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Screening for the important variables is part of the optimization study of enzyme
production. It is important indetermining the influential variables that give a significant
effect on the enzyme production. Thus, the objective of this study was to determine
variables that are effecting the recombinant phytase production from Escherichia coli
DH5*. Through the application of the Fractional Factorial Design, the variables of seed
age, inoculum level, time of induction, L-arabinose concentration and post-induction
time were highly significant for the recombinant phytase production as their p-values
were less than 0.05.Thus, minimal changes of this factor mat effect recombinant phytase

production from E. coli DH5=*.
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Phytase [myo-inosital (1, 2, 3, 4, 5, 6)
hexaphosphate phosphohydrolase] is able to
hydrolyze the phytate molecules in a sequential
and stepwise manner of plant-based foods such
as cereals and legumes, subsequently releasing
the bound phosphorus and other important
minerals such as calcium, magnesium and protein
that are attached to the phytate, hence improving
nutrient utilization of monogastric animalssuch as
fish, pigs, birdsand humans (Greiner and Konietzny,
2006; Lei and Porres, 2003). However, each strain
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of microorganism demands its own optimum
conditions in order to produce a high level of
enzyme production (Schumann and Ferreira, 2004).
Therefore, optimization of various parameters
involved during the fermentation processis needed
to achievethedesired goa (Riesand Macedo, 2011,
Zouariet al., 2010). Moreover, the type of strain
use, substrate, growth conditions and nutrients
may affect the production of phytase (Vats and
Banerjee, 2004). In addition, optimizationinvolves
a sequential step, where the screening for the
significant factors, referred to as a primary step,
prior to optimization in order to determine the
optimum levels of each significant factor (Li etal.,
2008; Kaur and Satyanarayana, 2005).

Screening for the significant factors might
be achieved by using statistical methods such as
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factorial design and Plackett-Burman design
(Chakraborty et al., 2009). Various studiesreported
that factors such as medium components used
during fermentation and cultivation conditions
have an effect on the phytase production. For
example, by using the statistical design, thefactors
of period of incubation, glucose, magnesium
sulfate, ammonium sulphate, peptone, Tween 80,
starch and sodium phytate appeared to be most
significant for phytase production by
Sporotrichum thermophile (Singh and
Satyanarayana, 2008a; Singh and Satyanarayana,
2008b; Singh and Satyanarayana, 2006).

Meanwhile, initial pH, oatsand ammonium
sulfate were significant in their effect on phytase
production by Kodamaeaohmeri BG3 (Li et al.,
2008), urea, cane molasses and inoculum density
were significant for phytase production in P.
anomala (Kaur and Satyanarayana, 2005), while
ammonium salts (NH,),SO,) and starch were
significant for phytase production by A. ficuum
NRRL 3135 (Bogaret al., 2003a). In addition to the
(NH,),SO,), casein and glucose were significant
factor for phytase production in Mucor racemosus
(Bogar et al., 2003b).

MATERIALS AND METHODS

Chemicals

Phytic acid as a dodecasodium salt was
purchased from Sigma Chemical Co. (St. Louis,
MO, USA). All other chemicalswere of analytical
grade.
Bacterial culture

An 80 percent (%) glycerol stock of
Escherichia coli DH5a that was previously
transformed with an ES-TOPO plasmid carrying
the phytase gene from Enterobacter sakazakii
ASUIA279 was provided by the Department of
Biotechnology Engineering, International Islamic
University Maaysia(llUM) and stored at -80 degree
celsius (°C). This E. coli DH5a. culture was used
as the expression host for phytase production (U/
ml). This intracellular phytase enzyme was
expressed by L-arabinose induction under the
regulation of thearaBAD promoter (PBAD).
Fermentation condition for recombinant phytase
production from Escherichia coli DH5a

Recombinant E. coli DH5a cells were
incubated for 24 hours (h) at 37 °C on LuriaBertani
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(LB) agar plate supplemented with 100 microgram/
milliliter (ug/ml) ampicillin, by using aMemmert
incubator (Schwabach, Germany). After 24 hours,
a single colony was inoculated into LB broth
supplemented with 100 pg/ml ampicillin in an
Erlenmeyer flask and was aerobically growninthe
incubator shaker (model SI-600, JEIO TECH, Seoul,
Korea) at 37 °C and agitated at 200 rotations per
minute (rpm) for 18 hours. Later, 10 % volume/
volume (v/v) of the culture was sub-cultured into
new LB broth, supplemented with 100 pg/ml
ampicillin, inan Erlenmeyer flask and grown also
at 37 °C and agitated speed of 200 rpm for the 3 to
11 h seed age preparation. About 2.5t0 7.5 % (v/v)
(equivalentto 3.2 x 108—1.7 x 10°Colony Forming
Unit (CFU/mI cells)] of this culture was used as
inoculum for 100 ml fermentation medium (Nuge,
2011), grown in a 500 ml Erlenmeyer flask
supplemented with 100 pg/ml ampicillin. Then,
whenthe cell concentration of the growing bacterial
culturereached ODsof 0.3, 0.5 and 0.7 equivalent
t03.8x 108- 1.0 x 10°CFU/m cells, after measuring
at 600 nanometer (nm) using spectronic GENESY S
20 visible spectrophotometer (Thermo Scientific,
Swedesboro, NJ08085 U.S.A.), theinduction was
done with different levels of L-arabinose
concentrations: 0.002, 1 and 2 %,. Finally, the
cultureswere harvested in between2.5and 17.5h
after induction.
Recombinant phytaseextraction from Escherichia
coli DH5a

The bacterial cells were harvested by
centrifugation at 13,751 G-Force (g) for 20 minutes
(min) at 4 °C using a Sigma 3-18K centrifuge
(Sartorius Stedim, Goéttingen, Germany). The
bacterial pellet was collected and dissolved in 100
millimolar (mM) sodium acetate buffer, pH 5, and
the cellsweredisrupted using a150 V/T ultrasonic
homogenizer (BiologicsInc., Manassas, Virginia,
USA) equipped with a stepped titanium microtip,
5/32" (3.9 mm) in diameter and 255.8 mminlength
(Model 150V T). The cells were disrupted for 30
seconds (sec) with 30 sec cooling periods by using
30 Watt acoustic power and a 50 % duty cycle at
20kilohertz (kHz)for 1 min. The sampleswerekept
in salt ice bath during the ultrasonication process
to prevent overheating, subsequently preventing
the proteinsfrom denaturing (Ho et al., 2006). Then,
the soni cated cellswere centrifuged at 12,581 g, 4
°C, for 30 minto removethecell debrisby usinga
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Sigma 3-18K centrifuge (Sartorius Stedim,
Gottingen, Germany). The supernatant was
analyzed for phytase activity (U/ml). The
appropriate processing volume for this probe
ranged from 300 pl to 15 milliliter (ml).

M easur ement of phytaseactivity (U/ml)

Phytase activity was determined using a
modified method as described by Meor Hussin et
al.(2010). The assay mixture consisted of 299
microliter (ul) of 100 MM sodium acetate buffer
(pH 5) and 100 pl of 3.6 MM sodium phytate. The
assay mixturewas pre-incubated at 50 °C for 5min
using ashaking water bath (PROTECH®, Selangor,
Malaysia). Furthermore, the enzymatic reaction was
started by adding 1 pl of diluted enzyme solution.
The assay mixture was further incubated at 50 °C
for 30 min. Then, theinorganic liberated phosphate
was measured according to an ammonium
molybdate method (Heinonen and Lahti, 1981) with
somemodifications. A 1.5 ml of afreshly prepared
stop solution consisting of acetone: 5N H,SO,: 10
mM ammonium molybdate (2:1:1 v/v), was added
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to the assay mixture before adding 100 pl of 1 molar
(M) citric acid. Any cloudiness was removed by
centrifugation prior to measure the absorbance at
355 nm. In order to cal culate the enzyme activity, a
calibration curve was produced over the range of
5-600 mmol phosphate (1 = 8.7 cm?nmol). Activity
(units) was expressed as 1 micromol (pmol)
inorganic phosphate liberated in 1 min under assay
conditions (Lee et al., 2007; Quan et al., 2002).
Stop sol ution was added to the assay mixture prior
to adding the enzyme for the blank run. The
reaction wasperformed intriplicate.

RESULTS AND DISCUSS ON

Experimental conditions

The matrix of fractional factorial design
used during the screening study isshownin Table
4.1. Thefivecentral points have been added to the
experimental design to determine the pure error
sum-of-square and to determine the repeatability
of the experiment and the experiment was randomly

Table 1. Fractional factorial design showing experimental and predicted phytase activity (U/ml)

Run Seed age Inoculum L-arabinose  Cell conc. Harvesting Phytase activity (U/ml)
Order (n), x; level conc. at time

(%, vIv), X, (%, wlv), X, 600nm, X, (h).x; Experimental  Predicted
1* 7(0) 5(0) 1.001(0) 0.5(0) 10(0) 2420.56 2518.10
2 11(+1) 2.5(-1) 0.002(0) 0.3(-1) 2.5(-1) 1276.67 1280.34
3* 7(0) 5(0) 1.001(0) 0.5(0) 10(0) 2456.31 2518.10
4 11(+1) 2.5(-1) 2(+1) 0.7(+1) 2.5(-1) 541.31 699.45
5 11(+1) 2.5(-1) 0.002(-1) 0.7(+1) 17.5(+1) 1613.71 1611.63
6 3(-1) 7.5(+1) 0.002(-1) 0.7(+1) 17.5(+1) 4945.81 4787.66
7 11(+1) 2.5(-1) 2(+1) 0.3(-1) 17.5(+1) 896.22 736.48
8 3(-1) 7.5(-1) 2(+1) 0.3(-1) 17.5(+1) 1240.92 1237.25
9 11(+1) 7.5(+1) 0.002(-1) 0.3(-1) 17.5(+1) 2188.21 2190.28
10 3(-1) 2.5(-1) 0.002(-1) 0.3(-1) 17.5(+1) 4230.87 4389.02
11 3(-1) 2.5(-1) 2(+1) 0.7(+1) 17.5(+1) 980.48 984.15
12 3(-1) 7.5(+1) 0.002(-1) 0.3(-1) 2.5(-1) 454.49 614.24
13 3(-1) 2.5(-1) 0.002(-1) 0.7(+1) 2.5(-1) 2688.66 2528.92
14* 7(0) 5(0) 1.001(0) 0.5(0) 10(0) 2576.31 2518.10
15 3(-1) 7.5(+1) 2(+1) 0.7(+1) 2.5(-1) 1608.60 1610.67
16 11(+1) 7.5(+1) 2(+1) 0.7(+1) 17.5(+1) 3431.68 3591.42
17 11(+1) 7.5(+1) 2(+1) 0.3(-1) 2.5(-1) 1399.23 1241.08
18 3(-1) 2.5(-1) 2(+1) 0.3(-1) 2.5(-1) 1251.13 1249.06
19* 7(0) 5(0) 1.001(0) 0.5(0) 10(0) 2277.57 2518.10
20* 7(0) 5(0) 1.001(0) 0.5(0) 10(0) 2859.73 2518.10
21 11(+1) 7.5(+1) 0.002(-1) 0.7(+1) 2.5(-1) 1971.17 1967.50

*Central points
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run. The variables and levels have been chosen
based on the study done by Pan et al. (2008) and
Sunithaet al. (2000) with modifications made.
Dataanalysis

Table 1shows the experimental and
predicted values of phytase activity (U/ml) for
fractional factorial design. The estimated effects,
estimated coefficient, T-value and the p-value of
the five variables are listed in Table 2. Based on
theresults, it showsthat variablesx, x, x, x,and x;
significantly contributed to the phytase production
astheir p-valueswerelessthan 0.05 whichisrelated
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tothe high effect values. In addition, Table 3 shows
the percentage of contribution (%) of each variable
and their interactionsfor phytase production. The
% was calculated as follows;

% of contribution: Absolute effect values of each variables or interaction x 100

Total effect values
Total effect values
Based on the results, variable x, and x,
contributed bigger effects on the phytase
production compared to the other variables. The
% of contribution was proportionally related to
the coefficient values. Regardless of the positive

Table 2. Estimated effects and coefficient for the phytase activity (U/ml)

Term Effect CoefficientStd. error coefficient t-value p-vaue
Constant 1919.9 59.27 32.39 0.000
X, -510.3 -255.2 59.27 -4.31 0.004*
X, 470.1 235.1 59.27 3.97 0.005*
X, -1002.5 -501.3 59.27 -8.46 0.000*
X, 605.5 302.7 59.27 511 0.001*
X, 1042.1 521.0 59.27 8.79 0.000*
XX, 695.5 347.7 59.27 5.87 0.001

XX, 807.2 403.6 59.27 6.81 0.000

XX -306.7 -153.4 59.27 -2.59 0.036

XX, 532.7 266.3 59.27 4.49 0.003

XX, 1063.1 531.6 59.27 8.97 0.000

XX 551.2 275.6 59.27 4.65 0.002

XX -604.8 -302.4 59.27 5.1 0.001

Ct Pt 598.2 121.47 4.92 0.002

*p-value<0.05

Table 3. Percentage of contribution (%) of the
significant terms for phytaseproduction

Variable Effect Percentage of
contribution (%)

X, -510.3 6.23

X, 470.1 574

X, -1002.5 12.24

X, 605.5 7.39

X 1042.1 12.72
XX, 695.5 8.49
XX, 807.2 9.85

X, Xs 306.7 3.74
XX, 532.7 6.50
XX, 1063.1 12.98
XX 551.2 6.73
XXs 604.8 7.38
Total 8191.7
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(+) or negative (-) sign, the highest coefficient
values referred to the most significant variables
(Table 2). Based on the % of contribution or
coefficient values, the order of those variables
starting from the highest contribution to the lowest
isasfollows;

XXX X >X,

The (+) and (-) signs of the coefficient
valuesrefer to the positive and negative effects of
the variables to the response. The positive and
negative effects specified the rel ationship between
the variables and the response. Variables x, and x,
showed (-) sign of their coefficient values which
indicatesthat these variables negatively affect the
phytase production. Meanwhile, the other three
variables, x,, x, and x.,showed (+) sign of their
coefficient valueswhich meansthat these variables
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Table 4. Analysis of variance (ANOVA) for the phytase activity (U/ml)

Source DF Sum of square  Mean square F-value p-vaue
Main Effects 5 11756002 2351200 41.83 0.000
2-Way interaction 7 13251752 1893107 33.68 0.000
Curvature 1 1362985 1362985 24.25 0.002
Residual Error 7 393472 56210
Lack of Fit 3 202185 67395 141 0.363*
Pure Error 4 191288 47822
Total 20
Coefficient of determination, R?= 0.985, R? (adjusted) = 0.958
DF = degree of freedom, *p>0.05

positively affect the phytase production. CONCLUSON

Inalinear model, the phytase production
is modeled as a function of significant main and
interaction terms (p<0.05). Meanwhile, the
goodness-of-fit of the specified linear model is
measured by a coefficient of determination, g2.
In the linear model of phytase production, a
relatively higher value of R? (0.958) was obtained
(Table 4). As it is mentioned in the Table 4, the
linear model of phytase production produced ap-
value of 0.363 for the lack-of-fit (LOF), whichis
higher than any reasonable significant level. Thus,
ahigh value of R? and the non-significant value of
lack of fit implied that the experimental datafitsto
the model equation and the model is significant.
The fractional factorial design is one of the
statistical methods that have been broadly usedin
screening study, aimed to select the significant
variablesfor the response. For example, fractional
factorial design has been applied to determine the
most significant variables involved in the
production of xylitol (Carlaand Roberto, 1999), in
the production of spore by Verticillium lecanii
(Shi et al., 2009) and in the production of
recombinant xynalasefrom E. coli DH5¢: (Farliahati
et al., 2010). Other than using fractional factorial
design, Plackett-Burman design was also used for
screening study (Pelinski et al., 2012; Nelofer et
al., 2011; Shi and Zhu, 2007). In this study, the
fractional factorial design was successfully used
for the determination of the significant variables
for phytase production. Then, the variables that
showed significant effect and contribution to the
phytase production were further optimized using
FCCCD.

The fractional factorial design was
successfully applied to identify the significant
variables that affecting recombinant phytase
production from E. coli DH5¢:.. Related to this, seed
age (h), inoculum level (%, w/v), L-arabinose
concentration (%, w/v), induction time (by
measuring cell concentration at 600 nm) wasfound
to be significant (p<0.05). Significantly, this
indicated that these variables play an important
roleduring cultivationsfor the recombinant phytase
productionin E. coli DH5a..
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