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ABSTRACT Lysine is the first limiting essential amino acid
in cereals for humans and monogastric animals, although its
content is generally low. A chemically induced high-lysine barley
mutant, M98, has an agronomically undesirable shrunken en-
dosperm trait. In order to obtain detailed insight into the atypical
traits of M98 grains, we characterized amino acid composition
and protein profiles of M98 and its parent cultivar Chalssalbori.
Among a total of 16 amino acids, the percentage of each of the
7 amino acids, including lysine, was 1.2~1.8 times higher in
M98, comparing to Chalssalbori. The percentage of proline and
its precursor, glutamic acid, in M98 was about the half of that
of the amino acids in Chalssalbori, but arginine synthesized from
glutamic acid was 1.8 times higher in M98, compared that in the
parent cultivar. Theses results indicated that the mutation in M98
grains might alter the proportion of amino acids linked to each
other in a biosynthetic pathway. A comparison of grain proteome
profiles between Chalssalbori and M98 revealed 70 differentially
expressed protein spots, where 45 protein spots were up-regulated
and 25 protein spots down-regulated in M98 compared to those
in Chalssalbori. Of these changed protein spots, 53 were iden-
tified using nano-electrospray ionization liquid chromatography
mass spectrometry. Most of these identified proteins were in-
volved in various biological processes. In particular, 28 protein
spots such as [3-amylase, serpins and B3-hordein were identified
as proteins associated with the atypical traits of M98. It was
thought that a genetic study on the unique protein profile of M98
would be needed to develop an agronomically feasible barley

cultivar with high-lysine trait.
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Lysine& Izt @ej7tso] AF{sofF sk Baopv|ie
4AhO B A Slarirol| RESE A WA AlRE ofw]eAtolrh Shp
2 29| lysine 3 éﬁi% Fo=2 1 299 mg/100g,
54 254 mg/100 g, 2] 517 mg/100g, H2f 406 mg/100 g,
39 401 mg/100 g %—Eilﬁ F 2,653 mg/100 g2 H|E3t
T30 H8)] w9 i www.fao.org/DOCREP/005/ACS54T/
AC854T00.htm). 3HH, A& @ tho|r} 5o HopAdr
O 24 SZL o] RS A ofn|eAtY] #HE e
“HV} FAE 7%’36}% T8 Q8lo] H=d], o]=3t o]
—% S Thld o] FALS TR o
(Tallberg, 1982)

1960%jEH°ﬂ A_,_i T AE 2449 l-Lysine 540
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“3:1-)4

opaque-ZE AlZFO 2(Mertz et al., 1964) R 2|5 H]E3H
ZHEo| A 2A19] oofrtA] AFS Q)3 Il-Lysine =

H:]o] e 9 o] AL o] 83t 8- 8-F5A Il HIlE
lom(Bggum et al, 1995), 55 AIFAIE-S Fdlo] vt
Eurh QUIA} ks Ao] B EIeOra ef .
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2000). H2]o] 79 1967 o) AlA] 2|22 212l i
Hea] SdHol Hiproly7} WA o], 1970 oll= 2}t
2ol WAk H2)E Bole] o] T-Lysine E¥lo]
AZo] 7= At Tallberg, 1982). $tH, 1-Lysine 323
o gaRo] Sl A7 $47 vl ke 774
-Lysine Q1% 027} BaLE g, ol g T $4%
S R oA o] o) FAHY AESA A an
Uell= Ao &2 FAE 1 ¢ltiJensen & Doll, 1979).
FelAE AT B He] EEALS BHoR 2
Ah AR FE<] 2R ] FHo] F-E=E4 <21 MNU(N-
methyl-N-nitrosourea)E *&|3}o] 1998 9] lysine §HeFo]
oF 2v) S7Hd -Lysine &AM A5 M98o] 7EE ]
THKim et al, 2011).

71%2] Q19149 T-Lysine He] SMo] AT FEA
om myo] ua A0 vk 23 viso} BEEe] e
Fef2jol EAHL Hol= o2 okeA 9IckTallberg, 1982).
M98 A& o]2jgt 54> F35HA Yehb=tl, 53] i
of 22 2] AHEA0] WolAT $HAE Ho} FAl0] ¥
< YA 7HA o Bkl YA o] &oll= THAI7E Sl
7, M98 £Alo] Hejd EA47} Bste] Kim ef al.(2011)
980) gLl Wl Tolsh Bl AR FHA7} 7]

B3 DLysine So] A%e] FEulG S
2 Zojetm Busgc

U7} S A] ¢ Al-Lysine He| Al5& Adsr] 9
& 2794 e An) vl S43 lysine T
TAE o] &dt= WS AT 4= St o]et #edsto] Kim
et al.2011)& FAolA vi7} ZpA|Sh= H]&o] 2o
H|3 M980¢] =t} B3}t SHH, Tallberg(1982)+= df
#2412l il-Lysine =AHO| A5l Riso15089] o= F
A FACNA Bi7F AR Sh= Bl&E T %ol Efsh 2E #
ZO] lysine Aol AA o2 w9 Thila Ao
Zelgtetan shalc.

Hejo] FAlo)A hordein A THHA L] 40%F 2HA|5}
= 2 A A2 (Shewry et al, 1977) o]Z19] -4 of
uteAbof A lysine Hl&-2 1 % o|5t= mjj-¢- 2 HFH proline
7} glutamic acid H]-&©] ] =tHTallberg, 1982). 1A
TLysine EHo] | 79 £419| hordein L 211 A
ZOo & lysine 2/JH|7} =2 ¢ &4 TAoL glutelin
o] ero] wrkShewry ef al., 1980).

Lysine W2 SQlo] AF) FAL gL HEHY
omn HEghro] ARk Kol Bl A2, ojit 54L&
sepy Ale] ZE feloz A HHCKTallberg, 1982)
Kreis & Doll(1980)2 t3E%Q1 2194 1-Lysine EHO] A

LT

L o o
=2 z (e

fu

91 Risol 5089] 735 5ytol] w]sh o] Huaagol 2
FHH 2= sucrose7} A E Al sFGl=, oA A
of AyEHY AR ARESL] HRoleln AZkselT. Ea
Patron et al(2004)2 1l-Lysine EHHHo| ATY H$
ADP-glucose transporter®] 7150 A3f%]|o] ull-3-2] amyloplast
oA HAZoz A=A X2k ADP-glucose”t 4 %= v
W Ao gepe stk Bushgch

saluio]o] T2 54 ofuliite] Hlg F7hs A of

w20 WskE of|atu, ofelgt Mk iAo 8
9 SRS WA AUAS e Ao AZkE 5 9
ot of2fRl WA, A=A EF Aoy A= 23
H AA DS BAYAGCRE k= proteomics 7|2 &
Qulofo] mhE Thal S4 W po] $8% Ao Wt
ok T G4 ERE WSk proteomics o] 7|4 4
& 7o, AkatEe] $4 Buld S4do] ohet proteomics
Py

$30] B Ayl H1E|31 ¢) ©w(Finnie & Svensson, 2009;
Agrawal et al., 2006; Skylas et al., 2005), B&|9] AL &
Ao AA| E= B9 B4, AsdAE Ws) 557] 1
= ge] gk 0 ol Pl B4 So| B uE|gickFinnie
& Svensson, 2009).

M98Z o]gsto] FYUA L= 83t dl-Lysine He| FF
& Apursy) SiaAE Mose] B Aeol gt Askst
9] ofsht wastehn A debd £ A7l B
529} M98 41°] o}tk 24 9 Tl profiled] 54
Zpol & BAJslo] M982] Il-Lysine I F-EH]-G A0
B sl AR A3 et

O

(s
]

ARz 3 xHulE

Ao A A AR S5 AR E 9} o]0 2.0
mMe| o] HE=EAl MNUES #J2fste] 7ldet Ji-Lysine
SRe] AEd M98 TS tie R EHIT: He &
Ae dA A FEUTE THAReH T A
d ool e
o, AlH] & AEidEs w205 UE 22 &

sfe] Sastaict.

4| ojo|icdt =4

ofu| Al 242 2009 E 201197kA] 3zt sl 4=
g EE el M98Q] FAS ti4 e Kim et al.(2006)
of Wlof we} 43Sty Rkl S4E T 5 g2
E43 % 500 mesh A& Fa2t £ 0.5 g= 0.1% phenol

o



1l-Llysine Eg| E%H0| F&9|

o] 3t 6N HCIZ 7Hr&afstilet. 5745 d7iste] 7t
SHajolo] HulZ 100 ml 2 9 5 oj7pA| & oS|Il Sep-
pak Cis cartridges ©|-838lo] E-ES AASISITE 7H&3)
HOJ o]tk ofn| At ApE-7-A] 7| (Hitachi L-8800, Japan)
£ o] 8-5}o] ninhydrin BFA] 02 HAkIch 2R 2]} M98
FAlo] FHeE & 1671 obn|:Abe] AR Fekol it 2t of
n) Al S H (%) AL, 1719 3 Highe ofv]
eAb 2AEE Yehfglon, ZHEE Ejel M98TEe| Z}t of]
wAF /8] ztolof ofgt AR %(LSD, P<0.05)&

Sayaalr.
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we] F4 adg
Waruelel Mog 4
mge| WA Felsiech 22e) AR 50 % FE9E
£o8[0.9 M sucrose, 0.1 M Tris(pH8.8), 10 mM EDTA
(pH8.0), 0.4 % 2-mercaptoethanol]¥} 50% H=(pH8.8)<
o] gsto] THE o]Q]o] BE4ES AASHUT) Himol =of
9l thaiA 2 0.1 M ammonium acetate2} 410] 4 -20C ¢
A 12417 B AAAR F AalEE ) HE A
WAl 2 t}A] 0.1 M ammonium acetate= -20C | 4] 305
A 2 AHETE 3 80% obAlE & 70% ofghEE o]
g5t0] ISRy, Wall AJeje] Th AL lysis buffer[LBTT:
7 M urea, 2 M thiourea, 4% CHAPS, 18 mM Tris-HCI (pH
8.0), 14 mM Tris, 0.2% Triton X-100, EDTA free proteinase
inhibitor, 50 mM dithiothreitol(DTT)]2 &35} o,
Apelstol 213t AL o|2}9177] %5 (2-dimensional gel
electrophoresis, 2DGE)o]| Z Q3+ T A 522 AMS}S
t}. A|&39] Thil A %% Conassie Plus'™ protein assay kit
(Pierce)2 =43} ch

2DGE9] 9%t Tl Ha]= Westermeier et al.(2008)2]
Hhol wheh =askeiek. Tl o] 13} EejabgQl isoelectric
focusing(IEF)E- $J5}¢] 24 cm®] IPG(immobilized pH gradient,
pH 4-7) strip gel& ]85}ttt IPG strip gel-> THfzl >
Zolo] xFtEl RH[0. 5% IPG buffer, LBTT]2.2 A}-20]
A 15X7F Bt Aj2=3la19le}. IPG strip gelo] 5818 whl
Z19] IEF+= IPGphor unit(GE-Healthcare)S ©]-83}¢] 43}
skglon 2 70,000 Vhrt HEs A5

Tl o] 22} 27 Ql SDS-PAGE =3§o]| $A] TPG strip
2 2% DTTE 355t equilibration buffer(50 mM Tris-HCI,
6 M urea, 30% glycerol, 2% SDS)= 158 2|3t &, 0]9]
A 2.5% iodoacetamide”} $H3-%¥ equilibration buffer= 15
£ A5tk SDS-PAGE(DALT VI, GE-Healthcare, 12.5%

=
T
X
=

oo
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gel)= 12°CoA] 1A7H53F 1.5 W/gel 0] 5A17H5<k 10
Wgel2 {rA|5to] =3f5}¢ie}y. 2DGE7} ke gelofA 3
AYo] Tzl (Al spot)S FAE)] 9131 coomassie brilliant
blue (CBB) R-2502 AM&314 o™, GAH 2DGE gelS &
7Wdsto] TIFF wtd= Asict. tAd ofu|#|gt # 2DGE
gel?] Thal A spoto] Thdt oFz BAL 9)5ko] ImageMaster
2D platinum software(ver. 6.0, GE-Healthcare)E A3}
ok A S spote] el it AE © spot
HEHGE A% volume) 22 Apston, SHAoz
A5 gel o|uAZ MO So] 33] WK s
SRl spotel] e oFd] A wEako] MOSe] A 24

7 5370 Tl spor Il ekl 9 BAE el
Ak

sralope] WS} ShelE Zhzte] Bl spoto] et 57
2 Kottapalli et al.(2008)2] WHol| wel ~a5}H ) Gel 22+
o Z3tE thMAS trypsin© 2 2351710 24 ammonium
bicarbonate(AMBIC)T} acetonitrile S ©]-8-3}o] gel ZZ}o|
oM FMAISF 59 EeEe AlAsHITE Gel 27k =
e o] uypsing A7}elo] peptide WO Hafet
AMBIC®} trifluoroacetic acidE ©|-&3}0] &3t peptide
Aol Bagh F5A12(20 n)= o853t Peptide
A2 A Ef] Ay} Cs ZHS o]§sto] & FA

o)
5t & nESI-LC-MS/MS(nano-electrospray ionization liquid

Lol ot

of

chromatography mass spectrometry) 4] 02 ZZFE S o=
Y519tk MASCOT A E ¢|oj(Matrix Science, London,
UK)E o]85}o] nESI-LC-MS/MS HAoz olojzl thu
2l spot'd MS/MS spectrum A 2o AS5H= thil 22 NCBInr
(National Center for Biotechnology Information)®| 41& tt
HE databaseol| 4] A kGct.

Zm w7

ZPAHB[QF M98 Z4!9] ofO|ieit =M X|O]

R eol MO8 FAlo] TE F 167 of|mAle B4
F A3}, 107} ofujicilolA] EAwolo| wE 2AgH| W3kt
SRRIE| QATH(Fig. 1). 7|&of| Hig Auto|xle} Zro], M98
ZA419] lysine A= 7.5% 2 AR 9] 4.6%0°] H|3|
A3 Z71E HITHKim et al., 2011). Aspartic acidE H]
Foto] F 671 ofw|iAke] 2/AJH|7E MI9Bof A ZHAE 2o
H|3] 1.2~1.88) &=%toy, prolined} glutamic acid®] =4
H)= MO8 A Z+2F 7.4%%} 17.5% = 2HH 9] 14.8%3}
28.6%0°l HJ3] HRkpEom WQIth

N ot ol
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Fig. 1. Difference in amino acid composition of Chalssalbori and M98. The percentage values of each amino acid are the average
of materials harvested over 3 years from 2009 to 2011. Asterisks indicate significant difference at P<0.05 by Least

Significant difference test. NS means

biosynthetic pathway.

SOI715g ARRM R2)9] AT oflie

739 lysineX} threonine©|H, UA-E ALEA+= methionine,
lysine @ threonine®]|ti(Lange et al, 2007). M982] 72
threonine ZAJH|= 6.9% 23 Z2HH 2|o] v 1.2 &=9Fo

™, methionine] Z/JH| A

k.

dutz oz Heo] 4 ofn|iitol A proline®] 2/AdH]=

12.5% SDS-PAGE

(kDa) 4

IPG (24 cm)

Jo. oF= @

i 01O

Eokot foldt 428

“not significant”
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. Amino acids in the same group are linked to each other in a

333 wom, 7hEoA wolste] o] 8EA de AS
o] & i EER e =T, oA d= E FAETH
7F ARE 299 Ao FaFE vl 4 UthLange et al,
2007). ¥l 3l-Lysine 2.g] Eﬂ Ho| A& EA
3t Tallberg(1982)2] B Ao w2 ™, 219291 il-Lysine &
Aol AF9] 4+ prollne—J 27387} =2 hordein®] 3=

o] zJslElo] AH o7 e proline ZAHE Uehditta

Chalssalbori

M98 (High-lysine mutant)

Fig. 2. The 2DGE protein profiles in the grains of Chalssalbori and M98. Total protein extracted with LB-TT was separated
by 2DGE and visualized with CBB stain. Numbered arrows show differences in proteins. First dimension (right to left):
IEF (p/ 4-7) and second dimension (top to bottom): SDS-PAGE (12.5%). Isoelectric points (p/) and molecular mass
standards are indicated on the top and the left hand side, respectively.



1l-Llysine F&| S2810| FEO|

sttt $HH, M98l A prolined} glutamic acid®] z=/3H|7}
FHAASH Rold AME gz o2, M9I89] arginine FA
H|= 2ZHE jof vlsf| 1.8u] =Qkth o|23t Axfe, Z2AH
2] 9] prolineX} arginine YA TG ol A] glutamic acid®] A
ghapgo] Beluolo] o) AL WHLS AlelE o
2 79,

M |QF M982| proteome EM
P e} 1719 slsha ZHHogl MISS| FAlof A
o]—u]},;/l} 2Ao] tﬂg}d AL 470 FA E T

BENERE
2} M98 Z*‘-J proteome proﬁleE A5} tH

2DGE®]| 7|53} proteome EA] ol A THlE o] §-52Q1 4
A9 FEE AA BATE Y AzkolH o9 Sadt GA
H(Agrawal & Rakwal, 2006), = &]5Lo]|4]+= phenol buffer
2 Ajgelo] S0 TS AAlsi, W Akee) el
& urea”} EFHE lysis buffer2 83jA|# 2DGES ¢t
22 ARSIt Tl spot-2 2DGE gelof| A 2H2+9] 5
A 9 FAES 7eor B EAoH(Fig. 2), AAA<
a0 WHARS auel MoselH WIF Aol
oth. golom Faste] HraopAre] wsls) shelE 7074
hal2l spoto] tjsle] 2DGE gel image analyzer= 93]
S 4% Avs Fig 39 20

i E el v H 9804 WA Fo] F7ket THlE spot
o aarjglom, Tras AL 18A%ch UeiA 87
spot®] QH3l-& EEEE](SN S25, S26, S33, S35, S44, S45)
E= MIS(S8)o AT SHIE| it THlA spoto] HWE ol
Mool A ZAE glof Blsf 1/2 o]st= FAasAL 1.54)
ojAFo 2 2715k 537 A spotS A #|Eo] nESI-LC-
MS/MS W4jof ofsl Aahits & Sast 1AL vgos
NCBI A=A H Hlo]eH|o] A5 o]-§-5to] 5453t Table 1).

M98 2] #H-e}l 7ol O]HX o g JJdtE 31-Lysine S
ol S 48l W7} S S etk Tabery
1982). o3t 5442 %i My 29| Apcho] mE A&
ghae] 7hasl plo] Qlow, of o) o AR 2o
sucrose 5°| &A=t &4 A QtiKreis & Doll, 1980).
2 AFoM e A AR 9 thAke}l BEIsto] 479
W2l spoto] B-amylaseZ FHEQLL, 1709 Tl spot-2
sucrose synthaseZ FAE At B-amylaseZ FAH oA
spot> MO8ofA ZHAH ejof H]sf| AGFe] sl AL
(S17, S18, S20) A3 W& =% 2ItKS19). B-amylase2] Hh

=
Al
il

=1

Oil

w
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HoPAS HE| SAXHEE tlokst Ho|& Ho|w(Shewry et
., 1988), 1A 9] 3=y ?*E‘ E3XE= J-Lysine 59
0] A= HE Aolslial &4 itk (Shen-miller ef al., 1991).
3}H, sucrose synthasei A= S11-& M98oj|A] HF&ofo]
2.3°) =£718}%+=4, Johnson et al.(2003)2 A E3l=Fo] 7t
A% SN Ho| ﬁ]%(Rls;aM)-J sucrose synthase ZH4Jo| X
2Rt STtk Barskeleh
AEnt G A A3k sigahg el 340 Wdlof
T IS nE Aom A7 4= Qlok ol#ek WRloA, 4
7Ho] ThalA spot(S10, S34, S38, S52)0] dF2E W &
25T AEde UElen, ZHzho] S M98 A
ZHaE eof Blsf $38-> 1029] 12 Z4skqlar ‘%‘:ﬂxlh of
2] Z71815e). o]e) 5o, Rolletschek(2002) 5-& ADP-
glucose F/daio] Wao] Ald JAA eFof AYo
A AR gt @ el 2748 st oL, Hg
Ggof Pofohz AoSe] WS T 4 ok
2 A ol o] 30~50%%5 2}FA]8= hordein2 lysine
287 $2 A% dhldolm 719 ELPHE|E 4o
w2} A, B, C hordein® 2 E&HE T} 919]%]Q] il-Lysine X
2] FAHo] AFY 79 hordein®] e Mo 31’5‘}04
won 53] B, C hordein Z8 9] H|&o] =LA A5} =
]2 YelHTKSalcedo er al., 1980). HordeinT} L%o}Oﬂ
Aol A= 2719 Tl spot(S40, S41)¢] B3-hordein
JEion, ztzho] drE ke M9gofA 2 2o
F 28] =AUH(S40), 1029 1402 WOITHS41).
5}o], Klemsdal et al.(1987)-2 SDS-PAGE geloj
= 370¢] B3-hordein 7+4 HE|=7} 1l-Lysine &
ATt Bk A2l Aol YEhlrkar Harst

f
o off

3
o}

ErJJ

;Erﬂ_uﬁﬁlorhon

A=
o]
=

Tallberg(1982)+= Z}4&2] F-Lysine X 2| & o]2l Hiplory
o IA0A e Als2] % hordein®] ZHarh A& b
W, 84 9 A8l SO lysine Bl&o] =qtThal o)
%r}. ols} Teistel, B AN 77 Tl spot(S43, $45,
S62, S64, S67-S69)-2 L 9] storage proteinZ FHE O
Z17+o] WE ok 8431} S452 A £]3t 57) spotl] A4 M98
ol 4] Pk elol va) 23 8,897 S7ehdck SIS
T o] TR 9] ofu| Al A E-2 B2 embryo globulin(gi:
112055110)3 A2 AEAS Lrehfolid], 257 dug
9] g EA o 2 EFoA globuline albumind} §HA|4
44 g deag ddE EREcKFinnie ef al., 2002).

He| F49] lysine Hs &0l WRFe 24 lysineo] ¥

3 B4 diA o] vje-g ol WS A 4= 9=,
x40l thlAof= (B-amylase, protein Z, Chymotrypsin
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Fig. 3. Graphical presentation of spot volume mean of 70 proteins
spots. The relative spot volume was determined using
the ImageMaster 2D Platinum imaging software. Values
are means from three replications. Bars indicate standard
errors of the mean.

inhibitor CI-13} CI-2 S-o] &2|A tiTallberg, 1982). 3t
H, Hejgaard & Boisen(1980)-2 0]2{3t 47}1A] Thl 21 9] lysine
o] Hiproly 2| il-Lysine Al-goA Lyt Hejof uls| S5t
lysine 3+F2] 50% oJAFE X}A|Ethal K al5kgich Protein
Z+= BESHARI 7150] AEstA FHEA o HelY F
Al chil2 20 554 protease2] ZHJJA| THlZIQ] serpin(serine
protease inhibitor)¥} o}m|i=Al A GAFO] AEAdo] BFE x| H
A A& serpin®] 3t 52 EEEQItHRoberts & Hejgaard,
2008). & Lol A= & 1271 Tl spoto]| B-amylase T
= serpin .2 FAE Gl Om, Z}71o] HIHFE MO8 A 2+

2-H 2lo] vl 37) ThA spot(S29, S32, S42)S Z7}Ehg
a1, 771 el spot(S17, S20, S22, S23, S24, S30, S31)&
Zhastd o, Uux] 37] THElA spot(S19, S25, $26)L H
A=A kSt

2 A oAl FAE FoiA K FAHY AW
of o3l lysines B|EIo] th=9 ofn|iAl 2| 7F BB
Z1o] &olE|ti(Fig. 1.). Lange et al.(2007)2 C-hordein 2]
S AAIGE FAAS He]of| A lysined} 17 methionine
o] ghgol F7tE Itk Harskeiry eyt 7 Aol A=
ZHaE elo] H|sl M98oJ|A] lysineo] F2J5HA F7181%2
methionine $F0] Z7M= §o)514] ¢kofrh(Fig. 1). Tn|&
A%, MO8ofA ZaE Elof Bls HEF] oF 1.6ue} 2n)
=71t 2709] Tl spot(S6, S7)©] methionine synthase=

B AT EAT E 537 Bl spot FolA 2470
) £ M989| Eolgt B M) AT
2 % glolth ©x), RS 70| TR ok 4749)
chl 21(S35, S37, S47, S61)& A3t 207) ThMA spotS
ABO] FA|A Thokst ABIH V)58 Sashs gl

FUOAE BPTol N Azo] o5 ATAE AT B
ke 0|29 WSS WA $Ie ket A Lwlo] orel
st &

7 th(Noctor & Foyer, 1998). £ o A= A

S 3t ThlE(S49~51) 2 FAHE 3714 Th A spot HHE
ol MOgof| Az efof Hls 1.5~ 1.6vf F7+skick 1-
Cys peroxiredoxin(S49)+= IHiSkpAE AASH= 7152 3
1(Lee et al., 2000), Mn-superoxide dismutase(S50)+= H|E
Frgjofof 2A5k= EA2M superoxide S 475, glutathione-
S-transferase(S51)+= A1 &2 ISR rA AA A|AHOA £
Q3 98-S 5= glutathione @] AAJof ottt S8-2 M98
o Mt W Tl spot® 2 A lipoxygenase 102 574
ik 2] LOX-12 W= F2A 6k} 4 9l 9-hy-
droperoxide ] A& Zull5l= a4 (Yang et al., 1993) =4,
Hirota et al.(2005)2 LOX-10] A% HIE A2 WE
£ Y g o] st glo] WSeo) Fhlof A% A &
S FINE 5 e AR AZSISITE S132 cytosolic
6-phosphogluconate dehydrogenase(6PGDH)Z &4 =12
MOgof A M E o] H]sf o] 2.78) F7telGE. o]
A sei QlibE R Holste mAEH, Witzel et
al.(2011)& He] #A-59| proteome A2 53to] Wolr] 9|
WA dol 7t AsolA 13A ¢k Al-sEtt 6PGDHO
Aol Eotrhal shlek 3719 ThElA spot(S3, S4 S28)

o] protein modification®]] To{Sk= protein disulfide isomerase
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Table 1. Identification of the differentially expressed protein spots on 2DGE gel by using nESI-LC-MS/MS.

Spot Distinct

MW(Da)

Up/Down

No. peptides Score pl Accession Protein name (Fold) Function
3 25 439 56,656/5.0 gi|]l709617  Protein disulfide-isomerase precursor Down (0.4)  Protein modification
4 24 319 56,656/5.0 gi|1709617 Protein disulfide-isomerase precursor Up (1.5)  Protein modification
5 21 375 71,932/5.3 gi|108707472 Heat shock cognate 70kDa protein Up (1.7) Stress responsive
6 20 449 84,794/5.7 gi|50897038 Methionine synthase Up (1.6) Amino acid metabolism
7 32 400 84,794/5.7 gi|50897038 Methionine synthase Up (2.0) Amino acid metabolism
8 39 516 96,447/5.7 gi|2506825 Lipoxygenase 1 M98* Lipid metabolism
10 6 136 60,833/5.5 gil21537260 2’3'blgiizgig;%;zzzﬁf'rgﬁzls’:“dem Up (1.6) Glycolysis
13 108 92,495/6.0 gi|19106 Sucrose synthase Up (2.3) Stari‘etz‘;ihss‘fose
13 4 102 51,784/6.6 gi38426301 Cytos"hfielf;%?g;ﬂ;’sgéuconate Up (2.7) Pento;ztlf£§;phate
15 12 212 55,098/5.8 gi|15147873 Betaine aldehyde dehydrogenase Up (1.8) Stress responsive
16 24 279 47,840/6.0 gi|9408186 FO-F1ATPase a-subunit Up (1.6) ATP synthesis
17 24 370 57,883/5.7 gi[38349539 B-amylase 1 Down (0.4) Star‘r‘i‘e;‘)ihss‘fose
18 32 1411 59,886/5.6 gil29134857  Endosperm-specific B-amylase 1  Down (0.2) Star‘r’:l‘etfk‘ghss‘:zrose
20 13 83 59,912/5.6 gi[3779258 B-amylase Down (0.2) Star;ﬁ‘e;‘;ihssﬁmse
22 15 432 43,307/5.6 gi|1310677 Protein Z-type serpin] Down (0.3) Protease inhibitor
23 26 2744 43,307/5.6 gi|1310677 Protein Z-type serpin Down (0.1) Protease inhibitor
24 18 702 42,851/5.5 gi|1197577 Serpin Down (0.1) Protease inhibitor
25 18 1228 42,851/5.5 gi|l197577 Serpin Chalssalbori® Protease inhibitor
26 18 867 42,851/5.5 gi|1197577 Serpin Chalssalbori Protease inhibitor
27 3 137 41,987/5.5 gi|21536 Actin Up (1.5) Structural protein
28 2 73 33,316/4.8 gi|493591 Disulfide isomerase Up (1.8) Protein modification
29 6 114 42,851/5.5 gill197577 Serpin Up (3.3) Protease inhibitor
30 11 670 42,851/5.5 gi|1197577 Serpin Down (0.1) Protease inhibitor
31 11 701 42,851/5.5 gi|1197577 Serpin Down (0.1) Protease inhibitor
32 7 62 42.851/5.5 gi|1197577 Serpin Up (2.2) Protease inhibitor
34 7 198 41,741/7.0 gi|50946053 NAD-malate dehydrogenase Up (2.1) Glycolysis
35 1 35 22,603/5.6 gi|37531070 Putative proline-rich protein Chalssalbori Unknown
37 1 126 38,017/6.8 gi|50916172 Homoserinekinase Down (0.1) Unknown
38 9 232 39,151/6.6 gi]218157 Cytoplasmic aldolase Down (0.1) Glycolysis
40 3 456 30,618/7.7 gi|82371 B3-hordein (clone pB7) Up (1.9) Storageprotein
41 3 534 30,618/7.7 gi|82371 B3-hordein (clone pB7) Down (0.1) Storageprotein
42 1 73 42,851/5.5 gi|1197577 Serpin Up (1.8) Protease inhibitor
43 1 49 72,551/6.8 gi|170696 Storage protein Down (0.4) Storage protein
44 1 37 45,831/6.6 gi|37721129 photosystem II CP43 protein Chalssalbori Photosynthesis
45 1 119 72,551/6.8 gi|170696 Storage protein Chalssalbori Storage protein
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Table 1. Continued

Spot Distinct MW(Da)

Up/Down

No. peptides Score pl Accession Protein name (Fold) Function

47 2 29 111,112/5.2 gi|113596078 0s06g0608300 Up (5.6) Unknown

49 15 304  24,106/6.3  gi|12247762 1-Cys peroxiredoxin Up (1.6) Antioxidant

50 7 169  25,283/7.9 gi|1654387 Mn-superoxide dismutase Up (1.5) Antioxidant

51 14 165 25,124/6.4 gi|75674128 Glutathione-S-transferase Up (1.5) Antioxidant
52 1 118  35,909/5.8 gi|18202485 Malate dehydrogenase, cytoplasmic Up (1.5) Glycolysis

53 8 98 35736/89 gi729003 fﬁf‘.?fé}ffaﬁnﬁfirfffar Down (02)  Nitrogen metabolism
55 2 117 26,147/53  gi|66271071 betalproteasome-1D Up (1.8) Peptidase

58 3 64 2246278 gil18916 B ey IS Up (48)  Protein inhibitor
59 3 69 21,970/9.5 gi|38353642 ADP-ribosylation factorl Up (4.2) Signal transduction
60 3 108  22,730/6.8 gi|396808 ADP-ribosylation factorl Up (3.0) Signal transduction
61 1 30  38,968/9.5 gi|l113533595 0s01g0715600 Up (6.6) Unknown

62 7 214 72,551/6.8 gi|170696 Storage protein Up (8.8) Storage protein
63 8 149  17,826/6.0 gi|14009833 Heat shock protein HSP17.8 Up (1.5) Stress responsive
64 10 807  72,551/6.8 gi|170696 Storage protein Up (3.3) Storage protein
67 6 118  72,551/6.8 gi|170696 Storage protein Up (2.3) Storage protein
68 5 178  72,551/6.8 gi|170696 Storage protein Up (6.7) Storage protein
69 7 82  72,551/6.8 gi|170696 Storage protein Up (3.4) Storage protein
70 1 41  56,652/9.3  gi|21539880 Transcription activator Down (0.3) Transcription

Z A protein spot(spot No. 8) was detected only in M98.

Protein spots(spot No. 25, 26, 35, 44, 45) were detected only in Chalssalbori.

(PDDE = o, Z42Fo] I e MI8of|A| 2k el
o vl 40% +FOo 2 TASFAALNSI), 1.7~1.84) &7}
SF4itt. Finnie er al.(2002)2 PDIE R8¢ %77 59t
of ANHom dase tud ERes

S59%} S60-> M98oj|A 2 E 2o Bal LA Fo] 3ujet
4.24) F715l9 o 54 A7} ADP-ribosylation factor(ARF)
13} AsdS UEll I ARF= AE419 das 9% A
Eo| $e 9l Bolo] TS Sl AoR A TR
M, Zhou et al.(2010)2 B F4A | n|d< v} TS0 A
ARF f702H8] mRNA 2ol &4+ 3 297 =4 4]
s AL st

S58-2 bifunctional alpha-amylase/subtilisin inhibitor(BASI)
2 FAEe 79 kS MI8oj| A HAE o] H
) 4.88) Z715ieick BASIE: F40) Uls4l 9 2]t
Z)of| Hodsl= A= LA protein inhibitorZ4 1I-Lysine
4ol AT Ae FTAEY oA BASIS] mRNA
A g I 7| 7bo] Bgof sl FrbskAtial HalE ik

(Lea & Mundy, 1989).

Age] AEdA vheI Bl SRy 379) ey
spot(S5, S15, S63)©| Heat shock protein(HSP) .2 FA T
Qon, zzke] dhEoRe. M9go A ZAH Eof Hls| 1.5~
1.84]] =ttt Finnie et al.(2006)-> HSP70& X £49
ey Fof WEge] AR FtEE tiidE &
zaisct,

Glycine betaine2 4]&=2] YAajdol Tofsh= 242 &
&4 ¢l o™ betaine aldehyde dehydrogenase(BADH, S15)
& 77 9] AL sl A aolth. Abebe et al.(2010)
5719 dxo| g e o]Ate] Bepd {AA e
Mgt A3} BADH fAA7F S4 oA WaEA] itk
c}. 31, Catusse er al.(2008)2 A4~ £419] proteome
4j5to] BADH & 21511 v 4ate] BAE
Fletl, #E 7 A 6l | 2B S 274
glycine betaineS 93 ARG E410] TS A3
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