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Proteomic Characteristics of Calcium Enriched
King Oyster Mushroom (Pleurotus eryngii)
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Abstract This study was conducted to identify the differences in proteomic characteristics between Ca-enriched king
oyster mushrooms and general king oyster mushrooms. A combined high-throughput proteomic approach was employed
to determine the expression profiles and identity of proteins using 2-dimensional gel electrophoresis and matrix-assisted
laser desorption ionization time-of-flight (MALDI-TOF) mass spectrometry. The overall distribution patterns of the proteins
were quite similar, but many of the protein spot intensities varied. A total of 10 proteins, representing a significant
difference in the quantities of protein betweenthe two types of mushrooms, were successfully identified. Among these
proteins, eight kinds were increased in the Ca-enriched king oyster mushrooms and two kinds were decreased. This study
showed that proteomic analysis can help define specific changes in protein level and composition, which can occur in

mushrooms where Ca content may or may not be enriched.
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A 1M A (Pleurotus eryngily= wF3HH o2 “elg| Al 7}
(Pleurotaceae), =EY2IHA & (Pleurotus)?l 43h=
2 ofdd] At tixYollA B FEAFL FHE,
Gotrlof, ofzgl7t EX-SAoA AHYsl= MA SR “King oyster
mushroom”o|2t32 EE]o|Z] 7% k().
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Pholiota nameko, Flammulina velutipes 2 Ganoderma lucidum
T U BAS oo R Aed HRS FU1EY o #
gt AF7F sl E =] §iTH(7-12). Tabata®t Ogura(13)©
potato sucrose agar(PSA)} TR H marmoreus®] A
41 ER1g vl 91O, Tabata®} Shinohara(14)= PSAS} F4)
iR A Plewrotus ostreatus®} P namekod ZrHEsS ZAlsH
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Aol wWak(5,6). Pleurotus eryngii, Hypsizygus marmoreus,
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AL FRROA AEolHAle] AFETesS
ZAFeE b 9lom, 2 A3} Ca-phosphates}
Ca-carbonateS 0.1% H7F Al MEolHAe] ZgEdhas 48 o)
Z7MAS Felsly a2 43S Basu15). B3 a9
A7 ARS fsle] 243 BE7MARIE ZEUog o]&dle] A)

—_

Foluslel BueEe 2AG A% 4] olde] BTl 3
7t 1g wh glie)

B Apoe Hao] o] B8HE ZmHens /jeg @
$3t] Gl Z7H AlFolulAat Ak AlgelulAN B
Wz wde] Wals ARG E8 AT AolE Holt B
WASS R, BAFORA Aol Beste] S14Eel
N2ARE AR s,

4 E g}
Pleurotus eryngii NIAST 2302F potato dextrose
agar(PDAYIA 271€E 7Aoo 2 Adju|ste] AME-s Tt dA|
S e HEde FYE 250mL AHEeEkAe 50 mLe
potato dextrose brothE ZA|sle] el Aol HA FAA]
£ AL 547 i v, wdd S A2 aE et
HEAoR AREsIATh 25743t AFolmsle] AxE 9= 2
FYO 2 Ca-phosphate(CaHPO2H,0)Z 1.0% H7}st & wA&
100°CoIA 417 FoF Edskar 7] wlg] vk FAAE 3
Ak HEE FHiAE 23C(FE 80% ©14he] fadelA
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25U FAE HIGE Th ASAR §7 WolE fusiglon],
AUA L) BEEAL RFo] T AUAZ AR YA
AUAE FAS F25] DEIFE S 2249 A719%
2 9% ARZ ARG Aol ALA FiE BT
Fo ANEFYRY FER(NOE FFIAAt,

A 22
Aol Zgo]l H7HE AFoiwAlS AlF * ¥Eix
Sl A A4g o83l EEslsle] AEE ARSSIGITH AR
= 20°ColA WERASIATE WA 82 buffer 20mM Tris-
HCI(pH 7.5), 250 mM sucrose, 10 mM ethylene glycol tetraace-
tic acid(EGTA), 1 mM phenyl methane sulfonyl fluoride(PMSF),
1 mM dithiothreitol(DTT), 1% Triton X-100}& ©]-&-3l] F23}=
AT 28] 50% trichloroacetic acidE ©]-8-3fe] HAAZ]
ot FAEZIVE o]8st] A2 AHES acetonelZE Ao T
9.5M urea, 0.8% phamalyte(pH 3.5-10), 1% dichlorodiphenyl-
trichloroethane(DDT), 2% 3-[(3-cholamidopropyl) dimethylammo-
nio]-1-propanesulfonate(CHAPS), 4% protease inhibitor cocktail
table® ¥ A|EEHE WA oA A7 B F IAHE
ERE eds 225Th(18,19).

O[x H7|HS

Ao zRE EejE duld A FE [EF(isoelectric focusing)2t
2-dimensional electrophoresisg &3t 2|31t U} IEFE ¢
sle] IPG stripS 24cm pH 3-102 ©]-&3k3Th. oju] dhala A
HE 600 g AFESIR S sample buffer =, lysis solutionS
shel AA F37} 34017 == ko] IPGphore strip holderl]
dry stripZ} @A AEES €I 20°Cl|A] 12417+ 53 IPGphor
IEF system(Amersharm Pharmacia Biotech, Piscataway, NJ,
USA)S ©]831e] rehydration ©AIE 3321t Rehydration <
EL AAsIGLH, [EF= 500 VE 1417}, 1,000 VE 1A1ZF, 4,000
VE 2217k, 8,000 VE 18478 33t F 153,500 Vhre: 3
3Tt IEF ¥ SDS-PAGE $3-& $l3ll equilibration buffer [1.5
M Tris-HCI(pH 8.8), 75% glycerol, 6 M Urea, 2% SDS]el 1%
DDTE #H7Fsled 15%7F equilibrationr |71 & 2.5% indole-3-acetic
acid(AA)S A7I8l] ©hA] 15%7) equilibration A1ZAT}. Equilibra-
tion®l strip Ettan DALTsix Larger Vertical electrophoresis sys-
tem(Amersharm Pharmacia Biotech)S ©]-&3}] 12% geloll A 80
VE A7 A719%S 81l 120 VE 12817 B3t 771958 A
Alste] ©Ag Ak wet EEskith 7195 F 3%
phosphoric acid, 50% ethanolo|A] 30%7} fixing & &2 ©]-&3}
o] gelS 7|3o] MojFEIL thA] 34% methanol, 3% phosphoric
acid, 17% ammonium sulfate®|A] 1A]7F 59t equilibrationt] 7] 3L
coomassie brilliant blue(0.02% CBB-G250, 3% phosphoric acid,
17% ammonium sulfate, 34% ethanol)}2 ©]&-3}%] staindt 5 ©]
E =% o83t destaindt3ATt.
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UMAX PowerLook 1120 scanner(UMAX Technologies, Inc.
Dallas, TX, USA)E ©]83} destain® "Il gel®] onjR|E X
FWd3lx TIFF 9 Jei2 #4313t A74€ ov|A= PDQuest
software(version 7.0, Bio-rad, Hercules, CA, USA)E ©]-&3}] ]
0z B4 73Tt ZF spote] quantity= total valid spots2]
intensity= 3 <=3}(normalization) SFS.H, Zro] H7HE Aol
WAL Tl i WskE H|wslr] 913 PDQuests: o83 H]

A== F ogel A9 spot2 FY3HAl matchAZl F 7} spotol]
stod intensityE Hl FA ST tiztol] HlE| F ul o]’de]
fFol3k W HElE HoFE WAL spote 2 AT

CHYY HE

CBBZ @A gele Had &2 28 AojFaL oux] 4
o2 ol spot FYI= ZAAHA 12mm 28] o] E-tubed]]
ST 50%(v/v) acetonitrileS gel Z27He] 28) HIj7} HEE
I I5EZE Ao HAEATE 158 ¥ RE liquidE A Ak
gel 2718 583 97 100% acetonitriles EATE Gel F710]
o2 WA acetonitrileE A1 A3t 0.1 M NHHCO,14 <F
547} rehydrationd} AT 22 F3]9] acetonitrileE 1:1°0] =HA ¥
31 15%7F incubationdt] EE liquidE A ASFAL speed vac.olA]
IRE R 1=

Gel ZZFS trypsin(50 ng/uL)©] 33 digestion buffer(S mM
CaCl,, 50nM NH4HCO3)°ﬂ YL 4°Col A 4587 WS Gel
Z7} £9 2 liquid7t E917FH trypsin©] $1& digestion bufferS
T WojErh 80 puL BE9] digestion bufferS Wil 37°CellA] 12
A7 WA ZTH20).

37°CollA] 12A17F trypsin® 2 WFSAIZI H 25nM NH,HCO,Z
20l ¥ 1587 WHSAIAATH WhS- 5 100%2] acetonitrileZ 20
pL BE €3 o] 1587 RS AZT S Al tubeoll %A
G Fe gel 27l 0.1% TFA, 60% acetonitrileS 20 uL J =
e F 1587 WAL AN A tubeoll & HUTE o
$4ES 2 FYP0ch 7 FedS BT Fat] speed vacs
ol &3t TR T) €3] D@ peptided] 0.5% TFA solution 2
uULE 3L pipeting® = =31 § 7|9 50% acetonitrile, 0.5%
TFA solution 500 uLell Matrix( @ -cyano-4-hydroxy-cinnamic acid)
5mge B3 vortexing$t ¥ 1327t spin down SFATE ZHoX]
peptide 1 uL7F V= tubedll matrix 1 uLE o] 3] 4ojF F
plate $loll Z3}s}ATh.

°©
=X
]

A ZEA 7] Voyager DE-STR MALDI-TOF mass spectrome-
ter(Applied Biosystems, Foster City, CA, USA)E AFE-3IATH21).
Plateol] Z3}=E]o] = @A AL positive ion modedllA] accel-
erating voltage 20KV, delay time2 200 nsol|A] Z43te] dojzl
peakZ ZHzte] @A spotoll tI$h mass spectrums AT

Database search

Peptide fingerprinting> 734 engine! MS-FIT(Protein Prospec-
tor v 4.0.4, http:/prospector.ucsfedu)S ©]-&3F T ou] database
+ PubMed(www.ncbi.nlm.nih.gov/PubMed)<} Swiss-Prot/TrEMBL
(http://au.expasy.org/sport)e] HHE nlgo g EAsl Y YA
of whg} 73Tt MS-FITAA database® ©]-&-3te] AME o
species= BE FE UOE MBS mass tolerance= +100
ppm ©]stE e ste] o] &ttt
2n g
MSo|HA XHAAe| Zadh

2 Aol AR-E AEeIHA S AEdrEs Rls] flst
AgolmAle] ZFP S 2 Ca-phosphateS FHFHIA] F-A| o
sted 1.0% =2 JUkeE & #FE HETeL dutARl AlEe
Al Wi 9 ASIA S FFdte] AHAE 42 &
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Fig. 1. Calcium contents of King oyster mushroom harvested
from the sawdust medium supplemented with Ca-source.

&S Fig. 1ol YepdSIch wixle] d5ds AriskAl 42
2T A Aol L TS 76.748.1 mg%hEs YE
W o™, Ca-phosphates 1.0% #H7FeF oA+ 290.4+9.4 mg%
2 gzl vls) g o] 38 e SRS ElE 4
AATE 0] Choi 5(16)°] ZAFILZ AlFolHAlal E7HALE]
B2 1.0% H7Fe FolA 25594163 mg%s] ZHEdEe Ao
izl Hls)] 3.8 ol Ao Tl ST Bt f
AFsE Astolt,

O|xkad HM7|AE HH

Aol Zgo]l H7HE AlbolmAle] whild e of
ol& #H&sl] fJ38) olxHd H71¥ES TR ovA £
< PDQuest 2-Dimension software(Bio-Rad)y2- ©|-&-3}%it}. o|w
A A} oF 80029719 spotS AT 4 ATk Auk A
WAl Zego] H7FE AjFoldAle Tl B RS o
A719so® 43 AAe Fig 201 YePiAH IEF #
24 cm IPG strip(pH 3-10) HelollA a3t 15 KdaollA 100
Kda Atelol] EA1ah= 60% Z=2] spote 2Hd plE 7HAIm e
A 40% H&=e] spote A7 Gl HEFstTE 100Kda o]l
A= polypeptide spoto] A€ WERA] etTh. ZE L 9.0 o)
9] plA = spote A YEREA] %Sttt
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2D gel9] ©MA spotS trypsin®Z  digestiond} 3L matrix-
assisted laser desorption ionization time-of-flight(Maldi-Tof)E &
3 223 A3} 7000 N2 spoto] L] oS HYL I F
T o8l o)de] WSS Hol= spot 3091 7H7F ARILh olE
spot & 20709 spotell thet AT S AL databaseE ©]-8-3H]
g FAE FAe A 10709 spotell gk WA FAHE
& AT Table 12> Zgo] 71 wiA| o] AfjFolu Aol
o] F7HEAY HAase] Aol Bl @iES Yeh ol
EE2] spote] 10% FINHS] sequence coverageE 7HFTH <l
H TEL 2D gel AollA B pl 7S ol 8ste] YFst
Atk 10719 ElE TE e grje] T e wdo] Frtksle
ZAoE Ueiton 7)o whde wilo] Zhadte ZoR
Bttt &, 54€E 10709 @9 AE 5 putative transcriptional
regulator mtIR, arginyl-tRNA synthetase, glucose inhibited divi-
sion protein A, calcium-dependent protein kinase 4, APT syn-
thase subunit A, glutamate 5-kinase(Gamma-glutamyl kinase),
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Fig. 2. Protein expression maps of calcium-enriched King oyster
mushroom (A) and general King oyster mushroom (B). Proteins
from King oyster mushrooms were separated on a pH 3-10 IPG strip
in the first dimension and on an SDS-polyacrylamide (12%) gel in
the second dimension. Protein spots significantly differentiated by
calcium enrichment are marked by arrows. The numbers indicated
on the gels correspond to the gel numbers given in Table 2.

dependent phosphoglycerate mutase 2= Z57d3} Algo]HAl oA
geFo]l Fvkehe A2 ERIE WA o-centractin(Centractin)Zk
thiazole biosynthesis protein®] =R ZF713} Ajdo|HAlolA 7t
Zdhe Ze 2 RIS
SHE cHiEol 7R

e whulgde Mz e ASRE JEE oy APT
synthase subunit A= F]EZE=g|olo] $1X]51H a-centractine Al
24, NEZH, T4 A (centrosome)dl] $1x[gHe}. S FHH ©
WAL pydMede} Swiss-Prot/TrEMBLS] HRE nigto 2 Ajg]sh
A 7eg ERIT = ATk AEdEe] AskE AlgolwAllA
238 S7F8k= 7432 H.9l putative transcriptional regulator mtlR
& Mxde| XS 2™ w]E (mannitol) phosphoenol pyru-
vate-dependent sugar phosphotransferase system(PTS)e] =48 &
ofshe @lEel Ao® FRIHIUTh Arginyl4RNA synthetase
Zg73st AEolmAlolA 451 FFF7HE YERITE ©] ©
e Ao £x]5 ATP(Adenosine triphosphate)e] €14k
32 9] QA7) HojX 3L L-arginyinine$} tRNA(Arg)E 3§
g3t L-arginy-tRNA(Arg) o2 Fufjsl= A3e gitt. Z47dst
Aol A 64419 EE571E LR glucose inhibited divi-
sion protein A= tRNA F2d ¥71¢] 5-carboxymethylaminome-
thyl modification®l] ¥oisl= Aoz L&A ok

BE AEA Axde Zg & Wl vk A9 &
= WA Aedd Rt Aol qlom, x| Zg FUt
o ¢J3)l protein kinase BHE HA] FUFetE o2 dEA U
th. 257t AEolHAlelA 2,98 Fake] 71’ calcium-depen-
dent protein kinase(CDPK)= 2]ZolA AEHAEHZANA s
Aot A whgol] =55 F= ZAoE A UM, calcium-
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Table 1. Differentially expressed proteins in calcium-enriched King oyster mushroom and general King oyster mushroom

Accession M.W MOWSE" Coverage

No. Identified protein Species No. (Kda) pl Score %) Fold
1 Putative transcriptional regulator mtIR  Streprococcus mutans Q02425 75 6.2 108.0 6 +2.3
2 Arginyl-tRNA synthetase Sulfolobus tokodaii Q971X1 71 6.8 62.9 5 +4.5
3 Glucose inhibited division protein A Thermotoga maritima QIWYAl1 71 8.6 48.4 7 +6.4
4 Calcium-dependent protein kinase 4 Plasmodium falciparum Q8IBS5 60 6.5 47.1 5 +2.9
5 APT synthase Saccharomyces cerevisia P00850 54 5.5 128.0 8 +5.2
¢  Glutamate Skinase Bacteroides thetaiotaomicron ~ QSAIET 39 56 104.0 6 452

(Gamma-glutamyl kinase)
7 Alpha-centractin (Centractin) Canis familiaris P61162 42 6.1 96.4 8 -3.3
8 Probable fold bifunctional protein Thermoplasma acidophilum Q05213 30 6.0 93.1 9 +4.4
9 2,3-bisphosphoglycerate-dependent Bacteroides thetaiotaomicron Q8A765 28 5.8 60.0 7 +3.9
phosphoglycerate mutase 2
10 Thiazole biosynthesis protein Aquifex aeolicus 067926 29 5.7 79.0 5 2.3

MOWSE": molecular weight search

The MS spectra of protein digests were compared with the NCBInr database using the MS-FIT database-searching program. Protein names have
been assigned according to PubMed and Swiss-Prot/TrEMBL. Differentially expressed proteins(ratio 2) that were up-regulated(+) or down-
regulated(-) in response to calcium-enriched King oyster mushroom and general King oyster mushroom are listed. Results are means of three
independent experiments performed for each condition. The spot numbers are identical to those given in Fig. 2.

dependent protein kinase®] =& B3l AHe
%*oe‘ ki3 011;],(22)

ATP= E'_E AE2 *‘"1 W EAIEt oA AL wie- &
Eehely 0%‘%:2_— SHCh. ATP 3 Bxl7t 7HRREE B3] gake] oy
A& W& o= *33? ol AREETE A7t AlSolmA
of| A 52HH Shgo] F7tsk o2 S1E ATP synthase= VB
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5,10-methylenetetrahydrofolate S 4§ “d A1 719, 10-formyltetrahydro-
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AE-S Zulshth24). 2,3-bisphosphoglycerate-dependent phospho-
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