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Identification of Heat Stress-related Proteins and Low Molecular
Weight HSP Expressed in Stem Tissues of Rice Plants by

Proteomic Analysis
Dong-Gi Lee', Kyung-Hee Kim', Yong-Gu Kim', Ki-Won Lee'?, Sang-Hoon Lee?
and Byung-Hyun Lee'

ABSTRACT

In order to investigate rice stem proteome in response to heat stress, rice plants were subjected to heat
treatment at 42°C and total soluble proteins were extracted from stem tissues, and were fractionated with
15% PEG (poly ethylene glycol) and separated by two-dimensional polyacrylamide gel electrophoresis
(2-DE). After staining of 2-DE gels, 46 of differentially expressed proteins were extracted, digested by
trypsin, and subjected to matrix assisted laser desorption/ionization-time of flight mass spectrometry
(MALDI-TOF MS) analysis. Proteins were identified through database search by using peptide mass
fingerprints. Among them, 10 proteins were successfully identified. Seven proteins were up- and 3 proteins
were down-regulated, respectively. These proteins are involved in energy and metabolism, redox
homeostasis, and mitochondrial small heat shock proteins. The identification of some novel proteins in the
heat stress response provides new insights that can lead to a better understanding of the molecular basis of
heat-sensitivity in plants, and also useful to molecular breeding of thermotolerant forage crops.

(Key words : Heat stress, Molecular breeding, MALDI-TOF, Proteome)
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2. Total soluble proteine| F=

veAE & oF 1g9] 27] AREHEL A3
sto] oAz 3] kgt F 10mL2
whalA =2 puffer [0.5M Tris-HCI, pH 8.3, 2%
NP-40, 20mM MgCl,, 4% B-mercaptoethanol]
(NP-40 buffer)E 78t #2313 % 12,000
pmo 2 4T |A 158 59 ARt A
SAE 23} (Kim 5, 2001).

3. PEG fractionation 2! phenol =&

323} total soluble protein®] PEG (poly ethylene
glycol) fractionation<> Lee 5 (2007)°] ®el
F3lo] AAslgT) 15% PEG  fractionationdF
A5 (supernatant) ¥-3-2 acetone2F Z A A|
7 3pe F 1A A7]19% bufferq! rehydr-
ation bufferel] &3|A]7]Z Lowry #HS o]&
sho]  whl ZA7dsklet (Lowry 5,
1951).

rc =2
o=

4. o|xty ©7|¥ S (2-DE)z} o|ofx| &4

Acetone 2 HAA|F 33 150 pge] oy
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0.5% IPG buffer pH 4-7, 20 mM DTT, BPB)°]|
$3217) F, IPG strip pH 4-7°l 1247153k
rehydration A]7]®A] loading®t t}&, IPGphors
o]-§3}e 47500 VhE SAHA A795= AN
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ZlJ]e] MALDI-TOF MSS ©]£3F thaid =4
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oju]z] ¥4 =z g9l PDQuest (Bio-Rad,
Ver. 72)% ©]-&3ke] wla 4 slgick
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Lee & (2007)°] wgell F3he] AAd F
trypsin® 2 in-gel digestiond}o] A= peptide
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931, Standard AL85 peptide:
Sigma®l|4] %%t Bradykinin, Neurotensine ©]
£3}3it}. Database 7442 Protein prospector
(http://prospector.ucsf.edu) s ©|83}3 o, chl
%l sequence databases= NCBI (National Center
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solution®]|

for Biotechnology Information)Z-
(Lee &, 2007).
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Fig. 2.
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A 2-DE analysis of rice stem proteins in response to heat stress. A, B and C shows
the 2-DE gel patterns of the PEG fractionated supernatant protein samples prepared
from the control (25°C), 12h, and 24 h heat-treated (42°C) stems, respectively. Heat-
responsive proteins were located in the boxed areas (a-.j).

Heat treatmentat 42°C (h) Heat treatmentat 42°C (h}
0 12 24

B e o R !':‘_5“":]‘

i fes s LR

Sy - |

Close-up views of the differentially expressed proteins identified from the PEG-
fractionated supernatant samples. Arrow showing proteins increased (red arrows) or
decreased (blue arrows) in response to heat stress.
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o]g3le] wixTe} wlwst A, 42°C LA
WA w7F gz vls g 29
ol Tt e Fide AEE UEe
207} 219 A5 1 A F 1247
el dAA g Frtsicirt 2447 el Zha
S WokAlS Hol7|= 3glch (Fig. 3).
ole} Zro] mAe| Fof whaicfo] 2u) o]t
7F B FAshe A spotES gelollA
Zelge] trypsin 2]2] ¥ in-gel digestion #}7A
< Ax %3 peptidess MALDI-TOF MS +
L& AABIL databased 3 HHAE FA
stelck. 1 Ad} 42°C 12 A7 F AHAAHo
= scke]l Sk 24719 @A spot Foll
Al 770 A spoto] FAE IR oM, A

7155 ® 1o yehd niet

HoAE oA 4
phosphoribulokinase (PRK, spot D2), UDP-glucose
pyrophosphorylase (UGPase, spot 9) % thiamine

)
2
>
&
g
avs
=
o)
u
>

biosynthesis protein (spot 17)7} EA =%}
Thiamine (vitamine B1)2 AXE o] t}okgt o
Az} o] #oJ3l=  transketolase and pyruvate
dehydrogenase 52| oJ2] 7[x] &4E2] A
H4A 9l cofactor? 283l i) (Jacob 5,
1991). wehr] AEHA 27 dlel|A] wo] HQ
2 3= thiamines A3A3}7] 93l thiamine
biosynthesis protein®] H&o] S7}% Zlow F
==t} Phosphoribulokinase (PRK)= 58t 4l
ARz = ol Al @A TA|Ql ribulose-5-phosphate S
ATP-dependent phosphorylations 53l ribulose-
1,5-phosphate® ~ Fvlisl=  7]5& it
(Gibson 5, 1990). o]} o] 1 AEHA
271 3lell A UGPase®] Wralo] wsiglvi= &
37} Ferreira 5 (2006)2] A7ZAyAx 2y
=] v} 9Jt}. UGPase= sucrose F+— A|EHA
o AEA #AeA EeAd AFAR
UDP-glucose2] 2334 3! pyrophosphorolysis®l]
Tl aachlA o]t} (Ciereszko 5, 2001).
ole} o] ;g5 W|E3g tiekdt A ~EF
20 2J3l UGPase 'H3lo] S7t=]& Zlo] B
= n} 9tk (Meng 5, 2007).

200
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100
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Spot 23 Spot24  SpotD?  SpotDif  Spot D19

Fig. 3. The expression level of up- and down-regulated proteins compared to those of
controls in figures 1 and 2. The intensities of up- and down-regulated protein spots
(indicated) were measured using a densitometer software (Bio-Rad) and compared to

those of the control.
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Table 1. The identification of differentially responsive proteins in the PEG supernatant fraction
of rice stem tissues, during heat treatment at 42°C, with MALDI-TOF analysis

Proizio; :;é;ge u ((y )b) Mi(Da)/pl Protein name identified Species ﬁg;:ﬁ;;;sén
9/up 13 20 60.5/54 UGPase Rice  BAB69069
12/up 7 23 50.0/5.6 Chloroplast translation EF-Tu Rice  AAF15312
17/up 13 31 35.0/52 Thiamine biosynthesis protein Rice  XP_478512
20/up 8 28 260/64 Ei:f; lﬁaf”vtv:zﬁfcgg low Rice  XP 467890
21/up 8 46 26.5/63 DHAR Rice  AAV44199
23/up 4 27 16.5/5.0 Thioredoxin h type Rice  XP_476912
24/up 5 25 29.0/54 Putative GST Rice NP 922478

D2/down 11 31 425/50 PRK precursor Rice  XP_467296

D11/down 7 25 35.0/4.8 Putative peroxidase Rice  BADS52613

DI9down 4 20 17557 Fwative SOD[Cu-Zn] chloroplast oo v 4g3791
precursor

¥ PM, number of peptides matched.

Ysc, sequence coverage by peptide mass fingerprinting using MALDI-TOF MS.

A=A A F redox homeostasisl]  AeF F=5IHtl AE<9 GST+  multigene

Fof3= A Z A dehydroascorbate reductase
(spot 21, DHAR), thioredoxin h (spot 23), GST
(spot 24), Peroxidase (spot D11), &
dismutase (SOD) chloroplast precursors (spot D19)
7} A=<t} DHARS ascorbate cycleol| 4]
d4Ae] Zo]t}. Ascorbatee] &AL}
A4S glutathiones ©]83}¢] dehydroascor-
bate & ascorbate® A|ZTHAA7]= HE-S Ew|
= DHAR®| #Ae| ¢k 3 vhekgt
AtstAEd A she) 4 DHARS| &4de] F7H
o= 237} Urano 5 (2000)°] &3 ®.312.% »}
it} Thioredoxin h-
sulfoxide reductase, 2! glutathione reductase &
I} Fro] Fakstel] Hofste aLEelAl AAt
TAAEA TsemA ATy AtsiRkdES
= B 24 7S o]
t} (Gelhaye 5, 2005). WA e AEHA
B}o|A] thioredxin hi: A|EY] AH}EINRSS
FSuiFo s ATE BRIdhe e 99

superoxide

SHA]
=

peroxiredoxin, methionine

families® code¥ o1l E ThFr T7F4 GST
isozymese Z7FAIL gt} ey olE 77
7150l wEiM= oAl el wheA giA|
Atk AF7EAS] Rae] wEw ookt T
o] GST7} thokst £72] 37 AEg XA 9
3 o] xA=E Zlow Hywy glow,
2 FolAE Aol AL 2 £x AE
gl el ofs) o] FrlbE+= 7/‘123
v} it} (Gronwald 5, 1998). 51
GST7} & AEHAZ gls| Hahﬂ:a]%
23 A tshEe] F53t 2 Sl T

= ez F=3Fh CuZnSODE YUHbd e
AEAIY GEA ] EAHE ALEA
AEYARYE AIFEE B3I SAAAFgS
ddsla glrh 2 AYeA CuzZN SOD+ XL
= 2Ed 2| o8 o ko] st o]
9} zro] AlBlAEH ALY 12 AEH X s
SOD #&lo] 7k4gt A7} Sweetlove 5 (2002)
7} Shin 5 (2005) 5ol oA = B = wu}
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it} olgjgt Ai= SOD7F &= AEFH A
i B B i) A R s P e = i DA A
At} isoformel] wie} 7t A= th2A] 4=
I35 7S vERdth
gFH heat shock protein (HSP)S.2+= w|EZ
zejolof] EAe AEAF (small) HSP7} &
A= H T} (spot  20). ©] F|EZEeo} small
HSPE -2 A3t 9o Z2HR LA =
FAE e, ek ApAlE 123 d9
7A$7F =4 JeRttl (Lee 5, 2007). HSPE=
2EY A 271 stellA] ol WS kx| slA
v HAE i) x| fojdte z A AE
S B33k Jse Wi ZeE dEA
At I FeAE 53] AEe ZAg uekst
Z572] AE-A=F small HSP7} multigene family
2 codeZ|o1A glew 571A]9] groupl® EHF
Ack 2 Aol mlEEselol] EAjshs
small HSP+= 1.2 Eo|zlez ubyo| 73|
Fr==9leh (Fig. 3). ol#dt A7 w|EZ=g
o} small HSPX= th2 7]|3oll EA3l= small
HSPo} v IA| 2 12 AE A Sloj|A] mE
2o} vo] el Zo] HA A E= H
Al AR S A lojd FL% 7e=E
oA MEE B R 51
th AF7kA] w|EZEo}l small HSPE b
Aoz ABA] 3egel ZohsIs
3 ®31% vl glt}(Sanmiya 5, 2004). wEbA
o] Tl FAHAE Feldle] WgdAdo] ofsle
S EAEE N
W st 2 2] b5

|

[e3

Vo2 o

= o|&3te] W 1 ~E
g2 #E oS Fe] A3 $18ke 42
He|] 7|2 HE whilAs
A 2 HE] Rubisco THY
A5 A|A3E7] $18l 15% PEG fractionations

AR F A 3o Tl o] A7)
AEH F, BB AL B AuA wag
Bol: whlAe BAsgl. £ 467l T

TOF MS$} databaseS =3 A3t
Al At dA Akst— b e oA
1]

3o 289 5 9t T2 FAAZ A9H

o

o] =¥ 2008 AN (5|
Aoz F=sterTAde Ads op 5

8% A5-9] (KRF-2008-313-F00065).
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