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Abstract  
Phytase is an important enzyme for livestock especially for monogastric because this enzyme is able 

to hydrolyze phytic acid. The addition of phytase in ration has been known ncreased digestibility of 
phosphate, reduced soil pollution, and increased feed digestibility. In Indonesia, the avaibility of phytase 
is limited. The sources and technology to produce phytases is needed. Thus, various studies including 
bioinformatic study is important to fullfill the requirement of phytase in Indonesia. This study aimed to 
study phy gene encoding phytase from different microorganisme.. Data regarding a phy gene sequences 
encoding phytase from different microrganisms, amino acid sequences of phytase, 3D structure with 
active site and binding site of phytase, the phylogenetic tree of phy gene and phytase were evaluated. 
The results showed that coding sequence (CDS) size of the phy gene varies from 1104 to 1959 base pairs 
with the amino acid sequence size from 368 to 652 AA.  The active site of phytase from Aspergillus niger 
are the amino acid Histidine (His59) and Aspartic acid (Asp339) where this phytase is dominated by the 
alpha helix structure. While, phytase from Bacillus amyloliquefaciens  has 6 calcium binding sites, 
namely GLU15, PRO29, VAL73, ASP280, ILE 312, dan ASP313, where beta sheet and loop are very 
dominant in compiling this enzyme. Further study on bioinformatics, gene expressuon, enzyme activities 
and biological evaluation is needed to support the development of phytase production.  
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INTRODUCTION  
Phytase is an enzyme that capable of 

hydrolyzing phytate (myo-inositol 
hexaphosphate) into myo-inositol and 
inorganic phosphate [1]. Phytat is a 
phosphate compound that is dominantly 
stored in grains, especially cereals and 
legumes [2]. Phytate in cereals and legumes 
is one of the main compositions in 
monogastric animal feed as a source of 
phosphate [3]. However, these animal are not 
able to digest or utilize phosphate in the form 
of phytic acid [4,5]. This is due to the low 
activity of phytase in the digestive tract. 
Thus, it is necessary to add additional 
sources of phosphate in inorganic phophate 
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form to monogastric animal feed which 
becomes ineffective and uneconomical. 
Phytate is showing anti-nutritional effects 
whrereas they have an complex interaction 
with mineral such as iron, zinc, calcium and 
also with proteins [6,7]. In addition, the  
effect of undigested phytic acid causes 
environmental pollution, because phytic acid 
also cannot be decomposed in the soil [8].  

Phytase is produced by various 
microorganisms, both prokaryot and 
eukaryotic, such as bacteria, yeast and fungi 
[5]. Some of the phytase-producing fungi are 
Aspergillus, Myceliophthora, Mucor, 
Penicillium, Rhizopus and Trichoderma 
[9,10,11,12]. While, some phytase-
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producing bacteria are Lactobacillus, 
Bacillus, and Escherichia coli.  

Phytase is encoded by certain genes 
present in the genome of phytase-producing 
microorganisms. The gene encoding phytase 
is called the phy gene. PhyA and phyB ara 
usually genes from  Aspergillus, phyC gene 
derived from Bacillus, while AppA gene is 
derived from E.coli [13]. Based on gene data 
bank (The National Center for 
Biotechnology Information or NCBI), the 
size of the phy gene varies depending on the 
phytase source microbe. Like wise, the size 
of the length of the amino acid that compose 
phytase are varies [14]. 

According to Chelius and Wodzinski, 
phytase of the genus Aspergillus is the most 
widely used in industry and has high activity 
[15, 16]. Meanwhile, based on the results of 
several studies related to phytase from genus 
Bacillus, on average it has thermostable 
properties [17, 18, 19]. For that reason, in this 
bioinformatics study, the focus will be on 
phytase from Bacillus and Aspergillus. 
 
MATERIAL AND METHOD  
Phy Gene Analysis  

The phy gene sequences of the gene 
source microorganisms were collected from 
the gene data bak (NCBI). The source of 
microorganism for the gene ara fungi of the 
genus Aspergillus and bacteria of the genus 
Bacillus. The collected sequences are whole 
gene or coding sequences (CDS). Partial 
sequences are not selected. The results of 
the sequence collection were then aligned 
usingbioedit v.7 and analyzed the 
phylogenetic tree at the gene level.  

 
Protein Analysis 

The amino acid sequences that make up 
phytase from the same microorganisme as 
the gene source were collected in notepad 
file. The sequences were aligned using 
bioedit v.7 and their phylogenetic tree was 
analyzed at the amino-acid level. 

 
Bioinformatics analysis 

Bioinformatics study used data from 
Gene bank and Protein Data Bank (PDB). 
The data used from PDB is the 3D phytase 
structures of Aspergillus niger (ID: 3K4P), 

Aspergillus fumigatus (ID: 1QWO), 
Klebsiella sp. ASR1 (ID: 2WNI), 
Selonomonas ruminantium (ID: 1U24), 
Bacillus Sp. (ID: 1POO), Bacillus 
amyloliquefaciens (ID: 2POO) and E. Coli  
(ID: 7Z1J). The analysis uses a combination 
of bioedit v.7 and spdbv v.7. 

 
RESULTS AND DISCUSSIONS  
Gene phy Analysis 

There are 38273 data of phytase 
nucleotide in the NCBI. From all these data, 
there are those that show only in the form of 
partial sequences, whole gene or coding 
sequence (CDS) and some have known the 
whole genome of the microbial gen source. 
Microbial gene sources of genes in the data 
bank are very varied, ranging from plants, 
fungi and bacteria. 

There are 71 CDS and whole gene phy 
from Bacillus. This CDS means that the phy 
gene sequence can encode or express 
phytase in its entirely from the start codon 
to before stop codon. CDS differs from 
partial sequences in that when the protein or 
enzymes are expressed it is most likely 
inactive. The size of the phy gene sequences 
of Bacillus varies from 1146 to 1724 base 
pairs (bp). The species of this Bacillus is 
varies, namely B. Subtilis, B. Licheniformis, 
Bacillus sp, B. Cereus, B. Glycinifermentas, 
B. Amyloliquefaciens, B. Amilosiamensis, 
and B. Arthopaeus, (Table 1). 

There are 113 coding sequences (CDS) 
of the genus Aspergillus. The size of the phy 
gene from Aspergillus tend to be more varied 
and longer than those Bacillus. The sizes of 
phy gene from Aspergillus are 858, 1392,  
1395 (2), 1398 (3), 1401 (7), 1406 (6), 1440 
(3), 1455 (4), 1482, 1488, 1491 (5), 1494(4), 
1506 (4), 1512, 1515 (8), 1525, 1528, 1551, 
1553, 1554 (8), 1569 (5), 1570, 1584 (6), 
1590 (2), 1596 (8), 1611, 1638, 1770, 1812, 
1860, 1861, 1887, 1934, 1959 (5), 1962, 
1971, 2071, 2116, 2319, 2327, 2379, 2232, 
and 2665  amino acid. Species of Aspergillus 
as a a source of phy genes are A.flavus, 
A.niger, A.fischeri, A.fumigatus, 
A.japonicus, A.orizae, A.awamori, A.terreus, 
A.crisstatus, A.sclerotialis, A.eucalypticola, 
dan A.tubingensis. The phy gene sequence of 
Aspergillus tends to be longer due to the 
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addition of the signal peptide encodSing 
sequence in the up stream part of the gene. 
This signal peptide will carry phytase out of 

the cell to become active. So that phytase 
from Aspergillus is an enzyme that is 
secreted out of cells. 

 
Table 1 Microorganisms has CDS of phy gene 

No Microorganisms Total Gene Size (bp) 
1 Bacillus sp. 2 1200 dan 1724 base pare 
2 B. subtilis 18 1152, 1209, 1210, 1247, 1363 
3 B. licheniformis 18 1473 
4 B. cereus 4 1544 
5 B. amyloliquefaciens 11 1146 
6 B. Glycinifermentans 2 1152 
7 B. arthopaeus 5 1158 
8 B. inaquosorum 2 1149 
9 B. halotoleran 5 1149 
10 B. cabrialesii 2 1149 

Phylogenetik Analisis 
Based on the phylogenetic tree analysis, 

it can be seen that at the nucleotide sequence 
level of the phy gene from Bacillus, there are 
2 major groups. What’s interesting is that 
even though they are from the same species, 
they can be in different groups, which means 

the level of evolution is different. 
Meanwhile, the phylogenetic tree which is 
composed of amino amino sequences of 
phytase from Bacillus are consist of 1 small 
group and 1 large group. Where this small 
group only consists of four B. cereus.  

 

 

Fig. 1 Phylogenetic tree from Bacillus. (A) phy gene. (B) Phytase 



Animal & Food Sciences Journal Iasi, 2024 
 

 
- 137 - 

 Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creativecommons.org/licenses/by-nc-sa/4.0/) 

 
 

Fig. 2 Phylogenetic tree from Aspergillus 
 

A molecular phylogenetic tree 
composed of the nucleotide sequences of 
the phy gene from Aspergillus. There are 2 
medium groups and 1 large group. It can be 
seen that even though they are from the 
same species, their evolutionary level can 
be different, at the nucleotide level. 

Bioinformatics analysis 
The seven phytases with known                       

3-dimensional structure from  PDB  used as 
bencmark for data processing can be seen in 
table 2. Each 3 –dimensional structure can 
be seen in figure 1.

 
Table 2 Phytase from Protein Data Bank 

No Microorganims ID Size E.C number Active site Binding site 
1 A.niger 3K4P 444 AA 3.1.3.8 His59 and 

Asp339 
- 

2 A.fumigatus 1QWO 442 AA 3.1.3.8 NEP58 
(loop) 
&ASP377 
(brthasheet) 

- 

3 Klebsiella sp 
ASR1 

2WNI 418AA 3.1.3.8 His358(loop) - 

4 Selenomonas 
ruminantium 

1U24 337AA 3.1.3.72  - 

5 Bacillus sp. 1POO 355 3.1.3.3.1.3.8  GLU15, PRO29, 
VAL73, ASP280, 
ILE 312, 
ASP313. 

6 Bacillus 
amuloliquefaciens 

2POO 355 3.1.3.8   

7 E. coli 7Z1J 412 AA 3.1.3.26   
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From table 2 it can be seen that different 
microorganisms as source of phytase can 
produce the different size lengths of  amino 

acid (AA), different E.C number and 
different reaction when hydrolyzing phytic 
acid. 

 
 

Fig. 3  3D Structure of Phytase from different microorganism 
 

The phytase structure from A.niger, 
A.fumigatus, Klebsia sp ASR1, 
S.ruminantium and E. Coli was dominated 
by the alpha helix. Mean while, phytase from 

Bacillus sp and B. amyloliquefaciens was 
dominated by beta sheet structure. In A.niger, 
it is known that 2 amino acids play role in the 
active site, namely His59 and Asp339. 

 

     
(A)                                                                     (B)                                                         

Fig. 4 Active site of Phytase from A. niger (A) and Binding site of Phytase from Bacillus sp (B) 
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In Aspergillus only 2 amino acids are 
involved in the active site. While in Bacillus 
therea 6 amino acids involved in the binding 

site, namely GLU15, PRO29, VAL73, 
ASP280, ILE 312, ASP313.

 

 

 

 

 
 

Fig. 5 Alignment of 7 phytases from different microorganisms 
 

The alignment results showed that the 
level of similarity between the 7 phytases 
from different microorganisms wasvery 
low. However, the phytase of Bacillus sp. 
and Bacillus amylolyquefacient had 100% 
identical homology. Meanwhile, the level of 
similarity of A.niger with A.fumigatus was 
66%. In addition, the level of homology 
berween one another is not more than 11%. 
Bacillus with Aspergillus is 11%. Bacillus 
with Klebsiella is 6%. Aspergillus niger 
with Klebsiella is 9%. Klebsiella with S. 
Ruminatium is 8%. 
 
CONCLUSIONS  

There are 38273 nucleotide data that 
make up the phytase gene. These 
nucleotides are sourced from various 
organisms. There are 71 complete genes in 
the form of CDS sourced from  Bacillus and 
113 genes from Aspergillus. Bioinformatics 
studi from Aspergillus showed very diverse 
sequenses of gene and protein constituents. 
This diversity is due to the difference 
species of microbial gene sources. 
However, when analyzing the kinship 
through phylogenetic tree, it can be seen 
that even though they come from the same 
species, at the nucleotide level the phy 
genes can be in different group. Then, at the 

level of amino acids will produce different 
levels of kinship. The active site of phytase 
from Aspergillus are His59 and Asp339. 
While the binding site of phytase from 
Bacillus are GLU15, PRO29, VAL73, 
ASP80, ILE312, ASP13. 
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