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WE 5 T BN E Armillaria mellea A=< R5ZIR B PRGN T4 TR AT B S Re bt | DLSCEE a0 F 26 PR 1 b S A B Y A2
RGO, S5 RFYT BEVRE 45mg/L T A TR A B IR A4 KA B 0L EAE T (P<0.05) , BEVREE 90me/L LA b1, B B EA 14 14
FAE K AZ B (P<0.05) . 86 ER B 1 T SR & R S04 AR ) 8 6 B I Wk 5 Ok 45 me/ L DL B 550 IR A TG B 38 4 25 57 (P>
0.05) , FFIH T 90me/L J5 FIEMAREN & . KisR 58 & B 7E 270me/L LT B, B2 53t T8 22 TR BRI 1% d W 0 o 256 o i
FEMSE IR, 53R B S mAE 135me/L LR B B R AR & b 75 3 P AR FE 3 R K, Bl 355 9 S v SR
FIHE T , 22 AR POD ,CAT SOD T PEERA 3 i, PPO 3 1 WL Je T v 5 B AIG , 1T LB 22 5 TR R Z R B AL TG ) A
Z5(P<0.05),

KGR I T I W2 T R B Ll

Zinc Tolerance and Accumulation Characteristics of Armillara mellea

ZHU Lin,CHENG Xianhao " ,LI Weihuan,LIU Jing, BAU Tolgor
Instutute of Fungi Science and Biotechnology, Ludong University, Yantai 264025, China

Abstract: The growth, zinc tolerance, enrichment features and antioxidant enzyme activity of Armillara mellea under zinc
stress were investigated. Our results show that zinc at 45mg/L increased mycelia growth (P<0.05), when higher than
90mg/L, zinc functions to inhibit mycelia growth ( P<0.05). Fruiting body formation and fruiting body biomass were not
influenced by zinc when zinc content in media were less than 45mg/L(P>0.05) , but fruiting body formation was inhibited
when zinc content in media were more than 90mg/L. Under the concentration of 270mg/L of supplemented zinc, the
content of zinc in crustose aerial hypha of A. mellea elevated along with increasing amount of zinc in media, and under the
concentration of 135mg/L of supplemented zinc, the content of zinc in rhizomorphs of A. mellea elevated along with
increasing amount of zinc in media. The activity of antioxidative enzymes including peroxidase (POD), catalase ( CAT)
and superoxide dismutase ( SOD) in crustose aerial hypha and rhizomorphs of A. mellea elevated and the activity of
polyphenoloxidase (PPO) increased earlier and depressed later along with increasing amount of zinc in media, but there

were observable differences between crustose aerial hypha and rhizomorphs( P<0.05).

Key Words: Armillara mellea; fruiting body; mycelium; rhizomorph; antioxidative enzymes
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Xof A KR B A R I S A SRR I B A R B PSR TR R K ZAE 50—150me/ kg 2
6], A b e R B R O S R R A Y BRI Russula atropurpurea J&: B4 S5 T & AR
A B R BLB , T Se R rh B v B AT LASA 3] 891 mg/ kgl ™15 o b 41745 %% PR 1 %5 ( Cordyceps militaris)
AR B F B RS2 A E SRR XA A R T LA B A T EAY 2. 85% , A R AE T MR
AR PRI RGE T T AR A S R R X 5 4 G AR e AR R, R AR A S
TG B3R AR SE T Bt OSUHLBE 4 R ERIRUR % | At ik st A 3R SRR BRI Cu \Zn Pb F1 Cd J5 1
AR E RN A ST T A B A PR i R, 48 He As Pb Al Cd 7EFSE iR B E AR
AT E R T A TR R e 0 R A I 9 A AR B i AR e e e S A AR K AR R A RIS AR
2219200 (B 3k B0 T R R A A A A R LA R R T TR TR 52 T A AR

PR A — e T S N T2 0 A B R B BT, A 6 B B A, BT LS R AR (KRR B
) oA AT DI MR ZFAE 5 R AR, 38 0] LU AR AR T, 6T 57 A B R TR 1 IR 2 R I, B TR R B
HAE 54.12—76. 80 mg/kg JEFEN " 1 55— 000 TS e i X 28 PR TR O 55 2% B, 6B TR - Se ik b e i
5 e A RO CRERIREACT R HERAR IR B 113. 26 me/kg B, 5 B T S M B VR JEE T 3R
) 158.20 mg/kg'™ . B B ARBA LH TS, N T FRAM FTEARFH S HE FZHLRM RS
WFFEATD RS 1, AN SR BE R SRR B B 15 1 (9 OC R AN 26 A B0 TR A it 32 1k B 5 SRR, DA SRR 8
WA A AR S S5 T, DUSEI 2 B T IO B IR T TS0 R BG RAB ) xf N T 95 400 P33R
X i R B SRR | LA SR A T B R B (T AL B AR AT D T AT TR R
1 #MREAE
1.1 BFh

HINE Armillaria mellea AS 5. 146 W7 [ 3838 T A= P A D ORCEE B PGy PR T PDA B35,
1.2 B3

R EIREE 2R R 3L
1.3 A

RS 2R R RS BRI INK % 0,45 .90 135,180,225 270 mg/L( Lk ZnSO,7H,0 JLA, LA Zn** iF
Y6 NI —as (AN IR, A E 0 3 AN ER L S00mL = A R IR RS R 200mL,

FE: ARSI TR EAR 0. Sem K/ BN B FP B, F 25°C MR350 TP s 85 9% 25d, SR )5 F 18°C ok
HRJE) 12h B 250 TS 3B TS0 R & ) B 32 A1E] 60d
1.4 BEXTEE TR TR 22 A AR ik BB D T SR I8 S AR A k1) 5

% 5 3 R AR A 1 b R 114 B e R B 22, DA R 21 [ AR 35 35 56 D A K %) 1) 4 P T 1 2, BB U 43
7 60 HANGE MG 1 FH F K 20K vk, 7853 Uk 22 BEHE 00 28 BSR4, DRI i BE SR 0 1E 60°C Bt T F 48

R PR,
WLEEAC SR A% S 7 SR R B A K 1 S AT DL o TSR TT e G, B2 IERAE T 60°C H 4t
TEEHERE,

1.5 B EiE

FRICO. 1g B 210 5 1S4 B2 SR A 2R R A5, A 10mL 7Y HNO,-HCLO, FTH AL (IR FR L
R 42) FEFRKIE T INFE T 25 B FOKFE 100mL 28 50 28 285 2R FH R F WA 6O BT (s 25 )
AR A PR E]  AA320N BY B LA TERAIL) #EA 700 . IS0 « 4K 213, 9nm , BK 4% 3mm, kT HL 3t
8mA  JTHLE 180V, a3 ifi it 0. 15MPa/min, Z B3 & 0. 05MPa/min
1.6 FSeIRTA 22 (AR TR 2R bt U A B2 B 5 5 M)

TR 50 KT B AR T-H s AL B I

i AL S (CAT) FIHRES A2  FRICHTERRE & Sg B TR, A4 43 SRb AT 1) S00mmol/ L R
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2126 A E = 31 &

R MWW Sml(pH 7.5, 7 Smmol/L DTT M1 5% PVP) | FEVKIEE5 14 T WS L2137 ,4°C (1200 xg 50> 30min , Y&
8 LT BN MBI, o AL S TG DL AR

1AL (POD) FHR IS I « BRI 1 g BT EEAE S B Tk b i DA b A2 1Y 10mL 20mmol/L
KH, PO, , TEVKIA 21 TS W20 3% ,4°C 4000 xg B0 15min , WA B W B R B, 1o A e %) 3 M LA
BIARE Lz

ARG (SOD ) A BRI I  FREL 5S¢ BT EERE S8 TR i/ VF A SEab FTTT4 19 500mmol/ L
WM EL 2% vh ik SmL (pH7. 8, & Smmol/L DTT #1 5% PVP) , 15 vKI& 514 F WFEE LA 9, 4°C (1200 x g 5.0
30min, WA L VR B MBI . 8 S Ak A i A 5 2 LA RS DU (NBT) YAk ad JEk iz 77

Z By A ALHE (PPO) B FEICS I 2  FREX 1 AL i B TR, i 1A S M2 14 0. Tmol/L pH7. 0
HITE R 2% 4P AmL, DKIGBTEES) 3 ,4°C 10000xg 250> 15min, WAE VS B M B, £ By A AL ( PPO) 1 1Y
M5E 2 BER ) BRI ka1

P R il ( AKP) BB 0 52 2 B T S5 T2 9 0. 05 mol /L Tris-HCL & i (pH7. 5) % 1:3(W:V) i
LB G . ARl vKIE S5 N OEEE IAI 3K B 23K 4°C B30, 10000x g, 250> 15min, B35 BV A il
W, TR W R T ( AKP) T A A2 T i 2 MR R DR 45 0 i s VR e sh 0 1 R A BB 0. 1L, XiF
JEAUMA 0. ImL A 47K, R J5 N 0. 1mol/L 18 FR £ 22 M ( pH10. 0, 7% 0. 0065mol/ L [ 4-Z FE 485 LEAK)
1. OmL, ¥ T 37°C/KIA Smin J5 , AT 2 37°CEL BT 1. OmL  JE5125) BT 37°C /K 15min, fIABKEUL
RS 3. OmL, 57 BIME A 3457,510nm R0 OD i, S J1 50 SR 78 37°C 5040 T, IR IR 2R —4h Ik
BRI 1 g T3 I RSO — AN D BRAZ(U) o LA 5S10nm FIAR OD (B0 «, By ik v, HZ M J7
Ft.y=51.9863x-0. 0242, (r=0.9998)
PR BT x5 1. 9863 -0. 0242

15min

AKP i (U) =

1.7 Sttt

RS E/DRE T 3 AEE LR EE R A SPSS 10. 0 IS8 43 M A i 2 R 6
2 BER55H
2.1 BEXTEEIEAE KR

BRSPS R) M B 1 8, 35 g R v W g HOB AR 1 0, &3 45 90mg/ L 114 52 56 21 55 %F B 21 78 4
WS 3B W I, R e R A 22 e 2 55 1 3G R R, 0 135—270mg/L AL FRZH 5% RRZHA T 22
W)X DU ZH Bz TR B 22 R BE R 1 37 L 0 Fe 1, Horb 225 270mg/ L 1) 52 56 21 5% 55 35 26 T AL 5% 1) B Ol P2 o, 3R
BHARA B — VRIS W] T R A R e R 2 i A K

T 1 H AT UF L B 3 55 5 v B v B, TR AR W e e KR Wb Beat o gl R AR T
45mg/L WREIREE T | 26 I PR R PR A e k2 38, D W e e B (e T IR R AR K L 135—270mg/ 1L (AR

BEA, TR 0 35/ TR IR SRR A R O 4 R — B8, DL B B SR B — 2 /KI5, T 46 10 1] 5 20 T 9 A=
Ko 90mg/L BEFRIE T | WAL Yy X IR0 B 5 22 5+

TR AW B T RIR RN R AR, YRR AR 135mg/ L I, A% S0 2H AT B RE W K 152
PR UL VR L A B 2 M ISR A, 3 1 GETH A R R RS IR 45mg/ L B9 SCIG A 1 S4R )7 i
Xt B DO S 22 5, RV A I O BT (e R BB TR 1 SR i =, A6 TSSO U 8], 25 20 2 Tl o 2 —
B, ASIMERHR BE RO TR 22 R TSR S TSR R X — R R — PP
2.2 PEIEEIRE R 2R R AT A Y AR LA

TE—E PR EEIE N (/NT 135mg/L) | Bl 15 37 B v J3 A 08, 2 B T 1 2% P B 1) 2 o I i 16
BB B TR B 135 mg/ L LUR , B FH RS i A8 THIEE 5 1788 PR B8 B T2 IR bR 22 P B ) o5 i N B 5 R 2
PR RE RO SE TGN, L2 1, BRI BEIR R 135mg/ L I, B 3B 00 5 AR IR B AR, o SR BRAE Smg/g (i
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) A, ZJE ) 180—270mg/ LS FHIN RSB 4L B9 IR R & R Z R B W VE2E 5 . B oetR i 2 h iy &
AR BRI RN 9. 49mg/ g, R INTRAY KL FOIR IR 22 50T - A B0 B A i
£1 BHEFNFRBNOES ROEFHAGTEREEEREBNOTNL (meansSE) *

Table 1 The biomass and zinc contents in mycelia and fruiting body of Armillaria mellea in different zinc concentrations in media ( mean+SE)

H: Y1 Biomass/g BE I zine content (mg/g)
() ok e Hk ol
and thizomorph Fruiting body Crustose aerial hypha Rhizomorph Fruiting body
0 4.61+0.24e 0.11+0.02b 0.81+0.05a 0.47+0.01a 0.09+0.01a
45 5.01+0. 10d 0.10+0.01b 2.28+0.27b 1.51+0.06b 0.99+0. 05b
90 4.42+0. 12ce 0.05+0.01a 2.91+0.38b 3.51+0. 14¢ 1.00+0.03b
135 4.07+0.07bc 4.68+0.65¢ 4.33+0.48cd
180 3.96+0.05b 6.11+0. 19d 5.17+0.32d
225 3.36+0.11a 7.95+0.60e 4.89+0.47cd
270 2.39+0.08f 9.49+0.28f 5.37+0.47d

# [FF ARl FRERIRTE 0. 05 K922 53 . 3

T~ S B B A 85 U 52 B SR R R B AR AR B2 IR AN R (AR T TR AR 1 S T B A 5 i e R
TR SRR R, TERGIREE B & 5 90mg/ L B, B 52 IR B 22 R B 28 e 10 4 12 0 7 S AR v
FOEERY 2,91 %A 3,51 1, REVE G E SR A K — e ik 2] —E W s A T BE R 758, 7528 o 72
RERYE TR EEOR A TEFRARIELZ,, ASLEAREN] I T SL08 sUd e v, B 3 ) 51 h i 224k
[ T SEAR VR BN, R P Y , X — RIS E A — 2P P AR
2.3 FRREISEDUEALERA

BPEAS XS SR POD {E PERYSZNA AN 1, MIEL 1 Rl LR Y B B B2 A I, B SR T 22 T R
HY POD 15 PRI AR . W22 B POD T P2 TR Y POD 1 1k, 3% 1 ] LA w2
e SR A B e T R R P R S R X AT RER L POD I MRS TR Y POD I PERY RN

PEAS I X ER R SOD TG PE AR AN 2, ¥ BEER I SOD {5 M A2 Me L 2 B ok B B e, Bz e
AR LZME R PR SOD TEVER MG, K re R 22 SOD BTG ML & T H & h SOD iy £, X 5 POD
T PERS —E  n] RE LR A o 2 v 22 BT 52 2 0 B SR AR b v T I R v BTk

~ ® 1.0
T%D 4 - — ) 0 3 OWZ MR d
T W R -C [Me, £ 08
= 3 &
g 1 S 06

%E 2+ b b 8

8 3 b, » 04
E =

SR Y, Ba A o 02
il Bl -
< Q 0
a0 @ 0 4 9 13 180 225 270
o) 0 45 90 135 180 225 270 5 5 7
°~ Zn/(mg/L)

Zn/(nglL)
B2 BEFEFNAEENEIENEREBELYRLEEE
HIZE4L (mean+SE)

Fig.2 The change of superoxide dismutase activity ( mean+SE)

1 EREFIMAEENHESIENERATELYEHETENT
1 ( mean+SE)
Fig. 1  The changes of peroxidase activity ( mean £ SE) in
. L . . . . in Armillaria mellea in different zinc concentrations in media
Armillaria mellea in different zinc concentrations in media ( mean+
SE) (mean+SE)

PEXTE I E R AR CAT WG TERRZ IR AN 3 s | BEE PR BE RO RSN, B SRR 22 TN R TP Y CAT i PEREE
. AHZFMXST POD  SOD sEMA R OLA BT AR, B 7e IR 22 i) CAT IR Y CAT (R PERAR . BR
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2128 A E = 314

A RAERFORF 22T, 520N B, —H AR, SR FORFEZR T CAT HWIER T CAT i

PEAR B DR A i 7 Bt — 28 0 #r

PRSI X SR PPO G PERIZ IR ANPE 4, BEE PR E A4, BSTIRIE 2 R R Y PPO 6 PR 5
Jo bIHE TREmEH, (HRFLZA PPO Ik 2t i T WK i PPO ?ﬁ'@,ﬁﬁﬁﬁ%&%%é@f% 1 P 46
I3 i TR AR T B, BT L2 By A R T

e =~ 45
oy 35 0 OW4
& ol DHZ WEE f g a0 by Bz
D T 35}
=] =]
g 25 & g I

3 E 4 d 3 E 3.0

jmg 20 2 a Mg 25f

g3 15t b &2 b 220,

SRS a p, &ibib2 R a
5 10 | a1a, ajby = d> c abyCr
8 5t *g 1.0 1 cy C1 cy
= ) S 05H | 2, C) bacs =agb,
) 0 45 90 135 180 225 270 & o

Zn/(mg/L)

B3 BEFRERNARENHESIEHERFTSLSEEENE
£ ( mean+SE)
Fig.3 The change of catalase activity (mean+SE) in Armillaria

mellea in different zinc concentrations in media ( mean+SE)

0 45 90 135 180 225 270
Zn/(mg/L)
E4 EFEFMARENFEIENERHSBAENLETENT
4£ ( mean+SE)
Fig.4 The ch

of polyphenoloxidase activity ( mean+SE) in

Armillaria mellea in different zinc concentrations in media ( mean+

SE)
BRI R AKP WA RO 5. B
FERIE NN, JAIRE 2 MBI %P i) AKP WRbERy . 2 000 DME wER
JeLTVR FREME, BERIEIET 180mg/L 0 2 g omp o bea )T
H AKP IEHERSHZR B TR E 25 T 180me/ LI, & 0[P Flats | @ - e
BIZ21 AKP TS T HFR 1 AKP W HE, £ 005 ‘
2.4 BFOEORRBRREE SRR B BREEZ 2 0wl w0 25w

Zn/(mg/L)

Bk EPS E 8 )

i id SPSS G AT AR A A [ B 15 T
Y E B TS M Z A9 Pearson AH G R AL, 45
R(F2)RW], Bre R 22 WR 79k T8, LR
FORW 22 RN I P A e SR R A T PR
WFEM, Préa bl ALY B i S AP
it A U 3 RIS P 5 B AR TP PR B A OC
17 25 By S A TG P 5 35 R e P Bk A DGV (035 Wk e 2 Al 0% 1 5 B 9 ik v R A G Mt AN 3
A LR e v B B R A A e e A B T i A i o Sl Ul 3 R A T AR

E5 EFREFMARENHESIENERERERBEEENE
1% (mean=SE)

Fig.5 The changes of alkaline phosphatase activity ( mean+SE)
in Armillaria mellea in different zinc concentrations in media

(mean+SE)

®2 BFEDPRARAHRESHEEME FSE BEMEZEH Pearson 18X RE

Table 2 Pearson correlations between zinc concentrations in media and mycilia biomass, zinc content and enzyme activity in mycelia

- . - A AR . . N P 95 R
i B g CRRIRER e smanm wmpam P
. . Superoxide . . . Alkaline
Ttems Biomass Zinc content A Peroxidase Polyphenoloxidase Catalase
dismutase phosphatase
22k . . . . .
. 0.9087 " 0.9765 " 0.9143 " 0.9470 0.4768 0.9321 " 0.3518
Crustose aerial hypha
& Rhizomorphs 0.9086 * 0.9005 * 0.9277 " 0.9198 * 0. 1201 0.9231 " 0.2777
FSAR Fruiting body 0.9070 " 0.9035 " — — — — -

http ; //www. ecologica. cn



8 A MR AE B IR X A B T A SR 2129

3 g

NBELE FE R IR T 22 | TR AT SR 9 3 B 30, Bt B A A 4 8 B T 1) B SR TR 22 TR R R+
TR E RN TR E R, TP & R, KRR RER, WRES BRI AR N
135mg/L IEa TH0R T e ST AR T 22 vh i) B 5 e Bt o 5 e P B A R B A I g 1 R, X U TE 7~ S8R A
RE AR IR E TR PR B IR 22 oA R R OBOR T TN 2 R B SR s . SUEET R M
5, T RO NE TR 22 T ARICT 88 TR SR B LRI BE Lk 18 35 B8 22 b R 1 B A B S A Y
AR, X0 A B B A R AR BRI ) T SR TN e B B R BT U N B e R 22 R Z A E—
R, A PE R G [0] 5 T R G Z 8] BARAFAE ) B a4 (BN S o] BRAZ i | T AT SRR B s e . ARG WF
FELRRM] TR R G A B0 A A ™ W 8 B B 2R 803 5 T, TR 2R 15 B TR T 22 ) JR o B TS 7SR 2
[ A e R 22 300 ) 3 — sURIVER (9 40 e A 3R R 22 4k

H AR AR AR 1) B A= KA B P, HRE B9 S A e s W 2R R 4% Russula atropurpurea HE 3% F)
891me/kg, FEATGYIABERAE MBI BREAS P B 5 T 438 35 59 (19 Ry 76. 80 mg/kg' ™ | MM 524005 YL IR BE
AR B IR REA T FEE R B AU 158. 20 mg/kg ™ ARSZHG & B, SR R P TSR A R 2 ]
DATERSFR B PN 90mg/ L BN IA 5] 1000mg/ kg, FEit &Ml T A B & 2 5 P58 th By & & i 5 A1
Ko UESE TRFAEFRGT B ER G T SR N B Y e PR R R A K R T B BRI EE N

AR T 8 SR B BN A A N — RN A AR AR, T R R A AR R A A Rk
A TG SR 23 52 R, A PR % P AR 1 MR B e ] i i A, O 5 DR oad 2804k 3 1 IS R
A, T AR e K R A R P T — B AT AR A T R T R A R ok 4T 5 0 BR O R
S A A (SOD ) & — R AR T B AE 1A P Ao F8 4 S B S 1 ) Pl R, AT DR AP A ) e 2
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