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Abstract: [Objective] This work aims to investigate differential expression proteins at differ-
ent development stages of Volvariella volvacea using isobaric tags for relative and absolute
guantification (iTRAQ)-coupled two-dimensional liquid chromatography tandem mass spec-
trometry (2D LC-MS/MS) proteomics approach. [Methods] Firstly, the proteins extracted
from V. volvacea at different development stages were analyzed by SDS-PAGE. Secondly, the
tandem mass spcetrometry data obtained from 2D LC-MS/MS were used to search using
MASCOT search engine. After that, principal component analysis, hierarchical clustering and
Gene Ontology were used to analyze the detected results. [Results] Results showed that 1 039
protein groups, included a total of 2 335 unique peptides, were identified. Among them, 1 030
protein groups were provided quantitative information. Contrast to mycelia, 64 up-regulated
and 150 down-regulated significantly differential proteins were found in fruiting bodies at dif-
ferent development stages of V. volvacea. Bioinformatics analysis revealed that
iTRAQ-coupled 2D LC-MS/MS was a unique method for isolating and identifying protein
groups of V. volvacea at different development stages. [Conclusion] It is helpful to insight into
the molecular mechanism of the fruiting body formation and development of V. volvacea and

other macro-basidiomycetes in the future.
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SEPAKARRAR B HAARSEIR A5 R ARCR . W
] LDk 2 B FTAR B2 2T 0 iy 2071, (HiZ
BARAR G A ERERA R . B, 5
JRIR 22 S 2 e B R, ARk, BT
RO € 35 X 2 1 BUBR B Y AT 20 B A AR B
WEE AR R, I b FERL [ FEL K A B A Bl
TR TARMFASEIRRCR, 2 H A YA A
A A AR AT R R 1] L YK ) R e 419
iITRAQ (Isobaric tags for relative and absolute
quantification, [F]{3 2% 4 i AH X R 48 X0 5 )
ICHORIE 2004 4EhsEE ABI (WA RSGA
AT & B — R AR AR IC R 8 H A e
Fe AP AR R 2-8 AFE S TR A
a3 E mAE, BA RIFARHEMEE M, 2
H AT 7E OB F B 27 W B S ROR el
REIFRICH AR Z 01, A S50 % 7 58 i 3
PRIZH | e sdl MRl I P O 6l B, E—2D2R
M ITRAQ FRicZs & 9T AR (1% HR IR BT 1 1
AR Bl IR A OR B B By £ 1 B AT
SYESHGHT, LI A AT HastAL . A3 Ak
R EY R R S, X RS IR IR
BEZ AR T R B L SRR S LAY
FURZH AT 5T 4IRS

1 MRS

1.1 il EkRFERE
111 Bk FEE bk PYD1521 (B AR
Y H15-21) A 48 £ FH AR o DR DR 5 48
LR,
112 EFE Wik 54805 200 g, #H
B5 20 g, 7K 1000 mL, pH AR, TER AL FREH
WIMBE 20 g/l BUATE R PDA B35 5,
1.2 BEEEEMUER

PYD1521 VA IE I T PDA [ElARE7
FOFHr (B 4% 90 mm), 35 °C WE3EFE 7 d ML T4
JEA, EHE 5 L, FLERE 2355 IS IO

B 738
1.3 FERMAERERERHNE

JEIE (YD) . 414038 (Nb) #1281 (Db) T S5 14
1RSSR Zhang F1 Yau 50, FREEM 3
AN A B B B - SR BT A IR g (Motic
SMI-168) T~ W% A & b I 2 i LA — 2D A R £
BEAS . HIE 52060 2 IO 1) kel
14 FEHEFMXF

SCX MW EIE RS AKTA Purfier 100,
GE Healthcare /A F]; Easy nLC, Proxeon Biosys-
tems A FJ(BE4% Thermo Fisher Scientific); Q Ex-
active MS Ji{%{¥, Thermo Finnigan /A #]; Em-
pore™ SPE Cartridges C18, Sigma A al; ¥4
[ 7R I i (TPCK-Trypsin), Promega 2\ &]; RP-C18
resin, Agilent A7]; iITRAQ &7 FIiA f# 2% Mk,
ABSCIEX /A #]; i (Acetonitrile ACN)., 12
(Formic acid) fil = 4 & B8 (Trichloroacetic acid,
TCA), Merck A]; 58 FH & 132 e A ++ (Strong
Cation Exchange Column, SCX). Polysulfoethyl
4.6x100mm column (5u, 200A), PolyLC Inc,
Maryland,
15 KW7HE
151 ZFERIZENS SDS-PAGE fik: FrHL2gH
Tt P 22 BT IR, R ER 2% v W (76 800 mL
ZEB/K rh%f# NaCl 8.00 g. KC10.20 g. Na,HPO,
1.44 g. KH,PO, 0.24 g, HCI #4757 pH & 7.4,
PKEZR 2 1 L) UE 2 W T ARTIVINE 0.5 mm
AN, AT R T IES =B A% A 50 mL &
DT, ZJEIA 30 mL A i =4 2R (TCA)
PR R (TCA: NE=1: 9), &%, —20 °C JiiE
W, BOF L. A 20 mL B4 R ER T E
DUV (ERE 1 k), BT KT PRI
20 mg YLIEM A, A 1 mL STD ZZupif (+ ke
B0 B AN 4%, &L 5B 100 mmol/L,
Tris-HCI 150 mmol/L, pH 8.0)iR 2, /K
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5min, HEABEBO W, #7 10s, [A#k 15s, b
10 )W/ 5 min, BO0H B, B2 L
SDS-PAGE  HLyk Al . 25 [ Marker 24 Blue Plus 11
Protein Marker (14-100 kD) (TransGen).

1.5.2 FASP g 5RKERES: B 200 pg Fei T
30 puL STD ZZuPi i /KI5 min, RHIZZER. i
A 200 pL UA Zik(JRZE 8 mol/L, Tris-HCI
150 mmol/L, pH 8.0){E%], A 30 kd M50
%, 14 000xg E.0> 15 min, JILA 200 pL UA Z& i
7 14 000xg E5.0> 15 min, FIER . fNA 100 pL
MLZ BERZ(JAA), 600 r/min &% 1 min, #OGE R
30 min, 14 000xg £5.0> 10 min,, il A 100 pL UA 2%
MO, 14 000xg B0 10 min, F4 2 Y fIA 100 pL
VAR 22 L (= LR RTIR =% 0.5 mol/L, pH 8.5),
14 000 xg 5.0 10 min, B 2 K., JNA 40 pL fif
S P (K 2 o BRI T 40 L %%
ZZrhiK), 600 r/min £ 1 min , 37 °C FHE
16-18 h, #HpriisES, 14 000 xg B.0> 10 min, HL
UEW, ODogo AKBLE 1 .

153 iTRAQ #ri2: S ODy EH LR, ¥
PYD1521, JiiJk . AMHHAEIE IS 4 BRI Y
JIRBERE A EZY 100 ng, 4l 8 Fr iTRAQ 1t
W) 115, 116, 117 F1 118 % 4 Mricor Tt e
ICEAE IR S BRI )R, SRR

154 F—HBABFRIGHRHERESR: RH
SCX it/ BIAEfh, TEIRZE M 1 000 puL/min,
WAE 30 M oEi el oy, IFARYE kg 5

Jy 10 fy, ZJ54% C18 Cartridge b /5% T,
—80 °C {RAF o 5 BH B 1S4 W AH (5 33% I3 P 2 15
B F: 0-25.00 min, 2% b A 100%:;
25.01-32.00 min, ZZM& A 90%, ZZmPiE B 10%;
32.01-42.00 min, ZZHi A 80%, Z& 1 B 20%);
42.01-47.00 min, ZEMK A 55%, 2%k B 45%:;
47.01-60.00 min, 2%k B 100%; 60.01-75.00 min,
ZZ W A 100%., SCX &M ZEihi A (KH,PO,

http://journals.im.ac.cn/wswxtbcn

10 mmol/L pH 3.0, ZJfif 25%). ZZii B (KH,PO,
10 mmol/L pH 3.0, KCI 500 mmol/L, ZJi 25%).
155 FETHMNARBHKRBSHERE: H 4
KA THRHE HPLC WAH RSt Easy nLC #4757
o B 151 PA5RIRESL, H C (5% N, 0.1%
HR) 50 uL ¥, Hah i A shik e ds B3]
Zorbax 300SB-C18 peptide traps (Agilent Tech-
nologies, Wilmington, DE), f&{iltsrE, i
A 200 nL/min, JEARAREE QTR 1 0-110 min, B #
LEVERREE T 4%-28%; 110-130 min, B 4k tE
b VS 28%—40%); 130—135 min, B Rk AR
TRl 40%-90%; 135-140 min, B JR4EHE1E 90%.
WA AR 0.1%H FR/KI I, BN 0.1%H1 R &
G KEER(ZNEH 100%) ., fiEt: 75 umx150 mm
(RP-C18)LA 95%11) A P-4
1.5.6 Q Exactive FUILEEE: Fbric i B
Y& 4 WA 6 o R Bt s
Q-Exactive Jiiiit{X(Thermo Finnigan)iftf7 )ik 47
Bro Zr i< 140 min; K007 0 IEE T BEE
TG 3001 800 m/z; —Z Tk o PR
m/z 4 200 B} 70 000 ¥X; AGC target: 1e6; —Z i
KT {E: 10 ms; F457EFE%L H (Number of scan
ranges): 1; #hZ&HERR (Dynamic exclusion): 40.0 s,
22 KRN 22 B i 1) Joi PR £ LU 4% R 81 D
Fef: BRAHEM(Full scan))5 R4 10 K
T, RTE S 28 A (MS2 Activation Type):
HCD; K& (1solation window): 1.6 m/z; —2 )i
TR miz SA 200 B 17 500 UK e A EREAL
(Microscans): 1, — 2 K IT {H: 60 ms; ¥l—1k
filf % E £ (Normalized collision energy): 30 eV; 3
F% (Underfill ratio): 0.1 %,
1.5.7 Q Exactive JRIEEIEH T EEm bk K
H 3 (Raw file) ] Proteomics Tools 43 M4k {2F4i
KBRS B T ER(E R, IR PYD1521 4
(115) 5 WS WHE Fam BE AT IH— b A b B, R
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FHER A5 00 25 IR B LB A - S AR 2
HBUE SR . e, Fe s EE s Rt &
bR R TR JRIGEE R - MASCOT
BAPSEZ IR T HIESEAT: RBR R
7 (Peptide mass tolerance) & 20 ppm; BTk iR
2% (MS/MS  tolerance) & 0.1 Da; Ji i 7 1k
(Enzyme=Trypsin); i K0 g B U167 s 45
2 A~ [# % & ifi (Fixed modification): iTRAQ
8-plex (K) Hl iTRAQ 8-plex(N-term); 1] 7% {6 i
(Variable modification): Oxidation (M); %4k % %
FH uniprot_Agaricales.fasta 1454 S E 51 g

MASCOT &5 RSO & H FHPEL RA
% (Protein FDR) < 0.05; Jik B BH 1 &5 S 4 12 %
(Peptide FDR)<0.05,,

158 HMEBESN: AL EEARM
MATLAB #/1#) Princomp eREGHAT £ 804370t
(Principal component analysis, PCA), & H Cluster
3.0 #EF7)Z W EZ (Hierarchy clustering) 734, It
it Java Treeview SEEL AT Ak, RIESH: HEA
(] B 2 P D C i g B 2R - 3B Y O
. FIHH MATLAB [R5 K-means Y15
FFEUR b SRR B R 20 R JE R Y e R AE I —
tIa, PItafeh 16 A28 R 2 18] ) s AR OC
PRI, B 1 B SAEA Z [ AR OCE . B BT
MAEH—EE0, 1)IER T, Az R
D7 AE, SRR E R 50 K, BRI A —
HRIEE S E O . A Caytoscape
(http://www.cytoscape.org/) 4 H1 # BINGO fdif4:
521 Gene Ontology(GO)XIRE® EF A ., K&
H A M GO fF B 2k A UNIPROT
(http://www.uniprot.org) % ¥4, H PERL #&)¥
ForBiNGO.pl SEBiA% LA hy g A SO, FIH
B LTk e A AR B3R GO DBeRY B 4R
J¥, JFH GO Slim J57ikiiAT GO JZIK AL L.
MEARR 22 7 2L 4T BinGO 115, JFH

PERL F2/5% CombineBiNGO.pl #1784 .

2 HZRHRM

21 HiAEHMEERESTINTRAEREA
FRAREDRRMEE

A ZETA PR PYD1521 H TR VR T A WA S 5 /s
(Bl 1A): IXBRREIRZZB B SR PR ZLRE RS . A
1, 35 °C 4557 7 d RIVRTH B4 90 mm (19°FAi

JRIE(YD)EH R N 0.4 cm—0.6 cm, JEHBTE
R 0.3 cm=0.5 cm, AMFEIRE T, WHET=s,
e RIS (Motic SMI-168) T A W2 3] s P ik
HRHL TR 224145, (B B R 2T
SEAAR (K 1B i1 1E),

AN (N) LB 1.8 cm—2.3 cm, FEFR5E
R 0.8 cm-1.2 cm, JNREIRSERE, W EIEAL,
A AH L s, R E B (Motic
SMI-168) T Al WL EI R 8 9125 40k (18] 1C A 1F),

HJE (D) B -S4 = B 3.5 cm—4.0 cm, 3
BTN 1.5 cm=2.1 cm, FRERSERE, AIHRENAT L
WO R B SE4, (AR5 RS A LR U W,
b TAEROIRES, RS (8 5 AR (& 1D),

1 BERFELEEMARLXENBFREAES

Fig. 1 Shapes of mycelia and characters of different
developed fruiting bodies of Volvariella volvacea

A CHELETEIVA, B, CH D A5 EEL . diFifEy
B SEMIBAS; E I S35 SR ALl 7Sk OB A
Note: A: Colony shape of mycelia; B—D: Shapes of fruiting
bodies at primordium, botton and egg stages respectively; E-F:
Microscopic characters of fruiting bodies at primordium and
botton stages respectively.
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2.2 SDS-PAGE Hjk&E R

SDS-PAGE Hiyk&5 R /n (&l 2): 4 L2
[PAT BE AT, AR AR R T B, 120 3R
B APRBGSCR A, AR Tl T N
HEWAR 35 73 o B e
23 “HREBILRERELEEER

3 35 T A VRORE €53 £ I B A e AR A
— kB 2 335 4, %FEH] 1039 MEF, 1030 4
B EA A E B B (B e 2R R A TT) .
24 ERERFERGR

DLAT Z2 T bk PYD1521 g N 5 % % 2 3] Y
1 030 AR BTEE I TR, Sl s A N
PRI L2 R AT, A R R (ER 1), 55
T TR 24 [y BEAH B S AR B B nT AR A 25 5 B
SR 214 4, BRI S B TR 20.8%,
Horp RS AT 64 4> RS AT 150 4, R
A AU LR BT 2.3 1%
25 EWMPDER

FKHIMATLAB x4 Princomp eREL5¢ G

BRAAE 1 030 N 1 1Y s kA T it
BAYHT, $EEUYRET 3 A E R BEUT TR N
83.17%. ZERE/R(E 3), BLHEAR PYD1521 5

kD M 1 2 3 4

97—

66—

43—
31—

20—

14—

2 BEREZMAEABERBAFRAELSERDN
SDS-PAGE Hjk 4

Fig. 2 SDS-PAGE analysis of proteins extracted from
mycelia and fruiting bodies at different development
stages of Volvariella volvacea

E: M: Blue plus 11 protein marker (14-100 kD); 1: PYD1521;
2: J5UE; 30 ANl 4 IR

Note: M: Blue plus Il protein marker (14-100 KkD);
1: PYD1521; 2: Primordium stage; 3: Botton stage; 4: Egg stage.

x1 TRABEMPEFETRASELBLLNERERTIR

Table 1 Differential expressed protein numbers of fruiting bodies at different development

stages comparing with mycelia of Volvariella volvacea

B4  EREAPEA  pgmegan T R
Differential expression protein
Sample name number Up-regulated number ~ Down-regulated number

JEFEEH] Primordia stage (Yh) 166 42 124
#4113 Botton stage (Nb) 109 33 76
IV Egg stage (Db) 159 38 121

= 4t
LS A A % 28 68
Shared by primordia and botton stages

SE R
FOL SRR 7 18 %
Shared by primordia and egg stages
Z 5 2 HH 4
A S BT 8 19 69
Shared by botton and egg stages
NSRS N4
=MRBENBALA 65 16 65
Common to three development stages
£t Total 214 64 150
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PYDI1521
Yb
R
« 2 Yb
=1
2 3 Db
g 3 PYDI1521
g 4
S -6 10
6 5
4 2 0
-5
0 -2 4 -10
-6

-15
-8 20

3 EREANARABEMAFIAERREANE
B9 53 #R(PCA) 4t

Fig. 3 Principal component analysis for the proteome
of mycelia and fruiting bodies at different development
stages of Volvariella volvacea

{E: PYD1521: #2£; Yb: J5JE; Nb: #1411; Db: S,
Note: PYD1521: Mycilium sample; Yb: Priomordia stage;
Nb: Botton stage; Db: Egg stage.

Component 2 Component 1

Hax 3 M TFIAREATESS — F a5 (Component 1) |
% — F W 4 (Component 2) Fl 58 = F Wi 4>
(Component 3) FHFFFERR ], HEEm T1
SCARREAR T B 22005 3 DT SLARMEA T, T
(Db) S5 IFFEE(Yb) A I (ND) AL, 78 3 A FEAL
oy FOAAAERI R 2E 5, AL (YD) 21138 (NDb)
BOMHER . FRr —4EE(E ) B iR T 4
MAFEFEARNEARAHZE R, X215 B0
FESFERNER A BRI (K 1)
26 BRBESINER

H Cluster 3.0 SEEUAL & ERIEY 1 030 4K
FH 5 ) A 1 B5CHRE F F A f R 5 R f 1 0 J2 R 2
WHE . IraERE 48R, 3AFERIAEAREN
ik B S SR —2 S R
PYD1521 25 R4 K, J 5 A Fni A AL B 45
SRR R WS S IR R A R
K, BLIWH SR LA BAF R —%, X—
RABGERFTE T LR K KT By By i 6] 14
(K DU SEFRERTAEMARNHEX 7y, 5
F T R—3 (K 3).

27 K-EHEBRLLER

K 1.5.8 H A5 20K 1 030 25 R 1 AR
PEERAEE AR IA B A U R AR 16 285
(B 5 A-P) Z i R B T HIEEARF KA E
Br By aE F B, aniEl 5A CH AT K TR
B BB B S R R A AR T RE, K1 5C. M
FIN Al Fnii R 5 s ek B LI, SO e 2
SR AR FF REBEE T A (2

PYDI1521
Yb
Nb
Db

B 4 ERRLNITRLZEFHAFIAREQARENE
RBEES

Fig. 4 Hierarchy clustering analysis for the proteome
of mycelia and fruiting bodies at different development
stages of Volvariella volvacea

TE: R EARARRKZEEHAFBERR, 0/
F L, gEAR T, BEAQERTEEES.

Note: The expression values for each protein were indicated
by different color bars. Up-regulated, down-regulated and

invariant proteins were marked in red, green and black re-
spectively.
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0.4 0.30 0.30 0-
0.3 0.25 s 0.3
0.2 0.20 . 02
0.1 0.15 0.20 . . .
1 1 1 1 2 3 4
B C D
0.4 0.30 03 0.35
03 0.25 0.30
' 0.20 0.2 0.25
0.2 015 o1 0.20
0.1 : ' 0.15 ) ) )
1 1 1 1 2 3 4
F G H
03 0.30 04+ 04
0.25 | L L
02 r 0.20 | 8; i 03
0.1 b 0.15 | ' 021 . . .
1 1 1 1 2 3 4
J K L
0.35 0.35
0.4
0.30 0.30 06 0.3
0.25 025 04 0.2
0.20 .
0.20 0.2
0.15 . 0.1
1 2 3 4 1 2 3 1 2 3 4 1 2 3 4
M N 0 P

5 FIAXEEARM K-HEREER
Fig. 5 K-means clustering analysis for the proteome of mycelia and fruiting bodies at different
development stages of Volvariella volvacea

T B 1-4 o2 . i ARSI, A7 B P RS R IR AR R i Rk it
Note: Number 1, 2, 3 and 4 indicate samples of mycelia and fruiting bodies at primordium, botton and egg stages respectively. The

expression values for each protein were indicated by the solid lines.

2.8 BINGO FR4ZER

SRR, $EEORARNTIZNEY ¥
T ResE 3 (& 6), M A=) *#i& 1% (Biological
Process) 1 i] LU tH F 45 7 T AR T A i 12
2 5/ N TARHLHRI R T . L2 B AR
T30 A 07 25 B 1 DA B AR B P R i R,
TE BT AP BRI AN 2 BEAHRE A fCIITE %
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Biological process

Protein Numbers

Yb Nb Db
Development stages
Molecular function
60 r
50
40
30

20

Protein Numbers

10

Yb Nb

Development stages

Db

= Small molecule metabolic process

= Cellular carbohydrate metabolic process

o Alcohol metabolic process

o Monosaccharide metabolic process

= Response to chemical stimulus

m Response to oxidative stress

= Monosaccharide catabolic process

o RNA modification o .

= Regulation of Ras protein signal transduction
= Fructose metabolic process

o Cellular ketone metabolic process

= Branched chain family amino acid biosynthetic process
= Regulation of Rho protein signal transduction
= Pathogenesis

= Vacuolar transport

= Tricarboxylic acid cycle

Oxidoreductase activity

Nucleotide binding

Antioxidant activity

Isomerase activity

RNA binding

DNA-directed RNA polymerase activity
Cofactor binding

Nucleotidyltransferase activity
Carbohydrate kinase activity
Phosphofructokinase activity
Nucleoside-triphosphatase regulator activity
Peroxiredoxin activity

Intramolecular transferase activity
Pseudouridine synthase activity
Guanyl-nucleotide exchange factor activity
Carbohydrate phosphatase activity

HE B R B0 NEONOBRROOBG@

El6 EHARREFRPFERAEREDN BINGO T8
Fig. 6 BINGO analysis for differential expressed proteins of fruiting bodies at different development
stages of Volvariella volvacea

Y JRELHT: Nb: 4ldnidl; Db: &I
Note: Yb: Primordium stage; Nb: Botton stage; Db: Egg stage.

3 it

WA KRR AL e A9 52 B, AN T2
A TR B (M JE DR A A S 4 B A RO 4
SRR A TE S A, F R T AL K 4
FWFRAR Z— R A R S T Oy A Bl
PSRRIV, ITRAQ TR —Fh/)
o F R EDCRAF Y, AR A R
SRR RBESAY R A 3 N, AR
A X AR AR, IR 2 A fE -5 KBRS
W RMEERT N Sk A RS SO . B,
B EA A S E R KB, BhE L, ITRAQ

R aexT R KB ThRIE, B IKBE YR
YERAM A I &, Fr A AR AL S 2555 1Y,
PRl 3% 7 VR BE XS 2 REATR A W R A 7 v 1) 2
TR E R AFSE I, ) Ross 25231 U ITRAQ
Tk X B A R e TR e R [ U 5% AR AR B AR 1) 22
FhER B T AR E S AT AR, ITRAQ FRicd 7
ah A TR E R BRI N T HE K
AN = 25 N N3 L 1 RN N e e o B
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