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ABSTRACT  Platycodon grandiflorum, commonly known as
Dorgi in Korea, has a wide range of pharmacologic properties,
such as redudng adipodty and hypealipidamia, ad antistherosderatic
effects However, the mechaniams underlying these effects remain
unclear. In order to profile proteins from the nodal segment,
callus, root and shoot, high throughput proteome approach
was executed in the present sudy. Two dimensond gels sained
with CBB, atotd of 84 differential expressed proteins were
confirmed out of 839 protein spots using image analysis by
Progenesis SameSpot software. Out of total differential ex-
pressed spots, 58 differentid expressed protein spots (= 2-fold)
were analyzed using MASCOT search engine according to
the amilarity of sequences with previoudy characterized proteins
adong with the UniProt database. Out of 58 differentid expressed
protein, 32 protein spots were up-regulated such as ribulose-
1,5-bisphosphate carboxylase, endoplasmic oxidoreductin-1,
heat stress transcription factor A3, RNA pseudourine synthase
4, cysteine proteinase, GntR family transcriptional regulator,
E3 xyloglucan 6-xylosyltransferase, while 26 differentid protein
spots were downregulated such as L-ascorbate oxidase precursor,
late embryogenesis abundant protein D-34, putative SCO1
protein, oxygen-evolving enhancer protein 3. However, frequency
distribution of identified proteins using iProClass databases,
and assignment by function based on gene ontology reveaded
that the identified proteins from the explants were mainly
associated with the nucleic acid binding (17%), transferase
activity (14%) and ion binding (12%). In thet way, the exclusve
protein profile may provide insight clues for better under-
standing the characteristics of proteins and metabolic activity
in various explants of the economically important medicinal
plant Platycodon grandiflorum.

Keywords : Platycodon grandiflorum, proteome profiling,
functional categorization, pharmacologic value

Platycodon grandiflorum,knownastraditiond medicine,
has been extensively used since ancient times as a therapeutic to
treat cold, cough and asthma (Oh et al., 2010) in Korean traditional
medicaions. Thisplant isaso massively usedin traditiond herbd
medicine as a remedy for pulmonary disease and respiratory
disorders (Han et al., 2000).

Platycodon grandiflorum usually called “balloon flower” or
“bell flower” iswell known as a perennia flowering plant that
widespread in northeast Asia. The roots of this species are used
as an ingredient in salads and traditional cuisine in Korea. The
plant bel ongsto the Campanul aceaefamily that containstriterpenoid
saponins, carbohydrates, and fibers (Tada et al., 1975). However,
theannual domestic consumption of thiseconomically important
medicina plant asatraditional cuisinein 2001 was estimated as
over 4000 tonsin Korea (Chai et al., 2010).

Medicina plants are thought to be economically crops among
the mgjor and important group of crops (Rehm and Espig 1991)
that have been frequently used for the prevention and trestment
of many diseases and also used in the herba medications since
ancient period (Williamson, 2003). Survey conducted by World
Hedlth Organization (WHO) reveded that about 80% of the
world populations till confide in the medicina herbs. Even in
the United States, the products derived from medicina plantsare
used by nearly 19% of the adult populations (Kennedy 2005;
Patwardhan et al., 2005).

However, previous results showed that the root of Platycodon
grandiflorum(PG) reved sawide range of pharmacol ogic properties,
like reducing adiposity (Park et al., 2007), hyperlipidemia (Kim
et al., 1995), and antiatherosclerotic effects (Zhao et al., 2006).
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In other studies aso revea that components derived from
Platycodon roat are more effective againg asthma, anti-inflammetory
effectsand potential againgt fatty liver (Ahn et al., 2005; Choi et
al., 2009; Khana et al., 2009). In addition, the most prominent
component, platycosides have been manifested many biological
adtivities, such asanti-inflammeatory, antidlergy, antitunor, antiobesity,
and antihyperlipidemia effects, aswell as controversiad immune
responses and accelerating apoptosis in skin cells (Ahn et al.,
2005; Kimet al., 2006; Leeet al., 2004; Wang et al., 2004; Zhao
et al., 2005). Furthermore, recent investigation confirmsthat the
main chemica component of P. grandiflorum triterpenoidd sgponins
have been regarded as being responsible for these various
biological effects (Choi et al., 2010).

Proteomics is thought to be a high throughput technique that
has aready been applied in various area of plant biology, induding
the study of proteins of biosynthetic pathways and its molecular
function. However, in spite of a few researches in proteome
investigation of somemedicina plants, the attained results so far
make it explainable that proteomics still hasto make good much
of its presumed potentia in this important area. In the past
decades, two dimensional gel electrophoresis based proteomics
approaches have been applied systematically to identify proteins
from various medicina plants such as Catharanthus roseus
(Jacobs et al., 2005), Panax ginseng (Nam et al., 2005),
Chelidonium majus (Nawrot et al., 2007), Papaver somniferum
(Decker et al., 2000) and Salvia miltiorrhiza (Hung et al., 2010;
Lin and Hsieh, 2010). As far goes our knowledge, research has
not been accomplished yet in Platycodon grandiflorumregarding
proteomics.

However, in spite of its potential medicina significance, high
throughput proteome analysisin P. grandiflorum has so far been
grossy overlooked. Thisstudy reported the functiond investigation
from various organs of P. grandiflorum, hoping to provide
references on the characterization of molecular function and
characteristics for this economically important medicinal plant.

MATERIALS AND METHODS

Plant growth and preparation of P, grandiflorum extracts
Seeds of Platycodon grandiflorum were soaked on gauze,
moisture with digtilled water for 24 h and then the seeds were
planted in vitro condition for one year. After one year, the stems
were cut and sub-cultured it. Then the seedlingswereraisedina

controlled growth chamber at 25+1°C, 16 h photoperiod supplied
by cool white fluorescent light of 1900 lux. The various plant
organs; nodal section (treated as control), root, callus and shoots
were collected from the sub-cultured plants. These organs were
used for proteome analysis for the functional characterization
and protein profiling in Platycodon grandiflorum Threeindependent
biologica replicates were prepared for each sample.

Extraction of proteins

Totd protein extract was prepared using the previoudy described
modified protocol (Kamal, 2011). In briefly, the various organs
of Platycodon grandiflorumwere ground in liquid nitrogen. The
organs were then suspended in solution | [(10% trichloroacetic
acid (TCA) in acetone containing and 0.07% 2-mercaptoethanol
(2-ME)] and then sonicate for 5-10 min. Solution |1 were added
inthe pelletsand vortex, and then centrifuged at 20,000xg at 4°C
for 5 min. This step was repeated and the pellets were dried by
vacuum centrifugation for 10 min. Prior to incubation a room
temperature for 1 hr, the dried powder was solubilized with lysis
buffer (7 M ureg, 2 M thiourea, 5% CHAPS, and 2 mM
tributylphosphine), and then centrifuged a 20,000xg at 4°C for
20 min. The supernatants were collected to 1.5 ml tube. The
protein concentrationswere determined by RC/DC assay and the
sampleswere immediately subjected to 2-DE or stored at -80°C
for further utilization.

Two—dimensional gel electrophoresis and image analysis

The high throughput two-dimensional gel eectrophoresiswas
executed according to the protocol of O’ Farrell (O'Farrdll 1975).
Sample solutions (400 .g) were loaded onto the acidic side of the
|EF tube gels (11 cmx 2 mm), whichwaspre-runa 150V for 1 h,
300 V for 1 h, and 500 V for 16 h for the first dimension.
SDS-PAGE in the second dimension (Nihon Eido, Tokyo, Japan)
was performed with 12% separation and 5% stacking gels with
13cmx 13cmgd plates. Protein spots observed inthe 2-DE gels
were visudized by Coomassie Brilliant Blue (CBB R-250)-
staining. Each biological sample was performed three times and
the visudized gels were selected for image analysis in each
replication. 2-DE gels were evaluated on an image scanner (HP
Scanjet G4010, CA, USA; 300 dpi, 32 bits per pixel) and computer
assisted image analysis was performed with Progenesis SameSpot
software (Nonlinear Dynamics Ltd, Durham, NC, USA).
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In—gel digestion

CBB-dtained gel dices washed with 30% methanol, were
destained with 10 mM (NH,) HCOsin 50% ACN (Acetonitrile),
squeezed for 10 minwith 100% ACN (Acetonitrile) and dried by
vacuum centrifugation. After destaining steps, the gel diceswere
reduced with 10 mM DTT in 100 mM (NH4)HCO:; at 56°C for
1hr and then akylated with 55 mM lodoacetamide (IAA) in 100
mM (NH4)HCQOs in the dark for 40 min. Then the gel diceswere
digested with 50 uL trypsin buffer (Promega Corporation, Madison,
WI 53711-5399, USA) and incubated at 37°C for 16 hr. After
digestion steps, the peptides were extracted with 50 mM ABC
(Ammonium Bi-Carbonate) and this steps were repested severa
times with a solution containing 0.1% formic acid in 50% ACN
(Acetonitrile) until 200~250 ul. The solution containing eluted
peptideswas concentrated up to drying by vacuum centrifugation
and the resultant extracts were confirmed by MALDI-TOF-TOF
mass spectrometry.

Mass spectrometry (MALDI-TOF—-TOF/MS) analysis

Identified spots from 2-DE gels were analyzed to evaluate the
compatibility between protein extraction and mass spectrometry
aswell asto disclosethe protein classesthat populate each 2-DE
gds. Mass spectra were acquired in an ABI 4700 Proteomics
Analyzer (Applied Biosystems) using 3, 5-dimethoxy-4-hyd-
roxycinnamic acid as matrix and the resulting data by the GPS
Explorer package (Applied Biosystems). Peptideswere dissolved
in 0.5% (v/v) trifluoroacetic acid (TFA) and desalted with a
ZipTip C18 (Millipore, Bedford, MA, USA). Those purified
peptides were then eluted directly onto aMALDI plate by using
an a-cyano-4-hydroxycinnamic acid (CHCA) matrix solution
[10 mg per cm® of CHCA in 0.5% (v/v) TFA + 50% (V/v)
acetonitrile; 1:1]. All mass spectrawere acquired inthereflection
mode with 0-4000 m/z by a 4700 proteomics analyzer (Applied
Bio-systems, Framingham, MA, USA). External calibration was
performed using astandard peptide mixture of des-Arg bradykinin,
angiotensin, Glufibrinopeptide B, adrenocorticotropic hormone
(ACTH) clip 1-17, ACTH clip 18-39, and ACTH clip 7-38.

Bioinformatics

Toidentify the peptides, acquired MSMS pectrawere eval uated
using Mascot Generic File (MGF) with an in-house licensed
MASCOT search engine (Mascot v. 2.3.01, Matrix Science, London,
UK) against theviridiplantae within the NCBInr detabase. MASCOT

was used with the monoisotopic mass selected, a peptide mass
tolerance of 50 ppm, and afragment iron masstolerance of 2 Da.
The instrument setting was specified asMALDI-TOF/TOF. The
carbamidomethylation of cysteines was set as a fixed modi-
fication whereas the oxidation of methionines was set as a
variable modification. Trypsin was specified as the proteolytic
enzyme with one potentia missed cleavage. All proteinsidentified
by high-scoring peptides were considered true matches, and at
least two peptide matches. Protein hits were validated if the
identification involved at least 10 top-ranking peptides with P <
0.05 and peyptide scores > 34, and also selected fal se positiverate
< 0.05. When those peptides matched multiple members of a
protein family, the presented protein was selected based on the
highest score and the greatest number of matching peptides.

RESULTS AND DISCUSSION

Separation of proteins by 2—DE

Protein samples extracted from nodal section (treated as
control), root, callus and shoots of Platycodon grandiflorumwere
andyzed to characterize the protein expresson using proteomic
techniques (Fig. 1). The high throughput proteome technique is

Fg. 1. Experimentd materids from different organs of Platycodon
grandiflorum. A. Nodal Segment (Control), B. Root, C.
Cdlus, D. Shoot. We used control, root, callus and shoot
from 3 month’s old cultured plant for proteome analyss.
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Fig. 2. Reference 2-DE gel map from the different organs of (A) Control, (B) Calus, (C) Root, (D) Shoot. Proteins were
extracted from different organs, separated by 2-DE, and visualized by CBB staining. The MW of each protein was
determined by 2-DE markers. The black arrow denotes the abundance of protein increases and yellow arrow denotes

decreases.

composed of thefirst dimensiond of |EF and second dimension of
2D-PAGE. Two dimensiona gels stained with CBB, atotal of 58
differential expressed proteins (= 2-fold) were confirmed out of
839 protein spots and the identified protein spots were anayzed
by mass spectrometry (Fig. 2).

Functional categorization of the identified proteins

from various organs of Platycodon grandiflorum

A total of 58 proteins were classified into different possible
functional categories (Molecular function, cellular component
and biological process) by using iProClass database based on
geneontalogy. Regarding molecular function, atotd of 58 differentia
proteins were classified into 15 functional categories whereas
most of the proteinswereinvolvedin nucleic acid binding (17%),
unknown (16%), transferase activity (14%), ion binding (12%),
catdytic activity (7%6), transporter activity (7%0), isomerase activity
(7%), nucleotide binding (5%), oxidoreductase activity (3%),

hydrolase activity (3%) peptidase activity (2%6), monooxygenase
activity (2%), ligase activity (2%), chaperon (2%) and chlorophyll
binding (2%0) (Fig. 4(A)). In the case of cdlular component, the
large amounts of the identified proteins were localized in the
plastid (31%), membrane (23%), nucleus (15%), mitochondrion
(12%), extracelular region (8%), endoplasmic reticulum (4%),
cytoplasm (4%) and ribosome (4%) respectively (Fig. 4(B)).
Furthermore, considering the biological function, the identified
proteins were classified into 14 categories whereas most of the
proteinswereinvolved inthe metabolic process (28%), unknown
(28%0), oxidation-reduction process (9%), cdlular protein modification
process (5%), multicellular organizationa process (5%), transport
(5%) regulation of biological quality (3%), transcription DNA
dependent (3%), proteolysis (2%), DNA replication (2%), DNA
packaging (2%), syncytium formation (2%) and RNA processing
(2%) respectively (Fig. 4(C)).
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Fig. 3. Relative protein intensity of differentially expressed proteins from different organs of Platycodon grandiflorum.
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Fig. 4. Frequency distribution of identified proteins within functional categories based on molecular functions (A), cellular
components (B), and biological processes (C). Classifications were made using iProClass databases, and assignment by

function was based on gene ontology.

Identified proteins and its’ implication from various

organs of Platycodon grandiflorum

Proteins, the products of the comprehensive expression of
functiond genes, directly reflect biological function and impair
the growth and development of plants. Through a proteomic
investigation of P. grandiflorumfrom different organs, we sought
to better understand the functional categorization of individual

proteins on the basis of their molecular function.

In order toidentify proteinsfrom various organs of Platycodon
grandiflorum, 58 proteins were identified using MASCOT search
engine according to the similarity of sequences with previoudy
characterized proteinsa ong with the Uniprot database (Table 1).
Out of 58 protein spots, 32 protein spots were up-regulated such
as ribulose-1, 5-hisphogphate carboxylase, endoplaamic oxidoreductin-1,
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Table 1. List of identified proteins from different organs of Platycodon grandiflorum using MALDI-TOF-TOF mass spectrometry.

Fold Changes

SN PA Protein Description PS MW pl PM PC cCadlus Root/ Stem/

Control Control Control
13 i|170664926 ribulose-1,5-bisphosphate carboxylase 332 53659 609 2 10 -833 -1031 198
16 @i|255551945 conserved hypothetical protein 44 88060 768 2 22 -43 -221 3.26
20 i|45433319 nucleosome assembly protein 1-like protein 4 46 40930 433 3 32 -243 -226 -1.03
25 (@i|115472783 0s07g0562400 38 57055 582 2 34 -111 -1048 167
35 (i[19387282 putative 62.8 kDa protein 36 7808 95 2 24 -383 -591 -116
38 (0i|226496131 endoplasmic oxidoreductin-1 47 54261 527 3 44 -268 -4.28 1.16
44  i|255072915 anion exchanger family 45 60779 902 2 19 -983 -809 -159
48 gi|8347238 heat stress transcription factor A3 44 55912 475 4 31 11 -2.31 -5.9
55 i|147801277 hypothetical protein 43 28199 597 3 32 -222 -136 -144
61 (i|255575742 phosphoglucomutase, putative 38 61179 556 2 27 -451 -1046 -1.28
78 @i[15230381 RNA pseudourine synthase 4 42 53389 946 2 31 42 -343 -1.72
93  (@i|7248387 chalcone synthase superfamily protein 46 43918 582 3 3H -1413 -566 -1.56
106 @il49388034 putative protein kinase 2 51 56823 733 2 42 -14 1.28 1.29
107 @i|195616616 L-ascorbate oxidase precursor 44 63949 644 3 29 -272 -345 -655
139 @i|158148921 cysteine proteinase 69 39599 64 2 3 163 -251 -272
167 @i|218197701 hypothetical protein 42 8204 481 4 47 -247 -612 -478
169 @i|42408968 transducin / WD-40 repeat protein-like 46 42279 574 3 46 -171 -297 -1.39
185 @i|224113551 nbs-Irr resistance protein 38 23087 907 3 32 -191 -48 -2.82
197 @i|303271495 predicted protein 50 10898 503 3 35 -793 -1004 51
201 gi[7710954 putative metal ATPase 52 89033 806 2 18 -681 -492 13
203 @i|55792490 plastid phosphoglucomutase 47 20234 445 2 51 -38 -292 511
209 @i|333915552 GntR family transcriptional regulator 40 27983 635 2 23 -135 -1 1.24
212 gi|195644298 hypothetical protein 40 40379 58 5 34 -13 -6.52 -1.96
219 gi|115461585 0s05g0103200 45 26745 936 2 44 -223 -38 -104
222 @i|18425250 Putative TNP-like transposable element 44 15211 829 2 32 -287 -7152 -249
224 gi[226494155 DNA-binding protein 40 27597 649 2 36 -491 -236 -317
239 gi|8920620 Pyruvate kinase isozyme G 59 62497 39 2 45 -203 -3.99 112
242 gi|115448005 0s02g0689000 38 19444 451 2 23 -938 -345 -548
264 @i|255552169 Late embryogenesis abundant protein D-34 44 26958 518 3 61 -209 -883 -4.13
266 @i|115472339 0s07g0513000 41 40081 86 4 42 -397 -225 -158
349 @i|255576137 protein disulfide isomerase, putative 39 38496 492 2 23 -304 -367 -3.29
365 gi[238005838 unknown 40 24805 629 3 31 -441 -273 124
370 gi|303285544 E3 ubiquitin-protein ligase 48 1E+05 528 3 25 -159 -518 1.19
375 (i|6403490 putative SCO1 protein 41 30706 609 3 22 -242 -153 -111
382 i|31431852 Initiation factor 2 34 44790 607 3 23 -446 -301 147
388 (i|255593973 Long-chain fatty acid transport protein precursor 46 23194 64 2 39 -195 -213 -145
391 il|37721126 photosystem 11 CP43 protein 44 45912 656 2 34 -75 391 192
395 @i|11134063 Oxygen-evolving enhancer protein 3, chloroplastic 44 22277 957 2 32 -348 -723 -243
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Table 1. Ligt of identified proteins from different organs of Platycodon grandiflorum usng MALDI-TORTOF mass spectrometry (Continue).

Fold Changes

SN PA Protein Description PS MW pl PM PC cCadlus Root/ Stem/

Control Control Control
411 gi|15240848 xyloglucan 6-xylosyltransferase 50 52733 761 2 24 147 -1.05 -1.08
451 gi|30682553 RNA recognition motif-containing protein 45 37841 885 2 27 -327 -1.68 13
453 (@i|15341112 maturase K 44 33790 974 2 23 545 -136 -1.29
454 @i|159472945 aternative oxidase, isoform 1 65 38502 876 4 24 -161 -245 147
483 @i[2570515 glycolate oxidase 43 40243 866 2 26 -2.7 -1.32 211
485 i|15239814 Putative pectinesterase 47 63386 88 5 32 -377 -175 -14
496 (@i|193848557 putative hydroxycinnamoyl transferase 43 26117 876 4 42 -171 -376 -1.83
507 @i[34576685 ribulose-1,5-bisphosphate carboxylase 48 50005 619 3 21 -18 -354 -1
516 gi|363543191 catalytic phosphatase 34 30165 679 3 23 -257 -238 -1.28
517 @i|224159754 cytochrome P450 39 14271 852 3 29 -1.66 1 -2.38
518 @i|308044517 uncharacterized protein 41 38060 83 3 27 -206 -121 1.25
553 i|27151627 Nicotianamine synthase 49 35793 573 2 34 -402 -229 -138
592 @i|9971221 gibberellin 3b-hydroxylase No3 47 39208 626 2 33 -443 -5 -1.18
657 @i|226500250 B3 DNA binding domain containing protein 42 50931 538 3 31 -351 -122 -1.16
725 @i|168003956 predicted protein 42 39891 716 2 38 -343 -4 -2.27
735 i|50726092 putative MtN21 38 38181 701 2 36 -157 -155 -1.03
738 i|56409846 glycosyltransferase 41 53439 614 3 33 -242 -175 -1.07
741 @i|15241360 Mitochondrial substrate carrier family protein 44 54984 678 2 49 -1.79 -1.32 147
749 @i|56201677 transcription factor PCF5 52 66979 675 2 31 -216 -1.67 1.05
750 @i|159481134 cyclin dependent protein kinase 49 36989 864 3 21 -167 -1.89 21

*Criteria: 1) SN-Spot Number, 2) PA-Protein Accession, 3) PS-Protein Score, 4) MW-Molecular Weight, 5) pl-iso-electric point,
6) PM-Protein Matches, 7) PC-Protein Coverage, 8) PS-Peptide Sequence

heat stresstranscription factor A3, cysteine proteinase, E3 ubiquitin-
protein ligase, xyloglucan 6-xylosyltransferase, glycol ate oxidase,
cytochrome P450, transcription factor PCFS respectivey (Fig. 3).
Ribulose-1, 5-bisphosphate carboxylase acts as akey enzyme
for the assimilation of carbon. In order to conserve the organic
carbon, the efficiency of carbon assimilation in photosynthesis
would be associated to be greetly improved and hel pful. However,
inthe present study, this protein was regarded asthe up-regulated
protein (Table 1). In addition, rubisco could also bind with the
important component of chlorophyll, magnesiumions; when the
magnesium availability is insufficient, chlorophyll cannot be
synthesized normally, and eventually, photosynthesis will be
interrupted drastically (Ning et al., 2013). However, another
report revealed that two spots confirmed as the small subunit of
ribulose bisphosphate carboxylase (Rubisco) were decreased

during seed development (Finnie et al., 2002).

Cysteine proteinase existed in multiple active isoforms in
plants. In our investigation, cysteine proteinase wasidentified as
up-regulated protein (Table 1). Though, the molecular basisand
thebiological relevance of theseisoformsare not clear (Richau et
al., 2012) and theseisoforms a so exposed under native conditions
in Arabidopsis. However, E3 ubiquitin-protein ligase was regarded
as the up-regulated protein that thought to be one of the most
crucia protein which affectsin the posttrandational modifications
in eukaryotes (Lu et al., 2008). Previous research unlocked that
the attachment of ubiquitin and ubiquitin-like polypeptides to
intracellular proteinsis a principa mechanism in limiting many
biologica processes such as proteasome degradation, intracellular
trafficking, DNA repair, and signa transduction (Deshaies and
Joazeiro 2009).
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In proteomeanaysis, it isfound that the effect of rapamycinon
proteins related to DNA modification pathways that control
DNA damage/repair and chromosomal integrity. Moreover, up-
regulated proteins are mostly beincluded substrates of the DNA
damage signding kinases, ATM kinase and ATR (53BP1, FAM44a,
and MDC1) and other proteins are involved in DNA damage
responses such as tankyrase 1-hinding protein 1 (TNKS1BP1),
NPM, and NUP98 (Bandhakavi et al., 2010). In the present
invegtigation, putative DNA repair protein was identified as
up-regulated protein (Table 1).

S-adenosylmethionine synthase 3 identified as up-regulated
protein that catalyzes the formation of S-adenosylmethionine
from methionine and ATP. The overdl synthetic reaction is
composed of two sequential steps, AdoMet formation and the
subsequent tripolyphosphate hydrolysis which occurs prior to
release of AdoMet from the enzyme (http://www.uniprot.org/
uniprot/P43282). In the present investigation, glycolate oxidase
(GLO) was dsoidentified as the up-regulated protein (Table 1).
GLO considered as the key enzyme that involved in the pho-
torespiration and catalyzed the oxidation of glycolateto glyoxylate,
with an equimolar amount of H,O, produced (Foyer et al., 2009).
Moreover, more than 70% of the totd H.O, production in
photosynthetic leaves of Cs plantsderived from photorespiration
viaGLO catalysis (Noctor et al., 2002). Many studies aso have
suggested that GLO may dso play efficient rolesin plant stress
responses. It has been invedtigated that the activities of GLO
were induced in response to various environmenta stresseswhich
wasfoundinvigna, peaand tobacco (Mittler and Zilinskas 1994;
Mukherjee and Choudhuri 1983; Rizhsky et al., 2002).

Transcription factor PCF5 wasidentified as up-regulated protein
which is well known for activating transcription. Transcription
factor binds the promoter core sequence 5-GGNCC-3' (Kasugi
and Ohashi 2002). Furthermore, peptidyl-prolyl cistransisomerase
CYP19-2 was aso identified as up-regulated protein in the
present research that catalyzes the cistrans isomerization of
prolineimidic peptide bondsin oligopeptides (http:/Aww.uniprot.
org/uniprot/P43282).

However, out of 58 protein spots, a total of 26 protein spots
were identified as down-regulated such as RNA recognition
motif-containing protein, 60S acidic ribosoma protein PO, maate
dehydrogenase, ATP synthase subunit delta mitochondrial, heat
shock 22 kDa protein, putative DNA repair protein RAD 23-3,
S-adenosylmethionine synthase 3, xyloglucan 6-xylosyltranferase

respectively (Fig. 3).

Inthe present investigation, the RNIA recognition matif-containing
protein wasidentified as downtregulated protein (Table 1). Badcdly,
RRM proteins have a wide range of RNA binding preferences
and functions such as heterogeneous nucl ear ribonucl eoproteins
(hnRNIPs), regulation of dternative splicing proteins (SR, U2AR2,
Sxl), smdl nuclear ribonucleoproteins (U1 and U2 snRNPs), and
RNA stability and trand ationinhibiting proteins (PABP, La, Hu)
(Sachset al., 1987).

60S acidic ribosoma protein PO is a protein that prevails in
humans which is encoded by the RPLPO gene. This protein was
identified as the down-regulated protein in our investigation. In
addition, this gene encodes a ribosoma protein which is a
component of the 60S subunit. However, the proteinistypical for
genesencoding ribosomal proteins, and thereare many psaudogenes
of this gene scattered through the genome (Kenmochi et al.,
1998).

Mal ate dehydrogenase (MDH) acts as an enzyme that catalyzes
the oxidation of malate to oxaloacetate reversibly using the
reduction of NAD" to NADH. MDH was identified as down-
regulated protein. The hydrophobic cavity regarded asthe active
ste of MDH within the protein complex has specific binding
sites for the substrate and its coenzyme, NAD". Previous study
suggeststhat MDH enduresaconformational changeinitsactive
state that efficiently encloses the substrate to minimize solvent
exposure and to position key residues in closer proximity to the
substrate, (Goward and Nicholls 1994).

ATP synthase subunit deltamitochondrial wasidentifiedinthe
present investigation that was regarded as down-regulated protein
(Table 1). Mitochondria ATP synthase is essentiad for the
production of ATP; even the reports about the functional role of
ATPareinaufficient. However, sructurdly ATP synthasecomprising
of amembrane- bound moai ety (Fo) and aprotruding globular and
soluble moiety (F1) that can be released (Sawicki and Jugdutt
2007).

Xyloglucan 6-xylosyltransferase was identified in the present
research that characterized as down-regulated protein (Table 1).
However, XXT actsasaprominent rolein transferring one xylose
mainly to the second glucose residue from the non-reducing end.
The acceptor should have a minimum of four glucose residues
(Faik et al., 2002). Therefore, it isinvettigated that amembrane
complex of XyG glucan synthase and XTs would be more
efficient than solubilized enzymes at generating the observed
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XXXG repesating structure in planta (Cavalier et al., 2008).

CONCLUSION

The protein profile of Platycodon grandiflorumwasimproved
by using high throughput two-dimensiond | EF2D-PAGE together
with MALDI-TOF-TOF mass spectrometry. Two dimensiona
gels stained with CBB, we confirmed a total of 58 differential
expressed protein spots (= 2-fold) that were analyzed by mass
spectrometry. However, the proteinswere mostly involved inthe
nucleic acid binding, transferase activity, ion binding, catalytic
activity, transporter activity, isomerase activity. Although this
study was an initial proteomic investigation from the various
organsof P. grandiflorumsofar, itisour belief that the proteome
profiling providesnot only insightsinto medicinal plant research
but also a good starting point for further investigation of the
functions of these proteins using genetic and other approaches.
Moreextens ve studiesare needed to fully understand themechanism
of various organs underlying the medicind plant, P. grandiflorum
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