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Biosorption of Pb(II) and Zn(II) by the growing strain/dry
biomass of a resistant fungus: optimization and
mechanism studies
LIJin FENG Chong-Ling' LIKe-Lin" LIAO Jia

(Institute of Environmental Science and Engineering Research, Central South University of Forestry & Technology,
Changsha, Hunan 410004, China)

Abstract: [Objective] The aim of this study is to screen lead-zinc tolerant fungus for the
bioremediation of heavy metal pollution in Zixing, Hunan. [Methods] The fungus J3 which was
isolated from the local tailing of lead-zinc deposit was used. Orthogonal test was carried out for
studying adsorption conditions optimization and biosorption mechanism was discussed by kinetics
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simulation. And morphological characteristics and 18S rRNA gene sequence analysis were used for
identification. [Results] Under the optimal conditions, the results showed that the removal rate of
Pb>" and Zn®>" by growing strains reached 92.2% and 87.7%, while the removal rate of Pb>" and Zn*"
by dry biomass was 72.6% and 23.8%. The results of kinetics study indicated that the absorption by
growing strain was affected by the concentration of Pb>" and Zn®". The intra-particle diffusion was
the main rate-controlling step for the adsorption of Zn*". The adsorption of Pb*" by dry biomass may
be affected with membrane diffusion and intra-particle diffusion at the same time. And the adsorption
process of Zn®" was controlled by membrane diffusion. According to the morphological
characterization and phylogenetic tree, J3 was preliminarily identified as Verticillium insectorum.
[Conclusion] The growing strain had better adsorption effect than the dry. The result which fitted to
the second-order equation can provide the basis and guidance for bioreactor settings.
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(FD-1B-50
)
(AA-7000 )
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5g 45 mL  Pb*" Zn*
500 mg/L 30 °C 120 r/min
3d 1 mL
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ICP-OES Pb**
pH Pb*"  Zn** Zn*"
(mg/L) 1 2
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qe
1.7 BEMHEE
(AA-7000 ) 13
1 18S rRNA
NS1 (5-GTAGTCATATGCTTGTCTC-3')
3 1 ( NS8 (5-TCCGCAGGTTCACCTACGGA-3')
) PCR
61 p=(C—~Ce)/Cy x100% GenBank BLAST
g=(Co—CxVIM Clustal MEGA 3.0
Cs (mg/L) C.

F1 I3 EKE/TEERRM L3 IER LW/t

Table 1 Sheet of Lo(3*) orthogonal test of growing/dry J3

Factors
I ( I I ( )
Level P . . . . .
H value Concentration (mg/L) Time (Growing strain/Dry Inoculation amount/biomass dose
P & biomass, d/h) (mL/g, Growing strain/Dry biomass)
1 4.0 75 6/4 1/0.2
2 5.0 100 7/6 2/0.4
3 6.0 125 8/8 3/0.6
(C)] ()] (mL) (8

Note: The unit time for growing strain and dry biomass was day (d) and hour (h), and the unit of inoculation amount and biomass dose was
mL and g, respectively.
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Table 2 Equation models of reaction kinetics = 80 ZDI;y biomass % /Z Ié 10.20
. . . % 60: 7 é Z Z 10.16 2
Equation models Equation of linear forms =} é Z Z Z 2
In(g—ge)=Inge—kiz s 0l 2777 0ot
z 40 2 %% % i
First-order kinetics equation g | % G\ GE G °
5 %2 4/ %1% %1% 00
tg=1/kag+1lge & 20t % 9 9.% % % 9 s
%-%-2171% %%
Second-order kinetics equation g§5 Zg ;E é é é é 10.04
Intra-particle diffusion model 0 2 4 6 8 10
Elovich q=A+Bln¢ Growth time (d)
Elovich equati
R 1 ESEMOT I3 EHEKHE
L Figure 1 The growth curve of J3 under heavy metal stress
2 ZREW8
2.1 DhaeEEBTHE 3 mL 74d
7 Zn*" pH 6.0 125 mg/L
Pb’" Zn®  zn® 2mL 8d
100 mg/L 4 Pb**
3 Pb** 4
13 Pb** Pb** > >
300 mg/L 90.0% J3 >pH Zn*" 13 Zn*"
4 Zn*
22 EEEMETIEEEMREIERK L >pH> >
1 13 1-5 d 3 J3 Pb>*
1-2 3 pH 6.0 100 mg/L Pb*"
5 8 0.6g 8h Zn*"
9d pH 6.0 125 mg/L Zn**
1-7d 0.4 ¢g 6 h
13 6 13
70.0% 7 Pb** pH
8 Pb>" 4
90.0% >pH> >Pb**
23 AKEHNETEERMBERLERI T Zn*’ J3 Zn*'
Lo(3%) 13 pH pH Zn*" 4
4 Zn* >pH>
13 Pb>" Zn® >
3 4 13 Pb**
3 13 P> 922% 43.9 mg/g Zn*" 87.7%
pH 6.0 125 mg/L Pb** 34.4 mg/g Pb>* 72.6%
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Table 3 The result of orthogonal test of growing or dry J3

/

The removal rate of growing The removal rate of dry
Number pH Concentration ~ Time  Inoculation amount/ strain (%) biomass (%)
(mg/L) (d/h)  Biomass dose (mL/g) P2 e P2 e
1 4.0 75 6/4 1/0.2 86.4 45.1 13.4 5.9
2 4.0 100 7/6 2/0.4 89.9 71.0 33.8 14.5
3 4.0 125 8/8 3/0.6 90.8 71.1 62.6 20.0
4 5.0 75 7/6 3/0.6 88.7 45.6 47.2 7.1
5 5.0 100 8/8 1/0.2 87.8 67.5 232 13.3
6 5.0 125 6/4 2/0.4 91.4 69.8 30.8 19.9
7 6.0 75 8/8 2/0.4 87.0 70.3 67.5 8.2
8 6.0 100 6/4 3/0.6 90.4 74.7 73.8 14.6
9 6.0 125 7/6 1/0.2 91.9 85.7 28.8 21.9
K1 89.04 87.35 89.40 88.68
K2 89.28 89.35 90.16 89.47
K3 89.78 91.40 88.55 89.95
R 0.73 4.05 1.61 1.27
K1 62.41 53.65 63.23 66.09
K2 60.96 71.07 67.40 70.37
K3 76.88 75.52 69.62 63.79
R 15.92 21.87 6.40 6.58
K1 36.61 42.69 39.33 21.81
K2 33.73 43.60 36.61 44.03
K3 56.67 40.72 51.07 61.17
R 22.94 2.88 14.46 39.36
K1 13.47 7.18 13.48 13.70
K2 13.56 14.15 14.64 14.21
K3 14.90 20.59 13.80 14.01
R 1.43 13.41 1.15 0.51
12.1 mg/lg  Zn*" 23.8%
6.0 mg/g 4 (]
pH Pb**
3 pH 6.0 pH
Pb*" Carlos """ Wang [
Zn*" pH
Pb2+ Pb2+ Zn2+
[9-10] 13 [14]
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Table 4 The analysis of variance on absorption of pb**, Zn>" by growing or dry J3

F F
Factors Sum of squares  Degree of freedom F value F critical value Significance
(Pb™H pH 0.84 2 1.00 9
Growing strain (Pb>") Pb** 24.56 2 29.24 9 *
3.89 2 4.63 9
248 2 2.95 9
0.84 2
(Zn*") pH 464.96 2 7.35 9
Growing strain (Zn®") Zn** 801.56 2 12.67 9 *
63.28 2 1.00 9
66.99 2 1.06 9
63.28 2
(Pb*) pH 937.34 2 72.09 9 *
Dry biomass (Pb>") Pb2 13.00 2 1.00 9
354.37 2 27.25 9 *
2337.06 2 179.73 9 *
13.00 2
(Zn*) pH 3.81 2 9.51 9 *
Dry biomass (Zn*") Zn?* 269.88 2 673.08 9 *
2.13 2 5.30 9
0.40 2 1.00 9
0.40 2
2.4 HKEHKKETEEIT P Zn” IRHIRYE 1 5
SR 5
0.93
Arica 1!

Funalia trogii Hg2+ cd*  zn*

0.962 (41
[17-18]
R’ 0.95
qe R
0.99 Bai U9
Pb*"  Zn*"
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Table 5 Fitting of kinetic functions for absorption of Pb’", Zn** by growing or dry J3

(Pb2+) R (Zn2+) R
Equation models of reaction kinetics Fitted equation (Pb™) Fitted equation (Zn*)
In(g—qe)=Ing—k¢ y=—0.458 8x+4.509 7 0.933 1 y=—0.357 5x+4.392 6 0.930 6
Growing strain — 4/g=1/k,q.>+1/g. ¥=0.029 7x—0.039 5 0.950 5 3=0.085 8x—0.226 0 0.930 4
g=A+Br" y=—23.108 0x+103.620 0 0.8335 y=—23.124 0x+81.6590  0.9712
g=A+Blnt y=—26.512 0x+93.909 0 0.877 4 y=—25.758 0x+70.6690  0.961 4
In(g—ge)=Ings—k y=—0.315 2x+2.354 2 0.787 2 y=—0.149 7x+0.342 4 0.263 0
Dry biomass 1lg=1/kaqe+1/qe ¥=0.036 3x+0.023 5 0.991 7 $=0.126 3x+0.022 1 0.967 6
g=A+B¢" 1=2.883 8x+17.115 0 0.902 2 y=—0.131 0x+8.040 8 0.018 9
¢=A+Blnt ¥=2.607 1x+19.707 0 0.828 0 y=—0.155 8x+7.974 6 0.030 1
Pb2+ Zn2+
2 3
6
Zn*t 6
Elovich Pb>"  Zn® 33.7 mg/g
11.7 mg/g
>Elovich > > Pb>" 403 mg/lg Zn®" 16.0 mg/g
Zn2+
(Pb*"27.6 mg/g Zn** 7.9 mg/g)
(Pb*" 26.4 mg/g Zn>" 7.9 mg/g)
6
ks
Ozer
3
( ) [20]
( )
Pb**
25 BEMETE
Pb** 13
Zn2+

14 d

3.5 cm
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18S rRNA I3 insectorum) I3 4
Verticillium  insectorum Paecilomyces J3
Jfumosoroseus 100% J3 J3
GenBank J3
(Verticillium

0.6 14 -
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0.5 ® Zn ° 1.2+ @ Zn e

L . ZIn F o
04l L LoF .

So3f e R

- -7 T 06t 7
02 - e

I 0.4 e Pb
01T 02f _.7®

| e
0.0 = e ) 0.0 N 1 | | | | . 1 I 1 )
60 80 100 120 140 160 180 20 0 2 4 ; 3 10
t(h) t(h)
B2 HKERH. FETFRMEZREHFRE B3 FTEEAXHE. FETFRM R DFEE
Figure 2 Second-order equation for growing strain Figure 3 Second-order equation for dry biomass
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Table 6 Second-order equation constants for growing or dry J3

Second-order equation Growing strain Dry biomass
Pb2+ Zn2+ Pb2+ Zn2+
e (mg/g) 33.7 11.7 27.6 7.9
k> (g/(mg-h)) -0.022 -0.033 0.056 0.016
R 0.9505 0.930 4 0.9917 0.967 6
Halophytophthora vesiculal (HQ161088.1)
100  Halophytophthora vesiculal (HQ161089.1)
39 Paecilomyces fumosoroseus (AB233338.1)
44 [ Pochonia sp. (KC626046.1)
’7 97— Myrothecium roridum (EF211124.1)
Lecanicillivin saksenae (AB360358.1)
‘ Paecilomyces javanicus (AB099944.1)
Verticillium insectorum (AB214655.1)
100 13
g9\ Paecilomyces fumosoroseus (AB086629.1)
\— Uncultured fungus clone (GU072561.1)
—
0.001

4 {Kk#E 18S rRNA EEFFI#EHY I3 RIBXFHRAXBER
Figure 4 Phylogenetic tree of J3 and some related species based on 18S rRNA gene sequences
GenBank Bootstrap
Note: The numbers in parenthesis represent GenBank accession numbers. The numbers on each branch indicate the bootstrap values (1 000
bootstrap replicates). The scale bar defines branch length.
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3 4w
(1)

(Verticillium
insectorum)
)13 Pb*" pH
6.0 125 mg/L Pb*" 3 mL
7d Zn**
pH 6.0 125 mg/L Zn* 2 mL
8d Pb*" zZn®
3
Pb** 92.2% 43.9 mg/g
Zn* 87.7% 34.4 mg/g
(3) J3 Pb** pH
6.0 100 mg/L Pb** 06g
Zn* pH
6.0 125 mg/L Zn*" 04g
pH
13 Pb** Zn*
pH
Pb2+
72.6% 12.1 mg/g Zn** 23.8%
6.0 mg/g
4)
Zn2+ Pb2+
Zn2+
13
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