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I XEMIRAEEIIMNEEE S BT EFIBI RIER"

KEE 2,

FHB, B2

(1 SR AR R, =30 6630005 2 ST AR R T 0, =301 6630005
3 ERRFEMAEY RIS AR T E R E AR, BY 650091; 4 BREN L THUREG /N, ZRBEW  663609)

m OE:

N2 T LR X B AR A KR 25 )7 B 5 (Arundinella bengalensis (Spreng.) Druce) (¥{i BER P9 4 B 158 —

MR AT IR N ZEECR (dark septate endophytes, DSE). $if H B Z#HFAEFN ITS1-5.8S-rDNA-ITS2 [F 414347, 458 A — kg MK
7% (Exophiala pisciphila). 455541 FUIST T HX Po?*. Zn®'. Cd** O IERGEFR BVEH] . 45 R0, M MAE ARG s
FEHE L ATLA A2 2. 3 F10.5 /L [ Pb**, Zn®" F1 Cd*; 768 Pb*. Cd* B oesh A K 22 o DL 4l T 25% LA
B PO R 5% DAER Cd™ SR UL RS TR PE T R AR SR I M B o ML D E R AR R 0 5 B B R DU R T 2
A 5 e 25— 1) I R 11 FH 2 AP e P R ]~ PN 5 o o s 8 1 R LA [ 2 A

KER:
hESES: (Q938.173; Q142.3

WP R 4@ et S T P R T AR )
TG, HEE SR S A I AR A i
FSCEE AR F AT A - 455 Ak, R 42 & v et IX AT
REAT /D ERIIFR G AE K . X IX e [ AR A KA
AL ATAEY R A 4 R WoR, MR AN A KEMN
e BAOAR ITO ORI VR B T B N ZE B (dark  septate
endophytes, DSE) JtAM, i A: BC g e A A HE AR
R AP R EEE AR AFRIRE T 4
JaE 5 G B X AR A 0 2 S — K N AR S TR N 4
I PRI 45 S R B AEH

1 #RFTTE

11 RI R

MR R T m A S LB LR st
Bk (103°03" ~ 103°55'E, 25°48' ~27°04'N 2 [a]) HK
A K 2 - 14k 5 (Arundinella bengalensis (Spreng.)
Druce). IIGHREHEM) g EGRE S &R Cd
31.57 ~ 50.62 mg/kg, Pb 356.75 ~ 599.00 mg/kg, Zn
6500.12 ~ 6825.70 mg/kg!'. FIMIMRFER A b 5 ~
30 cm bR LR, R A B ) SRR A P 2 [ L g ATy
[t 4, BYIARFE S R AL 3
1.2 HEHEID BEL

PP I AE AR BN H B RKE e, IF AR Rl

FOAW AR, EOIMRE; R AR R4

oM E RGP I R, RN BRI A K
TR 22 AFAE R B A H PR AR R EAT A 2R L TR 1) 7 5
Iy BSR4k ) 7155 2% Silvani &5 B,

1.3 HMEE

1.3.1 BE¥%%EE W 20 3 Al Ak 1 B R 2 ol 2
PDA -~V bEATHEFR, T 28°C Kig® 4 A, Akl
Tt v bS8 R B 22 (MR AE AT RS 4 8%, BLFGTR T,
JEAS W2, s, ik, B
By KA,

1.3.2 HTAEmEE H4 1R T B 2 PD AR 14
B R 5 OR, JIEER 2, T40°C HiT,
K EE TR R 2 VKBS, K CTAB (cetyl triethyl
ammonium bromide ) yAHEIE F DNA. LIFEHF) DNA
AR, B FH ZLURGE 51490 1TSS A1 ITS4 PCR 94 5L
B RZ B 4K 1TS1-5.8S rDNA-ITS2 541 M . ¥4 45 3
PCR AT 4 M, - 42 B 7 R HEAE (R PR ERE
7t ABI3700 [ &l A kAT B 40 v ikl 7.

KBS 2 F 5 #48 GenBank, $H&EF55H
EU797525 (H93). Jfillid7r4k Blast T H, R H)
J¥ %55 GenBank (4 2 H 18 BB P A1 EAT EEXS 20 #T o
M RG KB WL S84 AF050272.
DQ826739. DQ344031. AF050274. EU041814.
EF025391. AM410603. AF502889. EU035416.

OEETH: HEKARBIEEREESTH (NSFC40763003). ~MAEE T EAZESIH (20102038) FISCIL2 R A2 AU2#FHIH (11WSXK02) %Ehh.
PEF R SR (1973—), L, WARIEA, it BBER, FENFRHD N EEEDTT . E-mail: zyj2004666@163.com
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AJ293878. AY354272 (J¥4 N3 T GenBank). A
WFFLTIGE IR 7 81 R 22% 551 ] DNASTAR A1
Megign F2/FHATHE, H Mega 4 #4443 NJ .
1.4 3 Pb™. Zn*'. Cd*" RYMIMEFIFR B4R R

R A SR A R 7R AL, PDA WA [F s
T FE VN0 A5 TR o 2 11 o 4 i 9 AT VAR R TR
Fro FEARBEIREDG WOF S . KHPO, 04 g,
MgCl,-6H,00.2 g, CaCl,2H,00.1 g, ZnCly-H,0 2 mg,
MnCl,-4H,0 5 mg,, FeCl,4H,0 3 mg, CuCl,2H,0 0.05
mg, L-Lysine HCl 150 mg, L-Cystine 150 mg,
DL-Methionine 150 mg, L-phenylalanine 100 mg,
Sucrose 15 g/L, pH 6.5 (K:F#IEM & 1S % S0k
[6-7])

B IR B IR B RV R R v R S
AREFEIA LT 250 ml (9 = A, 100 mIAfE, 1%
pH=06.5, BHATEEKE: ik PbCl, ZnCly,
CACL, BEE A K A, SR FH G o B A 75 195 F 2K R RECKS
BRIk Pby Zn. Cd (RS> BT AE I W R /K
Pb*" F1 Zn*" } 0~ 10 mg/ml, Cd** } 0~ 1 mg/ml. It
4 JaB R P VR U AR A SR 398 % P 6 o )
BI, PDA [ /A8 37 35 e 46 I 6 K B AT DN 42 2 10
1.5% [5G, PDA AR FRHEA B -

RN T wikk HO3 w] P K R, L
ot 7 54 07 5 F /b 6 16 8% 9% 3K U0 B R RE R 10°
cfu/ml, ZRJ5HL 100 pl JOANBREA =AM s BeFPar
SHAMBERA (28 £ 1)°C. 120 r/min 5535, R
ARAHBL, IS AE PR R B AR G e R
£ B:/ME  (minimum inhibitory concentration, MIC)
BN W A (growth inhibition by 50%, EC50).

BAES M &8 B IR R R I P RE IR 0 R 22 3
&, JFHEBE T KRR, 76 70°C MRz
W22 AR, 28 Lu® 057, SRR 22 0.1 ~0.2
g B TR OIS, A FIK (10 ml 65% HNO;
+6 ml 37% HCD, T Hi#ub EARIR A1, &K%
FIHE RS, Uk BARIE B, FHRR IR T vk A B
KA, WHGAmIRE, WG, ERE 50 ml &%
s, KA RIS O BEE e
ST CKH AAS, model TA990).

h T IR DA B 22 BT R AR I A e T
BRI IR R s G R S B AN, A
WFFERs T o 1L DE AT 22 1 1 mol/L 1) CaCl, I IR 7
LUl 10 min Jo5 £ B 7K G T HI T R IEE S
FASTI e 1

2 FER5HM

2.1 EMRRSNEE

MNFE MR 28 P B ot R R P 22 B 0 B4 B —
PR Ry AR A0 T IR A A AR LR, G
H93. HO3 f£ PDA [ I A 75 A A QIO my il
KR . fF PDA RS FRIE EAEK, BT
B, JAZFMEFRIE AN IR: VA RIACR G,
WilR G, BEGIAAER: BOORL T, W,
AWK B2, {7 kg 1, g
FRHERTGrg fAMIREIE S (B 2).

E 1 H93 7£ PDA 4R L IEFF MBI FTRSAIE £ .

BFRRER R
Fig. 1 Morphology of H93 cultured on PDA medium for two weeks

(A-C: FEf45 0, D: ANHEERHRT)

B2 FEEISMAEBMEL. BFNmREHTER:
Fig. 2 Exophiala pisciphila

X} H93 ITS1-5.8S-ITS2 J¥ 41 1) PCR F=Hy ¥ 1) 4
B, 193 14 638 bp [MFH1. L RE AT ISR UE (177
H#48 GenBank, 3437415 4 EUT97525,

¥ H93 J¥41 5 )\ GenBank JTik 10 4741y
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NI (B 3. NRGEREWTLUEH, HI3 Hig
1 4 )il %  C E. pisciphila strains ) DQ826739 !l

(GenBank 25 H 0ED, SEBRRATHTS H AR 7515 by
SRR SE WA, 20 H93 FINg fa 4N 2% (DQ826739,
AF050272) HIoEZRAIEH I,

Exophiala pisciphila AF050272
H93-1 EU797525

Exophiala pisciphila DQ826739
Exophiala salmonis DQ344031
9 L Exophiala salmonis AF050274

Thysanorea papuana EU041814

Exophiala attenuata EF025391

Ascomycete sp. AM410603
GEEzaf litter ascomycete strain AF502889
64 Cyphellophora laciniata EU035416

Phomopsis quercella AJ293878

AF050272 R — ke, L AALPER 99%
100
9
98
87
93
—A
0.1

Ascomycete sp. AY354272

CORRE A TORRA, 0H E I EUE R IREE 1000 VI SARER B R A Feflbs R R g% i )

B3 ETF H93 B9 ITS1-5.8S-ITS2 FHIHIEERY NI #f

Fig. 3 NI tree of the tested DSE strains

LB TEAFRERI 0y 7 RS0 HT, I H93 & —
PEIE 1 4MfiAF (E. pisciphila).
2.2 H93 MEEREHIMMH

W 11 AMIAE H93 X} Pb. Zn. Cd YA 5= (%,
TEREA AR B F2 5 T m] LAy N 52 24 3 F1 0.5 g/L )
Pb. Zn. Cd: & PDA ARG IR (i 1 50, 1)
Ty SR TR A FR I T A BN S g/L (KT Pb™ 5%
Zn™, BRI HO3 TS K . 7F PDA [l fAE 9%
JErP A7 g/kg Po>, BERN B 285957 14 H JE AT L HO3
TERGFRHE EIEA 2 om MIFRER A 22, BRTIREE, B0
e b K, MR Wainwright 1 Gadd! (14,
H93 X Pb. Zn. Cd #B)& T-Heumiy Pk, & 1 d5x
X} Pby Zn. Cd B/ MR B MIC F1 EC50 {H
4 WoR HO3 fES AR Pb™ . Cd™ st
ARFIEAEMRERNH L ELS BT E, B8 H93 fER
e (A 74 B IR B A Rk ) AR KA A )
o
2.3 B3 PbT F0Cd EERED

Kl 4 BoR HO3 A AN P>\ Cd™ A
B IR TR 2 S IR I AR DA R A TR 2
B Pby Cd 5. 4R, BER AR 51K

F1 HO3 AEKIEFESDI Pb. Zn. Cd BIRIMPELRE (MIC)
(mg/ml) #1 EC50 {&.

Table |  Minimum inhibitory concentration (MIC) and EC50 of H93

C d2+ Zn2+

MIC

Pb2+
MIC

EC50 EC50 MIC EC50

23 0.8 0.51 0.27 3.1 1.5

FERIREIN, B R KR ARS, Ak, (HR 2
T SR 48 B T IR G . HO3 767 Pb™ Bi gt
HEK, W22 Pb M AT 25%, &RFRE
Pb” WS (1) 100~300 fi5; 767 Cd> 5 973 p 13 2 1 B
2z, Hocd H R 4.9%, ERFRET cd® kR
10~100 1%,

[ R IR R 2 JH I RIS B TR 22 5 AR IV e e U
It A 5 % B 1) ) A K 1 22 1] L A B KR N 4
T Hf, HO3 7 1 g/L Pb (i FRFEF IR —AH
I T 22 Pb ¥ fik 31%. Ui W TR 22 W o 4 J v e —
ANREFE, BEAERRFRIS I RE K. B 22 AR 3
LR

KR 22 A CaClL R Bl G, Hrp Pb
HIE BT LA 25% FREE] 17.9%, Cd 5T 4.94%

2
=

|==]
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Fig. 4 Growth curves of H93 cultivated for two weeks in liquid basal medium supplemented with different concentrations of Pb* or Cd**,

and increasing metal content in the mycelia

B2 3.57%. UL H93 FrE 4 Pb. Cd /34>
SR AR B AR AN R, T LABE Ca™ B, i
I B G55 T 20 M 2 T BB A B A N

V2R, BT Em A  BAa
REFEIEM, BTUREE LIRSS S SN, Vo
DX A A 4 O e RS 2 BT, LA I R
TR o M DA AR A7 1T 22 B HE R, AT I AR T L AR
Koo PRI TS et X AR R 2 FEE S 080, FhEEA
BOR AR . SRECTET F B E P L
T (R BRI ARV, DU RS T G b X
ERAAEAE,  MOAETS Jebth AL S L8R, 3
T DR PO A 75 4 e Y. 1) &5 SR 5 G b X B A= 4
(RIL AT FH SR 200 JH 40 4 1) R 40 R 22 4R B e e A
RIS 2 3R VR AE R AR P R o 1= 48 ] DA ik
CIRYRIRESE /B St B N NP R R (e
(sequester) M EMAH 4B, MITT RIS YL
DX AR AR B AEA 35 0 4 SR PR A AR AS S SRR Il A )
Hby 350 432 A% b 1T ) 9 PO AT R JE AR A 1)
BEFAEH B AR AR S A8 A 1) e AR U
2.4 BEFRBMESETH

H93 7E4iEFRM4&AF F X} Pby Zn. Cd ¥R

(RO, (LR < JR VA B RS N, AR 52 S,
KRGS, AW D, R B LA
KRR BRI, AR A A= R R A
MR VR, 5 AT A . T RE I SR DA
TEMIE ST T B3 G U B 22 AR K AN Bz
FlHmd, EHOE S AR BB N T IR 2 4
WRAT B B4 (K SD FIE; 6C), XMW
%A B 22 AR 1 T AR ORI 52 i 4 1 o BRORACSE
ClRIE, 24 )E s Y e g b AR A KRR A
HREM R 53, R g g )T
71 DS TRTAR B0 A1 (19 1T 22 WO 43 i o A fl T I 2R
o AWFEIR HO3 fEARIKEE Pby Zn, Cd Fi7Rkk
WA R RE . BEREREAE K, B4R AT KR
FERERURL (I 5 TR 6, RN 34 AE 4N M P 45 45
R IR E R

JIT A 4 i Tk — 2 I A 5 ) 2 o) 2 0 A )
REFAER, ABATIA 0 43 AR )R T LA 52 4 i R 2 1)
SR BT o BB 52 5 4 ML AL FE jd D R, 1
TNANHE S 20 R 25 45 DL R Ik 40 i Y K B i R
DRI A5 28 11 22 K01 ke &5 5 WS s 281 4 L A P 4 e 128
FEREAT 0 P P DX SRR 25, AN T 92 40 L P U 20 S 4



5533 GRS A DCRAIAR Py I R S 0T T < () AR A S 471

(A: HO3 LEASREA R R 97 1 AR 24 B: HO3 AR IS 2 mg/ml Pb™ [FFEAIGFEE PGSR 1 FRIER:; C. D:
HO3 il T3M 3|75 2 mg/ml Pb?" HIREIREAPIESE 30 RINHITEA: E: HO3 A E1E 3 mg/ml Zn® ORI IRRETI7 2 NI A
F: —HAP“H DSE GiH#8) 764 1 mg/ml Pb™ REFRBHRGR 2 BB G: HO3 HehhE PDA [ /AIGFEE 30 I B L A1 10 AR A

5 H93 ERRBEFEUTHRSZEEK
Fig. 5 Morphological changes of H93 under different culture conditions

JRE A B AR T AR AR E AR R OB IR Cu AR EE (45 A th S X Cu
A R I ) — R LR T BORIA B 32 AR H i i — AN VMY Martino 2RI, 488 E A4
(0, B B B B 1 4 B 0 2 TR R RE AT P R L R BT S 1 — A T B A 4 B L

(Saccharomyces cerevisiae) M43z Cu flI—AF-BL, H PRI Z; Collin-Hansen W™ Cd §5 44 11
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(A: (ESARBEFIENETR 2 JAIN HO3 (22 . 8 TR T s Be (EHEARETRILTEESR 30 RINTHE LRI 15 C: /£ 0.35 mg/ml Cd™ [
FERKEFRIL P BT 7E 2 R K0 B 2 SR 7 7 R K IR 22 D: 764 0.35 mg/ml Cd™ [FEAEE FRIEH IR 30 RIS ALK A= 1L1)
WA B: 7EaIRE (0.5 mg/mD) Cd ¥EFebkrh HO3 584 AT HB . BERERFAE K, AT R i Rk

El 6 HO3 EREIEFEMH THMHEEEL
Fig. 6 Morphological changes of H93 cultivated under different conditions and different culture periods

AR SER A T B B N 3 B B T — B R 4 &
HH. [FFE, HO3 fEEIKEEN Pby Zn, Cd HEEFRAE
FRERRING, A n] UL B )3 JEL L 4 P TR RSOREIR v
.

HO3 7645 7 g/L Pb™" AR FRIE % 2 AN H,
L5 380 R S HE AR 1) I Kt 7% 1) 9 Bt 1T 22 T ity
P AR A 53 A TR 463 e UKL (] SCO HERRTE IF 5 1A 22 2 [n],
ICAE WABE T, IR R AR B R % . X
A%k BT I ARG TR AR IR T BB B T s, W
JR TS 4 S B T I e e )R N, BRAR T
JR 1) B AR L, B A R R 22 4 AAE JR) i 1 AR
QLA 21 6> Ja 125 7R P55 o (1) 1 7 SOTT 4 LA = £ ) QL
WeE S s, FTRL, AR AR IR N RIS N L4 B
FrHkm A I R B TR (7 g/L Pb), hml WK
FIEE B2, [FIN A DK K PR RIORE 3R 5 A TR (1)
WIEfFURER 220 (B 5G), (HIbN B2 ALK
WREEGENS, T HLRVE R PR

DR B (1 L S R ) [ A B R 0, AR R

(TR 22 W 12 ] LA [ 52 Jl SR B, AT IR
P8 A ] S e R KR, (A A5 LASRAS T
DN IIEH T EZe

S 30
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Tolerance and Accumulation of Heavy Metals by Exophiala pisciphila Strain
Isolated From Plant Roots Growing in Metal Polluted Soils

ZHANG Yu-jie'?, LI Hong-chao’, ZHAO Zhi-wei’
(1 Department of Biology, Wenshan University, Wenshan, Yunnan 663000, China; 2 Center for Conservation and Utilization of Bio-Resources of Wenshan,
Wenshan, Yunnan 663000, China; 3 Laboratory for Conservation and Utilization of Bio-resources, and Key Laboratory for Microbial Resources, Yunnan

University, Kunming 650091, China; 4 Elementary School of Malibao Villege, Malipo County, Malipo, Yunnan 663609, China)

Abstract: A DSE stain was isolated from plant roots of Arundinella bengalensis (Spreng.) Druce, naturally growing on the plot of lead-zinc
mine areas in Huize, Yunnan Province. The isolate was identified as an Exophiala pisciphila strain by morphological characteristics and ITS1-5.8S
rDNA-ITS 2 sequence analysis. The tolerance to heavy metals and accumulation abilities of the E. pisciphila strain were investigated. MICs
(minimum inhibitory concentration) to Pb?*, Zn*" and Cd** of the fungus were 2.3, 0.51, and 3.1 mg/ml, respectively. The E. pisciphila strain was able
to accumulate lead, zinc and cadmium over 20%, 15% and 5% of its biomass (by dry weight), respectively. It was demonstrated that the fungi was
supper accumulative and multi-tolerant to these metals. Fungi colonization in the roots may play important roles in reducing toxicity to the plant root
cells of heavy metals in soils.

Key words: Dark septate endophytes, Exophiala pisciphila, Tolerance and accumulation of heavy metals



