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Proteomics Analysis of Early Salt-Responsive Proteins in Ginseng
(Panax ginseng C. A. Meyer) Leaves
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ABSTRACT : Salt stress is one of the major abiotic stresses affecting the yield of ginseng (Panax ginseng C. A. Meyer). The
objective of this study was to identify bio-marker, which is early responsive in salt stress in ginseng, using proteomics
approach. Ginseng plants were exposed to 5 ds/m salt concentration and samples were harvested at 0, 6, 12 and 18 hours
after exposure. Total proteins were extracted from ginseng leaves treated with salt stress using Mg/NP-40 buffer and were
separated on high resolution 2-DE. Approximately 1003 + 240 (0 h), 992 + 166 (6 h), 1051 =51 (12 h) and 990 + 160 (18 h)
spots were detected in colloidal CBB stained 2D maps. Among these, 8 spots were differentially expressed and were identi-
fied by using MALDI-TOF/TOF MS or/and LC-MS/MS. Ethylene response sensor-1 (spot GL 1), nucleotide binding protein
(spot GL 2), carbonic anhydrase-1 (spot GL 3), thylakeid lumenal 17.9 kDa protein (spot GL 4) and Chlorophyll a/b binding
protein (spot GL 5, GL 6) were up-regulated at the 12 and 18 hour, while RuBisCO activase B (spot GL 7) and DNA helicase
(spot GL 8) were down-regulated. Thus, we suggest that these proteins might participate in the early response to salt stress
in ginseng leaves.

Key Words : Ginseng, Protein Biomarker, Proteomics, Salt Stress, 2-DE

Moo 3 e FAele,

e FEUWTH (Araliaceae)ell abe thdA) ofxEM W27k SACE A, AE L 9lom, IS o=
(Attele ef al., 1999), dutd o g 7FAA| = ALgEojgon 9 FAE AR At 2EA4 (Panax ginseng C. A.
A, ko g gk 3 &3 WA, 282 3, W Mey.), UI=H3F (Panax quinguefolius L.), 8% (P japonicus
9 7% X ZI7F v BuEo]l vk (Kim er al,  (Nees) C. A. Mey)el Al £& FAHOZE o]Fojx 9
2003). 53], 2142] ginsenosidetl= 33E2 ooz & (Nam ef al, 2005, Kim et al, 2011). ©] % Panax
Y2HE 72 24, YA F7F ol ARt e FeR ginseng (LEINAHE tIFOR FaE T EA A= QM
A Ao} (Jung ef al, 2003). I+ TIFsH= 2Fg2HE<] o] 9, Z7] (Sun et al, 2011), ¥g] (Kim ef al, 2003,

olafe vl FEog ol | 9 A Jv $EUE 2004a) 55 YO R sk HoE ol BX (Nam ef dl,
HE FrbEoln, S0 &5 55 I, A4l Wik &4 3L 2005; We er al, 2007), A5 ©AME Q14 ] i 24
Z, 99 5] dFoR uid AES 2H7F 28] SR Ma er al, 2013), 04 FF 7be] ©elE wlaw R4
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(Nagappan et al., 2012) 5°] E&alA Y=L Uk
2 F43 715 Hale] o 1.2 A = IR A
7 @ol wAste] Qlhke] YA Aito]l ofEe- Adstoltt
(Bang et al, 2012; Kim et al, 2013). 53], 9457 A=
ols) Ak ko] uid oF 20% Hx= AAE I Qo] EAIZE
Ha Qlek ik A EY EF F%7F 05dsm=E g
vrol Aol ofsh 2HEof| &3P dAF Tt =& A S
o] f=H T Ashd ZARIT wlEbA Akl HgA SUIE
sl dfF 2E# Iz AES 7H M FE 7N
w3 g8 QA WAl FE S Al W9,
59 53 A Ao Al&siar sl
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Hlol owiA N AE A=,

9%E (2-DE) ¥Ao= 54 e et vh=A)
T (ph EARgel wet el
715 ol88le] oprlmAt e
FAsk= Foltt (Rabilloud, 2002).

3l AF 2E#Z A Az
w7t 7Fssh, 2 dalEEe] Bl
A AR dehte 54 ©
3l wpolQupARME &8 & gt
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2-DEE #3738 % MALDI-TOF/TOF MS, LC-MSMS %
AR BAS 5ol 27 AF 2B vl Hoddle
TNAES T3, OF 2ERE A A7 HE Xolg 1
ol ©AS R3] ulo|enlARA E85laAl F3YsITh
Mz o

1. &gz
E AgoM AREE QA TR YA SR E]
QIMERR] QA Al oM §4 F2A FF5 T AP
e of3lia] 423

43It} AF 2= Kim 5 (2008)]
HAck A4te] AEFEE EF FE Sdsme] £HE
[21 mM KNO;, 6.1 mM KH,PO,, 6.2 mM MgSO, - 7H,0]
of Hgsted, Zkzk 0A17E, 6A1ZF, 12417 2 18A17ke] AIZH
HEZ Q4 AEANAN A sl T Fo] 4o &
431t}
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2. CHEl ==
1 g9 A4t el A o] ebds] gk 9, v
H 7} 2% 2-mercaptoethanols 71 Mg/NP-40 ThaY
FZ89 [05 M Tris-HCI, 2% Nonidet P (NP)-40,
20 mM MgClL] 10 S H7AA F23} A7]3L 12,000 rppm
O 2 4TCoA 1087 YAl E st st a8t
Aot F=3 Wb Huo) 48 %O = 12.5% trichloroacetic
acid (TCA)/acetones H7Fste] @23} & 147 o 20T
o FAAZT. A 3 4TCA 12,000 ppme-E 5%7F 94
i slo] A& HRAEf 80% acetone F7I5le] HEF &
= e x270R ] Yaleshes AlF =
ST vix|gto g 2w T 80%
acetone 12ml S F 718l micro centrifuge tubedl] £7]13L
—20Col|A B3I

=
Axg

|

=]
h=4

HHRl K2k

T2 oo
Thul 2 o
—

=¥ M-S 2.DE Quant Kit (GE Healthcare,
Piscataway, NJ, USA)E AF&-3to] A& Atk 80%
acetone®l] HA Ho e DAL Hadt YR micro
centrifuge tubedll &713L YAHEEE T35l acetoneS $+3
5] A|AgH &, rehydration 8 [7 M Urea, 2 M Thiourea,
4% (v/v) CHAPS, 2 M dithiothreitol (DTT), 0.5% (v/v)
IPG buffer pH 4-7 (GE Health, Waukesha, WI, USA)]ll
EATE Pellet pestles ©]-83to] ¢hd3d] 1l 5, 227 A4l
2] 3l bufferell =4 AANE 7Rk &, 5 U4
1.5mé micro centrifuge tube®l] HATE 500 10 precipitant
(GE Healthcare, Piscataway, NJ, USAYS H7lsle] 4] =

co-precipitant (GE

rd

3.

i

[SIAS
ST

H, 2ol 2~327F Fol & F 500 4
Healthcare, Piscataway, NJ, USA)S 37}ste] 71EA &
A1zl F 10,000 rpm o do 2 5EZF A4EE] Bl A5dS
X3 A AR 100 L copper solution (GE Healthcare,
Piscataway, NJ, USA)}} 400 1 S75E A7t 5, 3AE0]
s galld w7 £k 72 FEY 1 ml working
color reagent [color reagent A:B=100:1 (GE Healthcare,
Piscataway, NJ, USA)IE H7Ist SA] F=HA 4o =AU
F2ollA 15~2087F EoF & F, spectrophotometer (Mecasys,
Daejeon, South Korea)S ©]-8-31] 480 nm u}gol|A] Thla &
5 A5

4. OIRIATD|HS (2-DE) &M

2-DE 42 Kim 5 (2012)9] WHoZ 33t 2zt
o] whilA A]E (600 pg)y= 24 cm IPG strip (GE Healthcare,
Piscataway, NJ, USA)S o]&3l 544 795 HAIS
St}. Rehydration 2o 6A17F ©]/} rehydration A]Z] strip
S olgste] 7Y ES TSI 719 F 50 V A7,

=
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100 V 1417k 500 V 1A1ZE, 1000 V 1A1ZE, 2000 V1417
4000 V 2A17F, 8000 V 5A]7F, 8000 V 9A7F 50 V 6A|7F
o2 F3319.9m™ [PGphore I platform (GE Healthcare,
Waukesha, WI, USA)S AF&-3t3Ath 7195 5 strip=
equilibration &< [30% (v/v) glycerol, 2% (v/v) sodium
dodecyl sulfate (SDS), S0mM Tris-HCI (pH 6.8), 100 mM
DTT, 6 M Urea, 0.1mg/ml bromophenol blue]ol]l 20+ 7}
equilibration 42 A% FH 55mM iodoacetamide (Amresco,
Solon, OH, USA)E #7gt § ShdellA 2087+ g o
equilibrationS $~8Y 3} T} Strip 12% SDS-PAGE gel #l¢ll
THOE LHF H79ES FAATE A7 FETS gel B
2 W&, 500 V, 300mA oI 302S Aol F H, gel T
16 WollAl 700 V, 300 mAZ loading dye’} gel o} 0.5cm
2 Wz w7k do] FAh Gel colloidal Coomassie
Briliant Blue (CBB) {41 €91 [34% (vAv) methanol, 17%
(w/v) ammonium sulfate, 3% (v/v) phosphoric acid, 0.1%
(W/v) CBB G-25012-2 41313t}

5. O[OIX| 24

2-DE gel transmissive scanner (PowerLook 1120, UMAX)
E AR83l] 27 3 Image Master 2D Platinum software
6.0 (GE Healthcare, Waukesha, WI, USA)S o] &3l &4
At} 4 FAHol = spot T Pt ] 2Fo] Xty
of Atk A WAR AF Z2EdE A Azt (0, 6, 12,
18AI7H) F8 W3le Hole spot2 ¥WE 3 & ZF spot
volume %S 43131t

6. CHHEl =X

Kim 5 (2004b)ellx] Hargl wle} 7Fo] 2-DE gelollA] In-gel
tryptic digestion2 =33+ ¥ MALDI-TOF/TOF MS £4& 4
Y3}t Geloll A colloidal CBBZ 921 protein spotS 2+
Zhf o] 50% (v/v) acetonitrile (ACN)©] X3HEl 0.1 M NH,
HCO;% A& 3}e] SpeedVac Concentrator (Thermoscientific,
Bremen, Germany)O = ZAZAIZTE ZAZH gel 270l 10mM
DTTe] 23 0.1 M NHHCOsS A2l § 55CoA 45%
7H SN T AR E ATHS AASIL S55mM
jodoacetamide©] Z&H 0.1 M NHHCO;S Ag|sle] <talo)
A 3087 ddst S AFTE Gel 272 50% ACN©]

[SRE=1

¥3HE 0.1 M NHHCO:Z A3 29)S 4333t 5 digesting
solution [25mM NH4HCO;, 0.1% N-octylglucoside(w/v),

and 12.5 ng/¢8 trypsin}e X]2]|3led 37CollA over nightdhe]
digestion A7l & ZAXAIZTh ©ild 5742 ABI 4800
Plus TOF-TOF Mass spectrometer (Applied Biosystems,
Framingham, MA, USA)E ©]&3}o] 355nm o|A] 200 Hz

ND : YAG laserS 7Fs-AlZth 2E H|°]E]+= 4700 Proteomics

o -

400

Hpds) .

HiZ4S) . Z194%} -

AL rS AV
analyzerS ¢ Mass Standard Kit (Applied Biosystems,
Framingham, MA, USA)E ©]&3lo EA St MS/MS
spectrai= database A ZZ 1<l MASCOT|A] NCBI
databases HIRCo® FHAstiom A Hi=o |
experimental peptide mass valuedl] tiet QX5 +50 ppmS
2 A3 methionine oxidation®} carboxyamidomethylation
< variable modification® 2 A% 3}% 2™ miscleavage= 1%
A17gste] AAEIT

LC-MS/MS+  LTQ-Orbitrap  system (Thermo  Fisher
Scientific, Waltham, MA, USA)S ©]-8-3}¢] Takahashi 5
(2014)°] ol wEbA] EA3 . LC-MS/MS 404 A
2 Raw data post-MS+= Proteome Discoverer 1.3 software
(Thermo Fisher Scientific)S ©]8-3tod A} 7433t NCBI
databaseE IO E AMSEAL T Q14 RNAseq w2]olA
A TPGRE vuigo g HAS AAEAT

u

1. g5 Xokd Hzb
oA AREE
e AakelA &
(Kim et al., 2013).
Lo Zol7t s TS HlwE}y]
AZE, 6A17F, 12417, 184]
A& 21mM  KNO;,
SO, - TH,00] &3 &fof Q14 o] &
ol AF A7 AL 73 gk AF Aol wE A&
Aol vE-S 4 Foted wAsIaL, ¥ wk
So] Holx] ok chal R B0l ARg-siaiTt 2
It SJsiA LAY E = A
/%ol A YERA] %8ttt

0

o]
=
=4

FE 5ds/m, 9F %

6.1lmM KH,PO,, 62mM Mg

o] o == AL
)ltrlx = X

L.

AR AEAA YIS Cha

271 AZF E Qe S8t QoA TCA/Acetone &
o
=

colloidal CBB GO 2 7} gelS ¢
ARS FYsieh. 1 F 27] A7
o2 Hole A spotsS FEE = 9l
F A7 AIZF EE F 1003 £240 (047h), 992 + 166
(67171), 1051 £51 (12717F), 990 £ 160 (18~217H7H2] spotSo©]
72 e 2}o]E one-way ANOVA 773
< B9t 95% ol o] s Hole wilES Fodth
(Fig. 1). & 491 vk A" ojxkd A71¥F gels Image
Master softwareE ©]-8-5to] A|7F HE v

g Azt ghe] ehdo] Tl zolE Bl

-

Tl A

=
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Fig.

. Representative 2-DE gel profiles of ginseng leaves proteins isolated from

exposed to salt stress. For 2-DE, 600 1g of proteins were resolved on IPG
strips (4-7, 24 cm). Second dimension separation was carried out on 12.5%
SDS-PAGE. Gels were stained with colloidal CBB G250.
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Fig. 2. Enlarged views and quantitative analysis of differentially expressed proteins in ginseng

leaves in response to salt stress.

GL 1, GL 2, GL 3, GL 4, GL 5, GL 6= 9% Ag A7+
o] Z7}1erE WA W] Zrksh= Yl Ao, spot GL
7, GL 8& Alzto] 7= Weldo] fhashs wulolnt
(Fig. 2). o] ©AEL Q4 7] dF ZE#HZE W9
Foste Ax dEY Fo=Z o o] Hrt

3. _77(_7' g_,er /\EE"/\ I:I|-2 El—HHKI _'.:_7(1
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=23
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A Z2hflo] In-gel tryptic digestion IS A MALDI-
TOF/TOF MSZ 412 4A]3}22 NCBI databaseE 7]Wo =2
gk MASCOT 72 engines ©l§3ted ©aS 4315t
(Table 1). 5743 Z3} ethylene response sensor-1 (spot
GL 1), carbonic anhydrase-1 (spot GL 3), chlorophyll a/b
binding protein (spot GL 5, GL 6), RuBisCO activase B
(spot GL 7), DNA helicase (spot GL 8)52 &43stith.
@ spot GL 29} GL 4& MALDI-TOF/TOF MSZ &

o
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Table 1. Proteins identified by MALDI-TOF/TOF MS.
Spot  Accession Putative Function SC Score Expect Mt/ The highest-scoring peptides ~ MSMS
No. No. [Taxanomy] (%) P pl (T) (lons score) /PMF
Ethylene response sensor-1 69.0/
GL1 Q38846 [Arabidopsis thalianal 8 58 1.8 6.06 KAVAIVMTIAK.V (48) 1/8
Carbonic anhydrase-1 36.0/ K.FMVFACSDSR.V (35)
GL3  P46512 1oy eria linearis] 20110 8.8E-005 500 RVCPSHVLDFQPGEARWRN (51) 27
Chlorophyll a/b binding protein of 28.2/ K.KPAASSGSPWYGPDR.V (63)
GL5 022669 | {10yl type | [Panax ginseng] 15 117 T80R05 517 R WAMLGALGCVFPELLARN @41) 27
Chlorophyll A/B binding protein, 28.3/ K.SVSSGSPWYGPDR.V (32)
GL6  BISTSS putative [Ricinus communis] 18 92 00059 5.29 R.WAMLGALGCVFPELLARN (46) 247
Ribulose bisphosphate carboxylase/
. . 51.5/  KMCCLFINDLDAGAGR.M (48)
GL7 MBAZL6 oxygenase activase B, chloroplastic 28 176 2.20E-11 8.86 R.VPIVIGNDFSTLYAPLIR.D (44) 3/17
[Aegilops tauschii]
T24M8.10 protein, DNA 28.9/
GLe 081519 helicase [Arabidopsis thaliana] 40 47 5.87 - 0/8
*SC; sequence coverage, Mr/pl(T); Theoretical molecular weight/isoelectric point, PMF; Peptide Mass Fingerprint.
Table 2. Proteins identified by LC-MS/MS.
Spot No.  Accession No. Putative Function Xcorr  Charge  Mr/pl (T) Sequence
Nucleotide binding protein 59.1/
GL2 Locus_6027 [Arabidopsis thalianal 2.09 2 557 EVENFQKESK
GL4  Locus 40073 vlakoid lumenal 17.9kDa protein ) ¢ 2 151/ VIYWYPFTTALGDSK
- [Arabidopsis thaliana] 5.05

FEA ol LC-MSMSE HA] st 4T 2
nucleotide binding protein (spot GL 2)3} thylakoid lumenal
17.9 kDa protein (spot GL 4)5 5733t} (Table 2).

4. 2| H57 T 2 TR

Ao dR7 sl A8 F5 45 FHC= 2003
B 2011 Q7kA] 54387, AEAEAE &
ANG A, SelM 9R Aol BT FFo=
o A5y NEF AYAANA A B4 BFO
WM} (Kim ef al,, 2013). 22U} < £ o
SE#H S B Aol gk @E njolewpr
of S EA A4S AlE A= flrk

= 95 A QA FE3 AFE e R %
7] @ Wkl delste whild WS 9kl eAHRE
o 18A7E B¢ AR A2 eivke FolA ojxe] A
(Kim et al., 2008)9} tk2r}y & & Qt}. A2Fog %7
AF AYH #E Ax @AS MALDI-TOF/TOF MSe}
LC-MSMSE o]&3st &3ttt (Table 1, Table 2). L
A3t FeHdol HEE @Rl thylakoid lumenal 17.9 kDa
protein (spot GL 4), chlorophyll a/b binding protein (spot
GL 5, GL 6), RuBisCo activase B (spot GL 7) 5°] 7%
HAh ol Fed dd ThEEL dnkzow QlpHER]
olUz} ofg] A&o] 734 AEF 2 =E2HUS wo] Bk

T

ksl
o
=

201

o ro fru

st Sl dER & g A Ut} (Aghaei and Komatsu,
2013; Kim et al,, 2014). 957 APdsl & @A A4
= it AR 3 Al STG31349F A3 Al STG3159
of 97 Azlste] FgAdol IHE TlE (Oxygen-evolving
enhancer ptotein 17} 2, RuBisCo, RuBisCo activase) 5 ©]
AF 2EY 2 dHE dildER AT (Kim er dl,
2008). wEbA F3HE A E S AR Asiel tigt A
HARL o] s AoE FPHE

Spot GL 1 <14} ethylene response sensor-1 (ERS1)
wAg o] FUr} &AM ethylene A& g2 2]E9]
A%, A 2=a A, AL A, 2719 el A o
A, wolel sl £31, o] w3} 5 s} e Aol
oflel df ZEdHZetw WA Aol St Hile &
AREH & d#HR ARelt) (Guo and Ecker, 2004; Cao et
al, 2007). ERS1 §-AAR= ethylene =8¢ ETRI] thdk
Aol At ERlEN e, o] fHA= dominant
ethylene insensitivity® X F& ZHS& o}v} ERSI2
ethylene WF5-9] o QA2 F4o] "o}, 28y o714
QA ethylene T+ Thildo] AF ZEH 2 HAHHE B

= §ioh

0

ot
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A AGAAE Hole =8 279 UF Dunaliella salina®)
ut Tl Q] carbonic anhydrase®] S71oll 9JslA AE=e] 4
SdoA & F de Aer BRIHUGH (Flsher et al.,
1996). T=gF 315 AT A SEH S U A {7
gote A AellM el #Rld Alx /\]'
H (hypersensitive cell death)?] ¥X|E]H. ZHARIXIZA] IF
FA = wkg TEQl capsicum annuum  hypersensitive
induced reaction protein-1 (CaHIR1)0] 3 E &27HEkA o
A AE 2EF 20 9J8)A carbonic anhydrase®] @& o] A
g zdHE A4S BISI9Y (Jung ef al, 2008). wEFA

o

carbonic anhydrase= @/ #&/3oll D¢ A=A U=
Ao FAHT AielM AF Aol T3t 9¢s &

Aoz dato] )

Spot GL 82 DNA helicase® ©|
2 o] 3lE DNAZ Zo] F=
HA] YA o] vhAe AEo] S AEH 20| W7k
HES3hs A2 w defx k. F2ol Qﬁ‘«] DNA helicase
45 A YAAZE o] g F520 IR647F AR
gk AdS Hole A7 23S EEsIIT) (Sahoo e al.,
2012). W2hA GL 8= A4t EF A dxet Aol
S Zow Fdn

:6]'* RHno=z = o

e olFUM P2
‘61—,2

=2

T A

ZAe =2

B AT $EAEY FIA Us 29939 718

=1 O

4 (PJ01010401)e] A& wro} 3 A= o] A=Y
Ytk
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