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# E:. [Hx] 8AT, RAEWDT IR % #E(exopolysaccharide, EPS)#9 AL T AL 12 F 4 )2 K
weg A %E T iz kE. (B¢ RRTARE HX-2 AT 710 S4B AR, FRAETELE
RO, [k MR B T 3 Fe Bt IR &35 40 B ik 2 I oh % AR Su AT 4h4k; AR KB AR 7% 0
fesh % Ak F 4842 ; F Bradford XA &4 miest B &G &2, A FEFRELMNRINSEY
fER A2, M &20#A8 &g (high performance liquid chromatography, HPLC)i% A7 LIl % 45+ 4%
LA p%,; R 4244 W45 (scanning electron microscopy, SEM)EMLER S 4E R @ A, @il SRR WAEZA fo
P FARARIFE RIS St E o BB MR, (4R NiFRs S48 £ 2 )5 EPS-G-1 F E454
FH 78.43%, EOASEH 831%, IEMAEEH 822%; #hiviElestS4Ed $ABMMR A T 4. HE
B FIUME. FABBERA SRS, R EA 27.31:26.67:24.83:15.85:4.80; @ iL FIR R AR L
133) HX-2 7 = ook % 43 Cu? e R KA £ 4 144.93 mg/g. (456 ) 403k 8 HX-2 FF M09k % 483t
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Adsorption of Cu** by exopolysaccharide from
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Abstract: [Background] At present, the physicochemical properties of exopolysaccharide (EPS) produced
by microorganisms and their application in heavy metal adsorption have been widely concerned.
[Objective] The physicochemical properties of exopolysaccharide produced by Rhodococcus sp. HX-2
was studied and the adsorption of heavy metals by exopolysaccharide was investigated. [Methods] The
crude exopolysaccharide was purified by ion exchange and gel chromatography. Sugar content was
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measured by phenol-sulfuric acid method. Protein content was determined by using the Bradford kit. Lipid
content was measured by methanol extraction method. Monosaccharide composition was analyzed by high
performance liquid chromatography (HPLC). The surface morphology was observed by scanning electron
microscopy (SEM). The adsorption effect of exopolysaccharide on heavy metals was studied by isothermal
adsorption model and kinetic model. [Results] The total sugar content, protein content and lipid content of
the EPS-G-1 produced by HX-2 were 78.43%, 8.31% and 8.22%, respectively. After purification, the
monosaccharide of exopolysaccharide was composed of glucose, mannose, galactose, glucuronic acid and
fucose; the mass ratio was 27.31:26.67:24.83:15.85:4.80, respectively. The maximum adsorption capacity
of exopolysaccharide produced by HX-2 to Cu®" was 144.93 mg/g by isothermal adsorption model fitting.
[Conclusion] The exopolysaccharide produced by HX-2 has favourable adsorption effect on Cu®” in water
and can be used for the treatment of heavy metal ions in industrial wastewater.

Keywords: Rhodococcus sp., Exopolysaccharide, Adsorption, Cu®*
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Figure 3 HPLC analysis
TE: A FRUESRRRO AR @I B: EPS-G-1 WA (%

Note: A: Liquid chromatogram of standard monosaccharlde, B:
Liquid chromatogram of EPS-G-1.

2.2.3 EPS-G-1 B4 EFEF D FERINE

15 2 FCZE T 6 EPS-G-1 AP EZEE kAT
W, FS5EIRE . = HE R AR &R A R 2h
FEVEXT . U3 2 PR, EPS-G-1 FU4FPERL I K
FINRERE, AT 2 I e Fl =B o

Wit EPS-G-1 MR EEAE , SRAIA Q)
BEIHAY T4 M7 3.47x10° g/dL.
2.3 EPS-G ¥} Cu* Bl Fff
2.3 Cu® 3 X R B 35 SR Y B2 i

K] Cu> ¥k fE 2540 EPS-G X% Cu® & [t .
WK 4 frs, f#iH 20 mL 1 mg/mL B EPS-G ¥k
SR U Cu BEAT W RR, X4 Cu” ) bR vk JE 7
10-30 mg/L I, Fifizg Cu® Wy HHHE B (93 K, EPS-G
Xt Cu® M SRR s 2 CuP WA R T
30 mg/L i EPS-G %t Cu” HyMi bt Fhae, Xl

&1 EPS-G-1 RyEBE¥EAR
Table 1 Monosaccharide composition of EPS-G-1

ETRE A TREGESIE  Sh LA

No. Monosaccharide  Retention  Content Proportion
time (min) (mg/kg) (%)

1 Glucose 29.594 13094594 27.31

2 Galactose 33.910 119 071.67 24.83

3 Glucuronic acid ~ 22.152 76 002.55 15.85

4 Rhamnose 18.801 506.26 0.11

5 Galacturonic acid  25.782 12.97 <0.01

6 Fucose 42.021 2299859  4.80

7 Xylose 35.302 3.56 <0.01

8 Mannose 14.013 127 854.08 26.67

9 Arabinose 37.004 1771.24 0.37

10 Ribose 18.003 313.49 0.07

Total 99.98

#* 2 EPS-G-1. [NREMR. BRI =BRAFER

EFSFE
Table 2 Molecular weight and the intrinsic viscosity of
EPS-G-1, guar gum, xanthan gum and sanzan gum

Name FHEREEE 7 oy Fim M7
Intrinsic viscosity =~ Molecular weight
(dL/g) (x10° g/dL)

EPS-G-1 17.21 3.47

Guar gum 1.68

Xanthan gum  57.37
Sanzan gum 60.18
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Figure 7 SEM image and energy level analysis

T A IR IHT EPS-G 19 SEM EIRFIBESR 7347 ;s B W F e EPS-G
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Note: A: SEM image and energy level analysis of EPS-G before

adsorption; B: SEM image and energy level analysis of EPS-G
after adsorption.

*x3 RMET EPS-G RIBER DT
Table 3 Energy level analysis of EPS-G before adsorption

JLR Ak HA L JETHh L
Element  Linear = Weight ratio (%) Atomic ratio (%)
C K 56.79 64.24

(0) K 39.58 33.61

Na K 3.63 2.14

Total 100.00 100.00

%* 4 WRME EPS-G HIBER HH
Table 4 Energy level analysis of EPS-G after adsorption

JLR 2 A JETHS
Element Linear Weight ratio (%) Atomic ratio (%)
C K 50.04 64.04

(0) K 29.31 28.15

Na K 3.80 2.54

Cl K 6.23 2.70

Cu L 10.62 2.57

Total 100.00 100.00

23.5 LM RiES
LAMGIE R AR T e EE TR, ATE
fE A ALY 2 A 2E R PO R cu TR S
EPS-G MIZIAMNEIEAIP 8 fif s . M SCHR[31-32]4H
B, EPS-G ZLAMEICHE MR F BERI7E 3 292 cm ™!
A— g, A O-H BIRZEdRSh, 1 618 cm'
Ab H BRBERE (O=C-N) T 47, J& C=0 fh4iksh;
1 409 cm ' 4bh H-C—H A4 45 I 5 W i i
1082 cm ' kbl C-O-C HIiZER I Il . EPS-G
R Cu® 5, 3292, 618, 1409, 1082 cm ' b
W A AR SR R X I A (AR AL P fiE S EPS-G
XF Cu W AR AT e, o 3 292 em ! AbHIR
Wi AE A Bk, IR IEAE R I Cu® i A o =
SHA
2.3.6 WHIEshhZESHH

) A RROR AT LSRR B 551 B £ 1o B,
R A (7] I I i 0 10 VR B 5080 2277 VR B 2 g 2 F
98, RHME— 8 F1 AR HE sl 1 2R
ST BRI TS . AR 9 B, SRR, M
Ysh 2RI EPS-G WM Cu” 3 AR LA RCR e
WG SRR s g, R sl Jep ) R
(0.976 2)KTFHE—L sl J12E R (0.932 3), &
G5 g W SIINAER, g H 0 135.135 mg/g,
(Kt EPS-G W Bt 21 g 27 B A v — Al

Transmittance (%)

- o
<
o

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™)

8 EPS-G 7EMR AT (A)FRIK B /7 (B) BY L1 51 e 1% (&
Figure 8 Infrared spectrum of EPS-G before (A) and
after (B) adsorption
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y=—1.338 2x+2.018 7
. R=0.9323

Log,y (9.9,

y=0.426 6x+0.165 0
R>=0.976 2

0.25}

0.00 L L L
0.0 0.5 1.0 1.5 2.0 2.5 3.0

1 (h)

9 Wiz FRE

Figure 9 Adsorption kinetics model

e A WE—BJ)#AL B ME a8 iy,

Note: A: Quasi first order kinetic model; B: Quasi second order
kinetic model.

237 HimRHEE

ik 10 Fras, Langmuir BRI R B KT
Freundlich #5571, RETH 7R EPS-G % Cu® By
M7 R, BTl EPS-G Xt Cu™ iy W Bt i 72 45 4
Langmuir S5 AEERY . 4814515 21 0 5 R B
1 144.93 mg/g, WA EE b S 0.082 9,
0<b<1, FH] EPS-G Xf Co* HAKE LM 1, %
F It
3 WS4

AR, XA W BT A 0 O AT — 2l
o FHAERIET R FLRR T IS 2 —Fh K
SRIG BT IR S 4 S MR S e i, Tz
FATESD PR ok AR 2 S A s 38 5 2555 i iF

A 0.0380r
0.037 5

£0.0370F

y=0.127 7x+0.034 4

R>=0.989 4
0.036 51

0'0360 L 1 Il 1 1 |
0.012 0.015 0.018 0.021 0.024 0.027 0.030

1.445

1.440

L1435+

Log,oq

1.430

y=0.066 4x+1.318 5

1.425F R*=0.979 0

1.420F =

1.55 1.60 1.65 1.70 1.75 1.80 1.85 1.9
LogC,

10 EPS-G M Cu’ #2535 IR fitE A

Figure 10 Adsorption isotherms for Cu** adsorption
using EPS-G

H: A: Langmuir ##; B: Freundlich F#!,

Note: A: Langmuir model; B: Freundlich model.

FERWIMEPIATE K25 B i s 2R AR KR
iR R R Liv 40045 Lactobacillus
plantarum HY J~= W Hish Z 05 H &b . B3
Wi 2 T R RN A 2 B ZEL R, BT i 40 B0 oy
72.99%. 17.27%. 6.99%F12.75%!"”); Saravanan 5%
MFE Leuconostoc lactis KC117496 =1 ju s 2 h
e A AL A R B AEDT SR, LT ER TR A
Z BE ) 48 A X B D o New 55 19 B 58 3R B
Rhodococcus No. 33 JIFbZhh B0 2EZU0E

HEA R AT R AL, R O 2:1:1:18Y,

Rapp %15 Rbodococcus erytbropolis 35122 1l 5L
PR B, HEER Y 1157 ARHF
R RO G B & B, 2UBRTE HX-2
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FEHIANZ A EPS-G-1 SR wiA . s, kil
W A B TR AN R SR AL R ) A 2, LR
ol 27.31:26.67:24.83:15.85:4.80, MLLERE
AR TR T B A T T FE R

MG = HERRIWETE, IR 8 SRRk ik,
(1) — F 7 8 e 5 90 o] 1 2R RS FRE 05 £ 5 14 il
PEVOL (3 R AR HIAS EPS-G-1 SRS
Jie A B LA v R PE G (R, 1568 EPS-G-1 1]
RETE Tl FIE S ATk A W ZE M AN ; Peng 5%
X} Ganoderma tsugae T8 22 4 Hp FEHUH 11 B 71 Z2 4k
AT R & 4 F R0 EPS HA & b ip
FETEERY . AW ST AR B A 2B 0 TR R
3.47x10° g/dL, PiBIHAT fEHAT — & RIPT IR S
PE, SRS THUIMR TG YEFIE o Li SRR
B Bacillus vallismortis sp.;= "= sh Z b 17
TER)-SH, C=0., N—H 1EW [ Cu* iy F e 3=
FE M Czemierska 25 (A 55 2 W g 40 £
H1—-OH., Ac—HI-COOH MfF7EA B T HX E 48
W BT AR BIF 5T SR FH 41 1 S 3 43 B e B
EPS-G-1 %t Cu™ WA/ —OH ., C=0 S5k %
TR, B X S P AT REAE W Cu™ i
PR A

{8 PR 0 T 7 1 L 9 22 AR a0 1 7 4 i WO f
B —L A R IE . Krishnamurthy 55458 % B
IR ZE JAT I KMS3-1 %F T 5 4 J@ HoA B i it
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H Grinev 058 T Paenibacillus polymyxa 92
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Cd*" . Cu®| Zn” B R IR 433k 116.28
103.09 F1 153.85 mg/g!'"!; Zhang 2 (5% 2 W1 i
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pH 5.0 BF%F Cu™ I Ni*" {8 KA By B 25
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B Cu® i Pb” fl 5 KW B 4351k 74.82 mg/g Al
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