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Identification of Cold Stress-related Proteins in Rice Leaf Tissue
Dong-Gi Lee, Sang-Hoon Lee and Byung-Hyun Lee*

ABSTRACT

To investigation protein expression pattern in rice leaves exposed to cold stress, the soluble proteins
extracted from leaf tissue were fractionated with 15% PEG and separated by two-dimensional
polyacrylamide gel electrophoresis (2-DE).

Differentially expressed proteins were identified by peptide mass fingerprinting using matrix assisted laser
desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS). Eight proteins up-regulated and
10 down-regulated were found in 15% PEG supematant fraction. In addition, 13 proteins up-regulated and
14 down-regulated were found in 15% PEG pellet fraction. It was identified the differentially expressed
proteins in 15% PEG supernatant fraction as pimerase/dehydratase, fructokinase, ribose-5-phosphate
isomerase (Rpi), chaperonin 21 precursor, probable photosystem II oxygen-envolving complex (PS I OEC)
protein 2 precursor and thioredoxin h-type (Trx-h) and those in 15% PEG pellet fraction as
OSJNBb0059K02.15, hypothetical protein, putative mitogen-activated protein kinase kinase (MAPKK), beta

7 subunit of 20S proteasome, ribulose-1,
These proteins are involved in metabolism,
transduction-related proteins.

5-bisphosphate carboxylase/oxygenase (Rubisco) small subunit.
energy,

protein synthesis, disease/defense and signal
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L. cv. Dongjin-byeo)S AHE3}SIcE ¥ FAE
A3e fA| (Samgong, Korea)s ARE3le] 1
2~16 A7t BRAT 3, THRFE FE3] A
A F 297 30T & 2AAA ol E F =
itk WolAZl FAE tray Holl TLIHA
sHE3te] 30°C/30°C, 16 h light8 h dark, 15,000
lux, A HEE 50~60% £ F growth chamber
oA 2087t 7AW BTt (Nakamura 5,
1993). Growth chamberolld 2097t 8471
FEE 10°CAA 0, 1, 3 % 59 Fok AH
23 F, AEE HFH3Y QAAL2Z F2A
7] & -80Col 23 3lgick
2. Total soluble proteine| =&

AeAe] F oF 1 go] o 2AE AFsY
DAL A5 gt F 10 mL SR
[0.5 M Tris-HCl, pH 8.3, 2%
NP-40, 20 mM MgCl, 4% [-mercaptoethanol]
(NP-40 buffer)S #7135l TA3{E 3 3000
pmellA 15E 5 IAAEEsk AsdE ¥

2slg ol (Kim 5, 2001).

2% buffer

3. PEG (Polyethylene glycol) fractionation
2 phenol =&

ofj2-2e] AlEel 9le]A total soluble protein
9] <F 50% x}A|3l= Rubisco TNAE a7}H3
o2 AAst] AT w|F GalAe] EA%
g& ¥ol7] Hsl Kim 5 (2001)9] #hi-E okzh
#3333l 15% PEG pellet ¥3 22 enrichment
A1) QdellA
50% w/v PEG stock soultions 718l 4°Cell
A 3087 A & 12,000 rpm2E 4°CollA
1587t AAE=3c) 15% PEG fractionation

223} total soluble protein®i]

o &3jjAl7]1 A
FEE Z2AT F LA AV Fel o831
t}. 15% PEG pellet %32 NP-40 buffers}
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phenolS A7}8te] ©AL FE3}GItKLowry
%, 1951; Kim &, 2001; O'Farrel 1975).

4. o|xXtl M7|”H=(2-DE)T} image analysis

olxH A7]9%L OFarrell (1975)9] Pd-&
oft Wyste] feP3tgich A A7|9ES
A7 2mm, Zo] 23 cmY glass tubeF 33
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4~6.5=1:35:25), 0.02% ammonium persulfate,
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Table 1. ldentification of differentially expressed proteins from rice leaf tissue in 15% PEG

supernatant fraction at cold treatment

Prostgi(ﬁ g}% ge SC(%)" Mr (Da)/pl Identification of protein Species GenBank®
1/Up ND°
2/Donw ND
3/Down 11 57230556 Luative TCP-licpn60 chaperonin Rice  AAT77033
family protein
4/Donw 36 46643/6.0 Glutamine synthetase shoot isozyme, Rice  P14655
chloroplast precursor
5/Down 9 56475/6.3 Putative aminotransferase Rice AAQ14479
6/Up 29 42779/5.7 Putative epimerase/dehydratase Rice NP_921492
Similar to glycealdehyde-3-phosphat
IDown 21 4711162 oo [0 Byceaicehyde-a-phosphate Rice ~ BAA85402
dehydrogenase (GAPDH)
Similar to glycealdehyde-3-phosphate .
8/Down 30 47111/6.2 dehydrogenase (GAPDH) Rice  BAA85402
Putative mRNA bindi tei
9Down 21 41009/7.7 | onve binding_protein Rice ~ BAC83225
precursor
10/Up 27 43455/6.0 Fructokinase Rice BAD38154
11/Down 13 49485/5.4 Betanidin-5-O-glucosyltransferase-like Rice BADS53422
12/Down 14 34282/10.2 Hypothetical protein Rice BAD81285
13/Up ND
14/Up 26 26973/4.9 Rribose-5-phosphate isomease (Rip) Rice BACS83440
15/Up 22 26319/7.7 Chaperonin 21 precursor Rice BAD35228
16/Down ND
Photosystem II oxygen-envoling ]
17/U 12 26939/8.7 Ri NP 911136
P 69 complex (PS II OEC) protein 2 precursor ee -
18/Up 39 13156/5.2 Thioredoxin A-type (Trx-h) Rice Q42443

* SC, sequence coverage.
® Accession number of NCBI database.
¢ ND, Not detected.

DA spot ol 670¢) Sl spote] FA
slolzion, 248 1019 @A spot Fol
A 87he] A spoto] FA=IF T} (Table
2).

FAHN e 1 7)EE ¥Ee) B
| A Eoalaa] A2 A glutamine synthetase
shoot isozyme, chloropalst precursor (spot 4),
putative aminotrasnferase (spot 5), putative epimerase
/dehydratase (spot 6), betanidin-5-O-glucosyl-

transferase (spot 11), energy®ll ¥=1%] glycealdehyde
-3-phosphate dehydrogenase (GAPDH; spot 7, 8),
fructokinase (spot 10), ribose-5-phosphate isomerase
(Rpi; spot 14), photosystem II oxygen-envolving
complex (PS II OEC) protein 2 precursor (spot
17), @94 Ao Halsl mRNA binding
protein precursor (spot 9), disease/defenseol] T
A=l TCP-1/cpn60 chaperonin family protein
(spot 3), chaperonin 21 precursor (spot 15), At
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33 =433 BAQ) thioredoxin  h-type
(spot 18) B opA7}x] 1 7)5e] L&A 1A
$+2 hypothetical protein (spot 12) 52 =l
golg 4 vk  Ribose-5-phosphate
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Fig. 1. 2-DE analysis of PEG-fractionated
proteins induced by cold treatment in
rice leaf tissue. Protein samples (170
nug) in 15% w/iv PEG supernatant
fractions were separated on 2-DE gels
(pl4-7), and silver-stained. Arrow in-
dicated up- or down-regulated proteins
after cold treatment. The relative Mr
are indicated on the left side in kDa.
The number of each protein spot
(1-18) corresponds to its listing in
Table 1. A, control (30°C); B, 10°C
for 5 days.

ribulose-5-phosphate 2. A& HIA|7)= £ &
22X AZJel b g EXtke Aoz o
24 Sltl (Zhang &, 2003). A& AEH 2o
A &4 AR el BE F 9 e
HEAZE 4HA ok "aA AL 2EHA
of o3l F3d uks-F WA Rpi DAl

IEF

(kDa)
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Fig. 2. 2-DE analysis of PEG-fractionated
proteins induced by cold treatment in
rice leaf tissue. Protein samples (170
ng) in 15% wiv PEG pellet fractions
were separated on 2-DE gels(pl 4-7),
and silver-stained. Arrow indicated
up- or down-regulated proteins after
cold treatment. The relative Mr are
indicated on the left side in kDa.
The number of each protein spot
(1-27) corresponds to its listing in
Table 2. A, control (30°C); B, 5°C
for 5 days.
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25

Relative intensity

Relative intensity

level
down-regulated proteins compared to

Fig. 3. The expression of up- and
those of controls in Fig. 1. The
intensities of up- and down-regulated
proteins were measured using a
densitometer (Bio-Rad) and compared
to those of the controls.

g

dgo] FrtE v Ae AL AE 2 A
<371 AE Lo g AUAE ALHHz it
sl AL 2EHAE FEI] 47T o=
of| k=] o) 2ot

Thioredoxine A¥-A A2 A AE
o] AzlsdxAe HBojdm] AP EA A
ARG Z| oj27]7kx] BE AEA EA3}
= Rez od=A 9lch (Gelhaye &, 2004).
Thioredoxin h®] 75 F£A Ax % W} 7|7t
e AstEE 2] AF RET)5ES @Y
ot o}le} (Serrato 2! Cejudo, 2003), peroxire-
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Fig. 4. The expression level of up- and
down-regulated proteins compared to
those of controls in Fig. 2. The
intensities of up- and down-regulated
proteins were measured using a
densitometer (Bio-Rad) and compared
to those of the controls.

doxin, methionine &} 72 Akt Aol
electron donor®A12] QLS sl Aoz

a2iA 9l (Gelhaye 5, 2003 ; Jung 5, 2002
; Rivera- Madrid &, 1995; Rouhier 5, 2001).
wleba] B9] thioredoxing Aol 23 ARzt~
EdL FE F83 J5E @7 Aes

of| ah=] o} Al e},

FH 10C A_AE ¥ 15% PEG pellet &
oA HxA oz whoke] 7R 13719 @
WA spot FollA 570S] A spote] FAF ]
Rom, 7kad 14709 iR spot FollA 670
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2] A spoto] FAZoJH T} (Table 2). 574  mitogen-activated protein kinase kinase (MAPKK;
=Holzl chizale. Az Ado] H:A=l putative  spot 9), A HAdel] @A 20S proteasome ]

Table 2. Identification of differentially expressed proteins from rice leaves in 15% PEG pellet
fraction at coid treatment

Prostgi(:: m‘;r/lge SC(%) Mr (Da)/pl Identification of Protein Species GenBark®
1/Up ND°
2/Up ND
3/Up 13 63965/6.8 OSJINBb0059K02.15 Rice CAE04505
4/Up 12 48194/6.5 Hypothetical protein Rice NP_509713
5/Up ND
6/Up ND -
7/Up ND
8/Up ND
9/Up 13 3273771 mﬁ“&f}gﬁ; protein kinase Rice  BAD35811
10/Up
11/Up 13 28477/7.1 Beta 7 subunit of 20S proteasome Rice BAA96839
B G i Nhoelstitae abol STy pson
13/Up ND
14/Down ND
15/Down 10 41439/6.1 OSINBa0013K16.10 Rice CAE03761
16/Down 19 27991/49 0J1354_HO07.109 gene product Rice XP_507359
17/Down 15 36773/6.3 0QJ000223_09.15 Rice CAE02009
18/Down 16 42716/7.6 OSINBa0036B21.24 Rice CAD40906
19/Down ND
20/Down ND
21/Down ND
22/Down ND
23/Down ND
24/Down ND
25/Down ND
om 3 s Sl bt sbonla Sieie s
27/Down 39 14949/6.6 Ribulose-1,5-bisphophate carboxylase/ Synthetic CAAS59218

oxygenase (Rubisco) small subunit construct

* SC, sequence coverage.
® Accession number of NCBI database.
¢ ND, Not detected.
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beta 7 subunit (spot 11), energy THAlol] Fa=
ribulose-1,5-biosphosphat carboxylase/oxygenase
(Rubisco) small subunit (spot 12, 26, 27), 715
< ¢ 4 gl& OSINBb0059KO02.15 (spot 3),
4), OSJNBa0013K
16.10 (spot 15), predicted OJ1354 H07.109 gene
product (spot 16), QJ000223 09.15 (spot 17) %
OSINBa0036B21.24 (spot 18) S5°o2 #lxgl
o}

4% 9 wuge BAY A% M olee
B9 Shie 99 A 24 GuAe o
50%% AAI3F= Rubisco AL Aot}
t7)e] ¢ dxd A719% IEF gelol loading
g v DAL Tl 1mg olstolnE,
o352 house keeping abundant whHZAnl F
As}A] "ot webA] rare proteind] AT A Eo]
U Z4zge] B B 2es) A 2
s Agelek oA ANE Slsl & Ao
AL Kim 5 001 e ofzt WRstel
PEG fractionation 322 M Rubisco A o]
15% PEG pellet ¥& ol enrichment H-& &2
gom, Az #A" MAPKK A
1 & = AT} (Fig. 2, Table 2)

Mitogen-activated protein kinase (MAPK) cascade

hypothetical protein (spot

Z)

_l::

mlo

_,
-

3
g ooy
-

W

 ooherg 9% 9 R A= Al
F8 Q¥E AU 34 )5S ¥ 9
A, AE E3, AEd R 3 e 59
A vk x-s= e °H’4ﬁ Ao
(Widmann %, 1999; Chen 5, 2001), B A3
AEAA & BEEo u ANAE H}D} tef
3t %o MAPK cascaded 7MAl glvh dut

Ao Z}7te] cascade™ MAPK kinase kinase
(MAPKKK) °j&H e g =As]s, MAPKKKS <
2k3}el] 2J3] MAPK kinase (MAPKK)S &4 314
719, o}A] Qlatsle] 2Js MAPKE Al#® &
AN ZIE) (Chen 5, 2001). 25 Al &A=
tjokgt FAEH mi AER 2B o3
MAPKs7} #Asl=l: Zles ®¥usz i)
(Jonak &, 2002). & AHE F3td W] glof
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4 MAPKK7} A& AEH 2o ofs) A}
v A& ZRHLYA JHE o83l Ao
2 g = glglen, o= MAPKK ©hajAlo]
A AEHA A FRF 75 @R
RYE A Aol =8 o] rare
protein®] WAL 15% PEG fractionations ©]-&
g 2D ¥ 58S BT Zolth
2 AYRE B3t dojA =ZEHE map{—

Az =

ek

Ael, olok A2t ARE code 2 3
£ S EToTA ATAS 298 §
AL ALY AFF ARl BEHo
£ 4 92 Rl

X‘i

$13 15% PEG fractionations AAT & 15%
PEG A5} pellet 88 22t o] 317]
gxo3 uaiA-g RA397, MALDI-TOF
MSE o]&ste] DAs A%k 15% PEG
sl A 87He] A spote] F7FEHAIL 10
709] spot ©] ZFAshoivt. F1EF 87 whiA
spot 5-ollA] epimerase/dehydratase, fructokinase,
isomerase (Rpi),

ribose-5-phosphate chaperonin

21 precursor, photosystem II oxygen-envolving
complex (PS II OEC) protien 2 precursor,
thioredoxin h-type (Trx-h) 5 6719 whaZo]
gal=loJzc) 15% PEG pellet #2ol|A 1374
9] el gpoto] F718FR L 14 spoto] F4F)

o 2715 137] A spot FlA OSINB
b059K02.15, hypothetical protein, mitogen-activated
protein kinase kinase (MAPKK), 20S proteasome
beta 7 subunit, Rubisco small subunit 5 5712

Saige] shlslolzinh Heldoln BUAE
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s}, AZeABA &
WA, A
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2 AFE @F3EAE 5471 2974R01-
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