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RECRABKRIEFEBIR T ARIEEF(CA) AL 7d XF 35 ( Plewrotus ostreatus )i 4R E K R ER THESHEW, £2EH,
50 pmol/L Cd AbFE 25 B £ 4= K MBI K 55.6% ,2000 pmol/L Cd R B ZAEKBIIEKE ., R TRHIEH Sk E S BT, cd 4 H
A B BE K (EST) A B2 L E K6 (LDH) . Bk Y788 (POD) M8 E AL ML B (SOD) Al TR &, M H L B M S MW R X |
o 50 umol/L 1 100 ymol/L Cd AbFB 4> BIFE S 1H 2 &1 3 K i POD R LT8G , Wi — & 4 FRE KM POD B# Rk, H
BB 55 0 POD MMk, EEW KM TFEEE 224k LDH M TREH# R B 2 KM ,50 pumol/L AT Cd LB A Wi B T B i &
15,100 pmol/L Cd £ 4 2 2 IR TREH#F I K o 50 #1100 pumol/L Cd AL TR AL B %1438 SOD &, HiES 2 £ SOD A TR,
100 pmol/L B L UATF WA Cd AL EEREE EST MM X HAAMEARAELCAMKBTHNMBREORBURAES
BIBFES Cd B TIM# Cd HAMMEM . Cd WREETE 50 pmol/L BAF B B E AL B E AN, & RBEANBESHERAEEHMEN
B, 100 pmol/L Cd MERERB S .
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Effect of cadmium on the growth and isozymes of P. ostreatus mycelia

WANG Song-Hua, ZHOU Zheng-Yi, SHEN Hou-Qin, CHEN Qing-Yu, LU Xiao-Ming, WU Ping  ( Ankui Science and
Technology University , Life Science College, Anhui Bengbu 233100, China) . Acta Ecologica Sinica ,2006,26(5) :1616 ~ 1623.

Abstract; Cadmium is one of the widespread trace pollutants in soil and water with a long biological half-life, causing heavy
toxicity to humans, animals and edible fungi. Pleurotus ostreatus, a popular edible fungus, which is widely cultured in China,
could accumulate and turn over Cd that enters into human body through the chain of food. Although there are accumulating reports
concerning the toxicity of Cd in plants and animals, very little is known about that in edible fungi. To understand how P. ostreatus
accumulates and detoxifies Cd at biochemical level, we used P . ostreatus 17 strain to study the effects of Cd on mycelial growth
and isozymes pattern of P . ostreatus. After 7 days P ostreatus was cultured in PDA medium, containing various concentration of
Cd, mycelia were harvested, homogenized and then the superatants from the homogenate were used for enzyme analysis using
PAGE and isozyme staining. To investigate the role of mycelial metallothionein of P. ostreatus involved in turning over of Cd,
metallothionein content was determined by a Cd-saturation method. The results showed that Cd at 50 pmol/L could inhibit the
growth of mycelia by 55.6% , and a lethal dose of metal for mycelia was 2000 pmol/L. The analysis of native PAGE enzyme
activity staining revealed that exogenously applied Cd not only modulated the activities of peroxidase (POD E.C.1.11.1.7),
superoxide dismutase(SOD E.C1.1.5.1.1), esterase (EST E.C.3.2.1.1) and lactate dehydrogenase(LDH E.C.1.1.1 .27,
but also the expression patterns of these isozymes. Total POD activity was drastically enhanced in mycelia treated with cadmium at

50 and 100 pmol/L, whereas additional isozymes bands were induced while a band with the highest molecular weight was
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suppressed. Two bands of LDH isozymes were observed in mycelia of P. ostreatus without Cd treatment, and the LDH pattern was
not affected by Cd below 50 pmol/L. However, the activity of LDH was completely inhibited in mycelia treated with 100 pmol/L
Cd. Cadmium at 50 and 100 pmol/L caused significant changes in the total activity of SOD and induction of twe new isozyme
bands. Treatment with 10 ~ 100 pmol/L Cd resulted in an increase of EST activity, suggesting a role of EST in detoxification of
Cd. Moreover, metallothionein content was markedly increased in mycelia in the presence of Cd at 10 and 20 pmol/L Cd,
however, the induction of metallothionein by Cd at 100 pmol/L attenuated remarkably, suggesting that metallothionein plays an
important role in complexing with Cd ion inside the cell at low concentration Cd stress.

Key words: Pleurotus ostreatus ; cadmium; isozymes

HER METRUVEFHERE, ZENHER T =R S KERURRY BREAMLESK @
A AEGRARN™E, Hb,kEk +HESB (AP F)EREEHREFSERIVALESHEREN -4
EEHEE. REAAEHNELE LR  BRAEENES R tEEA SN EEREYRLERY i
ERRLTENT ATENFANKBERKFFERBLAKPHE ATIFELBERKEAPHNESRETRYEH
AN EHERENRE" Y, AXREVERIENBRENHANARCRE —E#E . BEXEHHE
EFEBY S Y T, T 56 5 56 X 4R 10 06 5L 60 A 38 A A HLIR B S B P 41 o4 20 L3R GE .

UShP I REH ADARFPERN CALEIENRELRRMFE Zn . Fe ELETE
MEHAYEES GBS EME RAEEEL L BERBEELENEESERIB WAEE, I TH
K CdWARBYE EAYHEAER Cd AR EEATHERBEERELNE, WEARBRATAETEEEE
EHLRW Fe £ [ (ferritins) E 2K HBRRE N £ B 5 E 3 (metallothioneins ) & 2 Bt H AT 4 Sk B4
Bk ( phytochelatins, PCs) %, 7] 5 Cd** & B ALE R XM Cd-B & Y3802 8 2 0 K36 KB Tk 3]
Bt cd BB, AN ARBEBHNR/ D> TURENR (TSR ER ERR) EEREETEDSHRE
5o BREBENESY . F CE WEH TR, AW, HXLg4 SARMME, B POD.SOD.CAT ZH £
AR SR REHREANARMNIELASHREEHEE AT ERE ' E#S=E Kt &
EHE, UEHARESY, RAEEMEAWMNEOEEACNBERESSHYEYERLZL, M RER,
AT UTER E B A M YK 89 £k 3% T 57 18 F 25 ( Plewrotus ostreatus ) A B, BF R TR A MBI N LT
M IREEAN SEAYBEAEEAYELBR IBYNEREEMSRMESESER . FMEENT
FIEE 4R Cd B ABEA YL,

1 #RE5FF
1.1 MEEFRSL4E

%5 ( Pleurotus ostreatus 17T)EF W A LW RFBt. B X% 10 ml PDA EFHFE(SHHE 20% JEH 2% 30
f§ 2% .pH5.5 ~6.0) , RE§ /5l A A, R LR £, 25 CHE H 80 7d, AR A L BB £ 88 & 250m =
MR (B 60 ml/fi PDA WiiAI%3:4E),259C,160 /min FHRGEF A ERATEHBE IR BB E L RITHE,
YER 2 IREEF A FI . PDA IR R P —E LA A 10 mmol/L CdCl, B 3G I 2 P Cd KRy E 25
4 0.10.20.50,100,500,1000,2000 umol/L,Z1EFME 10% B &M I, S4B EE 3 K,25°C, 160 r/min 1%
WIS 7d. MIBELR, REE, - 30CAHRRERH
1.2 SE/Y8s (PODE.C.1.11.1.7) .Bg88 (ESTE.C.3.2.1.1) HE/LYIILEE (SODE.C.1.1.5.1.1)F0
AR E A (LDH E.C.1.1.1.27) [F T 8§ 1% H e ¥k

FREL 1.0 g S B 225K, 4% JR B 20 %0 1/3 A9 LB n A B5 32 B (0.05 mmol/L pH 7.8 BEBE M, A& 2%
PVP 1 5 mmol/L B-FiZ 2.0 ) , B A B KB B E S K ,4C %550 (10000 x g, 30 min) , B _F EBAIE B %k
et 3.3 3

EST [F] TE§ B3k R A Tris-F MR vhill, 0 B E N 10% , WR4E L 5% , 55 F 100 V B3k 10 min, F BN
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200 V,3~4 h JFERE K. FREL 200 mg BERR-o-ZR R F1 200 mg "B WK, 43 51 A 10 ml A5 B A 200 ml
0.1 mol/L (pH 6.4) BEMREA MR PRI I REAK., BERRBESEFILA, AR KM 1 R, BARGHR,
JICTHRGRE, AW BERERE (10 ~ 30 min), FHEP AR, ARBCERR DTS, RETRBKTE,

POD [F] TR H8 3k SR A Tris-HCl X ¥, P IR E N 7% B 5% ,2 ~3 h JFERBIK, AMBEXE
Redefn, MBREME W :4% NH,Cl: 5% EDTA-Na,: 0.3% H,0,: dH,0=1:1:1:1:8 R{&FR PR & W,
Qoo B FARMBKE AR T, 5% BREE.,

SOD [/} TA§ 3. 3k K F Tris-HCl R0k, P B IRIRBE 9 10% , ¥R 48 5% » FB NBT fE M Je 270,

LDH [7] TASH 3k R A Tris-HCl ZE b, A B WE R 7% , WHBK 5% ,2 ~3 h JFERB K, ARBEA
VEBEAR 1~ 2 W, #F 5 Lo Be i )2 B J 2 % 0.2% NBT: 0.2% PMS: 0.01 mol/L NAD: 80% H.BE#4: 0.05
mol/ LB MR ZE v (pH 7.0) = 8:1:5:10:26, 37°CEEE Y {4 30 min,

DA b e ok B 1% 14 A 1S-2200 R AR R EHBIFIERE R,

1.3 £ BHME A (metallothionein, MT) B R BN E

BUR TR %FREDE 1/2 1A 0.01 mol/LTris-HCl (pH 8.6) Z ik , iKiABAEHE, BT 4CKAIE
iR, 4C A% E.L (10000 x g, 30 min), WE FFBE. BT 100CKBM 2 ~ 3 min,4°C ¥ % H L (10000 x
g, 30 min), WAE EER, A 3 FEH -20CHAMIEKZE, -20CHEILIE. 4C % %E.0 (12000 x g,
30 min), [JUTIE F AN A 0.01 mol/L Tris-HC1 (pH 8.6) E PP IEMETLIE, 4°C ¥ IHH L (10000 x g, 20 min) , 4
LERAESRREORER,

KA C-MABEAMME " HEFLEMTFE, E3FEFREMEAETRE C& NEE, HBES
MT&E& T4 Cd MTHMY TR, EMT O TFEN 6000 B B EHEELEMTI &,

1.4 BESHIT
FAHEER 3K, BE, BHES TR A SPSS10 ) ANOVA sk 44,
2 &R

2.1 CdAL¥EXS PR 2k A KK

HEITAEEALREKEEEAN EEERARP ABRENAR EREANGFCAETREAZTENH
YRGB EREREHERER, 100 pmol/L Cd 4T 7d X5 224 < 9 1 il #2 B 1% 82 % , 2000 pmol/L Cd B K
HYEKHBEERE., £Ti, EHIEE 0.10.20.50.100 pumol/L % 5 AMKEH CAd IRERENLEBE, FiXL
PEYRBEETEE N Cd M2 AEKME W WE 1, S 50 pmol/L A FRAR 24 E 3 RA 44.4%, EUTRI LT
Bk LB 9 3K AX 5 4 Cd K

1 TERECEABHNELEKNEN
Table 1 Effects of cadmium at various concentrations on the growth of mycelia of P. ostreatus

4 84 9% BE (pmol/L) BHERREE ::E22: - %) WL k#E (g) ek TE(R
Cd concentration Medium color Mycelia color Mycelia FW Mycelia DW
0 HHE clear FL B ivory-white 4.91+0.36 0.233+0.052
10 2% 4 yellow-brown & ivory-yellow 5.24+0.28 0.253 + 0.061
100 # £ brown ¥ buff 0.62+0.03" 0.042£0.003"
500 EX A dark-brown K filemot 0.28+0.06" 0.019+0.005"
1000 RHIRM slight-turbid # £2 brown 0.11+0.03" 0.007 + 0.002"
2000 B turbid B turbid — —

— EEMERTLRHAE Showed being unable to measure or unremarkable alteration; *  SIHHEHEERFBF  Compared with controls p < 0.05

2.2 CAdALBEXFZEELEMT EENHER

LA 10 ~ 100 pmol/L Cd AL B E-ZE B 224k 7d fa AR KA AL 78 3 min BREZRE R, RA Cd-MOE B Mm%
WELHEMT SR, SRNE 2 fin, CAABESFHERLEMT ™42 BFERERAN, L 20 pmol/L Cd FF
BRBEMIEERE1.24 mg/g.FW, BEF CAABEKENMA MTSEEETH(p <0.05),
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H1 FAEEECALEEMELERBENER B2 FREECALOENEL MTSRHEW

Fig.1 Effects of cadmium at various concentrations on the fresh weight of  Fig.2 Effects of cadmium at various concentrations on the content of MT in

mycelia of P. ostreatus mycelia of P. ostreatus

2.3 CdALEEX V- EES 224k EST [F) TREHB2 e

HEATH, EXFZGTEARNPEE LK PG o KEEEEFE LW, X+ EST-1 .EST-VI \EST-VI f1
EST-XI % 4 B BAKRE, EHER, MHAE S XMW HARREERMK. CdAHEBENAE EST [ THMFE
N AHEM, 10 ~50 pmol/LCd A6 ¥ F , [F] T&§ EST-II .EST- VI .EST- VI 1 EST- VIl 7% ¥ ZF #1858 , L H & EST-
ISR EY, BEEEEAT,50 pmol/L Cd 4P it B 1S 1 X BB &, i [F T8 EST-1I .EST-IV 1 EST-
XEAARZE 50 pmol/L AT Cd AL E ,{H EST-IVEEH 7E 50 pmol/L Cd ZLFEET B 155 o 100 pmol/L Cd 4b38
2 EST-VI \EST-VI .EST-VIF1 EST-IX BSH 1% 1 3 50 pmol/L Cd Ab 38 41 1% ¥4, (B 475 & T X B, v BF EST-TI 1
EST-VEHHO LW K,

B3 AFWKE Cd4EEN B4k EST(A) M LDH(B) [{ T B H % 1
Fig.3 Effects of cadmium at various concentrations on the EST( A)and LDH(B)isozyme of mycelia of P . ostreatus

1: CK; 2: 10 pmol/L; 3: 20 pmol/L; 4: 50 pmol/L; 5: 100 pmol/L
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2.4 CdALFEXT P75 24 LDH [ TS i & m

E#EKNPIEE 24 LDH [F T 8% W 2 &8+ LDH-1 #1 LDH-T (& 3B), {&F 50 pmol/L Cd 4b 38
RARZ W LDH 7 TB§AYF35, T 100 umol/L Cd A BB 2 KRBT E
2.5 CdabEXEEHEE 24 POD [F TE§ W

FEEW 44k POD F] TSR Ik B A 4A Fim ., ERAKKTEHEBE LT R 4 4&F T8, 5+ PoD- I f1
POD-V BE#HF iE 858 , T POD- VIF1 POD- VI B #7 & 4% 55 10 1 20 pmol/L Cd A B EARKEF TE . 50
pmol/L Cd AL W% 5 i POD-11 1 POD-IV ¥7 /4 [ T 88+ , B B % 14 3% POD-V 1 POD- VI B 1& ¥ i 30 % POD-
1 BEH 3E M, 100 umol/L Cd Zb¥4H B 8 7] W, POD-1I .POD-II #1 POD-IV % 3 % %74 [F] T 8% , H POD-V .POD-
VI#0 POD-VI B 1E 1 B & & F X1 B, LAY POD-1 BB B IH K
2.6 Cd 43X Y758 24k SOD [F LB

35 B 224K SOD [7] TG an & 4B frR . X ERAA AT W 2 4% SOD [F] LE§#F , F o SOD- I B # M 3& % , SOD-
0 HRE5H . 20 pmol/L Cd AL A T § E 135 SOD-1 7 SOD-N B R, R E R Cd B # 58 SOD 1%
T+ o 50 1100 pmol/L Cd A REHE S 2B 2 4k SOD-1I 1 SOD-IV 2 & [F LEER &, AT BE A B F
HEHEE TXE, B 100 pumol/L Cd 4 FRAH 4 50 pmol/L Cd 42324 SOD-T .SOD-II #1 SOD-IVE§H# R E iR,

B4 AREMEE CdabEx 2 & POD(A) M SOD(B) [ T 8§ M & 0

Fig.4 Effects of various concentrations cadmium on the POD(A)and SOD(B)isozyme of mycelia of P. ostreatus

1: CK; 2: 10 pmol/L; 3: 20 pmel/L; 4: 50 pmol/L; 5: 100 pmel/L

3 Wig

10 ~ 100 pmol/L Cd 4b 32 ¥ {5 37 Bt b 45 B 22 0 , BE B8 F] T 86 % A L s v 24k, R B 0 B v 7 & A B
WHRBAUEE, AR LREEEENMESE Cd 0BERENMNEBEEERAZH T EHER(E 34, X
5 EWERN Cd T iES R MK B RESEY ESTEMHR A E EST R T RE" > HNER—H
B, EST RAYENBILRBRIERL GV KBME M —RE B NERRHE, EAERELARANS
5 %A A8 K16 -G WK R4 5L B BE A B (RCOOR’ + H,0 — RCOOH + R-OH), T B fE/KMEAKEIEAE
HEENRBRELEGY , BHt—B AN ESTHRERAMBIEA. £H AN, EST /0 Cd 8 B —Fh R 8 88,
SHESRNEBRERBEMAEEL. BN CdPar, ESTEEFART SBURRAE DKM IER MR, A 2L
FPEXKEBNEAGWHE CAWAENRR, BERARAEE Cd REMES M Cd BIEM . Nagase FHBFRERY,
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0.1 mol/L NaOH 4t 38 ¥ 3& ( cyanobacteria) °] B EF R B H MM Cd* .Cu’" .Pb" \Zn*" F2HEL BB FHES,
HHEN NaOH AL BMMEZE RN T AR P RENEE, By RER A% 570 40 ¥ 40 i ) H 4
E2NELBRETHEARKRTE™, FEEHELZTE Cd 8 TESEE EST WIEHEMEER LS WK ST
BEMARPRENEERUEAELZHHE GABE T, AMERM® CdENEH. CAMHE T, EE 4k FEN
REBREABERIE SR,

LDH ZHRBZPHN - HEENB . 2 5ARNARAXSH. BEAM Y LCAIHEYDALE T LS
LDH1.LDH2 .LDH3 .LDH4 .LDH5 % 5 # [ T B, H + LDH1 1 IDR2 A e FE R A B E LB T RENBIAKY
Y£Fi,LDH4 #1 LDHS BBt E &4 T A MILEL, T LDH3 fE X E R M FHmM R T, ALBEHT,E%
KBTI 2k LDH R LB ER B AR R B 2 &84 LDH- 1 1 LDH-TI (& 3B) , RIB\H T B R H
Wit X TP AL S LDHI # LDHS M H E T H MR, FX VS A% E LDH R TR Mk RiRH,
MBRFEANERAEEZ IDHR THESHU R FE2AWERE —FIEL. —EWER Cd LBEXRTF)
WAL+ LDH R TESE ", 40 cd bR ) ) 45 28045 5L LDH1 \LDH2 35 #£ 1 3% 7% LDHS M35 ' . AR5
ZR BN, KT 50 pmol/L Cd b EARARE W LDH R TEAF XL E,100 pmol/L Cd ALFRAH 2 & F TEH
BHR, ZRUEWRE Cd 4 TF % LDH &,

POD B ML RHEME - KEARN —REAB, CI EHEETEMIHYAMED AR, BE BR
HO, #FEHE S5HYAREARKRARANAREMETEEFESEEHMGE, BEXFAFTFRNKH S
HEMBFFERRBAAE, SR AE (BRI T KF)FSE (L malE £ 8 a ) # ol i HF TR
HegEx"™ , ARTEREN KKE Cd LB A Z W POD [/ T, 50 pmol/L F 100 pmol/L Cd &b 3 43 31
BEREB2XMIFFOPOD R LEW , HEMN PODEHEER T E, POD BEHNEEF SRR EMAR T
H,0, %#EHEKFH LI Fef, mE R POD KEHFE H,0, MBAKRKERFRERMIE R, XE— EBHE
LRI cd FESFHEA,

B /T — B A N A P11k F £ #E Cu/Zn-SOD . Fe-SOD Mn-SOD % 3 #h38 %) SOD [fl T8, KX E/EHE W 0,
iz 46 % H,0,#1 O, , AR5 IE 0, 5 H,0, i&id Fenton R W =4 B FRH -OH, E£RBIHAES SOD [ LA
HRKIEEFADHME, FEHAHE P ,Fe . Mn o] 5T SOD /] THE A FE 5 ; Chonpraditnun Z % B, 1 mg/L B Cu BEEE
8 KT Cu/Zn-SOD BIF X", Miszalski Z#RE ™ ,cd b BT FEMEBE R. involutus SOD 7] T i
— &R TEH, AR (& 4B),50 F1 100 umol/L Cd 4L B AEE S V- 458 2 # + SOD- I # SOD-IV
FTEMERE, BN CAEELBET SOD A THM RSB A AERE HIUEHMATERRZ, O HER
2,EZE CAFET, ATEA ACE-1 ¥ — #4473 Cu/zZn-SOD REM AL FIIMBEHER , FTREE
B;Q MERE, IR cd FHFmARE/LEE R NADPH S4B E AR, S5 0, &%, 0,” WEEHR
B _EFEE AR B , %S SOD Rl LM XX, CdIEFTHELZ SOD RI THMNEX SR ETHESR
BEREBZEEZEHTNG FKEH—EHR,

ERHBEAMDER X ZHFETIY MY MEVFHES FREESHENEBLEEGEA.LEEA
THEBETEEGE CHARBUAEEERESBREELSERY >, —EREHRLCEESIHRE LT
BER A MTS, ARG R AY Cd BB IE S T RS K7™ 4 MT, LA 20 pmol/L Cd B S MR R IT, HE
CAdAtBRERMA MI EEHB TR, XAHBEH THARST RN AE cd B FRHFLRAE BBk &
SHRBEHFEREEHE™ FHEEORANEA LKL DNA F B, AT R MBIFSREEES
SR EAREARAERES TR, ALl WFE MTEREKE 4B TREAELEFELESBNOER, M
EWRE Cd I XMERAHE,

oAb, AR WE T AR EE Cd AL BV 25 08 22 7 h X N E B = B8 (PAL) &5 BE H AR5 Bi B8 (GST) . &
HMRE S (GDH)MTETE, 4 GST R KW B, PAL # GDH S B EH B R RFI ), BEE
HIEE#—-EHREZF,
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B2, PHERLZAASHVAEYHAUNRRAENE. —FHE, HKE Cd 7T F# 4 SOD.POD FH 4
BEEN A BT RAREN ERD CABERTENESEA  ERARNES;H—HH,CdHATESR
MTARMBRRIBENAR URREREBEABE W ETFEZIHEL, ETTIHSAAERESRAAANR
KELERZR Cd EHTHE P HEIT
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