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ABSTRACT

Penicillin G acylase was immobilized onto superparamagnetite iron oxide nanoparticles employing response surface
methodology through central composite design. Polynomial quadratic model was selected as a model. The value of the
determination coefficient (R*) calculated from the quadratic regression model was 0.845, while the value of the adjusted
(R?) was 0.74. The regression analysis of the data showed that the quadratic model selected were appropriate thereby
enzyme concentration (A), reaction temperature (D), enzyme concentration” reaction temperature (AD), quadratics en-
zyme concentration (A%) and reaction temperature (D?) were found to be significant factors in immobilization process of

penicillin G acylase.
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1. Introduction

Penicillin G acylase is a biocatalyst produced by bacteria
as well as fungi in order to acylate/deacylate penicillin G
to its constituent 6-aminopenicilanic acid and phenyl ace-
tic acid or vice versa which is termed as hydrolysis (H)
and synthesis (S) respectively, (Figure 1). Due to hydro-
lytic and synthetic ability of penicillin G acylase and
importance of semi synthetic antibiotics, the enzyme has
profound uses in related industry.

Penicillin acylase in its soluble form is unstable, can-
not be separated from the reaction mixture easily which
will add to the production cost of the final product thus
such a commercially, industrially important biocatalyst
has been immobilized by different techniques employing
various supports by many investigators [1-7]. Each tech-
nique or method has its own limitation and disadvantages
where immobilization method can alter kinetic properties
of immobilized enzyme as compared to its soluble coun-
terpart. The changes can be brought about by the sup-
ports or the reagents employed. Investigators are trying
to employ technique and reagents which will improve the
kinetic properties of the enzyme under immobilization
process as compared to its soluble counterpart [7-11]. In
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this article, we have attempted to optimize the immobi-
lization process of penicillin G acylase onto super para
magnetite iron oxide nanoparticles by considering factors
such as, enzyme concentration, weight of nanoparticle,
concentration of polyethyleneimine, temperature and time
of reaction using surface response methodology. Re-
sponse surface methodology (RSM) is a collection of
statistical and mathematical techniques useful for deve-
loping, improving, and optimizing processes. The appli-
cations of RSM are in industry, biological & chemical
sciences, pharmaceutical, physical and engineering sci-
ences. Further the most extensive applications of RSM
are in the particular situations where several input vari-
ables potentially influence some performance measure or
quality characteristic of the process. In RSM, the main
effects and interactions between various factors, each at
different levels can be simultaneously studied [12].

2. Materials and Methods
2.1. Materials

Penicillin G acylase, 6-aminopenicilanic acid (6-APA),
polyethyleneimine, p-dimethylaminobenzaldehyde (p-
DMBA), were obtained from Sigma, USA. Benzyl peni-
cillin was procured from local market; other reagents
used were of analytical grade.
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Figure 1. Penicillin G acylase catalyzed reaction (S/H).

2.2. Penicillin G Acylase Activity

Penicillin acylase activity was determined as reported by
Norouzian et al. [5], measuring the amount of 6-amino-
penicilanic acid (6-APA) formed at 35°C = 1°C, em-
ploying 2% (w/v) benzyl penicillin prepared in 0.1 M
phosphate buffer pH 7.5. The formed 6-APA was esti-
mated with p-dimethylaminobenzaldehyde (p-DMBA).
One unit of enzyme activity was defined as the amount
of enzyme catalyzing the hydrolysis of pmol of penicillin
G in 1 min under the above assay condition.

2.3. Immobilization of Penicillin G Acylase

Penicillin G acylase was immobilized onto synthesized
superparamagnetite iron oxide nanoparticles. The factors
could influence the immobilization process were consid-
ered to be; enzyme concentration (A: U/ml/min) weight
of iron oxide nanoparticles (B: pg), concentration of po-
lyethyleneimine (C: %), reaction temperature (D: °C) and
reaction time (E: h). The immobilization process was
optimized by surface response methodology (SRM)
through central composite design (CCD) employing Ease
State program, version 6. Furthermore, central composite
design contains an imbedded factorial or fractional facto-
rial design with center point that is augmented with a
group of start points that allow estimation of the curva-
ture. The mathematical representation of RSM in this
study is poly nominal quadratic second order model. To-
tally 50 experiments were designed by providing the ac-
tual low and high values by considering five factors
which could influence the optimization process. The above
mentioned factors were used to construct the experi-
ment’s matrix (Tables 1 and 2).

2.4, Statistical Analysis

Data obtained through the experimental matrix are com-
puted for the determinations of regression coefficient of

Copyright © 2013 SciRes.

Table 1. The actual high and low values of the factors con-
sidered to immobilize penicillin G acylase.

Factors Actual high Actual low

value value
Enzyme concentration U/ml/min (A) 15 5
Weight of iron oxide nanoparticles pg (B) 500 100
Concentration of PEI (C) 0.1 0.5
Reaction temperature °C (D) 25 4
Reaction time (E) 1 5

the second order multiple regression model. The analysis
of regression and variance was performed by Design
Expert (Ease State Version 6.0).

K k j-1 K
Y =by + >4 X Y D XX + Y b’
i=1 =1 i=1
where Y is the predicted response variable, by, b;, b;; and
bjj are regression coefficient of the model, X;, X;j represent
the independent variables in the form of actual value.

3. Results and Discussion

Table 1 shows the actual value at high and low level.
Through Table 1 the experimental matrix was designed
employing 2 level factorial design. The response (Y) was
expressed in terms of units of enzyme adsorbed onto iron
oxide nanoparticles. The responses obtained revealed that
experiments no. 4, 12, 17 and 38 are yielded highest im-
mobilization rate. It is noticed that adsorption of the en-
zyme onto the support has taken place at 4°C and in ex-
periments 6 and 21, the amount of enzyme is at minimum
level, but the adsorption of the enzyme has taken place at
4°C with almost 50% adsorption equalizing to that of
high value of enzyme concentration showing enzyme
concentration and reaction temperature are important
factors in immobilization process of penicillin G acylase
(Table 3, Figures 2 and 3).
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Table 2. The experimental matrix designed by Ease State version 6, bearing the actual factors at high and low level where the
response is expressed in terms of unit/ml.

Experiment no. EnzyrrEeAf:(E;crﬁil)tratlon Support (B: ng) PEI cc()gc::izt)ratlon Temperature (D: °C) Re(a];tl}(l)(r)lutrl)m ¢ 2;5%721516)
1 5.00 500.00 0.1 4.00 1.00 0.9
2 —-1.89 300.00 0.3 14.50 3.00 0
3 10.00 300.00 0.3 14.50 3.00 4.2
4 15.00 500.00 0.1 4.00 5.00 8.8
5 15.00 100.00 0.5 4.00 1.00 7.7
6 15.00 500.00 0.5 25 1.0 3.5
7 15.00 100.00 0.1 25.00 5.00 3
8 5.00 500.00 0.1 25.00 1.00 22
9 15.00 500.00 0.1 4.00 1.00 7.8
10 10.00 300.00 0.3 14.50 -1.76 0
11 10.00 300.00 0.3 14.50 3.00 4.2
12 15.00 100.00 0.1 4.00 1.00 8.8
13 15.00 500.00 0.5 25.00 5.00 22
14 10.00 —175.68 0.3 14.50 3.00 0
15 15.00 100.00 0.5 25.00 1.00 2.8
16 5.00 100.00 0.1 4.00 1.00 2.7
17 15.00 100.00 0.5 4.00 5.00 9
18 10.00 300.00 0.3 14.50 3.00 42
19 5.00 500.00 0.1 25.00 5.00 1.5
20 10.00 300.00 0.3 14.50 3.00 42
21 5.00 500.00 0.1 4.00 5.00 3
22 10.00 300.00 0.3 14.50 3.00 4.2
23 5.00 100.00 0.1 4.00 5.00 3
24 10.00 300.00 -0.2 14.50 3.00 4.2
25 21.89 300.00 0.3 14.50 3.00 15
26 15.00 100.00 0.1 25.00 1.00 6
27 15.00 500.00 0.1 25.00 5.00 4
28 5.00 500.00 0.5 4.00 5.00 2.7
29 5.00 500.00 0.5 25.00 1.00 22
30 15.00 500.00 0.5 4.00 1.00 7
31 5.00 500.00 0.5 4.00 1.00 1.8
32 10.00 300.00 0.3 14.50 7.76 3.1
33 5.00 100.00 0.5 25.00 1.00 2.6
34 10.00 300.00 0.3 -10.47 3.00 0
35 10.00 300.00 0.3 14.50 3.00 4.2
36 5.00 100.00 0.5 4.00 5.00 3
37 5.00 100.00 0.5 4.00 1.00 2.6
38 15.00 500.00 0.5 4.00 5.00 8.8
39 15.00 100.00 0.5 25.00 5.00 6.8
40 10.00 300.00 0.3 14.50 3.00 4.2
41 10.00 775.68 0.3 14.50 3.00 38
42 15.00 500.00 0.1 25.00 1.00 6
43 15.00 100.00 0.1 4.00 5.00 6.9
44 10.0 300.00 0.3 14.5 3.00 4.2
45 5.00 100.00 0.1 25.00 1.00 1.8
46 10.00 300.00 0.3 39.47 3.00 0.9
47 5.00 100.00 0.5 25.00 5.00 1.8
48 5.00 500.00 0.5 25.00 5.00 1.6
49 5.00 100.00 0.1 25.00 5.00 1.2
50 10.00 300.00 0.8 14.50 3.00 4

Copyright © 2013 SciRes. AM
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Table 3. Regression analysis of variance for RSM (ANOVA).

Source Sum of squares df Mean square F value P value
A-enzyme 231.69 1 231.69 104.21 <0.0001
B-nanoparticle 0.26 1 0.26 0.12 0.7362
C-PEI 0.090 1 0.090 0.041 0.8418
D-temperature 25.39 1 25.39 11.42 0.0021
E-reaction time 1.58 1 1.58 0.71 0.4061
AB 3.125E-004 1 3.125E-004 1.406E-004 0.9906

AC 0.95 1 0.95 0.43 0.5195

AD 20.64 1 20.64 9.28 0.0049

AE 0.038 1 0.038 0.017 0.8971

BC 1.67 1 1.67 0.75 0.3939

BD 3.125E-004 1 3.125E-004 1.406E-004 0.9906

BE 0.070 1 0.070 0.032 0.8601

CD 0.26 1 0.26 0.12 0.7335

CE 3.45 1 3.45 1.55 0.2232

DE 3.71 1 3.71 1.67 0.2065

A? 26.85 1 26.85 12.08 0.0016

B’ 4.83 1 4.83 2.17 0.1513

c? 0.49 1 0.49 0.22 0.6416

D? 16.88 1 16.88 7.59 0.0100

E? 7.07 1 7.07 3.18 0.0850
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Figure 3. Interaction of enzyme and temperature.

Since response surface methodology is a statistical te-
chnique employed to optimize the processes where sev-
eral factors are involved. This methodology can be em-
ployed to optimize bioprocesses and the obtained model
can be validated in order to follow up the accuracy of the
model [13-16]. The statistical significance of regression
equation was checked by F-test, and the analysis of vari-
ance (ANOVA) for response surface quadratic polyno-
mial model done by software (Design-Expert) is shown
in Table 3. The P value of 0.0009 for response surface
quadratic model shows significance of the model thus it
was selected to study further. The value of the determi-
nation coefficient (R?) calculated from the quadratic re-
gression model was 0.845, while the value of the ad-
justed (R?) was 0.74 that almost indicates fairly high de-
gree of correlation between the observed and predicted
values. All these results suggested that the model, as
evidenced by the calculated F value (7.95) and low
probability value (P < 0.0001), was adequate for the pre-
diction of the immobilization of penicillin G acylase
within the variable range employed. The lack-of-fit test
measures failure of the model to represent the data in the
experimental domain at points which are not included in
the regression. As shown in Table 3, F value (2.93) of
lack-of-fit implied that it was not significant relative to
the pure error, which indicated the model equation was
adequate for predicting the yield of immobilization pro-
cess under any combination of values of the variables.
The P value was used as a tool to check the significance
of each coefficient, which in turn may indicate the pat-
tern of the interactions among the variables. The smaller
the P value, the more significant the corresponding coef-
ficient. The whole design consisted of 50 experimental

Copyright © 2013 SciRes.

points, which included 32 factorial points, 10 axial and 8§
central points. By employing multiple regression analysis
on the experimental data, the response Y for the yield i.e.
the amount of penicillin G acylase immobilized on to
super paramagnetic iron oxide nanoparticles can be ob-
tained by the following second-order polynomial equa-
tion.

Y =+4.32 +231*A+0.077*B—-0.046*C
—0.77*D +0.19*E -3.125E-003*A*B
—0.17*A*C-0.80*A*D-0.034*A*E
—0.23*B*C+3.125E —003*B*D
+0.047*B*E—-0.091*C*D+0.33*C*E
—0.34*D*E+0.70*A* - 0.29*B’
+0.094*C* —0.55*D* —0.36 *E’

As it can be observed from the Table 3 the P values
for factors like A, D, AD, A* and D” are < 0.0001, 0.001,
0.0049 and 0.0016 respectively showing the significance
of the factors involved in immobilization process of
penicillin G acylase.

The quadratic model was validated by performing the
immobilization process under optimal conditions and the
yield of penicillin acylase was comparable to that of cal-
culated by the model thereby the selected model was
appropirate.In this way penicillin G acylase (industrially
and commercially important biocatalyst) could be im-
mobilized through optimization by surface response
methodology
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