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Abstract. As the advanced seeding technology through use of plug tray for good cultivation of seeds was
propagated along with the expansion and development of horticultural industry, the use of bed soils as growing
medium has recently been increased. In this study, the effects of the four clay minerals such as illite, phyllite,
zeolite, and bentonite on the early growth of red pepper in the bed soil were investigated. Furthermore, proteome
analysis for the leaf and stem samples of red pepper treated with only illite was performed. Of the seedling
cultured, the healthy and regular size seeds were selected and cultivated in the pots, after they were treated
with four clay minerals. The experiment was performed during the whole six weeks in the glasshouse of
the Chungbuk National University. The growth lengths, fresh and dry weights of red pepper were significantly
higher in the treatments of illite, phyllite, zeolite, and bentonite than in the control. In addition, the uptake
of K, Ca2+, and Mg2+ were higher in the treatment of illite, phyllite, zeolite, and bentonite than in the control.
The 2-DE patterns for the red pepper by the applications of illite, phyllite, zeolite, and bentonite were similar
to each other. Therefore, compared to the samples of control, the proteome analysis for the samples of red
pepper treated by only illite were performed. Proteome analysis for red pepper showed that plastid fructose-1,
6-bisphosphate aldolase class 1, aldolase, and glyceraldehydes 3-phosphate dehydrogenase, all of which were
involved in the energy metabolism, were highly expressed in leaf tissue by illite treatment. In stem tissue,
NAD-dependent formate dehydrogenase involved in energy metabolism, potassium transport protein, and
GIA/RGA-like gibberellins response modulator were highly expressed. Based on the results obtained from the
proteome analysis, it appears that the proteins specifically and differentially expressed on the illite treatment
may be involved in the enhanced growth of red pepper. The identification of some proteins involved in the
response of vegetable crops to the treatment of clay mineral can provide new insights that can lead to a better
elucidation and understanding of mechanism on their molecular basis.

Additional key words: bentonite, Capsicum annuum L., cations, identification, illite, phyllite, protein, zeolite
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Table 1. Comparison of chemical properties of bed soil treated with clay minerals with control before cultivation.

Exchangeable cations

Treatment pH EC AV. P,0s  NOs-N NH4-N (cmol™-L") CEC
(1:5) (ds-m™ (mg-L™ K Ca Mg (cmol*-L™)
Control 5.67 0.61 110.11 144.3 175.12 0.90 2.59 1.55 5.02
Illite 5.71 0.61 124.92 144.9 175.09 1.00 273 1.76 5.78
Phyllite 573 0.64 132.32 145.3 175.09 0.87 2.94 1.85 5.59
Zeolite 5.68 0.85 159.82 145.2 177.72 0.99 2.98 1.92 5.99
Bentonite 5.88 1.11 138.67 1445 175.09 0.78 3.50 2.38 5.60

A7vste] Bzl & EefjiE AR R ofafsielt oA 5
F4R 100mL7} =S g 5 o] ofafS K, Ca”’, Mg™ 9|
Ao ARgstATh Fol2l 42 ICP-OES(OPTIMA
5300V, Perkin Elmer, USA)E ©]-&3lo SAs}%ct

IZHIS 2M

AZRHE & TR2l: wpRpapdol] 0.2g9f a5 ¢, &7, 2]
AlgE gal, 2429 A5 53} SmL sample buffer 1(0.3%
(wiv) SDS, 0.2M DTT, 50mM Tris-Cl, pH 8.0, 0.1% Protease
inhibitor cocktail) 2 1931 015+ 7] vafstick. vhafat Al e
10uL sample buffer II(Nuclease Mix kit: GE Healthcare,
Sweden)& 47} 5 G0 305 HRSARICE AIRE 14,000pm,
2Co 305 Bok PAELIslo] AEAS B4 A 00uL
9} 50% TCAS 200uL H7F5}ed 4°Col A 1Az HAAIZIT 2
7 F 14,000pm, 4°ColH 308 5ot YHEslo] P
100% ice-cold OPAEC2 53] AlMBIolTt Al BAAZ 3
80°0]) HHSIOITY.
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AZ Lee et al.(2007)9] WS oFF M sto] 3t
Acetone A o] oJ5f =% AL rehydration buffer(8M
urea, 2% (w/v) CHAPS, 0.5%(v/v) pH 3-10 NL IPG buffer,
60mM DTT)S H7}sto] whala e getsloley. whajae
pH 3-10 NL IPG dry stripo]| loadingd}$] 2w 12A)17F &<t
rehydration 2A] & 110,000Vhr7}#] 22} 7] 9 5(IEF,
isoelectric focusing)S 433}t LAY A 7195 = strip
2 equilibration buffer(50mM Tris-HCI, pH 8.8, 6M urea,
30%(v/v) glycerol, 2%(w/v) SDS)&} 0.1%(w/v) DTT 3Z3}HE]
Lolof A 1557} Wk-3- &, equilibration buffer®} 0.25% w/v
iodoacetamide”} el GH oA 1527+ Hh-S-AJZITh Strip&-
SDS-PAGE(Ettan DALT system, GE Healthcare, Sweden)&

ol-gsto] o] XA G52 AAISHA. 21, silver nitrate staining
kit(GE Healthcare, Sweden)2 AME3l0] gel & GA & o|n|X]|
Aol 0]-8-3HAtHLaemmli, 1970).
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VIV) SOuLE 71810 A=2ollA 1023t Wha-A71 7 32 557
22 200uL2 H7HgITh AFSONS A A 3L 100% ACN 100uL
£ H7RRE 3 Speed VacollA AzAIZIE A2H Al=9f| 10mM
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o] 56°CoflA] 1At Hduhg= =t &, eilite]sto] 3
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o] 5ot RS thA] YARAZIGN 1087 A%
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THE AZE e-tubeo]] FIL el EJBFIL QL= e-tubeol=
50% ACN/5% TFA(Trifluoroacetic acid) 50uLE 3715kt
&0l A 3027 WA 3 fAEE st tryptic peptideE 2]
3} tubeo]| A715FT) ThA] geld 3E3FS|= tubeo] 100% ACN
SOpLE 7kste] ade] & A5d% tryptic peptideE 3]
Sk tubeof] ¥ 5 Speed Vacol| A £Hd35] A=AIZ R H2E
AFEE 0.1% TFAZR 3]4]510] MALDI-TOF/MS 5418 A&
2 A9
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=2of 10uL9] 0.5% TFAE H7}stal wetting solution(80%
ACN/0.5% TFA/distilled water) .2 5%, 0.5% TFA/distilled
water= 10H A2 © g 2hAIS} ¥ Zip-tip C18(Millipore, Bedford,
USA)E o|gsto] & & FAIsHlth A% peptideo]] 10uL
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mass spectrometer(Bruker) ©]235}9.2 ™ instrument
type+= reflection mode® Z7%35}9ic}. Standard peptides 2=
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Fig. 1. Growth lengths of red pepper treated with clay minerals at the 6 weeks of growth period. A, control; B, illite; C, phyllite;

D, zeolite; E, bentonite.

Table 2. Effect of clay minerals on the growth and the fresh and dry biomass of red pepper, ‘Shinhong'.

Fresh weight Dry weight
Treatment Length Root Shoot Root Shoot
(cm) (g/plant) (g/plant)
Control 13.80 a° 225 a 2.28 a 0.16 a 0.27 a
llite 18.20 ¢ 274 c 321 b 0.19 ab 0.42 bc
Phyllite 20.30 e 284 d 432 d 020 b 059 d
Zeolite 19.00 d 263 c 340 c 0.18 ab 0.45 ¢
Bentonite 17.30 b 248 b 341 ¢ 0.17 a 0.44 b

*Mean separation within columns for each treatment date by Duncan’s multiple range test at P = 0.05.
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Table 3. Amount of cations taken up by root, stem and leaf of red pepper, ‘Shinhong'’.

Root Stem Leaf
Treatment K Ca Mg K Ca Mg K Ca Mg
(mg/plant)
Control 3.36 a“ 0.64 a 0.29 a 6.60 a 1.01 a 0.39 a 5.70 a 0.82 a 0.59 a
lllite 3.26 a 0.62 b 0.28 bc 8.85c 1.50 ¢ 0.54 ¢ 852 b 1.06 b 0.78 b
Phyllite 4.14 bc 0.79 ¢ 0.35 ¢ 1111 e 192 e 0.75 e 739 e 1.00 e 0.78 d
Zeolite 446 c 0.83 bc 045 b 12.20 d 223d 0.90 d 11.63 ¢ 1.34 ¢ 123 ¢
Bentonite 340 a 0.68 bc 0.32 a 9.98 b 1.69 b 0.65 b 9.33d 111 d 091 ¢

*Mean separation within columns for each treatment date by Duncan’s multiple range test at P = 0.05.
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Fig. 2. Two-dimensional (2-D) electrophoresis pattern for
proteins extracted from the leaf samples of red pepper treated
with illite. A, control; B, illite; C, compare A with B.

o dhgo] FolE|ge 1170 vl A spot &= 871<] thl
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spoto] F = A th(Table 4).
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o B ofyx] e chl A 244 ribulosebisphosphate carbo-
xylase(spots 6 and 7), Rieske Fe/S protein of cytochroome b6/f
comples(spot 10), 3HAKSIof| A% dehydroascorbate reduc-
tase(spot 2), superoxide dismutase(spot 9), Z1AKtranscription)©]|
1% pentatricopeptide repeat-containing protein(spots 4 and
11), $=(transport)©f] 3% potassium transport protein(spot 1)
59 S e SReld 4 gl

efol= 2|7l ol WHEE BulAES tjngol
ol X|thAtol] T % ThulRlQ] plastid fructose 1, 6-bisphosphate
aldolase class 1(spot 14), aldolase(spot 16), glyceroaldehyde-
3-phosphate dehydrogenase(spots 17 and 18)°] 5A %2
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Fig. 3. Two-dimensional (2-D) electrophoresis pattern for
proteins extracted from stem samples of red pepper treated
with illite. A, control; B, illite; C, compare A with B.
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Table 4. List of protein spots extracted from leaf sample of red pepper and identified by MALDI-TOF/TOF mass analysis.

Spot A ccesion no. Protein name Taxonomy Mw*/plY Score Pept.x Expression” Ideng.

no. match type

2 62321549  potassium transport protein Arabidopsis thaliana  30800/7.15 48 1 Control MS?

3 28192427 dehydroascorbate reductase Nicotiana tabacum 23817/7.70 131 3 Control MS?

4 255572426 pentatricopeptide  — piinis communis  99183/6.62 50 1 Control  MS?

repeat-containing protein

6 343013 ribulosebisphosphate Pandanus tectorius ~ 52111/6.34 204 6 Control ~ MS?
carboxylase

7 343013 ribulosebisphosphate 5o n s tectorius 52111/6.34 85 3 Control  MS?
carboxylase

9 100284 superoxide dismutase 24511/5.39 64 12 Control MS?

10 19999 ~ieske Fe/S protein of \uiona tabacum 1493759 185 4 Control  MS?

cytochrome b6/f complex

pentatricopeptide
repeat-containing protein

plastid fructose 1,6
bisphosphate aldolase class 1

11 255572426
S14 126571484

S15 255073331 predicted protein

S16 169039 aldolase

glyceraldehyde-3-phosphate

S17 18072801 dehydrogenase

Ricinus communis

Gossypium arboreum

Micromonas sp.
RCC299

Pisum sativum

Capsicum annuum

99183/6.62 50 1 Control MS?
43107/7.56 120 2 Illite MS?
56107/7.15 47 1 Illite Mms?
37974/5.47 59 1 Illite Mms?
34578/6.19 111 1 Illite MS?

*Molecular weight; YIsoelectic point; *Peptide matches; “Highly expressed treatment; Identified type.

Table 5. List of protein spots extracted from stem sample of red pepper and identified by MALDI-TOF/TOF mass analysis.

Spot Accesion no. Protein name Taxonomy Mw*/plY Score Pept.x Expression” Identv.
no. match type
1 4760553 ~ 'vad-dependent formate Oryza sativa 41445/6.87 57 1 llite MS?
dehydrogenase
hypothetical protein Selaginella . 2
5 302798204 SELMODRAFT 420519 moellendorfiii 29513/8.33 80 2 lllite MS
7 62321549  potassium transport protein Arabidopsis thaliana  30800/8.33 50 1 lllite Ms?
9 20257445  CIA/RGAike gibberellin Carlquistia muirii ~ 60359/5.00 47 1 llite MS?
response modulator
10 20257445  CWWRGAdke gibberelin o~ b0 oo muini 60359/5.00 44 1 llite Ms?

response modulator

*Molecular weight; YIsoelectic point; *Peptide matches; “Highly expressed treatment; Identified type.

v ob7kA) 11 7o) WaE) ekelA 9l 9
15, predicted protein)S 213}k 4=

OfRt A2l Aol St @A
So| F7bh A & ATAle] UH
afl A grel b Qlth(Choi et al., 2008).

Glyceraldehyde 3-phosphate dehydrogeanse(GAPDH, spots
17 and 18)= 3T} = glyceraldehydes 3-phsphate2}
1,3-bisphosphoglycerate @] 7} 58-S Zujjof] Hojsl= a4

o]t Gdémez et al., 2000; Mateos et al., 1992). Aldolase(spot
16)= g = 68Fg2l fructose-1, 6-bisphosphateS- 3&F
el 1ycera1dehye 3-phosphate®} dihydroxyacetone phosphate

gt mofaht fdolth APy L FRIAA

Kor. J, Hort. Sci, Technol, 30(4), August 2012

% (gluconeogensis) ] 5 gdsts dor o

QltiLal et al., 2005). Plastid fructose-1, 6-bisphos-
phate aldolase(FBA) class 1(spot 14)& 324 9 Calvin
cycleo] #o{3H= FA0|™H nonhomologous type 2 & class 1
T} class 27} 2A3tctal de A QIth(Patron et al., 2004). wh

eh detol= Aol Ago] faTrct S47 2L ©

spago] o)t 1, 59 Sigapgel Belshe cha
WEo] ARFA AT 715 FYAAS A0 o4}
Sk shA olefst 7HaE FHal] SlslAE F7hael A

gl o 4

2 #=jofof g,
27] ZAAE Aeto|E Az Fol A BE W] Tl

107]9] whalz spot % 579 whA spoto] A E QI



(Table 5). 5785 SHASE A2 At L3tof He1s
GIA/RGA-like gibberellin response modulator(spots S9 and
S10), &2 440 3% potassium transport protein(spot
S7), Ay A] thARtE ohElal (NAD-dependent formate de-
hydrogenase(spot S1), oF2712] 71 7]%50] ®g2ts] A=A A
k-2 thal & (spot S5, Hypothetical protein SELMODRAFT)S
918 4= 19t} Formate dehydrogenase+ 1| EZE2|o}o]
ZAstH NADE 82 stof fomateS olitsbeha
(COy) W= FHlishe Aaolty. ATP T4} A= o] for-
mate 9] O, F5of Tofdh= Ao R Bl EIrH(Baack,
2003; Hourton-cabassa, 1998).
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uel Ao= AeHelth(Fig. 3, Tables 3, and 4). whebA et
o|E A7} tiRFEY Aol $prt 21 GIA/RGAlike
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