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ABSTRACT

Rising demands on proteases in various applications in industries encouraged the
discovery of potent protease sources, especially from microorganisms. Proteases from
fermented food have a potential to be used for industrial applications because they
may produce halotolerant proteases. Halotolerant proteases can be used in the
production of traditional fermented food to shorten the period of the fermentation
process compared to the traditional method which took 4-6 months for natural
fermentation. Moreover, high risks of protein degradation during purification due to a
harsh downstream processing encourage the application of the aqueous two-phase
system (ATPS) as a purification method for proteases.This study aimed to isolate and
identify the bacteria strain that can produce proteases, and the aqueous two-phase
system (ATPS) was applied as the protease purification method. Halotolerant bacteria
were isolated from three types of protein-rich fermented food, which are fermented
fish sauce (Budu), fermented fish (Pekasam) and fermented soybean (Taucu). The
proteolytic activity was observed via a qualitative analysis using a skim milk agar
plate. On the other hand, a quantitative analysis was performed on protease assay
using casein as a substrate. Protease secreted by the isolated bacteria was concentrated
using ammonium precipitation and further purified using PEG/sodium citrate system.
Among the samples, only fermented fish sauce (Budu) showed a positive result with
the presence of protease-producing halotolerant bacteria. The clear zone observed on
skim milk agar indicated the ability of the bacteria to secrete proteolytic enzyme and
degrade the casein into small fragments. B7 isolate was selected as the highest
protease producer with a specific activity of (3.70+0.06 U/mg) and identified based on
morphology, Biolog system and 16S rDNA sequencing. Besides, B7 isolate can also
tolerate the presence of sodium chloride (NaCl) up to 10%. Hence, the B7 isolate is
classified as moderately halotolerant bacteria. The results indicated that B7 isolate
has a 98% similarity with Bacillus amyloliquefaciens subs. plantarum FZB42 strain.
Thus, the B7 isolate was named Bacillus amyloliquefaciens B7 strain. The results of
the Biolog analysis also confirm this result. The One factor at time (OFAT) design
was employed to determine the central point for each ATPS parameter which resulted
in the highest value of responses for enzyme activity, specific activity, and
purification factor. Parameters involved in OFAT analysis are molecular weight of
polyethelene glycol (PEG), type of salts, concentration of PEG and salt, pH and
temperature. Optimization of ATPS conditions based on the face-centered central
composite design (FCCCD) in response surface methodology (RSM) with 11 runs
showed that the optimal conditions for ATPS are 27% (w/w) PEG 1500, 34% (w/w)
sodium citrate, at pH 7 and a temperature of 35 °C. Analysis of variance (ANOVA)
showed the coefficient with determination (R%) were 0.9546, 0.9465 and 0.9465 for
enzyme activity, specific activity and purification factor, respectively. Lastly, the
molecular weight of the purified protease was identified as 40 kDA based on sodium
dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis. In
conclusion, the isolation of Bacillus amyloliquefaciens B7 strain from Budu as a
protease producer and the aqueous two-phase system as a suitable protease
purification method show the great potential for advancement in the industrial
enzyme.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND

Proteases are known as one of the important hydrolytic enzymes that catalyze peptide
bonds of a long chain of proteins into short fragments such as amino acid (Jisha et al.,
2013). The ability of proteases to degrade protein can be utilized widely in industrial
applications which have attracted researchers to isolate the enzymes from different
potential sources such as plants, animals and recently microorganisms (Gupta et al.,
2002). Microbial proteases have been studied for the last fifty years whereas in the
1960s the use of popular alkaline proteases, subtilisin, which are mainly secreted from
Bacillus genera (Okuda et al., 2013) are well-known in the detergent industry.
Nowadays, there are various applications of microbial enzymes in diverse
industries such as the detergent industry, leather industry, food, and animal feed
production, peptide synthesis, waste management as well as in therapeutic
applications. In previous studies, microbial proteases were found and isolated from
bacteria, fungi and yeast (Jones et al., 2007; Kulpreecha et al., 2009; Phetcharat &
Duangpaeng, 2012; Sampaio et al., 2008; Sattayasamitsathi et al., 2011). Nowadays,
few studies on traditional fermented food from other countries such as Thailand
(Choorit & Prasertsan, 1992), India (Singh et al., 2014), Korea (Jeong et al., 2004),
Japan (Sumi et al., 1987), and Nigeria (Oke & Onilude, 2014) have revealed that
fermented foods are suitable sources in isolating protease-producing microorganisms
and are beneficial for humans. For instance, proteases secreted by Bacillus subtilis
,known as Nattokinase, are isolated from natto (a traditional fermented food in Japan).

This was the first success story of a microbial source of proteases from fermented



food that have specificity acts on fibrin which could help in reducing cardiovascular
diseases. Thus, the study to discover isolated bacteria present in fermented food such
as Budu, Pekasam, Cencalok, Belacan in Malaysia is potent to produce ideal proteases
for industrial enzymes is encouraged. In addition, microbial resources from traditional
fermented foods consumed all over the world for centuries are generally regarded as
safe (GRAS) category and may reduce the potential of isolating bacteria that could
produce toxins and are harmful for human consumption such as Bacillus cereus
(Singh et al., 2014).

On the other hand, the enzyme industry also focused on the upstream and
downstream processing of the proteases. In the large scale of enzyme productions,
recovering of the enzymes from the fermentation broth is an important part and
usually requires many steps resulting in a high tendency of enzymes denaturation.
Moreover, downstream processing of enzymes consumes higher costs, especially
during the purification stage. Nowadays, aqueous two-phase system (ATPS) has
become the modern technique of purification replacing conventional methods such as
chromatography (Yang & Ru, 1997), centrifugation, and membrane filtration. Studies
conducted by de Silva et al., (2013); Ashipala & He, (2008) found that the production
and optimization of protease activity in the aqueous two-phase system (ATPS) using

PEG/salt system are indeed practical and cost effective.

1.2 PROBLEM STATEMENT

In recent years, recovery and purification of biomolecules such as enzymes often
represents major challenges to the enzyme production process in terms of complexity
and high cost (Glyk et al., 2015), which can make up more than 70 % of the total

downstream processing cost (Raja et al., 2012). The recovery of the enzymes from



fermentation broth is an important part and usually involves many steps. In each step,
a quantity of the target molecule is lost and the many steps involved result in a high
tendency of enzymes denaturation. For example, the purification procedures such as
chromatography, which needed multiple chromatography steps such as ion exchange,
affinity, and gel filtration, are tedious, expensive process and often provide low yields
(Arshad et al., 2014). Besides that, the long separation process in ultrafiltration also
increases the production cost. The demand on the lower production cost encourages
researchers to find efficient and low-cost extraction and purification methods. Hence
in this study, the aqueous two-phase system (ATPS) is proposed as an alternative for
purification methods. ATPS is a liquid-liquid extraction method formed by
polymer/polymer or polymer/salt system. This method is simple, has a rapid
separation with little denaturation, easy to scale up and an efficient method to separate
various biological products such as enzymes, proteins, nucleic acids, antibiotics and
antigens (Ratanapongleka, 2010). Polyethylene glycol (PEG) is used as one of the
phase forming polymers in ATPS because it is available at a low cost and forms a
two-phase system with other neutral polymers as well as salts (Raja et al., 2012), and
it also reduces the potential of enzyme denaturation during the purification process as
this method contains a high water content.

Futhermore, another way proposed in this study to reduce the risk of enzyme
denaturation during enzyme production includes isolating the bacteria that can
produce proteases from fermented food. The presence of a high concentration of NaCl
(5-10%) in fermented food such as Budu, Pekasam and Taucu could help in isolating
bacteria that can withstand the harsh environment especially in high salinity during
enzyme processing.The protein rich fermented food in Malaysia such as fermented

fish sauce (Budu), fermented fish (Pekasam) and fermented soybean (Taucu) have the



potential to possess microorganisms that could produce proteolytic enzymes because
the main ingredient of the food is protein itself.

Interestingly, Zakaria et al., (2015), reported that fermented food products are a
good source for the isolation of bacteria with serine protease enzymes including the
strains of Bacillus, Lactococcus, Lactobacilli, Bifidobacteria, Enterococcus,
Pseudomonas, Streptococcus, and Pediococci (Montville & Matthews, 2007). Peng et
al., (2005) reported that serine proteases possessed a significant potential in reducing
cardiovascular diseases, thus these microorganisms are a suitable thrombolytic agent.
Moreover, contamination by other mesophilic bacteria (bacteria that could not live in
the presence of NaCl) during enzyme production could be reduced. Thus, the isolation
and identification of ideal bacteria that could produce active and stable proteases that
can withstand harsh conditions of enzyme production from the protein rich fermented

food source are explored in this study.

1.3 RESEARCH OBJECTIVES
This research consists of three specific objectives which are as follows:
i. To isolate and identify halotolerant bacteria producing protease from
fermented food.
ii. To screen the parameters of ATPS for purification of protease secreted by
isolated halotolerant bacteria.

iii.  To optimize the ATPS conditions for protease purification.



1.4 RESEARCH METHODOLOGY

This research was started by isolating and screening the potential bacteria that can
produce protease from fermented food. The protease assay was conducted by using
qualitative and quantitative assays. For the qualitative assay, the sample of fermented
food was spread on nutrient agar and the grown bacteria were further screened by
streaking the bacteria on the skim milk agar. After that, the protease activity of the
bacteria was screened using casein as a substrate in protease assay. Only one selected
isolate was further identified by using a morphological test which involves gram
staining and microscope observation. Other tests were employed to identify he
phenotype and the name of the strain using 16S rDNA sequencing and phenotypic
fingerprint, Biolog analysis.

After that, the selected bacteria was cultured in nutrient broth and the protease
produced by the bacteria was concentrated using ammonium precipitation. Next,
purification of the protease was carried out by aqueous two phase system (ATPS)
using PEG/salt system. Six parameters of ATPS conditions were involved to identify
the suitable conditions that could obtain a high protease activity. After that, the
optimization of the ATPS conditions was evaluated by using Design Expert 6.0.11
software. Then, the purified protease was characterized by using SDS-PAGE analysis

to identify the molecular weight of the protease.



1.5 SCOPE OF RESEARCH

The scope of the research is described below:

Isolation and screening of halotolerant bacteria producing proteases from
protein- rich fermented food (budu, pekasam and taucu) using spreading and
streaking techniques on nutrient and skim milk agar plates.

Identification of the halotolerant bacteria strain produced the highest protease
activity using morphological, biochemical and molecular analysis.

Protease from B7 isolate is concentrated by ammonium precipitation followed
with the purification by aqueous two-phase system (ATPS).

Investigation on the effects of physical parameters is carried out by One Factor
at Time (OFAT) method and the selected parameters are; molecular weight
(MW) of PEG, type of salt, concentration of salt (w/w%), concentration of
PEG (w/w%), temperature and pH on the enzyme activity of the purified
protease enzyme.

Optimization of ATPS conditions based on two factors; pH and temperature,
using the face centered central composite design (FCCCD) in response surface
methodology (RSM) where the responses are the enzyme activity, specific

activity and purification factor of protease.



1.6 THESIS ORGANIZATION

The thesis is divided and organized into five main chapters. Chapter 1 is an
introduction of the research work including the problem statement, research objectives
and a short description of the research methodology, and also the scope of the
research. Next, chapter 2 provides a literature review on previous researches related to
the protease enzyme and their applications in the industry. In addition, it also includes
the methods involved to purify proteases in recent years. Then, chapter 3 briefly
described the methodology involved in this research including the materials utilized
and experimental procedures while chapter 4 reported all the results and discussion
based on the findings obtained in this research. The final chapter provides a
conclusion of the research and some recommendations for future works to improve the

research.



