¥ & #4 Z (c )

30 3 SCIENCE IN CHINA ( SeriesC) 2000 6

ATP
CF,

* %

( . 200032)
ATP CF, 5 pGBT9
pGAD424, , CF,
. CF, 5 ,g e ;a b,a eb eb
d ;g d d e ;oa
ga db g ATP
ATP
ATP . N N )
, , ATPY, ATP
Fo F - Fo :
.F, 6 , 3 , ATP 2. Boyer
(binding change mechanism) , ATP
3], , ATP ATP ,F. g e 3
a 3 b 485 ATP ,
[6].
, . Moritani n
ATP F, 5
ATP ,
: , ATP ATP ; CF,
ATPase, ATP e, , ATP
ATP CF, g e ;a b,a eb eb d
1999-04-21  , 1999-07-19
* ( : 39730040) ( : G1998010100)

*x (E-mail: ygshen@iris.sipp.ac.cn)



ATP CF, 277

;g d d e , Moritani
ATPase F, 5 .
ATP , ATP ATP
1
1.1 N
, T4 DNA Pharmacia ; Klenow Promega ;

ONPG Sigma ;

E.coli DH5a (supE44, DiacU169 (j 80, lacZDM15), hsdR17, recAl, endAl, gyrad6, thi-1,

relA), IM83 (ara, rpmsL, Dlac-proAB (j 80, lacZDM 15)),

SFY526 (MATa, gal4-542, gal80-

538, URA3::GAL1-lacZ can', ura3-52, his3-200, ade2-101, lys2-801, trpl1-901, leu2-3, 112).
pJLA502-pchla, pJLA503-pchlb, pJLA502-pchlg, pJLA502-pchld, pJLA503-pchle

ATP a,b,gd eb5

; pGBT9, pGAD424

(91 Osnabrueck S. Engelbrecht
pVA3, pTD1, pLAMS pCLl[G,lO]

1.2 DNA
) ; , , DNA [11].
13
ATP 5 pGBT9 pGAD424 1 LiAc 1©
SFY526. SD(-L,-W) 30T 4~54d,
14 b-
SD(-L, -W) , 2 , Z buffer
N , (o-nitrophenylgalactoside, ONPG) 30C
, Na,CO, , 420 nm A .b-
Miller (22,
2
2.1
ATP a,b,gd e5 pJLA502-pchla, pJLA503-
pchlb, pJLA502-pchlg, pJLA502-pchld, pJLA503-pchle Ncol Ndel , DNA
Klenow , BamHI Sall . Sma [ /BamH
I Smal/sall pGBT9  pGAD424( 1),
22 CFa b
pGBT9 pGAD424 GALA4 DNA (DNA-binding
domain) DNA (transcription-activating domain). ATP CF, a
b pGBT9  pGAD424, a b GAL4 DNA



278 (c ) 30
GAL4 pGBT9-a, pGBT9-b  pGAD424-a,
pGAD424-b. pGBT9-a/pGAD424-b  pGBT9-b/pGAD424-a SFY526
b- , 2 b-
, a b
' , a b
b- L
ATP a b
1 ATP CF,
b- u
GAL4 bd-a + GAL4 ad-b 2.4+03
GAL4 bd-b + GAL4 ad-a 22402
GAL4 bd-a + GAL4 ad-g 0
GAL4 bd-g + GAL4 ad-a 0
GAL4 bd-a + GAL4 ad-d 0
*GAL4 bd-d + GAL4 ad-a 19.4+2
GAL4 bd-a + GAL4 ad-e 1.9+0.2
GAL4 bd-e + GAL4 ad-a 0
GAL4 bd-b + GAL4 ad-g 0
GAL4 bd-g + GAL4 ad-b 0
GAL4 bd-b + GAL4 ad-d 1.8+0.2
*GAL4 bd-d + GAL4 ad-b 20.8+2
GAL4 bd-b + GAL4 ad-e 2.3:03
GAL4 bd-e + GAL4 ad-b 0
GAL4 bd-g + GAL4 ad-d 0.6=0.3
*GAL4 bd-d + GAL4 ad -g 23.0+2
GAL4 bd-g + GAL4 ad-e 2.9+0.2
GAL4 bd-e + GAL4 ad-g 0.5=0.2
*GAL4 bd-d + GAL4 ad-e 25243
GAL4 bd-e + GAL4 ad-d 1.0£0.2
*GAL4 bd-d + GAL4 ad 25.8+2
*GAL4 bd-d 24042
GAL4bd + GAL4ad 0.1
a)bd GAL4DNA ;ad  GAL4 .d GAL4 g e GAL4 DNA
GAL4 b- 2+ d GAL4 DNA
b-
23 ATP CF,
ATP a,b,gd eb5 GAL4 DNA GAL4
, SFY 526, 2 ,
b- , 1. a b , g
ea eb eb dg dd e . ,a b GAL4
DNA GAL4 ;
, GAL4 DNA
GAL4 ATP 5

,g e b- ;a b,b ea eb d ;



3 : ATP

CF, 279

cl ts857

Amp
4 pILA502 PR
i PL
pILAS03
ori
fd-ter "~ ATPase WV Hfr

lNco 1 2% Ndel

t5857
pJLAS502 PR

e PL
PILAS503

Amp

ori Nee 188 Neol

fd-ter S~ ATPase AV L7
l Klenow b T A Bty
Am cl ts857

pILA502
=,
pILA503

ori

fd-ter ATPase MV ST

BamH 1 2§ Sal 1

GAL4 BD &},
GAL4 AD

~-MCS------ .

ADHI J58) T

|
AmpR%
N P e
g
Col El ori ~

Sma 1 +BamH1 5, Sall

ADHI Jiz) - GAL4BD

_GAL4 AD
Amp® cl 1857 % Smal
e ‘
Aﬁgggﬁ BamH 1§ Sal | pG‘EZTg gal”fH 1%
PR N : u »
P02 PL Amp® ?;% pGAD424
[ 4
pILAS03 U, LEU2 & TRP1
ori Tty ot 1 % Sal 1 Col E1 ori
T4 DNA & H:H
ADHI 8T y
| 'GAL4 BD #{ GAL4 AD
pGBT9
| i
Amp* pGAD424

N

Col El ori g,

LEU2 1§ TRP1

1
pJLA502-pchla, pJLA503-pchlb, pJLA502-pchlg, pJLA502-pchld, pJLA503-pchle ATP ,b,gd
e5 . pJLA502-pchla, pJLA502-pchlg, pJLA502-pchld Nco [ , PJLA503-pchlb, pJLA503-
pchle Ndel , Klenow , pJLA502-pchla, pJLA503-pchlb, pJLA502-pchld Sal | , pIJLA502-
pchlg, pJLA503-pchle BamH I , Smal/BamHI Smal/Sal I

pGBT9

pGAD424



280 (c ) 30

2 CF,a b 3
b u
GAL4 bd-a + GAL4 ad-b 2.4+03
GAL4 bd-a + GAL4 ad 0.2
GAL4bd + GAL4ad-b 0
GAL4 bd-b + GAL4 ad-a 22402
GAL4 bd-b + GAL4 ad 0.2
GAL4bd + GAL4ad-a 0
GAL4bd + GAL4ad 0
a)bd GAL4DNA ;ad GAL4
d g d . d GAL4 DNA
b- (1 = ) d GALA4
DNA GAL4
3
ATP , (cross-linking)
[13.14]
, ATP F, 5 g e 18]
[6,10]
ATP CF, ;
CF, a b,a eb eb dg dg ed e ,
, CFl [13, 14].
.g e b- ,
CF, 5 g e : Dunn (sl :
e ga b , e g
,a b,a eb eb d ;g d,d e
L b- L L
g dd e ;
ATP F, R , d b, “ 7
asb, Fo ,g e “ " F, R , b
[16‘17]. “ ”
v g e a b [1617]
e a, b , g a b . Moritani ATP
, , CF, e

ATP



3 : ATP CF, 281

[16]

GAL

~N o g s

10
11
12
13

14

15

16

17

, € g , e a b , d
b , ATP . , Wilkens
ATP d a b , T ,
CF, d e g , CF, d
g e , a b ( Fo ).
, CF, d GAL4 DNA
4 , b- (1 =
). Moritani ATPase F, 5 ,d
GAL4 DNA GALA4
: b- 7, :
CF, d , d ATP ATP
Osnabrueck S. Engelbrecht ATP CF,

Nicholls D G, Ferguson S J. Bioenergetics 1l . London: Academic Press, 1992

Cruz J A, Harfe B, Badkowski C A, et al. Molecular dissection of the epsilon subunit of the chloroplast ATP synthase of

spinach. Plant Physiol, 1995, 109(4): 1 379~1 388

Boyer P D. The binding change mechanism for ATP synthase——some probabilities and possibilities. Biochim Biophys Acta,

1993, 1 140: 215~250

Noji H, Yasuda R, Yashida M, et al. Direct observation of the rotation of F,-ATPase. Nature, 1997, 386: 299~302

Sabbert D, Engelbrecht S, Junge W. Intersubunit rotation in active F-ATPase. Nature, 1996, 381: 623~625

Fields S, Song O. A novel genetic system to detect protein-protein interactions. Nature, 1989, 340: 245~247

Moritani C, Sawada K, Takemoto K, et al. Interactions of the F;-ATPase subunits from Escherichia coli detected by the yeast
two-hybrid system. Biochim Biophys Acta, 1996, 1 274: 67~72

Richter M L, Gao F. The chloroplast ATP synthase: structural changes during catalysis. J Bioener Biomem, 1996, 28(5):

443~449

Lill H, Burkovski A, Altendorf K, et a. Complementation of Escherichia coli unc mutant strains by chloroplast and

cyanobacterial F,-ATPase subunits. Biochim Biophys Acta, 1993, 1 144: 278~284

Bartel P L, Chien C T, Sternglanz R, et al. Elimination of false positives that arise in using the two-hybrid system.

Biotechniques. 1993, 14: 920~924

Sambrook J, Fritsch E F, Maniatist T. Molecular Cloning. 2nd ed. New Y ork: Cold Spring Harbor, 1989

Miller J. Experiments in Molecular Genetics. New Y ork: Cold Spring Harbor, 1972

Aris JP, Simoni R D. Cross-linking and labeling of the Escherichia coli F;F,-ATP synthase reveal a compact hydrophilic
portion of F, close to an F, catalytic subunit. J Biol Chem, 1983, 258: 14 599~14 609

Aggeler R, Chicas-Cruz K, Cai S X, et al. Introduction of reactive cysteine residues in the epsilon subunit of Escherichia coli

F, ATPase, modification of these sites with tetrafluorophenyl azide-maleimides, and examination of changes in the binding of
the epsilon subunit when different nucleotides are in catalytic sites. Biochemistry, 1992, 31: 2 956~2 961

Dunn S D, Futai M. The isolated g subunit of Escherichia coli F-ATPase binds the e subunit. J Biol Chem, 1980, 257: 7 354~ 7
359

Wilkens S, Capaldi R A. Electron microscopic evidence of two stalks linking the F, and F, parts of the Escherichia coli ATP
synthase. Biochim Biophys Acta, 1998, 1 365: 93~97

Junge W, Lill H, Engelbrecht S. ATP synthase: an electrochemical transducer with rotary mechanics. TIBS, 1997, 22: 420~423



