF2,(IF1),GTP

(c)

Q,

CH,

CH2

CH,

(d)

H

C — N-

/ I

c- C -0
I I II

H H O^
14-41

(a) IF-3( IF-1) mRNA

30S b) IF- 2 GTP( IF-1)

tC -tRNA 30S • mRNA

c)50S

3

70S ,i) S
S -tkNA N-

S IMet), ffi S Met)

30S

30S mRNA

16S rRNA 3'

5'-ACCUCCUU-3' mRNA

SD 5'-AGGAGGU-3'

AUG tRNA

AUG

mRNA-

7 ±2

30S • mRNA • fMet-tRNA'""

50S

70S

70S

70S

mRNA5'""
Met-tRNAMe' mRNA

Met-tRNAiM" 40S

mRNA( 14-

42) 8

80S

eIF-2eIF-3 eIF-5

elF-K eIF-4A eIF-4B eIF-4C

eIF-4D

Co-eIF-2A Co-eIF-2B

Co-eIF-2C eIF-2 mRNA

mRNA5'""
mRNA
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60S

tRAN mRNA

14-42 )
"" mRNA "" mRNA 40S

40S capbindingprotein, CBP)

mRNA "" mRNA 5' -mRNA

CBP eIF-3 eIF-3 40S 40S

CBP 40S mRNA

AUG 40S mRNA 1989 M. Kozak

scanning model) 40S mRNA

40S mRNA Met-tRNA™" 40S

mRNA 5' 3' AUG AUG

60S 80S eIF-5

40S eIF-2-GDP

()

1.

A P E tRNA A P

E tRNA tRNA

( 14-43) - P

A tRNA EF-TU GTP

-tRNA • EF-Tu • GTP A GTP

EF-Tu-GDP EF-Ts GTP EF-Tu • GTP

-tRNA

A -tRNA, A mRNA

A P tRNA

A tRNA P

tRNA EF-G( EF-2(

GTP A tRNA P A 5'—3'

1 A 1 tRNA
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14-43 tRNA

3 tRNA AP,E) mRNA

14-44)

L6U1 L16

GTP

mRNA tRNA

TF-Tu

TF-Ts EF-G EF-1 EF-2 GTP

1

2.

mRNA UAA JAG UGA

mRNA tRNA

release factor, RF) 3

RFlRFn RFin ——eRF RF I RF 11

- tRNA A

RF ID )

P tRNA

. tRNA RF GTPase GTP

mRNA

mRNA
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()

(1)

1 N

(2)

mRNA

(3)

()

C-

mRNA

20 80 90

"
" intein) 14- 44
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""
(extein)

ATP

1 119 000 400

69kD

recA DNA

RecA 1 DNA

2

N C

motif) C

DNA LocZ

LacZ

5 -

( 1 ) stroptomycin) 30S

30S S12

(2) chloramphenicol): 70S

( 3 ) erythromycin ) mRNA translocation )

(4) rifamycin) RNA RNA RNA

(5) purmycin): - tRNA A-
(6) tetracycline) tRNA A

(7) fusidic acid): EF-G EF-G

(8) D(actinomycin D): DNA GC

RNA RNA
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(9) sparsomycin):

(10) cydoheximide): 80S - tRNA

A P 70S

(11) a-amanitine): RNA 11 DI

RNA ^l^Jug/ml) m
(lOOjJLg/ml)

(12) anisomycin): 80S

. D

heterocyst);

ATP

ATP ATP

ATP

DNA DNA

()

(p-galactosidase)

galactose) glucose)

+H2O . +

P- 10
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P-

3000

P- P-

inducible enzyme) (3 -

(galacloside permease) thiogalactoside

transacetylase)

3

I960 F. Jacob J. Monod

operon hypothesis) p -

3 Z y a

lac structural gene)

3 regulator gene) (i) promoter

gene) (p) operator) (0)

ZYa lac operon)

inhibitory site, i)

(repressor)

lac 4 347

mRNA

RNA 14- 45a) P

RNA P

(allolactose)

RNA

lac mRNA, mRNA 14-45b)

effector)

-
RNA

corepressor)

5 5

trpA, trp B) indoleglycerophosphate, IGP) trp
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DNA

mRNA

S$

I
W

T :f:4fe^ 7vfl mRNARNA
il

Zya mRNA

(a)

-

DNA

mRNA

I • "^

>

-ii(

RNA
IS

00
(

i i r

p-

(b)

14 -45

C) phosphoribosyl anthranilate) (trp D)

trp E) 5 5

tip

5

14-46)

14-47)

4 37 000)

21

DNA
DNA

DNA
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xl0'5mol/2)

14-46

10- 2md/l 10" chorismate)

14-47

(a) DNA b)

DNA

negative control) o

rnRNA,

()CAP cAMP

positive control)
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"O-P-O- P-0-P>O-CH2 o

O" 0" 0"

SI

cAMP

SI

P-

(catabolite repression) 1965 B. Magasonik

cAMP( 14-48)
cAMP

cAMP

I. Pastan cAMP

cAMP

3-

cAMP, P -

cAMP P -

gene activator protein) , RNA

RNA

DNA

RNA

DNA

(positive regulation)

catabolite

activator protein, CAP)

DNA i
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cAMP cAMP CAP CAP
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cAMP CAP CAP DNA

0H 0H
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cAMP; cAMP K cAMP
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(A) H2A - H2B B) K DNA H3 - C)

D)H2A - H2B E) H2A - HjB F)

H2A-H2B

H2A-H2B DNA

DNA

14-50)
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DNA DNA

DNA
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mRNA

DNA

DNA 1 15

RNA DNA A)
DNA DNA

DNA DNA
DNA
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~
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C
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DNA

(general transcripon factor TF) RNA
RNA I n IE

TFITFn TFm DNA

DNA

gene regulatory protein) ,



• 456 •

(1)
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n RNA

n

RNA n 7

n

TFII D TATA TFII D

TFII D

TATA TATA TATA box-binding

14- 51 TATA TBP Alberts, et al. 1994)

TATA TBP) TFIID TATA

DNA TBP

DNA

protein, TBP) 8 TBP TBP-associated fac-

for TAF) TFII D TBP

TATA 14 -51)
RNA n

TFII A TFII B TFII D TFII A

TFII D TATA

TFII F RNA n

TFII ETFII J .TFII H 14-52) TFII H
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14-52 RNA n Alberts, et al. 1998)

RNA TFnATniB…… TFIIH

ATP RNA Bin tin
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RNA E)TFnH ATP RNA KII RNA 11

TFII H 5

ATP DNA

ATP CTD

421
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DNA

DNA
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DNA
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1

a
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4563
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mRNA UUA GGU AUAAAAGUAGAU UGU AUA CCU GGU AGG UGU AAIJ

_LQ^ ]1^22££ R C N

DNA TTA GGT ATA AAA GTA GA G AA CCT GOT ATTTGT AAT

480 490 500 510

14- 65 Con
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(3) vesicular transport)

transport vesicle)

3 14-66)
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60S 14-67)

14-67

Alberts, et al. 1998)
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20 80
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SRP SRP
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C-

N-

~4

12-30
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* H3 N - Met - Leu - Ser - Leu Arg -Gin - Ser -De - Arg -

Phe - Phe - Lys - Pro - Ala - Thr - Arg - Thr - Leu - Cys -

Ser - Ser - Arg - Tyr - Leu - Leu -

7-9 k
C- 3 ~ Lys Leu -

Alg; Glu; S ()
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(

60 70 90
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Hsp70/Dnak Hsp60/GroE
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N
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C lOkDa N C
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Hsp70 N ATPase ATP C

Hsp70 ATP ATP-bound

state) ADP ADP-bound state) o

ATP Hsp70 ATP

Hsp70 ATPase

C

Hsp70 Hsp70
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ATP GrpE
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^^^^
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(
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7
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H
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( 14-72) ""
GroEL

GroEL GroES lOkDa 7

GroEL 14-73)
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ATP
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7 GroES
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14-75 Hsp70

niHsp70

mHsp70

mHsp70 rnHsp70

ATP /

mHsp70

Hsp60(mHsp60) rnHsp60

Hsp70

Sec63p

mHsp60 mHsp60

ATP GroES

Hsp70 Dnak

GroEL Hsp70 Hsp60

(



• 480 •

puromycin)-
transmembrane

protein)

()

50 ~ 70

ER

ER

SRP SRP

translocation channel) 14-76)
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T (2)
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Pro Lys - Lys - Ala - Arg - Clu Asp
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Met - Ser - Clu - Arg - Lys Arg Arg - Glu - Lys - Leu
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GTP
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4.5 S RNA ——Fth Ftsy4. 5S RNA

SRP 7S RNA Fth.Ftsy SRP54 SRP

14-86)



• 491 •

14-86

B. D. Dvis and P. C. Tai 1980)

ER

clathrin-coated

vesiclesM CL

adaptin)

()

ER— fran^—
COP 7 COP

coatomere)

coatomer-coated vesicles) ( CO 14 - 87)( 14 - 1 1 )

RER

CO
CO

1.

ARF ARF



• 492 •

14-87

14 - 11
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1
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CO GNRP) GNRP
ARF GDP GTP GTP GDP

GTP ARF ARF

ARF-GTP

CO 14-88)
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(A) (B)

14-88 Alberts et al. 1994)
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GTP Rab

Rab Rab

Rab GTP CO

v-SNAREs SNAP
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V t

14 -89 V-SNARE t-SNARE
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(
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DNA



• 498 •

DNA C DNA

RNA

DNA RNA RNA 3 BP mRNA tRNA

'
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n
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65nm

microsome

microtrabecular lattice

R.Porter

microtubule
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microtubule-associated proteins(MAP)2003001<0&)
microtubule-organizing center(MTOC) MTOC)
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ATP

C02 H 20
C ATP

mitogen

mitosis
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;
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mitotic index
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molecular biology

molecular chaperone

" chaperone
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monomer
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morphogen

morphogenesis

morula

motif

motor protein

ATP

mycoplasma

myofibril

myofilament

myosin

6

ATP

Na+-K+ ATPase(Na + -K+ pump;Na+ pump) Na + -K+ATP

Na +

ATP IC

negative control
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negative staining
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nicotinamide adenine dinucleotide(NAD) I)

NADH
nicotinamide adenine dinucleotide phosphate(NADP)( n)

NAD + NADPH
non-histone

pH4 ~ 9

nuclear envelope

nuclear lamina

A BX

nuclear export signal (NES)

( mRNP) RNP

nuclear localization signal(NLS)

nuclear matrix

nuclear pore complex L
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nucleoid
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nucleolar-organizing region

RNA rDNA)
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RNA
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nucleoplasm

nucleoplasmic index
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nucleoplasmin
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nucleoside

RNA DNA
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200 DNA
8 H2AH2BH3H4

1.8 DNA 165
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oligomycin-sensitive conferring protein(OSCP)

Fi-Fo Fi
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2 10

oncogene
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organelle

ovum

oxidative phosphorylation^ ATP

ADP ATP
pachytene

I

parthenogenesis

passive transport
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pattern formation

peptide bond

—^^H+ HO-C N~C— + H2O
I II I II

H HO(
perinuclear cisterna
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peripheral protein

permease

peroxisome

26 H2O2

phage

bacteriophage
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phagosome

phosphorylation

photophosphorylation

AMPADP
photorespiration

02 C02

photosynthesis

C02 H 20

photosystem I(PSI)

I

NADPH
photosystem 11 ( PS II ) 11

H2O 02 PSI
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phycobilin
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plasmodesmata
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episome) DNA
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polymer

polymerase

DNA RNA
polymerase chain reaction(PGR)

DNA DNA
polynucleotide
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polypeptide

polyploid

polyribosome (polysome)

mRNA
polytene chromosome

DNA
position effect

positional information

positional value

positive control

Pribnow box Pribnow

TATA RNA
primary constriction

primary structure

primer

DNA— RNA) DNA
3'-0H

primerase

DNA RNA DNA RNA
primosome I

6 DNA DNA DNA
5' —3'

prion

()
procentriole

programmed cell death

prokaryote
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prolamellar body

prometaphase

promotor

RNA
pronucleus
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DNA

proplastid

proteasome

protein kinase

ATP

protein phosphatase

proteoglycan

prothetic group

coenzyme)
protist

proto-oncogene (cellular oncogene, c-one)

DNA

protoplasm

protoplast

puff

pump

purine
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pyrimidine

P

Q-banding Q -

quantum

quatermary structure

receptor-mediated endocytosis

receptor protein

recombinant nodule

redox couple

NAD + - NADH
repetitive DNA DNA

DNA

replication

replication fork

DNA "Y"

replicon

DNA DNA

repressible enzyme ;
repressor

respiration

02

reverse transcriptase

RNA DNA RNA DNA
RGD

- _

rfao factor p

RNA
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RNA RNA
ribonucleic acid (RNA)

ribophorin

I n
ribosomal DNA(rDNA) DNA

DNA RNA (rDNA) rDNA 28S 18S

rRNA( 23S 16S rRNA) rDNA

ribosomal RNA (rRNA) RNA
RNA

ribosome

RNA(rRNA)

ribozyme RNA
RNA

ribulose 1,5- biphosphate (RuBP ) carboxylase - 1,5 —

C 3 C02

8 8

RNA polymerase RNA
(RNA)

RNA primer RNA
I

DNA RNA
rolling cycle replication

DNA DNA DNA
DNA 5'

rough endoplasmic reticulum (RER )

rpm ( revolutions per minute)

r/min)

S(Svedberg unit)

sedimentation coefficient o

S period DNA S)
DNA

sarcolemma(
sarcomere

Z
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sarcoplasmic reticulum

satellite

satellite DNA DNA
DNA DNA

DNA
secondary constriction

secondary structure

second law of thermodynamics

second messenger

cytosol)

cAMPIP3 Ca2
+

sedimentation coefficient (S)

S 1 X 10—1 2 2 X 10—11 1 X 10—13

1S) 2x10—11 200 S S

dx/dt c

selectin

Ca +

self-assembly

septate junction

sex chromosome

X y

sigma factor <t

RNA
DNA ( RNA RNA

signal hypothesis
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mRNA AUG

signal peptide

signal recognition particle

RNA
signaling cascade

signal sequence

J

signal transduction

simple diffusion

free diffusion)

single strand binding (SSB) protein SSB
DNA DNA

DNA
sister chromatid

sliding filament mechanism

sliding microtubule theory

smooth endoplasmic reticulum (SER)

SNARE SNARE

sodium pump

ATP ATP Na+-K+

Na + -K+ATP

spectrin

spindle

spindle fiber
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)
spore

standard free-energy change AG)
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CQz

structrual gene
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submetacentric

survival factor

Svedberg unit
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sedimentationcoefficient
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)

symport

synapsis

I

synaptic vesicle

synaptonemal complex

I
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lymphokine,

T system T

(transversetubular

system)

TATA box TATA

Pribnow box

telocentric

telomere

DNA
telophase
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tertiary structure

thermodynamics

thylakoid

thymine

DNA
tight junction

tissue culture

.

tonoplast

topoisomerase

DNA DNA DNA
1 DNA ; n() DNA ATP

trans Golgi network(TGN)

transcriptase

DNA RNA
transcription

DNA RNA
transfer RNA(tRNA) RNA

RNA tRNA mRNA
translation

mRNA
tritium (3H)

tropomyosin ^
troponin !*5

Ca2 +

tubulin

a- P- 1-

tumor-suppressor gene
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ultrastructure

submicroscopic structure)

o

unit membrane

-- Robertson

P-

unwinding protein

DNA "single

strand binding (SSB) protein"

uracil OS

RNA
vacuole

vesicle

virus

voltage-gated channel

wobble hypothesis

Crick tRNA

zygotene

I

zymogen

trypsinogen)



n

A
a - -a 460

ct- -a 458460 ~462

A 388

ABC 638 ~ 640

ATP 300 ~ 305,319

665 ~ 674

674 ~ 684

666 ~ 669

717

325 ~ 330 ,330 ~ 333

60~62

438

18

_tRNA 439 441

A. E. OnapHH) 729

B

378 ~ 381

Bel -2 657 ~660

354

316,334

110

401 ~ 402 410 497

407

95~96

476 ~ 479

61

447 ~ 449

447 -449

P 448 -449

308 ~309(

333 ~334(

176 ~ 177

121 ~ 122,515

127 ~ 128

280~281503512 ~513

227 ~ 278

704 ~ 705

523 ~ 524

523 ~ 524

195

61

135 ~ 137

734

94,104

257

257 -262

23~24

49 ~ 55 671 ~ 673

671 ~ 673

127 256 ~ 261

262 ~ 263

262 ~ 263

256 ~ 261

C
cAMP 386 ~ 387

C 393

C3 330-331

C4 330 ~ 333

ofc 532 ~ 533

CFi 319 ~ 320

448

447 ~ 451

10,448

149, 162 ~ 166

348

21

714

706

27~29

21

28

455

541, 593 595 616 ~ 620

130 ~ 133

515

685 ~ 686

515~525

648 ~ 660)657 ~ 659
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n

654 ~ 655

655 ~ 657

658 ~ 660

DNA 370 ~ 373

520 ~ 521

(

3H) 26~27

128 ~ 129

134 ~ 138

611~612615

Antp 612,614-615

Efd 612,614-615

Lab 612,614-615

Pb 612 614 ~ 615

Scr 612,614-615

227

357

700

MPF) 532

( 530

406

265 ~ 267

516 520 ~ 521

DNA 520-521

D
D 418

DNA 63 ~ 65

63~65

364 ~ 365

308 ~ 309

333 ~ 334

349 ~ 355

DNA 401 ~ 41

8

401 ~ 410

D 418

361,414 ~416

404 ~ 406

417~418

403

402 408 ~ 410

DNA 460 ~ 463

199 313 408

SI 295

35,357,516

699 ~ 702

HAT 700 ~ 701

700 ~ 701

700 ~ 701

DNA) 403 -404

59

275

66

7,93

DNA 370

495 ~ 496

95,319,321,488

201 ~ 202

190, 191, 310 413 474 ~479

62

437 ~ 444

201 ~ 202

474

444 ~ 446

469 ~ 470, 473 478 ~ 490

469 ~ 474

55

437 ~ 446

441~443

439 ~ 440

443 -444

470

84

98,102

363 ~ 364

387 ~ 393

66, 330

298 ~ 299 326 ~ 327

302 ~ 306

298

721~22

655

656

AIF) 659

231 ~ 232

LDL) 229

258,510

358 ~ 360

257

583

360,414-416

361,415 -416

197
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123

138

603 ~ 606

357

200,437

81~83

441~444

192

66~67

361 ~ 363

E

EF 444

421 -422,447

357

503

506

520

257 ~ 260

DCMU) 328

F

Fo - FiATP m 300- 301

437 - 444, 465 ~ 468

SI 194

302

186 ~ 187 495 - 496

186 -187,495 -496

459

672 ~ 673

435,438 -439

f: 53 4 1 5 672

26~27

26~27

D 446, 527

P 199

507 ~ 511

UTR) 467 - 468

356 453 ~ 454

540 ~ 580

546 ~ 549

566 ~ 570

575 ~578

450~451

CAP) 451

214 ~ 216 484

220

310,413,474 ~ 479

110

729 ~ 733

28 ~ 30 546 ~ 547 549

24-25

S. W. Fox) 731 -733

403 ~ 406

408 ~ 410

411

475

77 297

77

Q(CoQ) 297 -298, 302,313

153

77

448 ~ 449

35

G
G 383 ~ 387

7 255^f! ATPSt) 145,271,389^ 145, 269 ~ 271 389

15 115

#5 271 ~ 272 389 ~ 390

541 ~ 542 554 ~ 556 648

694

192

69

407

236,489-490

235 - 238 489 ~ 490

316 ~ 338

330 ~ 333

325 ~ 330

327 ~ 330

I(PSI) 323 -324

n(PSn) 323 -324

49, 209 ~ 223

5 7 47 209 ~ 221

trans) 210

cis) 210

209 ~ 217

214 219 ~ 221

183,211

176 ~ 179

469

423,427
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n

699 ~ 702

554 ~ 556

300

540

182,189 ~ 195

DNA

585 - 623

594610~620

616 ~ 620

603 ~ 606

591

587 ~ 590

591

607 ~ 609

618 ~ 620

H

328 ~ 330

300 ~ 307

HAT 700-701

HeLa 34

HGPRT 700

HOM 615 ~ 616

Hox 627 ~ 634

637 ~ 640

517

560,566

48,182,341

341

347 -348,373

341

NLS) 480

244,371 ~ 372,412

412

341 ~ 347 507 512

48, 182 341 507 512

8,52363

351 ~ 358,364,428

8,66 ~68, 366

DNA 66-67,366

RNA 66-67

68

( 9 ~ 12,47

199-203,307,465

(rRNA)( rRNA)

202

467

- 1 5 - (RuBP )
318-328

345 ~ 346

346,373

419

347 ~349411449

41~42

540,712 ~714

345,413

341,368

583

601 ~ 603

constitutive)

79

354

196 ~ 198, 264 ~ 271

196 ~ 197, 264 ~ 268

196 ~ 197

196 ~ 197

268 ~ 272

265 ~ 267

267 ~ 268

100 105 ~ 106

554 ~ 560

105 ~ 106

403,407

510 ~ 511 522 ~ 523

522 ~ 523

510~511

Robert Hooke) 3 ~4

298 ~ 299 326 ~ 329

298,300

298 ~ 299 326 ~ 329

724 ~ 734

302

302 ~ 306

268 ~271

409 ~ 410

196 197

411

75~76

569
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IF( 439 ~ 440

J

631 ~ 634

625 ~ 627

196 ~ 198 269 ~ 271

391 ~ 393

267 ~ 268

gelsolin) 274

265 ~ 267

profilin) 274

267

268,269

268 ~ 269

264 ~ 265

264

265 ~ 266 494

264 - 268

264 ~ 271,551

196 ~ 198 264 ~ 271

271 ~ 272

264 ~ 265

264

586

629 ~ 633

507 ~ 511

565

567 ~ 568

590

463

463 ~ 465 532, 577 ~ 578

463

463 ~465

326 ~ 327

51

318~319

168

257 ~ 261

399 ~ 400

400

540

540

448

448

418-429

712~713

693 ~ 694

418~419

455 ~ 463

43,358

84

243,293,319

183 ~ 184

293,487,489

319 486 ~ 489

292 ~ 293

292 ~ 293

465 688 ~ 690

410

410

61,441

439 ~ 440 441 ~ 443

429

725

577

K + ) 139-142

434 - 435

579 ~ 580

582

427 ~ 430

5 515 ~ 525

515 ~ 523

517~521

520 ~ 521

DNA 520 -521

601 -603

46, 503 ~ 504

520

( 520

281 ~ 282

532 667 ~ 668

281 ~ 282

113 ~ 115

586

586

586

585,586

743 ~ 746

576, 641

642 ~ 647
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642

B§

DNA 402 ~ 403 412 ~ 413

RNA 420 - 422, 448 - 449, 452

16 18 ~ 19

PEG) 35,699

30~31

648,655

566 ~ 570

K
658

699

699

iff 231,577

34

548 718

79,448

135, 176 ~ 178 292

135 ~ 138

137 ~ 138

470

139 ~ 145

104 ~ 105

L

394 - 396

395 ~ 396

256,277

139 ~ 145

137 ~ 138 380 ~ 381

407 - 408

118~119

517

517~519

461

623 ~ 625, 643 ~ 647

70~71102~104

70~71

70

110

B 396 699-702

T 396,542

53-54

727,731

45, 364 ~ 365

320~321336

318~319

PPLO) 47

97~99

93~97

(Antonie Van Leeuwenhoek) 3-4

401

47,336,743

63

70

297 302 ~ 306 393 ~ 395

327 ~ 330

297 ~ 306

382

102

102,391

565 586 ~ 587

102,294

588 -589

585 ~ 590

585 ~ 590

524, 585 ~ 586

585

564 ~ 570 583 ~ 584

587 ~ 589

M
M 526,533

MPF(M 532

544 ~ 545

76-83

81~83

78~80

79

79

76~77

76 ~ 77

80~81

SI 694 ~ 698

393 ~ 397

266

63-64

25

127 ~ 130,219 ~ 220 471

99 ~ 101,225 ~ 226

31 141-143

143 ~ 145
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141 ~ 143

181-183

293,317

181

31~32

590

523

512

130 252 494 ~ 495

130,258,494 ~ 498

130 494 ~ 498

266

172

595-601

N
Nieuwkoop 586 ~ 587 625

NLS( 480

Na+-K* 139 ~ 145

139 ~ 145

1 19 ~ 120 586 ~ 587, 710

587

740 ~ 743

445 ~ 446

400

181

624

131 229 ~ 230

127 ~ 133 227 ~ 230

227 ~ 230

1<25 ~ 126

49, 187 ~ 198,469,471 ~ 474

191-193

188 194 ~ 195

• 188 ~ 194

194

192 216 ~ 218

215 ~ 216 482 ~ 484

72~76

5

45

Arabidopsis ) 636 ~ 640

ABC 639 640

638 ~ 640

640

578 - 580

280

350

243 ~ 244, 278

110,668

() 274

58~59

302 ~ 305

F- FiATP 300-301

313

517 ~ 519

517 ~ 519

DNA 519-520

P

P 199 ~ 200

p21 686,688

p2J 686,688

p53 686,688

p53 686,688

Pribnow 423

593 - 594

119 ~ 120 710

( 591~594

705 ~ 707

707 ~ 708

689

624

710~714

595 ~ 603

128,551

523

523

587

176 ~ 177

66 ~ 67, 141 ~ 142,217

362

446

Q
Q 302

455 ~ 463 550 ~ 551

407

() 334 ~ 335

710

544 ~ 546

1 16 ~ 118 284

58 - 59, 65



H +
) 58 -59,301 -302

296, 657 - 659

657

657

657

250 ~ 251 519

130 578 ~ 580

642 ~ 646

544 ~ 549

77,410

R

P 423 ~ 424

Rb 685 ~ 686

Kb 685 ~ 686

RER(
RNA

mRNA 199-200, 422-430,

441 -443

rRNA 199 -202,430-433

scRNA 346 - 347

snRNA 427, 436

tRNA 433 -436,438 -439

RNA 466 ~ 467

RNA 83~84

RNA SI 420 - 422, 448 - 452, 453 - 458

364,517

320

506, 520 ~ 522

38 -40

348 ~ 367

517-522

544 - 545

357,362-364

354 ~ 357 508 - 509 522

358, 510 570

544 ~ 545

48

353

353 ~ 354

356,375

349,355

474

hsp60 476 ~ 47

8

hspTO 475,478

n

hsp90 475

8 47 224 ~ 234

227

227

228

230 ~ 232

233 -234

228

228

. 228

232 ~ 233

226 ~ 227

225 ~ 226

225 ~ 226 469

641,645 ~ 647

643 ~ 645

S

SD 424

CT 452

SNAPS 493 ~ 494

SNARE 493 ~ 494

V-SNARE 493 ~ 494

t-SNARE 493 ~ 494

snRNA 427 436

U1, U2, U3, U4, U5, U6, U7 427, 436

ATP)

327 ~ 328

269 ~ 271

72~74

300 ~ 306

21

22~23

443

61,448 ~449

143 ~ 144

143 ~ 144

143
•

1

724 ~ 735

524,564

567

532

394,534,680
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394,534

394,534

394,534,680

394

644

50

M. Schleidon) 5

T. Schwann) 5

564,591

380 ~ 381

380 ~ 381

G 381,383 -393

381,393 ~ 397

379 ~ 380

A 199

280,514

91~97

521 ~ 522

611 ~ 614

AbdA 612-614

AbdB 612-614

Ubx 612-614

419 666

58~59

58

58

134 ~ 135

654

654

(S) 28

123 ~ 124

360

DNA( DNA) 371( 228

(CTD) 421

T

247,273

TATA 423 455

TBP 456

tRNA 433 -439

438

438

438

205

199,205

176 ~ 177

262

104,108,111,162

193

192

216 ~ 218

107 ~ 108

66~67

192 216 ~ 218

217

149: 153

297

66 ~ 67 195

70 102, 108

157 ~ 158

607 ~ 609

326

448 -

FeS) 298,313

328 ~ 329

( 472

681

534 ~ 536

80~81

610~615

HOM 614 ~ 615

Hox 627 ~ 629

517 ~ 522

455 ~ 458 550

137

583 ~ 584

149 ~ 151

151

21

143 ~ 145, 168

729 ~ 731

65

127

404-406,414

361 ~ 363

108

U
U1,U2, ••••••17(8111^ 427, 436

UTR( 467 ~ 468

W
107 - 108



n

544 576, 632

127 130 220

35

446

190 194

ir E.B.Wilson) 7

128

127 ~ 128

128 ~ 129

49 175,244 ~ 262 358 ~ 359 507 ~ 511

250 ~ 262

244 ~ 247

256-261

254 ~ 256

261 - 262

247

a 245 ~ 249

& 245 ~ 249

7 255( ) MAP) 246

247 ~ 248
.

259 ~ 260

28, 190

731 ~ 733

122 ~ 124 279, 530

694

9 49 272 ~ 281

273

276 ~ 281

235 ~ 241

172

424 ~ 425

590

590 627 ~ 633

140

243

66

127 ~ 145

134 ~ 145

134 ~ 138

134 138 ~ 145

127 ~ 133

505 - 506

6%

X
X 354

X 21

72~74

45~46

47~49

674

171 ~ 176 176 ~ 178 514 ~ 515

514 ~ 515

734 ~ 735

703 ~ 705

32

( 296,648-661

122 539 ~ 581

503 ~ 536

280,512 -515

515 ~ 525

505 ~ 506

506 ~ 515

694 ~ 720

9 49 242

9, 49, 244 - 262, 358 ~ 359,

507 -511

9, 49 272 ~ 281

9,281 ~ 284

347 ~ 348 373 ~ 375

4 48 340 ~ 341

341 ~ 375

740

341 ~ 348

244, 373 ~ 374

341 - 347

365 ~ 367

366

347 ~ 348

648 ~ 649

735 ~ 746

112 ~ 122

113-115

115 ~ 116
'

116

116~118

118 ~ 121

89
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33 ~ 35 695 ~ 699

567,636

49

35 95, 548, 699 ~ 703

298 323 326 ~ 327

325 ~ 333

298 ~ 330

C

298

658 ~ 659

298 - 299, 302 - 305

109 ~ 110

B 274, 277

648 -650

34,667

4~5

107 ~ 112

162 ~ 169

154 ~ 157, 163 ~ 166

155 ~ 157

157 ~ 158

151166~170

159 ~ 162

171 ~ 178 697

26

378

5 49 564 ~ 575

183 ~ 187

Go 530

G, 527 -528

529

S 528

M 526

530

34

267 ~ 268

517

RNA(snRNA) 427,436

78-79

137 ~ 138

131

159 ~ 162

154-159

127 256 ~ 263

582

424

386

172-175

7288

ATP F- Fi 300

DNA 308 ~ 309

298 ~ 299

292 ~ 293

293

296

292

297 ~ 306

35

35

2 ~ 4 15 ~ 23

17 20

35,715,719

98~99

18~19

136

61,136

171,382

383 ~ 397

382 ~ 383

191,472

191 472 ~ 473 480 ~ 481

471~473

191,472 ~ 473

378

378 ~ 397

571

460~461

571

354

566 ~ 569

507

(

Caenorhobditis elegans )

566 -567,651

556 ~ 560

562-563

111~112

111

111

105

99 105 ~ 106
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n

Y
Y 38~39

357

297

50

(NADO( I) 297

NADH) 298 - 299, 302

(NADP+)( n) 327 -328 -

NADPH) 327 -328

297 ~ 306 311 ~ 313

322,325

318,322,326

7 51 316

330 ~ 333

333 ~ 334

325 ~ 330

327 ~ 330

334 ~ 336

317 ~ 320

740 ~ 746

47 224

693 ~ 694

265

10218~219

394

51

( 51

539

491 -494

130 ~ 133 234

AMP)

AMP(cAMP) 386 ~ 389

238 ~ 239

HA 296 - 297

143,145,269

NAG) 176 -177, 192

NAM) 176-177

354

348 ~ 349 354

( 354

354

357

528,531

684 ~ 688

407 ~ 408

408

408,413

mRNA 574

18

279 ~ 280

130 ~ 133 234

130

506 ~ 512

506 ~ 512

508 ~511

506,509,511

261,507

507 ~ 508

507

575 ~ 576

448 ~ 449

539( 582

696 ~ 697

370

125, 127

224

675 ~ 677 681 ~ 684

45 ~ 47, 364 ~ 365

267 ~ 268

245

220

5,43,89

43,47

697 ~ 698

28 30

135

127 ~ 133

132,229 ~ 230

Z
Zeta(U 32

Zeta 404

692 ~ 694

( 699 ~ 702

641 ~ 647

316,336

455 -458 558 -559

410

413,571,624
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125

45

47 ~ 49 340

95 104 321

169 ~ 171

68 ~ 69

67 ~ 71,89 ~ 91,97 ~ 99 194

97 ~ 98

671~674

674

669 ~ 671

635 ~ 637

736,738

736, 738

95 ~97 110

635 ~ 637

635

634 ~ 635

54

93

31, 141 - 142

181 ~ 182

101 ~ 107

97 ~ 101

99 ~ 101 104 ~ 107

97 ~ 99, 102 ~ 104

6,316,336

326 ~ 327

66

629 ~ 634

45~47

302 ~ 305

102

522

9,263,281 -284

281

281

281

281

281

514

573

624 ~ 625

508 ~ 509 522, 523

10 419 ~ 420

49, 255 ~ 256

256

741

260 ~ 261

255 ~ 256

255

255 - 256

7 ,247,254 ~ 255

424

437 444

423 ~ 424( 533

671 ~ 674

665

257 ~ 262

261 ~ 262

556 ~ 560 563 ~ 564

357

543 642, 645 ~ 647

396

711 ~712714 ~717

717~718

419,453 -465

mRNA 422 ~ 430

rRNA 430 ~ 433

tRNA 433 ~ 436

442

452 ~ 453 455 ~ 463

714717~718

tRNA) 433 -436

'433 ~ 435

433,438 -439( 452,455

357 ~ 360

II 228

43

43( 135 ~ 136

72~74

() 17

350

HI 350 ~ 353 369 ~ 370

H2A 350 ~ 352, 369 ~ 370,
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n

414,453

H2B 350-352,369 -370.

414,453

H3 350 ~ 35 1 369 ~ 370

414,452 -453

H4 350 ~ 351 369 ~ 370

414,452 -453

695 ~699

448

648 ~ 649



in

3E -a S>H^i| 1 W 3E -a

A Adenine adenosine e- Electron

A Angstrom EDTA Ethylene diaminetetraacetic acid

ACTH Adenocorticotropic hormone eEF Eukaryotic elongation factor

AMP, ADP, ATP Adenisine 5'-mono, di-, tri- EF Elongation factor

phosphate ER Endoplasmic reticulum

ala Alanine EGF Epidermal growth factor

Arginine FAD, FADH Flavin adenine dinucleotide,

asn Asparagine Oxitized and reduced forms

asp Aspatic acid FGF Fibroblast growth factor

ATPaae Adenosine triphosphatase finet 7V-fonnylmethionine

C Cytosine FMN.FMNHj Flavin mononucleotide and its

Centi, 10
_2

reduced form

<^ Velocity of light in vacuum Fo - Fi ATP synthase complex

2. 997 xl0'0cin - s"' FP Fl&voprotcin

"C Carbon 14 isotope
g Gram; gravity

cal Calorie G Giga, 10*

CaM Calmodulin G. Gap 1 (in interphase

)

CAM Cell- cell adhesion molecule A GO' Standard free-energy change

cAMP Cyclic AMP at pH7

CAP Catabbolite gene activation GABA 'y-aminobutyric acid

protein; cyclic AMP recep- GAG Glycosaminoglycan

tor protein Gal D-galactose

CB Cytochalasin B GAP GTPase activating protein

CD Ouster of differentiation GERL Colgi-ER-lysosome

Cdk Cyclin- dependent protein Glc Glucosamine

kinase GlcNAc yV-acetyl-D-glucosamine

cDNA Complementary DNA GMP, GDP, GTP Cuanosine mono-, di-, tri-

CHO Cell line from Chinese ham- phosphate

ster ovary GNRP Guanine nucleotide releasing

CMP. CDP, CTP Cytidine mono-, di-, tri-, protein

phosphate 'H Tritium

CoA Coenzyme A HAT hypoxanthine-aminopterin-

CoQ Coenzyme Q( ubiquinone) thymidine medium

CPM Counts per minute Hb Hemoglobin

CSF Colony-stimulating factor HeU Cell line from human cervix

CURL Endosome compartment of un- carcinom&

coupling of receptor and HGPRT Hypoxanthine guanine phospho-

ligand ribosyltransferase

d deci, 10-1 HIV Human immunodericiency virus

DMSO Dimethyl sulfoxide HMM Heavy meromyosin

DNA Deoxyribonucleic acid hnRNA Heterogeneous nuclear RNA

Dnase Deribonuclease mv Human immunodeficiency virus

DPN* , DPNH 1 NAD* NADH HLA Human leucocyte- associated
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m

antigen and its reduced form

HLH Helix-loop-helix motif NOR Nucleolar-organizing region

hnRNA Heterogeneous nuclear RNA NSF N-ethylmaleimide-sensitive

HTLV Human T-cell leukemia virus fusion protein

IGF Insulin-like growth factor OH Hydroxyl ion

k MlO, iU
p pico, 10 — 12

kcal

1

Kilocalorie
pi lorganic phosphate

Liter
P68o(ps n) Photosystem 11(680, light

X Wavelenth; lambda phage
wavelength

)

LDH Lactate dehydrogenase
P70o(PS I)

LH
Photosystem 1(700, light

Luteinizing hormone

LMM
wavelength)

Light meromyosin

LCR Locus control region
rLINA proliferating cell nuclear

LDL Low-density lipoprotein
antigen

UF Leukemia inhibitory factor
PGR polymerase chain reaction

M Mega, 10* PDGF platelet-derived growth

M Molar concentration factor

m Meter PEP Phosphoenolpynivate

m Mill, 10-3 PGF Platelet-derived growth

M- Micro, 10

6

factor

MAP Microtubule-associated PH Hydrogen ion concentration

protein PHA Phytohemagglutinin

Mb Myoglobin PIP Diphosphoinositide

mg Milligram PKA Protein kinase A (A-kinase

)

MHC Major histocompatibility PKC Protein kinAse C (C-kin&sc)

complex
ppi Inogflnic pyrophosphate

min Minute
RBC Red blood cell

ml Mililiter
rDNA Ribosom&l DNA

MLCK Myosin light chain kinase
RER Rough encioplssmic reticulum

mm Millimeter

mol Mole
Arg-Gly-Asp sequence

mol. wt. (M. W.

)

Molecular weight
Ribonucleic acid

MPF M-phase-promoling factor
Ribonuclease

mRNA messenger RNA Ribonucleoprotein

MTOC micFOtubule-organizing
rpm Revolutions per minute

center
_I>\T A

Ribosomal RNA

|un Micrometer RSV Rous sarcoma virus

\uatA Micromole RuBP Ribulose - 1,5 - biphosphate

N normal concentration S Svedberg unit(10"'^8)

nano, 10" s Second

"N Nitrogen 15, heavy nitrogen SEM Scanning electron microscope

NAD*. NADH Nicodinamide adenine SER Smooth endoplasmic reticulum

dinucleotide, oxidized and SNAP Soluble yvSF attachment pro-

reduced form
tein

NADP*.NADPH Nicodinamide adenine SNAPE SNAP receptor

dinucleotide phosphate. SV 40 Simian virus 40
oxidized and reduced form snRNA Small nuclear RNA

NGF Nerve growth factor
3T3 Cell line: from mouse embryo

nm Nanometer

Nicodinamide mononucleotide
fibrablast

NMN-,NMNH
TEM Transmission electron micro-
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scope U Uracil or undine

TGF Transform]ng growth factor UMP. UDP, UTP Uridine mono di -, tri ,
TMP, TOP, TTP Thymidine mono-, di- tri-

phosphate

phosphate UTR untranslated region

TMV Tobacco mosaic virus UV Ultraviolet

TPA Tetradecanoylphorbol
Volt

Acetate
(
phorbol ester) YAC Yeast artificial chromosome

TPN*,TPNH i.e. NADP\NADPH

TPP Thiamine pyniphosphate

tRNA Transfer RNA
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IV

R

S Alanine Ala A ® GUC GCC GCG GCU

Valine Val V ® GUA GUC GUG GUU

S Leucine Leu L UUG CUA cue CUG CUU

s Isoleucine De I ® AUA AUG AUU

Proline Pro P ® CCA CCC CCG ecu

S Phenylalanine Phe F ® UUC

S Tryptophan Tip W ® UGG

S Methionine Met M ® AUG

Glycine Gly G GGA GGC GGG GGU

S Serine Ser S AGC AGU UCA UCC UCG UCU

Hireonine Jhr T ACA ACC ACG ACU

S Cysteine Cys C UGC UGU

S Tyrosine Tyr Y UAC UAU

St Asparagine Asn N AAC AAU« Qutamine an Q CAA GAG

Lysine Lys K AAA AAG

S Arginine Arg R AGA AGG CGA CGC CGG CGU

!;( Histidine His H CAC CAU

S Aspartic acid Asp D GAC GAU

S Glutamic acid Glu E GAA GAG

UAA UGG( «9

®. * . +. -.
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R R R

Ala

CHj-

H

-C—COO—

NH3

Gly

H

-c—coo-

NH3

LyS

H3 N—CH2—CH2—CH2—CH2-

H

-C—COO-

NH3

H

-C—COO—

NH3

Ser

H0~CH2

—

H

-C—COO—
1

NH3

Arg

H2 N—C—NH—CH2—CH2—CH2-

NH3

H
1

-c—coo-

NH3

Leu

CHj
\
c^^~CH2—

/
CHj

H
1

-c—coo-

NH3

Thr

CH3—CH—

OH

H

-C—COO—

NH3

His

HC C—CHj-
1 1

HN NH
\ /
C
H

H

coo-

NH3

He

CH3—CHz—CH-

CH3

H

-C—COO—
1

NH3

Cys

HS—CH2-

H
1

-C—COO—
1

NH3 R
'

H

-c—coo—

NH3

Pro H2

c

H2C

H2C\ z
N
H

c coo-

H

Tyr

H0<^^^CH2-

H

-C—COO-

NH3

i

Phe

H

-c—coo-

NH3

Asn

NH2
\
,C—CH2-

H

-C—COO-

NH3

Glu

\
^C—CH2—CH2-

H

-C—COO

Trp

/\~||C—CH2-

J CH

H

H

-c—coo-

NH3

Gin

NH2
\
^C—CH2—CH2-

H

—C—COO—

NH3

* pH 6.0-7.0

Met

CH3—S^CH2—CH2

H

-c—coo-

NB,
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F- Molecular Probe.

Inc. Nikon E800
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-
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60mm

0.5 X -100
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3

( .

2-9 Nikon CFI60( 2- 1

1
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2-22 S1) h
,
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