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ABSTRACT

D380 resin utilized asasupport for laccase immobilization which applied to
pollution degradation. Plackett-Burman design showed cross-linking
temperature, immobilization pH and dilution ratio were maj or factorsamong
cross-linker concentration, cross-linking temperature, cross-linking time,
immobilization pH, enzyme dilution ratio, ion concentration, immobilization
time, immobilization temperature and the consumption of enzyme. For
further practical application in pollution degradation area, the optimized
model conditions are needed. The mathematical model of optimized
conditions was obtained through the regression equation of the response
surface methodology. In this work, the optimum technological conditions
wereinvestigated as cross-linker concentration of 10%, cross-linking time
of 2 h, cross-linking temperature of 31°c pH =7.2, enzymedilution ratio of
900, consumption of enzyme of 10 ml, PEB ion concentration of 0.2 mol/L,
immobilizationtime 6 hand immobilization temperature of 30 °c, respectively.
Compared averageimmobilized enzymeactivity 15.53 U/g of the verification
test with theoretical value 15.95 U/g, theresults proved that the mathematical
model wasfeasible.  © 2013 Trade SciencelInc. - INDIA
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Laccase can catdyzeavariety of phenolicand non-
phenalic compound oxidation, thesubstratewiddy used
in the pulp waste water treatment, industrial dyes
decolonzation and other areas of important applica-
tions*2. However, thefree enzymevulnerableto envi-
ronmental conditionsand variability of inactivation, and
easily logt, isdifficult to recycle, in order to overcome
the shortcomings of the free enzyme, people beganto
explore the combination of enzyme and carrier, pre-
pared immobilized enzyme. Enzymeimmobilization

technology isacontinuousand effective meanstoim-
provethe enzyme stability®9.

The purpose of this paper is to use D380
macroporousweskly basicresin asthecarrier, thevaue
of alargeindustria application of laccaseimmobilized
cross-linking studies, includingimmoilization, immo-
bilized condition optimization, aimmobilized amount of
enzyme protein, the catalytic activity aswell asimmo-
bilized the nature and stability of enzymessuch asre-
search, and laccaseimmobilization conditionsamath-
ematicad model for thestudy of the conditionsimmobi-
lizedin order to broaden theimmobilized laccaseinin-
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dustry application™.

MATERIALSAND METHODS

Test materials

Materials. laccase, D380 macroporous styreneal-
kalineionexchangeresin.

Reagents. glutaraldehyde solution (50%) (GA), di-
sodium hydrogen phosphate, citricacid, ABTS, etha-
nol, Congo red, deionized water.

Test method

Application of Plackett-Burman (PB) experimen-
tal design method for screening animportant factor24,
and in accordance with the relevant references and
single-factor test results, designed Plackett-Burman
(PB) test factorsand levels. Based on previous studies
and reported intheliterature, the choice of the number
of triasN = 12 of the experimental design. Thecross-
linking agent concentration (X1), crosdinking tempera:
ture (X2), cross-linking time (X3), pH of immobiliza-
tion (X4), enzymedilution multiple (X5), ion concen-
tration (X6), time of immobilization (X7), temperature
of immobilization (X8) enzymedosage (X9),9factors
to study, theresponse wasimmobilized enzymeactivity
(Y)0According to Plackett-Burman (PB) experimental
design method of screening out of threeimportant fac-
tors, statistical anaysisusing SASV 8.2 softwarefor
Box-Behnken test design and response surface analy-
siscarried out to determinethe best level of threeim-
portant factord?. Thosetests of thisstudy were done
by 17 times, including analysisof 12tridsfor andysis
of test points, and set therepest test fivetimes, used to
estimatetheexperimental error; enzymeactivity inre-
sponse to aimmobilized value, according to Box-
Behnken design of test results, the use of SAS soft-
warefor quadratic regression analysisof theresullts.

Analysisprogram

Low temperatureair drying, thesystemwasdried
immobilized laccase. Thisarticleisbased onABT S
asthe substrate for selection of the light absorption
method for determination of laccase activit4,

Immobilized laccase adding 2 mL of pH 3.0 diso-
dium hydrogen phosphate-citrate buffer solutionand 1
mL distilled water, centrifuged and the supernatant is
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blank. Corresponding quality of laccaseimmobilized
by adding 2 mL of pH 3.4 disodium hydrogen phos-
phate-citratebuffer solutionand 1 mL 1 mmol / LABTS
solution, reactionin 3minthenicein 10 minto stopthe
reaction, at 4 °c,under 8000 rpm centrifugefor Smin,
the supernatant measured in absorbance at 420 nm.
Immobilized laccase enzyme activity isca culated as
follows

AV

. . & t
P(unit/(g-min) = M

Where M-, isthequality of theimmobilizedlaccase, A
(A <0.5) is the absorbance value at timet, ¢ as the
subgtrate extinction coefficient 36000 L/(mol « cm) at
420 nm, Visadded to the pool than the color amount
of solution, usualy 3mL, tisreactiontime.

Immobilized enzymeandimmobilized enzymeob-
tained after supernatant, the supernatant combined with
coomassi e blue staining, also known asBradford de-
termination of the supernatant protein content, in order
to cd culatetheefficiency of enzymeimmobilization.

x 1000

RESULTSAND DISCUSSION

AccordingtothePlackett-Burman design method
for screeningan important factor

Designed by the Plackett-Burmen obtained results,
level of eachfactor should select the appropriate value,
and analyzethe cross-linking temperature, pH of im-
mobili zation and enzymedil ution effect of thethreeim-
mobilized enzymeactivity asthemainfactors, accord-
ing to the sizeand value, their positive and negative
effectsof surfaceresponsetest arrangementsand leve
of thethreefactors, asshownin TABLE 1.

Response surface analysisand results

The quadratic regression equation
Y=15.68600+0.49400xX1-
1.23088xX2+0.42413xX3-0.27100x X1x
X2+0.050500x X1xX3+1.60325xX2x X3-
2.99638x%(X1)?-3.3286x(X2)2-2.62513%(X3)?2
(X2:cross-linking temperature (°c), X2: pH of immobi-
lization, X3:enzymedilution)

Fromtheanadyssof variancemodel canbeseenin
TABLE 2, 0.=0.01levd inthereturn of significant one-

Hn Tudian Jounual



BTAIJ, 8(11) 2013

Zhang Jie et al.

1569

e, FyLL PAPER

TABLE 1: Resultsof gtatisticanalysis

Factor symbol Factor Estimated effect  Standard deviation T value Prob>[T|value Sort
X1 Crosslinker concentration -0.225 0.228 -0.163 0.428 7
X2 Crosslinking temperature -0.513 0.228 -0.373 0.153 3
X3 Crosdlinking time -0.396 0.228 -0.288 0.224 5
X4 pH of immobilization 0.827 0.228 0.602 0.068 1
X5 Enzyme dilution 0.610 0.228 0.444 0.116 2
X6 lon concentration -0.222 0.228 -0.161 0.433 8
X7 Immobilized time 0.082 0.228 0.059 0.781 9
X8 Immobilized temperature 0.426 0.228 0.310 0.202 4
X9 To enzyme -0.240 0.228 -0.175 0.402 6

timeitems, the second term on theresponsehaveasig-
nificant impact, but theinteraction termwasnot signifi-
cant, indicating that theinteraction betweenthe sdected
factorsisnot obvious, usngthemode can not consider
theinteraction betweenfactors; lassof theproposeditems
reflect the experimental dataand the model does not
match thesituation, P=0.164> 0.1, showsnolossto be
sgnificant, sothat thecorrect modd sdection.

TABLE 2: Regression analysisof variance

Sour ce of
o DF SS MS Fvalue Pr>F
variation

X2 1 1.95 1.95 3.74 0.0943
X4 1 1212 1212 2323 0.0019
X5 1 1.44 144 2.76 0.1408
X2X2 1 0.29 0.29 0.56 0.4775
X2X4 1 0.010 0.010 0.020 0.8927
X2X5 1 1028 1028 19.70  0.0030
XaX4 1 37.80 37.80 7244  0.0001
X4X5 1 46.65 46.65 89.39  0.0001
X5X5 1 29.02 29.02 55.60 0.0001
Model 9 15274 1697 27.27 0.0001
One-timeitems 3 5.21 1.74 0.15 0.9284
Quadratic 3 19.76  6.56 0.50 0.6899
Interaction terms 3 3.99 1.33 15.34  0.0117
Error term 7 4.34 0.62 -- --
Loss of the

oroposed items 3 331 1534 00117 0.164
Pure error 4 0.35 0.087 - --
All items 16  156.40 - -- -

Analysisdiagram drawn by the regression equa-
tion, theInstitute of the corresponding shapeof the sur-

facefitting, response surfaceanaysischart and the cor-
responding three-dimens ona contour map, respectively,
showninFigure.1, Figure.2, Figure.3, Figure.4, Fig-
ure.5 and Figure.6. From the figures, and software
andysisshowsthat theexistence of astablepoint of the
regression equation, while stable point of great valueko

LS

B X4

A X2
Figurel : Y=f(X2,X4) Contour map

From Figures.1 and Figures.2 can beseen: thepic-
ture showsthe oval-shaped contour, indicating that X2
(crosdinking temperature (°c)) and X4 (pH of immobi-
lization) asignificant interaction between two factors;
and from the density of lines can be obtained: X2
(crosdinking temperature (°c))has moreeffect than X4
(pH of immoilization) on theva ueresponse.

From Figure.3 and Figure.4 can beseeninthecon-
tour map: contour map of itsnear-round, indi cating that
theinteraction between two factorswasnot significant;
and from the density of lines can bedrawn: X2 (cross-
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Figure2: Y=f(X2,X4)Three-dimensional response surface
analysischart

C X5

A X2
Figure3: Y=f(X2,X5)Contour map

linked temperature (°c)) has more effect than the X5
(enzymedilutionfactor) ontheresponsevaue.

Figures.5 and Figures.6 can be seen: the picture
showsthe oval-shaped contour, indicating that X4 (pH
of immobilization) and X5 (enzymedilution) asignifi-
cant interaction between two factors; and from the den-
sity of lines can bedrawn: X4 (crosslinking tempera
ture (°c)) hasmoreeffect than the X5 (enzymedilution
factor) ontheresponsevalue.

Experimental verification

Accordingtotheactua situation crossdinking tem-
perature (°c) (X2), pH of immobilization (X4), theen-

400 100
Figure4: Y=f(X2,X5)Three-dimensional response surface
analysischart
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Figure6: Y=f(X4,X5)Three-dimensional responsesurface
analysischart
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zymedilution factor (X5) set at theleve of cross-link-
ing temperature of 31 °c, pH of immobilizationis7.2,
the enzymedilution factor of 900times, respectively. In
the above verification experiment under optimal condi-
tions, atotal of 5 batches of experiments have been
ran, theaverageresultsfor theimmobilized enzymeac-
tivity 15.53 U/g, the difference between experimental
vaue(15.53 U/g) and themoded of thetheoretica vaue
(15.95 U/g) of theoretical value only 0.42 U/g, show-
ing that the model can better showsthe use of D380
resinimmobilized|accase conditions.

CONCLUSIONS

(DInatypica Plackett-Burman design of laccase
immobilization,Cross-linker concentration (X1),
crosdinking temperature (X2), cross-linkingtime (X3),
pH of immobilization (X4), theenzymedilution factor
(X5), ion concentration (X6), aimmobilized time (X7),
immobilized temperature (X8) and to the enzyme
(X9),those 9 factors associated with immobilized
screened crosslinking temperature (°c) (X2), pH of
immobilization (X4), theenzymedilutionfactor (X5) as
3 mainfactors. (2) Theuseof response surface meth-
odology to get optimized optimum conditions: the best
cross-linker concentration of 10%, the best time of
crosslinkingis2hours, cross-inking optimum tempera-
tureof 31 °c, thebest pH of immobilizationis7.2, the
best enzymedilution of 900, theamount of enzymebest
to 10 ml, thebest PEB ion concentration of 0.2mol /L,
thebest immobilized timeof 6 hours, the best immobi-
lized temperatureof 30 °c. (3) Validation test results
under theoptimized conditionsasfollows. averagere-
aultsfor theimmobilized enzymeactivity of 15.53 U/g,
thedifference between experimenta vaue (15.53 U/g)
and themode of thetheoreticd vaue(15.95 U/g) only
0.42 U/g of thetheoretical vaue, showsthat themodel
can better showsthe use of D380 resinimmobilized
laccase conditions.
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