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ABSTRAK

Enzim fitase melepas molekul fosfor pada atom C dari benzena Inositol fitat. Tetapi fitase
memiliki kelemahan tidak mampu bertahan terhadap kondisi ekstrim dalam lambung
nonruminansia. Solusi dalam penelitian ini yaitu fitase dienkapsulasi menggunakan alginat.
Penelitian ini bertujuan mengkarakterisasi fitase setelah dienkapsulasi menggunakan
alginate. Hasil penelitian ini yaitu fitase yang dienkapsulasi memiliki aktivitas tertinggi pada pH
6,0, sedangkan fitase tanpa enkapsulasi pada pH 5,0. Suhu optimum untuk aktivitas tertinggi
fitase yang dienkapsulasi yaitu 70°C, sedangkan fitase tanpa enkapsulasi 37°C. Untuk
perlakuan penambahan ion logam, aktivitas tertinggi fitase yang dienkapsulasi terjadi dengan
penambahan 0,1 mM Fe?* dan 1,0 mM Ca?*, sedangkan fitase tanpa enkapsulasi dengan
penambahan 0,1 mM Fe?*. Berdasarkan hasil penelitian ini, fitase yang dienkapsulasi memiliki
keunggulan lebih banyak dibandingkan dengan fitase tanpa enkapsulasi, karena mampu
bertahan pada pH dan suhu tinggi, dan beberapa efek ion logam.

Kata Kunci: alginat, asam fitat, enkapsulasi, fitase, fitase rekombinan

ABSTRACT

Phytase enzymes release phosphorus molecules on the C atom from benzene inositol phytate.
But phytase has the disadvantage of being unable to withstand extreme conditions in the non-
ruminant stomach. The solution in this research was phytase encapsulated using alginate.
This study aims to characterize phytase after being encapsulated using alginate. The results
of this study were the encapsulated phytase had the highest activity at pH 6.0, while the
unencapsulated phytase at pH 5.0. The optimum temperature for the highest activity of the
encapsulated phytase was 70°C, while the unencapsulated phytase 37°C. For treatment of
metal ion addition, the highest activity of the encapsulated phytase occurred with the addition
of 0.1 mM Fe?* and 1.0 mM Ca?*, while the unencapsulated phytase with the addition of 0.1
mM Fe?*. Based on the results of this study, the encapsulated phytase had more advantages
compared to the unencapsulated phytase, as the former withstand high pH and temperature,
and some metal ion effects.
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INTRODUCTION

Phytate (myo-inositol 1, 2, 3, 4, 5, 6-
hexakisphosphate, IP6) is an abundant
plant constituent (Gerke 2015; Cowieson et
al. 2017, Savita et al. 2017) which
comprises of 1-5% of the total weight of
nuts, cereals, oilseeds, pollen, and other
legumes. Phytate is the main storage form
of inositol and phosphorus (P) in the plant
seed (Naves et al. 2012; Chen et al. 2015).
Plant seeds contain usually 65-80% (Gull et
al. 2013; Kaur et al. 2017; Shah and Desai
2017; Neira-Vielma et al. 2018) and
sometimes up to 90% (McKie and McCleary
2016) of total phosphorus form of phytate.
This organically bound phosphorus is
unavailable for simple stomach animals
because they lack significant phytase
activity in their gastrointestinal tract (McKie
and McCleary 2016; Megazyme 2017).
Besides, phytate tends to reduce the
bioavailability of multivalent cations such as
Ca?*, Zn?*, Mg?*, Mn?*, Fe?*, Fe®", as well as
amino acids (Sajidan et al. 2015). To
provide the animals with sufficient
phosphorus, their feeds are generally
supplemented with inorganic phosphate.
However, this tends to increase phosphate
content in animal wastes (Mupondi et al.
2018) leading to water pollution (Godoi et al.
2017). This has become a great concern
especially in areas of intensive livestock
management, and thus supplementation of
animal feed with phytase enzyme was
identified as a proper solution.

Feed supplementation with phytase
(McKie and McCleary 2016) was shown to
result in significantly increased P
digestibility in monogastric animals and
hence generally tended to increase P
retention by 40% (Fei et al. 2013; Mogal et
al. 2017). The effect of phytase on the
bioavailability of P has also been evaluated
in some fish species either by pretreatment
of feed with phytases or direct addition of
phytase to fish feed.

Phytase can be grouped according to
the C-atom on the inositol ring where
phytate dephosphorylation is initiated. 3-
phytase (EC 3.1.3.8), mainly identified in
microorganisms, starts phytate
dephosphorylation at position D3; 6-
phytase (EC 3.1.8.26), mainly present in
plants, at position D6 or L6; and 5-phytase
(EC 3.1.3.72), identified in legumes and a
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rumen bacteria Selenomonas at position
D5 (Suleimanova et al. 2015).

Based on the active site, phytase can
be classified as cysteine phytases or protein
tyrosine phytases (Ma et al. 2012; Irshad et
al. 2017), histidine acid phytases (Ali et al.
2017), purple acid phytases, or beta-
propeller phytases (Sajidan et al. 2004;
Chen et al. 2015). So far only histidine acid
phytases have found application as feed
supplements.

A major challenge in the industrial
application of phytase was identified to be
its intrinsic stability. As a protein, phytase
easily denatures and thus various process
conditions such as temperature or pH can
result in a decrease or complete loss in
enzymatic activity (Homaei et al. 2013).
Therefore different approaches to stabilize
phytase enzymes have been applied.

One of these approaches s
encapsulation. Encapsulation was shown
to be capable of stabilizing enzymes
without  changing their  character.
Encapsulated enzymes were shown to
work efficiently and the material used for
encapsulation must be non-toxic. Thus, no
negative effect on humans, animals, and
the environment is expected. Compared to
the free enzymes in solution, encapsulated
enzymes were reported to be less prone to
changes such as pH or temperature in the
environment (Tsai and Meyer 2014; Zdarta
et al. 2017). Furthermore, the
heterogeneous encapsulated enzyme
system enables easy recovery of enzymes
and reaction products (Fernandez-
Lafuente 2017), the reuse of the
encapsulated enzymes, continuous
enzymatic process operations, and rapid
cessation of the enzymatic reaction
(Homaei et al. 2013; Zdarta et al. 2017).

Alginate has been reported to be a
suitable material for enzyme encapsulation
(Ali et al. 2017). It is safe to use and can be
obtained at a fairly affordable cost. In
addition, substrates and reaction products
trapped in the alginate matrix can spread
easily (Tsai and Meyer 2014; Ali et al.
2017). This study aims to characterize
recombinant phytase (phyK) from Klebsiella
sp. ASR1 after encapsulated using alginate,
to see the differences in activity
characteristics through the effects of pH,
temperature, and metal ions.



MATERIALS AND METHODS

Location and time of research

This research was conducted from May
2017 to March 2018, in the 4 Biology
Laboratory, Faculty of Mathematics and
Natural Sciences, and the central Chemistry
Laboratory, Sebelas Maret University,
Surakarta, Central Java.

Materials

The materials used in this study were
alginate, phytate (Sigma), tryptone (Fluka
BioChemika), yeast extract (Oxoid), sodium
chloride (Merk), agar (Pronadia), ampicillin
(Kalbe Farma) IPTG (Promega), potassium
dihydrogen phosphate (Phyedu media),
acetic acid (Phyedu media), ammonium
molybdate, = ammonium  metavanadate
(Sigma Aldrich), imidazole (Sigma Aldrich)
and Ni-NTA agarose (Qiagen).

Strains, production, and purification
Escherichia  coli BL21 (DE3)
transformed by Nuhriawangsa et al. (2008)
with pET22b (+)-Plasmid-Vector product
(Novagen 69744-3) harbouring the PhyK
gene from Klebsiella sp. ASR1 (Sajidan et al.
2004) was wused in the study. The
recombinant E. coli BL21 (DE3) phyK was
then rejuvenated in LB (consisting of 1 g
NaCl, 2 g tryptone, 1 g yeast extract, and 2 g
agar; all dissolved in 100 mL distilled water +
ampicillin) solid medium supplemented with
100 pg mL™ ampicillin. The recombinant
phytase enzyme was produced in LB liquid
medium (consisting of 1 g NaCl, 2 g tryptone,
and 1 g yeast extract; all dissolved in 100 mL
distiled water 100 mL + 100 pg mL™
ampicillin  and 1.5 mM IPTG), also
supplemented with ampicillin. The culture
was incubated in a shaking incubator at 100
rpm at room temperature for 6 hours (1.5 mM
IPTG was added at 2 hours after the culture
was stored in the shaking incubator).
Thereafter, the bacterial cells were collected
by centrifugation at 3,500g for 5 minutes.
The supernatant obtained was used as a
source of crude extracellular phytase, which
was then purified using Ni-NTA agarose as
described by Sajidan et al. (2004, 2015). The
supernatant was added to the
chromatographic column containing Ni-NTA
agarose along with a pH 5.0 buffer and a 200
mM imidazole solution. The enzyme that
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dripped out of the affinity column was
collected into an ice-cold container.

Standard phytase assay

Standard phytase activity assay was
performed as described by Sajidan (2002).
The reaction mixture consisted of 150 pL
enzyme solution and 750 pL substrate
solution (0.4% Na-phytate in 0.82% Na
acetate buffer, pH 5). The reaction mixture
was incubated at 37°C for 1 hour. The
enzymatic reactions were stopped by addition
of 2400 pL stop solution containing
ammonium molybdate solution (2.352 ¢
ammonium molybdate, 2 mL HNO3;, 100 mL
distilled water) HNOs; water : 10%
ammonium metavanadate solution in the ratio
15 :1: 2 : 15 (viv). Absorbance was
measured using a UV-VIS spectrophotometer
at 415 nm and a calibration curve was
prepared using a 0,03834 mg mLt KH,PO4
standard solution series (0.025, 0.05, 0.075,
1, 2, 3, and 4 mL) (Widowati et al. 2001,
Wulandari 2011). The standard solutions
were each added with 6,25 mL of the
molybdate-vanadate solution, incubated for
10 minutes, and diluted up to 25 mL before
being measured spectrophotometrically at A
415 nm. The absorbance data obtained were
then converted into enzyme activity unit using
the formula below:

Activity of phytase (U/mL) =

[(ODx x OD) x 1000 X Df]
T X molecular weight of phytase

where

ODx = Absorbance assay samples
oD = Control absorbance

1000 = Factor to convert

Df = Dilution factor

T = Incubation time

Molecular weight of phytase = 47.3 kDa

Encapsulation of phytase

Alginate was dissolved in 9.26 mL
phosphate buffer pH 5.0 by heating to 100°C.
After cooling down to 45°C, 2 mL of the
purified enzyme solution was added. The
phytase alginate mix was put into an ice bath.
After hardening, the alginate containing the
trapped phytase enzyme was cut into 0.75
mm pieces as described by Oktavia et al.
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Tabel 1. Phytase preparation and activity

No Preparation Activity (U mL™)

1 Crude phytase 0,090
2 Ni-NTA-purified phytase 0,150
3 Encapsulated phytase 0,2856

Note: Molecular weight of phytase is 47,3 kD (Sajidan
et al. 2004)

(2013) and Saxena et al. (2017). Exactly 200
mg of the alginate pieces were washed with
double distilled water. Enzyme activity was
determined using the standard phytase assay
and the remaining alginate pieces were
stored at 4°C until further use (Saxena et al.
2017).

pH, temperature, and metal ions

For pH optimum determination, phytase
activity assay was performed using the
following buffers: pH 3.0: 0.1 M citric acid-
sodium citrate, pH 4.0-5.0: 0.2 M sodium
acetate-acetic acid, pH 5.0-8.0: 0.2 M sodium
phosphate, and pH 9.0: 0.1 M glycine-NaOH
at 37°C. The temperature profile was

determined using the standard phytase assay
at 37, 40, 50, 60, 70, 80, and 90°C. The effect
of metal ions on phytase activity was
determined using the standard phytase assay
in the presence of 0.1 M and 1.0 M Ca?,
Mg?*, Fe?*, and Zn?*.

RESULTS AND DISCUSSION

Culture, encapsulation, and phytase assay
Figure 1A shows a white round shape
with a slick surface of the recombinant E. coli
containing PhyK gene, while the liquid medium
with high turbidity indicates bacterial growth.
The activity of crude (supernatant) enzyme was
determined and found to be 0,090 U mL™, and
the activity after purification using Ni-NTA 0.150
U mL? (Figure 1B and Table 1). The
encapsulated phytase is as shown in Figure 1C
and its activity was 0.2856 U mL™ (Table 1),
which was higher than the activity of
unencapsulated phytase (Figure 2).

Effect of pH on the phytase activity

The results of the phytase assay in this
study showed similarities with that of Niu et al.
(2017). In this study the activity of

Figure 1. Bacterial culture of E. coli containing phyK gene on Lauria Bertani solid medium added with ampicillin (A)
and in Lauria Bertani liquid medium supplemented with ampicillin and phytate (B); alginate-encapsulated
phytase (C); solution mixture containing unencapsulated phytase (D) and alginate-encapsulated phytase
(E), respectively, with phytate (1) and without phytate as control (2)
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unencapsulated phytase was observed to
have the highest activity at pH 5.0. Their
activity was also observed to decrease
significantly at pH 6.0, 7.0, 8.0 and 9.0. The
alginate-encapsulated phytase exhibited the
highest activity at pH 6.0 (Figure 2). The
difference in the activity was due to
encapsulation of recombinant phytase
enzyme using alginate. It was also caused by
the fact that the E. coli used in the cloning of
the phyK gene from Klebsiella sp. ASR1,

0.35 1
0.30 4
0.25 -

0.20 -

0.15 1

Phytase activity (U mL™1)

0.10 1

0.05 -
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which was from Indonesia rice soil study by
Sajidan et al. (2004), in which the phytase had
a single optimum pH of 5.0. The phytase
activity decreased at pH above 7.0.

Some studies suggest that
immobilization or encapsulation techniques
tend to alter the characteristics of enzymes
or cells in terms of optimum pH (Cardoso et
al. 2019, Reis et al. 2019). In this study, the
encapsulation of phytase enzymes using
alginate showed the highest activity at pH

—&—Unencapsulated phytase

—i—Alginate-encapsulated phytase

3.0 4.0 5.0

Figure 2. Activity of phytase at different pHs
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0.15 1

Phytase activity (U mL™1)

0.10 A1

0.05 A1

6.0 7.0 8.0 9.0

pH

—e—Unencapsulated phytase

——Alginate-encapsulated phytase

37°C 50°C 60 °C

70°C 80°C 90 °C

Temperature

Figure 3. Activity of phytase at different temperatures
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6.0. This is because the release of the
enzyme from the alginate nucleus
corresponds to a low pH/acid pH solution
(Kyziot et al. 2017). In addition to that, Zhang
et al. (2016) described that alginate-derived
proteins tend to be efficient against low pH
3.0, 5.0 and 7.0. This attribute is caused by
the presence of strong electrostatic attraction
between cationic proteins and anionic
alginate molecules consequently the protein
molecules in alginate become stronger and
more resistant. Then as the pH increases its
activity decreases and this is again linked to
the weakening of electrostatic forces
between the molecules of the dehydrated
proteins and alginate at an increasing pH.
Saxena et al. (2017) also explained that the
activity of alginate-encapsulated enzymes

0.35 -
0.30 -

0.25 A

—H
—H

0.20 -

0.15 -

0.10 A1

Phytase activity (U mL-1)

0.05 -

0 -

B Unencapsulated phytase

O Alginate-encapsulated phytase

will increase as the concentration of alginate
increases to 3%.

Effect of temperature

Temperature may affect the activity and
stability of encapsulated enzymes. Results
from this study showed that the highest activity
of the unencapsulated phytase occurred at
37°C, but in general the activity decreased as
the temperature was increased. The
unencapsulated phytase activity was observed
to decrease significantly as the temperature
was increased from 60°C to 90°C. On the other
hand, the alginate-encapsulated phytase in
general showed increasing activity from 37°C
to 70°C, but decreased significantly at 80—
90°C (Figure 3). Sajidan et al. (2004) reported
unencapsulated phytase with an optimal

—H

=

Ca%* Mg?*

0.351

0.30 1

0.25 1

0.20 1

0.15 1

0.10 1

Phytase activity (U mL-1)

0.05 1

|

OAlginate-encapsulated phytase I

Fe2* Zn?* No metal ion added

Metal ion (0.1 mM)

B Unencapsulated phytase

Ca2+ M92+

Fe2* Zn%* No metal ion added

Metal ion (1.0 mM)

Figure 4. Activity of phytase in the presence of metal ions at two different concentrations
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activity at the temperature of 45°C. The activity
tended to decrease at temperature above
50°C, and at 45-50°C for phytase from
Klebsiella pneumonia.

Other researchers reported the activity
of the original E. coli phytase which was
higher at the temperature between 55° and
60°C (Naves et al. 2012). This activity
difference with encapsulated phytase is likely
to be caused by encapsulations which
enhance the phytase enzyme to withstand
extreme temperatures.

Generally, high temperature increases
the activity rate of encapsulated phytase.
This is because, at high temperatures,
molecules move faster, so enzymes tend to
come into contact with the substrate very
quickly (Rezakhani et al. 2014). Free
glycosidase enzyme is a good example
(Keerti et al. 2014). The author reported the
enzyme’s optimal temperature to be 60°C.
However, after encapsulation using alginate,
the optimal temperature increased up to
80°C. This is because secondary and
hydrophobic interactions of immobilized or
encapsulated enzymes may interfere with
conformational flexibility requiring higher
temperatures for enzyme molecules to
recognize and achieve  appropriate
conformations for their reactivity to remain
(Rezakhani et al. 2014).

Effect of metal ions

In this study, the presence of the metal
ions added decreased the activity of both
encapsulated and unencapsulated phytases.
The activity of alginate-encapsulated phytase
was lower in the presence of the metal ions
than that without metal ions addition,
regardless of the metal ions and the
concentration added, and so was the
unencapsulated enzyme. But in all of the
treatment, the activity of the encapsulated
phytase was still far above that of its
unencapsulated counterpart (Figure 4). For
the treatment of metal ion addition, the
highest activity of the encapsulated phytase
occurred with the addition of 0.1 mM Fe?* and
1.0 mM Ca?, while the unencapsulated
phytase with the addition of 0.1 mM Fe?*.

Enzymes have  properties and
characteristics that are regulated by ions or
molecules. The specific properties of some of
these ions can be activators and inhibitors.
Suleimanova et al. (2015) described that ions
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such as Ca?", Mg?", and Mn?" can increase
enzymatic activity more than 2-fold. This
mechanism occurs because cofactors in the
form of metal ions (auxiliary molecules) can
change the shape of the active side of the
enzyme and act as a stabilizer. Study by Yao
et al. (2014) on different microbial phytases
suggested that unencapsulated phytase from
E. coli phy (ycE) had an activity which was
more stable in the presence of Ca?" while
study by Wang et al. (2015) described that the
activity of E. coli DH5a phytase was not
affected by the significant decrease of Fe?
ions.

CONCLUSION

Encapsulation using alginate of the
recombinant phytase (phyK) from Klebsiella sp.
ASR1 resulted in the enzyme highest activity at
low pH. The enzyme maintained its activity at
higher temperature. Besides, the effect of metal
ions also shows higher activity. The results
showed that the characterization of alginate-
encapsulated enzyme based on the variation of
pH, temperature and metal ions tended to
increase the enzyme activity compared to the
unencapsulated one. The use of alginate for
phytase encapsulation was quite effective and
the results obtained were very promising to be
further developed and applied.
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