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Abstract

Abstract

Agaricus bisporus is the manual cultivation most widespread, the output highest,
the consumption quantity biggest edible fungus in the present world. It belongs to
stable-temperature fruitfulness fungi,temperature is the main factor affecting its
growth. The enforced and deeply research of thermotolerance moleculer biology of
A.bisporus, especially researching on different expression proteins of heat shock and
heat-resistant molecular mechanism by the modern biological technology,is important
to breeding of A.bisporus for heat-tolerance,high yield ,high quality in theory and
practice.

First,the ITS test are carried out to identify strains 02 and 8213.strains 02 and
8213 are identified to different strains of A.bisporus by ITS test.Strains 02 and 8213
are grouped into four groups:cultured on 24°C;cultured on 32°C for 6h,then cultured
on 37°C for 6h;cultured on 37°C;cultured on 42°C. From the morphotype of
Abisporus in different temperature conditions we found:strain 02 is more
thermotolerance than strain 8213 ;lower sublethal temperature is helpful to
thermotolerance .

Secondly, We have used two dimensional electrophoresis(2-DE) and Mass
spectrometry(MALDI-TOF/MS) to identify proteins that are differentially expressed
in group of strain 02 under heat stress and under normal temperature and group of
strains 02 and 8213 under heat stress. From 2-DE data of strain 02 under heat stress
and under normal temperature, 32 resolved differentially expressed proteins were
detected, 5 of those were induced, 14 of those were up-regulated,4 of those
disappear,9 of those were down-regulated.From 2-DE data of strains 02 and 8213
under heat stress, 41 resolved differentially expressed proteins were detected,18 of
those were only found in strain 02,17 of those were were up-regulated in strain 02,3 of
those were only found in strain 8213,3 of those were up-regulated in strain 8213. All
the 73 spots were subjected to tryptic digestion followed by MALDI-TOF-MS,
compared in Mascot. Total 58 proteins were identified and classified into different
functional categories by COGs.They are classified into molecular chaperon, energy,
metabolism,cellular processes and signaling,information storage and processing,
function unknown.Six of these are molecular chaperon proteins, accounting for 10.3%,

showed that molecular chaperon proteins(including HSP) are helpful to
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Abstract

thermotolerance.Fourteen of these are energy and metabolism proteins, accounting for
24.1%,showed that the normal energy metabolism is interfered. Eleven of these are
cellular processes and signaling,information storage and processing proteins,
accounting for 19%,showed that A.bisporus regulate heat shock response on gene
transcription level.

Heat shock protein HSS1 is identified up-regulated in strain 02 under heat stress.
HSP70 is identified up-regulated in strain 02 caompared to strain 8213.From real-time
PCR detection,we find HSS1 and HSP70 are up-regulated to 5 times;in strains 02 and
8213 under heat stress, HSS1 and HSP70 are up-regulated to 1.6 and 2.8 in strain
02,showed that HSS1 and HSP70 are up-regulated induced by gene transcription
level.

The study found differentially expressed proteins in group of strain 02 under heat
stress and under normal temperature and group of strains 02 and 8213 under heat
stress by 2-DE ,then identify them by MALDI-TOF-MS and PMF. Analyze the
identified differentially expressed proteins and understand the mechanism of heat
stress is helpful to reveal heat-resistant molecular mechanism of A.bisporus and breed

heat-tolerance strain by genetic engineering.

Key Words: Agaricus bisporus; heat stress; proteomics; HSP;real-time PCR
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Fig.1 Diagramatic representation of the life cycle of A. bisporus
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PR [ W (Heat Shock Response HSR) B %t i &R tossa (1962) 76 W 52
W (Drosophila busckiz) %)) 2R AN A G 6 AR I SR B b TR 28 A0 I R IR
(1. RitossaZk ¥, HMEREER TIEW AEKIRAEA~6CR, Bk B HILER
(puft) "™, I T 1 2R S el [ 3 1 — 2 (K 2 1 A e Al
WA BB N B — VIR 1, XA R NV SRR N, R i S A
5T U S8 R S A 4 (Heat Shock Protein, HSP) ™o BLJE BT 9320 e Jie 5]
TERM. 93 WL NN BB, RN B 3N R HH
G HHSPIIRE Sy, DA TR B R B — AN o AR IR 4 B T 52 31
Z MR HSPAR, 75 R4 gy e e K Ak & W (R R B8 BK Al 55 B de i A OG5
WA, FAPR T S5 W I 0] BAS 5 e A g 7 A — Tl /I TRRNAS L 7] 2 b5 i 52
3.1 HAMER (HSP) KD HKBEYEThEEMR

Ritossa K LIRS WIS 2 J5 IR -TAF ], 0 R o S N 9 22 4k T4
M/KF. ELFI19724F, TissieresHIMitchell &R IHIA T iz i 5 — Lk ik K 14 5
(14 AR —50, HSPA BRI . Schlesing4HSPE X e (1) -3 & R ERBE R 2%
FRCR A, Rl MRS R JLBE R = A2 s (2) FEHIER 15 s A g )
AFAE— Bt 1AM FEZH 1 ) O 7 Fe 71 (RIPe Lham box) A1 HSP mRNA%. 5% ) 5 5
T X FPI G A A A - A A R I, AR R
MR, femaez ", mAET . LRI AR R S
G Al [ f LU SHSPI P AR

ISR AR (ISP IR B S BEANTR], 75 40 P 1) e G 5 L5 A KT A
L BB S R AEAE33~3T°C; K T50°CHEL ISR, RAT7ER
JETH A 60 C I A5 5 AEHSP; il 2R A K T-0CER B rh, & IWHSPAES~10°C
FAEFRIRT 3772k, W FLLE mbeild B R 5 AR HSP . — SR A AR
7 SR B AR AR IR R ER B v, 1 53— B 00 D0 7k B AR X 68 i PR e L 3
IR, X ZE AR AT HSP I 5 5 72

HSPJ&—ZH Al IR M P9 A BRI R A B 1 IR 5%,  (RL7E EROIR A
N RETF B 16%E B £ . HSPHEDR b5 1 BT 4 i (1 25 12050 A7 T I 9 IO AN TR,
5 S AR 40 e TR SR AR AN T AU MAZ L P R i
GRRSE, AT I AR A EariG sl p ™. ARZ LR, HSPRAT “4
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TR (molecular chaperon) ” ¥&PE, fER@BERSFI “FAEAR” , TE41H
Wz S 5V 2 M ThREE ), LA ReI) 2 HEAMGRIE N A T
Y RF AN R0 5 (0 B P B TR, DR A R A AT B, R A A A7, T HLAE
TR WO A O . A0 2R R R e S SR T R T,
REFZFEW M. HSPES AT Sz G, suis™ &
o RS S AR AR, R A O T A R T A A S B

HSPIE ;4% [ 7112 (KD) 0 K/NIEAT 7328w 44 o HSP— Mo g BA R JLAS 204
HSP100. HSP90. HSP70. HSP60 Fl/IN43-F-i (LMW) HSP (15-30KD) "'« ifiMorimoto
ST LKE 2y HHSPO0. HSP70. HSP60. /N7y-1- (LMW) HSPPUAN S . 9 4b, 2 %
— 25 UK /N TR DA R & FRESP . AN
IFi) 5 (HSP G BH S (1) P 0 (R PE . H AT 9T LU AR 22 1 )2 HSP90 . HSPTOFH /N3 1
HSPEK i o

HSPOOZK ik A& — 2 i FE AR SF (AL S AR ™ HSPOOK AT 2 AL, 40 1
T AE92~95KDZ [A] [) 3= EEAM AT A g SR HE A, 80~ 90KD-Z [8] Fr) 4= 43 A1 7 4 i J5t
i R E B E RN, HSPOOAT MR, BT a BOFN B R, AT I E
H184%. FLAZAEMIIIHSPIOEHSP AR T AKAZ I EH W& TR L —. 71X
HAY EAZ AW, HSPOOIH — /> S K ey, ALHES~64 5™ ™. HSP9O
FIFAERATER T LSOy, A @R ML I, A R
HSPOOAH LL AT 61~79% (M [P, N 5P RERIHSPOORIYEIEN69%, N5 E coli
() RIS PR 450 %6 o [6]— 4 At PYHSPOO S A I [R) 5 14 B v, 4n 4Pl S-HSP90-2.
HSP9O0- 3 HIHSPOO—4[RYE I 11k 96 % o IX RUMKFEHSPOO ) 45 M 72 - Wb 2 IR 4K
RN . BRAEEIL, JeR AR 3k Sk o i 5540 ] L S HSPIO K & 3%
=R

HSPOOZE 1 5 I A0 4583. 90 1001 104KDPYFFHSP, Horp T ##4 £ (1)JEHSPIO.
HSPOO I 4H i Ty R 1 & I de L 18 vl 5 BRI S Ak — [T TE . AR
I, S5REERINEEDERLE, HAIMANERE, R SR e, FinsZ
PR AR . HSPS3TEIE AN ML b & AR, WA AR R R 1 13%, R Te
IFHSPS3 I B ARFEANAL , (HAZ K A 1) LU AR 5™ o HSPLOA7E ML I I R AT 52
FURE SN, B ZHSPLOAR) AR S ARAE i N RIS )R B2 ORI 1% LA T,
I3 AE AR S P 5 | NHSPLOASE DR 0] A5 A Rk I bk 18 RE BT FA TR 32 (R e B ™ o st o

(Ubiquitin)
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K, HSPOOZK AR —RAF R r TAER,  FIHUCA & Al U AR 1 £ 1 T it
s LE RS A, B B (R B T S LU e . i
RIS R, HSPOOK G EA ) V2 M AEFIIhRE, &2 5T 2 M ek
R AAT RIS v, HerP ARG A TDNAR SR . D s S 4 e 45 H 1 2R
UGS MG 58S i Ng. 1w, UAAEK. RE. s,

HSPTOZK i A HSPH e R A de 221K —2K, 40568, 70, 72 K 78KDIJHSP, I
H7TOKDAR R FUIR ) V2 I —Fb o AEELAZ A4 2 [RIHSPTO R 1 B IK 24 S5 IR 7 41 47 68~
TE%IIRIE P, FE RS JEUZ A 2 TR RIS AR ik 50% ™ o BTATHSPTOIR R %
HAYES (FATPaseidi I, PelhemfEMIHSP70 & I [ R M Al GEALEATPA A0 1K) 2 11 e dh &
AP AR A ZUZ AR BR T IR TTHSPTOIE R AL, A7 A2
PAATVE FHIGHSPTOAR DS HE R, IX HEHSP AT T2 [ 4l B D Ag, bl o TAREThae ™,
Z 540 i A R, B R TR, BrA AR, S e
HSP7OREDA (LA H A AN 58 4275 2E

NG T RHSPEE, 4522, 23, 27HIS0KD HSPIXLE /Ny T HHSP, fE#kL I
AUTHSPTORR Y, (H LT ENAEH ) 32 ™ . ChretientE X i 52 1) b O B0 o 58
ARIIBT I A, HSP2T (W5 5 AW IR A TR R ST A 52 1) 7= AR b 1), AN
LA AR 52 58 07 (10 41 AL RR BE & B AR RN SR IHSP, (RANRE S HSP27 7134
S RAN b, AR S IOHSP27 3 O B AR B (24 . DRI AE SR B S P27
W g SHSPTO A MMAIER » Plesofskyvigss ANXfk#1#s (Neurospora crassa)
(RJHSP303E PR 42 1A (R RIF 7T A B, A1 vl i "~ HSP30X sk 7K A4 4540 (1) A5 205K FH ke
TIERT, (RIS En] 5 R A I AR A BLAE IR 2 AR ™ . /T HSP
AMAEE YR SZ B2 WIBE AR s A5 2 MR R P N KRk, —48/NJ) T HSP
SR G AR LRI IR A KR B R RIE ™ Har, /Ny THSP
TR Z A UL, (HEAL THEMBY B, BeAA 153 78 20 IE4E SCRE, 0 1 ik
WH, N TFHSPEA 2 FAHE I T RE

B H BT RAT BN, HSPAE A 43 AR S SHURI TR, RIS
W & s 4T 8 £ 11 BE AT S R D A, AE 2 O ATVE PRI ) B A
FIX I — 2R 8 5. HSPAXUEAVER],  BERT LAMHIR G e (REHEThr) &
FUTURER DT 2, A AR AN PR SR ER I e R 1k, SCn] 35 B 3 24T 8 1 2 11 5
IEAfHT B o HSP AT LATENLAA AR SOBORT InpR 1E 5 8 USRI e, b 78 R S i el T
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AR kD IR R BT, DRIAT AT AR SRR 52 0« HSPIE m] A3 A T 4EFF B 1K) 3))
JIERRAE,  WERHARREAGS TINS5 G Re ) T e, tbAh, HSPAEZE MR i)z 40 A0
A] BESEHSPHY s LRI ) IO, BN 22 5 2040 Mo d ZE % 28, fe
P 5 AN M G W 5 G AT 2 A AR E o T EIE I R 50 m] A 41 i 3R A% Bt i i Se ik
PRI SZ 687, ARG 4 L A A fe 0y, E 2R AT g2 s 3 6k
THSP, 345 T AW AARY T G MR EE I RE S ™ . HSPRAT “H PR
W, AN IZ S 5V 2 B ARINDIREES), FEN AT T dER 40 M2 w5 (1)
HEFUE RS, RS, ORI AEAE, X T A AR Bl i 21
IR E S
3.2 Hith 54wt At X MR

AR, AWTUERNT, g /KA S 4 S LK A 16 5 B 5 FA 52 AH 5K
IR B AR A, B A A DR R IR KA S W) o R AR AR A . AR e
S N S A2 NS SRR 7w VIR S == P TR (37172 5 A N & L0 S s
PR3 v, A8 A AN Al i A Kl S I B, I A B 22 AR £l
HOAFAE™ o o BN AT R 32 (R AR SCVERIE 9T R B0, 9 SR o 3 P i 32 7 114
AP 75, xR (Saccharomyces cevevisiae) Ik HERHBEHE N 5EAZ ANTH AN
YBRO1O6 I FT A I, 78 TR o J5 1K S BE DRI T e REN B IR S T3 1, 14
R A Ry P = R e, o R e M U R R R B A A S AR A A K B B
XA fE 9IRS S (poor heat shock recovery) KA K™,

W ST /NRNAGY 128 55 AR 52 (RIS & A g AU JE b R B, R e m 55
I B D S £ = A — 5/ 43T 5EG8. RNA,  IXFPRNAE FHRNASE A 1T 1FE S 11,
U5 AR T B TS rRNA 4. 5S rRNATT 59 [ JEPE. G8 RNAFEIK i (10
ARG IS AE PR b N IS BRI, IS R BRI S e ) T B,
WG A IU JBE w2 g A AR 52 - — i i 4 R FH AT G 045 ~ 49 C R b s iV I
4N TE ) (LI LB 8 B a3 1) 5 5 — P U2 3 2 FA A B m 38
42~44°C IR S NI (A ETS J0, BERTAHSPI =4, X FhA 52 75 G8 RNA
(1255, DA G8 RNAJE PRI R 1R W8 4 DU 5 K 743 °C ARPR b S IS (1) Jsk 2 1 JBT 45
kD RSP, T R BRI R, R BRI ATHSPI I G e A
4 HEMRGFIEN R

FLRAE AR KO B R P AT 2 32 2% AR R 1 1R e, FE v O 2 S e 3

6



haf[

Hil

PR AR TR o SR B S IS A A2 I 0o vl A 1 3 i S 12, L P 7 AR
G237 AR HSP o AR 22 20 0] il Wi (W BRI RS AR BRAR K, J™ A HSP
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