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1 NSl R b2 S5 TR B 220 730070
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3 Wik w Xim a5 AREE TR P HIF M 730070

4 HpERFBGE ISR IR B HON A EX R G A M S AR E SR E Bl 22 730000
5 PUACINT R A B S IR R =22 ke HOl =M 730070

W E: ¥RV FREERELRBTRETE, RESH AL ELEGHKAEY. [B4F] KR
T AHARKBRLER pH 9%, [FE1 AENF RESERELHE, S BEALA
BEHNAE, RAMAFES TAMFHAREZZEE, Tz Z8ehH ALt P>, Cd®
Fo Zn* eyt b, (45 R B A% A 18S rRNA LB & 5| o 41 k13 B W & ZJ-1 (dspergillus niger ZJ-T)
Fa = % & F 71-V (Penicilium chrysogenum ZJ-V)FA /A~ FFBRE Ak, RiwE A BIERET, 5B A @A
RERARPL, Bk 2 ANEARE R BER pH 55 T4 0.58 42 0.69; HRimE4BAEE, MEETELEKRENY
¥, pH ZALWEE T )y, RERE P ML A. niger ZJ-1 X B pH A5 A T 0.53. 0.39. 0.34 f=
0.39,1% P. chrysogenum ZJ-V % &% pH 155 % T4 0.21.0.23.0.14 4= 0.09; R K E Cd* & 4. niger
ZJ-1 £ Bk pHAE A F 4 0.75. 0.43. 0.39 #= 0.32, 1% P. chrysogenum ZJ-V & B pH 184 %] F &
0.62. 0.46. 0.38 #2 0.49; RFKE Zn* *T1% A. niger ZJ-1 X 8% pH 5 3| T4 0.87. 0.61. 0.57 #=
0.43, 1% P. chrysogenum ZJ-V & 8% pH 5 A T 1.1, 0.34. 0.44 A= 0.49; 1KKRE ) Zn™ 3T @ #k 4.
niger ZJ-1%2 P. chrysogenum ZJ-N = BRAA ALHEAE A, KR B4 CA™' 3T A. niger ZJ-1 7= BRAT PR AR .
L% Cd*". Zn*" 5 Pb> 84 R E A1 A8 3L 200. 400. 2 000 mg/L B, 3 # R KRE 6 F 4 BT H Ak A. niger
ZI-1 89374 38 5] 80%A b, 42 R B E; 4 Cd™. Zn®" 5 PbRE 5 A1A21E 200, 1 000. 2 000 mg/L
BY, 3ARRIREH EE BT AR P. chrysogenum ZJ-V 374 EiL 3] 80% A L, 4 RE2E. [4
w1 ARAER Y LA FRENF— N EL BT, Bk P. chrysogenum ZI-V K B & F BRI E5
T BTN BT 211, HAk ZI-V &R TS BT R LA
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Abstract: [Background] Soil heavy metal pollution is serious in the slag heap of mining area. There are
some microorganisms in the slag heap of mining area that are resistant to heavy metals. [Objective] To
investigate the effects of heavy metal stress on the growth of fungi and pH of fermentation broth.
[Methods] The acid-producing ability of two fungi (Aspergillus niger ZJ-1, Penicilium chrysogenum ZJ-V)
isolated from the slag heap of mining area as materials and their tolerance to different heavy metal ions
Pb**, Cd*" and Zn*" were studied by using traditional microbial culture method. [Results] The results
showed that these two strains ZJ-1 and ZJ-V were Aspergillus niger and Penicillium chrysogenum
respectively by morphological and 18S rRNA gene sequence analysis. When the metal culture was not
increased, the pH of the fermentation broth of the above two strains decreased by 0.58 and 0.69,
respectively, compared with the control without inoculation of fungi and when the two strains were under
heavy metal tolerance, the pH range decreased with the increase of heavy metal concentration, pH of the
fermentation broth with different concentrations of Pb’>" decreased by 0.53, 0.39, 0.34 and 0.39
respectively, and by 0.21, 0.23, 0.14 and 0.09 respectively to P. chrysogenum ZJ-V. The pH of the
fermentation broth with different concentrations of Cd>" was decreased by 0.75, 0.43, 0.39 and 0.32
respectively on A. niger ZJ-1 and 0.62, 0.46, 0.38 and 0.49 respectively on P. chrysogenum ZJ-V. The pH
of the fermentation broth with different concentrations of Zn>" decreased by 0.87, 0.61, 0.57 and 0.43
respectively, by 1.1, 0.34, 0.44 and 0.49 respectively to P. chrysogenum ZJ-V. The low concentration of
Zn*" promoted the acid production of 4. niger ZJ-1 and P. Chrysogenum ZJ-V, and the low concentration
of Cd*" promoted the acid production of A. niger ZJ-1. When the concentration of heavy metal ions Cd*",
Zn*" and Pb*" was more than 200, 400, 2 000 mg/L respectively, A. niger ZJ-I had significant inhibition
rate reached 80%, when the concentration of heavy metal ions Cd2+, Zn*" and Pb*" was more than 200,
1 000, 2 000 mg/L respectively, P. chrysogenum ZJ-V had significant inhibition rate reached 80%,
[Conclusion] Both fungi have acid production ability and heavy metal tolerance, strain P. chrysogenum
ZJ-V is superior to A. niger ZJ-I in acid production and heavy metal tolerance, so strain P. chrysogenum
ZJ-V can be used as the dominant strain for bioremediation of heavy metal contaminated soil.

Keywords: Heavy metals tolerance, Fungi growth, Fermentation pH, Mining area
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N R A B X E AR 15 Y - e Rt
WARHE
1 MRETTE%
1.1 R
1.1.1 i 18

IR ACR B HONE BT XA
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PDA [ {4855 35 FL R E RS K e85 77 S i ol =
HESCHR[14]; A IR R IR AL A L i 2 BRSOk 15
1.1.3 FERFIFLE

IR, KT 2k TR AR A Tag
Plus DNA [iff, A= TA9) T AR FRA
pH it, BRI RHEAFRA ] PCR Y, ABI;
BERE AN, BigE HRHA RAH]
1.2 FEREEHSE

FREL 1 g HIEFERE T 9 mL THEK, ik
10°, 10°, 10" 5550514 Ai PDA B33, 30 °C
R R AR 597 72 ho Bk AN TR B 98 U A A
FREERIREFRIE, F 30 °C fHIRA PRI FE, WEE
A K AR o P AR A B, AR 4 RE ) B
2 FhERTE S RN R B AR AT SR A, R PR
Tl . B FREER T PDA K532 LT 30 °C B
F% 5 d, mREES R WEES R, SR TS
U
1.3 FREFRYLE
1.3.1 EEFEE

X B RNV A PDA R JR BT R 75 UL
£2, T30 °C 1HIRKEFE 5d, S8 (EEsE T U
X HRTE TS BAOE S TS 5
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132 HFENFERE

X4y B Al R ] CTAB it R B 3 [
2l DNA 1E M5t , >R F A5 |9 ITS1 (5-TCCGTA
GGTGAACCTGCGG-3")Fl ITS4 (5-TCCTCCGCTT
ATTGATATGC-3")#f17 PCR 41, PCR RW AR .
DNA #£4 0.5 puL, 10xBuffer (with Mg®) 2.5 uL,
dNTPs (2.5 mmol/L) 1 uL, Tag Plus DNA R-&Ti
(5U/uL) 0.2 uL, 5% ITS1 (10 pmol/L) 0.5 uL, 3
#) 1TS4 (10 pmol/L) 0.5 uL, JIIXEE H,O & 25 pl.
PCR JZ W 251F: 94 °C 4 min; 94 °C 45 s, 55°C 45 s,
72 °C 1 min, 30 &KfE¥FF; 72 °C 10 min; 4 °C 17
PCR ¥R 1.5%35 A BHEE RS HL TR AN, 47317
Pk A 1AW TR A BR A |1 Y, Iy
45 LAE NCBI _F3#47 BLAST Hexf, I H BioEdit %k
T 275, #2587 51 % GenBank, HUXT)E
M GenBank HHEFERN T 2T S HIME 18S rRNA JE[K]
FF3il, F MEGA 5.0 lEER G LT
14 FRHRERCFBRKERESERMZE

B30 °CIHIRIEFRE 5 d (B2 E I PDA -
B, FHIJCTE 7K kT 98 il 16 - B 77 W (%K
253 3.2x10° spores/mL), W HL 2% T T A [
AR R B SR EIE T, 30 °C. 160 r/min
PEIRIR G 45 9% 12 h B 1 mL &EEWNE
pH {E!"*],

435 Pb(NOs), .Cd(NO;),-4H,0 . ZnSO4- 7TH,0
(OMrag)Bcifl Pb> . Cd* . Zn*"Hy 50 000 mg/L H4x
JERR, R 0.22 pm BEMETUERRE R A, Bl—
SE YRS K PDA 5535 50R S5 5 B1EAR
BB PO AN 0,300, 500, 700, 1000, 1500,
2000 mg/L, #EE CAHIHIE R 0. 50, 100, 200,
300, 400, 500 mg/L, ¥ Zn” fHE S 0, 100,
200, 300, 400, 500, 1000 mg/L.

BT 3 R, PRREME ARG 10d
JETERTE N AR 3 mm 7L THL, FEfh T
F4 AR Pk, BT 30 °CfEIEM R 10d ),
R A8 S o 45 A SR AR T R LI

7, TR RE X E AR IR, SRR TR L
B X 4 S P i 32 42k o

T2 (o)== A PR ERE-E 4R iRk E
(25 A EHAA-3 mm)x 10014,

2 HR540
2.1 THIEEBLMR

X A+ A 3B (pH>7.0), HrhE 4R
Cd. Cu. Ni, Pb il Zn B & 5350 0.24+0.061
1 141.03£0.8 . 114.04+0.51 . 2 024.99+0.20 i
11 913.36+1.46, fE pH>7.5 /4 F, Cu. Ni. Pb,
Zn PR 34 I 5 o A P b A BT G XU [ K
YebrEdm
22 BEASRERY

TR 2 v, AR AR A e R A
ROVEM T, B IR iy S ey
ZHfH: Cd. Cu. Ni, Pb il Zn fUFREEEF S 5051
3 0.1, 241, 352, 18.8 1 69.3, ZEA&M4)E
(IFETE R K Cd, Cu. Ni, Pb Ml Zn M#EREL
JrR 300 5.5, SAL, R HIZE X SRS
Hh 4% T 4 R TR A A5G S I B B OB R
BREFELGARBRL, 5RWE 1 EEREBEES
1 3 BLITURE BRI 76 AR 18 F 25 B 48 B Bbn e
W2,

®1 ESREELESRERTIRNE
ZREIRERI

Table 1 The single index E,' and the composite index RI of
potential ecological hazard

BEETRE

HEEFE E; RI
Heavy metal species

55 62.07 1 025.46
Cadmium (mg/kg)

| 236.73

Copper (mg/kg)

2~ 16.20

Nickel (mg/kg)

o 538.55

Lead (mg/kg)

F 171.91

Zinc (mg/kg)
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K2 BEESCERIRENE MEEESRESGEIBHRI SSTLARENXR
Table 2 Relationship between pollution level and potential ecological hazard index E,, RI
E! SIS RI 554 A%

E;' and pollution levels RI and pollution levels
E/<40 RIS fEE RI<40 BESEE
_ Minor ecological hazard Minor ecological hazard
40<E;'<80 haErE e & 150<RI<300 R )
_ Medium ecological hazard Medium ecological hazard
80<E,<160 A A fEE 300<RI<600 TRAENEE
Strong ecological hazard Strong ecological hazard
160<E,<320 AR5 A A 5 RIZ600 AR A A a5
Very strong ecological hazard Very strong ecological hazard
E/>320 HRBiE A A 5

Extreme ecological hazard

SPESEY, Cd SR BERERAR, Ak
BT ARG, REEETHEERBEK; Cu
PR B ARG NI P SRR &, (AR
PR R A 253 P MR SRAE S G % Zn #Y
AR fGE, R Cd RSP E SRS
FIUN A e T LAY BOAR A A Ah 5 R i
B HAJR Pb e SEE BRI E ok, IF
AWAEAREELGEGTRE RIZ600, U200 X 5 4
B E, AR AESEE, mHEE Gy
DSk
23 HHMSBEERE

AT IX 4358 FR 2 B 5] 2 Bk RO BT A T
G5Bl ZJ-1 5 21-V, 1E PDA }i3d 30 °C

Hi3E 5 d, PItkEIESIE 1 R,

itk ZI-1: WYERRE, hiaRe R eIk,
22 R B, KA KB AT, BHEE T
8, WLLKIK, 208G e,
TRAMEERIE, LA KiEa T, aEfriE
KA BIETHEE(E 1A, B),

PR Z)-V: WiE SRS, g meLikn
o, FiHigR, REEEG, SAERTFER RS
ke, g A&l 1C. D).

S (EESETM) " ERIE SRR, 1)
M E TR R Z3-1 F0 Z0-V N B SR

itk ZI-1, ZJ-V 5t PCR 9754 ) 6 v vk B T
Kl 2. #ERE ZI-1. ZI-V 1Y 18S tRNA [ P4 %

B 1 FPEEBEE PDA BERESEHIETHIRS

Figure 1 Morphology of acid-producing fungi under PDA medium and microscope

TE: A: Witk ZI-17E PDA $5370k ERTEAS; B: Witk ZI-U7E B T TIRS; C: ZI1-V 76 PDA $i7R 0k ERIEA; D: Wtk Z1-V

1S PRI,

Note: A: Strain ZJ-I in PDA medium morphology; B: Strain ZJ-I in microscope spore morphology; C: Strain ZJ-V in PDA medium

morphology; D: Strain ZJ-V in microscope spore morphology.
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5% GenBank, 5 GenBank H[1) 18S rRNA J:[X F 41
AT FEIEME LS, R MEGA 5.0 S #E B ik
Z)-1, ZJ-V W RGER TR (E 3). LRG0 Btk
ZJ-1, ZJ-V FARETEESRE . RROESRHERF
UE . SR SESE, R R Z3-1 i Z)-V %
E R B B (Aspergillus  niger) #1 7F T
(Penicilium chrysogenum).
2.4 BERRIFER ST

KRiFITESEFEABN, Wk Aspergillus niger
ZJ-1 Fl Penicilium chrysogenum ZJ-V H.IH 55551 4)

5 pH {E K 5.44, TRk Aspergillus niger ZJ-1 £53% 15 h

JEREFR pH (EFEZR/ME 4.86, HHKIGIRIK pH
EFFET 0.58; WEFE Penicilium chrysogenum ZJ-V
g% 15 h 53R pH (EFE 2 fe/IME 4.58, RS
FEW pHAEL T F% T 0.86, BRIFE Penicilium chrysogenum
ZI-V P BRRCRAL T Aspergillus niger ZJ-1,

EREMEE T, MESREWE I, wik
Aspergillus niger ZJ-1. Penicilium chrysogenum ZJ-V

100

=

=2

2 IFERBHEEAT FIKE

Figure 2 Agarose gel electrophoretogram

T: M: 3000 bp DNA Marker; 1: BE#k ZJ-1 HiO&H; 2. B
¥k 2J-v By

Note: M: 3 000 bp DNA Marker; 1: Strain ZJ-I target band; 2:
Strain ZJ-V target band.

Z]J-1 (MT682456)
Aspergillus niger strain AUMC 14260 (MN701881)
Aspergillus helicothrix CBS 677.79 (NR138281)
Aspergillus transmontanensis CBS 130015 (NR137520)
Aspergillus hancockii FRR 3425 (NR154725)

Penicillium salamorum ITEM 15291 (NR156542)

Penicillium paneum CBS 101032

ZJ-V (MT682457)

Penicillium chrysogenum isolate SAMF-RUSOL(28)1 (MN606267)

Penicillium chrysogenum strain AUMC 14100 (MN219732)

98
52
100
70
99
A —
0.025

3 ETF I18SrRNA EEFIIHFRARR KL BER

Figure 3 Phylogenetic tree of acid-producing fungi based on 18S rRNA gene sequence
T X EMETF R ERGELEWE 1000 YOHEITERGZIT AN A T 3XRBERREIER, RECH 0.025; #E5HM

75 R E FI ) GenBank %5

Note: Numbers at the branch nodes are bootstrap values, expressed as percentages of 1 000 replicates; The length of branch represents the
evolutionary distance and the coefficient is 0.025; The number in parentheses is the GenBank accession number of a known strain.
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M) A6 15 TR pH (B AR . pH A2 LR EEAZ /1N | )
IR pH B[R], 5 55 W 7E K IR B pH
s FH4JE P WM AR, pH (B R IE B R
WK Aspergillus niger ZJ-1, £ 0.97 mmol/L Pb
SEFRZTERR 27 h JE IR pH E TR T 0.53; H
42 )@ Cd Wpan i}, pH B R 35 K& N BRI Bk Penicilium
chrysogenum ZJ-V, TE 0.44 mmol/L Cd Ab ¥ i% &
PR 15 h G557 pH NRE T 0.62; E4JE Zn
B, pH {H KR 5 K # N W AR Penicilium
chrysogenum ZJ-V, TE 1.53 mmol/L Zn b %
PR1ShJEH W pHE TR T 1.1 (Bl 4. K 5),
25 FRERMESEMIZM

W RE ZI-1 5 ZI-V 7TEAR R BE Y Cd .
Pb> Ml Zo®EAR F1EFE 10 d S RIS EAR RN,
2 S AR ™ R L T 0 4 R sz . dniEl 6
BN, WG AR FWRENEN, Hikz15
ZI-V 52 BRI RIS, Cd R IE N
100 mg/L B EFE ZI-1 B FEE T 80%A
A, BEWHIEFEAK, B CdWRETE 200,
300 mg/L B I8 A8 1k, RIFFE 80%
A, CA¥HBEETE 400, 500 mg/L i 5244,
T E CA> Ve B 2 200 mg/L B X Ak ZI-V 140 1
HIRF] 80% L AT, WEMFIE ALK, KM% Cd™
VEERE I, TR AR K, 7E 300 mg/L BT
HKillid 90%, JLFSE el T KRR 1 Pb
WeRE R 200, 300 mg/L B, X ZJ-1 (4 il s R A
b, 2 PO HE R 2 000 mg/L (1 BG40 ) 5 5%
7] 80%LA b SRTIX TRtk ZJ-V, PO WKEN
200 mg/L B HAD AL 20% 447, LA
i 5 24 P> ¥y 500 mg/L i HAM B AN 40%
ZiA7 324 PP R EE S 2 000 mg/L I B AR L3
KF] 80%L) b 7E Zo® YR JE FTHE 400 mg/L X
Bk Z3-1 M ERIAE] T 95%, 16 Zn” W T}
% 1 000 mg/L BIXJEMR ZI-V IR RIER T
80%LA I, ¥ @ EMHIEM ALK

Aot
—=—0 mg/L Pb**
55+ —0-200 mg/L Pb**
—e—300 mg/L Pb**
50F
——400 mg/L Pb*
45 —v—500 mg/L Pb*
Z 401
351
3.0
25¢F
2.0 1 1 1 1 1 1 1 J

-10 O 10 20 30 40 50 60 70
t(h)

B 54 —=— (0 mg/L Cd**
Ar —o—50 mg/L Cd?*
——100 mg/L Cd>*
~v—200 mg/L Cd>*
c\—;— 300 mg/L Cd2

-10 0 10 20 30 40 50 60 70 80
1 (h)

C 56
L —a— 0 mg/L Zn*
5.4L —o— 100 mg/L Zn**
L } ——200 mg/L Zn**
5.2 —— 300 mg/L Zn**
L —v— 400 mg/L Zn**
5.0t '
T 4.8F
4.61
441
421
4.0
1 1 1 1 1 1 1
0 10 20 30 40 50 60

4 FRELRE PbY (A). Cd* (B)5 Zn® (O)RLIEBETE
¥k Aspergillus niger ZJ-1 #J pH

Figure 4 pH of Aspergillus niger ZJ-1 under different
treatments of Pb>* (A), Cd** (B) and Zn®* (C)
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A 6.0r —=— (0 mg/L Pb?** A 100 L
—0—200 mg/L Pb*
55+ —e— 300 mg/L Pb*
——400 mg/L Pb* ~ 80
—v— 500 mg/L.Pb* X
50t <
g o0r .
4.5+ £
z Z 40t
40+ =
= 20
i - Cd*
35F H—o—\\»/l/( —e— Pb**
% S % 4 : 7 0l —a—7n%*
3.0F _’ﬂiﬁ I | . 1 L . )
- e 0 500 1000 2000 2 250
0 10 20 30 40 50 Heavy metal concentration (mg/L)
t(h
(h) B
100
B
5.6 —=— 0 mg/L Cd* 80 F
—o— 50 mg/L Cd** &
541 —e— 100 mg/L Cd** °
——200 mg/L Cd** 5 60 -
52+ —— 300 mg/L Cd* =
2 40 |
5.0+ g
%- E 20 b
481 % —a—Cd*
—o—Pb**
4.6k 0+ —A—7n?
aal 0 500 1000 1500 2000
Heavy metal concentration (mg/L)
4.2 L1 L 1 s 1 s 1 L 1 s 1
0 120030 4050 E6 Z4&JE Cd.PbF Zn MEH ZJ-1 (A5 & ZJ-V
‘) (BERILEAT
Figure 6 Effects of heavy metal Cd, Pb and Zn on the
€56 [ growth of strain ZJ-I (A) and strain ZJ-V (B)
54+
52f @ 3 WikE4w
501 4 J A8 2 HE A W o3 i Ny T A LR
E48F KAPTESRFEE , YRS MY R R
46 R, A Ny AR Z BV 2 R
[ —=—0 mg/L. Zn** " B . “h
441 5100 mel Zn Fsema 2 s | R pH 4%, AR AR
I —e—200 mg/L. Zn** . . N -
“ﬂ*%W%ff A PR AT LAY 4 S A B VR TR A4 R e £
b —v— m n** X .
g0l o L WEEY, e rSeREEES IS

0 5 10 15 20 25 30 35
t(h)

5 FREIRE PV (A). Cd™ (B)S5 Zn* (ORI THE
¥k Penicilium chrysogenum 7.J-V ] pH

Figure 5 pH of Penicilium chrysogenum ZJ-V under
different treatments of Pb** (A), Cd*" (B) and Zn?' (C)

A, UETR AR RS 2 1Y R A LR AN
7] - S5 0% B B < R 1 R B e S B o
AR, NSAEHIRME, ERREETMEAL, A
SCHERRR ZI-1, Z3-V FEA R A= A A LR A
LATHURR i b — ik . AT AL,
o Y R B 4 R XA A R A B A R Y
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Ji DR 7 F o v T 4 N A 1 A 0 e S A
PR T B EP, BRI 4R B T sz AL 3R e
ALFETTHE . AR AL AR P I 25 L B el 240 S
AN R G B e A L R  E R
BT HEE Y 2 AU N AN R A
R A BH KO DT, SmwEREeS RS
5 LR T A P S A A W R 1, DT 5% i) - 398
AR . HIERUE YR . HIERUEY DRe I
R/ RS 2h2Y, X5 Cd™ . Zn® e I
FETR MG R Z23-1, Z)-V B b sh—a. 3H
B8 v A [ v 5 4 Ja o) Al 26 0 1) A KA A R Y 5%
M), e v e 4 R X A A A R Ak R
55, & i T RAE YA G R T 4w B B —
FOBTIE, WIAn e P> X kk Z2I-1 5 ZI-V 13
HIEEES . HkE ZI-1. ZI-V % P EAG B 2
PE, FTRBJE PR AE K B A TR Z R =R,
TR T B R UTHE , TR AR T 0 25 25 Pb™ X%
A ER, B SRR YA N I i T Y
BB T MBS B IER, fEtEE/NT, R
[Fi) A 245 5 R X A2 0 19 R P AA 0 AR 1 /N HE
51128 Hg>Cd>Al>Pb>Cu>Zn, F-8t kA= ¥4 o RERY
LB TI0 Hg, Ag 1 CA™ Rk i st A i
P X GARSCE bR Z)-1 5 Z1-V R Cd®
TE BB R T AR b R A — B, R K
ZJ-1. ZI-V Xt Cd TR Z R, BWER cd™
1 Zn® Xt W RR 7 R I A B I T R AR 14 21 80% LA L
PR A= 4 A2 5 Z0 R R, B E (4 PO X T B
A RIS, (EL TR M EE 1Y) P> o T ™ i LT
e AR o AR SCIfE R RTRE ZI-1. Z3-V
M 428 Zn ., Pb SR B B4 FARER Sk Hh Y
FHF 20k 38 b 5 4w 1 R i 8%, W5 2R BH PO Rk L
W EA — R REE ) R E R, WMk
ZI-V AR TR ZI-1, o] LI BRI R bR Z1-V K
RV 4 A T Y ) 45 R R E Y TE A R S e
A3 R B B SR AL S
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