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Abstract: [Objective] We isolated cadmium-resistant fungi from gangue pile of coal area and
characterized their heavy-metal resistance. [Methods] The strain was identified by the mor-
phological properties and 18S rDNA sequence homology analysis. Heavy-metal tolerance and
the growth in acid leaching liquid of coal gangue were evaluated. The antioxidant enzyme ac-
tivity of SOD (superoxide dismutase) and CAT (catalase) was assayed under mixed
heavy-metals stress. [Results] The BJKD4 strain is the genus Penicillium sp. and could toler-
ate up to 29 mmol/L Cd**, the optimum pH is 4.0-9.0. The order of heavy-metal toxicity to
BJKD4 growth is: Cu*">Ni*>Cd*">Pb*" or Zn*">Mn*". Orthogonal experiment indicated that
BJKD#4 strain could survive in the medium containing different concentrations of a variety of
heavy-metal ions, such as Cd*, Zn*", Ni*" and Mn*". SOD activity of BJKD4 is increased in
response to heavy-metals, while the activity of CAT depended on the species and concentration
of heavy-metal. Furthermore, BJKD4 could grow in medium containing an acidic leaching so-
lution of coal gangue at alkali pH. [Conclusion] BJKD4 strain is tolerant to various
heavy-metals and has the potential to prevent acidification of the gangue hill leachate, the an-

tioxidant enzyme plays important role in alleviating the oxidative stress induced by
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heavy-metal ions.
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1.1 THREEEAIL. FEREE

B YL B R R K S g AFARR
A MAE] 45 mL 5T [RIRIAREFRIE, 28 °C,
180 r/min F4EH 77 48 h J5, B2 mL &R HR%
T 0.9 mmol/L CA* e FR I 3%, 1%
MUSE 1 mL & B FEEM TS 1.8 mmol/L
CA' TR FRIL PRG3R, IKRILEHE, BHAR
CA> Mk, 7E 2.7-45.0 mmol/L Cd* 1353k gk
IR FE B 0.2 mL 9 mmol/L Cd* A4 B i 4 A
£ 45 mmol/L Cd* (W fRRF -3 I, {515 T 28 °C
PRI FRA R FR 120 h, Z0 i CA* ' bk .

PRIIE S A AE BAE AURRIE 2 S L (R
Yo ) U (A ) MY AR VR T
AW MEE BIKDA Hp 7% B AR 0 7 5 I8 (PRI i
524 CGMCC No. 6620), K HAZFh 3|25 G5 773
WG IR, TR R N A B AR Y . B
PRAY 18S tRNA JFHI 5T SR oS bedd = H 2
TRALEZ (CTAB) LR UL N4, DNA 731 H bt
TERFELH AT E, F BLAST (http://www.ncbi.
nlm.nih.gov/BLAST) F2J¥iE1T DNA J¥31 HbxT .

LT IREE SR (g/L): %M 10, BRR — A8
1, AWM 5 BB 0.5, 1/3000 & N sr
100 mL. 1.0x10° K& 30 min, FHRTHIA 0.03%%5%
B & 100 mL, [EAREEFREMA 15-20 g Bifg.

KR (g/L): THIREN 2, IR 4 1,
LA 0.5, BRIREE 0.5, BRIRIAK 0.01, JHEHE 30,
o 4 U B 97 H R AE A [CEE SR I i AR TR
W E SR,
1.2 pH M EHRE KRN

FH 3 mol/L NaOH 5, 1 mol/L HCL K555 1

pH 7351 E 4.0, 45, 5.0, 6.0, 7.0, 8.0 Fi
9.0, FFiGifk 2 d WEEFMEFEIAT pH 12 FGIE
PRIGFRIL, (BIE TEEIE AT, 28 °C Kigk, &
8 RIM A% B A%
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PEEAL 2 d ITRRREEFI ]S 0L 1L 3. 9, 18
5% 36 mmol/L Cd™" £ [ E A 373, 28 °C K537
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W, 28 °C 1557 8 d, MIEVE HAR. LWEL 31X,
FH SPSS #4444t
1.6 SEA4EE£EMBMEAKRNELERTMEFM
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28 °C fHIRHR G FE 5 d, FIARYE B 5 MR in
ARFESE, §i3% 24 b, DE RSB
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FHZE VO (NBT) )G A S5 75 D 2 5 CAT T AR
P H,0, 78 240 nm P T SE 9982w 61 7
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BIKD4 WRTEE AL [CHEFR A5 14 d 5
(B 1), W AR, REA S, AR
SPRFEZL, oA AR S E I A LB RO 8
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5 H % B (Penicillium sp) W . IEH % )8
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18S rRNA RZEKEW . HEHIEEMERN T
Br, INh BIKDA4 J& T %5 J& (Penicillium sp.)IH o
2.2 pH WEBKRE KBS

A SR BV ELAR R /INAT DS i B A
KA YE K/, BIKD4 BEARTE A TR ks FR 3t

& 1 BJKD4 BEFS
Fig. 1 Colony form of BJKD4 strain
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BRI AEK 16 d, HETE HARE B R K
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( 3). 7ETC CA* 5336 IR, TRVE AR K A AE
WA 0-4 d, XPBUEKEIR 4-15d, 16 d BFiEA
faE ), mMAhnE4E Cd* (1-36 mmol/L)J, %E
TR B 6 K, 14-15 d kIR ER . 5XF
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Fig. 2 Effects of pH values on growth of BJKD4 strain
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Fig. 3 Effect of Cd** concentration in the culture on
growth curves of BJKD4 strain
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HEAA L, BIKD4 Bk 1-36 mmol/L Cd* -4 -
A 5-16 d I, HETR AR IR, A
I EE Cd™ Ab BN BRI VA B K/INTCHA S 5, i
B BIKD4 i 58 i
24 AEEEEMBEHREKEN

AN E4S BN BIKD4 kA K B3R
ARFN(FE 4), HEE RS RS EKE NI &
BN . BIKD4 [ HARTE S AT 0.05 mmol/L
Cu” B FR B rp il %, & 0.2 mmol/L Cu™ I
MRARREA K, CA¥ e N 1 mmol/L I, Y& B
R, 2Rk CAYRIE RIS/, b
#F Ni** . Pb™ fil Zo™ Ve BT, BIVE AR EER T
K, L4 Jm v AR IR, Po™ A1 Zn® Wt i o B
HAKT N AR, £/NF 20 mmol/L
Mn* i AT UfE BE BIKD4 Btk AR K, Mi7e KT
20 mmol/L Mn* i} H: B ARt Mn® 9 JB T e i it e
/N HAE ECS0 950N R B2 4 )8 X BIKD4 (1)
PERIMEIR g: Cu® >Ni*"™>Cd*" >Pb* 8 Zn*">Mn*",
25 EEEERIFEMEREKIIZIN

IEAS S LSRR fE Cd™ . Zn®" . Ni*TAI
Mn*"% 4 FhE 4R E AT5 Y5 T, BIKD4 1§74
BRI, VISR S A5 Y 5 I A PR
AR WEWAMET K EZERGEE HEH:

-~ Cd
o Cu
= 7n
- Ni
-4 Pb
= Mn

m "o EC50

Growth rate (%)

Concentration of heavy metal (mmol/L)

4 FRIEZREME BIJKD4 £ KAIFNT
Fig. 4 The growth curves of BJKD4 in the culture con-
taining different heavy-metals

Cd*F1 Mo Ml E MR K, Zn*7E 0-50 mmol/L
mF, fEE kA K, KT 50 mmol/L A, il
A,

75 22530136 2)F W] Cd* . Zn® il Mn> i 3
SR BIKD4 A, Nit VA BEME, nlfE
FALE R ATE NiT RN, SRR A K R g
INo WAk, HEFE S 2.25 mmol/L Cd*, 15 mmol/L
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EAJEXT BIKD4 A=K HIER/N T HABAL A,
W] BIKD4 TRtk AT & A5 4R i5 4L
2.6 EESEEREITHEM BIKD4 ELEREE
FEE RS F AN

HEHEERE A TS9N 24 h B (3% 3) BIKD4
PRI SOD T & FX |, Cd*'. Cu®'. Zn®'
A Ni* 4 i 520 SOD §iE, HAd 0—2 mmol/L
Ni* X Ek SOD &Mt/ BIKD4 FAR )
CAT TEPEF I T AR AR AR fb ka3, S5xF
HEAH L, Cd™ F Ni** i FREAIK CAT 164k, Mn® Al
Zn” B E R E R CAT i1k, cd* Wranf, SOD
TEVE LT, CAT i PE TR, W] SOD i 245 H;
Mn> Hil Zn* B1a F SOD H1 CAT ¥k ¥MEH, i
Ni** Fpae b, S kS M R A /N, 1 A [
— BRI 4 PN R R . T 2550 b
(FHFEM: £ P>0.01 KF-HF, Cd* FINI* ¥ MDA
TR ERN, JFHREEE BIKD4 A Cd*
B SC TR NPT, X TR R AR K TG S R,
[ MDA & 575k 45/]N; Mo Jilhae i MDA 2
ERRE, TR T M WREERK, HEik R
Kit ROS, BIRPUAILEGTE RS &, (A2 LA
Frit £ ROS, T2 MDA & 2, Zn* i,
PG YRS L AT A ROE R ROS, W T
MDA f#)7=4:

2.7 ARIKERFTAIRER BJIKD4 £ KHY
Al

ST AR R pH 7E 3 /24, /KpH K 6.8, £
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F 1 IEXREI BIKD4 HIERZREBERSH

Table 1 Orthogonal experiment scheme and the colony diameter of BJKD4 strain

Ak cd* Zn* Ni** Mn** HAR
Project (mmol/L) (mmol/L) (mmol/L) (mmol/L) Diameter (cm)
1 0 0 0 0 1.90+0.06
2 0 15 2.7 80 1.57+0.06
3 0 30 24 90 1.00+0.10
4 0 50 2.0 72 1.00£0.06
5 0 70 1.5 85 0.80+0.11
6 2.25 0 2.7 90 0.57+0.05
7 2.25 15 24 72 1.33+0.10
8 2.25 35 2.0 85 1.23+0.10
9 2.25 50 1.5 80 0.90+0.10
10 2.25 70 1.5 0 1.40+0.15
11 5 0 0 80 0.90+0.06
12 5 15 2.4 85 0.63+0.00
13 5 30 2.0 0 1.33+0.07
14 5 50 0 90 0.67+0.13
15 5 75 2.7 72 0.53+0.00
16 7 0 2.0 80 0.90-+0.00
17 7 15 1.5 90 1.20+0.05
18 7 30 0 72 0.93+0.10
19 7 50 2.7 85 0.97+0.10
20 7 70 24 0 1.33+0.07
21 9 0 1.5 72 0.77+0.10
22 9 15 0 85 0.80+0.05
23 9 30 2.7 0 1.43+0.06
24 9 50 2.4 80 0.90+0.00
25 9 70 2.0 90 0.70+0.10
K, 18.80 14.30 15.60 22.20
K 16.30 18.71 15.20 13.70
K; 12.20 16.50 15.50 15.50
Ky 16.00 14.80 15.60 13.30
Ks 13.80 12.80 15.20 12.40
R 6.60 4.40 0.40 9.80
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Table 2 Variance analysis of orthogonal experiment of different heavy-metals on the growth of strains

b 11 S50 A R ¥y e BN P
Source Type I1I sum of squares df Mean square Sig.
Tk ]

LA 7.245a 16 0.453 16.766 0
Corrected model
i 79.259 1 79.259 2934.761 0
Intercept
Cd 1.702 4 0.425 15.754 0
Zn 1.362 4 0.340 12.607 0
Ni 0.011 4 0.003 0.104 0.981
Mn 4.170 4 1.042 38.600 0
R 1.566 58 0.027
Error
o4
it 88.070 75
Total
FEIE Y BT T

8.811 74
Corrected total

F# 3 E{KBIJKD4 89 SOD. CAT. MDA 23 K& EWNH

Table 3 Effect of different metal concentrations on SOD, CAT activity and MDA contents of BJKD4

l\} 2+ 2+ 2+ 2+
pijit (milci)l/L) (mi;l/L) (mgllol/L) (ml\lfqlcl)l/L) S0 LA WAIDIE
1 0 0 0 0 1.1740.53 19.18:0.74 0924001
2 0 15.00 1.50 72.00 826+1.10 28514090 0914024
3 0 30.00 2.00 80.00 2.33£0.10 19.9142.68 0.4140.18
4 2.25 0 1.50 80.00 6.89+0.30 19.86+1.76 2.3440.11
5 225 15.00 2.00 0 11424205  28.08:1.14  0.81£0.33
6 225 30.00 0 72.00 2.24£1.01 18.09+3.47 0.194031
7 5.00 0 2.00 72.00 4.90£031 15.8243.69 1.76+0.12
8 5.00 15.00 0 80.00 1.2320.98 10.34+1.38 0.06£0.04
9 5.00 30.00 1.50 0 5.43£0.56 18.0542.46 0.3940.64
SOD
K 35.59 39.20 5438 13.91
& 61.65 62.43 4620 61.74
K 3439 29.99 31.04 55.97
R 2727 32.44 2335 47.82
CAT
< 202.77 164.58 195.91 142.85
K 198.09 200.77 187.26 199.24
K 132.63 168.14 150.32 191.41
R 70.14 3620 45.59 56.40
MDA
K 7.51 15.06 6.36 3.49
K 9.99 6.10 9.36 11.69
K, 6.62 2.97 841 8.95
R 3.37 12.09 3.00 8.20
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F*z4 MDA WAHEN
Table 4 Variance analysis of orthogonal experimental of MDA
I 11 BSF-J7 Al F I ¥75 e BN
Source Type III sum of squares df Mean square P
N S=%iAl
AU 13.820 8 1.727 21.150 0
Corrected model
U 21.526 1 21.562 263.990 0
Intercept
Cd 0.677 2 0.339 4.174 0.033
Zn 8.747 2 4.374 53.549 0
Ni 0.524 2 0.262 3.205 0.064
Mn 3.871 2 1.936 23.698 0
M=
bR 1.470 18 0.082
Error
o
=it 36.852 27
Total
21E Y G

BLIERBTT 15.290 26

Corrected total

[CHEFRSE pH oy 7.2. A THFGE BIKD4 HHERES

TERRPER K A K, ¥ BIKD4 FERRIERITEZ K

SRR G R iR, A S d A

RT AR RO FRY pH AR fk, S5 R

( 5): BIKD4 BRFEKHFG B — RIVEAT 412

R P AR SRS 1-1/4 (V/VBRRHAER
_ e Fresh weigth in leaching liquids

diluted by culture
---o--- Fresh weigth in leaching

liquids diluted by water 16
—a— ApH of leaching liquids 15
6 F diluted by culture
---a--- ApH of leaching liquids 14
5 diluted by water
C) 13
= L
31 1
2
= 40
2 -
4 -1
1
________ E_-------E"""“E“"""E‘-s-___ 4 -2
-8
0 -3

1 3/4 12 /3 1/4 0
Different concentration of leaching liquids (V/V)

5 AFRIKERFTAREEX BIKD4 £ KAI7200
Fig. 5 Effects of different concentration of leaching
liquid on growth of BJKD4 strain
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FRIPARK, B—FHEEXT BIKD4 BEEE R/
WK N Cu* >Ni*" >Cd* >Pb* 5 Zn*">Mn*", &4
JBE Ay, % BIKD4 (EE M K /IME IR Jy:
Mn*">Cd*">Zn*>Ni*"; H. Zn* X R B A Ik
FEARHE, Er v BRI, NiEOU R A K T Y
i) % FFIZRITR L T 0 22 o 4 AR A ek ) i
P, HAESTE M ERIIGE Wy . BIKD4 11 ] £
BRI P B SR, It s Y i
pH, B B ] LARRARIREAT A R b5 | e 1) 4
JRIIEVER

Pt AL SOD Fl CAT 7Ei5 A ¥ ROS
A B AR, ARUERH LG M A AR
TRNIFLER, AT AR ik e 32 sk /b 22 4 IR B
F4 B, SOD Hl CAT 3 P 25 A1 AT L Ik
PRAETG S B30 T X FREE I3 (4 R 2SN o W TR 4R
ALV BT 1 (Acidithiobacillus  ferrooxidans) LR
FEEHAH ALEE 10 d J5 SOD % w2t
BJKD4 FFETE 48 &2 & i i, SOD ¥
TXIREL, HARYE K (EHASEAR N, B Nit*4h, H
Fit 175 1 i A 4 R R T R R S SR 5 kL
CAT i PER IR R AN S, RIE K EHAM b
5 Cd® El NP b3t i CAT 16 P Bl o 4 s o i
BTSN Zn® B Mn® 36 B R bR CAT 396 1 Bt
4 RV B R i B e S /b, HLY
i XTI, R BB AR T M Y 4 R T DA o
U E SR ST AP EEH, SOD 1 CAT
VRIS T B8 2 BIKD4 T RETH 458 1AL HI
Z—s
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