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6- Brunauer—Emmett-Teller
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1- Lignin-modifying enzyme
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4- Scanning electron microscope
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1- X-ray diffraction
2- X-ray fluorescence
3- Dubinin-redushkevich
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Figure 1- Scanning electron microscopy images of zeolite (A) and montmorillonite (B)
As shown the mineral particles sizes are about less than 10 microns.
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Figure 2- X-ray diffraction pattern of the studied zeolite
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Table 1- X-ray fluorescence analysis of zeolite mineral

Na2O MgO AlOs SiO2 P20s SOz KO CaO TiO2 Fex0O3 SrO Cl  MnO ZrO: BaO
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g e PRI 2 o) e
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Figure 3- Relationship between equilibrium concentration (Ce) and adsorbed amount of laccase (ge) on the montmorillonite
K10 (Mont-Lac) and zeoilite (Zeo-Lac) at 25°C

s WYNA cyp an ol ol i (6,503l yieg,Suo </
L3 V¥ /YA meq/100g

SKIO0 e sl ) sats 9o (SLAALS s 5LSY a7 ala
SNP

= 03 u.&_> )lj\f 9 )K\j r‘,J)j J)l:.s clale O d.]a.")
9 90229 9y 4o KL0 Cghjoaige 5 clgi) (SIS zolaw
LSY gl clale 6,505 13 () SV g il 5 (V) o Ko
ooy L ¥ USS 53 S a5 ke Yoo 5 Y )5 ke +/YO-Y
sl 0045

@559y ~ o> slapySonl s sbylses (ieen
"SLS nmpl ol 4 bype (1Sl 5 @iy )8 90Y (DR)
F sla s jo 30 ol)S Sle ax 0 Ve (glod 5o adllas )50 sl
lop 5ol ol 3l S o sl yyalie lons ooy HLis Y 5 5
dalllas L)—’I )‘ J_.ol> c.;l.u U»L»I 2 iloddds 03)51 Y Js.\> Frg™
D-R Jie b cuwsi | 3illal oy Coghygaipe o SY ol
(0 JS3) 115055Y Jo b e Sl jlany GBS L pupes 9 (F US5)
(Y Jsis) (RE=4/28 g R2=4/AY (s gay) ol )L

ouS3l 65 3 utilia 88 5 (XRD') (Sl 9358 85 00T
cul 955 (XRFY)

SES oSSl g5 il yold LT 5 WSSl g Bl (655!
s bl p Tewlond ooy Glis V Jodo o ¥ S5 p> cudgs;
ol gials £55 5] adlla oyl 5 odlital 3,50 Culgs; SIS XRD
st o 5] oyd lyl>
Dy (Na,K,Ca)z_sAlg(AI,Si)zSi13036.12H20

Sl 9 (2 9aals Juld by g 0539 pelau
oig ghaw 3)5 e 5 adlllas 3)90 gy S g rdaw
4 y9m9)5ee aw gV b9y 4 ofug aw BET () 4
3y90 Calghy S EPIOL b9y 4 ()15 o daw o E-PIOL b9,
Fassg jlue it yiog)See Ve 5l jioS IS ojluil b adlllas
———oan YEIVOYY M2Q o Y/OVAA SYOIFYA. X-/YVVY
2239 10Y S ojlul oS 93 ) clgi; Sl ols cud)ls

1- X-ray diffraction
2- X-ray fluorescence
3- Method name: Oxford: Geol. Majors + Traces
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Figure 4- Linear plot of Dubinin—-Redushkevich (D-R) isotherm of laccase sorption on montmorillonite K10 (Mont-Lac) and
zeolite (Zeo-Lac) minerals at 25°C
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Figure 5- Linear plot of Langmuir isotherm of laccase sorption on montmorillonite K10 (Mont-Lac) and zeolite (Zeo-Lac)
minerals at 25°C
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Figure 6- Linear plot of Freundlich isotherm of laccase sorption on montmorillonite K10 (Mont-Lac) and zeolite (Zeo-Lac)
minerals at 25°C
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Figure 7- Linear plot of Temkin isotherm of laccase sorption on montmorillonite K10 (Mont-Lac) and zeolite (Zeo-Lac)
minerals at 25°C
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Table 2- Constants and R?s for Langmuir, Freundlich, Temkin and D-R isotherms of laccase absorption on montmorillonite
K10 and zeolite

Pr93! JEY-Cdg; FEY-Cadgh ygeiige
Isotherm Zeo-Lac Mont-Lac
9oy
Langmuir
Qo (mg/qg) 6.579 3.095
b (L/mg) 0.002 0.012
R? 0.435 0.956
@
Freundlich
Kr (mg/g(L/mg)¥m 0.054 0.225
n 1.491 2.436
R? 0.874 0.609
Temkin
A (L/g) 0.028 0.139
B 1.345 0.670
b (J/mol) 1842.472 3700.078
R? 0.640 0.611
@593l Caing
Dubinin-Redushkevich
(D-R)
gm (mg/g) 2.629 3.000
R (x10° mol?/J?) 0.471 0.619
E (KJ/mol) 1.030 0.900
R? 0.596 0.965
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Table 3- Changes in equilibrium parameter (RL) and enzyme removal percentage as a function of the initial concentration of
laccase enzyme

RL Removal (%)
o Aoy
Co (mg/L)
JEV=Caigh jgatige Y-y Sk ygatige JY-edg;
Mont-Lac Zeo-Lac Mont-Lac Zeo-Lac
125 0.3932 0.7922 58.26¢ 62.542
250 0.245b 0.656° 69.002 48.93¢
500 0.139¢ 0.488¢ 62.87° 42.494
750 0.0974 0.388¢ 35.79¢ 35.168
1000 0.075® 0.322¢ 27.12¢ 50.92°
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Numbers followed by the same letter in each column are not significantly differentns (P<0.05)
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Introduction: Laccases are potent enzymes that are capable of oxidizing various phenolic and non-phenolic
compounds as well as resistant environmental pollutants. One of the most effective methods for improving their
properties, such as increasing the stability of these enzymes and even increasing their activity, is the
immobilization of laccases on different carriers. In the process of immobilization, the enzyme is bonded to a
solid carrier which is insoluble in the reaction mixture. In this process, the movement of the enzyme in space is
severely restricted, while its catalytic activity is still maintained. One of the carriers used to create recyclable
biocatalyst systems is mineral. Minerals as inorganic carriers are inexpensive, abundant in nature, readily
available, and also have high biocompatibility. The objective of the present study was to investigate the
adsorption properties of Laccase enzyme from T. versicolor fungus on montmorillonite K10 and zeolite minerals
using Langmuir, Freundlich, Temkin and Dubinin—Radushkevich isotherms.

Materials and Methods: For this study, the pure laccase enzyme (> 10U mg?), 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid (ABTS) substrate and montmorillonite K10 mineral (with a specific
surface area of 220-270 m?/g and a cation exchange capacity (CEC) equal to 30 meq 100 g) were purchased
from Sigma-Aldrich. Zeolite mineral was provided from a mine located in southeast Semnan province. Scanning
electron microscopy (SEM) images of both minerals, CEC of zeolite with sodium acetate solution (pH=8.2) and
zeolite surface area were determined. X-ray Diffraction (XRD) and X-ray Fluorescence (XRF) analyzes of
zeolite mineral were also done. In order to immobilize laccase on the minerals, 200 mg of both minerals were
activated by shaking with 0.5N HNO3 for 2 hours and a solution of 2% 3-aminopropyltriethoxylane in acetone.
The activated minerals were treated by a 5% solution of glutaraldehyde in a 0.1M sodium acetate buffer (pH=5)
and were shaken for 24 hours with 0.25-2.0 mg of the laccase dissolved in the buffer. Langmuir, Freundlich,
Temkin and Dubinin—Radushkevich isotherms were determined. The experiment was carried out at a constant
temperature of 20°C. The results were analyzed using the MSTATC software and the means of the data were
compared using Duncan’s multiple range test.

Results and Discussion: Based on the results, the zeolite type was clinoptilolite with a chemical formula of
(Na,K,Ca)25Al3(Al,Si)2Si13036.12H20. Moreover, BET Surface Area, Langmuir Surface Area, t-Plot Micropore
Area and t-Plot External Surface Area of zeolite were 40.2712, 645.4780, 3.5188 and 36.7524 m?/g, respectively.
Laccase absorption on montmorillonite K10 showed the highest compliance first with the Dubinin—
Radushkevich model (R?=0.97) and then with the Langmuir adsorption isotherm model (R?=0.96). Based on the
D-R model, the theoretical monolayer sorption capacity (gm) and the constant of the sorption energy (B) of
montmorillonite K10 were 3 mg/g and 0.62 (x10% mol?/J?), respectively. According to the Langmuir isotherm,
there was probably a homogeneous distribution of active sites on the montmorillonite K10 mineral surface. On
the other hand, laccase adsorption on zeolite showed the best compliance with the Freundlich model (R?=0.87).
Accordingly, sorption capacity (Kr) of zeolite was 0.05 mg/g (L/mg)Y". The amount of n parameter as an
indicator of the favorability of sorption process was 1.49 demonstrating favorable absorption condition. The
values of R? obtained for Temkin isotherm model were, however, equal in both minerals (R?=0.62 for
montmorillonite K10 and R? = 0.61 for zeolite), and based on this model, the adsorption process was likely to be
exothermic. According to the values of the equilibrium parameter (R.) of montmorillonite K10, the absorption
was favorable. However, with increasing the initial concentration of laccase, the amount of R approached zero
indicating the laccase adsorption on the mineral is more favorable at higher initial concentrations of laccase.
Based on % Removal parameter, the highest percentage of laccase adsorption on montmorillonite K10 and
zeolite was related to concentrations of 250 and 125 mg/L, respectively, which showed a statistically significant
difference with other concentrations.

1, 2, 3 and 4- Ph.D. Student of Soil Biology and Biotechnology, Professor, Associate Professor and Assistant Professor,
Department of Soil Sciences, Faculty of Agriculture, Ferdowsi University of Mashhad, Respectively
(*- Corresponding Author Email: lakzian@um.ac.ir)



Yo¥ cadgl jsasige buwgi 5I5Y Gl (sbap gl anlllae

Conclusion: In general, laccase absorption on montmorillonite K10 showed the best fit with Dubinin—
Radushkevich and Langmuir adsorption isotherm models. On the other hand, adsorption of laccase on zeolite
mineral showed the best fit with Freundlich model. A higher degree of steric hindrance and conformational
changes in the enzyme structure is likely to occur and subsequently, the catalytic efficiency of the enzyme
complexes may decrease. Therefore, montmorillonite is more suited to be used as a carrier of laccase enzymes.
However, complementary studies such as kinetic tests will help to make final decisions.
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