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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment
of the requirement for the Degree of Master of Science

EXPRESSION OF PHYTASE FROM Mitsuokella jalaludinii IN
HETEROLOGOUS HOSTS, AND CHARACTERIZATION OF EXPRESSED
PROTEIN FROM Escherichia coli

By

TAN WAN QIN

December 2013

Chairman: Assoc. Prof. Sieo Chin Chin, PhD
Faculty: Institute of Bioscience

Phytase is an enzyme which catalyzes the hydrolysis of phytate to release lower
inositol phosphate and usable form of inorganic phosphate. It plays an important role
in the breakdown of phytate present in the plant-based animal feed, especially
poultry, fish, and swine which lack of natural phytase in their digestive systems to
improve the bioavailability of phytate-phosphorus, nutritionally important minerals,
and growth performance. In our laboratory, a strict anaerobic phytase-producing
rumen bacterium, Mitsuokella jalaludinii was isolated and a comparative study on
the freeze-dried active M. jalaludinii culture (FD-AMJC) and commercial
Natuphos® phytase (phytase-N) revealed that the overall effect of feed conversion
rate, phosphorus and calcium retention, dry matter digestibility and phosphorus
excretion in the FD-AMJC was better than phytase-N. However, due to the strict
anaerobic growth mode of M. jalaludinii, the mass production of the viable culture as
feed supplement is restricted. In the present study, the 1.05 kb phytase gene which
was previously cloned in pCR2.1TOPO plasmid was amplified by Polymearse Chain
Reaction (PCR) and subcloned into Pichia pastoris expression vectors (pGAPZoC
and pPIC6aA) and Escherichia coli expression vector (pET32a). The amplified gene
sequence showed 99% similarity with native phytase gene. The pGAPphy and
pPICphy were transformed into Pichia pastoris X-33 for extracellular expression,
while the pPETphy was transformed into E. coli Rosetta-gami for intracellular
expression of recombinant phytase. Expression was only observed in E. coli Rosetta-
gami transformants but not P. pastoris transformants. Thus, only the recombinant
phytase from E. coli Rosetta-gami was used for subsequent characterization. Based
on the SDS-PAGE analysis, the size of the purified recombinant phytase expressed
by E. coli Rosetta-gami was estimated to be 55 kDa by SDS-PAGE analysis. The
purification by His-Trap one step purification column produced 1.8-fold higher yield
than the unpurified fraction with the enzyme activity of 303 U/mg. The recombinant
phytase exhibited its highest enzyme activity at 55 °C and pH 4.5. The enzyme was



stable at a broad pH range from 3.5 to 5.5 with more than 78% relative activity
retained after 1 h exposure. The recombinant phytase was slightly inhibited by
copper (5.9%) and EDTA (15.8%) and was greatly inhibited by ferum (76.6%) and
zinc (78.5%) at 1.0 mM concentration. Nevertheless, calcium, potassium, and
magnesium were found to enhance phytase activity with increment of activity to
148.8%, 118.3%, and 103.4%, respectively, at 1.0 mM concentration. Besides, the
enzyme activity was found to be reduced when 0.05 to 10.0 mM phosphate was
present in the reaction mixture. The digestive enzyme sensitivity analyses had
revealed that the recombinant phytase was susceptible to pepsin proteolysis with only
retention of 23.7% relative activity, but less affected to trypsin degradation with
retention of 78.8% relative activity after pre-treatment of recombinant phytase with
respective digestive enzymes at 37 °C for 1 h. The present findings showed that
phytase from Mitsuokella jalaludinii can be expressed from Escherichia coli Rosetta-
gami under IPTG induction and possesses moderate temperature profile, good pH
tolerance, and pepsin stability, which indicates that with further study, the
recombinant phytase can be a potential candidate as feed enzyme.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Master Sains

PENGEKPRESAN FITASE DARIPADA Mitsuokella jalaludinii DALAM HOS
HETEROLOGUS DAN PENCIRIAN PROTEIN DARIPADA Escherichia coli

Oleh
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Fitase merupakan enzim yang terlibat dalam reaksi hidrolisis untuk menghasilkan
inositol fosfat dan inorganik fosfat. Fitase memainkan peranan penting untuk
memecahkan fitat yang biasanya berada dalam makanan haiwan monogastrik. Fitase
biasanya ditambah ke dalam makanan ayam, ikan, dan babi yang kekurangan enzim
ini dalam sistem penghadamanya untuk menigkatkan sumber fosforus semulajadi,
mineral penting dan prestasi pertumbuhan haiwan. Di makmal kami, sejenis bakteria
rumen anaerobik, Mitsuokella jalaludinii, yang dapat menghasilkan enzim fitase
telah dipencilkan dalam kajian lepas. Perbandingan prestasi antara M. jalaludinii
selepas pembekuan kering dengan komersial Natuphos® fitase menunjukkan prestasi
M. jalaludinii aktif lebih baik dalam aspek peningkatan tenaga metabolisma,
penyerapan zink, kuprum, dan protein. Namun, disebabkan ciri-ciri M. jalaludinii
yang memerlukan keadaan anaerobik untuk pertumbuhan, penghasilan bakteria ini
secara skala industri sangat terhad. Sehubungan itu, gen fitase daripada M. jalaludinii
dipencil dan digunakan untuk menghasilkan fitase dalam hos rekombinan. Dalam
kajian tersebut, amplifikasi gen fitase bersais 1.05 kb yang dipencil dan dikekalkan
dalam plasmid pCR2.1-TOPO telah dijalankan dengan Reaksi Berantai Polimerase
(PCR). Produk PCR diklon dalam vektor ekspresi, pGAPZaC , pPIC6aA, dan
pET32a untuk menghasilkan enzim rekombinan dan keputusan penjujukan DNA
menunjukkan gen fitase yang diklon mempunyai 99% persamaan dengan fitase gen
asli daripada M. jalaludinii. Plasmid rekombinan pGAPphy dan pPICphy
ditransformasi ke dalam P. pastoris X-33 untuk pengekspresan fitase secara ekstrasel.
Sementara itu, pPETphy ditransformasi ke dalam E. coli Rosetta-gami untuk
pengekspresan intrasel. Penghasilan fitase rekombinan hanya dikesan daripada klon
E.coli Rosetta-gami dan bukan daripada Pichia pastoris. Sehubungan itu, hanya
fitase rekombinan yang diekspres dalam sistem E. coli Rosetta-gami digunakan
untuk pencirian. Fitase rekombinan yang dihasilkan oleh E. coli Rosetta-gami
didapati bersaiz 55 kDa melalui analisis SDS-PAGE. Penulenan fitase rekombinan
melalui His-Trap column meningkatkan produk sebanyak 1.8 kali ganda dengan



aktiviti enzim 303 U/mg. Aktiviti enzim didapati paling tinggi pada suhu 55 °C dan
pH 4.5. Fitase rekombinan tersebut didapati stabil pada pH 3.5 hingga 5.5 dengan
pengekalan aktiviti relatif melebihi 78%. Kuprum, EDTA, ferum, dan zink masing-
masing didapati megurangkan enzim aktiviti sebanyak 5.9%, 15.8%, 76.6% dan 78.5%
pada kepekatan 1.0 mM. Namun begitu, kalsium, kalium, dan magnesium didapati
berkesan untuk meningkatkan aktiviti fitase sebanyak 148.8%, 118.3%, dan 103.4%.
Enzim aktiviti fitase rekombinan didapati turun apabila 0.05 hingga 10.0 mM fosfat
ditambah dan hanya 78.8% dan 23.7% aktiviti relatif kekal apabila fitase rekombinan
dihadam dengan tripsin dan pepsin selama 1 jam pada suhu 37 °C. Permerhatian
yang didapati dalam kajian ini menunjukkan enzim fitase daripada Mitsuokella
jalaludinii dapat diekspres oleh Escherichia coli Rosetts-gami bawah induksi IPTG
dan mempunyai profil suhu sederhana, toleransi baik terhadap pH dan pepsin. Ini
menunjukkan dengan kajian lanjut, enzim fitase rekombinan mempunyai potensi
sebagai calon enzim makanan haiwan.



ACKNOWLEDGEMENTS

I would like to express my gratitude to my main supervisor, Associate Professor Dr.
Sieo Chin Chin who gives precious advices, suggestions, and assistance throughout
my whole research study and thesis writing. Her constant encouragement and
inspiration have supported me to complete the research till the end. I am very
grateful to be given much opportunity to explore new knowledge during conferences
in other univerisities. Furthermore, 1 would like to thank the members of supervisory
committee, Professor Dr. Ho Yin Wan and Associate Professor Dr. Yiap Beow Chin
for their advice, input, and support. | am also deeply grateful for all the help and
valuable support from my friends in the Laboratory of Immunotherapeutics and
Vaccine, especially Khomala Ramal, Nabila Putera, Ainn Mohd. Esa, and Hazzierah
Syaffiegah. Lastly, my deepest gratitude is expressed to my beloved parents, who
always encourage and support me to complete this study.



I certify that a Thesis Examination Committee has met on 26 December 2013 to
conduct the final examination of Tan Wan Qin on her thesis entitled "Expression of
Phytase From Mitsuokella jalaludinii In Heterologous Hosts and Characterization of
Expressed Protein from Escherichia coli" in accordance with the Universities and
University Colleges Act 1971 and the Constitution of the Universiti Putra Malaysia
[P.U.(A) 106] 15 March 1998. The Committee recommends that the student be
awarded the Master of Science.

‘Members of the Thesis Examination Committee were as follows:

Mohd Arif bin Syed, PhD
Professor
Faculty of Biotechnology and Biomolecular Sciences

Universiti Putra Malaysia
(Chairman)

Raja Noor Zaliha bt Raja Abd. Rahma, PhD
Professor

Faculty of Biotechnology and Biomolecular Sciences
Universiti Putra Malaysia

(Internal Examiner)

Janna Ong binti Abdullah, PhD

Associate Professor

Faculty of Biotechnology and Biomolecular Sciences
Universiti Putra Malaysia

(Internal Examiner)

Rosli Md. Illias, PhD
Professor

Universiti Teknologi Malaysia
Malaysia

(External Examiner)

N

NORITAH OMAR, PhD
Associate Professor and Deputy Dean

School of Graduate Studies
Universiti Putra Malaysia

Date: 21 April 2014

vi



This thesis was submitted to the Senate of Universiti Putra Malaysia has been
accepted as fulfillment of the requirement for the degree of Master of Science. The
members of the Supervisory Committee were as follows:

Sieo Chin Chin, PhD

Associate Professor

Faculty of Biotechnology and Biomolecular Sciences
Universiti Putra Malaysia

(Chairman)

Ho Yin Wan, PhD
Professor

Institute of Bioscience
Universiti Putra Malaysia
(Member)

Yiap Beow Chin, PhD

Assistance Director

School of Pharmacy and Health Sciences
International Medical University
(Member)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

vii



DECLARATION

Declaration by graduate student

| hereby confirm that:

Signature: Date:

this thesis is my original work;

quotations, illustrations and citations have been duly referenced,

this thesis has not been submitted previously or concurrently for any other degree
at any other institutions;

intellectual property from the thesis and copyright of thesis are fully-owned by
Universiti Putra Malaysia, as according to the Universiti Putra Malaysia
(Research) Rules 2012;

written permission must be obtained from supervisor and the office of Deputy
Vice-Chancellor (Research and Innovation) before thesis is published (in the
form of written, printed or in electronic form) including books, journals, modules,
proceedings, popular writings, seminar papers, manuscripts, posters, reports,
lecture notes, learning modules or any other materials as stated in the Universiti
Putra Malaysia (Research) Rules 2012;

there is no plagiarism or data falsification/fabrication in the thesis, and scholarly
integrity is upheld as according to the Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia
(Research) Rules 2012. The thesis has undergone plagiarism detection software.

Name and Matric No.:

viii



Declaration by Members of Supervisory Committee

This is to confirm that:

e the research conducted and the writing of this thesis was under our supervision;

e supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate

Studies) Rules 2003 (Revision 2012-2013) are adhered to.

Signature:
Name of
Member of
Supervisory
Committee:

Sieo Chin Chin, PhD

Associate Professor

Signature:
Name of
Member of
Supervisory
Committee:

Ho Yin Wan, PhD
Professor

Signature:
Name of
Member of
Supervisory
Committee:

Yiap Beow Chin, PhD
Associate Professor




TABLE OF CONTENTS

Page
ABSTRACT I
ABSTRAK i
ACKNOWLEDGEMENTS vV
APPROVAL vi
DECLARATION vii
LIST OF TABLES Xiii
LIST OF FIGURES Xiv
LIST OF ABBREVIATIONS XVi
CHAPTER
1 INTRODUCTION 1
2 LITERATURE REVIEW 3
2.1 Phytate 4
2.1.1  Distribution of Phytate 4
2.1.2  Unfavorable Effects of Phytate 7
2.2 Classification of Phytase 7
2.2.1 Based on IUBMB and JCBN 7
2.2.2  Based on Protein Structure and Presence of Specific 9
Consensus Motif
2.3 Sources of Phytase 10
2.3.1  Plants 10
2.3.2  Animal Tissues 11
2.3.3  Microorganisms 11
2.4 Biochemical Properties of Phytases 12
2.5 Importance and Applications of Phytase 14
2.5.1  Animal Production 14
2.5.2  Human Food and Functional Food Processing 15
2.5.3  Environment Protection 16
2.6 Molecular study of phytase gene 17
2.6.1  Transgenic and mutation studies 17
2.6.2  Cloning and Expression Studies of Phytase Genes 17
2.7 Yeast expression system 19
2.8 Bacterial Expression System 21
3  SUBCLONING AND EXPRESSION OF PHYTASE GENE IN 23
EXPRESSION VECTORS
3.1 Introduction 23
3.2 Materials and Methods 24
3.2.1  Microorganisms and Culturing Conditions 24
3.2.2  Preparation of Plasmids 25



3.2.3  Primer Design and Amplification of Phytase Gene
from pPhy7c

3.2.4  Subcloning of the Phytase Gene into Yeast
Expression Vectors

3.2.5  Subcloning of the Phytase Gene into E. coli
Expression Vectors

3.2.6  Transformation and Maintenance of Recombinant
Plasmids in E. coli

3.2.7  Selection of Transformants and Analysis of
Recombinant Plasmid

3.2.8  Transformation and Expression in Pichia pastoris

3.2.9  Transformation and Expression in E. coli

3.3 Results and Discussion
3.3.1  Verification and Amplification of Phytase Gene for
Subcloning

3.3.2  Verification of pGAPphy

3.3.3  Verification of pPICphy

3.3.4  Verification of pPETphy

3.3.5 DNA Sequencing and Multiple Sequence Alignment

3.3.6  Linearization of pGAPphy and pPICphy for
Transformation

3.3.7  Screening of Pichia pastorisTransformants

3.3.8  Expression Study of iGAPphy and iPICphy
Integrants

3.3.9  Screening of Escherichia coli Transformants

3.3.10 Expression Analysis of pPETphy Transformants

3.3.11 Optimization of E.coli Rosetta-gami pPETphy
Expression Conditions

3.4 Conclusion

PURIFICATION AND CHARACTERIZATION OF
RECOMBINANT PHYTASE
4.1 Introduction
4.2 Materials and Methods
4.2.1  Production of Recombinant Phytase
4.2.2  Purification of Recombinant His-tag Phytase
4.2.3  Protein Quantification
4.2.4  Phosphate Quantification
4.25  Characterization of Recombinant Phytase
4.2.6  Statistical Analysis

4.3 Results and Discussion
4.3.1  Production and Purification of Recombinant His-tag
Phytase
4.3.2  Enzyme Characterization
4.4 Conclusion

Xi

26

27

29

30

31

32
36
38
38

40
41
42
42
43

44
47

50
51
53

59

60

60
61
61
61
62
62
63
66
67
67

69
76



5 GENERAL DISCUSSION, CONCLUSIONS, AND
RECOMMENDATIONS FOR FUTURE RESEARCH
5.1 General Discussion
5.2 General Conclusions
5.3 Recommendations for Future Research

REFERENCES
APPENDICES
BIODATA OF STUDENTS
LIST OF PUBLICATIONS

xii

77

77
78
79

80
99
116
117



Table

10

11

12

13

LIST OF TABLES

Phytate content in plant-based food and feed
The biochemical properties of phytases from various organisms

Expression of phytase genes in different expression hosts and
vectors

Plasmids and bacterial strains

Primer pairs for amplification of phy7c gene for the purpose of
cloning into different expression vector

Primer pairs used for screening of pGAPphy and pPICphy
transformants

Purification of recombinant phytase (r-phy)

Effect of different temperatures on recombinant phytase
activity

Effect of pH on recombinant phytase activity
Effect of pH on the stability of recombinant phytase activity
Effect of KH,PO,4 on recombinant phytase activity

Effect of reagents and metal ions on recombinant phytase
activity

Effect of digestive enzymes on recombinant phytase activity

Xiii

Page

13

18

24

26

33

67

69

70
71
73

74



Figure

10

11

12

13

14

15

16

LIST OF FIGURES

Structural diagram of phytic acid
Schematic reaction of phytase
Agarose gel electrophoresis of pPhy7c

Amplified phytase gene for cloning into different expression
vectors

Double digestion of plasmid extracted from pGAPphy
transformants

Double digestion of plasmids extracted from pPICphy
transformants

Double digestion of plasmids extracted from pPETphy
transformants

Linearized recombinant plasmids

Amplification of phytase gene from P.pastoris transformed
with pGAPphy

Amplification of phytase gene from P.pastoris transformed
with pPICphy

SDS-PAGE and western blot analyses of Pichia iGAPphy and
iPICphy expression.

Verification of recombinant plasmid, pPETphy extracted from
Escherichia coli Rosetta-gami transformants.

SDS-PAGE and western blot analyses of cell lysate obtained
from E. coli pPETphy

Recombinant phytase expression from E. coli pPETphy at
25°Cand 0.5 mM IPTG

Recombinant phytase expression from E. coli pPETphy at

25°Cand 1.0 mM IPTG

SDS-PAGE analyses of pPETphy expression at different
temperature induced at 1.0 mM IPTG

Xiv

Page

38

39

40

41

43

45

46

48

50

52

54

55

57



17 Western blot analyses of pPETphy expression at different 58
temperature induced at 1.0 mM IPTG

18 SDS-PAGE of crude lysate and purified phytase 67

XV



APS
ANNOVA
BCIP
BSA

bp
dH,0
dNTP
EDTA
IPTG
LB

mM
MWCO
NBT
ODeoo
ODag2o
PCR
RE

RG
r-phytase
SDS
SOC
Tris
U/ul
viv

wiv

LIST OF ABBREVIATIONS

ammonium persulphate

analysis of variance
5-bromo-4-chloroindolyl phosphate
bovine serum albumin

base pair

deionised distilled water
deoxynucleotide triphosphate
ethylenediaminetetraacetic acid
isopropyl B-D-thiogalactopyranoside
Luria Bertani

milimolar

molecular weight cut-off

nitro blue tetrazolium

Optical density at 600 nm wavelength
Optical density at 820 nm wavelength
Polymerase Chain Reaction
restriction enzyme

Rosetta-gami

recombinant phytase

sodium dodecyl sulfate

Super Optimal broth with Catabolite repression

tris[hydroxymethyllaminomethane
enzyme unit per microlitre
volume to volume

weight to volume

XVi



CHAPTER 1

INTRODUCTION

Phytate (myo-inositol hexakisphosphate) is a six-carbon ring compound bound with
six phosphate groups (Lei and Stahl, 2001). It is widely distributed in plant legumes,
cereals, and oilseeds and is the natural phosphorus reservoir of plants. When the
plant materials are used as feed components for monogastric animals like broiler
chickens, fish, and swine which lack of the ability to digest phytate, it forms
complexes with the dietary important ions such as iron, magnesium, zinc, and
calcium. This often results in reduced bioavailability of these ions in the animals.
Besides, the interaction of phytate with intestinal digestive enzymes such as a-
amylase, trypsin, and pepsin was also reported to affect enzymatic activity and
digestibility of the feed (Greiner and Konietzny, 2006). Hence, efficient digestion of
phytate is required in monogastric animals to avoid these negative effects.

Phytase is the enzyme which catalyzes the hydrolysis of phytate into its lower
inositol phosphates and orthophosphate (Lei and Stahl, 2001). It is used as a feed
enzyme supplement in plant-based animal feed to provide natural phytate-
phosphorus through degradation of phytate in the feed. Supplementation of phytase
in ruminant production is not as crucial as in monogastric animals as some of the
ruminal microorganisms are able to produce phytase. Monogastric animals which are
unable to degrade phytate require either the supplementation of inorganic phosphorus
or phytase enzyme in their feed to ensure sufficient phosphorus for their growth.
Incorporation of inorganic phosphorus is less favorable as unabsorbed phosphorus
can be excreted through animals’ manure that often leads to eutrophication and
environment pollution (Lei and Stahl, 2001).

Phytase can be found in plants, microorganisms, and certain animal tissues. In a
previous study in our laboratory, a phytase-producing bacterium, Mitsuokella
jalaludinii was isolated from the rumen of local cattle (Lan et al., 2002a).
Mitsuokella jalaludinii is a novel rod-shaped, gram-negative, strict anaerobic
bacterium. It produces a membrane-bound phytase enzyme with high enzyme
activity between 55 °C to 60 °C and pH ranges from 4.0 to 5.0 (Lan et al., 20023;
2002Db). In vivo study showed that supplementation of active M. jalaludinii culture
(AMJC) in the diet of broiler chickens increased weight gain, apparent metabolizable
energy (AME), digestibility of dry matter (DM) and crude protein (CP). The
bioavailability of minerals such as P, Ca, and Cu were also found to increase with the
supplementation of active M. jalaludinii (Lan et al., 2002b). Besides, the
performance of freeze-dried active M. jalaludinii culture (FD-AMJC) was also
compared with the commercial Natuphos® phytase (phytase-N), in which the overall
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CHAPTER 1

INTRODUCTION

Phytate (myo-inositol hexakisphosphate) is a six-carbon ring compound bound with
six phosphate groups (Lei and Stahl, 2001). It is widely distributed in plant legumes,
cereals, and oilseeds and is the natural phosphorus reservoir of plants. When the
plant materials are used as feed components for monogastric animals like broiler
chickens, fish, and swine which lack of the ability to digest phytate, it forms
complexes with the dietary important ions such as iron, magnesium, zinc, and
calcium. This often results in reduced bioavailability of these ions in the animals.
Besides, the interaction of phytate with intestinal digestive enzymes such as a-
amylase, trypsin, and pepsin was also reported to affect enzymatic activity and
digestibility of the feed (Greiner and Konietzny, 2006). Hence, efficient digestion of
phytate is required in monogastric animals to avoid these negative effects.

Phytase is the enzyme which catalyzes the hydrolysis of phytate into its lower
inositol phosphates and orthophosphate (Lei and Stahl, 2001). It is used as a feed
enzyme supplement in plant-based animal feed to provide natural phytate-
phosphorus through degradation of phytate in the feed. Supplementation of phytase
in ruminant production is not as crucial as in monogastric animals as some of the
ruminal microorganisms are able to produce phytase. Monogastric animals which are
unable to degrade phytate require either the supplementation of inorganic phosphorus
or phytase enzyme in their feed to ensure sufficient phosphorus for their growth.
Incorporation of inorganic phosphorus is less favorable as unabsorbed phosphorus
can be excreted through animals’ manure that often leads to eutrophication and
environment pollution (Lei and Stahl, 2001).

Phytase can be found in plants, microorganisms, and certain animal tissues. In a
previous study in our laboratory, a phytase-producing bacterium, Mitsuokella
jalaludinii was isolated from the rumen of local cattle (Lan et al., 2002a).
Mitsuokella jalaludinii is a novel rod-shaped, gram-negative, strict anaerobic
bacterium. It produces a membrane-bound phytase enzyme with high enzyme
activity between 55 °C to 60 °C and pH ranges from 4.0 to 5.0 (Lan et al., 20023;
2002Db). In vivo study showed that supplementation of active M. jalaludinii culture
(AMJC) in the diet of broiler chickens increased weight gain, apparent metabolizable
energy (AME), digestibility of dry matter (DM) and crude protein (CP). The
bioavailability of minerals such as P, Ca, and Cu were also found to increase with the
supplementation of active M. jalaludinii (Lan et al., 2002b). Besides, the
performance of freeze-dried active M. jalaludinii culture (FD-AMJC) was also
compared with the commercial Natuphos® phytase (phytase-N), in which the overall
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effect of feed conversion rate, P and Ca retention, dry matter digestibility and
phosphorus excretion were found to be better in the FD-AMJC than phytase-N. The
superior characteristic of FD-AMJC in the improvement of the apparent
metabolizable energy value of the diet, Cu and Zn retention and crude protein
digestibility which was not observed in phytase-N supplementation has made FD-
AMJC a potential candidate as commercial feed enzyme (Lan et al., 2012). However,
as M. jalaludinii is a strict anaerobic bacterium, the production of phytase and
maintenance of this bacterium would be tedious and non-economical. Thus, a better
approach would be the production of this enzyme via recombinant expression system.

DNA recombinant technology allows various genes from different sources to be
cloned and expressed in well-established commercial expression vectors and hosts
for large scale production purposes. Yeast and E. coli have been extensively used and
recognised for the expression of many genes including phytase gene. Rao et al. (2008)
and Xiong et al. (2005) have sucessfully cloned, expressed, and characterized
phytase from Bacillus and Aspergillus origin in E. coli and P. pastoris, respectively.

In the present study, the 1.05 kb phytase gene from M. jalaludinii which was
previously isolated by Phang (2008) was subcloned and expressed in P. pastoris and
E. coli expression systems. Expression from both hosts were analysed and properties
of the recombinant phytase were studied. The specific objectives of this study were:

1) To subclone the phytase gene from Mitsuokella jalaludinii into yeast and
Escherichia coli expression vectors.

2) To optimize the expression conditions of the recombinant phytase in different
expression systems.

3) To study the properties of the recombinant phytase.
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