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Proteomics Analysis of Early Salt-Responsive Proteins in Ginseng
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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), thylakoid 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.
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Arke T2 g, S2] soMoke} Ay, w=e] Hol

e FEUTH (Araliaceae)ell abe thdA) ofx=EM HZg7he SAHCE A, AdkEa glow, s thde R
(Attele et al., 1999), Wk o g2 71dA| 2 AREEFojgkon Q] FaE AR At 2L (Panax ginseng C. A.
A okskx o g Qb &3] 4T WK, YRS &3, A Mey.), BI=t3t (Panax quinquefolius L.), 8% (P japonicus
g 7% & ZHF Aot Badoe] vk (Kim er al,  (Nees) C. A. Mey)] Al & FAHo® o]Fojxa gtk
2003). 53], 2142] ginsenosidetl= 33E2 ooz F (Nam ef al, 2005, Kim et al, 2011). ©] % Panax
HZEE 72 A, ouA F7F SOl B3V U= AR ginseng (LEIAHS TR FE Tl At Q4
adelA Aot (Jung ef al, 2003). IS TR Fg2HE<] o] 9, =7] (Sun et al, 2011), g (Kim ef al, 2003,
Qe T FEOZ £EA | Y& AR e FElUEE 2004a) 52 UGS R Sl FolE ol BA (Nam ef al,

12 L
U sAHEen, 9 &5 5 I, A7l oigk B4 3L 2005 We er al, 2007), A5 ©AME Qi BrE] Tl 24
Z, WY 59 FFo= vipd A aHTE HES] SV (Ma er al, 2013), Q14 FF 7ROl ©A w74
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(Nagappan et al., 2012) 50] &&alA Y=L Ut
HT F4% 719 Weke] gEo = a2 A 2 IR/ Al
7h Bol wAste] 1pke] P8A Aol oy Aotk
(Bang et al, 2012; Kim et al, 2013). 53], 957 H=
3l 14t ko] Wi oF 20% A= AE AL Slo] A7
3Lt i AR EY 9F F=7F 0.5dsm= v
whol Qo] ofsk el &3P HF TRt =8 A A
o] JEF= I Ashd Al whEhA] AAte] KA SUIE

gJalel AR 2EdS] AFHS 7K Q1 A

3x=% O
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@ F o goz vl AL s,
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ket 2ol f-&3 7loltar
and Mann, 2000). ©]2]st Th A g4 =
9E (2-DE) wHe= 54 2o w2
S (p bl wt Eelgk & 7Hte
71E ol g3t oAt MBS AA3taL
Aolup F34] dloEHo]| 25 AEF RS
guAs =4sk= FPgoltt (Rabilloud, 2002).
HIEHE o83t 9/ Z=EHZE A AR
159] Wart 7hesie, o e Ee] vl
7 2Ed S A AR Jehue 548 o
sto] vlo| QuARAME S8 F QU
ZEY2E A3 it ol v
)3+ 3 MALDI-TOF/TOF MS, LC-MSMS %
E3lo] 27] 9F 2EG X uSo] FoJis
s, HF 2EHE A AF EE Xl B
g3l vlo]enARA L83kt st
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Uig el
2. N 5%
1] Q1 9ol A B Fof g3 miE F, i

H 715 2% 2-mercaptoethanolS 713 Mg/NP-40 ThiY
FZ89 [05 M Tris-HCI, 2% Nonidet P (NP)-40,
20 mM MgClL] 10 S H7A A 423} Al7]3L 12,000 rppm
o2 4TCoA 1087 YAl sty syt a8t
Atk 353 W Rulo) 4u) ko2 12.5% trichloroacetic
acid (TCA)/acetoneS H7Isle] @23} & 147+ B9+ 20T
of AN IA F 4TCoM 12,000 ppmOZ 527+ 94
A Eol 80% acetoneS F7Fsle] HE & 3
R 22 208 o] eilielshe AlF 2
HHE S v ge g FE2E whEed] 80%
acetone 1.2ml S F7}8F] micro centrifuge tubedl] %713
—20Col|A BsIATh

2

a

HE

= X-IEI:

FZF ©WwES 2DE Quant Kit (GE Healthcare,
Piscataway, NJ, USA)E Al&3le] A& E43A T 80%
acetone®] A FHof 9l TS e AWUEF micro
centrifuge tubedll &713L YHEEE T35l acetoneS €4
3] A|AE &, rehydration £ [7 M Urea, 2 M Thiourea,
4% (viv) CHAPS, 2 M dithiothreitol (DTT), 0.5% (VA)
IPG buffer pH 4-7 (GE Health, Waukesha, WI, USA)]ll
=9t} Pellet pestleS ©]-&-3le] $A3] Hol 3 287F 914
2] 3t bufferdll A 2= AA7IE 7K &, 5 U
1.5mé micro centrifuge tube®l]l FATE 500 10 precipitant
(GE Healthcare, Piscataway, NJ, USAYS H7}sle] 4o =
H, &2l 2~387 FoF & $ 500 440 co-precipitant (GE
Healthcare, Piscataway, NJ, USA)YS 37Iste] 7PEA SE
AlZI % 10,000 rpm oo SEZF A4l sled dEds
X3 A ASFATE 100 £ copper solution (GE Healthcare,
Piscataway, NJ, USA)Z} 400 4 S/HTE H7F 5, Az Eo]
8] galld w7k £k 72 FEY 1 ml working
color reagent [color reagent A:B=100:1 (GE Healthcare,
Piscataway, NJ, USA)IE H7Ist SA] F=gA 4o =AU
F2odlA 15~2087F FoF & F, spectrophotometer (Mecasys,
Daejeon, South Korea)S ©]-8-3k 480 nm u}gol|A] Thla =

=S SAskt.
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dr
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=

=

4. OIXFAZD RS (2-DE) 24

2-DE #48 Kim 5 (2012)¢] #PHo = =asiict. zhzt
o] ghld AJR (600 1g)y= 24cm IPG strip (GE Healthcare,
Piscataway, NJ, USA)S o]&3l S84 795 HAIS
$t}. Rehydration <9 6A17F ©]/d rehydration A]Z] strip
S olgst] A9 FAATE A28 F5S 50 V 4X7E,

=
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100 V 1417k 500 V 1A1ZE, 1000 V 1A1ZE 2000 V147
4000 V 2A17F, 8000 V 5A17F, 8000 V 9AIZE 50 V 6AI7F
o=z 3392 ™ IPGphore Il platform (GE Healthcare,
Waukesha, WI, USA)S AH&-3tdth. 77195 F 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%&7F
equilibration 42 A% ¥ 55mM iodoacetamide (Amresco,
Solon, OH, USA)E #7tgt § ShalelA 207+ g o
equilibrationS F~3 3} T} Strip 12% SDS-PAGE gel $]l|
FHORE SHFINL WNFES AT A71F T gel B
2 W&, 500 V, 300mA 4 30%S Aol = H, gel T
16 WollAl 700 V, 300 mAZ loading dye’} gel ol 0.5cm
2 W5z w7k do] F=ATh Gel colloidal Coomassie
Briliant Blue (CBB) 9941 &9 [34% (v/v) methanol, 17%
(w/v) ammonium sulfate, 3% (v/v) phosphoric acid, 0.1%
(W/v) CBB G-250]10.2 GA&13it).

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]
=k 24 FFoll= spot I A Hu SHo] £
A HAR AR SEHS AP AR (O, 6, 12,
HalE Hole spotS ¥WE 3 & 7 spot

6. o

Kim 5 (2004byell#] Hargl wlel 7Fo] 2-DE gelollA] In-gel
tryptic digestionS 533+ ¥ MALDI-TOF/TOF MS #4&
Y37}, Gelol A colloidal CBBZ 9214 protein spotS 2+
Zh o] 50% (v/v) acetonitrile (ACN)©] 2Z3&%E 0.1 M NH,
HCO;% A& 3}e] SpeedVac Concentrator (Thermoscientific,
Bremen, Germany)O 2 ZAZAIZTE ZAZH gel 270l 10mM
DTTe] 23 0.1 M NHHCOsS A2l § 55CefA] 458
7H FAAT F AAREE AFAE AASEL 55mM
iodoacetamide®] Z3HE 0.1 M NHHCO:S ]3] el
A 3087 dEst g5 AFTE Gel 272 50% ACN©]

o=

23HE 0.1 M NHHCO:Z2 A& 29JS Fa83t 5 digesting
solution [25mM NH4HCO;, 0.1% N-octylglucoside(w/v),

and 12.5ng//«L trypsin}& *2]3l 37ColA] over nights}e]
digestion A7l & ZAXAIZTh ©ld 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-AZth 2E H°]E]+= 4700 Proteomics

e =

400

Hds) .

HiZ4S) . 214X} -

cALErS AV
analyzerS 9]¢t Mass Standard Kit (Applied Biosystems,
Framingham, MA, USA)E ©|&-3te A=Atk MSMS
spectrai= database A ZZ 1< MASCOTO| A NCBI
databases HIRCo® HAE o A Hio] ts)A
experimental peptide mass valued] gt QXE +50 ppme
2 A3 methionine oxidation¥} carboxyamidomethylation
< variable modification® 2 A3} 2™ miscleavage= 12
A7t HAEIT

LC-MS/MS+  LTQ-Orbitrap  system (Thermo  Fisher
Scientific, Waltham, MA, USA)S ©]-83}¢] Takahashi 5
(2014)°] Wrgel weba] A3kt LC-MS/MS 41e4 &
< Raw data post-MS+= Proteome Discoverer 1.3 software
(Thermo Fisher Scientific)S ©]-83+] )| 7Fa3te] NCBI
databaseE WO Z AMSFIAL TEgE Q14 RNAseq w2]ol4]
A TAPRE niRo g HAS AT

18R K3 wep
2

e
oA AREE
s Al &
(Kim et al., 2013). 27
o] Zol7t s TS BwE}]
AIZE, 6X17F, 12417F, 18X17F &< F5% 5ds/m, 8F
4e 21lmM KNO;, 61mM KH,PO, 62mM Mg
SO, - TH,02] &3t 890l 14t <o) o U= AAFE
o} A7 2] APe FAAh gt AF Aol wE A=
Aol W2 AEA FF 588 Sl AL, PG vk
Qo] Holx] U= 914k 2]

FHog Hgpo
9 &A%

Al
=2

l-'O

az

o
=

[e]
o

[
U o Ly

juies

M

g

ey e
Jol A2l

A A= A

LA gk,

S

olN
4

. | HF AEY |~ YES THNE 7.DE 24

A 83t QoA TCA/Acetone F&
FEoUTE T2 TEE o]x el
colloidal CBB §HO 2 7} gel &
AFS FYaisnt. 2 7 =27] AZE
ol Holz Tl spotsS HAT F 3

72 3 1003 £240 (0X7F), 992+ 166

=] o] A}o]

vl

-

3L, 7+ spote] & X}o]E one-way ANOVA AA
frol o5 Hole wiEs ot

=4
S B3t 95% o]
(Fig. 1). & 4% wHE A ojxkd A7]9%F gels Image
Master softwareE ]88l A7+ H& Bl

g Azt he] o] xfo]E WA A

spot
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Fig. 1. Representative 2-DE gel profiles of ginseng
exposed to salt stress. For 2-DE, 600 g of

leaves proteins isolated from
proteins were resolved on IPG

strips (4-7, 24 cm). Second dimension separation was carried out on 12.5%
SDS-PACGE. 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 47 =g A7
o] T7HrE A wd7o] Srkske ©Eo|al, spot GL
7, GL 8& Al7to] S718rE wrd7ko] Hashes dhdoltt
(Fig. 2). o] ©AEL Q4 27] dF ZE#HZE W0
Foste Ax SEd Fo =z o o] Hrh
3. | Ui ~EY A YIS ChEX =X

A7 B2 we ko] WS Hols thild spotsS geloll
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A Zeho] In-gel tryptic digestion 38 713 MALDI-
TOF/TOF MSZ 48 A3} NCBI databaseE 7|HFO2
gk MASCOT 74 engines ©|-83td @A 43t
(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)5< &3t
@A spot GL 29+ GL 4& MALDI-TOF/TOF MSZ &

A=4e]
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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 | 1icii type | [Panax ginseng] 15 117 T80R05 517 R WAMLGALGCVFPELLARN @1) 27
Chlorophyll A/B binding protein, 28.3/ K.SVSSGSPWYGPDR.V (32)
GL6  BISTSS putative [Ricinus communis] 18 92 00059 5.29 RWAMLGALGCVFPELLAR.N (46) 47
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/
Gl OB1519 | licase [Arabidopsis thalianal 0@ 5.87 B 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 | "lakoid lumenal17.9kDa protein o, 2 15.1/ VIYVYPFTTALGDSK
- [Arabidopsis thaliana] 5.05

BEA ol LC-MSMS=E HA] it 4T 2
nucleotide binding protein (spot GL 2)3} thylakoid lumenal
17.9 kDa protein (spot GL 4)5 5733t} (Table 2).

WRE 2011 W7HA] EA4AA, AAEARAE, A H LA
S ANE A, teoliA AF Aol e FEo=
1 Joll 2R84 AES AHL193]eM At 54 F52
ARttt (Kim er al, 2013). 22y HEP E3) o
7 2E2 5 AR g B vol ovl A
Gk

=

=
7] R Whgel #elshe Wil WS flske] eAZHTE A
o 1827 &% AR AE siSivke HolA olde] A+
(Kim et al., 2008)¢} tk=2ctal 8 5= ity A8 o7 %7
AF A #E Ax @EdS MALDI-TOF/TOF MS9t
LC-MSMSE o]l F743ttt (Table 1, Table 2). L
A3} Fedol HEE SRl 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°] ¥4
HAek. ol5 B dd SEES iAo QR
o}l ofg] A&o] 344 AEF 20| kEHYS wol ukS

st didER 2 deiAd Aot (Aghaei and Komatsu,
2013; Kim et al,, 2014). A7 APdsl 4 @A A+
= it AR 3 Al STG31349F A3 Al STG3159
of 97 Azlste] FEAdol IHE TlE (Oxygen-evolving
enhancer ptotein 12} 2, RuBisCo, RuBisCo activase) 5 ©]
AF 2EY 2 dHE dildER FAEAT (Kim er al,
2008). wEbA F3HE A TE S AR Asiel gt A
HAQ Aol dE Aoz FAHHT

Spot GL 12 <14} ethylene response sensor-1 (ERS1) T
WAg Aol HATE 2]ElA] ethylene AT -2 2]&<]
7, A aela A, o) A, 2719 el A o
A, wotel st X1, Ye] w3} F £} e AEAdETto]
oflzl dfF ZE#2elw WA Aol St Hile &
ARE & d#HR ARelt) (Guo and Ecker, 2004; Cao et
al, 2007). ERS1 §-A2R= ethylene =8¢ ETRI] thdk
FrAbgel 2AG ERIEAoH, o] A= dominant
ethylene insensitivity® 2o F& ZS&Z o}v} ERSIS
ethylene WF5-9] o 2ARZ F4o] "o} 28y o714
QA ethylene T ThilFo] AF 2EH 20} HAHHE B
EIAS A3

Spot GL 3 carbonic anhydrase® &-dE %t} o] &
CO,9t 2 bicarbonate® HFAA FE IS & 7oz

T
Z dHA o FUEE o] Aae A

ol
o
g: ol
@
oo
2
9
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A AGAEE Hole A 270 AFQ Dundliella salina®)
o} el carbonic anhydrase?] Z71ol sl 2Ewe] o
NE AOZ HIFHJY (Fisher er al,

oA A 5

TOMRT
1996). TG 5 WAG A 2EdS WY BE s
o] 7lsE sk AT AFelA HEellM AR AE A

" (hypersensitive cell death)?] EXE]E ZHQIx}2A I3
A = ¥k TRl capsicum annuum hypersensitive
induced reaction protein-1 (CaHIR1)°] A F2HS A o
A AR 2E#|2ol o)A carbonic anhydrase®] W&ol ¢
ZA-E= AAE RIS (Jung et al, 2008). WEHA
carbonic anhydrase= A/ A3l 2T AAAAVE A=
Ao FAHHT AielM AF Aol Fad 4TS
Ao R ofifo] Hrh

Spot GL 82 DNA helicaseZ o] Tz o] +x
Z 1o 9lE DNAS 2o F& 422 sk 2oz 2 &
A2 UARE o] ThlE L A& g% | 2ol RIZFsHAl
Hhgshe 2w defA Slrk #H2ol €] DNA helicase
45 FAAE 9ExgE B v F5490 R4 ARl
gk AdS Hole A7 A3E It (Sahoo e al.,
2012). WA GL 8% 14t dF A3 x) 2 o] 9l
S Jog FH

=

3k

3}
=

E

LAl 2

B A7 vE0TH
< (PJ01010401)¢]
Yt

FTA W$ ZAAHIA

J9g wol SaE AT ol
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