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P Gl e TR 200 me/L 4 (3CdSO, - 8H,0) , I FEL 7173075 4 X L i gE 1) 1 AR SR PR B, 22
ITS J¥ 51 % 52 hy JIRBEALIE T Cochliobolus lunatus. AR AT AESR BTE M BE 2 2 000 mg/L ) PDA SF-AR I AR R4F,
U A SRR, T 8 i 01 7T RE -5 W 72 AE A S R v 7 AR B A O 5 RO AT BRI 1Y) de /TR
WeFE (MIC) 85 500 mg/L, B AT 9 Fh i 42 & 5 FHiE AU SR 55 0F K BON : Zn® Cd>" > Pb** > Cu®" > Co™* >
Ni** (" >Hg'" Ag" . ZBIBRXT 3 B E AR B EE ELAT VB VR H VA RE 15 550 9 : Cay (PO,), (104 mg/L) >
AIPO, (86 mg/L) >FePO, + 4 H,0 (17 mg/L).
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Screening, Identification of Fungi with High Cadmium-Resistance
and its Solubilization Capacity of Insoluble Phosphates
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Abstract; A fungus with high cadmium resistance was isolated from the soil polluted by e-waste primitive
recycling activity by adding definite concentration of Cd (200 mg/L) as 3CdSO, - 8H,0 in the medium.
The fungus belonged to Cochliobolus lunatus according to ITS rDNA sequences. This strain was able to
grow well on PDA plate containing 2 000 mg/L Cd** | and its cadmium resistance might be ascribed to
the production of alkaline materials during its growth. Apart from Cd’*, this stain could tolerate Pb*" |
Zn** and Cu’" efficiently as well. The resistance decreased in the order of Zn** , Cd** >Pbh** >Cu’* >
Co’" >Ni’", Cr"* >Hg’", Ag". This strain could grow in the liquid medium with three different inor-
ganic phosphates, and the phosphate solubilization capacity was in the order of Ca,(PO,), (104 mg/L) >
AIPO, (86 mg/L) >FePO, - 4H,0 (17 mg/L).
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BRI 5T B PR BT S A W Y O 3k 5 R
WL B AT 2 JF e, HEtk =G X 4
B T R A S e T N
S R R AR R , TR TR TS e X A R AR 45
Hh 3 1 i G B B TR A B DL G . AS B ST N L
Wi e X LI o B0 1 R AR B A R B 1Y
MR, I8 o F A 22 T B AR A T 58 . DA
/NP 3¢ 2 (Minimal inhibitory concentration, MIC)
R G SRR TR bR ) T R 4 e P vk AT PR, (R
I E T TR AR 3 Ao v PE R R EL 1 i i dEA
AT T O T A A T Y 1 0 A 18 R B A
PP BT

1 #MRl57AE

1.1 ##l
L1 AesX A 4J@#hs 5k 3Cdso, - 8H,0,
Pb (NO,),.ZnSO, - 7H,0. CuSO, - 5H,0. HgCl, .
K,Cr,0,. NiCl, - 6H,0, CoCl, - 6H,0. Na,SeO, .
AgNO,. K4 JEERTC AL 10° me/ L MV I BRI K T, 45
FH. XM % # B R h Cay, (PO, ), . AIPO,
FePO, - 4H,0. FrA i34k 43 b 4.
L2 344 WPirks s w10 g,
(NH,),S0, 1 g,K,HPO, 2 g, MgSO, - 7H,0 0.5 g,
NaCl 0. 1 g, f#HEE 0.5 g,CaC0, 0.5 g, ZEWE/K 1 000
mL,pH 7. 2,355 20 ¢.

PDA 5353k 445 200 g, FEHE 20 ¢, 7K 1 000
mL, {4 pH, 3l 20 .

MEVS TC LB % 77 55 Wi 45 0% 10 g, (NH,),S0,
0.5 g, NaCl10.3 g, KC10.3 g, MgSO, - 7H,00.3 g,
FeSO, - 7H,0 0. 03 g, MnSO, - 4H,0 0. 03 g, A
WElRth 5.0 g, iNZEME7K % 1 000 mL,pH 7.0 ~7.5.
1.2 7
1.2.1 4t apey sk MIE I H B35 4
XCRAE 48 KRG AT By 3R R OB R
2 KB EERR B 1077 0. 1 mL AR IR
T EIA Cd** itk A 200 mg/L (@b tERE 77
8 Tl W& N Y 3 e e A o e R AL N S/ 21
PURRTERINZR A3 5, AR A o ali 3% 5% R0k 20%
A H IR AE
1.2.2 WxwosTAEHFERE ¥ SKI201-
UNIQ-10 #3405 2 K 2 DNA Jh #2355 ( g/
) JriEEHL DNA B[R 20, R FH EL TR H 51 4 1TS1
(5" = TCCGTAGGTGAACCTGCGG -3') 5 ITS4 (5" -
TCCTCCGCTTATTGATATGC -3') #4F PCR JZ i, ¥~
14 rDNA ITS X Bt 50 wl PCR 2 A2 : il s
#z DNA, 10 x PCR buffer 5.0 pL, Tag DNA B4

2.5 U, 0.2 pmol/L ITSI, 0.2 pmol/L ITS4, 0.2
mmol/L dNTPs. PCR §"#F2 %K 95 °C 5min; 95 C
355,55 C 355,72 °C 40 s, 35 MEFH;72 °C 8 min.
JH 15 o/L BYBEREWEGE I LIk X PCR 438 7= ¥y it 47
. JE RN TR AR TAE Y TR Rl SE AR, 315
45 55 , ) BLAST (http: // www. nchi. nlm. nih.
gov/blast) X 3 R 7 41 (1) [R) YA 24 7 40 A

1.2.3 2 BEMERRRES TR EGRE H
P2 PDA [ERIGFIENGAL 5 d 5, TR & & AT
FLAFAT AL, P35 R0 T 50 o0 = vk B2 43 51 500,750
1 000.1 500.2 000 mg/L 1] PDA [ {455 35 5 AR
e AR E AR A 3 A, B T 28 CEIR
BrFesarh iR, A 3 KIFR, &0 24 h R+
A& I R TR TR BAR, LI E 6 d.

1.2.4 EHHhEbBfFRem2 HENLTHAKY
KAIEHA pH 69 T B AREEFE S d TR AR
ATCHIKH 57, il At T2 PR, Tk B 24 10°
CFU/mL, B 400 pL AR $ZFD T4 B e B2 4351 R 0
1200 mg/L 1 30 mL PDA & E5 38 £ . 28 C |
150 r/min 553 8 d. B0 WCER AN [R] 35 55 B5f [] A9 TR 4K
FH PHS-3C 5% pH i+ € L iE W 1Y pH A, #AH
R FRUER 3 I ,80 CHE T ZRIE s, 424 h I
FE LU, il A K 2k

1.2.5 AHEBKRZEARALSSHELE S TH
Fokk RN G R A9 BT B e B O (X)) |
25.50.,100.,200 300,400,500 .750 .1 0001 500 #H1
2 000 mg/L (W 4 )@ 25 V- AROok A . B9 4b PR 3
A, X IRARAR LG, AR A BB AR K AR I 6 s
W BE RISz B MR 1) MIC, BT 19 1 4 s R 7F 15 57 3
KW JE A

1.2.6  @ikehEshat A 7E 250 mL =T A
50 mL & IR A XEVE TOHLIE 3G 57 2, X VA Wl 1R 2k ot
HIREE N 5.0 ¢/L, 73 il42Fh 1 mL B, AN
Sxf R R R E A 3 UK,28 °C (120 /min $R %1557
8 d. B5 R AE 10 000 r/min #5538 T B0 5 min, B E
TH I BB LG LRI 2 A 50l 25 i, Dl 2 ) HR (D
Syt , LTSS PO, Y5 (mg/L) 1

2 #ER5HH

2.1 HEHERE

TE AT (R v B A P [ VA Al S0 1 11 7 PR
PUPER, Horh 2 BRAATR S BRECT . dH i 2258 2 s AL
AT R BT , T ECER TS 2 BT R I i, H
ZUH R T DR R AN SO O 1 R AR
PEEE A it — PO TR PR , 95 o CdT.

IXEPRTE PDA [ERETIRIE A KR BeR 30 “CHs
I3 d JAREE RN S. 2 em 6 d BRI EAEA 9 em
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AIEEFEIL. Bl SR I (38 0, T 22 i rh de ) i 2105
Wi AS A IR ER A, TR S AR A, T 1 K A, TR TR
Ji - AR 2R, T 22 B b, R ITST Fi ITS4 SR 514
XTERAR Cd7 /9 ITS X 4T PCR ™44 F0 1 B2 1) 900
BN P FI D 597 bp. il it BLAST #7515
GenBank $#& 2 51 4 7 LU XS, G5 SRR R PR Cd7
5 R EM B EH Cochliobolus lunatus 19 #5114 S~
100% , 0% 7 H Ay R e A6 s T
2.2 H# CA7 ERRREREREAHEKER
PERE CA7 ZERRIMR BE AR Y PDA -l 1855 8 d
MRV AR WLER 1, 3R 1 ATLUE Rl 5 35 5%
B TE) R 384 0, 2% S Ab BRI RE Cd7 B V% AR Y 4
I BRI CA>* Y SN, B8 EAR R R
ot 5 % ] 0 185 I P e 2% , SR BE % Cd®* Mk
BTN, BERE CA7 24340 il FH AL BH 3 5, {H %
BRIARTE 2 000 mg/L Cd** Z&F R nT 218 A K, nl L
PARE CA7 X E A Bm P, Kigs 8 d 45T, 500

EXFRA L, B AL BEXT Cd7 B 2 54 I i 3
Wi, AR Cd7 A= K3 dit, AT A4 b B By 22 rp i
KRG, NG A, KB, 1 500 mg/L Cd**
I, R 22 g R 0, LG 0, BEE B SR R Y
FER, P R H 2B R SR 0, DS A @, T
HR R B S T R B A A D R B . TR Rk Cd7
7£2 000 mg/L Cd** I (1 T4 & JE 2528 AL T S W 2, 14
PR 22 B A A0, NG L, T A B T
FRHEBUE RS LB L IR B (0,8 AT AR AT
i5 3.5 em. AJREE M FAE CA* A T, T AR
7R B ) T T B R R T T B, ELRE RS R
FIF TR PR 3 T 30 €0 T R

*1 AEREBRERMEH CA7 BEERZEHFN
Tab.1 Influences of different mass concentrations of cad-
mium to colony diameters ( strain Cd7)
p(Cd*)/ 4 A2/ em
(mg-L7")3d 4d 5d 6d 7d 8d
0 5.2 6.4 8.0 9.0 9.0 9.0
500 3.1 3.9 4.8 6.2 7.0 8.8
750 2.8 3.4 4.4 5.3 6.1 7.5
1 000 2.2 2.9 3.5 4.2 4.8 5.3
1 500 1.6 2.3 2.8 3.5 3.9 4.4
2 000 0.6 1.6 2.4 2.9 3.2 3.5

2.3 FEMBRKET Cd7T WEKBERRERE
# pH ZE

AR Cd7 7555 5% 200 mg/L FIA 48 2 Fvig

T8 d K gk anE 1 . jIE 1 Al hL,200 mg/L

AR FIAN S AR AH LU, TR AR [ IRF 2 A0 $i < 15 AN

R AR T, 5 M B AR 19 2 K TR R RS 0 1% TR
TR B AL T AN s i b 2, 3B 200 mg/L (14
Xt T R PR A KA R B R . S R R 4
% B 163. 8 mg/L AY4EXT 25 55 5 B Phoma sp. /4
S AL NI o8 ) I el e 11 = R 2 8 el
B R AR, ASBIE 9 07 3 1) A ) HR 5 0 s A 0 e L
A BRI, BA SN AT ).

025

0.05F —&— 0 mg/L
—8— 200 mg/L.

L 2 3 4 s 6 7 s
tyy/d

BT OR[RIAG SR TR B TR CdT AR K RS2

Fig. 1  Effects of different cadmium mass concentrations on the
growth of strain Cd7
HITE 2 AT, AN S R IR0 pH BEAE AR Y A=
Kt Eob#s, nlwrik 7. 87, WA 4 KT R, pH #
TRUE. W& FaRE IR pH BER A E K — L T
FhtaS AH R = GA 7. 37, FESe i nl LA i 7m0y =X
UE T4 T AN T 3 % 4 R 1 Mk S U AT
RN R R B AP T BB 5 IR TR A KAt R rh ™
AR A K
9

8 -
=7
6 -
—a— 0 mg/L
—=&— 200 mg/L
5 ) A ) ) ) A A A
0 1 2 3 4 5 6 7 8

Ly/d
N[ R) e 5 o R B 7R 26 AF R AR Cd7 R K Rk
s 7R pH A2k
Fig.2 Changes of medium pH during the growth of strain Cd7 in

& 2

different Cd mass concentrations

2.4 FHCTWESHESENNY

FH MIC kR H Bk Cd7 X & 4@ i, MIC
R, R ELSROEER, RZ, $t
PEBR /N, TRBE CA7 X 9 e 4 @ 25 Hi 1 1) 58 55 5
JFARIK K :Zn* " Cd** ( >2 000 mg/L) >Pb’* (1 500
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mg/L) > Cu®* (500 mg/L) > Co’* (100 mg/L) >
Ni** .Cr** (50 mg/L) >Hg " Ag™ (25 mg/L). flkifk)E
(AR I oK BV AT 5 4 00 ) 12 R 8 i 1 v 0 AR 4,
YO ERFNRL , T 50 B B R E A B R P,
R R AR MIC 21T 2 000 mg/L. 5 4 )8
B R MAEY A KT SR N TR, &
SO R EAE . AR TE &8 B AR
IF) R PR A B M e 55 25 S AR K, bR Cd7 B AE = W B
AT AR, ATRE S B TR i R Is L
PRI AR B v A ) Bl R A B 8 A, T BB R 1Y
X} 5 43 JE BT AL .
2.5 E#k Cd7 Byinfiae

MR Cd7 ZEA R TCHLE IR B 2 h 3552 8 d s
TASHR) P Wi i DL IR 3. BBk Cd7 X Cay (PO, ), OB
K, M 104 mg/L. H & AIPO, , FePO, - 4 H,0
I BRI, AN &2 20 mg/L. TR Bk Cd7 XA [F] 4
FRER 15 Wi BB 77 53 55 WUF 24« Cay (PO, ), > AIPO, >
FePO, - 4 H,0. ¥53:8 dfy 3 FiA[R] TLALBEIR (135 5%
W R A T 22 3Kk (B TR RN, A AIPO,
AT 835 . ULBH B AR CA7 W] LLAE TC AL R £ 0 v —
BRI R P AR KO R LR — o MR W RE ) .

140
120

~ 100

=

é" 80

i i

;% 60

= 40t
20 | §

Cay(PO,), AIPO, FePO,-4H,0
T

B3 BRRR Cd7 XF 3 FhfEiae ik i iR £k i i e ik

Fig.3  Phoshate solubilization capacity of strain Cd7

3 S s

o T A 55 R R, B E A [R]85 95 4 A1
TR AR 7], P IR (5] ok A 4 0o S B Tt 2 e A
AR ). 1) A7 G 1 ) — Mok T 4 1 B B 8, 76
B Cd™ Tl 4 500 mg/ L VA 41 T 1 7
FIRERSLEAE. R IOT S5 O 145 B — bk X 4 B A R
SRR R S AE D 925 M T F2, % B AT 7E 2 000
mg/L (4 Cd™* it e J3 A7 3%, 50 4 Mk JEE 7E 163. 8
mg/L (0 WK B 35 L 1 JR 0, A KL 32 3 52 4
. O A 3 B T bk T L 7 8 SO VR B 1000
me/ L (4 [ AR 32 7 4L A KL T A 2 28 200

mg/L" B AR T 200 megy/ L ik vk FE Ok A
PEG, i TR — MM AR 3R 0 &8 , TEARAR MR B2
TIECAARREEE , SCPRIREE Y TS YLk B WA, 2
FE 1 mg/L LR A 52 07 36 51 19 H IR e 76 s 7
Cd7 RELESR B e O 2 000 mg/L A EAE KR
U, RIZ R AR B B AR PO, ELR bR AR Kt
v A 0, ) SO A R L T B, TR AR TE
A T AR ) AR R A TR IR ADESE.
Bk Cd7 7ERR Bk B2 200 me/ L f WA B 77 5 B
FRI, HA R R A 0 il 45 T, 85 3% 3k pH Bl
ARRYAER R E TS AR 5 BTtk T e 5%
PR PR AR A AR R 7 A P B O R T 4w R
T W (BAE B A 1 52 2 e, O PE LA 1 ik —
AR .

He By WX 2 M E & | B b, %
%[4] i3 BA re S Be 1 B FT B Enterobacter
aerogenes , LN Z M 4 JE H A B B A9 sk,
MIC {E-A 4.5 mmol/L FJ4i#1 2.0 mmol/L f45. 5
TR AR R ™ v 40 B AR AS 1 — MR I & JR vk
B EZFMIAT I8 Bacillus cereus HQ-1, XF 58 (BT i VR |
PEFI A R A B R P v, MIC (B 43 %1y 1 200,700
600,500,450 #1300 mg/L. 5 ZAH I, ABIF 52 5 126 3]
A9 PR e 6 1 TR Cd7 % 4 L L B R S A e e
PE.

FEbk Cd7 B —EIEwaE . R WK
R s 3 e 7 2 M A i 9 L TR R B Aspergillus
niger FL AT 6wy (15 B R, X5 B R 6R AY I W R Gk
92.02% . HEMRZEAF" 43 B EI Y 2 BRARBE ELEA, I 75
VT 35 897. 35 1 565.49 mg /L. B4 /N %
T R IRCC S B A B R A TR i RE D B, HL
A RR R T B B i R ) L A S A 2. A
45 2 0 5 ) — kv R ) SR A (B BA M Pseudo-
monas sp. , HXTMEGPEBE R EL B IR ES W IR 40 A IR
PRAN B RIEBE B 0 0 o 224.51.,62.75 F1 17. 41
mg/ L. X 3C T 451720 05 6 HH 114 v 28000 o R 1 EG A
Burkholderia cepacia XT 8§ FR S B B 51 W T2 K 25 A
B P RRE T, B A B R 43 ) Dl 125,79 (227, 34
H160. 02 mg /L. bk Cd7 9%k 1% 39 ikt
AR VA LT AR A Wl o, 1 T O IR T O 2 o T
20 R 1)V O

28 R TG A AL 1) T 52 1 R R B R 7 1% Tk
PRI WERIR ZE AT B Bacillus cereus™*'*" 4 £ {5 5
MU Pseudomonas aeruginosa[m JRAL R Rhodotoru-
la rubra"™ 2% 55 1w Spirulina sp. (23] &

ARBTG5 75 e X M 40 Sk 3 1
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FH. AR5 W B FH B - 45 rh B 8 A 10 1k K
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