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Abstract; It was reported that the transgenic tobacco plants transformed with an unedited copy of the mitochondrial
atp9 gene exhibited the trait of the cytoplasmic male sterility (CMS) phenotype. Therefore, it was believed that atp9
gene functioned as a dominant gene on CMS in higher plants. To understand the CMS mechanism caused by unedited
form of atp9 deeper,atp9 gene was cloned from three sterile tobacco lines and their isogenic fertile lines. The differ-
ences in one-or three-dimensional information between unedited states and edited ones,or between sterility and fertili-
ty were analyzed. The results suggested that the differences in one-dimensional sequences, especially in secondary
structures and their stabilities might possibly be the underlying reason resulting in CMS because of affecting ATP
synthesis.
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AEUBSHEYEFREN BERTLREAN
RRELBTHENEG. AYBEATRE LS
R RS T (CMS) , EEMEREE R B (R
W4 SRR ) Fh 35 9 4k & B B AR /E A (Budar %,
2001), CMSERSHY R RFE, RAKRAER
SqapgrREAEERNSR, & TRRATIEER
S W L T H 3B (8 & 6%, 2000; He %,
1996; HEE#%,1998), CMS SR MM B H 2D
5 JER T A 4 B RE1E (Bergman %,2000),

BHITTAN TR TRANMEERSNEE >
YT T BBk F(OOF(1)-ATP 4 REHTIRER 4
J» DA T 141 55 0 2w B RE RE B9 7E 8 & B i 72 (Dieterich
%,2003), HMIYIRBIEANIR L ATP & BB 7ERER
FYMERSEFEEEER, & FOM FOOMRE
HHR. £ FOOF)-ATP E4&H, BH8 9 NE
HE2WHELEE. FOBIEMEANBEAKE, R
ARTHEREHINEE,LF 4 MARBEE: orf25,
orfB.WFE 9 MM 6; F(DMARMEAHNBINK
B, AA# ATP & BB ThEE, B4 5 M AR IE
#.o,B,7,8,e, REBHFREKHN orf25.0rfB. I H 9
W3 6 FATEE SHY CMS H X (F KK H,1990;Sa-
bar ££,2003 ; Heazlewood %£,2003),

RNA %8B R CMS E5HESEYRBIASR X
HH N EE S (Howad %,1999), Hernould Z A
H—RIAIRFEXNHRARRTHRRER, M8
HRER B RFEEORBIK arp) BEENERES
ABRESG B BEE SR BT, B k5l&E
B CMS HER BB RE /SR, MHRELH arpd
HEEXEHA I CMS &, H i\ bR 58
atp9 BEFFEES CMS W RA X. o, H—%
RIBFFE R H R MR B, 8 o L . RNA k4] 3 A M
BERARGEN ap) EERMRZTUFEENT M
RS . WTTIAIRGER B arp9 3R W] 68 B8 T Rk
e RIS ET A ATP AT 9 ERTRN
CMS By <8 B F (Hernould %,1993,1998; Zabaleta
%,1996),

RPEF atp9 mRNA HE S5 FREE CMS &
RACHIESL. AERH CMSHRXEEK arp9, &
B mRNA EREARAT AR EFBERZTHERRE
%5 arp9 mRNA B HIE B EFAHM, HRAFR
CMS X BETSIRTRITHB AR, £FUE
FHE, BRI E 7 LR 3R B — 45 Bt A 2 al
L AEBER T BTN —REMRAT AT REHER

BRFRT arp9 ST X # ¥ RAFE mRNA F5.3-
BHRERN EERAN_EENTENER. Bl
BT azp9 mRNA ZERBRIE A FRRHFBRR
BRAMES AHERERAGHWETENER, FET
% apd EHSBMHE CMS XBRTH—ETIE=
EER FEITHEAERRNRN 2 THH. CMS
RE-ANERWEVERR, HRFEENEFNE,
XFCMSHHERERNZIMAEYARFFELE
K ERMBEEREIE R EEAEREREF
HRBAFEEMNEA.

1 M@y

1.1 ##

(1) 3353 38 M B ( Nicotiana tabacum ) 2R B ik
KB B atp9 mRNA (uned-atp9 mRNA) F1 458 19
atp9 mRNA (ed-atp9 mRNA) (Hernould %, 1992);
() MHE CMS & = 1 85 arp9 mRNA (MS85-atp9
mRNA) R KR &R R = M 85 arp9 mRNA (85-
atp9 mRNA); (3) § & CMS £ 03 arp9 mRNA
(MS03-atp9 mRNA) K H [ RI{RE R EK 03 arp9 mRNA
(03-atp9 mRNA); (4) A2 CMS £ 31 arp9 mRNA
(MS31-arp9 mRNA) B HF &R FRFEEK 31 azp9 mRNA
(31-azp9 mRNA),

1.2 5%

SBREREMB(2) ~ () PEY atp9 A, H#1T
DNA 3 #i5E ; M 4E Watson-Crick 5 ZEEEXf 1, iE
T 7E# DNA 455 X 51 5% 5 BT BB K 438 mR-
NA 3 HARYE edarp9 mRNA UL iR 01K, %t
AEREHFBRFR P RGE mRNA F 5 #4175
B SES, ANTHER &S E2) ~ @ FH edatp9
mRNA 31, 4R DNASIS J7 3 3% arp9 46 38 B
B ABREERBRFRS edatp9 mRNA §F5)
E57, B & mRNA FIE -BHRERXNRRS
L RIERN F—EERNIEERARRE XN T&E
BFHEEREE, LK ap) RBRE AT RERHE
FIZRFs R edatp9 mRNA By 3-8 B BB R F1 4%
BHEERER. BJ5FH RNAstructure version 4,
1 BN E mRNA SIS X P58 —REH, NBTFE
88 mRNA — R4 WP EHREAR/NAHEBH R
4,3 AR A S # RNA studio # ¥ (Zhang %,
2002) B AL 2D A&, R St H = REW P HEH
BATTH, HLHK arpd WERE A B R RERBRER
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27 %

H1 ed-atp9 mRNA

2 &R

2.1 atp9 mRNA ZERBIE AT RERHEPBERER
hEIINESR

BEFEERFEHE 1,3 X B (85-ap9 T
MS85-atp9, 03-atp9 F MS03-atp9. 3l-azp9 H
MS3l-atpD B DNA i BB R W BEHEBR K E B AR
234nt, AEREHFABRIGRERPN apd EL T H
BREARBSZETNNEBRRER, iR Hernould
SANRBORE N, BRATWF B K DNA F7)
BRAHBEH mRNA Bl BT 3PMRFREN

ZREMER,

1

ed-atp9 mRNA F%15 Hernould AW E R ed-atp?
mRNA F35E2—3, Bl GE—fE A edatp9 mRNA
EAHREZERZR. £4% oRNA FHIST HLEHER
(B 1,% DBF,edatpd F 10 MRBRSBELETH
BE CM)—~U MNES; EBEENE, BF 223
BRE CH Uk, &R CAA-UAA, NTIfF L 1L F
RETHIA, SRRB SN TFIIKEREH 2250 8F
ARERABMBEHRZ mRNAWKFIIZRTIERZAR,
MS85-atp9 5 85-atp9 BXA 1 ML R ERE, B
126 frpEE 1 A—>U(MS) ; MS03-atp9 5 03-azp9 8]
A2 MLRRERT,BP 126 UBEH A-UMS) 5
215 fuEE U—C(MS);MS31-atp9 5 31-atp9 |8)
B3I MIAREBE, B 53 BEH C>-UMS),

60

A1l HEFHEMAXERE apd FBEM mRNA FRIESRBRE R EHER R MSS85.85,MS03,03.MS31,31 iy H %%

ed-atp9
uned-atp9
MHS85-atp9
MHSO03-atp9
MHS31-atp9

ed-atp9
uned-atp9
MHS85-atp9
MHSO03-atp9
MS31-atp9

ed-atp9
uned-atp$
HS85-atp9
MSO03-atp9
MS31-atp9

ed-atp9
uned-atp$
HS85-atp9
MSO03-atp9
MHS31-atp9

AUGUUAGAAG
AUGUUAGAAG
AUGUUAGAAG
AUGUUAGAAG
AUGUUAGAAG
61
GCUAUCGGUA
GCUAUCGGUA
GCUAUCGGUA
GCUAUCGGUA
GCUAUCGGUA
121
UUGGCAAAAC
UUGGCKAAAC
UUGGCUAAAC
UUGGCUAAAC
UUBGCRAAAC
181
UBBLUUGCCC
UCGUUUGCCC
UCGUUUGCCC
UUGUUUGCCC
UUGUUUGCCC

GUGCAAAAUU AAUGGGUGCA
GUGCAAAAUC AAUGGGUGCA
GUGCAAAAUG AAUGGGUGCA
GUGCAAAAUU AAUGGGUGCA
GUGCAAAAUE AAUGGGUGCA

UUGGAAACGU UHUUAGUUCU
UUGGAAACGU quUAGUUCC
UUGGAAACGU CCUUAGUUCC
UUGGAAACGU UﬂUUAGUUCU
UUGGAAACGU UUUUAGUUCU

AAUUAUUUGG UUAUGGCAUU
AAUUAUUUGG UUAUGGCAUU
AAUUAUUUGG UUAUGCCAUU
AAUUAUUUGG UUAUGGCAUU
AAUUAUUUGG UUAUGGCCAUU

UAAUGAUGGC CUUUUUGAUC
CAAUGAUGGC CUUUUUGAUC
GAAUGAUGGC CUUUUUGAUC
ﬂAAUGAUGGC CUUUUUGAUC
ﬂAAUGAUGGC CUUUUUGAUC

GGAGCUGCUA
GGAGCUGGUA
GGAGCUGCUA
GGAGCUGCUA
GGAGCUGCUA

UBGAUUCAUU
UCGAUUCAUU
UCGAUUCAUU
UUGAUUCAUU
UUGAUUCAUU

UUGGGCUUUG
UUGGGCUUUG
UUGGGCUUUG
UUGGGCUUUG
UUGGGCUAUG

UUAUUCGUAU
UCAUUCGUAU
UCAUUCGUAU
UUAUCCGUAU
UUAUUCGUAU

CAAUUGCUUU
CAAUUGCUUC
CAAUUGCUUC
CAAUUGCUUU
CAAUUGCUUU

CCGUGGCGCG
CCGUGGCGCG
CCGUGGCGCG
CCGUGGCGCG
CCGUGGCGCG

CUCUAAGCGA
CUCUAACGGA
CUCUAAGCGA
CUCUAACCGA
CUCUAACGGA

UCUAAGUCCG
UCCAAGUCCG
UCCAAGUCCG
UCUAAGUCCG
UCUAAGUCCG

AGCGGGGAGCU
AGCGGGAGCU
AGCGGGAGCU
AGCGGGAGCU
AGUGGGAGCU

120

AAAUCCAUCA
AAAUCCAUCA
AAAUCCAUCA
AAAUCCAUCA
AAAUCCAUCA

180

AGCUAUUGCA
AGCUAUUGCA
AGCUAUUGCA
AGCUAUUGCA
AGCUAUUGCA
234
UUAG
UUAG
UUAG
UUAG
UUAG

Fig.1 Comparison of the coding regions of atp9 mRNA between unedited states and edited ones,
lines MS85 and 85, lines MS03 and 03,0r lines MS31 and 31 in tobacco

123 fiBg e G—~UMS) . 158 izl U-AMS),
2.2 atp9 mRNA EREWE A EHRZRHERURREER
h-ZEBREXNER

ap) ERBAEMATRRALFABRERPHN
FEHBEMABR L FELER . HEREIHER
MR 2 iR, BTFHFEE 10 NRBALK  ed-atpd B

ERBEFREXFERAARERREE, 57 &IE
CUU, UCG, CAA, CCA. GUC, GUU, UAA, UCA.
UCC.UCU.CUA,UUA,UUG.,UUU 3t 14 # 3-#%3F
BEAE, | s MS85-atp9 5 85-arp9 £ GCA 1 GCU &
SFEHMRBIX M M BAFAEE R MS03-azp9 5 03-
atp9 £ UCC.UUC.GCA 1 GCU #: 4 # 3-BH B
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REFARBRELEEZ R MS31-atp9 5 3l-arp9 &
GUG.UAU.GCG.,UUG Hi UUU 3t 5 # 3-EHMEK
RERAFRREEER. K MS85-atp9 K H 85
atp9 MS03-atp9 R FH 03-atp9 [B1F 2 ff - HEBHE
#K,(GCA and GCOYHW AR B EBEERTLHEN.

F 1 AEEHHAXER arp9 B mRNA FEIERBAIER
ZEMAE R % MS85.85.MS03.03 . MS31.31 HAYfrfiER
Table 1 The differences of loci of atp9 mRNA between
unedited states and edited ones,lines MS85 and 85, lines

MS03 and 03,0r lines MS31 and 31 in tobacco

s ed- uned- MS85- MS03- MS31-
Positions atpd atp9 atp9 atp9 atp9

20
50
53
81
82
90
92
123
126
158
182
191
212
215
223

GWEBEFRKE 225
Nucleotide length of
the coding region(nt)

FAURIERBUS ERRRERMUAK. TRE+HAEERRS
ed-atp9 WHFEER. TH.

The italic forms denoted editing sites; the normal forms denoted
different sites; and the underlined and bold-faced forms denoted that
there were differences in nucleotides comparing with ed-atp9. The
same as follows.

2.3 atp9 mRNA ERFWE A TREEFARARER
TRESERNER

mRNA i@ EHWBETFRFILES = REFEBT
RETEHRHEERALBAHIIRF. atp9 mR-
NAEHBIE AT ARKFABRAFRPHFHELBH
BERUFEFNRIIANER. 53 BHERE
AERIREM, ed-arp9 mRNA 75 448 )5 BT 455 £
FERAELRUKEE, H 54 HRE Gln, Pro,
Arg.Val, Ser.Phe i Leu X 7 # & B8 b ; MS85-
atp9 5 85-atp9 #) mRNA FF3i R {NH — B E K
2, BAE RSB BB T 3- % MR SR A48
7 BT BB 0 B BB 5T 2 M R MS03-atp9 5 03-
atp9 [B7E Ser #i Phe 2 M EEM MW HBHEE L HE
E 57 MS31-atp9 5 31-atp9 [a] & Tyr. Val, Leu F

Qoo roQCCCcacQqg
16 CIAININ C > QINININIOG QIO
ScocogoQaeogaccgonccq
CiIrgoaoodleoagaaccocd
CoQQirpPrecqQQieacqg

[\-]
w
-

225

[N
[N
(23]

225

Ala A EERORBIAELFEER.
2.4 atp9 mRNA EREWS FAHRRHEBHERER
h - REHMNER

RNA — %4 # B Watson-Crick Bt X R H KR E
XA EER, —RIANE 6 I _REHRTRA
B X A X R I KR AT RS 3O3R
(Batey %£,1999; X ¥k £ %5, 2000), 4> 51# 4 341 %
# mRNA B X 55T &R — K%M, A 2 Fix,
ed-atp9 mRNA - REWERBETHEEEE,
T MS85-atp9.MS03-azp9 HIGEH AL ERAL IE A1 T
PR 126 SLBREEMIL , MS31-arp9 ) _REWE
e ERE.

#2 BMEFHHEXER apI B mRNA FHE
HREBAWERLEME SR MS85,85,MS03.03,
MS31.31 iy 3-ZERBEAMELR

Table 2 The differences of 3-nucleotide sequence modes
of atp9 mRNA between unedited states and edited
ones, lines MS85 and 85,lines MS03 and 03,
or lines MS31 and 31 in tobacco

FEHRER
3-nucleotide
sequence modes

Cuu
ucG
CAA

CCA

GUC
GUG
GUU
UAA
UAU
UCA
UccC

UCu
CUA

ed- uned- MS85- MS03- MS31-
atp9  atp9- atp9  atp9  atp9

NG G U W BN DN DN e e e e e e e e = OO
NI IWIN N NI IDINIE =191 = ININININ -
100 ¢ 1 LI B D) DD b bt bt = e = e e = = O O
100 U1 U1 LWl B B =IN = = = = = = == O O
NI IS G m N N = e =N = =N === O O

MS31-atp9 mRNA P55 123 i BH M G>U. S - B MK
KB UUG~UUU; % 158 i Meh U—A, S8 -BHFEME R i
UUU—-UAU. FUBESZANETERBR UUU NEHRARE
T, XERENPEEIE—-IN—HEIEE.

For MS31-atp9 mRNA, the transition at position 123(G—U) resulted
in the change of 3-nucleotide sequence mode from UUG to UUU; Mean-
while, the transition at position 158 (U~> A) resulted in the change of 3-
nucleotide sequence mode from UUU to UAU. Therefore, the finally re-
sult showed that the number of UUU did not vary.


http://www.cqvip.com

118 I W OHE 9

£ 000 http://www.cqvip.com|

27 %

4 58 atp9 ) mRNA BB X — R L HH T,
HEFHERMF AR, RAHNBERXKETR
HEHRBHEEH TRIEFRWTE, BB EE
BBALT INMEFER. SBAFTH uned-atp9 BIEX
FIBB I WE LHEXH 96 W E, M MSS il
MS03 Uk X WEE R B W A R 126 4, Bk X
¥HEHBME 99 4, MS31 B X R a4 RBEREN 5
R B —B. uned-atp9.MS85-atp9.MS03-atp9 K
RREE edatpd — 3, MS31-atp9 WM 1 &
k. RAEARKAST4H S NMEERH R KRR
BRER UKL %,2000) , uned-atp9 F R 14 4
BEFMERFREERAR M 5-UUCU-3), Wi
MS31-atp9 FWA 2 M EFBRAR K 5'-UUCU-3’
R 5-UUAU-3") B3 1 4~ 5 BB M EXRF BEH
AR KA 5-UUCAU-3), H XM T edatp9, uned
atp9 3§ 3 MEKIF R 1 3T FRAIR; MS31-atp9 K

KRS B, H i 1 S RERA R B R e A 14
JEXFRATF T 2 MR E RIS R
%3 MEHHELENE ap9 B mRNA EH
$AT/S R M S K MS8S5 .85, MS03,03,

MS31.31 HEBHBEERER
Table 3 The differences of amino acid of azp9 mRNA
between unedited states and edited ones, lines MS85 and
85,lines MS03 and 03,0r lines MS31 and 31 in tobacco

Amino ed- uned- MS85- MSo03- MS31-
acid atp9 atp9 atp9 atp9 atp9
Gln 0 2 0 0 0
Tyr 1 1 1 1 2
Pro 1 2 1 1 1
Arg 1 2 1 1 1
Val 3 4 3 3 4
Ser 4 9 4 5 4
Phe 7 6 7 6 7
Leu 12 7 12 12 1
Ala 16 16 16 16 15

Energy=-65.4 kcal/mol Energy=-58.2 kcal/mol

uned-atp9 MS85-aip9
MY
3, N
g, IS L
Ty A 3
:‘-*-/;};t-;-': R
e
£ W
T

Energy=-58.5 kcal/mol
ed-atpy

Energy=-58.5 kcal/mol
&5-atpy

Energy=-58.2 kcal/mol
MS03-alp?

Energy=-54.4 kcal/mol
MS31-atp9

Energy=-58.5 kcal/mol
03-atpy

Energy=-58.5 kcal/mol
31-alpy

2 uned-atp9 M ed-atp9.MS85-atp9 Ml 85-atp9.MS03-atp9 Fl 03-azp9.MS31-atp9 F 31-arp9 B mRNA — K &
. LHEAANNSEE CMS XM mRNA Z R, THX R PR F R mRNA ZREWH ., X TF edarp9, 5
CMS X #) mRNA — R &M PN BRER A RERITRIABENE I —REHN TR KR,

Fig.2 The secondary structures of mRNA of uned-atp9,ed-atp9,MS85-atp9,85-atp9,MS03-atp9,03-atp9,MS31-atp9 and
31-atp9. Four upper secondary structures of mRNA denoted the secondary structures of mRNA related to sterility in tobacco,
and four lower secondary structures of mRNA denoted the secondary structures of mRNA related to fertility in tobacco. Compa-
ring with ed-atp9,the replaced bases were magnified, and the changed regions of secondary structures filled deep color.

—B, arpd BF 1 AZ=ZLXF M 14045 X5F,
MS85 § MS03 52 —%,MS31 M RF 2 MEAX
B, uned-atp9 LA 1 NMHEFXFF,

e 3 BN, —REHBATH BN T & B
EHFREEFSHEALIETEE, FEARBE LN
xR EBA_REHLETUBH . AFTRSHR

REANBEFEPREANERRERFZTHES
£k 1, WA MER 5-CAAUUGCU-3' ; E & &% 2,
IR AR 5-UUCU-3'; & K% 3, A MR 5'-
UUAU-3" )M 38,

uned-atp9 mRNA #7 8 4514 9 &/ B &1 BB A6 X¢
F ed-arp9 BAK, W 55 3 MAE REPIER .
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70 1
60 F +'Ed—a!p9
— a s0 | "".—uned—a!pg
s o | —&— Ms85-atp9
ﬁl-é a0 | —8— MS03-atp9
fﬁ 5 50 I —%— M331-atp9
a
10 |
o | . )
duplexes single hairpins bulges internal
stranded loops

regions

3 mRNA Z& 454 8T b B R

Fig. 3 The percentage of the secondary structure motifs

3 it

BAA R 150 Mf R CMS Bl TaB kR
H 5% 459 M T BE 1k 76 %5 & B (Bentolila 4, 2002),
mRNA A/ S 41 {5 B M 47 DNA g% H B Zhik
FAMERTIRPEXEIEM, M azp9 mRNA K%
8555 M2 CMS & Y] € (Hernould 4§,1993),

mRNA 38 L8 B IR, uned-atp9 mRNA 75
FEg 10 M CEHN UFHAN edatp9 mRNA, I
HBiT 223 (U ESHRMELKIE FRTBR, XEBR
BRIENERANEAERBAS L BERERFT)
KELE M3MATFREEFBRFERMBE et
atp9 mRNA BIMBEEZRREAESRBALAAE
HEH 13 MIAEERERLT, XEHENTHRY
ETUNEBREEER KR AFRAFIIUAES
BHURBHABMAFABFAMLSHOEERE. U
BHRARERR,. XTREESHE CMS XM KRE
BENTRR—%RBER.

T RE K F L, uned-atp9 mRNA 5 ed-atp9
mRNA B# -BHFRREAFHAAREREEE,
A 14 #5575 3 XA RI7E 2 # 4 Fh.S B 3- B H
BREXFERAREEER. HP MS85-atp9 KK
85-arp9 Ky 3-BH AR 2 7 & MS03-atp9 B
H 03-atp9 B)HRAE B, uned-atp9 mRNA 5 ed-atp9
mRNA.MS31-atp9 B 31-atp9 EIHAE 2 f 3-BFF
BREXNHERZLHEE . EBE 4IHETFRERAE
fzERmEH.

EZRBENIETFRENFARE I arp9
mRNA FHEAIEEERNRBEARLERORES,
HAEBME 7 FEEM b MS85-atp9-5 85-arp9 B
mRNA FHI K& - FRMERFE A EER, B R

BEEMTLHER ;5 2 SRR 2 Fr 4 FrEsE
MEBHREEEER. BR MS85-arp9 K H 85-
atp9 7€ mRNA 3| & 3-BH BB AR - 57
xR, BEMNFAEKNZERE MS03-atp9 K 03-
atp9 PEHEE AXFHERIFBRAERERER L.

T4 BEFHEXER ap9 ¥ mRNA FE5RR
MR REREHFR MS85,85,MS03,03,
MS31.31 FZREMERER
Table 4 The differences of secondary structure motifs
of atp9 mRNA between unedited states and edited
ones,lines MS85 and 85,lines MS03 and 03,o0r
lines MS31 and 31 in tobacco

. -1 5T ed- uned- MS85- MS03- MS31-
Motifs atp9 atp9 atp9 atp9 atp9

LRI X Duplexes/nt 128 138 126 126 128

Higk X Single stranded 97 96 99 99 97
regions/nt

% 3¢ Hairpins/Entries 4 4 5
4 BRI K I Tetra-loops 3 2 1
hairpins/Entries

5 BEE IR & K Penta- o o o 0 1
loops hairpins/Entries

B Bk 3% Bulges/Entries 3 6 3

A ¥F Internal loops/ 7 8 7

Entries

ST#R N Symmetric 4 5 4 4 5

internal loops/Entries

FE R AR Asymmetric 3 3 3 3 2

internal loops/Entries

=43 3 Three-way 1 0 1 1 0
junctions/Entries

P4 4> 3 3 Four-way junc- 1 0 1 1 2
tions/Entries

A4 F 3K Fiveway junc- 0 1 0 0 0
tions/Entries

#/h 8 81 88 Minimum

free energy/kcal + moll

WEBELAE 3T —FEHBEGER, RIOVBENF
FRAMAAFBOEE CMS WERHEFE. BRHET
ffé RNA [8 B9 48 U 28 #2081 , T S 00 7 51 b
BEALEE,. BN RNA S LB ERERK . &
F JEIKIF L4 H (Kin 45, 2002), IRTET R, atp9
mRNA BRI EN —EEZRIILFBEHAERT
REHFABRFRZE; EHEE,MS85-atp9 5
85-atp9 K) mRNA FFI K& - HFBMERE HHR
BARBHTHESFHRFFERSERRBHE
EMTEHA BEHRAOTAIF R BEERBO Y
T, FANREA—-ERB -REWHSRE,.H
BREWHREE EHRBT —EFFIHORE, B
FEBREMN.ANEREFNHBERNEHFEER

-58.5 -65.4 -58.2 -58.2 -54.4
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27 %

AHE, mRNA =L HWEEN ZBRI—MERE
BHEEREK. BE RNA HAYTHRESHEERET
RNA BRtfe G BB E FHEBINBRERD
=445 T SR AL 2 AR AL AL X (Batey %,1999)

M CMS AR EH arp9 ) mRNA ZREGHEY
WRERE BEARABRENNRE, K uned-atp9
M MS31-atp9 BALEHE K, XHEH LHBEZR
BWER_-_REHWETEREE. HEZTH
MS85-atp9 5 MS03-atp9 T HHA, EFFF
HEMNIMFLE 126 7 AU MBERHR, X#EL
HTFEBFREAHFEFRBEEIIEEN—EFRHOR
T, EHIWHHWBET arp9 mRNA B —REH.
i MS03-azp9 mRNA 215 fif U—C B35
BARGEERHBEEHFAHE mRNA =5
W, uned-atp9 M MS31-atp9 FH P HEERE
WAL, TUSIRNEHEEEFHE,. B
BRIEFRATHANBEZTRIFBREFESE arp9
mRNA “RERMER. A_REWKHEEEE,
RERPHEEGRXI.EEGAF 2MERGRE
MR ETRESBERARAERATHEREENREA.
HBREEMR,atp9 mRNA —REWH T
KD H-REHETIHARFIETEEH LR, X
AREREANERARAN RNARERKHRANE WS
o XESHX 5 B EHMERTEEHER X (Zorn
£,2004),

ERAFHHRLE AT R atpd _REHH R
MEHERREEBRETRRR . IREKRERT
M arp9 mRNA FrBEWRBEHERETHE.

Zabaleta 5 (1996) N A EHPAE R KR HE
atp9 W FRE LT RN 2h 68 F AL , 2E T & v 260
B AHEBHEHRMERERET . BLOERNE
o BB arpd ZHGHWHEROTER  RITEW
AEREREERAWFEETEES arp9 mRNA
HREWAHEREAGREL 1D EHBEHETHE
x.

MEAZE . MHBE MR . EXSHEYFESL
RP -5 CMS 113 59 5 B = FF Y 32 1E, B 5]
I8 W F & HLH 75 A ¥ 2 (Dieterich %, 2003;
Sabar % ,2003; Heazlewood % ,2003; Landgren %,
1996 ; Bellaoui %4,1997; Gallagher ££,2002; i K &
%,2005), BEMYWLR I DNA HRE RER
EHA BT B CMS(Gallagher %,2002; Araya
%5,1998;Handa %£,1992; Akagi 45,1994 ; Kempken

%,1998), BE—ZF SR EEM LMW =GFEA
—HHAN. AXMHARAEREW RN ESE
WH W H 27 arp9 mRNA — R WIFMER F R
CMSHRHAR—-FEABRRWER.

4 E#

RHGBH arpd mRNA B BAEAREFE HiE
LT, RMNFSTHBEEATREARABERRTH
ap MEFEER . RINVDTFE AR arp9 mRNA
ERFBEFREXR AERSEFTEN —EFEH
ER.FEENRERRYUMNBEEM LM RS
MERERBE AHRAER=AFTERSRIHUET
BERE MRk F(O)F(1)-ATP & R & IE % Th &
BAERR, NTTSH ATP AR ZEm, HERE
SRR BE . =4 CMS #HR.

S UM :
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