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ABSTRACT The roots of Platycodon grandiflorum species
either dried or fresh, are used as an ingredient in salads and
traditional cuisine in Korea. To interpret the root proteins,
a systematical and targeting analysis were carried out from
diploid and tetraploid roots. Two dimensional gels stained
with CBB, a total of 39 differential expressed proteins were
identified from the diploid root under in vivo condition using
image analysis by Progenesis Same Spot software. Out of
total differential expressed spots, 39 differential expressed
protein spots (= 1.5-fold) were analyzed using LTQ-FTICR
mass spectrometry. Except two proteins, the rest of the
identified proteins were confirmed as down-regulated such
as Isocitrate dehydrogenase, Proteasome subunit alpha type-2-B.
However, the most of the identified proteins from the ex-
plants were mainly associated with the oxidoreductase activity,
nucleic acid binding, transferase activity and catalytic activity.
The exclusive protein profile may provide insight clues for
better understanding the characteristics of proteins and me-
tabolic activity in various explants of the economically
important medicinal plant Platycodon grandiflorum.

Keywords : diploid root, tetraploid root, in vivo, glycolysis
pathway, Platycodon grandiflorum
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Link ef al., 1999; Washburn et al., 2001). MudPIT+ SDS-
PAGEO| A A SPdiaS 132408 o]0z 7]
S F, 2o AAg RolE g ao] o) HelH
peptidesE- ion-trap AFE=Fol|A] ZQtof| o8l E2]% peptides
o] AFES -5kl database searchS F3f| o] Tl
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wro= Thly AojoAe] YEHT BAE Fol LA
A& 2EY A W7t ESS &4 oA dfAshr] ¢
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opirol FA AR AHESHTHFig. 1). Eekx o] e
wo| ;o] B £ 9As] AAely] gIaf 25 Al
45 ¥, ulste] 33 ZR4r thal AT, 2718
S AAT I, -80°CoNA mBEIAT.

oA FHQl XY Thae} BaE A2
oA Aot TCA AAYE ol gslo] Axsiar). o
222 98] 2ujAlet 4u)A) Eebx) e 12 R
oba)3k ), 20 mM Tris-CI (pH 8.0), 0.2% SDS, 200

Diploid Root

Tetraploid Root

Fig. 1. Diploid and tetraploid root of Platycodon grandiflorum
used in the study.
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mM DTTe| a0l 1087 $5 oo A5RE )5
sfo] 221 whiolN A BEHEe] A7 st
10% TCAR -20°CollA] 1A[7F F¢F Tl do A A Zi T
AAE NS acetoneo| E3[AIA 33] AH sl o,
AR5l AAsHES WY & speed vacuum centrifugation
o2 AxANFH. Az Ao lysis buffer [6M Urea,
2M Thiourea, 10mM Tris HCI (pH 8.0), 4% CHAPS, 50mM
Dithiothreitol (DTT), 0.4% Protease Inhibitor Cocktail, 0.75%
Ampholine (pH 3-10)] 300nl-S F7}510] 1A]7F5<9t vortexing
gk %, 2027 A4E2(20,000 rpm)3te] 45 HE Al e-tube
of &7 RC/DC Aol ofaf thild w5 A5tk

2—-Dimensional Electrophoresis

AU A 7] 95 (one-dimensional electrophoresis: 1-DE)
2 54™ A79 L=, 15 cm 23] straw gel (Urea,
30% acrylamide, 10% NP-40, Ampholine pH 3-10, 10%
APS, TEMED)S A5 o1, 44|17 oA} &3] &, 70~150
ule] A2E FYste] A7|gssidch A7YE 20
150V (1h), 300V (1h), 500V (16h)o]lA] B = 7| =3}
Atk AAY H7AE ¥ B B AL oYW
Be= oF3leh 23k A7 95 &4 fldl 12% separating
gelT} 5% stacking gelo] loading A]%71 & Coomasie Brilliant
Blue (CBB, R-250)2 gMslich Z+29] gel& image &
XS $)5}to] scanner (HP Scanjet G4010, USA)= 270515
6 2D-gel image+= Progenesis samespot (Nonlinear Dynamics,
Newcastle-upon-Tyne, UK)2 Al8-3}o] EA5H4 T

In—gel digestion

o|A Y7 FE T AolA Wst= spot= AFTH 2L7(1
mm X 1 mm)=2 ZepA] e-tubeo]] doiE o vlE] FH|4]
200 wl SF7F E71 PCR tubeo] g o]F=1t}. Vortexing
T, ZE24 A3kl gel band A|FH-S $13}o] 30% methanol
1 mlE A7lsto] AYA} vortexingS 43451532, 30% methanol
AL gelS GMH CBB7l ©AE| o] gelo] 51¥A 2 uj
742 WHEELI T B 5 methanol-S A AEEAL 50% ACN/
10mM ABC 200 plg #H7}sle] gele 27180z A 26
208 A4 F, O] 100% ACNS F7ksko] AF225°C)
ol Al 1027t WHSAIA gelx &3} A|Zlom, §Eg-o] &1t
H ACNE AASHL speed vac.& AHE-sSto] 2bs] 1A
Al A5 AxE sample2 reduction reagent (10mM
DTT in 100mM ABC) 50 ul& #H7}sle] 56°Co| A 1A]7H
HESAIZ] Th, 2487 Ala2](12,000 rpm) 3t - AF5oHE Al
Al F%iT}. ©]% alkylation reagent (55mM IAA in 100mM
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ABC) 50 ul& Y1 A2(25°C), &z 3ol Al 405-7F vt
SAIZ = RSt AedS AAseH, SRTE
AlFsAT AHIE &, 7S Al7skL 100% ACN
10 S H7iste] thA] gel& 1087 245} 3191om, o

T ACNE ¥ 10571 speed vac. 2.2 A4H 3| AFRAIR
o} &3] AZXE sample2 digestion} Y-S =3Y35}17] &)
Azx49 sampled] trypsin enzyme 50 ul 37°Coj|A] 16A]7t

F{E off

"2 A)7 digestion A]7] & AZ A|FATLh
EH2HEM U pioinformaticsE 0|88t CHEE SH

In-gel digestion?}4S F3 23l peptideE 57435}7]
ot mE MS/MSEA-2 surveyor HPLC system¥} nano-ESI
227+ A2 7-tesla Finningan LTQ-FT-ICR mass spectrometer
LTQ-FT-ICR &= EA47|(Therm Electron, Bremen, Germany)
2 A5 Nano-LC/MS A|AEI O 2 L35 Qith MSEAS
2], sample-S SIS} Al7]13L 20 ul/min®] flow rate 2
E=017] 98l 42+9] sample 10 ulS auto sampler (Surveyor)
£ A}8-5}0] Cyg trap column (I.D., 300 um, length 5 mm,
particle size 5 um, LC Packings)o]] =3} o0, o] =z}
FX 02 MSQF MS/MS acquisition2- HH25} data-dependent
mode® 2Fgolal, ot g2 sk 3=
(Conditioon: 2.2kV spray voltage, 220°C ion transfer tube
temperature, 1.3millitorrs collision gas pressure). MS/MS
acquisitionof| 4] ion &L 500 countsE A HOE AA
shalon, B3k q=0.25, BASHAIZHE 30ms= A5t
rt. LTQ-FT-ICR MSZ FA% peptide®] MS spectra
datagtS HA MASCOT ver.2 (Matrix Science, UK)9]
databaseo]| A M3} 21, Olsen & Mann (2006)0] 2]7
5o peptide 2 2HH $)+= 50 ppm, fragment ion 2 2}5 9]+=
0.5 Da®2 AA3s}%ch
sequence®] AR = (http:/pir.georgetown.edu)S 3l protein
sequences = HAM7|REO R ARESIGITE 2F EQlH =
oA whA e B, pl 2714 FEL S Z7te] £
of ufel Heato] webx) Thge] AubAel sloky B4L
gobsl4 al, o] EEfA] Tl A 9] protein sequence= ©]-&-
gto] UniProt &off @A 7|52 ghelstlon, 22ls
Nsa ol thlde BRsHA.

%= protein description} peptide
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Fig. 2. 2-D patterns of proteins expression from (A) diploid
and (B) tetraploid root. Proteins were separated on a
2-D gel using 11 cm tube pH 3-10 L in the first
dimension and 2D-PAGE in the second dimension.
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Fig. 3. Frequency distribution for molecular weight and iso-
electric point of identified proteins from diploid and
tetraploid root. (A) Molecular weight (kDa), (B)
Iso-electric point (pl).
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£ RxE of7lgviel SAEE Aubg moLh A4 th
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oA F 39719 o] FHEen, o]59 T B
7% BRE Aaks Fig. 49} Table 13} 2t} 54994
7 g o] Sk 2ujAle] A%, A L109) elnat
WA} 75 A 0% gon], fnEthuld LIOP(Rho] 4
3l chal ghe) AgEo] Fagt ekt grre) s
i Alo] A7]A4Q1 A= g AFdQl 60S acidic ribosomal
protein PO (SN 127; 34.4 kDa, p/ 5.38) (Kenmochi et al.,
1998), 4tstghda4-o] 2yt Bl AN 131
39.1 kDa, pl 6.86), s G2H-&- G- ae] qlof il 4]
AR 7HA = e Aol Fa3t vhe& Svlst
= 8424 AEA 9] EXE3}= Enolase (SN 235; 47.9
kDa, p/ 5.92) W LA Zof| 4 malateE OAA (oxaloacetic
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Fig. 4. Relative protein intensity of differentially expressed
proteins from diploid and tetraploid root.

acid)2 = 1 oo saluhe-e Fufshs Alslal &
AR, o WA= o]5t= malate dehydrogenase (SN
301; 35.7 kDa, pI 6.33) (Goward et al., 1994)0 A =2 7
o= UEhge. wh, 4uAl ol Beloh A4e] Fas
A 4o, 1,3-bisphosphoglycerate®]] glyceraldehyde 3-phosphate
o BAQAES tea Ao Hohag TS s
glyceraldehyde-3-phosphate dehydrogenase (SN 26; 36.9
kDa, p/ 7.7)2} sfgdatgol Slo] Fa’gt &4l phospho-
glycerate kinase (SN 88; 42.3 kDa, p/ 5.69)%] s=7} =3
th 221} SN 2637} SN 882 A 9|3t = chalzlof A] 4n)
Aol vlsl| 2vjA A & FEE M= AoR YT
E3] 28 ¢] SN 127, SN 131, SN 235 2 SN 3019] gt
e v R 26 oo w& FEE HSAtHFig 4,
Table 1). MASCOT search engineS E3f doj# HARE
H}EFO 2 spot number (SN), protein accession (PA), THdl
%l 0]E(Protein description), T2l 7]%(proteion functions),
molecular weight (MW), iso-eletric point(p/), protein matches
(PM) protein coverage (PC), peptide sequence (PS)52. =
H=%l Al Table 1, Fig. 53 2t}
20 A1t el =ebA] Felo] Thi o= Ao QL
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Table 1. List of identified proteins from diploid and tetraploid roots in Platycodon grandiflorum using LTQ-FT-ICR MS/MS.

SN”  pA? Protein Description Mw?  pr? PMY pPC® ps”
Oxidoreductase activity

26  P04796 Glyceraldehyde-3-phosphate dehydrogenase 36901 7.7 6 29.6 IGINGFGR

48 Q43839 Glucose-6-phosphate 1-dehydrogenase 65646 6.88 8 15.8 IDHYLGK

70 P81406 NADP-dependent glyceraldehyde-3-phosphate dehydrogenase 52970 6.76 4 6.2 IAWEEPFGPVLPVIR
72  Q9S7E4 Formate dehydrogenase 42383 7.12 1 42 DWLESQGHQYIVTDDK
90 Q9SNX8 NADP-dependent glyceraldehyde-3-phosphate dehydrogenase 53139 7.49 16 22.8 DSVTEVVR
131 Q7XWU3 Probable cinnamyl alcohol dehydrogenase 6 39061 6.86 3 11.1 YRFVINVGGDSK
221 Q43247 Glyceraldehyde-3-phosphate dehydrogenase 36426 7.01 7 113 TLLFGEK
259 P52578 Isoflavone reductase homolog 33831 6.16 6 17.2 VHAVEPAK
278 P26521 Glyceraldehyde-3-phosphate dehydrogenase 36547 7.66 31 26 VLPALNGK
Ion binding

43 P50217 Isocitrate dehydrogenase [NADP] 46762 6.54 11 20.7 WPLYLSTK
235 QILEI9 Enolase2 47884 592 39 24 EGLELLK
257 Q38858 Calreticulin-2 48127 437 6 17.7 LDCGGGYMK
284 P25696 Bifunctional enolase 2/transcriptional activator 47689 554 5 16.2 TYDLNFK
Nucleotide binding

68 P37399 ATP synthase subunit beta, mitochondrial 59099 5.62 5 115 AEKMAKENPQ
88 Q42962 Phosphoglycerate kinase 42338 569 5 142 IGVIESLLEK
98 P21239 RuBisCO large subunit-binding protein subunit alpha 57657 484 5 8.1 LAGGVAVIK
106 P12782 Phosphoglycerate kinase 49809 6.58 4 10.6 SLAFAAGADPR
129 Q05214 Actin 41712 546 10 26 RGILTLK

165 P46523 ATP-dependent Clp protease 97259 59 2 47 VAVGNNVLDTLGRSR
Peptidase activity

92  Q8L4A7 Proteasome subunit alpha type-2-B 25717 553 3 234 LYKEPIPVTQLVR
107 Q7DLS1 Proteasome subunit beta type-7-B 29598 6.71 5 10.6 DGVILGADTR
Transferase activity

96 Q42653 Quercetin 3-O-methyltransferase 2 37843 5.68 5 14 GMSDHSTITMK
184 081646 Caffeic acid 3-O-methyltransferase 39610 5.62 8 28.7 GINFDLPHVIR
220 P19595 UTP--glucose-1-phosphate uridylyltransferase 51841 57 7 174 LDALLAKGK
266 081646 Caffeic acid 3-O-methyltransferase 39610 5.62 4 123 GINFDLPHVIR
275 023733 Cysteine synthase 33881 5.67 4 127 LEMMEPCSSVK
275 023733 Cysteine synthase 33881 5.67 4 127 LEMMEPCSSVK
Catalytic activity

121 082560 Glutamine synthetase cytosolic isozyme 2 39184 6.12 5 154 EHIAAYGEGNER
227 P07694 Glutamine synthetase root isozyme A 39264 6.12 3 13.7 DIVDAHYK
301 P57106 Malatedehydrogenase 35652 6.33 2 12 MELVDAAFPLLK
Structural meolecule activity

127 P41095 60S acidic ribosomal protein PO 34356 538 3 147 GTVEITPVELIK
253 022518 40S ribosomal protein SA 33885 5.1 4 145 LLILTDPR
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Table 1. List of identified proteins from diploid and tetraploid roots in Platycodon grandiflorum using LTQ-FT-ICR MS/MS

(Continue).

SNV pA? Protein Description Mw? pr’ pM> pC? ps”

Metal cluster binding

153 022553 Cholinemonooxygenase 50187 6.02 3 114  VAEWGPFILISLDR
Ligase activity

222 Q9CAB6 Ubiquitin-conjugatingenzyme 17989 503 2 226 LLEELER
Conjugating protein ligase activity

234 QI9LT79 U-boxdomain-containingprotein 25 46027 7 3 4 AAALR
Transporter activity

252 P42056 Mitochondrial outer membrane protein porin of 36 kDa 29376 7.78 8 14.5 IGLAVALKP
Hydrolase activity

310 QO9ZPFS5 Probablearginase 37957 59 2 9 FGVEQYEMR
314 Q9SB68 Manganese-dependent ADP-ribose/CDP-alcohol diphosphatase 34715 5.82 1 5.1 VIVCGHVPMSPGVASK
Response to stimulus

286 P04793 17.5kDaclasslheatshockprotein 17535 533 2 13.1 FRLPENAK

*Criteria :
6) protein coverage 7) peptide sequence

Unkmown

Hydrolase activity

Transporter activity

Conjugating protein ligase activity
Ligase activity

Metal cluster binding

Strucmral molecule activity

Catalytic activity

Transferase activity 13.2%
Peptidase activity
15.8%

13.2%

Nucleotide binding
Ion binding
Oxidoreductase activity 23.7%

0% 5% 10% 15% 20% 25%

Fig. 5. Functional classification of identified proteins from
diploid and tetraploid roots of Platycodon grandiflorum.

(oxidoreductase activity)”]'5= 2= T 2(SN 26, 48, 70,
72, 90, 131, 221, 259, 278)0] 23.7%9] H| &= 7} Wot
tl o2 9 & nucleotide binding7]%52] T Z(SN 68, 88,
98, 106, 129, 165)°] 15.8%92] H|&= =¢ton, E3] ATP
synthase subunit beta (SN 68)= =] ATP synthase?]
Al i ATA A S 4F S th(Fritsche & Junge,
1996). A5 A ATP synthse+= gefso|=dtof EA|dl= F+
Mol 7154 4% CFoxt CFle 7H EdA| = CFo+=
FYAY ol FRR ATYA S A, 1X, 75l HE
sejole] FOS} fARE e okl B3 peripheral

1) spot number 2) protein accession 3) molecular weight 4) iso-electric point 5) protein matches

membrance protein complex)o]™ CF1-2 o] &7 9] dhof 11
Ae kA E ATP 8% Aot Grossman et al., 1995).
Glyceraldehyde-3-phosphate dehydrogenase (SN 26)+= 3%
Y F HaEY] $8% aaold, FFA RS Calvin-
cycleo] 2}-8-3l= @ 4o|t} Peroxidase TH 2 § 4= 3138}
A 2pgoz 249 Aok U FANS AAT, B9 B
AZ el 2L A ] WhSe A, Wete] HEo vk
sto] |y} Z 232 FHAlof Bofdtti(Schweizer ef al.,
1989).

S transferase activity 7]5 2] TH2I(SN 96, 184, 220,
266, 275), Ton-binding 7|52 ZF= ThAZ(SN 43, 235,
257, 284) 9 peptidase activity 7]52] T Z(SN 92, 107)
o] SHEYE 7Ie, 20| ol XS o] Koz B
AElo] WHg4EsL W J)ko] ol
(catalytic activity)7]5-9] THHA(SN 121, 227, 301)%E oF
7.9% A= e th £35|, malate dehydrogenase (SN 301)
= FAAS] Zoj| A malateE OAA (oxaloacetic acid)=® E
£ 3 wle) Sehieg Hujshe sy Bam, ol
Ao Tl F47 oA QtHGoward ef al., 1994).
T1dbof| structural molecule activity 7]%5-2] TH2I(SN 127,
253), hydrolase activity (SN 310, 314), metal cluster binding
(SN 153), ligase activity (SN 222), transporter activity (SN
252) 7159 @A Fo| FH =S

fr

24
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N e
Wl 2ujAel 4u) webx T WA A2
3} Eabxo] Ao Botel
oA |4ty Ygt 71 2ARE AR} AAEH L 281
W 4o E2Ae] phalgo) W Qe wldgo] whE 5
oL T 3t 4 glolon, ME HaEF 15-100 kDa 2
71, pH 4.0-8.09] W9jo] Biolz ACR et 54
Fl 39709 ©hiA = 2ufA|of Bl 4ufAof A 271 2] Tl
Zo| up-regulated =311, 37719] Thll & o] down-regulated
ok BaEe s 2Re A, Asadase)
A (oxidoreductase activity)7| 52 zt= Thaldo] 23.7%
o Hj&=E 7P wWekal 22 nucleotide binding 7]-52]
2ol 15.8%9] Hl&=2 #=qtth

# o %@#M%ﬁr bR R ER P
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