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A1l deA, A7) 54 3¢ S35 AEA e 60~100 dBE 0.5~1.5 A7+ S A= S 5POR 5
= el Wheshe Ae dwde] w4 Uy

373 6

ALl gelA, 7] Fatel wkgehs gude] AL WA 2akel A7) GRS A A (ALDI-
TOF-MS)& &3 Fdsh= As SHo2 she Sl uhgahs A2 dide] £4 Uy

-

ALl oM, 7] T4 Ee FEdel dojste wd, geskE tiAb B e, ~Eds 8l
of 71 dd wwid, f4 AR A w3 oA, Aaab ds wad ) opreabiAb wh e Bl sk
HAE R wmE R ool FoRH AuBHE s o4l A& 5HOR sz Fuel wheehs Aw wY
Aol wA .

7% 8

A7go] oM, A7l A" @A Fujam 2 B FY 2B(RuBisCO small subunit 2B), FH|A~= 2H2
B 545 1ARuBisCO small subunit 1A), 40S B|H % @ S20-1(40S ribosomal protein S$20-1), &9
FH[2~F 22 A EHFY 1ARuBisCO small subunit 1A chloroplastic), oX F382] F4ol %4 ATPase
B fy @ (F-type H-transporting ATPase subunit delta), HEP-Z2d A|A-Edxs olo] amjejs
CYP20-3(Peptidyl-prolyl cis-trans isomerase CYP20-3), X3 &E<o] WM 7§A] <A 5A-2(Eukaryotic
translation initiation factor b5A-2), FEHULAE=E TEAHo|E Z]yolAl I1I(Nucleoside diphosphate
kinase 11), FA%E F2o #ulx A (Putative major latex protein), FEFHQA|E TJEAF O|E 7)o}
Al I(Nucleoside diphosphate kinase 1), A|EIE b6-f E&A d-3 B FY(cytochrome b6-f complex
iron-sulfur subunit), 2-Cys ¥2A]dE421 BAS1(2-Cys peroxiredoxin BAS1), #|H 2 5-EAHo]E ofo]Ang}
#l A(Ribose 5-phosphate isomerase A), FZZ3 a-b 2% @A 2(Chlorophyll a-b binding protein 2),
ATP &4 B/ HEHATP synthase subunit beta), 2FA-2A <13lA i 1-2(Oxygen-evolving enhancer
protein 1-2), @=A)¢] wate4F A (Carbonic anhydrase 2 chloroplastic), BHFES=E 4 (AT2G37660
Carbonic anhydrase), Myb =wlel w®=a  17(Myb domain protein 17), ZSFEFE] S-Holgix
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DHAR2(Glutathione S-transferase DHAR2), T2 H|olE&F A EHFY HWlEl F3-6(Proteasome subunit beta type-
6), L-olxz2B sk HEA|tholA] (L-ascorbate peroxidase), AW fAF @12 AMuBafdz] 3(Germin-like
protein subfamily 3), SFEE]2 S-Ho]& A F2(Glutathione S-transferase F2), {ZAo ¥ ZAlo]= T
2FEbolAl [ A ] (Superoxide dismutase [Fel chloroplastic), SFEFE]® S-#Ho]d&A F9(Glutathione S-
transferase F9), A& A% A @Mz 1(Vegetative storage protein 1), ZEZ QA H|AXAHE JI2
2 aglolA] glo}A] All(Ribulose bisphosphate carboxylase large chain), &2 A 1,5-B|AXAFOE F}
2R AT oLA /A AVGA] 2lolA] A2l (Ribulose 1,5-bisphosphate carboxylase/oxygenase large chain), V-
ol ZT2E ATPase A H-FY E1(AT5G02240, V-type proton ATPase subunit E1), #@5A1-NADP a4k <
ofo] 2z}l 2(Ferredoxin-NADP reductase leaf isozyme 2), IF-H|AXAHolE  dEolA(Fructose-

bisphosphate aldolase), ©¢l=3}ZHO|E-Au|dds|= B4 g (Aspartate-semialdehyde dehydrogenase),
F=3 JF-HAFEAHOE dEatolA 2(Probable fructose-bisphosphate aldolase 2), 77 =2-NADP 3+l

2 (Ferredoxin-NADP  reductase), E¥Ze|Ale|o]E 7]LbolA| (Phosphoglycerate kinase), A|Z~E]9l 4 &
2~ (Cysteine synthase), Zdlo]E ©4Ad(Malate dehydrogenase), IFH-H|AEAFHOE  UdEilolA
(Fructose-bisphosphate aldolase), Q=A Z2=8g-F3x A3 w@A-41(Chloroplast stem-loop binding
protein-41), FZXZ23 g4l dFl2 52 olA] 2(Uroporphyrinogen decarboxylase 2), ATP @A a4 v}
Aol 1(ATP synthase gamma chain 1), SYHNELHI = 3-F2FHo]E v =Z A olA|(Glyceraldehyde 3-
phosphate dehydrogenase), RNA Z3 wWZA(RNA binding protein), JIEZSAIFHE FAdFah
(Hydroxypyruvate reductase), SHELHZ=-3-EAHoE ] =@AobA]  A(Glyceraldehyde-3-
phosphate dehydrogenase A), ©l¥E]Q A#A|Fo] wr]u]e] 1(Epithiospecifier modifier 1), ZFEW FAH&E
A AEA olo]AxY] 1-1(Glutamine synthetase cytosolic isozyme 1-1), =FEFY X &4 (Glutamine
synthetase), X2 EZ7)1obAl(Phosphoribulokinase), BEZQ A H|AXAHO|E FL2HAlolAl /KA A
tolAl  NEJHLA(Ribulose bisphosphate carboxylase/oxygenase activase), X2XZE|A|HOIE  7|uolA|
(Phosphoglycerate kinase), 95312l 217421 A Tu(Elongation factor Tu chloroplastic), S-o}ul|:=2HE
AlEfo}A] 4(S-adenosylmethionine synthase 4), A2 60 A B4 ®lE} 2(Chaperonin 60 subunit beta 2),
nlZAluolA]  1(Myrosinase 1), XAXFEAFOIE  Uyslo|=2AYolAdl AR whlE (Phosphoglycerate
dehydrogenase-like protein), ZIZAEZELUIE=-3-X2HolE ds|=ZAI}olA]  B(Glyceraldehyde-3-
phosphate dehydrogenase B), ATP-A3XZz}o}A] 1(ATP sulfurylase 1), O|AAEHOIE E44 & (Isocitrate
dehydrogenase), R=tjsfe]=Rol~F2Ho]E 2 & A (Monodehydroascorbate reductase), =FEMHO]E-Z
S AYolE ofln-Hol & A 1(Glutamate-glyoxylate aminotransferase 1), NADP-o|&% ZF#A|=Zdd|s]=-3-
X2 olE 43| =2 A YobA (NADP-dependent  glyceraldehyde-3-phosphate  dehydrogenase),  7FE&ho}Al
(Catalase) ® Al o]=FA e AL F 4 (Glycine hydroxymethyltransferase)® o]|Folzx o 2HE A

g5t s} ol ¥ AL SHOR s el Mt 4B wude] 24wy

> b

3 A A

7l & & oF

2 e 54 St whEshe AE o] BA e #g AoR, oS AAsAlE AEAC 54 3
o FIE AuEte WA A7 w3 AEE AESARREH A FEeke wA; 2 A7) fEE vide s
H Sulo] gkgets dild s A} dAE T b wSske A8 gude] B4 e @3k Zlo]
o}.

g7 e

AEAlE e EE A 2o Agshy] fEiA R Eie Q1A Wk EE 2EEa vk AECA
gk, Babe 9 AUk 580 9% EXF T3 22 VA A= AEA o8 Alety WEEs fk
st T2 A EAY Aol AAEAY, AlxEHe] vdaiAe= A 22 A5 Fue WstE vhAen. o] &
= AEY K Wste o|F wAstE ZIAA 2Ed 2 g AFAES FolFrh(Jaffe et al, 1993, Plant

Growth Regul. 12:313-324).

53934 (thigmomorphogenesis)2 A &o] 7|A14A HEFAFd w3l AL SHge] ®slE 7tH+=
AL omslH (Lee D et al, 2005, New Phytol 165:429-444), 71AZQ AEdH 2o w5t A9 A4 ¥
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9 (sound waves)= ZIAAR] AEUAO shuR, AEo] A dde] JIF
Colloids Surf B Biointerfaces, 25:189-195), &3l Suli= A& A ¥H

st o] Z& MaEEstel #eo] ). weof eold 50 Hz &I3-E AHEshH, AEAY e A 2 Fx} Hol
2 37 &Y. w1F, S w 54, Seh=ulevl(plasmalenna)®] H-ATPased] 34 2@ 7z
o Aol JFE Fohe Wol wuHAck &g AT o8| s} Welsi H-AlPasee] @40 Zat
o] HiuF o (Xiujuan W, 2003, Colloids Surf B Biointerfaces, 29:99-102), &5# %
SI= AEY AGEY AE £ES A FHAA7IH, =S ATP 2 584 dulde] g
A e atstEdd dits) S 7RG dEAT. S3E AEe T3 e UlY 41 3
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A= ddo]l 82219 W] zo]E HAFuh. 125 Hz 2L 250 Hz9 AEZ5el A d=alolA (AID) S A<
o] Z71EE vhE | 50 Hz9 S+ dEolA wdo] AaES Ho] FAtH(Jeong et al, 2008, Mol.
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shan, ol WEH: GuAS 23b A71E UL AFEAI|E olgete] S os] HolHom wd
P A delste] g 9 AdoRA B wye s
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47) BAE AFs) Asl, B orwe ABAC 54 g eE Ak WA Y] 9 Aed A8
2RE wAe Besis WA R 4] Felw audene Subd weett 9w SR wAS 29
s gt WgetE AE wwde] 24 wEe AT

wigel 2y

woage oY AEAe ZEde A4S Fael, 54 2] Wt 9ude dAgons, it
o8l Selxom wds: wud FRE ARG, ¥ dge 54 &3 el ud ABAY wwd x4
e wilosd v e Sis BE, 3F AVSA AR 2 3 A9 AR olgd 5 9
AR 0§84 9, £H 4] 54 vud =9 G448 088 RS JBA) AxE B A,
b, s, 9, oluX 4B ol e 48 A Fopl olgd F Utk



[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

ZIHSd 10-2014-0062359

Yebdith, S3ke] xg]= 250 Hz, 500 Hz, 1000 Hz, 2000 Hz % 3000 Hzo 338 Agstdon, (A)xe &9
Az 047, B)E &3AE 12 Fof vl wElEg 23bel W719% A Ao dehd Aot £9E
AestAl 2 tixTet S35 AP AT Atolel AT AolE Heole 23S dYe] Wd MR %7
A

T 32 vde 23 3ol wEehe o dwEs gidoew 23 HVdEs FIAd A ARS
gte] A= 250 Hz, 500 Hz, 1000 Hz, 2000 Hz 3= 3000 Hze] s-3-S A 2ah , &
A 24A17F, (B)E S3AE 48417 Fof vl ks 23k W79 A Ao R el Felth. &9E
AgstA 2 tixTet S35 AP AT Atolel AT AolE Heole 23S dYe] dd MR %7

i
ius
=
n
dlo

% 4% o713 dlel 250 Hz, 500 Hz, 1000 Hz, 2000 Hz = 3000 Hz9] &3 3}4S 0, 1, 24 = 48713 A
sol, g} ol J%’é}—t— B4 dALe dyos 2 AFEL FAR F, SHE AR %L
Aol vmele] wasre] AN AolF wolt sze] wud WA AU BAH ANE v,

T 5% &9 3 whgate oo duie] 7leA] # e, 9T EX AZEAVE 589
e S TAIR (http://www.arabidopsis.org/), UniProtKB(http://www.uniprot.org/),
KEGG(http://www.genome. jp/kegg/) 2 PIR(Protein Informatin Resource)®] H|oJE] ®|o]|AZE o] &3&lo] E7F3h
Aow, AETH 7|eHE XAStY] E/E ditholo] 1S vERdTE.

Hu
Ll

wBe AAe] $lek A U

2 oty o] B48 gdAsly] feled, B wie AEAe 54 wdo SuE Aste @Al Y] 239 AZldE
AEAZREY d@idS 2 ‘?%74], 2 A7) E2lE dAZEE Syl Whgele wA S T4k ©HA
S Xgsl= Syl WSshe A E gl B4 HS ATt

fo] "ddlFNe {FHA HHE F5dte wEAAY FFHoE AxY giEEd o 93-S Feste
7158 Hdjoln], FERAS L V|THoR A5 1x BoldS vEiY AHELS WilE Fa% &
2ol dgta & 4 Utk

fo] "IZ2HE"2 AlE(genome)ol A THE = Tl Ao F38 el

2 o] mE Wo] H8E 4 e AEAE Y AE Ee 9 AEo] xgET. Y] AR A=
o o2& oo AHXE o, ofr|ddl, 7R, &@Hl, 1F, EntE, 9, &%, A, ZFA, AFA
<o, neh, Ay, 9, muvE, gEd, s, dels, s, ek, 3], Qo] &uk uk =] i
5 AEE 2 45U Qv AT 9 A Ee] d2s old dgHAE doy, W, d, By, FE, S
T, B, ofxmet A, &3, wis, I, B, g, v E Al k. A7) AR A EAE v sHAE
N4 (Arabidopsis thaliana)d 4= Ao} oo A|gH =] g+

2 ool A FE oo wE WA, vl §A 3] Suk= vigAs A= 100 Hz ~ 3500 Hz d
gom 74 upgkAskAlE 250 Hz, 500 Hz, 1000 Hz, 2000 Hz %% 3000 Hz & 5 1o} o]d A|gte]#] &=
o}.

2 dgde] o Fd o mE WA, A7) B4 33 g3E A EAC 60~100 dBBR 0.5~1.5 A|ZF M e
F oy nEAsH A= 80 dBE 1A AgEd 4 o olo] A|gtE A et

2 oo A FE oo mE WA, 7] BA 3] &3k wkEshE o] Fgde ol 23k w7
I3 wWuEx  AFEAM(Matrix-assisted laser desorption ionization time of flight mass
spectroscopy; MALDI-TOF-MS)S T3l 48 4= Ador}, oo AR gk=t}.

s

B o QlojA, AV 2aY 79T @uldAS EEEy] f8 8 T, ditdom 1A A 5
A(isoelectric) ¥EA(IEF) o2 231l A] AFEHAAH]E(SDS) A M”95 (SDS-PAGE) &2 F~3jstt}. u}
g A Yol A" il g@Ede \A ASHIER)d wek, I theel Z7)el weh Bl a2 AdIe
1000 W1=] 5000 =% HAEeo] EAER w3 71 747 it o ol owda Flry, 23 #d7|ds AolA
Z474o] 2~ 58S #Es = Qlth, FulA] BHYAE EF(Coomassie brilliant blue) @ GAsHH 100ng ©]do
2 EAete dd AsteS BEE 4 3, AW(Silver)Z @AM AU EE SYPRO FH| (ruby) 9t B &%

o A % ‘_O:_

(fluorescent) G4 A<k o= 2-5ng ALY vl AgES FAst 4= gl gl Ea
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A G718 Z7NFeR pAeE = glen, A FAZS 1.5mm ©)&E ZAAA

el lojAl AR [EFelA =

Ao A @ dild ~35S8 BFdE & vy, 2y #ZE ¢ e AR

ko], 2709 A & IPG4-83 2 AHd diAo] ojgk IEF A3 [PG6-103 22 7]

AFEEZIE St U)o =2 wilAe] RS =olv] fske, 1PG9-12%F

2EYS AMESHAY, BIEY pH ) d79s AS AMEE o vk, Eg
zZ = =3

o =
e @71 skl 1PG5-63 o] 52 pH (HAS Zh= IPG 2E o] AREH 7| = g,

¢

| Ao wudsl 2 ogmAe shtel AdA] Bael] flskel, 239l SIS A 71BN 9-16%Sh 2L
THl A(gradient gel)s AHEE 4 Avk. L BAFe] 2 @] Feles xol7] fAste] A& S S
7+ 0

A~
2
Aol 22 dMde] Fales Fol7] fete] =2 %9 Hl-7f A(non-gradient gel)olu} ¥ %

Eoutgol A G oo uwE wholAM, Ar] dmA ER{FE TAIR  (http://www.arabidopsis.org/),
UniProtKB(http://www.uniprot.org/), KEGG(http://www.genome.jp/kegg/) 2  PIR(Protein Informatin
Resource) 9] dlo]E o] ~E o] &3te] &R/ 4 Qo old A= =] &=},

2 o] d FE oo wE oA, AV FAE dEde Fujam e AHASY 2B(RuBisCO small
subunit 2B), FH|AF 22 A BHY IARuBisCO small subunit 1A), 40S 2B ©huld S20-1(40S ribosomal
protein $20-1), {@FA 9 FH]2=x 2> M EFY 1ARuBisCO small subunit 1A chloroplastic), o= 3]
FAaolE 54 ATPase AMEAFR DEHF-type H+—transporting ATPase subunit delta), FEE-ZZY A]2-
Edl X~ olol v EkA] CYP20-3(Peptidyl-prolyl cis—trans isomerase CYP20-3), XA Eo] WM JJA] Q1A 5A-
2(Eukaryotic translation initiation factor 5A-2), FEHLAE YEAHOE Z|yolA]l II1(Nucleoside
diphosphate kinase 11), FA%+ F2 gl iz (Putative major latex protein), WA= YXEX
HolE J)yolA] I(Nucleoside diphosphate kinase 1), A|EIE b6-f HFA d-3 B FY (cytochrome b6-f
complex iron-sulfur subunit), 2-Cys ¥<A]# =4l BAS1(2-Cys peroxiredoxin BAS1), @]H.~ 5-FEAFo]E o}
o]Zm&tAl A(Ribose 5-phosphate isomerase A), FEE3F a-b A W& 2(Chlorophyll a-b binding
protein 2), ATP 34 ABHY W EF(ATP synthase subunit beta), AbA-2A AdlA] wlz 1-2(0xygen-
evolving enhancer protein 1-2), 9=A|¢ elE4=& A (Carbonic anhydrase 2 chloroplastic), EHAIEFEA
(AT2G37660 Carbonic anhydrase), Myb k=w|Ql w#lxd 17(Myb domain protein 17), SFEHEL S-Holai
DHAR2(Glutathione S-transferase DHAR2), EZ2H|o}&F AMERY HlE} F3-6(Proteasome subunit beta type-
6), L-o}x=zm=B A #HFZAtiolA] (L-ascorbate peroxidase), A% A} ©ld B fde] 3(Germin-like
protein subfamily 3), ZFE}IE]L S-Ho]d A F2(Glutathione S-transferase F2), =A|¢] 3 2Alol= ]
2HEbol A [ ] (Superoxide dismutase [Fe]l chloroplastic), Z=FEEL S-Ho]ds F9(Glutathione S-
transferase F9), 21& A=A A= vhuwlz (Vegetative storage protein 1), TEE QA B|AZ AT E J1=2
B aglolA glo}A] Al (Ribulose bisphosphate carboxylase large chain), @EZQ A 1,5-H]|AXZAFHOE 7}
ZEAZolA /S A A YA 2o}l A<l (Ribulose 1,5-bisphosphate carboxylase/oxygenase large chain), V-+r
o] TZE ATPase MEHY EL(AT5G02240, V-type proton ATPase subunit E1), #l|541-NADP #gas <
ofo] 2Ate]l  2(Ferredoxin-NADP reductase leaf isozyme 2), IF-vH]|AZAHO|E dEdtolA|(Fructose-

bisphosphate aldolase), o}~ ZEH|o|E-Audd s YA i A (Aspartate-semialdehyde dehydrogenase),
F55E HJF-nlA2XEAFHolE dEglola] 2(Probable fructose-bisphosphate aldolase 2), el = A-NADP 3+

2 (Ferredoxin-NADP reductase), EXZe|Ale|o]E 7]ubobA (Phosphoglycerate kinase), A2=E]9l 34 &
(Cysteine synthase), Z#HolE &FiaFi(Malate dehydrogenase), IE-H|AZAFHO|E dEalolA)
(Fructose-bisphosphate aldolase), Q=A 28l-Fx ZAg dwWz@-41(Chloroplast stem-loop binding
protein-41), F2¥23gx=Al ©7}282z}o}A] 2(Uroporphyrinogen decarboxylase 2), ATP &4 as 7w}
A¢l 1(ATP synthase gamma chain 1), SFAMELU = 3-EAHE T =2 A olA (Glyceraldehyde 3-

B ot
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phosphate dehydrogenase), RNA 23 WA (RNA binding protein), 3JIEFA|IFHIIE IFdFAh
(Hydroxypyruvate reductase), =M ELHSE-3-FAd0]E s =2A tola]  A(Glyceraldehyde-3-
phosphate dehydrogenase A), °l¥E] @ ~#H AT o] wr]ulo] 1(Epithiospecifier modifier 1), ST FA&E
2 AlEA olo] A~z 1-1(Glutamine synthetase cytosolic isozyme 1-1), =FEFY A &2 (Glutamine
synthetase), XX 2|8 27|y o}A(Phosphoribulokinase), #]EZQ2 H|ANX AT OE 2 &2 glolA /A A
tolAl  NEJHA(Ribulose bisphosphate carboxylase/oxygenase activase), X2XZE|A|HOJE  7|uolA|
(Phosphoglycerate kinase), 9532l 21721 A Tu(Elongation factor Tu chloroplastic), S-o}ul|:=2HE
AlEFo}A] 4(S-adenosylmethionine synthase 4), AF#| 2 60 A B4 wlE} 2(Chaperonin 60 subunit beta 2),
nl 2 AluelA]  1(Myrosinase 1), XA2¥XFEAFC]E  Uyslo]l=z2AYolAl AR ©@l A (Phosphoglycerate
dehydrogenase-like protein), ZZAZLUFE-3-EAHolE Us|=ZAYUolA]  B(Glyceraldehyde-3-
phosphate dehydrogenase B), ATP-A & g}olA] 1(ATP sulfurylase 1), O|AAEHIE &4 & A(Isocitrate
dehydrogenase), ELt]dlo]=2ol 2w o]E 29§ 4 (Monodehydroascorbate reductase), =FElHC|E-=
22 olE oflu|i=do]l &4 1(Glutamate—glyoxylate aminotransferase 1), NADP-9]&E% Z|A 2L H 8| =-3-
E2HolE 43| =Z A YobAl (NADP-dependent  glyceraldehyde-3-phosphate  dehydrogenase),  7FEeto}Al
(Catalase) ® Z#Al o= A E AL E 4 (Glycine hydroxymethyltransferase)® o]Folz o 2HE A
gu = st o]l A F dont, oo AlgkEA ket

o, ¥ wme Aaldel ols] A AH@Th. @, s A B oAPe dAshs Ay ®
gl 7] AAele] @EE AL ohid.

s 32 By
L Ae As 2 3 3 A
ks

A ol 71N (Arabidopsis thaliana, ecotype Columbia-0)& AFESIAT. FTAE EWH A3k &

=
w

=

4

Ko

-

A Ao TFte] 4TolA 3d B AHEg & (22T, HulsE 60%, FY FA(16A13F F/8A]
ol A Auistdct. 35" A EAE 80 dBE 60% B9 thFd 3(250 Hz, 500 Hz, 1000 Hz, 2000 Hz 5=
3000 Hz)oll =&H Ak, dEz7E 2 H4S A 2 2roz AuEAnt. 3 a3 83 o713

9 o
0 AP0, 1, 24 EE 4847 AEYY. wE AP mPo 3y Sk,

gl &S 98 71U A(Bg)S AA AR WAPES o] &3te] wiH Tt widlE AR A7hE
Eg S22l EAL/olAlE(Trichloroacetic acid(TCA)/acetone) H3(10% TCA, oFAESZ =21 0.07% 2-HZE

H

B AR, S welar, AslE 10mle] obAlE AFH & (80% oFAIE, 0.07% 2-ME)S.® 23] A
23k 5 DS FEHH[30% FARQ, 2% SDS, 0.1M Tris-HCI (pH 8.8), 5% 2-ME, 1% ZH|dZgvSe=
(polyvinylpolypyrrolidone; PVPP)]¢} =& 1112 ZF3 §AS H7tste] d2olA 1AF wh-gA1A d4d3)
sttt wAstE AIEE 8,000 rpm &2 4THA 1087 YRS FeAS Fgstar, 100% HEEo] <l
0.1M &5+ otAH o] E(ammonium acetate) & Alm F-3]o] 5ulE H7Iste] 20T 2A17F &< @S A
AT AHE AIEE 8,000 rpm ©& 4Tl A 1083F YAlEelst &, A5 AS wEar 80% ofEC R 23] Al
sk, @ AEe] dwAS g8 WM $-dlok(urea), 2M E]S$-#lol(thiourea), 20mM DTT, 4%
CHAPS([ (3-cholamidopropyl)-dimethyl-ammonio]1-propanesul fonate), 2% FA A A A (carrier
ampholytes)]oll o] AlggMNoz A543, FE5F dMAS 2D-Quant kit(Amersham Biosciences)E ©]-&
sto] AeFsk H Aol AMESFAAT.

T

P

3. 22k A719E 2 A ovA 4

ASE25E FE28 99 E 100ugs A3} ¥ ¥ (rehydration buffer) [8 M $-dlo}, 2% CHAPS, 20 mM DTT, 0.5%
A Fd e Z (pH 3-10), 0.001% B.EREAEEF 30019 =33 & PG ~EH(Bio-Rad Co., Hercules,
Canada; pH 5-8)°] 12A1ZF B¢t AFs&tg ey, 18] 250V (15 min), 250-10,000 V (3 hr) 2 10,000 V (9
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hr) &9t 5371 A3} (isoelectrofocusing) & 3. 2239 A7) &4 SDS-PAGEE F~333}7] H o
IPG 22 W ¥ (equilibration buffer) I[(50 mM Tris-HCl, pH 8.8, 6 M $-#l°}, 2% w/v SDS, 30% w/v =%
ME, 1% w/v DIT) 1A 1587F AlF ek o2, H3W [1[50 mM Tris-HCl ,pH 8.8, 6 M o}, 2% w/v SDS,
30% w/v =8 AIE, 5% w/v QL EolM Eoln=(jodoacetamide) Jol A 1587+ AlH3k . o] IPG 2EHS B3
2 floll &9 v SDS-PAGE d7]dE WHol 0.3% ofRAE o] PG 2EHS aigsto] SDS-PAGES A8t
WTF. SDS-PAGE7} &k A An] gAste] dhuld A3 Qlsigivt. Aol & AL nle]e = GS 800
279 (Bio-rad GS 800 scanner)® ZZsle] #A] =g 7] I )Y AE(PD-QUEST) AZEHo]E o] &3lo] W
sty gl d S A Gl

=3 3ol o9& FUF e AdeE A%S dHoad WEZS o]&ste] EEEke] 1mle] FHe| ¥ %, 25
mM - EHH(E R R) %}E'_#E" ‘ﬂ-ﬂ(ammomu bicarbonate buffer (pH 8.0))3 AF&3&}o] A|%x3 50 % N EUE

= 400pt B3L, 15 & F AHEG. o] HAE 23] wHEste] g F, 100 ¢ oMHMEUEHS Y1 5ﬁ‘7}
WA ok, OVﬂE‘% % AAHAT. 2 F, ARE ds] dxg EP% EfAl £9(25 mM NHHCO;, pH
8.0 MF e =21 10pg/me) 30 s Wir, 37ColA 1641 &<t vE&3Ith. vhgo] $hsd WgAs M= 7
Holl &7, 400 ¢ 50 % oFMEUVE™/5 % TFAE H7lste] fefol=d F&3%th. 59 &2 443 1
Zste] WrjEX AREEA7] A0 ARESATE. 0.5409] ETb-Aloli-4-3lo] EE A A slE™ A9 0.5409]
A EZA (analyte) €95 EFste] WHEZ g2 o &Y oS, AXRAZ F, Ur-EX AR F47]
(Applied  Biosystems,  Foster City, Ca)&  ©]&3d}] A= 2HEY AAqck WAFE

)
(Mascot (http://www.matrixscience.com/)) H©JE H|o]|2xE o] &slo] Tuld s 43}

=
T

e

1l

5. @] 715l

digdoel 715AQ BFE A, @& Aolrl = dMAES TAIR (http://www.arabidopsis.org/),
UniProtKB(http://www.uniprot.org/), KEGG(http://www.genome.jp/kegg/) 2  PIR(Protein Informatin
Resource)®] Ho]E] Hjo]2E o] §3te] Thuld S F{3GATH.

AAld 1. 3 % 73 @ide] #£3 2 4

sl e el MEe A A, A1geel 9ol zede Tedds 234 A D98

1 =

o] g3t FAE AT, o7 AEA S35 AHesr] A FA(= DE ©o]83te] 250 Hz, 500 Hz, 1000
Hz, 2000 Hz ¥+ 3000 Hz 373 449 quw 80 dB= 1A]zF A 3 0, 1, 24, 48X 7F o] of71Fd Yo
2HE auds FE31990. Zd_iﬂ o] dis)] 2xd A7 ES AAste] ©As EEsigla, AWy
S AAEte] BElE dEE JAIEAZ] &, olux] E4](Image analysis) HHOZ IUAREALTESOE
ol gsle] Wald ©MAS ISP THE 2 H = 3). Fgh, " ZF uMAs eulle] Efioz Huksgh
% FAglolmg F&5a HWEols EIES WU EZ(MALDI-TOF-MS)E o] &3te] A3 & nl~FE dlo|ElH|
o|AE o]gdle] HEge wMAS v 2 FelsFrH(E 1).

AN 2. AAFRAA T S5 HelE FE 9Nde 2d e £

of 717 thell 250 Hz, 500 Hz, 1000 Hz, 2000 Hz =+ 3000 Hzel &3 o = 48A17F A EEhe,
S5 gl WS PR A LABE 240 AAGFeR LA T, BAE AARA GO %
o wlmstel AAT Aol moli 2ge] wuAe] W HHS GEIATHE 4).

of

)
Y
mlo
O
=
[\}
>~
H

M
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[0042] ot &3 w98 2dE = dud grE
No' |Protein ID(NCBI)  |MW/pI, W/ |SC d
theor.’ (%)
1 RuBisCO small subunit 2B 16194 20303/7.59 | 10/18 54
2 RuBisCO small subunit 1A 15219826 | 20203/7.59 | 12/27 43
3 40S ribosomal protein S20-1 7671404 | 13101/9.78| 6/11 31
4 RuBisCO small subunit 1A, chloroplastic 13926229 | 14689/5.69| 8/12 49
5 F-type Ht-transporting ATPase subunit delta 15233985 | 25653/9.04 5/10 27
6 Peptidyl-prolyl cis-trans isomerase CYP20-3 15228674 | 28190/8.83 4/10 14
7 Peptidyl-prolyl cis-trans isomerase CYP20-3 15228674 | 28190/8.83| 10/18 34
8 Eukaryotic translation initiation factor 5A-2 9295717 | 23781/6.49 4/8 18
9 Nucleoside diphosphate kinase II 56965987 | 17049/5.54 7/12 43
10 [Nucleoside diphosphate kinase II 3063661 | 16962/5.54 4/8 19
11 |Putative major latex protein 15236566 | 17507/5.91 5/11 19
12 [Nucleoside diphosphate kinase 1 16396 16229/7.03| 6/11 38
13 [Cytochrome b6-f complex iron-sulfur subunit 30679426 | 22518/8.58 | 5/12 28
14 |2—Cys peroxiredoxin BAS1 15229806 | 29074/6.92 6/11 38
15 |Ribose 5-phosphate isomerase A 15229349 | 29287/5.72 4/11 27
16 |Chlorophyll a-b binding protein 2 18397286 | 28209/5.29 4/9 13
17 |ATP synthase subunit beta 7525040 | 53900/5.38 | 11/28 26
18 |Oxygen-evolving enhancer protein 1-2 15230324 | 34998/5.92 4/8 14
19 |Carbonic anhydrase 2, chloroplastic 42573371 | 28326/5.36 7/13 26
20 | AT2G37660 18404496 | 34858/8.37 7/15 23
21 [Carbonic anhydrase 62320917 | 28166/5.29 6/10 30
22 |Myb domain protein 17 15233066 | 33269/6.46 5/5 12
23 |Glutathione S-transferase DHARZ 15222163 | 23392/5.79| 5/11 25
24 |Proteasome subunit beta type-6 15235889 | 25136/5.31| 6/11 27
25 |L-ascorbate peroxidase 145323784 | 27503/5.85| 8/13 32
26  |Germin-like protein subfamily 3 15242028 | 21822/6.26 5.12 34
27 |Glutathione S-transferase F2 15235401 | 24114/5.92| 10/16 50
28 |Superoxide dismutase [Fel, chloroplastic 15234913 | 23776/6.06 | 7/12 22
29 |Glutathione S-transferase F9 15224581 | 24131/6.17| 7/14 47
30 [Vegetative storage protein 1 18420838 | 30243/5.49 5/11 22
31 |Vegetative storage protein 1 18420838 | 30243/5.49 4/7 13
32 |Ribulose bisphosphate carboxylase 1944432 | 47609/6.12 5/9 17
large chain
33 |Ribulose 1,5-bisphosphate carboxylase 27752799 | 47464/6.12 6/14 15
/oxygenase large chain
34 |AT5G02240 18413869 | 27086/6.19 5/8 18
35 |V-type proton ATPase subunit El1 1143394 | 26054/6.04 | 12/19 40
36 |Ribulose bisphosphate carboxylase 7525041 | 52922/5.88 7/11 16
large chain
37 |Ferredoxin—NADP reductase, leaf isozyme 2 15223753 | 41142/8.51| 7/10 18
38 |Ferredoxin—NADP reductase, leaf isozyme 2 15223753 | 41142/8.51| 6/12 18
39 |Fructose-bisphosphate aldolase 79322651 | 41781/5.94 4/6 12
40 |Aspartate-semialdehyde dehydrogenase 11228579 | 36620/5.39 5/8 10
41 |Probable fructose-bisphosphate aldolase 2 18420348 | 42961/6.78 8/12 27
42  |Ferredoxin—NADP+ reductase 145334919 | 29665/5.91 7/15 21
43  |Phosphoglycerate kinase 15219412 | 42105/5.49 7/9 18
44 |Phosphoglycerate kinase 15219412 | 42105/5.49 5/9 17
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45 |Cysteine synthase 15233613 | 33784/5.91 5/10 12
46 |Malate dehydrogenase 15219721 | 35548/6.11 9/11 29
47 |Fructose-bisphosphate aldolase 15231715 | 38516/6.05| 12/18 34
48 |Chloroplast stem—loop binding protein—41 15229384 | 43903/8.54 7/16 14
49 |Uroporphyrinogen decarboxylase 2 15226690 | 43553/8.29| 23/26 38
50 |ATP synthase gamma chain 1 18412632 | 40886/8.13 6/9 13
51 |Glyceraldehyde 3-phosphate dehydrogenase 15222848 | 36890/6.67 | 20/23 51
52 |RNA binding protein 15217485 | 42593/8.19| 13/21 39
53 |Glyceraldehyde-3-phosphate dehydrogenase 15229231 | 36891/6.62| 7/11 22
54 |Glyceraldehyde-3—phosphate dehydrogenase 15229231 | 36891/6.62| 11/23 30
55 |Hydroxypyruvate reductase 15220620 | 42221/6.68 | 18/18 43
56 |Glyceraldehyde-3-phosphate 166702 37652/7.00 | 10/27 23
dehydrogenase A
57 |Epithiospecifier modifier 1 15231805 | 44032/7.59 6/10 27
58 |Glutamine synthetase cytosolic isozyme 1-1 15240288 | 39090/5.28 7/8 13
59 |Glutamine synthetase 15238559 | 47381/6.43 8/19 30
60 |Glutamine synthetase 15238559 | 47381/6.43| 10/18 31
61 |Phosphoribulokinase 15222551 | 44436/5.71| 12/18 31
62 |Ribulose bisphosphate carboxylase 30687999 | 48469/7.55| 14/24 31
/oxygenase activase
63 |Phosphoglycerate kinase 15219412 | 42105/5.49 5/8 12
64 |Elongation factor Tu, chloroplastic 23397095 | 51624/5.84 | 12/24 15
65 |S—adenosylmethionine synthase 4 15229033 | 42769/5.51| 12/15 33
66 |Chaperonin 60 subunit beta 2 15231255 | 63302/5.60| 15/18 22
67 |Myrosinase 1 30690085 | 61094/5.61| 17/20 33
68 |Phosphoglycerate dehydrogenase-like protein 21536501 | 63271/6.32 8/14 14
69 |Glyceraldehyde-3-phosphate 336390 42769/5.60 6/9 15
dehydrogenase B
70 |ATP sulfurylase 1 6606509 | 51412/6.30| 7/12 14
71 |Glyceraldehyde-3-phosphate dehydrogenase B 336390 | 42769/5.60| 10/14 23
72 |Isocitrate dehydrogenase 15218869 | 45717/6.13| 13/18 23
73  |Monodehydroascorbate reductase 15231702 | 46458/6.41| 10/14 25
74 |Glutamate-glyoxylate aminotransferase 1 30688330 | 53267/6.49| 18/29 30
75 |NADP-dependent glyceraldehyde-3-phosphate 15224111 | 53026/6.23 5/9 11
dehydrogenase
76 |Glycine hydroxymethyltransferase 15235745 | 57364/8.13| 10/14 10
77 |Catalase 79326317 | 54960/6.34| 12/18 29
78 |Glycine hydroxymethyltransferase 15235745 | 57364/8.13| 11/15 16
[0043] e w2 9 % 30 BejFE 2-DE A9 Sxbol slgai
[0044] "ol=Ael MY (Da) 2 pl 7.
[0045] * o) ¥ (matched) FEI=/7% 9 (detected) HEI=2] Ml &

[0046] MDA 718 2] ] (sequence coverage).

[0047)  AAd) 3. A7)l TS S48 Aol SHW v J5H BF

[0048] 250 Hz, 500 Hz, 1000 Hz, 2000 Hz %=+ 3000 Hzo] &3 Aol s 57 w& Asks 787) dwlds ~3
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9 SR, ROES AFRN/E o8] AU, Sl s w@el 2AsE o/ BNLS
EQS Bael 7 uwae BEY )5ER BRE da, A4 ) el o4 Fagel welshs
A0, RS A, ZEAS % eI, F31 AR AU, AT, ol

(6%), FAIThAH4%) SO EFEATHE 5).
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