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Abstract: [Objective] The aim of this study is to isolate efficient cadmium-tolerant fungi from
soils contaminated by heavy metals, and thereby to provide strains for heavy metals’ bioreme-
diation. [Methods] Nine soil samples from Bingcun Pb-Zn mining waste land, Mei County,
Guangdong Province, were used to isolate by dilution plate coating method with four different
media. Strains were identified by morphology and ITS rDNA sequence analyses. Minimum in-
hibitory concentration (MIC) for the isolated strains was also determined. [Results] Sev-
enty-two cadmium-tolerant filamentous fungi belonging to the genera Aspergillus, Penicillium,
Cladosporium, Lecythophora, Paecilomyces, Fusarium and others were isolated from the
mining land. Four strains, i.e. Paecilomyces lilacinus (Thom) Samson (6-20p), Penicillium
pinophilum Hedgcock (6-16p), Penicillium rolfsii Thom (6-16m) and Fusarium oxysporum
Schlecht. (8-11p), were resistant to high cadmium concentrations of 200, 40, 25, and 15
mmol/L, respectively. [Conclusion] The strains isolated from contaminated soils showed
minimum cadmium-tolerance to 1 mmol/L, thus they may play a role in the bioremediation of
heavy metal pollution soils. The results imply the promising biosorption of cadmium-tolerant

strains for bioremediation of heavy metals.
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FEKED 1 472.9 mm, 4ESAMHXTREE 78%, 4E1Y
ToFEHI 306 do HETHA KM, B8R AL
PUE R Y A 257 (Neyraudia reynaudiana) . #
Jf(Vitex negundo). #:KA(Rhus chinensis), &
R R M SE IR, T 4 °C (RAFEH 257
BT o KA T A i T B AR S R (R DR
T A IR T AR E(GB15618-1995) 1) —
P4 HEM Cd (0.3 pg/g)!'s
12 i C BRI BEE
121 EBEESBHEFE: HTEESENEF
FeAuds PDAMY (Th44 2 200.0 g, F 20 min,

I 8 2 Mt vk, #A b 20.0 g, HIMKERE
1 000 mL), CAM"" (NaNO;3.0 g, K,HPO, 1.0 g,
KCl 0.5 g, MgSO,7H,0 0.5 g, FeSO,7H,0
0.01 g, TEKE 30.0 g, BilE 20.0 g, ZE1%/K 1 000 mL,

pH 7.0), T EEUIEH IR G 10.0 g,
FEH M 5.0 g, KH,PO, 1.0 g, MgSO,-7H,0 0.5 g,
1/3 000 izl (Rose bengal, FIRLL K IR)
100 mL, g 20.0 g, #ZiE/K 800 mL, IIfi AT
JA 0.03%45E FE M BRI 100 mL, HAZF R
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BiFR 3 285d 1x10° Pa K8 20 min J&7, fiITA Sl
KM CACL-2.5H,0 W, fli Cd™ R E Ky
1 mmol/L, 5EiFILIRA B, /&t cd*
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122 it CAEH#MMNE: HRTERA
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WAL RAE & A Cd®" PDA “PAR A KR
Bl o REME I ) 20 0 A A A0 B AR S R i T R Y
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Table 1 Heavy metal cadmium content and filamentous fungi separation in different media from soil samples

Cd B FLTH P RREL () BT BB
Ff bl Sample Total Cd content Fungal strain Total fungal
(ng/g) PDA CA Martin SDA strain
1# 49.0 - 2 1 - 3
2# 69.0 3 2 1 3 9
3# 48.1 - - 2 - 2
4# 42.6 - 1 1 1 3
S# 53.0 - 2 - 3 5
6# 89.2 8 6 7 4 25
T# 65.5 1 3 1 1 6
8# 87.0 3 2 3 2 10
O# 76.3 3 1 2 3 9
KL Total - 18 19 18 17 72
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Xt B2 72 BRI VETT ITS tDNA

FEH A b, FEHEATI . KRS
NCBI RIS 7 e xt, 36 f 41
4% % NCBI, RASHIX Y GenBank % 53 5-(F

T 28 M m, Hoax 6 RR% . Hr Aspergillus.,
Penicillium, Cladosporium #1 Lecythophora J& F
s T NN Ry N R A U )
16.70%. 9.72%. 8.33%#I1 6.94% (% 3).

R2 SBERT2HKEEK GenBank RS
Table 2 Seventy-two isolated fungi and their GenBank accession numbers
k7352 J&# R 17 5= J& 44 R
Strain No. Generic name Accession No. ' Strain No. Generic name Accession No.
I-11¢c Cladosporium KC790467 ' 6-16m Penicillium KC790501
1-11h Penidiella KC790468 6-16p Penicillium KC790502
1-12¢ Toxicladosporium KC790469 L 6-17c Aspergillus KC790503
2-11c¢ Paraconiothyrium KC790470 ' 6-18m Lecythophora KC790504
2-11s Lophiostoma KC790471 6-18p Aspergillus KC790505
2-11h Togninia KC790472 P 6-18s Cochliobolus KC790506
2-12p Uncultured KC790473 6-19p Aspergillus KC790507
2-12s Cladosporium KC790537 6-19s Lecythophora KC790508
2-13c¢ Hyaloscypha KC790474 1 6-20c Aspergillus KC790509
2-13p Uncultured KC790475 i 6-20p Paecilomyces KC790510
2-13s Aspergillus KC790538 6-20s Aspergillus KC790511
2-14p Scolecobasidium KC790476 i 7-11h Myrmecridium KC790512
3-11h Paecilomyces KC790477 L 7-11p Uncultured KC790513
3-12h Uncultured KC790478 7-11s Phoma KC790514
4-11c Exophiala KC790479 v 7-13¢ Uncultured KC790515
4-11m Exophiala KC790480 L 7-14c Cladosporium KC790516
4-11s Cladosporium KC790481 7-15¢ Aspergillus KC790517
5-11c Phaeosphaeria KC790482 i 8-11h Cochliobolus KC790518
5-11s Aspergillus KC790483 1 8-llp Fusarium KC790519
5-12¢ Pyrenochaeta KC790484 8-12¢ Penicillium KC790520
5-12s Pseudocercospora KC790485 8-12h Nigrospora KC790521
5-13s Dokmaia KC790486 1 8-12s Penicillium KC790522
6-11m Neodeightonia KC790487 8-13¢c Neosartorya KC790523
6-11p Penicillium KC790488 i+ 8-13h Fusarium KC790524
6-12¢ Aspergillus KC790489 © o 8-13p Fusarium KC790525
6-12m Fusarium KC790490 8-14s Phaeosphaeriopsis KC790526
6-12p Curvularia KC790491 1 8-16p Paecilomyces KC790527
6-12s Penicillium KC790492 P9-11c Aspergillus KC790528
6-13c¢ Aspergillus KC790493 ' 9-1lm Arthrinicum KC790529
6-13m Curvularia KC790494 9-11p Uncultured KC790530
6-13p Lecythophora KC790495 P9-11s Cladosporium KC790531
6-14c Lecythophora KC790496 ' 9-12p Arthrinium KC790532
6-14m Paecilomyces KC790497 9-12s Arthrinium KC790533
6-14p Chaetomium KC790498 ' 9-13m Lecythophora KC790534
6-15m Aspergillus KC790499 ' 9-13p Phoma KC790535
6-16¢ Penicillium KC790500 9-13s Cladosporium KC790536
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Table 3 The generic attributions and minimal inhibitory concentrations (MIC) of isolated filamentous fungi

FIEHEMREC (BK) RIEES HRARAM e
J& % Fungal strain B Occurrence Minimal inhibitory concen-
Genericname . ou 3p an sk o# 7# sk o OO z:‘;‘/ff): (iﬁloolr/‘i)
Cladosporium 1 1 1 1 2 6 8.33 5-12
Penidiella 1 1 1.39 <2
Toxicladosporium 1 1 1.39 <3
Paraconiothyrum 1 1 1.39 <3
Lophiostoma 1 1 1.39 <7
Togninia 1 1 1.39 <6
Hyaloscypha 1 1 1.39 <2
Scolecobasidium 1 1 1.39 <3
Aspergillus 1 1 8 1 1 12 16.7 2—6
Paecilomyces 1 2 4 5.56 <200
Exophiala 2 2 2.78 <3
Phaeosphaeria 1 1 1.39 <2
Pyrenochaeta 1 1 1.39 1-6
Pseudocercospora 1 1 1.39 <5
Dokmaia 1 1 1.39 <3
Neodeightonia 1 1 1.39 <6
Penicillium 5 7 9.72 6—40
Curvularia 2 2 2.78 6—13
Lecythophora 4 1 5 6.94 6—20
Chaetomium 1 1 1.39 <6
Cochliobolus 1 2 2.78 <20
Fusarium 1 4 5.56 10—-15
Myrmecridium 1 1 1.39 <5
Phoma 1 1 2 2.78 <7
Nigrospora 1 1.39 <9
Neosartorya 1 1.39 <9
Phaeosphaeriopsis 1 1.39 <6
Arthrinicum 3 3 4.17 <5
Uncultured 2 1 2 1 6 8.33 2-10

2.3 HIRINEIREMIC)ME

A 50 43 B 1 BT B AR 2 CdP =
1 mmol/L (% 3). H 5 NMEMEEX cd*
YA 5 i T A2 M, MIC 78 15 mmol/L

PL b, 4> %1k Paecilomyces . Penicillium .
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B 1 Paecilomyces lilacinus (Thom) Samson (6-20p)ZE A~ [E] Cd** iRk E PDA 53 10 d B9 KRR
Fig. 1 Growth of Paecilomyces lilacinus (Thom) Samson (6-20p) after exposure to different concentrations of
cadmium ions for 10 days
Note: A: 0 mmol/L; B: 7 mmol/L; C: 21 mmol/L; D: 50 mmol/L; E: 80 mmol/L; F: 200 mmol/L.

2 Penicillium pinophilum Hedgocock (6-16p)ZE A~ [E] Cd*"ikE PDA 5% 10 d B9 KRR
Fig. 2 Growth of Penicillium pinophilum Hedgocock (6-16p) after exposure to different concentrations of cadmium

ions for 10 days
Note: A: 4 mmol/L; B: 17 mmol/L; C: 23 mmol/L; D: 30 mmol/L; E: 40 mmol/L.
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B 3 Penicillium rolfsii Thom (6-16m)# 7 [E Cd**;KkE PDA 153% 22 d BE KRR
Fig. 3 Growth of Penicillium rolfsii Thom (6-16m) after exposure to different concentrations of cadmium ions for
22 days

Note: A: 5 mmol/L; B: 13 mmol/L; C: 17mmol/L; D: 25mmol/L.

4 Fusarium oxysporum Schlecht. (8-11p)7E A~ [& Cd*" ik PDA 155 10 d A% KRR
Fig. 4 Growth of Fusarium oxysporum Schlecht. (8-11p) after exposure to different concentrations of cadmium ions

for 10 days
Note: A: 3 mmol/L; B: 5 mmol/L; C: 8 mmol/L; D: 11 mmol/L; E: 15 mmol/L.

24 BTREKRETE

WL MIC £ 0, ZIA 4 PR EA w5
fets, 9k 6-20p. 6-16m. 6-16p. 8-11p, H:
KRS
BBk 6-20 p
R4 FPaecilomyces lilacinus (Thom) Sam-
son

W& T PDA |28 °C #5397 7 d, WivK HAZ
25 mm—40 mm, RHIEFERER; BHLGRFE AR,
SR A, A TR T EOR
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KA WK, RIEEB KA 5A); X
R T8 A, A6, IEEaRE= (& 5B).
WIETE CA | 28 °C 3% 7 d, WKHER
25 mm—28 mm, V&R, B gk AR
WA A (U B NG T A W3 e (1 T BT REAN |
BE LA BLK 6, RIEITCE R (K 50);
RIAGEFAAREZL A6, TRz (A
5D). WHV&FE CYA I 28 °C X557 7 d, Wx HAE
41 mm, FVEMEER; AU 580N R A
R B BRRIZR 0 A 17 25 M R &
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R Ak (Rl i AN S NSNS % i FA N = EEA W/
f; READEIREES HRE SE); S
i PR, Wil ta, TR (K 5F).
W5 MEA | 28 °C }i3% 7 d, Wik HRA
27 mm—29 mm, BEFOREEER; BRI
2R AT A, Ay R T T
WK, RIEICE MW (B 5G); ST B i T
R WA B IR &0, Jon]iE e R
SH). HF B T R HE FR 4R, W
2 TotEW, HAR 1.5 pm-3.1 pm. AT
e oA, 248 pm—-600 pm, EAAN/PNMEE ST
EHRW L b, HikE6.4-9.2) pmx(1.7-2.1) um,

FEEBIZ R (& S, fusE B H 2-4 AR P
A=A R, TOU it T 24 R B O A B TR A
WA, TR — R MR B B0, 43 A il F- B T5
mN O EE IR, RO B B OB,
(2.3-2.7) pmx(1.6-2.7) um, M5 FEmHIES,
BHBTCA, R RIRE AN 5K). R ILEHE
1. ITS rDNA J¥41H Jy 569 bp (GenBank %
SE5: KC790510), 5 Paecilomyces lilacinus
UWFP 853 Fitk (GenBank 555 AF548079.1)
) ITS tDNA JF5IH 99%H—Etk . ZE& 1 L
gh R ¥ i%Z T % E N Paecilomyces lilacinus

(Thom) Samson,

5 Paecilomyces lilacinus (Thom) Samson (6-20p) FEAEIZFR & FIEF4FE
Fig. 5 Cultural characteristics of Paecilomyces lilacinus (Thom) Samson (6-20p) on different culture media
IE: A: PDA, 7d, 1E1fi; B: PDA, 7d, JxIfi; C: CA, 7d, 1ET; D: CA, 7d, JZifi; E: CYA, 7d, 1EM; F: CYA, 7d, Kl G:
MEA, 7d, 1EIfii; H: MEA, 7d, JZIfi; 1, J: F=H4540; Ko 04+
Note: A: PDA, 7 d, obverse; B: PDA, 7 d, reverse; C: CA, 7 d, obverse; D: CA, 7 d, reverse; E: CYA, 7 d, obverse; F: CYA, 7 d,
reverse; G: MEA, 7 d, obverse; H: MEA, 7 d, reverse; I, J: Conidiogenous structure; K: Conidiospore.
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HHk 6-16 m
B /R R H 2 Penicillium rolfsii Thom

7% 7E PDA | 28 °C Kift 7 d, Wik HAE
38 mm—48 mm, HVEM I, B S0RR 2R
ST A R, A TR TR SR
o EEH6, Wkt RmA aaBh
W (& 6A); [Tiir T4 e, ke
Rk Z (K 6B). H V& 1E CA |28 °C H53% 7 d,
EEA 16 mm—33 mm, FEH%FH; Fb Rk
ZOIR; AL AR A, A A T R TR
IR . Vo, RIAT D TC B IR ek
Z (B 6C); K FIRZLM, ATV M G R Gl

Z (K 6D)., HSTE CYA |28 °CH3: 7 d,
7% BA% 34 mm—48 mm, XM, B
TR AL, T BRI AR, AT 45
PR, Ay R TE TR KGR K, 3%
1A /o i s (& 6E); S Imi i
ET ek, AR (Bl 6F) . Wk TE
MEA | 28 °C Ki% 7 d, W HAE 33 mm—
35 mm, FVEMRER; B gRIem KR, o
fFEs e, AT E TR ek G, R
T (L 6G); Jif it T & 4, G
AR (B 6H). ek B N BRI a4
7 & A F AL, fUAEZE(165.4-258.3) umx

5 um
—

6 Penicillium rolfsii Thom (6-16m)7E R E 555 £ _H1EFR4S1E
Fig. 6 Cultural characteristics of Penicillium rolfsii Thom (6-16m) on different culture media
7E: A: PDA, 7d, IEIf; B: PDA, 7d, Iifi; C: CA, 7d, 1IEMH; D: CA, 7d, J2Ifi; E: CYA, 7d, 1EM; F: CYA, 7d, JZfl; G:
MEA, 7 d, iEMfi; H: MEA, 7d, JCifi; I: 28454 I r A1
Note: A: PDA, 7 d, obverse; B: PDA, 7 d, reverse; C: CA, 7 d, obverse; D: CA, 7 d, reverse; E: CYA, 7 d, obverse; F: CYA, 7 d,
reverse; G: MEA, 7 d, obverse; H: MEA, 7 d, reverse; I: Conidiogenous structure; J: Conidiospore.
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(2.7-5.0) pm, B aAREOEE AR, B
Al R R B 2-6 A,
(8.3-12.9) pmx(1.4-3.2) pm; i iEE4 5-7
A, (8.5-10.1) pumx(1.3-1.9) um, JHCR(E 6]1);
G2 S S (1 N S 1 - S :/ VR N 7 I
(2.2-2.9) pmx(1.9-2.8) pm, /> AERIE 8T Bk
B, B 6)); o3 AT EE R B A . ITS
tDNA 54K}y 556 bp (GenBank % 3% %5 :
KC790501), 4 Penicillium rolfsii 4 NRRL
1078 E#k (GenBank % 55 AF033439)f ITS
tDNA JFAIH 98%1)— Pk . A4 L 458, %

1% % 5E N Penicillium rolfsii Thom.
Ktk 6-16 p
WEMn T2 Penicillium pinophilum Hedgcock
W% T PDA | 28 °C 5% 7 d, Hf®
42 mm-47 mm, H7& V3, BT S0R IR
SR T AR R A, AT TR AR
IRER AR TR L2 IRTR W0 DAV 2 1H A TR K
T TA); Bk i AT T AR = (E
7B). H7A7E CA |28 °C}55: 7d, BHA% 31 mm—
39 mm, WV, BTHIZORIRZVIR, SR T
[ITESE N GRS IS 2 =X (0 R a1 Bl 8= S AN/

& 7 Penicillium pinophilum Hedgcock (6-16p)7E A [El1& 75 £ B9 3E S 4354
Fig. 7 Cultural characteristics of Penicillium pinophilum Hedgcock (6-16p) on different culture media
1 A: PDA, 7d, 1ETH; B: PDA, 7d, JLT; C: CA, 7d, 1ET; D: CA, 7d, JZM; E: CYA, 7d, 1IEW; F: CYA, 7d, JXT; G:
MEA, 7 d, 1EMfi; H: MEA, 7d, KAl I F=fugsi; 3. s Efr.
Note: A: PDA, 7 d, obverse; B: PDA, 7 d, reverse; C: CA, 7 d, obverse; D: CA, 7 d, reverse; E: CYA, 7 d, obverse; F: CYA, 7 d,
reverse; G: MEA, 7 d, obverse; H: MEA, 7 d, reverse; I: Conidiogenous structure; J: Conidiospore.
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o IR PR A EUE T, TSR
T HW(E 7C); I IRIE6 . A
e AETEERBZ (K 7D). WIKTE CYA |
28 °C ¥53% 7d, HA% 35 mm—38 mm, B % F3H;
b AR AR AR T AR A, 4
AT AR Ak . IREREEL T A SR TR 224K
R, LB WA TE); I R,
ARG REZ (B 7F). Wi&E1E MEA | 28 °C
Rt 7d, HAE 40 mm—43 mm, RFyE I, i
SURA R, AT R E A,
o TE ket IR, kIR E 6,
FERE LB HWIE 7G); REREM . 4/h
2o, R aRRZ (K TH). St BB T
WORA R R R R TRAERZLE,
FHZ£(120-185) pmx(2.6-3.5) pum, BEFEH, Th
Uil H R REORE A, MR 7124,
(9.8-11.2) pmx(1.2-2.8) pm; AL 4-8 4,

(8.9-12.1) pmx(2.0-2.4) um, P4, HHEHIH
BE 1), A EOY . #IEDE, (2.1-2.7) pmx
(2.1-2.8) pm, BEV-U(E 70); 4B FEEsiAn
ZAHU ITS rDNA J¥ 514 4 538 bp (GenBank
k5 KC790502), 5 Penicillium pinophilum
) FKI-5653 B #& (GenBank % 3 %5 :
AB606412.1)f ITS rDNA JEHIA 99%H)—%k
P WP EE5R, KX %A Penicillium
pinophilum Hedgcock.
itk 8-11p
74 J] 7 Fusarium oxysporum Schlecht.
7% T PDA I 28 °C 537 7 d, WK%
VL, BV T b gROIR SR 2R A
SERANT A, BN SE N TR IR A, VRS
Ffas RIA A2 R (E 8A); WK AA,
SR T A B, IR = (B
8B). HVETE CA I 28 °C 3% 7d, WK%

[El 8 Fusarium oxysporum Schlecht. (8-11p)fE A El3EFF & _F BYIZFR4HE
Fig. 8 Cultural characteristics of Fusarium oxysporm Schlecht. (8-11p) on different culture media
IE: A: PDA, 7d, 1E[f; B: PDA, 7d, J<i; C: CA, 7d, 1ET; D: CA, 7d, [Z1il; E: CYA, 7d, 1EM; F: CYA, 7d, [l G:
MEA, 7 d, iEMfi; H: MEA, 7.d, Ui I: 28454, I r A1
Note: A: PDA, 7 d, obverse; B: PDA, 7 d, reverse; C: CA, 7 d, obverse; D: CA, 7 d, reverse; E: CYA, 7 d, obverse; F: CYA, 7 d,
reverse; G: MEA, 7 d, obverse; H: MEA, 7 d, reverse; I: Conidiogenous structure; J: Conidiospore.
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AL, TR B R AR R, Al
FAEMAT A, B T 7 B, TR 7K B
JE A RECE B (B 8C); WK H A,
LT L, nIE Rk (B 8D). W
JETECYA |28 °CH53% 7 d, WK KA1,
[ SR 8 L R 3-8 /N A S DR R I
A, BN TR IR B, W A TE 22K
e, RETCE B (& SE); J 1H P & A=
o, Jr TR (B 8F). M V& £ MEA I 28 °C
B3 7 d, WY EZ 80 mm, HISHCT-IH; B
GURIEZR,; AT ES A, AT
B R D IRVELL, W 22K RIEICE R
(Bl 8G); gt K4, Jonl kR (K
8H). M B HEE T Won Hg 2R 55 /N4 A
615 A= T A ARRCER /IR b B R N A 43 A=
R RHCIR/NEE B (& 8D, R RIE 2= M 5]
TERRAIEAR, R, DEENEIE, B3, B
B, K/NK(3.7-9.8) pmx(2.2—4.2) pm; KHI4y
HERFYEIE 25 1RL, AA 3 DR, K/
H(9.7-23.1) pmx(2.5-5.6) um (|& 8J); JEIH#I
T A B T A TR kL B, — Mg ITS
tDNA ¥4 KA 491 bp (GenBank % 3% 5 :
KC790519), 5 Fusarium oxysporum f* 16 [tk
(GenBank % 5% 5: EU839368)(1 ITS rDNA J¥4
A 99%H)—Btk . ML EZEIR, MR E
& Fusarium oxysporum Schlecht. .
3 ik

EAESE, FIRA: Y e 5 G )R 15 Yo
B A AT 56 78 1 T, IR AT T — S A
Mo M TFHEESEGN LS, fEY K
ZEEAARE R ESR G, IR E SR
AT —E BT, PRI 52 4 R s e Y 4
rh 3 B U 128 HE X B < S R A TR ) A ) T
AT By, TG e g v R T 527 G R AR )

S R P iCAE W e D B 4 Vs G i SR Ak, X X R
& JE 1) Tl AR A BEFN 1) K BB i AR S B A2 L
AEEE L AT HIFE ORI N BRI R
RBW X, & C&VsYE X, H4HEfh cd™%s
G T R A R T R

SR B RS 77 F TN A [R) e 32 o 4 & 1
2, il S E A R PR R SR L, ik e
4 e T P B AR A P — R ke, Ak
RIGRH 4 S ESRE B FRE, NER
YRR R IR e A B B 72 BRI A 2200k
W, Ho 4 tREE AR AR ST, s i A RE AT
ik 200 mmol/L, F WX 4L B X Cd™ H HA i
S IE W M, SRR A AR X Cd s R
BRTES . SABIMLL, X% RE 55
— BRTEZFRE - M b1 Cd> W EE N 75 mmol/L 1
IREH, FHAEFPN R X545
#|—MRPIE 4R T E, 76 PDA Xt Cd* i
K35 %] 50 mmol/L. Z5A AWFIR LS R, 3+
AT i e o 4 TR BT R AR, TR e L e
N T HUEWERSRERAEE P A H RIFH
Y T7

2 % X M
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