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BB K R OB KEW FARE Maa TRAET F4R7
B 2 A By BE A 5 B S 5, R 071001)

HE i 3% & W B (brassinosteroids, BRs)X KAG#¥ & . "tk AFETZREHEREAN R
e AR A, SRR X BRI E A RATBFBR|ZEKBERL TR ARG L
Ah| BA 209 E ., ZAFIT A B KB KAS (Oryza sativa L. ssp. japanica cv.Nipponbare)#) #F
AT, AR e KGR LA K BRIREA R, REBL LR EZ G, 06 ik AT i#EH
A, 8 B TAZ BRIBIE G Z G i KA LA E E T HCF136. PMRP(putative membrane related
protein, gi|113565516). ATP synthase(gi|113611230). gi[113594641. gi22831029. gi|474973227=
gi|56784135, *FiX sk B & 64 2 fE % 2 7T VA 4 18 B BRIFIAEKAG & K& F 69 LR IR AL 64 B 3hAm i
7. £F AR 409 % G PMRPZ BRI, 2L miex 1%, PMRPEALE MR L, 24415
. 547, PMRPEA BRAS BRAZ R 4E A5 5., VT A6 %5 v@ I 69 20 4 7 A 55 R AG 4038 148 45 ; PMRP
RNAiSE I B L S35 F 093641058 7 38 3%, 0 BR¥T @ i A 42 PMRP#Y R AR A4 49 4041

KA R R NERBR); B 1 XUa) ik KHE

Identification and Functional Analysis of Rice Seedling Shoot

Membrane Protein Regulated by Brassinosteroids

Gao Jing, Zhang Hao, Gao Mengzhu, Zhang Haili, Li Shenghui, Xing Jihong, Wang Fengru*, Dong Jingao*
(Mycotoxin and Molecular Plant Pathology Laboratory, College of Life Science,
Agricultural University of Hebei, Baoding 071001, China)

Abstract Brassinosteroids (BR) has obvious effect on important agronomic traits of rice, such as plant
height and leaf angle. The identification of the proteins regulated by BR was important for revealing the potential
mechanisms by which BR regulates specific biochemical and cellular processes in rice. In this study, Oryza sativa
L. ssp. japanica cv.Nipponbare was used as research material, and the rice shoot was treated with BR which
could induce obvious effect on rice shoot growth. Then we extracted the shoot membrane protein and analysed by
two-dimensional electrophoresis and mass spectrometry. 7 proteins regulated by BR were identified: Photosystem
II stability/assembly factor HCF136, PMRP (putative membrane related protein, gi|113565516), ATP synthase
(gi|113611230), gi|113594641, gi|22831029, gi|47497322 and gi|56784135. PMRP was down regulated by BR.
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PMRP was mainly localized on cytoplasma membrane by subcellular localization analysis. Bioinformatics analysis

showed that PMRP had a phosphatidylcholine binding site, so PMRP might influence the membrane components

and play a role in the process of plant resistance. The PMRP RNAI transgenic Arabidopsis plants had enhanced

resistance to chilling injury. These results prove that BR can improve the cold resistance of plants by regulating the

expression of PMRP.
Keywords

KRR E = KR EY 2 —, eyt
GER /B PN EARE 2 TN IR S W o SR SRl = L
ST AR A L R AT . SR E A R
(brassinosteroids, BRs) & [ i b 20 I\ 135 P 55
ST CREMIREY A KR, B EY K
UG Yy = 2B, S S E g i piai . fHBR
WEKFEAE KRB PSR IRIE % . Bl K
Ferh BRI 5 6 S 42 70 R #A IR F 8L IF 5
5 AR 2 43 [R] I DRI R A N SE AR AR T
oy M b, T H EAN BRAE 5 1 5 4 4 I AR X A Rk
— ARG S S EAE, BRGS0 B
AT AL, T BIEAR A S R R R R R () R IA
RTG53 IR I A — 6 (1) 3 (v £ o) B

JUAN BRAH OG5 48 44 1 AH 4k % 5 oA BRI 27K
T KR B LRG58 T I T 58
AN OB I BRAG 5 %% S AR G KR B OsBRI,
OsBRII )58 A d6 15 B AE AR LU A AT 3% /N . 1
DA T= IRV S NN St W 1 o A U e S )
Bl 55 1 LA AR AR & BRI 2R AL AK brd
brd2. brdll. brd2M', JXUEBRA RHLAGEAR AR
MR AEKZIE . RRVE AN o B, R
2r55F . Bai%E R & st A& 05T T OsBZR 11 )
ReJf % g 7 —2e 5 OsBZRIH M AR & H, F
F RNAGT-#5 FEACFE 18 N OsBZR 11 33k ] 5 850kl
FREE/IN. W B, OsGSKISEAU T BIN2H [R] 5
FEPR, ik ik 4 K OsGSK ik K S R IR 26 0 Ay Bk R0
B/, N OsGSKIM] g /& /KA BRAF 54 ikt
IR TR o R OsGSK I P A 2 IRUR AR G V4
e R TRIAM EE )G, Y] OsGSKIAE Y5
Wi 1 Pk A R B AR TN, i B DAL 2R,
%5 152 BRI LN OsBLETF OsMPD1, )%
X OsBLEI#: N/KFgh 2K A+, OsMPDI
7EBRIG S AL A R EH U OsMADS22H1
OsMADSS557& OsMPD [P [RIJ5EFHE R, #F 75 BR
15 5 A R AR A T R T

brassinosteroid (BR); membrane protein; two-dimensional electrophoresis; rice

Zi LR, UMAE T ZER M 7)1 it~ T- B BR
RS FANBATII, RiMu, FBA iz
[0 A3 1 2 BRI 388 4% T B By fiE ik DRI 9 119 [ KB
B A A AR DN EORT B, AZTUARTE
BRI, JE LA AR P 7 A KR P K T AR A
WFFEH, S0 S PE RPE IR L R DA R4 3k 2108
(12 545 5 e R AE AT 4 0 B R D, T A 1)
W ZE AT 1 20 1 LR O o 28 i AR 4 7 P A
B EAA T T B

1 MR57A%E
1.1 #7#
111 Rt f@k  KEHARE(Oryza sativa
L. ssp. japanica cv.Nipponbare), % (Nicotiana
Benthmianan). KAt (DHSa) A% & AT
(Agrobacterium tumefaciens) EHA105FIRNAiFK A Z,
A PpTCK309. Cam35S-GFPRli& ik AR h A5
5 ORAT
1.1.2 KA H5MNE RNA# PO 7 £ (Cat#
CWO0588). &5k 7 &% (Cat#CW0744). PCR
mix. PRGIVEA IR T 165 E R AE I HEAR A
BRAH .
1.2 A&
12,1 KAG#YRESATH KR 7230 °CRFf
24 hi, AE28 °CHIk, Wik 2 dJak: AN BE IF
W, FEAFERSE (0, 1x107°, 1x107°, 1x10°%, 1x107,
1x10°° mol/L)"eBL(F 15 3 W IR INAE TR Ak
HKFES T, SRR B R

M 5E S 1X10° mol/L eBLIF)E FE AL A= K7 d
(FI7KFEAITHT6 h, WAE KR _E 3, 0% i, 80 °C
VKF AT, - T E . RNAFIDNAHEE
122 MW EFHFEEZE R Z: i Sandelius”
(7535 . I8 gh kL, WA EE =K, 50 mL
AT (15 mmol/L Tris-HCI(pH7.8), 0.4 mol/L
Sucrose, 1 mmol/L EDTA, 1 mmol/L&s [ Fg 55
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LR -

oK H BE i 1 S (phenylmethanesulfonylfluoride or
phenylmethylsulfonyl fluorid, PMSF), 3 mmol/L DTT,
0.6%(W/ V)P AT EE £ 475 1L Lt Wil (polyvinyl
pyrrolidone, PVP), miroclothidJ&, 4 °C, 10 000 xg &
015 min; BU_EIE, 4 °C, 20 000 xg 25,0230 min, 57
3; H500 pL§ R 28+ (5 mmol/L, pH6.8)& V7T
VE, 132 R HHERY) o

FRER BRI 8 ghf it REEM, - TR IRA
4 °C, 1500 xg#5L 10 min; AR A IR 50434 H.
2 P — Ul RGO, 185, 4 °C 1 500
xg #5010 min; FRHF EAHFE N [FIFE B0 00 AH H 55 2%
AR R R G, TR, 4 °C, 1500 xg
250 10 ming WeAE LA JHRRREWUMRE 3~51 5 4 °C
120 000 xg/+L» 30 min; ZEAL K BUBEYLVE T 100 pL
2R B ZMR (7 mol/LIR %, 2 mol/LARMK, 4%
TS R 7R 3-[3- (I fie A 6 ) — A T T A PR
W #5 [3-((3-cholamidopropyl)dimethylammonium)-
l-propanesulfonate, CHAPS], 13 mmol/L DTT, 2%
Pharmalyte 3-10), ZU#EZ)1 h, %, 20 000 xg &L
20 min; B BB T XA LK

FEG RS : 20%(W/W) Dextran T-500(2.48 g);
40%(W/W) PEG 4000(1.24 g); 1 mol/L Sucrose(2 mL);
200 mmol/L Potassium phosphate, pH6.8(187.5 uL); Jll
Milli QZli7K £27.5 g, potassium phosphate, pH6.8(0.5 g).

VeI RS0 20%(W/W) Dextran T-500(2.48 g);
40%(W/W) PEG 4000(1.24 g); 1 mol/L Sucrose(2 mL);
200 mmol/L Potassium phosphate, pH6.8(200 uL); fil
Milli Q47K £8.0 g.

B 0.25 mmol/L Sucrose; 0.1 mmol/L DTT;
5 mmol/L Tris-HCI, pH7.2.
123 &aAMKEMNE %M BradfordiZ?(1976)
P eke g SV SR =i =
124 ReywkBigkatt SRR E L
T EPIEAT

1.2.5 PMRP# A M1z & F 047 PMRP )

SPEE EERR A . B A AL s o Al o
NCBI(http://www.ncbi.nlm.nih.gov) & TAIR (http://
www.Arabidopsis.org) % 3 25 1] ; PMRP &g [ i 7 1]
GER 34T N FHI-TASSER 844 HE 4T FU

1.2.6 PMRP#) L0t 25 RAMEAIK W
PMRPHE[N ] cDNAJF 51 Fl Cam35S-GFPili &5 # 1A 2,
PRI 2 TR 5, A Primer 50800 HE R4 5
S (). LUEF AR H ARHE K FE 411 cDNAAE Jy i
B, 974 PMRPEEIN [ CDSF 41 . BV B4k
E. coli DH50, F41 iUk @iy 44 A PMRP-GFP, # AL AT
B, K VESHEIE 5 PMRP-GFP TR A A FT 15 5
NJHFEL B, 48 hg OISR R WA, WoR K
h488 nm, Kl R 25 K GEPI 4y A I, M 2
PMRPH [ 740 )i 5 A7

1.2.7 PMRP RNAiftA B ey kF A&
TR Taqlif )\ K FEcDNAY 3 tH PMRP, 21 443 bplf
cDNA v B, Tk P52 il 113285 520 bp(EE 4567 sATG
FRUR S 214 03E 22 20 5400838 ) K ) PMRPIE 7] F Bt
R 1) BEE N RNATE A pTCK309, i —A
463 bpl E KN & 170 I, B B oK)z
% 1801 (Ubi promoter) X218 o W) it 4f (128044
B NARKFFEEHAL105 ] T AL LR 772,

1.2.8 PMRP RNAi4# A B 3L F 4 404 b 52 3
Z 1) Chinnusamy 55 P 5k, ¥ 2EK 1S Al
TRSEIRAE4 °C R 14 d, RGBT °CIR I3 h,
LB IEH BT (16 hG . 21 °C) FA K.

2 #£R
2.1 BRIMKFESNE £ K
BRAEKFEMAEK . RE DR % E
MR . KRGS BRI IOV . W
BRO KA KRS, FH R [RI i i BR AL B KRG 4l
WEK RS AE KA B . e IAME BRIEA T 4
1) 24- 45 3% 2% N T8 (epioBL, fiFK eBL), WK EEK K
40, 13107 1x107, 1x107%, 1x107, 1x107° mol/L, 4L #i

&1 PCRYBAMERFIAPTAIMFTI

Table 1 Primers sequence of PCR amplification and gene expression

BED A K SIFEHIE—3") Hi&
Gene name Primer sequence (5'—3") Using
PMRP F: CGG GAT CCA TGA ATA GTG GTG ATA CCT TAT C The gene cloning
R: CGG AAT TCT TAA ATA CCA GCG TTT TGG
PMRP F: CGA GCT CAT GAA TAG TGG TGA TAC CTT ATC The subcellular localization of PMRP

R: GCT CTA GAA ATA CCA GCG TTT TGG GAA G
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5 dfa Mg, KRIREE eBLIK FEII34 N, K FELh i (¥
SEFAMIRAE R (B 1A). 1x107° mol/L eBLALFE10 dJi,
KZHOKFEL T T REAT (BIB), AN T
KERIT270°(E1C).

2.2 BRAEFEKELSE EEEEEAIXNEE
KR RIESEE

AHIFFEFI F P AH 23 2592556 01 1x10°° mol/L eBL
Wb FE 3 b KRG &) e M I o R 1 R AT R 1)
HLYK 20 AT, TPGIRE 4 18 pHYE FE O 4~7, HRL K kI 38
I UMAXHEFOGRTS BIE, AR S H0E b 256
WY A EE . 600dpiiZs i 4714 (K1 2) . 14 )5 1 R
H] ImageMaster 2D Platinum#Xf}: (Amersham Bio-
science)FEAT 7T, i g 72 e d 1 (GROA A FEAH 22
25 BA B, A 6 AR R SR DR R IR 55 A B\
AXIMA-CFR Plus MALDI-TOF i i%{¥ (Shimadzu,
Japan) AT 7047, 13 2K R SR (peptide mass
fingerprinting, PMF)%(#% , F| ] Mascot¥ - (Matrix
science, London)7E NCBI# 4 ZE TP HEA TR R, e R
S RN R E(GR2).

ML EG g5 JL (R 2)n LUF e 78 % i 74
EAT, GRGIEE K TFHCF136™14 BR |-
W, REUBRGHAGR LA RAEWREN, —
AN RIS AR W) e A AT DR B AR T (] 113565516)
S ATP 4 4% BRIE T, 4 W] BRYEZK 1) 4
3t B 7 1 BT AR LA T RE R AN R
1 (gi|113594641. gi|22831029. gi|47497322.
gi|56784135)5% BR ], XX 46 A ThhE % e,

eBL

A AW eBLAREE 5 df5 KRR A AR A B8 (/2247 eBLIK AR
WERCR0, 131071, 1x107°, 1x10°%, 1x107, 1x10°° mol/L); B: AN
[ f5 eBLAL2E 10 dJm 7K ARG 4)) v AR KA it (AN 75 3145 eBLIF A 3R S5
MR M0, 1x107°, 1x10° mol/L); C: 7~x1x10 °mol/L eBLALEE10 dJ,
AN AR S 1 I A I T-270° R 1R 2 o

A: 5 days rice seedlings after eBL treatment of different concentrations
(from left to right, the concentrations of eBL were 0, 1x10'°,
1107, 1x10°%, 1x107, 1x10°° mol/L); B: 10 days rice seedlings
after eBL treatment of different concentrations (from left to right, the
concentrations of eBL were 0, 1x10'°, 1x10 °mol/L); C: individual
rice seedlings 10 days after 1x10 ®mol/L of eBL treatment, the leaf
angle was near 270°.

Bl FRIREeBLANEFKIELEEKIER

Fig.1 The rice seedlings treated by different concentrations of eBL

- L as

A: 0 mol/L eBLAMFEL 120 dEFAE R /KRR T3 1 3t 1 PO A 1 18X 1) LUK PET 5 7 S BT D BRAR FLS 38 A 22 5 ) F 13); B: 1X10 °mol/L
eBLALFI A= K20 dIf) Y A= A /K AE 4N 13 i M b 6% A 1 (R0 X 1] HRLK P 05 (G Sk P s A BRAL B 5 05 2 S I B 1 1) o
A: 2D-PAGE of the shoot membrane protein of 20 days rice seedlings after 0 mol/L of eBL treatment for 3 hours (the different expressed protein spots

after BR treatment were indicated by arrows); B: 2D-PAGE of the membrane protein in shoot of 20 days rice seedlings after 1x107° ofmol/L eBL

treatment for 3 hours (the different expressed protein spots after BR treatment were indicated by arrows).
E2 eBLALHE3 /g 4€20 dB97kFE B b _E AR AR 2R B RO (5] Rk 93 4
Fig.2 2D-PAGE of the shoot membrane protein of the 20 days rice seedlings after eBL treatment for 3 hours



20 WFITi 3
F2 ka4 EARE A ZBRIFIZEHERR
Table 2 The proteins regulated of BR in membrane proteins in shoot of rice seedlings
RS Gt TR BRI
Spot No. Code Annotation Regulated effect of BR
1 gi|113594641 Unknown protein Down
2 gi|22831029 Unknown protein Down
3 2i|75252730 Photosystem II stability/assembly factor HCF136!%"! Up
4 gi|47497322 Putative membrane related protein (PMRP) Down
5 gi|56784135 Putative Y1 protein Down
6 gi|113565516 Outer membrane biogenesis Up
7 gi|113611230 ATP synthase Up

A P NUHEC 40 B: 488 nm N PMRP-GFPREL& 4 111 2 A7 %5 C: ARIBIY & K.
A: cells of tobacco leaf in white light; B: localization of PMRP-GFP observed at 488 nm wavelength; C: the merge of A and B.
El3 PMRPZERERT fr o BYIE LR ZEf3L(4 000%)
Fig.3 Sub-cellular localization study of PMRP in tobacco leaf (4 000x)

1 magetdstpm aagravpppp eaaaprllll gggaelwrpv argggwataa alllllashl
€1 svlllrrlrl rrrlrpadav ssssaaaaav vtadsapgsa agmdglvteg dlrelvgnlg
121 vaarepereg wqqﬂakgnd dvsyrﬁwcdk p:negpprﬁlﬂvttyercste lrdf&ndne
181 y&newdnﬁvi kheglqgfden sgieigrﬁikﬁplltpreﬂiﬂawrvwegn dksfyclvke
241 cehpvaprqr kfvrvﬁlrﬂgwcirkipgr daErﬂtﬂlhh edngmniema k@akgﬂwm
301 mckﬂnsalr rypgrnissi siltmqrltk kfpgaletdv danhhpggnt ranvvpthfa
361 rtssrqqpgk kssratiasg llligsivcl srgrsnlgaq lamafflkka fkqdkgsssq

421 rsisrtdvte prhle
kR TS5 IR ENE I 45 5 (o2 14
The brown parts of the figure were phosphatidylcholine binding sites

El4 PMRPHYREERE I R A EEAR IR E S
Fig.4 The amino acid composition and phosphatidylcholine binding sites in PMRP protein

AL LA ) 0] B RO 455 7K R AR KR i B LB A8
1) JE % A AR

AT FEH 6 PMRP(gi|47497322) 1) 3K5 Fe 1t A
DREREAT T HE— L0920 M, b B WY BRI KRR AR G
RE LB ALIER]
2.3 BRiF#ZEHPMRPHY ARG E (L

PMRP & 435/ 24 3 1R 41 B 1) ) e A 0 1) i £

(1, ABFFCEIE 7 PMRP 41 i 52 47, 8 PMRP-
YFPE AL AR A B, 70 LR AR WA T
5%, R I LA S A7 A 20 RS 1 (K13)
2.4 PMRPHIEMEERZES

T F NCBIM 3 (http://www.ncbi.nlm.nih.gov) £
], PMRP &L 435G HE R . HATES I Bt The
KENME AT, &1 START(the lipid/sterol-binding
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WT

PMRP RNAI 1

PMRP-RNAi2

\ PMRP RNAi 2

PMRP-RNAII

A: AEK 12 AR SR (Col-0)7E4 °C RICE 14 d, -7 °C FCE3 h, 522 °C R4 diAE KRS B: A K12 dif A= 2 50/ 7+ (Col-0) M
Jiti100 nmol/LBR 3 d/ii, 4 °CFJR'E 14 d, =7 °CFIUE3 h, #4222 °CF 4 difg L KA 0L, C: 2B K12 dIfIPMRP RNAVHE IR 2 1454 °CRRE 14 d,
~7 °C FHUES h, #4222 °C M4 dif) 4 KA 0; D: 4K 12 difIPMRP RNAFLIEFI b 72754 °C PG 14 d, -7 °C FIES h, #4222 °C M4 dif A K
5 UL; E: PMRP RNAiFEH: NP 2 URI2HH PMRPHE IK T [(IRT-PCRAMT, 18S N 2.

A: 12 d wild type Arabidopsis (Col-0) grown with cold acclimation (14 d at 4 °C, 3 h at —7 °C, and then 4 d at 22 °C); B: 12 d wild type Arabidopsis
(Col-0) treated by 100 nmol/L of BR 3 d later and grown with cold acclimation (14 d at 4 °C, 3 h at —-7°C, and then 4 d at 22 °C); C: 12 d PMRP
RNAI transgenic Arabidopsis line 1 grown with cold acclimation (14 d at 4 °C, 3 h at -7 °C, and then 4 d at 22 °C) ; D: 12 d PMRP RNAI transgenic
Arabidopsis line 2 grown with cold acclimation (14 d at 4 °C, 3 h at —7 °C, and then 4 d at 22 °C); E: the expression levels analysis of PMRP gene in

PMRP RNAI transgenic Arabidopsis lines, 18S was the loading control.

[El5 PMRP RNAi%:E FE BT A i IR
Fig.5 The freezing tolerance of PMRP RNAI transgenic Arabidopsis

StAR-related lipid transfer protein domains)f s 3k (2
125-312aa). PMRPA:RZmts ¥, J& TRzt
MR EE %, HATBENE IR, (PtdCho biding site)Z
AL (B 4) o BT B8 I T JIE A A 4 i e ) = A
B, AN PMIRP T f8 52 e s F 281 Fsadt if 532 el A
PRk . Bk, AR E T PMRP RNAI%
1A, BAR T AE R FT (Col-0), HE— 243 i 55 A
LRI PUIENE
2.5 PMRP RNAis EHAEKMEED

FIFH pTCK309)5kE, #43d PMRP RNAi#E 4. H
12U Columnbiallf £ B e 7T, SRAGPMRP

RNAiFE R B 7+, RT-PCR M T PMRPI) 3% 5,
N PMRP RNAi#L 5L KA 7+ VR B (K] 5). K
12 dif) PMRP RNAfEFERAU R S+7E 4 °C R IRCE 14 d,
SRJGAE-T °CIRUE3 h, S AT L T4 v 1 AR o
g5 LR, PMRP RNAFE LR L35 7+ (I SCHIE 5D)
JeAMNJEGE it BRI AR R 7 (1] SB) 34 be iy A= 1Y
LT (B 5A)M 98, 2B PMRPAE $UL R 7 (1 i 28 1
RERE R R .

3 itig
BRYE R4 — 6 330 57 [ B0 ek A o e 25 %8
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HEER, AR T5 mR. AlbE. il
FOESE AR, {HJE BRUMA RZ M Fok i 2 A2 B AR 4k
RIS, IR 2055 £ W, BRIF Ti&4e
IR HHEEZ 5 3] FiR R, BRIG 54 S
5(brassinosteroid signaling kinase 5, BSK5)# BRAIflit
7% 1% (abscisic acid, ABA)_ i, #AEA= 4 Wi £ 3 A0
THEFRIE, L PHER ABAN TR H0E i
WAFH B, fEARAE A T, BREEIE U BBUE R 2
B P51, A A AL B T B . PUIR IR . 75
IO IR S5t g B R v £ 11 48, SR RS D& Bt
IR AABEH K. MY G IR L, #2175 ABA.
LIGHFIK R (SAKI 3 B . IR Z A SAJACKHITR)
LIG A ABATRPE [P LB 4 BR F I, U] 2 R s
P FAE g mE bl v . PR, BREE FHED)
(RN Eh PRI IS O E 52T H ; BRY ABAT)
[ VE RS LI5S, BRIEUENORIRL R, NOf ik
ABATE 1, ABATR FAE I BT R P

BRIA R 0 %8 R N ] ] BRAE S A Bt
WHLER LA . A PO S AT &, BE
BRI 8 1 AT A=) 27 D fe 73 A, 8T 4575 BR
AlREZ 5 AR R AR B AE AL R o X In) LY S S
i E Ry S IR S & s % IR (EWs ¥ 4 S RPN oy
M, — SR B B A AR AR AN S A U 3, I
PR A & SRS T R ARk A
MR A B, AT PSR ) i E 5
JEE R R SR, H AT 5 4 | )52 BRI
M 0T, B BRUFE KR B ILE] . AT
JE B 74~ 5% BRUEHE [ A] e e AL AR B e e,
HAR R DA 20 R BN 1 0t A A 56 i 8 1 2R
1SR S A IR A 1T, FRATTIE HUER 1 23 4(PMRP)HEAT
AN e A, 45 R BT, PMRPA S8 A7 75 41 g it i
I (K] 3); B 11 /4 3(photosystem 11 stability/assembly
factor HCF136) 47 2R BN i A i ™), hE
#i5(putative Y1 protein)fiz J-40 g B s 12 & 1 o
6(outer membrane biogenesis)f. 1 P it (¥ JIE _L B0,
1 5L 7(ATP synthase)® M T2eki kB . DL E%K
P W, AT VFA STt 0 I 1 R T

PMRP & AT % 5 2 1) A7 3 4 i i F i) 52
BRI HINRER M E . 201 PMRP RNAif;
R T PR AT, 45 RE Y PMRPES Y |
P PUIETE R, TRRANEFE T T BRI ##
PMRP [ 1 3 11y o 455 AK RGP0 Pk ok A2 1R 5 WLl

{HPMRP5 CAIHUIE(S 5 IR T I R RiL il
B PSR SE .
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