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Abstract: The extracellular polymeric substances (EPS) of P. chrysosporium and their effects on Ph** biosorption were studied. The
product , composition of EPS and the effects on Pb** biosorption capacity were investigated in lab via flask experiments. The surface
changes of mycelium before and after EPS extraction , before and after Pb>* adsorption were researched by environment scanning electron
microscope with energy-dispersive X-ray analysis ( ESEM-EDX). Results showed that at 113 h,the maximum yield of EPS was 125.5
mg/ L, which contained 46. 6% - 54.3% of sugar and 31.2%-35.1% of protein. The results of control test after EPS extraction
displayed a decrease of biosorption capacity of Pb** among 2. 12 mg/g( 113 h)-7.73 mg/g (41 h). The results of environment
scanning electron microscope ( ESEM) showed that the EPS extraction affected the cell wall of white-rot fungus and the Pb-contained
globular particle after Ph>* uptake , which was very useful for further study on heavy metal biosorption mechanism.

Key words: white-rot fungi; extracellular polymeric substances (EPS) ; biosorption; Ph** ; globular particle

[1] [2,3]
. R (EPS),
[14]
, 75% ,
b N
b
sl o : EPS
’
b
(8,9] :2010-03-24; :2010-06-04
N : (50908078) ;
[10] [11,12] (200902467) ;
N : (20080430153)
[13] Pb2+ . (1986 ~),

, E-mail ; wangliang312@ 126. com
® , E-mail: gqchen@ hnu. cn



774

( Phanerochaete chrysosporium ) s
EPS N )
EPS Pb** ,
EPS  Pb** ,
( ESEM-EDX) EPS

1
1.1
( Phanerochaete chrysosporium )
BKMF-1767,
(1L):
20 g, 20 ¢,200 g ,
1 000 mL , pH
[15,16]

KH,PO,,0.5 g MgSO,,0.1 g CaCl,,0.001 g

B,,0.2 g , 70 mL,pH 4.5.
(1 L):0.5 g MnSO, - H,0, 0.1 ¢

FeSO,-7H,0,0.1 g CoSO,,1.5 g NTA,1.0 g NaCl,

0.01 g CuSO, -5H,0,0.01 g AIK(SO,), -12H,0,

0.1 ¢g ZnSO, - 7H,0, 0.01 mg H,BO,, 0.01 ¢

NaMoO,.
s 105°C 30 min.
1.2
4°C , 37C
2 h , 5 mL
50 mL 250 mL ,
2x10°  /mL,
(35°C 150 r/min). 41.65.89.113.137 h
,41 h P. chrysosporium
,137 h L
1.3 EPS
[18]
(EPS). 4°C
10 000 r/min 15 min ( Sartorius 4K15,
), 0.45 pm .
4 95% ( ) , 4%C
12 h. 10 000 r/min 10 min,
EPS. EPS (MWCO,
7 000), ,

EPS.

32
(EPS) ;
EPS . EPS
(TOC) , TOC ( Phoenix 8 000,
) , -H,S0,
[19]
Lowry 200 ’
1.4
, 2,
, EPS
EPS
. EPS
50 mg/L Pb** , pH4.5.35C
150 r/min 4 h,
1.5
, 105C
, (dry cell
weight, DCW ) |
10 min |
(FEI Quanta-200, )
Pbh** : 1.598 5 ¢
Pb(NO,), , 5% ( ) HNO,
. 1000 ml , L
I mg/mL  Pb** , 50 mg/
L . ,
Ph** ( PerkinElmer
AA700, ) .
Ph** q(mg/g) (1)
g = et ;V‘”)meoo (1)
,Co €, Pbh**
Pb** (mg/L);V Pb**
(mL) ;W (g);
EPS (%) (2)
potmmm)h0g (2)
m,
,m, \m, t t, ,EPS
(%).
2 ,
2.1 EPS



3 Ph** 775
60
1
x
1.8 130 =
—0— DCW ﬁ
16L —e—EPS 4125 N
£ \
14l 1120 ;% §
3 115 = T \
o0 [
&12r g % §
i 4 110 5@ = \
g 1.0 £ §
1 105 &
: 08r 4 100 i \\
0.6 195 IR /M
04 | 1 ( ( ( ( 90
30 41 65 89 113 137 2 EPS
HhFrIE /b Fig.2 Contents of sugar and protein in EPS during culture process
1 DCW EPS
Fig.1 Changes of DCW and EPS during culture process [22 23 }
1 , .bcw 2.3 EPS Ph**
EPS . 30~113 h, EPS ,
, DCW  0.486 ¢/L 50 mg/L PH*" 4 h,
1.612 ¢/L(113 h), 3.3 EPS  P. chrysosporium Pb**
EPS , , EPS , 3
41 h 94.5 mg/L 113 h  125.5 EPS EPS EPS
mg/L. 113 h ,DCW EPS 40
—— FHE%E
EPS 35 L —o— AEEPSHfE
’ ~ 30|
2.2 EPS 'x
, EPS,  EPS 85T
=
) B 20 -
&
EPS , 2 . B o5l
2 R , EPS
10
, 41 h 46.6%
137 h  54.3%, 16.5% , (41 ST p % 3 37
~65 h) . , P. Fegri Al /m
chrysosporium 41 ~65 h ,
3 EPS Pb**
’ ’ Fig.3  Reletionship of EPS and Ph**
[21]
: 41 ~137 h ’ ’ biosorption by white-rot fungus
31.2% 35.1% , 12.5%.
89 h , EPS
. , ( Pb** 41 ~65 h , 65h
) 77.8% ~89.4% . 37.86 mg/g, EPS
10. 6% ~22.2% , 33.63 mg/g.65 h s Ph**
P. chrysosporium , 8 h ¢ 3).

[24] 3



776 32
, EPS Pb** ,
, 2.12 mg/g(113 h), 7.73 .
mg/g(41 h). 2 , P. chrysosporium 2.4 SEM-EDX
EPS ,89 65 h  P. chrysosporium
h , , Ph** Ph** , ,
EPS ,
(c) MY 5 i DR 4 (X 800) (d) MLPH 5 ¥ A S EPSEIE (X1 000)
4
Fig.4 ESEM photomicrographs of biomass
4(a). 4(b), ) ) 4(c).
EPS 4(d) (A.B)
; EPS[ 4(a)]. (C.D) X (EDX) ,
EPS , , 5. EDX
EPS ,
[ 4(b)]. , 5 , AB C.
EPS P. chrysosporium . D . A B,
Pb** [ 4(c), , COP K ; cC O ,P
4(d) ], , , K A.B , c.b C.0
, . ,P .P [25]
[ 4(c). , [
4(d) ] 4(c) C , .
9.01 wm. Cc.D , C Pbh Mg, N S (Mg.S
, D . , 5 ). Pb
4(c) 4(d) Ph. Mg
EPS , , Ph** , Mg**
EPS Ph** BN



Pb** 777
, EPS , EPS SH,
EPS Pb . ,
, EPS Pb , , (XPS) . X
Pb** ) S (XRD)
XA X B
LR EREW% ETFH% LR EEH%  BETFH%
C 73.14 78.59 C 75.13 80.38
i (¢} 26.20 21.13 b O 24.03 19.30
P 0.62 0.26 P 0.50 0.21
K 0.04 0.01 K 0.34 0.11
N M H KA N KM KK
o Pb kM FA th o Pb kA A
L K

0 200 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

BwC BB D
TR ERH% EHTH% TR EEHY%  FETH%
C 65.84 72.56 C 66.09 72.38
O 20.59 17.04 @] 22.85 18.79
P 1.75 0.75 P 1.05 0.44
K 0.99 0.34 K 0.48 0.16
N 9.49 8.97 N 8.48 7.96
0 Pb 0.66 0.04 0 Pb 0.55 0.03
Pb s
S
Mg P K N Mg Ppp K
1 | | | | | 1 L | I L L
1.00 2.00 3.00 400 5.00 6.00 7.00 8.00 9.00 0 1.00 2.00 3.00 400 500 6.00 7.00 800 9.00
HEE/keV & /keV
5 AB C.D X
Fig.5 Energy dispersive X-ray spectra of Zone A,B and Particle C,D
heavy metals from aqueous solution using magnetic chelating resin
with iminodiacetate functionality[ J]. Separation and Purification
Technology,2008,61(3) :348-357.
(1) (EPS) o : . . o
[ 3] Nadir D, Bulent K, Hulusi B. Sorption of Ni ( Il ) ions from
,EPS aqueous solution by Lewatit cation-exchange resin[ J]. Journal of
(2) (EPS) Hazardous Materials,2009,167 (1-3) :915-926.
[4] Alam M Z, Mansor M F, Jalal K C A. Optimization of
(3) , ( EPS) decolorization of methylene blue by lignin peroxidase enzyme
produced from sewage sludge with Phanerocheate chrysosporium
’ [J]. Jounal of Hazardous Materials, 2009, 162(2-3):
PbZ +
’ N 708-715.

Pb [5] KimY,YeoS,KimM K,et al. Removal of estrogenic activity from
endocrine-disrupting chemicals by purified laccase of Phlebia
tremellosa| J ]. FEMS Microbiology Letters, 2008, 284 (2 ).

Chen Q Y, Luo Z, Colin H, et al. Precipitation of heavy metals 172-175.
from wastewater using simulated flue gas: Sequent additions of fly [ 6] Yahaya Y A, MatDon M, Bhatia S. Biosorption of copper ( 1T )

ash, lime and carbon [ J |. Water Research, 2009, 43 (10):
2605-2614.
Asem A A,Ahmed M D, Ahmed M Y. Removal of some hazardous

onto immobilized cells of Pycnoporus sanguineus from aqueous
solution: Equilibrium and kinetic studies [ J ]. Journal of

Hazardous Materials,2009,161(1) :189-195.



778

32

[10]

[11]

[15]

[16]

Das B K, Roy A, Koschorreck M. Occurrence and role of algae
and fungi in acid mine drainage environment with special
reference to metals and sulfate immobilization [ J |. Water
Research,2009,43(4) .883-894.

Pakshirajan K, Swaminathan T. Biosorption of copper and
cadmium in packed bed columns with live immobilized fungal
[ J]. Applied
Biochemistry and Biotechnology,2008 ,157(2) :159-173.

Aksu Z, Kilic N K, Ertugrul S, et al. Inhibitory effects of

biomass of  Phanerochaete  chrysosporium

chromium( VI ) and remazol black B on chromium ( VI ) and
dyestuff removals by Trametes wversicolor [ J ]. Enzyme and
Microbial Technology,2007,40(5) :1167-1174.
Anna J W, Gadd G M. Oxalate production by wood-rotting fungi
growing in toxic metal-amended medium [ J ]. Chemosphere,
2003,52(3) :541-547.
Nadanathangam V, Kathe A A, Varadarajan P V, et al.
Biomimetics of silver nanoparticles by white rot fungus
Phaenerochaete chrysosporium [ J]. Colloids and Surfaces B:
Biointerfaces 2006 ,53 (1) :55-59.
Rashmi S, Preeti V. Biomimetic synthesis and characterisation of
protein capped silver nanoparticles[ J ]. Bioresource Technology,
2009,100( 1) ,501-504.

, . [J].

,2001,21(3) :291-295.

Gutierrez A, Martinez M J, Almendros G, et al. Hyphal-sheath
polysaccharides in fungal deterioration[ J]. Science of the Total
Environment, 1995 ,167 (1-3) :315-328.

[Ji. ,1994,34(1) :29-36.
Stepanova E V, Koroleva O V, Vasilchenko L. G, et al. Fungal

[17]

[18]

[21]

[22]

[23]

decomposition of oat straw during liquid and solid-state
fermentation[ J ]. Applied Biochemistry and Microbiology, 2003,
39(1):65-74.

Ulku Y, Ayla D, Filiz B D, et al. The removal of Ph( Il ) by
Phanerocheate chrysosporium [ J ]. Water Research, 2000, 34
(16) :4090-4100.

Xu C P,Yun J W. Influence of aeration on the production and the

quality of the exopolysaccharides from Paecilomyces tenuipes C240

in a stirred-tank fermenter [ J ]. Enzyme and Microbial
Technology,2004 ,35(1) :33-39.

;o [M]. : ,
2004. 63-65.
Lowry O H,Rosebrough N J,FarrA L, et al. Protein measurement

with Folin phenol reagent [ J]. The Journal of Biological
Chemistry,1951,193(1) : 265-275.

, . [M].

,2000. 85.
Xu C P, Kim S W, Hwang H J, et al. Production of
exopolysaccharides by submerged culture of an enthomopathogenic
fungus, Paecilomyces tenuipes C240 in stirred-tank and airlift
reactors[ J] . Bioresource Technology,2006,97(5) ;770-777.
Po H L, Zhao S N, Kwok P H, et al. Chemical properties and
antioxidant activity of exopolysaccharides from mycelial culture of
Cordyceps sinensis fungus Cs-HK1[ J]. Food Chemistry,2009,114
(4):1251-1256.
[J]. ,1999,20(1) :33-38.

Sar P,Kazy S K, Singh S P. Intracellular nickel accumulation by
Pseudomonas aeruginosa and its chemical natrue[ J]. Letters in

Applied Microbiology,2001,32(4) :257-261.





