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Study on Removal of Cd by Aspergillus fumigatus in Liquid Culture
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Abstract; The removal efficiency of a Cd-resistant Aspergillus fumigatus under different
concentrations of Cd in laboratory flask culture was studied, and the changes of glutathione (GSH) produc-
tion in the strain were determined. The results showed that the removal rate of Cd was 55.5% when the
concentration of Cd was 50 mg/L,and the concentration of GSH was 0.89 pmol/mg. The comparison of Cd
removal efficiency by Aspergillus fumigatus under different conditions showed that the optimal condition
was 30 “C,pH value of 5.0, add fluid volume of 120 mL.,speed of 100 r/min,and inoculation amount of 0.4
mL (1.0X10” CFU/mL). Under the optimal condition, the removal rate of Cd was 29.8% higher than that

under the initial condition,and the GSH content in the culture system was increased by 0.42 pmol/mg. The
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changes of glutathione peroxidase (GPX) and glutathione reductase (GR) indicated that Aspergillus fu-

migatus could remove the heavy metal Cd in the culture system under the optimized liquid growth condi-

tions, GSH could promote the removal of cadmium,and its detoxification mechanism could be achieved by

removing the oxidative substances produced by stress by GPX and GR in vivo.
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1 #RTgE

L1 # #
111 % A

THHE 5 (Aspergillus fumigatus) , W T v [ %
T T P T R R 0 (CGMCC 3.7795) DK & T
S BRA A RRE 7R (PDA) 30 CHE5% 5 d. FIHL
AR T IR TR K SR 5 - IR T R AR A
WEZ M 1.0X107 CFU/mL [ F 7K.
1.1.2 #HA

+ BRI AT RS R L (PDA) By« B £
200 g, #j %908 20 g, Billg 20 g, 2818 7K 1 000 mlL..
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LRGSR 5L 00 07 - WA 0% 20 g, AR 10
g TEEFE 5 g, 2818 7K 1 000 mL.

1.2 REAHE
1.2.1  XE&t

F 250 mL HEJE A B R AR RS 77 3 100
mL, R U A R 5 . 430 i & B vk B2 Dy 20, 50,
100 #1 200 mg/L WA B 32 &, A 0.1 mol/L
HNO; #8755 pH 2}y 5.0, FFEF DA F B 1 mL F
BRI, B 150 r/min, 25 C NI 5E.3 d )5
Bk .8 000 r/min 5.0 10 min, B35 800 2 ) 4
Cd e,

A b AR 0 B K S o e R R R S
PEAT IR AR W A 15 5% 2 R 4k B S & pH Oy
3.0,4.0,5.0,6.0 i1 7.0, ZFFH L CH[19 | H B W]
URARPFBE B A 150 r/min, SR 25 C, IR =
100 mL, A A 1 mL TR R 9000 , UM
T R B ) e e O pH AL SR 5 SR FH W) R i
B— XN BE (10, 20, 25, 30 F1 37 °C) ., %% (100,
120,150,180 F1 200 r/min) ik & B i 1A 355 75 5
#AF1:30,50,70,100 F1 120 mL) B £ fin A & (0.
1,0.2,0.4,0.6 1 0.8 mL) JFJBALAL 5256 . B — 5
BARAL LB B R I 2 2t S50l . B 4
X ARMACS BT % 55 B 1 5 AL i S5 R TR
XA EE Cd 1) KBRS TRAE. FiA AR 4
R B SG 3 AE 7 35 B 3R A8 T R AT He R 3 d S L
#£,8 000 r/min B> 10 min, FIEEHFE 100 &5
FIEF WG E AL CAAS) b I 2 VA 85 35 35 v 4
(18 AT R B 17 S 0 e 25 1B R b 25 %o 4 1)

EBRFEDH = (C,—C1)/Co X 100%

s Co R A TRV UG R 5 Co hy 48 B 1A W B/ 780
RELBURE.
1.2.2 GSH #m %

HUES O 5 A 50 mg, A 5 mL Jopd A= B4R
7K (0.85% NaCDAF4H P ik, F 4 000 r/min T
20 10 min, S E A 40 % ZFET 60 CTRK 2.5
h,#RJ5F 4 °C,5 000 r/min T E.L> 20 min, b5k
i 0.45 pm P8RS BB R FH 48 A1 43 0 0 BE 1
GSH (™.

1.2.3  HREAAEGN Z

A A 2 B K bhk 2 kL SRS 7E IR AR
MoK HERR AR IR 50 mg B 22 IRTEW A E I . 145
FE 12 000g 0> 10 min, | 375 9 1 0 T Al 06 4
SE R GR 122 Smith (9I05E )7 527, )W

RAY 1 mL & 100 mmol/L BERR 1 ZE ik (pH
7.0),1 mmol/L GSSG,60 pmol/L. NADPH 1 3%
W S 300 s J5F 340 nm R E. GPX{E H: 14
2% Flohe WME J5 5 R MR FR & 0.2 mL
1. 0 mmol/L GSH(% 2.5 mmol/L NaN;) Flfif# 0.
2 mL,H 37 CHi#p 1.5 mmol/L H,0, 0.1 mL 3
NI 37 CAKIEH R 180 s, M1 2 mL 1.67% ()
ImWERR T vE 8 H BT, 5 000g #.L> 20 min, B 1.25
mL IR 0.25 mL DTNB 5.5~ Fifta (2-
TEEEAR IR O 300 s 5T 422 nm S €.
RSN 3 YCFAT IS {A.

2 ZR5iE

21 HHENABEELE CdAMEREREF
GSH & £/%

A Cd A B MR 1 12 PR RO . 0 Hh 25
XA FERE Cd 1 £ BRACR SO GSH & & 1921k
wE 1 g NE AT DUE B B Cd WA 200 mg/
L&k, M & X KR E 408 Cd 9 LBRACR 208
50%, HX4 Cd WMk JE R 50 mg/L B, RBRFHR K.
4 55.5% .1 GSH %54 0.89 pmol/mg. 7 Cd ¥k
FEM 50 mg/L FHE#) 200 mg/L i v & B
B, x5 Xu MBFIE 45 BRI B Cd /- 30 il
GSH 1 5 Cd e FE B I, 3 400 1] 1 FH B . 08
thaExt Cd A 803E L BRE B2 50 mg/ L, & T ik
FE R MR E IR 3 200 mg/L B, LERZFHI R T
K, i F Cd 1E sk i X i 2 5 /B, L
G TR VIR B B o PP R A TR L B A A K 2 B
J] AT P A B GSH A5 R a8 1 400 1 1 1 )
LR Cd 1 LBRACR .
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TIIAFTEIEAS O L TR W B o 4 J i+ 40 B S i A
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Fig.2 Effects of pH on the adsorption of Cd and
the secretion of GSH by Aspergillus fumigates
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' GSH & it 5 H 48 LB 028 b I A4
i), 24 pH 2k 4~6 if,GSH & ## KT 0.80 pmol/
mg. BRI pH I GSH 55 &8 ¥R AKX 1l fig
JERh pH 4~6 2 ih & ny a4 K pH {H, 753
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Fig.3 Effect of temperature on the removal of Cd

and the content of GSH in Aspergillus fumigates
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RO h B 25 B Cd A= GSH 7 & 52 1
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Fig.5 Changes of Cd and GSH content in Aspergillus

Sumigatus by rotational speed
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ROR AT A el 2 0 5 I b 55 L B Cd ™
GSH S a2 I & 6 Fron. a] KL HY K4 il 2 %
KR Cd 1 3B B AR T AE 500 Ay s b it
0.4 mLL(1.0X 10" CFU/mL) B}, GSH & & &H K
#1.20 pmol/mg, X 4% Fl & 4 0.1 mL i &
570 Tt it Ry 0.8 mL B}y 4720 %R T
Tl 2% T 4 VAR B A A I 2R IR L 1) 25 B R A X
e A 3 10 ) O S 2 TR S VR P K
U FUAT i 1) TR TR A RB IR AT R R Y 2 BR AL
T R BR AR Y S R 2 T 85 R AR AR
() T T A S5 0 5 R R 1 4 L T A A ) i RE AR I
[i] A IR 30 52 8 5 A A i (9 RS AR o BRI R TR
o Cd 1 A BR 2RI KM GSH & e R i
0.4 mL BFRBE K, ILEH 4y Cd B & /b /]
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Fig.6 Effects of different inoculum sizes on Cd

removal and GSH production

27 RUEFHETHHENEEZBHWERS™ GSH

RERFM

kLA FArHT AT LA ) Cd ER#7E pH Fid%
e BT S0 BN S B T SE TG Re A2 a3, B
HEAE A . HAB R R 20 B 5 2 — A A 5 T 3
SRR R AR e TR RN 0.4 mL
(1.0X 10" CFU/mL),pH & 5.0 N AL{E . 175 Ak
filt b0 HA S e 5 25 B A 1 K P AT 5 4%,
BT AR =K IR A S50 gE AT ik — 2B g Ak
SRS RN 1 FR.

x®1 HHERM CAPWELIIEER
Tab.1 Orthogonal experimental results of adsorption of

Cd by Aspergillus fumigatus

ey ‘ZE{OI\E %E{ Cd ?ZEB*E/ g RERE
/C (remin"!) (mge+L1) /mL /%
1 25 100 20 70 71.20
2 25 120 50 100 74.80
3 25 150 100 120 68.90
4 30 100 50 120 85.20
B 30 120 100 70 78.50
6 30 150 20 100 80.40
7 37 100 100 100 77.20
8 37 120 50 120 80.30
9 37 150 20 70 72.60

H1 TEAS S 4 SR m] A IR BE Dy 30 °C L By
100 r/min,Cd 2 50 mg/L, I &~ 120 mL B} &
XK AR Cd By 5 B e K | R ERRE N
85. 2%0. 1% LA I IE A S5 Foe e 2 14 » S0 A0 5 %oF
Al BT R Cd By ZBRAICR , 45 R ANk 2 o,
AHXS FHILRBCE T 4R (8 D Ml &2 x Cd 2%
FRAE] WA AW 50 mg/L i, RS &
T 29.80%,GSH &7 0.42 pmol/mg, 1%
WUEEEE TR 1A 72 ¢ B RA AR vk 2 B S 3 v g i Cd
ZBRFEA GSH & wEH Ny F 225 A L B AE Cd ¥
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B2 200 mg/L i EERFEMIAR] T 43.7000. 45
T 16.30%6 . Ll GSH & i B AR TR B Cd T
GSH 1135 & » FRUCHE S ik B Cd x4 il 25 A B (i
IR T, ELRE A 4 J Tk 516G 3k b 4 ol A
P AR s n.
R2 BRAEFUHTARR CdREERZRER GSHZEL
Tab.2 Effects of different Cd concentrations on removal

efficiency and GSH under optimal conditions

Cd¥fE/(mg+ L")  GSH/(pmol » mg™ 1) EBER/%
20 0.91 78.60
50 1.23 85.20
100 0.94 77.90
200 0.53 43.70

2.8 MUKHTIEHEF™ GPX 1 GR EgETH
AL S Al il B e % Cd e B 7= GPX
M GRIEHEAE ML W E 7 Fiw.GPX 1916 i 5
Cd e B 34 I 56 F+ 5 B, 7E 85 3% 6 h Fi Cd 2 50
mg/L B, e Kik#) 15.62 U/mg, H7E Cd #kE N
200 mg/L B}, GPX &P & & 5K, 1T g th % s vk
BECAE T RNER Cdid £, K&K Cd 5 Se-
Cys 4545250 GPX H P ot 32 B IR . (5 il s 7
T . GSH 1£ GPX fiEALAEH R Al H, O, 554k kK
MSCHRRE th3 1 AL, o E BRI AY) 4.

=== 20 mg/L === 50 mg/L === 100 mg/L ==@= 200 mg/L

; ‘__\r__"\.__‘
4
2 .\-o—o\._._.
0
6 12 18 24 48 72
HE3R I E /b
(a)GDX
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oy
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IR /b
(b)GR
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Fig.7 Changes of GPX(a) and GR(b) enzyme activities
under different Cd concentrations

TEREFE AT (18 h /), Cd X GR JG i % 5#2 h
(75 AR Z 5 - GR 15 ) FF- IR BE Cd ¥ BE R K
1M R R GR BEHF Ak P2 e H R (GSSG) i 5t 1
GSH™/,Cd ¥k £k 50 mg/L B GR B &g b A1 20

GPX 3/ (Ur(mg prot))

%/ (U-(mg prot)!)
(=]
S

5.3 5 GSH B — 3k 2).
29 FEZEZEMWEEXRERS GSHHEERM
AR EE R LR G RV IR I R IK R TG
PRI 2 KA Cd A — & 1 LBRSCR. i TG A
PRI A R T B T — 8 W PR IR 45, I 46 DA I
6 B R 2R B IR S5 1 S R AR A K AR LR B
B 2 X6 TR AR TE 5 A R R DR E S S 0T BB 22 1) T 1402 %o
FBRAR ) FEA LR AIE. [R] B 3 26 B 28 2 X 22 BR Ak
AP, TR IS B B Cd AEAE 2 W I R L
A GSH A RO T DL 26 R F IR AT AT
H bR A E O 2 25 6 M . T GSH. 7 4=
DU~ AT 179 T 8 2 A i 430 o PRI T A4S S 3 Ak
BE SR A AR B TR A 9 A AT Cd e BE 1) 25 . 38
b A e R G N IE AC S5 L B 8 AR B AR R
TR 30 °CL&E53# 8 100 r/min, Cd ¥ &} 50 mg/
L&, 120 mL, pH5.0, 8:Fh &= 4 0.4 mL(1.0
X10"CFU/mL). iy T Cd*" % A2 A —E R E
BEPEMEF (B D R BE I i B 8 2 255 TR I A 4
FEA B BRI E R R R TR S Cd 1 &R
fEiG i Cd™ (50 mg/L) Jil ¥ T, AR 2 s ) GSH
W22 IF HAS 2 TR A ™ A= 3k B A o 4 T s
AHRFRZR S Cd 1 2B, 3 [F] Bt 2 AR LA A
I EREE 25 A1 10 A i g 3 3 o T 4% P R BT 4%
R EBRRY GSH & & 148k, &8 — & 1 B 1FE
FHOC AR H AR IA R 24 iR EZ P A L R S
GSH 5 GSSG Z [AIf£1E—E a3, Z f GPX
1 GR Z M A B 5% AL 1 GSSG A &
LT AT DL 2 U9 2 25 %% GSH TR 97 4
PR L, 3 HIE T GPX Al GR fESL8 i FE vp
HARfea S, LIt —25 T ff GSH Bfg s 0L, i 2.
8 #ar I LAt GSH (1) i 3 AL 1T B 24K 5 1k Y
GPX 1 GR ¥ W™ A= i B A PR Bt 5 B, R Tk
SN P A AR, EFEVLIR N IE R R
ﬂ:iﬁ[%].

1) A8 i B A RS B R A ROAR AR W] LK R g
Fh 2 5008 Cdy HAE T 4 )8 Cd W% 50 mg/
L i} BRRCR el 153 55.5 %0 3 FH AL A 1% 37 4%
PERTIAE Cd B2 50 mg/L IPRE L BR R 52w 29.
8 0. 22 WA i 2 75 00 AL B WA IR 2 1F 1 L I T
PRBE AR sl LR AR gy Cd.

2) 8 b B AE R L BRI AR B SRR R Cd 1Y
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B IR EE 30 °C o pH 5.0, & 120 mL. %%
120 r/min, EEME 0.4 mL(1.0X10"CFU/mL).

3)GSH TE 0 it 2 35 AR KRB X Cd 1y %
Bk 45E HEAEM . GSH Sy Cd iy 28R
SIEAHDE, GSH & & 8 K, K BR A 8m Sz ik
/N.GSH fi# 852 i GPX I GR #4 Jfl N i 2 4 Ak 7k
YRR R E S Cd 454 A W HE R Ah ok
SEER.

S 3Lk
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