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F1%Z (Chenopodium quinoa) = E T #REURE: (Bamboo mosaic virus 5 BaMV-S) 525 & B L BT ELH
& (Pseudomonas syringae pv. syringae strain 61, Pss61) AL » & i i A @ S HE - BiRatTr
FRASUIR B TR LA ) B S 2 B » {8 cDNA subtraction /5 = ERTEAS I A&7 & BN %
25— R I [RIIRE > SEGEE| pTA2-9 ZEJH PR » HPR SR A BP9 A& H 5 73 #Y ribulose-1,5-
bisphosphate carboxylase/oxygenase 1FH1L % (Rubisco activase, rca) F=[KF5  3—4 L1 5" K 3' RACE
EIEISE] 1809 bp KB > GRS Ui 121 bp AYFEHEEESF Y1 ~ 1314 bp #EE[E K 3 Ui 374 bp ZIFHEEEFT
1] o TS I TS L 2 438 EE BRI VE ~ 771 S5 47.8 kDa ~ FEEEL (pI) 175 6.875 - IHIELEL
P21 1A 5 BRI 3 28 RCA BEH S fsfHl - RCA FEH BXaE (ERING Mg > [E € — S bk ul%sR
Rubisco HIEALT » #8F JTHES 77 rfife € rea I ERL N AFAER A ZEEKEEA - LUKFERIRCA
B Z MG L TG 77 2225 9l 9 M1 S FI| FH reverse transcription-polymerase chain reaction (RT-PCR) /52057
B » AR EEN S AL K& S BIRYRCA 1 > (HLAS BUEEES o M5 rca #cDNA {14 A%
Feol e > ASFFERT EHEEIRY rea 2 cDNA P SRR BB S A » SURFIES RIFE K ISR A LA
T7-RNA ploymerase dependent SAREZE » Sl LIPY /7 5586 rffe 2 ML B B 5 S A o £E Pss61 Frafa8n
FPE S B ERE R HmRNA PRI 6 - 9 /N FIA A REE T RERY 832 » 10 %IIEHH rea mRNA
HIZE § 19 0.98 2 0.55 {5 o 1 LAPY /7 S8 il 70 s B Z20EAE Pss61 ffrafhE mEds @ e S gk -
RCA FEH'HE Ry A fE & B S HGRH A b I EREE 7 52 > BRI EE T E ATREARAZSE » T rea mRNA B 1H
sH RS > TR KRS ES | SEAEY A A= PR A Rl g i 2 Bk RS 2R -

WHSEGA © FIEE ~ BB FE ~ Rubisco {EAUEESR ~ 28 TR 14 BT BHR

o5

1E HE ¥ #% € /9 #H &% & F K & /Y ribulose-1,5-
bisphosphate carboxylase/oxygenase (Rubisco) » LI 2555
i » H: Rubisco & & 8 fEA/NEE 53 kDa LUK B Mg
4 [ 14 kDa AR BEAHRY » Z2EDCE TEH SOEH —F b
fix [ € /20 B% - B KSRy & Ak fil B 1 fil 195 ol 12
(Ribulose-1,5-bisphosphate) #& & » £ @Al Bk /o (& 3-
phosphoglyceric acid ° ARELEH (—F LK) il HY Rubisco
1] B2 11 fil fefele 5 S S HOAS & 77 » W BN SR - DLEK
Rubisco Mtk AR B0 T R S ME - EEC Sk
[F{EA (K o M Rubisco & L% 32 (RCA) HIJA]Ji% Rubisco

RS B [ RRI%-Rubisco HHR BEHIZKE - {415 Rubisco
MG R G L ARRE » M A8 AT (8 — S bk I FE - X Ik
RCA A Rubisco iE L1V o

W 2R B KRG WY rea 55 KPR i $% 7Y pre-mRNA
alternative splicing &R YINIHIANE] » & A FifE AT
rca mRNA » [ F iR R EE C inthK HAE -
A FTEEAT large (L) K small (S) BUfFE 18202129 5 58 H i
% 1 FAEE M alternative splicing FUFSHIMANIELE - (HEH
AR b s R AIRCA E 8 - Bl R -
NI AR RCA B R E N 3@ 5 ERERK (leading
peptide) » TS RCA i A K EEATELE (stroma) A 1D o &
HH& L Fr 21|28 88 3 Hrad & » RCA Z R Hig e o a L
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{lE ATPase [mis2 B 5 /Kfi# ATP FUThEE » LIFRHLAE RN
I%{t Rubisco & 461922 o

RCA HE[R 2 BUH B 3808 MR S BBR RN o 28
KIEHER RCA mRNA HY 2 Bl RS 2 O i Ja] ) 48 25
(oscillating circadian rhythm) Ticksg '® o FEFaIhy {FrayLE
fk ez EN » [A thioredoxin-f 38 Y Fb =R REH B4EK
ADP/ATP [t » th @i 8 RCA B iEME @2 o £ 5
T+ FOKH L BURCA AAFAE » (BAEEMAST (45 °C) IRFL 1Y
R o (HIRE [EE IR N RERN A R (O o TR AE AR
(38 °C) T » S BRI EIK L H% 30% » HL &S ALz
AT B R ER © o ERGHEE T - R ZSEEN
RCA EHEMI & G » MBS ke 2 JH5E #8 (thylakoid)
FRIRZ S (ribosome) R S AU R WRATRE 5B
FEaEs 25 (e i AR ohhe ) o RLAESIR T - RCA AJRER
 chaperone FJIIRE Y » M TELEVINIRE T » rea R .23
PEERCA T VE BAFIERITE 2R A

F1%Z (Chenopodium quinoa) fFRE 7y MR HIRE )N 77
YR &5 | SR HOERUME E  HE TR =R RS Y
GO TR AT MRS AR R 2 BEAE TR} © AT BRSO
7 (Bamboo mosaic virus, BaMV) © Bl 125 O BT 2R B
(P. syringae pv. syringae strain 61, Pss61) {£ 1% _Fthn] LI
ELERBUE I FE o PTIEUR R R MR - HEEYE S
6.4 kb B 1EMZ RNA » BA f1 (%% (ORFs) : 737
s B S ~ (A28 M (triple gene block) K4t
EH > FEEEET HUALEMEGRK R
Nicotiana benthamiana 7] £5 A% PR @ o T 28 0 Ml M
BEBGE R Pss61 Z &+ 2T » AI{E FEZF EAEYGI 411755 B
5| RCRRBE S © o BT BERT B T2 5 T
il » FEE PR cDNA subtraction AT K AU AR/ S
U 125 =R B 2 FEIR] o 4% Ik 3890 21— {8 2056 47
cDNA Fr B ZSEhamR S pTA2-9 » HiGA K ERFPA&E M
EARE KR » —F5 osmotin E[KFE41 » osmotin £ [KI{E
TR B B R H R TGN+ 55— 5800 7 Y1 BL3 2 rea
(Rubisco activase) ZEK FHEL » ARIEIL 75 &k b 2 45
R BERAE BaMV BER BRI E > rea RERRIH
RS @ o TEATFIE T o B3t — D PRSI 75 B
P H rea BERIA) BB » RIBLHIBLR A1 a3 — 1k
51 F#£17 5' J& 3' RACE &% > 5%8]2J% rca ¢cDNA H[X »
A HARETAS T R B B R A8 R S g AR
rca mRNA 218 L AP & RCA B EVEAVFRE ©

PHRHEL i

1B hirik Bl D 2 P

LAffE 2 28 °C = » #9 2 (B A KRR ERS
PEREAPEL - BEIRFRERR R IR C 2R \5E - BRI AT e PR

T2 O R BERIR R 10 em® ZHEFT o BERRIG AR -

UGN R SR AR I 2N SERE 28 VD3R IR KD A
WAE o B - PR A0 MEER] /K2 10 R5HE AR (viw) BB Bt
Ui o RFEERE IR PR I R BE R | - Befdie
PR 2 W RDPE el o 122 78 28 O i BT B B (P, s. pv.
syringae 61) IFf » JGHHE T M EER 122 20 1g/ml nalidixic
acid Z King's B 158 &k (52 71 proteose peptone 20 g,
K,HPO, 1.5 g, MgSO, - 7H,0 1.5 g, glycerol 10 ml fz agar 12
e) 7o 1230 °C TRATEG R, - WIUE &2 HEE K

A7 78 B B R R 2 A ODgoo W OEAE £ 0.3 (KI5 10°
ctu/ml) » JiSF LA R UR LASES T 5H < 1 S fRI-E S 21 1 B B
PREA Y o SHIERHES DUER KR SRR T4 o

AR RNA I ~ LS RNA (mRNA) 050 5 ¥
B cDNA B A IE

A ER {5 Rompf & Kahl Firs$ fERY /71 'Y s TRE &
RNA AHIHY © FE5E R FRE 20 AURRE B0 - DA
12 {58 (viw) HIZEAUARER (0.25 M NaCl, 50 mM Tris-
HCI pH 7.2, 20 mM EDTA, 1% SDS) {B&1975) » f5 itk
HIy 75/ 37X l% [phenol/chloroform/isoamyl alcohol (PCI)
25/24/1] EHE » LL 10000 x g {EZE{ T &0 10 578 » B b
THIRNIA 0.35 f5HE T8 95% kS > B vk b 20 5388 > LA
10000 x g 7£4 “C fft.0 10 F3d » AU EIEWIA 1 {5881y
95% E9KE » 1> -80 °C JiftiE 30 474 » LL10000 x g {E4 °C #f
020 388 » YURYILL 10% WFEE Ut » E22Rag 1% - LU
SEEERRPREIN 750 w1 WILLBINIKFE O34 » INAFE & 8 M
LiCl {20k F 20 43$% » LL10000 x g 74 °C Eft.02 10 475%
TUBYILL 10% WFETEDE » B2ewzitk - Dl ER MR
H1200 1 FELABINIZK AN #85 RNA IR » &5 -80
°C i F > mRNA F957 #1221 Dynabeads™ mRNA
Purification Kit (Dynabeads ® Dynal Inc., NY, USA) {2l 2
JIEHELT - #lLH mRNA 2% » 55 FI A Smart™ PCR
cDNA Synthesis Kit (Clontech Inc., Palo Alto, CA, USA) &5
B Z cDNA Fy B ©

PAS' B 3' RACE 75380 rca 2 cDNA Fr B

KIS E S pTA2-9 P 19 rea E 3% 535G FR I S —
51 (RCA R7 )RRCA F6) » EEarh{#i 5| 7% RCA R7 (5'-
GGATTTACCTTGACCTTGCC-3") k& Smart II (5'-
AAGCAGTGGTAACAACGCAGAGTACGCGGG-3') &k
5' UiH rca cDNA FEx » B LLG] F%f RCA F6 (5'-
TTGTTGTTCACATCACCA-3") 2 CDS (5-AAGCAGTGGT
AACAACGCAGAGTACT 0-3") & HE 3" Uil rea .2 cDNA
E% ° 31T polymerase chain reaction (PCR) IK£LA 300 ng & [
B cDNA BN » EWIN B3 1 x KlenTaq PCR

buffer ~0.2 mM dNTP ~ 0.2 M primer ~ 1 xAdvantage



KlenTaq Polymerase Mix (Clontech Inc) » EHPCR [ EES
(TRIO—ThermoblockTM, Biometra, Germany) SEEAT HEE o
PCR K JEFEZS 95 °C 8#4: (denature) JE 1 71k » SElL
95 °C B FE 15 ¥ ~ 55 °C &5 (annealing) [ 30 7 ~
68 °C ZEfH (extension) & 1 7rdsfH &1L 3 K » #ELL95
‘C 15 ~65°C 30 ) ~68 “C 3 sl :HElT 30 RIGER -
1355 k3" HJcDNA FrE% © HU# 100 ng PCR FEEYJEL 25 ng
pGEM®-T Easy #{ % (Promega) {5 > Wil 2 E. coli
DHI10B - Frf5 % A9 & fH & # 5 5 % p5'RCA22 K
p3'RCA1 ° fRIEFEE rca 1 5' ~ 3' cDNA F &2 EFHE K
B E Fe il R o B E%EF— #H 51 7 RCA-5'ORF (5'-
CATACGTAGGATTGAAATGGC-3") k&t RCA-3'ORF (5'-
AATGAGCTCCTAGAAAGTGTAGAT-3") » DL & RESEEERY
rca Z cDNA JrE% » PCR JJERE L » S EREEFS 95 °C 1
gE 1 R 95 °C 15F»~45°C 30 ~ 68 °C 3 4pE&{EIR 5
K+95°C 15F ~55°C 30 #~68 °C 3 /&GRS 2k » 95
‘C15F~65°C 30 ) ~ 68 °C 3 /3§fiEiR 20 X » PCR EY)
6] 4% #1525 2 pGEM®-T Easy #k % - 15 5 #H H 4
pNCHU639 -

FIZHRDNA & hhilt

5 B E F PREETS IO AR FEZIT IS - FEA0A 10 549
& (viw) BORE25HAE &% [7 M urea; 0.3125 M NaCl; 50
mM Tris-HCI pH 8.0, 20 mM EDTA pH 8.0, 1% Sarkosyl (N-
Lauroylsarcosine)] {£ 5197 » #8318 HE PCI JA=IRA5H 15
7 o LL5600 x g ZEIREEC 10 08 » EHHE 1 R - B ETER
AIA 0.1 {Ei8F5 .2 4.4 M NH4OAc 0.7 fi%{87& iso-propanol
R =R 30 8 LT DNA » £ 5600 x g ZEiREfE L
3 riE > YUY DU s fHASII AR 400 w1 #Y TE-RNAse (1
mM Tris-HCI, 0.1 mM EDTA pH 8.0, 100 x«g/ml RNAse) "
fi » 37 “C {ER 1.5 /NRF o DIZEHERERY PCI Z5HL 2 Ki% >
A 1/3 {EH8FET 4.4 M NH.OAC K 3 5H5F509 95% 1Pk
B2 -20 °C 2030 7788 LIJTERDNA » FFLA13000 x g i34 °C
BlEC 15 208 > PRISUTBYILL 75% RS 62 2R » B 28467
1% LURE Se MBI 360 1] B7K S AN 548 5 DNA VSR ©

MRS S H

1550 pg #85 DNA #GE &0 R 2R E % - L
0.5X TBE #&7#% (22.5 mM Tris-borate, 0.5 mM EDTA) fi¢
51.2.0.8% (wiv) SIREBEIT KT RE K - %5805
JBE L 0.25 N HC I HRISHE 20 4788 » FIFS ASBVEAR (1.5
M NaCl, 0.5 M NaOH) §§4% 30 43 » Ff% it HhRIvARR (1.5
M NaCl, 0.5 M Tris-HCI pH 8.0) #4530 43$% » FfLL Hybaid
Vacu-Aid (Hybaid™ Inc., Franklin, MA, USA) /5§ DNA i
% nylon & (Hybond-N, Amersham pharmacia Ltd.,
Buckinghamshire, England) ° 5% DNA #8782 nylon fELL

Rubisco iF LI 2 KB 95

2X SSPE (300 mM NacCl, 20 mM NaH2PO4 pH 7.4, 2 mM
EDTA) 1&1E 5 478% » #8 UV cross-linker (UV stratalinker
1800, Stratagene Inc., Cedar Creek, USA) [if] %€ DNA jA nylon
i b oo ¥€ $1A9 3L 4H 1% UL Boehringer Mannheim (BM,
Boehringer Mannheim GmbH., Mannheim, Germany) 23 & fft
% e H FIIF alkali-labile Digoxigenin DIG-dUTP 2 JER &
PEAZE - B FHRTLATE /K 10 88 REVK B 5 i DURFE
FRRIR G o GRS A FE S R > DA TH R A VAR [5X
SSC, 1.0% (w/v) blocking reagent (BM), 0.1% N-
lauroylsarcosine, 0.02% sodium dodecyl sulfate (SDS)] 2 60
C TR E LS /N » SRR ERETE 60 °C EITHEG
[ 8 /NFFLL I o BETERE L Wash I Y4718 (2X SSC, 0.1% SDS)
237 °C TIEYE 10 /¥ 8E #—2K > FLL Wash 11 %K
(0.1X SSC, 0.1% SDS)f> 60 °C FiE¥E_ K » HK 15 43
S o ST - BEE AR I A Buffer 1 (0.1 M Tris-HCI pH
8.0, 0.15 M NaCl, 0.3% Tween 20) /i*37 °C it 5 73tk —
K > BN Buffer 11/0.5% blocking reagent {EF 30 474#
#% » B15 ml Z anti-digoxigenin-alkaline phosphatase
conjugate (1:5000, BM) 237 °C F{HH 30 5754 » WL
Buffer I k=% » K% 15 478 » 212 Buffer 111 (0.1
M Tris-base pH 9.5, 50 mM MgCl,, 0.1 M NaCl) HZif2 57
$% o g CDP-Star™ (TROPIX Inc., Bedford, Massachusetts,
USA) aAM s Ht5Z) 0 An B b > [OERR DL X e frBR
FrsEAT AR o B LLPPP U (R SR AR RE RS T ST T
IyH » HOTEEPEREL L N Rk 2 AL TS AR AHIE] -

FIFH T7 RNA polymerase dependent &t 2281
RCA EH

&% it5] ¥ RCAF57aa (5-GACCGGAATTCCGGCTGAC-
3") 52 RCA3'ORF (5'-AATGAGCTCCTAGAAAGTGTAGAT-
3" » LUE #8pNCHU639 itk » FIIF PCR HgliE A~ & 55k
45 E LR (chloroplast leader polypeptide) ¥ 411.Z rea
cDNA 7B » #§ EcoRI 8 BamHI [RINERBER I » JGETH
AR pT7-7 "7 £ > (S EHEHE pNCHUT11 » SASHE
TR & ARG BL21 (DE3) - #k#&H RCA EH
I » EEERRLL3 ml LB (& 100 xg/ml ampicillin) 237 °C
BRAMEEEE > AU 500 1] AIRRAE A KTEE.Z 5 ml LB (&
100 pg/ml ampicillin) » & {37 C %2 % 0D600 0.6 -
0.8 » HIATPTG s HALIREE LS 1 mM » [ 37 C E5# 2 /MK
% > MIARLIRIE RS 0.2 mg/ml Z rifampicin MEFE 55 1 /)
If o B #URLL 2000 x g ==GaE.C 10 o LUKEEREE - i
B B2 0.5 ml 27178 (50 mM Tris pH 8.0, 8% sucrose, 5%
Triton X-100, 50 mM EDTA, 0.1% lysozyme) ifi LI#8 &%
(Sonicator XL-2020, Heat Systems-Ultrasonics, NY, USA) &=
% > LERURLL 2000 < g BiE0 5 7088 » S ORYIENR & H
RCA FEHEREE 1 (inclusion bodies) °
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LA S e )

HU#90.2 g Wy EEEE & 2 1.5 ml St O b - A
HRRE R LA HE MR EC BRI R > DA 2 S FEAREIR (50
mM Tris-HCI pH 8.0, 10 mM KCI, 10 mM MgCl,, 1| mM
EDTA, 20% glycerol, 2% SDS, 10% /3-mercaptoethanol) 1&
2] » Bk 5 78R DL 10000 < g Bt 5 4rdE o EyE TR BN A
VAR E A -

78 ) S il

EEH RCA EHPUHERIEEAYUKIE L BIRCA EH
BZRTIME » HA RSB VIR fE A 4t -
EHERMEE 15% 1) SDS-PAGE &k [BH#E /i % - LI
{&E &% (Semi-dry transfer units TE-70, Hoefer Scientific Inc.,
San Francesco, CA, USA) 4§47 (/& i&% % Immobilon ™-N
PVDF [ (Millipore Inc., Bedford, Massachusetts, USA) » i
B TSWV #2EW& (10 mM Tris-HCI pH 7.4, 0.25%
gelatin, 0.9% NaCl, 0.1% Triton X-100, 0.02% SDS) &=t 15
JrH 2 Ki% » A RCA EHEHTHE(1: 625 FkERS TSWV) 7
1 /NRELL L » EERERELL TSWV e FERP4 F) » FEIA
K% [ Anti-Rabbit-IgG-alkaline phosphatase (BM) L.
1:5000 LLAIREFERS TSWV] VEH 1 /NRFLL | > 3L TSWV
TV o B E A% LA Buffer 11T (0.1 M Tris pH 7.2, 0.1 M
NaCl, 50 mM MgCl,) 5t » R #32° CDP-Star ™ K
AR N TRER RO FE - G LAX G A T -

FI#E8EH rca mRNA Z {3l

B T8I #E rea ZERIFT 8% mRNA AOFEEE (45 v] i
2 OR[E B 1A mRNA) » LLCDS & RCA-F14 (5'-
AAGAGAATGTCAAGAGAG-3") 55| ¥ » AVEE cDNA F
EX M 1T RT-PCR i » [ FERA &40 bt » &
FERE594 °C 1 4348 1 2k » 94 °C 30F) ~ 55°C 1478% ~ 68 °C
1 Zr$sEA5ER 32 2K » PCR FEYILL 1.2% HBIREEETK 7 it i
BRI E > 2% LI DIG 3% p3'RCA1 B IEEHHETT DNA %
B -

ALTiRES o b

120 g Z#8 5 RNA ¥4 10 mM sodium phosphate
(pH 7.0), 50% DMSO, 1 M glyoxyal {& &%) » /250 °C il
B /NRF » A 0.2 5885 5X loading buffer (50% glycerol,
10 mM sodium phosphate (pH 7.0), 0.25% bromophenol blue,
0.25% xylene cyanol) » $ 2 glyoxylation FYRNA 44101
M sodium phosphate (pH 7.0) BC#f4 0.8% MG EEIE I T
Vkoy it - 2% - BIIRIERE RS 50 mM NaOH V51K NS
10 43$% » F§LL 100 mM Tris-HCI (pH 7.6) 235615 478 » i
RNA LA Hybaid Vacu-AID (Hybaid™) ##& 25 nylon & » fi#
(B LL2X SSPE (300 mM NaCl, 20 mM NaH,PO, pH 7.4, 2

mM EDTA) 25t 5 47$% » FFLLUV cross-linker [ 7 RNA 2
nylon fI& o fFff FFAY4EET L Rapid Multiprime DNA labelling
kit (Amersham pharmacia Ltd) $&{it /5584 » FI] A
VERI (155 [ @-*P] dCTP 317423 » FfLL Sephadex G-50
column HETHEAL » LREHMEHATAE 100 °C hIEL S 7y $#1LE VK
A o EEATRES ROREIRE SRR IR A RTE SR R
[5X SSPE (0.75 M NaCl, 50 mM NaH,PO4 pH 7.4, 5 mM
EDTA), 5X Denhart's (0.2% bovine serum albumin, 0.2%
Ficoll™400, 0.2% Polyvinylpyrrolidone), 0.5% SDS, 20
g/ml salmon sperm DNA] 1 » 265 °C T{ER 1 /NI » 21%
HIAFEET 2 65 °C ER 12 /NRF DL E > #EERRRS = T LA
2X SSPE/0.1% SDS 1§ ¥k 10 7y ##4k 2 2 » ;LI 1 X
SSPE/0.1% SDS /265 ‘C FEPE 15 Jrfdt 2 K » JEEZEE
JEESH DA X ¢ R S T -

FLKIERT 9% (Genbank accession No.)

F132 rea 2ERZ cDNA SEFEMA fe 751 C8 85075 £ R
$RAT (http://www.ncbi.nlm.nih.gov) » HFFHEEE AY117142 ©

TS

Rubisco {G{LREFERT cDNA Z 585 B 5 - 53 #

F5H1 S e 3' RACE EJHF1SEIHY) F1 %2 Rubisco {51 L%
% cDNA GEJHR » $8E ey ik » &G SREE Rt B s
1809 bp » L7 5' i 121 bp HIFEHEEE 4] ~ 3' Ui 374 bp Z I
PHEESP U1 f 1314 bp FOHEE |5 » ATEEEE H & 438 ([EE 5 %
HIE 8 » 9 T-5FS 47.8 kDa ~ % 2% 6.875 o L&
e 91| S SERk e S | S F AL WA ATP #5135
—) o LI DNA Star mega-alignment program {7 RCA & J
Pt e AN FEALAME LSy - B 43 Bl E 3 35 (Spinacia oleracea) ~
HEEL (Nicotiana tabacum) ~ FIHIAFTT (Arabidopsis thaliana)
Fe KK (Oryza sativa) FJRCA & FAH[EIEE ST 751 £ 88 %, 79%,
7% K 17% ([& ) » S5 H [FEEE BHHZE RCA EHI
A fe iy

rca VVREFERDE AAFATER F 2L KL

rca cDNA B[R4 e w9 B A = {1 HincIl FYYIAL - T
I Sspl BE Nod HIYINT o LL?P HE9E 25 rea FrEREEET
FI A 755 51288 Hincll ~ Sspl 5% Nodl 2582 132
ALK #5 DNA » 15 35S R BE T RIS ~ =k —{#
E% (I8 =)  1k$8 Hincll & Notl P35 Y7E » FR{SEIHES Fr B
BH B rea AE AR L RIRHAIE S E—E 5K - 1 Sspl
PSR e RSB = B e I BRRIRE R rea fEE B2 L RRHA »
H intron FI{LE FTREA WI{E Sspl UL o #7E DL S HER]
rea 1£H B ELRRH HIE R fFE—E R K » AED SR
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CTACTATAAGTTCTACCTTCCACACACTAGCTAATCCTCAGGAATTCTCAAGTAAAATAT
TAAAATTTCTAAAAAATAATTTTTGAAAGCTCTCTTTAGGATCTCAGCCGTTGGATTGAA
ATGGCTACTGCTGTCTCAACCGTCGGAGCTGCTACCAAGGCACCTTTGAACTTGAATGGC

M A T A V S T V GA A T KA P L N L N G 20

TCGAGCGCTGGGGCATCAGTCCCAACCTCAGCTTTCTTAGGGAGCAGCTTAAAGAAGCAT
S S A G A S V P T S A F L G S S L K K H 40

ACAAGTGTGAGATTCCCAAGCAGCTCTAGGGCGAGCTCAATGACCGTCAAGGCGGCTGAC
T S V. R F P S 8§ S R A S s M T VvV K A A D 60

TACGAGGAGAGCAAGCAGTCCAACACGGACAGATGGGCTCATTTGGCTACAGACATCTCT
Y E E S K Q S N T D R W A H L A T D I S 80

GATGATCAACTCGACATCCGTAGGGGTAAGGGTATGGTTGACTCCCTCTTCCAAGCTCCG
D D Q L bI RRGIKGMUV D S L F Q A P 100

ATGGACTCCGGCACCCACGTTCCAGTTCAGAGTTCACTCGAATACGAGAGTCAAGGTCTT
M D S G T H V P V Q S S L E Y E S Q G L 120

AGGAAGTACAACATCGACAACATGTTGGGTAACTTCTACATTGCCCCTTCTTTCATGGAC
R K ¥ N I D NMULGNUVF Y I A P S F M D 140

AAGATTGTTGTTCACATCACCAAGAACTACTTGAACTTGCCTAACATCAAGGTTCCCCTG
K I v v H I T K N Y L N L P N I K V P L 160

ATCTTGGGTATTTGGGGAGGCAAAGGTCAAGGTAAATCCTTCCAATGTGAGCTTGTGTTC
DL RS R GR R F OSIC B AT 100

GCCAAGATGGGAATCAACCCCATCATGATGAGTGCGGGAGAATTGGAAAGTGGAAACGCA

200
GGAGAGCCAGCAAAGTTGATCAGGCAAAGGTACCGTGAGGCAGCAGACATAATTGCCAAG

220
GGAAAGATGTGTGCTCTGTTCATCAACGATCTCGACGCGGGTGCTGGACGTATGGGAGGC

240
ACCACACAATACACCGTGAACAACCAGATGGTTAACGCCACCCTCATGAACATTGCTGAC

260
AACCCCACCAATGTCCAACTCCCTGGTATGTACAACAAGCAAGAGAACGCCCGTGTTCCC

280
ATTATCGTCACTGGTAACGACTTCTCCACCTTGTACGCTCCCCTTATCCGTGATGGTCGT

300
ATGGAGAAGTTCTACTGGGCTCCCACCCGTGAGGACCGTATCGGTGTTGCCACCGGTATC

320
TTCAGGACCGACAATGTTCCTGAGGACCACGTTGTCAAGCTCGTCGACACCTTCCCTGGC

340
CAATCTATTGATTTCTTCGGTGCCTTGAGGGCTCGTGTATACGATGATGAAGTAAGGAAG
P ORI SR VS IDEDERITAR K 360
TGGGTTTCTGAAGTAGGAATTGACGCCGTAGGAAAGAAGCTCGTAAACTCAAGGGACGGA

W vV §$ E VvV G I D AV G K K L VvV N S R D G 380
CCACCAGTGTTCGAACAACCAAAAATGACCTTGGAAAAGTTGCTTGAATACGGAAACATG

P P V F E Q P K M T L E K L L E Y G N M 400
CTTGTGCAAGAGCAAGAGAATGTCAAGAGAGTCCAACTTGCTGACAAGTACTTGAGCGAG

L V. Q E Q E N V K R V Q L A D K Y L S E 420
GCTGCTCTTGGAGATGCTAACAAAGATGCTATTGCATCCGGAGCTTTCTTCGGTTAAGTG

A AL G DA N KD ATI A S G A F F G * 438
TCCCTAACTCGGAGGCCAAGCAGCTCAGCAAGGAGATTTGCCGGTTCCTGAAGGTTGTAC
TGACCCGAATGCcGAAGAACTTTGATCCAACTGCAAGGAGTGACGATGGAAGCTGCATCTA
CACTTTCTAGGCCTTAATTTTTCATTTAATTTGTTGCATATATGAGAAAAGGGGAACAAT
TTTTAGTTTGGATCTCTTAATTAGAGGGATTTTATTATTATTCCACTCTGTATACTTCCC
TATGTTTTTTTCTCTTTTTGTCTGTTGGTGAATTGTTGTCCTGTAATTTTGTGTAAGAAT
TCACCATCATCTTGTTTTGTGGAATTGATAATTTGGGTTTATTTTGATTGTACCCTTTTC
TCAAAATT

B— - & H% rea 2 RHT cDNA EEIERIIIZER 751 fe 2 BIRCA B FE IR -

Fig. 1. Nucleotide sequence of the 1809 bp rca cDNA clone and the deduced amino acid sequence of RCA protein. The
underlined amino acid sequence denotes the predicted signal peptide. Consensus nucleotide binding sites are in boxes. The grey
region is AAA (ATPase family associated with various cellular activities) motif.
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Fig. 2. Alignment of the predicted amino acid sequences for RCA proteins from C. quinoa (CHE), Spinacia oleracea (SPI),
Nicotiana tabaccum (NIC), Arabidopsis thaliana (ARA), and Oryza sativa (ORY) using the cluster method of DNA Star
software. The amino acid in identities is shown in box. The accession numbers are AY117142 (CHE), S45033 (SPI), Z14980
(NIC), X14212 (ARA) and U74321 (ORY).
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Fig. 3. Southern blot analysis of C. quinoa genomic DNA. A
50 xg genomic DNA was digested with Notl (panel A),
Hincll and Sspl (panel B), fractionated on 0.8% agarose gel,
blotted onto nylon membrane and then probed with **P
labeled rca cDNA fragment.

#¥8 Sspl YA intron © [ 2K H K ZE AT rea R BIIEH 6

{@lintron " o

FIBEBER RCA 2 18 2 A

A7 ERCA AL HRREE A ERY R - R AR
FRAT ST RCA FREE [RIFEY S JB A nT A R » [R] JHE et
RE LR BERRE S ERERR 2 rea cDNA FrER AR BLEIHE
pT7-7 » #&H1 T7 RNA polymerase dependent ~&ffi A i ZEH
RCA EHE &5 —Jj HHEE AN EEEE - B
7758 B > 5 RERE T EAERR P REAY RCA B Hy
T8 AN HERZEIAEY).Z RCA BEHE )T &K
/M) S BURCA (& PY, Lane3) » 3l H7FE H# 4 b s AU
RCA HyZFEEILZ ([EY, Lane 1) °

RT-PCR 7i:UEM 2NN RCA B A Z WU
mRNA

e — D HEEREYINES rea SRR #%HT mRNA FEAH KA
TFFERT ARG /Y rca 2 cDNA J2 @5 falfdE £5 » F1JAH RT-
PCR 1315 3' rca cDNA J Blfiis & /5 B304 » Al H

Rubisco {H1 bR FL R 2 22T 99

WIEFE ARG AN 3" rea ¢cDNA (B H) » 388 3
B ATEEEL kS WifE A NVE FIHY mRNA {74 » I H. S A
mRNA #2854 AL M mRNA ([ 71 > Fr#i lanel 81 3 8%
lane2 B 4 2 DNA pattern) ° DAFTERAEIRY rca cDNA F5AR
P52 PCR FEY) » BLREY)HE mRNA BN FT1S RT-PCR

BP0 ~ DAY /7 £R5 0 b B SE A AL I RCA EEH KAE
E. coli KERBIHIRCA EHH -

Fig. 4. Western analysis of the RCA in C. quinoa and in E.
coli carrying rca cDNA gene. Lane 1: total proteins extracted
from C. quinoa. Lane 2 and 3: total proteins extracted from E.
coil (pNCHU711) without or with IPTG induction respectively
in T7 RNA polymerase dependent expression system. Total
proteins were fractionated on 15% SDS-PAGE. After
blotting, the protein was probed with anti-rice RCA serum.

Lrca —

- -
Bfa -~ LI HHESE SN B2 3' iZ reca mRNA Z RT-
PCR EY) »

Fig. 5. Analysis of the 3'-end region of rca mRNA using RT-
PCR and Southern blot. Total RNA (2.5 «g) and poly(A)
mRNA (150 ng) were reversely transcribed with a poly(T)
primer (CDS). The RT-products gained from using poly(A)
mRNA-RT reaction (lane 1 and lane 3) or using total RNA-
RT reaction (lane 2 and 4) were then used as templates in
following PCR reactions. One-10th (lane 1, 2) or one-40th
(lane 3, 4) amounts of each RT product used in PCR reaction
were amplified using 5' primer RCA-F14 and 3' primer CDS.
The PCR products were separated by electrophoresis on a
1.2% agarose gel and transferred to a nitrocellulose
membrane. The blot was hybridized with DIG-labeled rca
gene probe. Lane 5 showed the PCR product by using
p3'RCAL as a template.
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PRI SERESE 8 0 U RCA 8 I TEREY) H375 3808 R
JE N REEEAFAE ©
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9 2 FERH mRNA - SR i fER NS [RIF RCA &
Erg 1202 o AR - BRI R A 2 K
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Fig. 6. Northern analysis of the rca mRNA accumulation in
the hypersensitive response of C. quinoa induced by P.
syringae pv. syringae 61 (Pss61). Total RNA was fractionated
on phosphate buffer gels. After blotting, the RNA was

hybridized with **P-labeled rca cDNA and 18S rRNA cDNA,
respectively. Time is indicated in hour postinfected by Pss61.
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g9 27 48 (Hours)

Water

0 6 9 27 48 6
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BRI AR 2 RCA TR R HIFTE -

Fig. 7. Western analysis of the RCA in C. quinoa during the
hypersensitive response induced by P. syringae pv. syringae
61. Total proteins were fractionated on 15% SDS-PAGE.
After blotting, the protein was probed with anti-rice RCA

serum. Time is indicated in hour postinfected by Pss61.

TR SRR IER FEE » MAEML AP0 T - L I RCA #Y
)y EEARARC OR LB h - B R OKAY L ARG RCA fEEAH
B e aRe o » BERERAE

REA) R 57 B T ) 2 25 T A e s "2 o s A S S
Ji&E > H AR Y LAI#D BT (programmed cell death) PR
RIRATEE @ o TEEUE: SRR - R ZEEEVER
UL TR, K e VR S 25 8 (2 » 18 A b (1 322 4
175 5L AR B FE S PR IRE > FHEE v FIEEREE Y rea BERIH
mRNA 28R 2R » FUATRI AT A BT » KL
S AT SERk R UEE S, - (Kt AT LS BRI &1
ARG » A R AL Y A F FH AR B KT ER R -

HEEE IR B EY) - (S22 BHEY REm S - SIEF
PAERFEZT EAEY) - n]wea 8 s s il R e e -
IEERE LAYt BEBE T Rt L 2 @ o AEATFSE rhEk M58
R Pseudomonas syringae ¥ 2R R A ELRETE LLREY )3 Fr
AR REE SR ST o SR I FE R—AEIR T SR il 2
— » BEEIRT EREH GRS AR AR B R FRTG © A5 B
LIE R B » e B R 2 AN SR e 2 o3 F 1] - T
rca ) cDNA JEJH PRI i — B Rk AL F 1] (accession
No. Z98202) J olp-4 F[K (AF516207) @ 21% » 5 ={Efe
BB H AR RE ] o



ot
ARHTGEARAT BOBE R SR 2 57 2 PR A BB

(NSC 87-2322-B005-008, NSC 88-2311-B-005-003-B11,
NSC 89-2311-B-005-029-B11) » FHIH. Bt « bRtk 24t - Ff
il ik gt rh R PSR ERE PR LR 1 R K FE RCA &R H
HZHUMIE - Sl B S A VIR B fR s Mg 1 feqtt

PHRAUR A RL ©
1. Baker, C. J., Atkinson, M. M., and Collmer, A. 1987.

10.

11.

Concurrent loss in TnS mutants of Pseudomonas syringae
pv. syringae of the ability to induce the hypersensitive
response and host plasma membrane K*/H* exchange in
tobacco. Phytopathology 77:1268-1272.

Chiang, B. T. 2002. The expression of osmotin-like
protein and Rubisco activase during the hypersensitive
response of Chenopodium quinoa induced by bamboo
mosaic virus-S and Pseudomonas syringae pv. syringae
strain 61. National Chung Hsing University, Ph. D Thesis.
Dangl, J. L., Dietrich, R. A., and Richberg, M. H. 1996.
Death don't have no mercy: cell death programs in plant-
Microbe interactions. Plant Cell 8: 1793-1807.

Feller, U., Crafts-Brandner, S. J., and Salvucci, M. E.
1998. Moderately high temperature inhibit ribulose-1,5-
bisphosphate carboxylase/oxgenase (rubisco) activase-
mediated activation of rubisco. Plant Physiol. 116:539-546.
Huang H. C., Schuurink, R., Denny, T. P., Atkinson, M.
M., Baker, C. J., Yucel, 1., Hutcheson, S. W., and Collmer,
A. 1989. Molecular cloning of a Psudomonas syringae pv.
syringae gene cluster that enables Psudomonas
fluorescens to elicit the hypersensitive response in
tobacco plants. J. Bacteriol. 170:4748-4756.

Jensen, R. G. 2000. Activation of Rubisco regulates
photosynthesis at high temperature and CO2. Proc. Natl.
Acad. Sci. USA 97:12937-12938.

King, E. O., Ward, M. K., and Raney, D. E. 1954. Two
simple media for the demonstration of pyocyanin and
fluoresin. J. Lab. Clin. Med. 44:301-307.

Law, R. D., and Crafts-Brandner, S. J. 2001. High
temperature stress increase the expression of wheat leaf
Ribulose-1,5-bisphosphate carboxylase/ oxygenase
activase protein. Arch. Biochem. Biophy. 386:261-267.
Lin, N. S., Lin, B. Y., Lo, N. W, Hu, C. C., Chow, T. Y.,
and Hsu, Y. H. 1994. Nucleotide sequence of the genomic
RNA of bamboo mosaic potexvirus. J. Gen. Virol. 75:
2513-2518.

Marrou, T., and Messiaen, C. M. 1967. The Chenopodium
quinoa test: a critical method for detecting seed
transmission of lettuce mosaic virus. Proceedings of the
international seed testing Association 32:49-57.

Portis A. R., Jr. 1990. Rubisco activase. Biochim.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Rubisco iH LI E RN 2 28 101

Biophys. Acta. 1015:15-28.

Roebuck, P., Sexton, R., and Mansfield, J. W. 1978.
Ultrastructural observations on the development of the
hypersensitive reaction in leaves of Phaseolus vulgaria
cv. Red Mexican inoculated with Pseudomonas
phaseolicola (race 1). Physiol. Plant Pathol. 12:151-157.
Rokka A., Zhang, L., and Aro, E.-M. 2001. Rubisco
activase: an enzyme with a temperature-dependent dual
function? Plant J. 25:463-471.

Rompf, R., and Kahl, G. 1997. mRNA differential display
in agarose gels. BioTechniques 23:28-32.

Salvucci, M. E., Werneke, J. M., Ogren, W. L., and Portis,
A. R., Jr. 1987. Purification and species distribution of
rubisco activase. Plant Physiol. 84:930-936.

Sanchez de Jimenez, E., Medrano, L., and Martinez-
Barajas, E. 1995. Rubisco activase, a possible new
member of the molecular chaperone family. Biochem. 34:
2826-2831.

Tabor, S., and Richardson, C. C. 1985. A bacteriophage
T7 RNA polymerase/promoter system for controlled
exclusive expression of specific genes. Proc. Acad. Sci.
USA. 82:1074-1078.

To, K. Y., Suen, D. F., and Chen, S. C. G. 1999.
Molecular characterization of ribulose-1,5-bisphosphate
carboxylase/oxygenase activase in rice leaves. Planta 209:
66-76.

van de Loo, F. J., and Salvucci, M. E. 1998. Involvement
of two aspartate residues of Rubisco activase in
coordination of the ATP y-phosphate and subunit
cooperativity. Biochem. 37:4621-4625.

Werneke, J. M., Zielinski, R. E., and Ogren, W. L. 1988.
Structure and expression of spinach leaf cDNA encoding
ribulosebisphosphate carboxylase/oxygenase activase.
Proc. Natl. Acad. Sci. USA 85:787-791.

Werneke, J. M., Chatfield, J. M., and Ogren, W. L. 1989.
Alternative mRNA splicing generates the two
ribulosebisphosphate carboxylase/oxygenase activase
polypeptides in spinach and Arabidopsis. Plant Cell 1:
815-825.

Wolosiuk, R. A., Ballicora, M. A., and Hagelin, K. 1993.
The reductive pentose phosphate cycle for photosynthetic
CO; assimilation: enzyme modulation. FASEB J. 7:622-637.
Zhang, N., and Portis, A. R., Jr. 1999. Mechanism of light
regulation of rubisco: a specific role for the larger rubisco
activase isoform involving reductive activation by
thioredoxin-f. Proc. Natl. Acad. Sci. USA 96:9438-9443.
Zhang, N., Kallis, R. P, Ewy, R. G., and Portis, A. R., Jr.
2002. Light modulation of rubisco in Arabidopsis requires
a capacity for redox regulation of the larger rubisco activase
isoform. Proc. Natl. Acad. Sci. USA 99:3330-3334.
Zhang, Z., and Komatsu, S. 2000. Molecular cloning and
characterization of cDNAs encoding two isoforms of
Ribulose-1,5-bisphosphate carboxylase/oxygenase
activase in rice (Oryza sativa L.) J. Biochem. 128:383-389.



102

REYREREZ S S 1248 552 H] 2003

ABSTRACT

Chiang, B. T. ', and Huang, H. C. '* 2003. Expression of rca gene in Chenopodium quinoa during the
hypersensitive response induced by Pseudomonas syringae pv. syringae. Plant Pathol. Bull. 12:93-102. ("
Graduate Institute of Biotechnology, National Chung Hsing University, Taichung, Taiwan. > Corresponding
author, E-mail: hchuang@dragon.nchu.edu.tw, Fax: +886-4-22861905)

A full-length rca cDNA encoding Rubisco activase was isolated from leaf tissues of Chenopodium
quinoa using subtractive hybridization and following 5' and 3' RACE-PCR cloning. This clone comprises
1809 bp, consisting of a 121-bp S'unstralated region, a 1314 bp coding sequence of rca cDNA , and 374-bp
3'unstralated region. The deduced sequence of RCA includes 438 amino acid residues of Mr 47.8 kDa and
pl 6.875. A single copy of rca gene is detected in the genome of C. quinoa based on Southern blot assay.
According to western blot analysis with a rice RCA serum and RT-PCR experiment, the results indicated
that there are two isoforms of RCA protein present in C. quinoa and the S-form is abundant. The clone
isolated here encodes S-form RCA. Furthermore, the northern blot assay showed that the rca mRNA
expression of C. quinoa declined 6-9 hr after the hypersensitive response (HR) induced by Pseudomonas
syringae pv. syringae strain Pss61. However, the accumulation of RCA protein during the HR was the same
based on the western blot analysis.

Key words : Chenopodium quinoa, hypersensitive response, Rubisco activase, Pseudomonas syringae pv.
syringae strain Pss61



