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CHAPTER |
INTRODUCTION

Thrombotic events affect many individuals in a number of ways, all of which
cause significant morbidity and mortality. Deep vein thrombosis has a worldwide
prevalence of more than 4 million and an incidence of 1 in 1000, approximately 6% of
which result in death within a month of diagnosis (Fowkes et al., 2003; White, 2003).
Ischemic stroke is the third leading cause of death in developed countries, affecting 12
million people each year and causing 5.5 mullion“deaths, and permanent disability in
an additional 5 million people (Rosamond et al., 2007). Acute coronary syndrome
accounts for more than 4 _million hospital admissions each year worldwide and is the
leading cause of death in ihe developed world (Rosamond et al., 2007). Altogether, 20
million people each year could /benefit “from effective resolution or reversal of
thrombosis (White, 2008). _

Fibrinolysis is the process wherein a fibrin clot is broken down by its main
enzyme, plasmin. Plasmigogen activators a_rfe";[he agents that convert plasminogen to
the active plasmin and found o be eff_ied;ye for treating patients with acute
myocardial infarction, peripheraiarterial 'erﬁbolism and deep vein thrombosis
(Verstraete, 1978). However, their use also'l-érd- to bleeding complications (Marder,
1979), including a 1% risk of intracranial hemorrhage. Although clot dissolution
using enzymes from the human fibrinolytic system has long been a goal of physicians
and scientist, their expensive prices and undesirable side effects prompt researchers to
search for cheaper and safer resources. Over the years, /more fibrinolytic proteases
from various sources have been discovered. Microorganisms are one of the important
resources daor thrombalytic agents,| especially, the g@enus| Bacitluspfrom traditional
fermented foods (Peng et al., 2005).

In 1987, B. natto producing Nattokinase was first screened from a traditional
Japanese soybean-fermented food named natto (Sumi et al., 1987). Subsequently,
some other bacilli from different fermented foods were discovered to produce
fibrinolytic proteases. These finding imply the possibility of consuming fermented
foods to prevent cardiovascular diseases. Suzuki et al. (2003) reported that dietary
supplementation of natto could shorten euglobulin clot lysis time, which is used to

evaluate the total intrinsic fibrinolytic activity in plasma. At the same time, dietary
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natto extract did not prolong bleeding time, indicating the safety of natto to be
developed as functional food and drug to prevent or cure cardiovascular disease (Peng
et al., 2005).

Fermented foods play an important role in the Thai diet and in the life of the
Thai people. Most Thais eat a fermented product in one form or another every day
(Phithakpol et al., 1995). In this study, the investigation of microbial fibrinolytic
protease from Thai fermented foods deserves special attention to explore the potential
food sources of fibrinolytic protease. The study was undertaken with an aim of the
screening of fibrinolytic protease producing pbagteria from Thai fermented foods and it
identification. Furthermore, the condition ef.#ibrinolytic protease production was
evaluated. Consequently, characterization and purification of microbial fibrinolytic
proteases were investigated:” The results provide some information regarding the

microbial fibrinolytic proteases from Thai fermented foods.

Experimental objectives

General objective _
To investigate the microbial fibrinolytic protease from Thai fermented foods.

Specific objective Lo
1. To screen for fibrinolytic = protease-producing bacteria from traditional
fermented foeds produced in Thailand
2. To identify the selected fibrinolytic protease-producing bacteria
3. To optimize the fibrinolytic protease production condition of the selected
isolate
4. To purify and charagcterizel the fibrinolytic protease produced by the selected

bacteria
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LITERATURE REVIEW

2.1 Microbial fibrinolytic protease
Cardiovascular diseases (CVD), including acute myocardial infarction,
ischemic heart disease, vascular heart disease, peripheral vascular disease,

arrhythmias, high blood pressure Wroke, are the leading causes of death

throughout the world. According to ided by the World Health Organization
(WHO) in 2005, heart disea espon 30% of the total mortality rate in

the world (Figure 1). @ i asewaffect the elderly, but are the
leading cause of prematu indi 'We 75. Based on the mortality
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rates by different types
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Figure 1. Leading causes of death worldwide (WHO, 2005).
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Intravascular thrombosis, the formation of a clot of blood in a blood vessel, is
one of the main causes of a variety of CVDs. The major protein component of blood
clots, fibrin, is formed from fibrinogen via the proteolysis by thrombin. Meanwhile,
the fibrin clots can be hydrolyzed by plasmin to avoid thrombosis in blood vessels.
Under an unbalanced situation due to some disorders, the clots are not hydrolyzed,
and thus thrombosis occurs. Over the years, thrombolytic therapies via injecting or
orally administrating thrombolytic agents to lyse thrombi in blood vessels have been
extensively investigated (Goldhaber and Bounameaux, 2001; Tough 2005).

Based on their different working rmechanisms, the thrombolytic agents are
classified into two types. One is plasminogen.activators, such as urokinase (Duffy,
2002) and tissue-type plasminogen activator (t-PA) (Collen and Lijnen, 2004), which
activate plasminogen into aetive‘plasmin to degrade fibrin. The other type is plasmin-
like proteins,which direcily degrade the fibrin in blood clots, thereby dissolving the
thrombi rapidly and completely: Lumbrokinase from earthworm and fibrolase from
snake venom are wellsknown plasmin-like proteins (Chen et al., 1991; Mihara et al.,
1991). _

Although t-PA and uroKinase are still widely used in thrombolytic therapy
today, their expensive prices and undesirabfléﬂsi]de effects, such as the risk for internal
hemorrhage within the intestinal tract when orélly administrated, prompt researchers
to search for cheaperiand safer resources. Théféfore, microbial fibrinolytic proteases
attracted much more medical interest during these decades.

Sources of microbial fibrinolytic protease

Microorganisms » are important _ resources for thrombolytic agents.
Streptokinase from Streptocaccus hemolyticus and staphylokinase from Streptococcus
aureus were earlier proved to be effective in thrombolytic therapy (Collen and Lijnen,
1994).-Qver theyyears,cmore<fibrinalytic proteases, fromvarious microbes have been
discovered in succession, such as nattokinase (NK) from Bacillus natto and subtilisin
DFE and subtilisin DJ-4 from Bacillus amyloliquefaciens (Kim and Choi, 2000; Peng
and Zhang, 2002a; Sumi et al., 1987). The microorganisms producing fibrinolytic
proteases, including bacteria, actinomyces, fungi, and algae, are summarized in Table
1. Streptomyces megasporus SD5, isolated from the water of a hot spring, can produce
a strong thermostable fibrinolytic protease (Chitte and Dey, 2000). Some kinds of
fungi have also been found to produce the protease with high fibrinolytic activity, for

example, Aspergillus ochraceus 513 (Batomunkueva and Egorov, 2001), Fusarium
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oxysporum (Sun et al., 1998), Penicillum chrysogenum (El-Aassar et al., 1990),
Rhizopus chinensis 12 (Xiao-Lan et al., 2005), and so on. In addition, Matsubara et
al., (1998, 1999, 2000) found the fibrinolytic proteases from marine algae Codium
latum, Codium divaricatum, and Codium intricatum. Lee et al., (2005) recently
purified the fibrinolytic protease, designated as AMMP, from cultural mycelia of the

mushroom Armillaria mella.

Table 1. Sources of microbial fibrinolytic proteases

Microorganism

References

Bacilli

B. subtilis BK-17
B. subtilis Al

B. subtilis 168

Actinomyces thermovulgaris

Streptomyces

S. spheroids M8-2
Streptomyces sp. Y405
S. megasporus SD5
Fungi

Cochliobolus lunatus
Fusarium pallidorasgum
F. oxysporum

Pleurotus ostreatus

P. chrysogenum H9
Aspergillus ochraceus 513
Rhizopustehinensisil2
Algae

Codium intricatum

C. latum

C. divaricatum

Jeong et al., 2001
Jeong et al., 2004
Kho et al., 2005

“Egorov etal., 1976
Egorov et al., 1985
: Wang etal., 1999

Chiiite and Dey, 2000 and 2002

AbdeI-Fattah and Ismail, 1984

El-Aassar, 1995

Taoetal., 1997 and 1998

Choi and Shin, 1998

El-Aassar et al., 1990
Batomunkueva and Egorov, 2001
Xiao<Lan et al.; 2008

Matsubara et al., 1998
Matsubara et al., 1999
Matsubara et al., 2000
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The strains of Bacillus from traditional fermented foods are an important one
among the microorganisms that have been found to produce the fibrinolytic proteases
(Table 2). In 1987, B. natto producing NK was first screened from a traditional
Japanese soybean-fermented food named natto (Sumi et al., 1987). Subsequently,
some other bacilli from different fermented foods were discovered to produce
fibrinolytic proteases. They are B. amyloliquefaciens DC-4 from the Chinese soybean-
fermented food named douche (Peng and Zhang, 2002a), Bacillus sp. CK from the
Korean fermented-soybean sauce named chungkook-jang (Kim et al., 1996), Bacillus
sp. strains DJ-2 and DJ-4 from the Korean doen-jang (Kim and Choi, 2000; Choi et
al., 2005), and Bacillus sp. KA38 from the Korean salty fermented fish called jeot-gal
(Kim et al., 1997). Yoon et al. (2002) systematically screened the fibrinolytic
protease-producing strains.#rom  many commercial and homemade fermented foods
including natto, chungkoek-jang, doen-jang, jeot-gal, and the Indonesian fermented
food tempe and successiully isolated the strain Enterococcus faecalis producing
higher fibrinolytic a€tivity. /These . exciting findings imply the possibility of
consuming fermented f@ods to prevent cardiovascular diseases. Suzuki et al. (2003a)
reported that dietary supplementation of nat_tfo"'-could shorten euglobulin clot lysis time
(ECLT), which is used to evaluate the totai“iiri'trjinsic fibrinolytic activity in plasma. At
the same time, dietary natto extract did n’o’t E)rolong bleeding time, indicating the

safety of natto to be developed as a functional food.



Table 2. Bacilli from traditional food

Microorganism

Food

References

Bacillus natto

Bacillus sp. CK

Bacillus sp. KA38
Bacillus sp. DJ-4

B. subtilis IMR-NK1
Bacillus sp. KDO-13

B. amyloliquefaciens DC-4
B. subtilis QK02

B. firmus NA-1

Bacillus sp. DJ-2

Natto, Japan
Chungkook-jang,
Jeot-gal, Korea
Doen-jang, Kore
Natto

Douchi, China
Fermented soybean
Natto
Doen-jang, Kor? 2

Fujita et al., 1993
Kim et al., 1996
Kim et al., 1997
Kim and Choi, 2000
Chang et al., 2000
Lee etal., 2001
Peng et al., 2003
Ko et al., 2004

Seo and Lee, 2004
Choi et al., 2005
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Production of microbial fibrinolytic protease

The cost of enzyme production and downstream process is the major obstacle
against the successful application of protease in the industry. For fibrinolytic
proteases, many attempts in laboratories have been done to improve expression of the
fibrinolytic protease, including selection of an ideal culture medium, optimization of
environmental conditions, and overexpression by genetically engineered strains.

- Fermentation conditions Selection of medium components is usually
critical for the fermentative production of fibrinolytic proteases. Since different
microbes possess diverse physiological characteristics, it is necessary to optimize
nutrient components and environmental condiions for cell growth and fibrinolytic
protease production (Lee et al., 1999; Seo and Lee, 2004). For instance, soluble starch
or dextrin is the best carbon'source for B. amyloliquefaciens DC-4 due to the strong
amylase activity (Peng andZhang, 2002b). The optimal temperature of S. megasporus
SD5 for enzyme synthesis'is 55°C because the strain was isolated from a hot spring
(Chitte and Dey, 2002). In some, cases, fibrin was found to enhance the enzyme
production, suggestingsthat fibrin,..@s a substrate of fibrinolytic protease, could
activate or induce enzyme production during cultivation (Chitte and Dey, 2002; Peng
and Zhang, 2002b). =

Although the traditional one-at-a-time‘optimization strategy is simple and
easy, it frequently “fails to locate the regidh of eptimal response because the
comprehensive effect. of factors IS not taken into consideration. Liu et al. (2005)
employed the statistical methods fractional factorial design (FFD) and central
composite design (CCD) to optimize the fermentation media for production of NK
and finally increased the fibrinalytic activity to '1,300+£60 unit/ml, about 6.5 times
higher than the @riginal one (Fu et al., 1997).

Liquid fermentation s usually iconsidered as’the| firstzahgice for bacteria,
whereassolid-state “fermentation (SSF) is favored™ by fungi.” SSF has numerous
advantages for enzyme production, such as low wastewater output, low operating
costs, and large productivity. Tao et al., (1997, 1998) systematically studied the
production of the fibrinolytic protease from F. oxysporum with different SSF
methods, largely increasing the production and reducing the cost.

- Construction of genetically engineered strains Conventional
mutagenesis and current recombinant DNA technology have also been adopted to

improve the protease production and simplify the downstream manipulation. For the
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former, random mutagenesis is combined with high throughout screening methods to
isolate the expected mutant strains. Recently, Lai et al. (2004) showed they have
successfully doubled the specific activity of fibrinolytic protease through random
mutagenesis in vitro by the chemical ethyl methane sulfonate (EMS).

In molecular biology applications, Bacillus subtilis has been recognized as a
good host for the expression of foreign proteins with pharmacological activities
because of its nonpathogenicity and capability of secreting functional extracellular
proteins to the culture medium (Wong, 1995). Subtilisin DFE was actively expressed
in the protease deficient strain B. subtilis \WB600 (Peng et al., 2004). Furthermore, the
native promoter of subtilisin' DEE gene wasreplaced by that of a-amylase gene from
B. amyloliquefaciens DC-4, resulting in a sharp increase in fibrinolytic activity from
80 to 200 urokinase units*malliliter (Xiao et al., 2004). Liu and Song (2002)
succeeded in the functional'expression of NK in B. subtilis as well.

When expressed 4n E. coli, NK and subtilisin DFE formed insoluble
aggregates without enzymatic activity (Peng and Zhang, 2002c). However, two newly
published papers reported the sticcessful expression of active NK and subtilisin DFE
in E. coli (Chiang et al., 2005; Zhang. et al., '20-05). Both papers took advantage of the
principle that the extracellular proteasé’ subtilisin from the genus Bacillus is
synthesized as pre-proenzymes, and its prorpeptide may function as an intramolecular
chaperone to facilitate correct folding of the -p‘r-otease domain (lkemura and Inouye,
1988; Zhu et al., 1989). Zhang et al., (2005) showed that subtilisin DFE was highly
expressed in E. coli BL21 (DES3) as fusion protein of Trx-prosubtilisin DFE via the
expression vector pET32a and that strong_ fibrinolytic activity was detected in both
soluble fractiom:and inclusion bodies fraction after in vitrorenaturation. Moreover, the
fusion proteins ‘are easily purified and refolded in a column to active enzyme. Most
importantly s Trx-propeptide can<be automatically cleaved during inwitro refolding to
form the:mature subtilisin DFE. Chiang et al. (2005) indicated that either nattokinase
or pronattokinase could be overexpressed in E. coli as a recombinant protein fused to
the C terminus of olesin, a unique structural protein of seed oil bodies, by a linker
polypeptide intein. After reconstitution of artificial oil bodies, active NK was released
through self-splicing of intein induced by temperature alteration and spontaneous

cleavage of the propeptide (Chiang et al., 2005).
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Microbial fibrinolytic protease properties
Some microbial fibrinolytic proteases including those from Streptomyces
(Wang et al., 1999), genus Bacillus (Jeong et al., 2001; Paik et al., 2004), R. chinensis
(Liu et al., 2005) and Armillaria mellea (Lee et al., 2005) have been purified and
characterized. Their biochemical properties, such as molecular weight, optimal pH
and temperature, stability, and substrate specificity, are summarized in Table 3. Some
N-terminal sequences have been determined as well (Table 4). According to their
catalytic mechanisms, these enzymes are classified into serine protease (NK, subtilisin
DFE, and CK) and metalloprotease (jeot-gal enzyme, AMMP, and Bacillokinase II),
except for those from R. chinensis 12 and-Streptomyces sp. Y405, which are both

serine and metalloprotease (\Wang et al., 1999; Liu et al., 2005).



Table 3. Properties of microbial fibrinolytic proteases

Protease Enzyme Mol. wt Optimum pH and temp. Substrate specificity
(kDa) pHand-temp. Stability Reference
Subtilisin-family Nattokinase 27.7 7-12, <50°C "~ Synthetic substrate for plasmin  Sumi et al., 1987,
serine protease and subtilisin Fujita et al., 1993
Subtilisin DFE 28 9,4383C 610 <50°C ~ Synthetic substrate for Peng et al., 2003
i subtilisin
Subtilisin QK-2 28 8§ PG 3;'12;' 400C Synthetic substrate for Ko et al., 2004
‘ n subtilisin
Metalloprotease Jeot-gal enzyme 41 7, 40°C 7-9 40°C fibrin Kim et al., 1997
Bacillokinase 11 314 f50tC 4 '50°C Synthetic substrate for Jeong et al., 2004
(BK'1I) Kallilrein
KDO-13 45 7,60°C 7-9, <560°C fibrin Lee et al., 2001
Chymotrypsin-like ~ AMMP 21 6, 33°C fibrinogen Lee et al., 2005
mettalloprotease
Serine and SW-1 30 8 4-9, 4-37°C  fibrin Wang et al., 1999

metalloprotease

T
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Table 4. Comparison of N-terminal amino acid sequence of microbial fibrinolytic

proteases
Enzyme N-terminal amino acid sequence Reference
NK AQSVPYGISWIKAPALHSQGY TGS Fujita et al., 1993
Subtilisin QK-2  AQSVPYGISQIKAPALHSQG Ko et al., 2004
Subtilisin DFE~ AQSVPYGVSQIKAPALHSQGFTGS Peng et al., 2003
Subtilisin DJ-4  AQSVPYGVSQIKAP Kim and Choi, 2000

31-kDa enzyme
CK
Bacillokinase 11
KA38

CLP

CIP

SW-1

AMMP

bpDJ-2

AQSVPYGBSQIKAPAAHN
AQTVPYGIPLIKAD

ARAGEALRDIYD

VYPFPGPIPN

VVGGDERP
X-TRETQVESGNAVLVEAVLVEAVKA
R/N/EEP/D-GMITMTAIANONTQIN
MFSLSSRFFLYTLCLSAVAVSAAP
TDGVEWNVDQIDAPKAW

Jeong et al., 2001

Kim et al., 1996

Jeong et al., 2004

Kim et al., 1997

Matsubara et al., 1999
Matsubara et al., 2000

Wang et al., 1999

Lee et al., 2005
Choi et al., 2005
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The fibrinolytic proteases belonging to serine proteases are generally active at
neutral and alkaline pH, with an optimum between pH 8.0 and 10. Their molecular
weights range between 27.7 and 44 kDa, and the isoelectric points are about 8.0 (Kim
and Choi, 2000, Ko et al., 2004), with the exception of bpDJ-2 (pl 3.5-3.7) (Choi et
al., 2005). The optimal temperature has a wide range, between 30 and 70°C (Kim et
al., 1996; Kim and Choi, 2000), mostly about 50°C (Peng et al., 2003; Paik et al.,
2004). Almost all serine fibrinolytic proteases belong to subtilisin of Bacillus origin.
They own the same catalytic triad made up of Ser,z1, Hisgs, and Asps, and have no
intramolecular disulfide bond. Their fibrinolytic activity can be irreversibly inhibited
by phenylmethylsulfonyl fluoride (PMSF), diisepropylfluorophosphate (DFP), or E-
64 (Sumi et al., 1987; Kim et al., 1996; Kim and Choi, 2000; Peng and Zhang,
2002a,b,c).

The fibrinolytic preteases belonging to metalloprotease require divalent metal
ions for their activities, fof example, Zn** for jeot-gal (Kim et al., 1997), Co*" and
Hg?* for enzymes from Bacillus sp. KDO-13 (Lee et al., 2001), Ca** and Mg** for
AMMP (Lee et al., 2005), so their activities can be inhibited by chelating agents such
as EDTA. These enzymes have an optimal pH between 6.0 and 7.0, except one from
R. chinensis 12, with an optimal pH of 10.57(Liq_ etal., 2005).

All these fibrinolytic proteases hrave ‘high substrate specificity to fibrin,
different from other proteases with broad édbstrate specificity. For instance, CK
activity degrading fibrin is about eight times higher than that of subtilisin Carlsberg, a
common alkaline protease with identical N-terminal sequence (Kim et al., 1996).
Similar examples also inelude NK and subtilisin E (Nakamura et al., 1992), subtilisin
DFE and subtilisin BPN (Peng et'al.,12004), ‘and subtilisin DJ-4 and subtilisin BPN
(Choi et al., 2004). Although these common alkaline proteases (subtilisin E, BPN, and
Carlsberg):have, highly homologoustsequence wwith rthe corresponding fibrinolytic
proteases, why is it that only these fibrinolytic proteases have very high substrate
specificity to fibrin? The evolutionary changes of the critical amino acid residues in
the substrate binding site probably account for this difference. However, more
research should be done to completely elucidate this interesting phenomenon and
provide some hints of the structure—function relationship. Furthermore, some
microbial fibrinolytic proteases can activate plasminogen and further enhance the
fibrinolysis (Kim et al., 1996).
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Thrombolytic effect of nattokinase in vivo

The fibrinolysis mechanism of NK has been explored more extensively than
other microbial fibrinolytic proteases. NK not only directly cleaves cross-linked
fibrin, but also activates the production of t-PA, resulting in the transformation of
inactive plasminogen to active plasmin (Kumada et al., 1994; Fujita et al., 1995c).
Furthermore, NK enhances its fibrinolysis through cleavage and inactivation of PAI-
1, which is the primary inhibitor of fibrinolysis and regulates total fibrinolytic activity
by its relative ratio with t-PA (Urano et al., 2001). NK can be effectively absorbed
across the rat intestinal tract after intraduodenal administration and then induces
fibrinolysis (Fujita et al., 1995a). So far, NK.is“the only fibrinolytic protease from
microorganisms whose thrombolytic effect in vivo has been best characterized.

In 1990, Sumi et alereporied the effectiveness of NK capsules in dissolving
thrombi in dogs. After blaed clois were experimentally induced in a major leg vein of
male dogs, each dog was.orally, administered either four capsules of NK or placebo.
The results showed that the/blood clots in the dogs that received NK capsules
completely dissolved within 5 h of treatment, and normal blood circulation was
restored. However, as a pegative control, blood clotsiin dogs that have received the
placebo did not show any sign of thrombdiyéis] even after 18 h of treatment (Sumi et
al., 1990). Moreover, dietary supplementati‘on of natto can suppress intimal
thickening and modulate the lysis of mural -t‘h-rombi afier_endothelial injury in rat
femoral arteries (Suzuki et al., 2003b).

Fujita et al. (1995b) investigated the thrombolytic effect of NK on a thrombus
in the common carotid of rat where the endothelial cells of the vessel wall have been
injured by acetic acid. Animals treated with NK recovered 62% of the arterial blood
flow, whereas those treated with plasmin regained just 15.8%, and those treated with
elastase“digd-not, get. any<recovery. | Itywasiconcluded that the «in vivo thrombolytic
activity of NK is stronger than that of plasmin or elastase.

Another human trial involved 12 healthy Japanese volunteers (six men and six
women, between 21 and 55 years old). Each participant had 200 g of natto daily
before breakfast, and their fibrinolytic activity was tracked through a series of blood
plasma tests. The results showed that oral administration of natto (nattokinase)
enhanced the ability of participants to dissolve blood clots. Furthermore, the
volunteers retained such enhanced fibrinolytic activity for 2 to 8 h after administration
(Sumi et al., 1989).
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Application and perspectives

The microbial fibrinolytic proteases, especially those from food-grade
microorganisms, have the potential to be developed as functional food additives and
drugs to prevent or cure cardiovascular diseases. NK has already been developed as
drugs in the market, including Nattokinase NSKSD, Jarrow NattoMax JR-154, and
Natto-K. Development of other microbial fibrinolytic proteases is still ongoing, and
much work needs to be done intensively and extensively, especially concerning
thrombolytic effects in vivo.

The new trend for improving thrombolytic agents is to increase the efficacy
and fibrin specificity, focusing on developing effective targeted thrombolytic agents.
Several reports have illustrated successful construction of the chimeric proteins, in
which a thrombus-specific.polypeptide or antibody was attached to the plasminogen
activator to enhance the thrombolytic specificity (Tait et al., 1995; Ruppert et al.,
2003). These advances direct the way of future research on microbial fibrinolytic

proteases.

2.2 Taxonomy of the genus Bacillus

In 1872, Ferdinand Cohifi recogh’i;zéd]_and named the bacterium Bacillus
subtilis. The organism is Gram-positive, capablé of growth in the presence of oxygen,
and forms a unique type of resting cell caIIed-ain- endospare (Figure 2). The organism
represented what was 10 become a large and diverse genus of bacteria named Bacillus,
in the Family Bacillaceae. The genus Bacillus remained intact until 2004, when it was
split into several families-and genera of endospore-forming bacteria, justifiable on the
basis of ssSRNA analysis.” In ‘order to ‘accommodate former ‘members of the genus
Bacillus, its title has been changed to "Gram-positive aerobic or facultative
endosporesforming hacteria” <The unifying characteristiciof these bacteria is that they
are Gram-positive, form endospores, and grow in the presence of O,. The trivial name
assigned to them is aerobic sporeformers. The ubiquity and diversity of these bacteria
in nature, the unusual resistance of their endospores to chemical and physical agents,
the developmental cycle of endospore formation, the production of antibiotics, the
toxicity of their spores and protein crystals for many insects, and the pathogen
Bacillus anthracis, have attracted ongoing interest in these bacteria since and Cohn
and Koch's discoveries in the 1870s (Claus and Berkeley, 1986).



16

Figure 2. Endospores can be readily recognized microscopically by their intracellular
site of formation and their extreme refractility. Left, crystal violet stain viewed by
light microscopy. Endospores are highly resistant to application of basic aniline dyes
that readily stain vegetative cells. Bacillus fé{;jfﬂgjensis by phase micrograph.. Right,
spore stain of a Bacillus species. The ‘s,taining' technigue employed is the Schaeffer-
Fulton method. A fixedssmear-is flooded with a selution of malachite green and
placed over boiling W/ﬁéminutéf. After rinsing, the smear is counterstained
with safranine. Mature spores: staiq green, whether free or still in the vegetative
béiréng‘iafstain red.

3 ll '
of physiology among the aerobic sporeformers, not

sporangium; vegetative gell

There is great diversi
surprising considering * their mhéntly-ﬂﬂ%&overed phylogenetic  diversity. Their
collective features include deg?é@'on of'@gf:‘all substrates derived from plant and
animal sources, including celiufosg, starctf,}-"‘péﬁﬁﬂ, proteins, agar, hydrocarbons, and
others; antibiotic e ion, _nitrification; deni rifil;:ation; nitrogen fixation;
facultative Iithotr(i')f)g}r;y; autotrophy;  acidophily; ;“EleaIiphin; psychrophily;
thermophily; and parasftism. Endospore formation, universally found in the group, is
thought to be a.strategy .for. survival in.the soil environment,.wherein these bacteria
predominate. 'Aerial’ distribution ".of "the ©“dormant spores Probably explains the
occurrence of aerobic spore formersfin most habitats examined.

Established, by Cahn in 1872, the genus Bacillus has undergone considerable
taxonomic changes. Starting off with two prominent and truly endospore-forming
species, Bacillus anthracis and B. subtilis (until the early 1900s some taxonomists did
not restrict the genus to endospore-forming bacteria), the number of species allocated
to this genus increased to an incredible 146 in the 5" edition of Bergey’s Manual of
Determinative Bacteriology (Bergey et al., 1939). Meticulous comparative studies of
Smith et al. (Cohn, 1872) and Gordon et al. (1973) on 1,114 strains of aerobic

endospore-forming bacteria (AEFB) helped to reduce this number to 22 well-defined
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species in the 8" edition of Bergey’s Manual of Determinative Bacteriology
(Buchanan and Gibbons, 1974). These researchers made a case for being “lumpers”
rather than “splitters” in their taxonomic work, thus being able to present
morphologically and physiologically well-defined taxa while accepting that these taxa
might lather again be taken apart to form better species when better methods became
available. The advantage of their approach is that today modern taxonomy still can
confidently rely on their results.

A general new starting point for bacterial taxonomy occurred in 1980 with the
publication of the Approves Lists of Bacierial:Names (Skerman et al., 1980) where
numerous taxonomic experts had cooperated.an”establishing a comprehensive and
agreed upon list of accepted names of bacterial species. Herein, 38 species of AEFB
were listed of which 31 were allocated to the genus Bacillus and 7 to other aerobic
endospore-forming generar An" amended edition was published in 1989 (Skerman et
al., 1989). From this base, assteady increase was seen that lately developed into a
virtual explosion of newly andivalidly, described species of AEFB.

Only four of thegenera of AEEB (Bacillus, Sporolactobacillus, Sporosarcina,
and Thermoactinomyces) had already. been included in the approved lists and are still
valid today. For most of the others; phehbﬁtypli_c differentiation from Bacillus sensu
stricto is not so clear-cut and oniy possibrle th‘rough a combination of a number of
traits. For some of the genera, the determinatidh -of such traits has yet to be completed
and differentiation is ot satisfactory. All in all, over 88 species of Bacillus have been
validly published (Fritze, 2004).

Taxonomic developments in Bacillus subtilis group

B. subtilis'is not ‘only a‘renowned “classical 'model’ organism for genetic
research but also widely used in traditional and industrial fermentation processes as
well as™inoagriculttre aProduction ofienzymes, /antibiotic| ory probiotic components,
antagonistic substances or surfactants or on the other hand, degradation of xenobiotics
is only some of the long list of applications of this and related organisms.

Species of the B. subtilis group are closely related and thus not easily
distinguishable. Cells of these organisms are less than 1 um wide, sporangia are not
swollen, and spores are ellipsoidal. They are in general mesophilic with regard to
temperature and neutrophilic with respect to pH for growth, while often being tolerant
to higher pH levels. All members of the group are placed in 16S rRNA/DNA group 1.
Application of the classical phenotypic tests for the differentiation of Bacillus species
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(Claus and Berkeley, 1986) indicates that only for some of them have clearly
discriminating features been determined. For example, B. pumilus is starch negative
and hippurate positive, and B. licheniformis is propionate positive, grows in
temperatures up to 55°C, and is facultatively anaerobic. For others, phenotypic
discrimination is weak, such as for B. atrophaeus, where pigment formation on
tyrosine medium was described to differ from B. subtilis from which it is otherwise
not distinguishable, and for B. amyloliquefaciens, where a faster acid production from
lactose and slower gluconate utilization was described in contrast to B. subtilis. The
two subspecies of B. subtilis (B. subtilist subsp. subtilis and B. subtilis subsp.
spizizenii), B. mojavensis, and B. vallismorius.are not distinguishable phenotypically
so far. The same is true for B. licheniformis and B. sonorensis.

The history of the«presently: accepted species of the B. subtilis group is
presented in Figure 3. Allspegies can be differentiated on the genetic level and it is to
be expected that when genotypic analyses are applied to a wider range of strains of
the classical species mentioned above, additional genospecies will be detected. B.
clausii is, strictly speaking, nota member 'o_f the B. subtilis group; however, it is listed
here for the sake of completeness, because éi_;n'ﬂmber of strains previously classified as
B. subtilis and used as probiotictm havéi__'Fe_g_ently been reclassified as B. clausii
(Senesi et al., 2001). Even more {oosely aft"_taéhed to this group are the species B.
firmus, B. lentus, and, B. sporothermodurahs',_Which are clearly distinguishable from

the other species and are not further discussed.
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Figure 3. Taxonomic develepment of the Bacillus subtilis group (Fritze, 2004).

Intensive work.iS goingon aned, iﬁdeed, needs to be done to evaluate the whole
group taxonomically in moge depth. The'rdé-cision on redefinition of species in this
group will mainly depend on-the avail-a'bility of appropriate methods and the
agreement of taxonomists regarding hO\A'r‘:!'and where to set border lines between
species. At least, the new definitiens shoulci}béjf'éxpected to serve the applied areas of
sciences, such as regulatory bodies, to supbdr't“'their work..In addition, easy-to-check
correlating diagnostic -features-need-to-be determined -~ According to the Ad Hoc
Committee for the "Re-evaluation of the Species Definition in Bacteriology
(Stackebrandt et al., 2002), up to now, the final proof for conspecificity of two given
bacterial strains’istDNA/DNAhybridization; ailaberious and time-consuming method.
New and quigker "methods need to be developed to substitute this method
appropriately. However, it.is definitely clear. that'within some.of the above-mentioned
species, ‘which were isolated“and “described in the ‘early. days-of bacteriology and
which therefore were and still are mainly phenotypically defined, a broad range of
genotypic diversity (be it species or subspecies) is hidden.

Present systematic status

Two factors are chiefly responsible for this rapid increase in named species.
One is the application of more diverse and intelligent methods for the enrichment and
isolation processes to better account for the true physiological breadth and nutritional

and cultural requirements of these ubiquitous organisms. The other is the development
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of new and ever more sophisticated methods for the characterization and
identification of bacterial strains, in particular on the genetic level, of which
especially the 16S rRNA/DNA sequence analysis has exerted major influence.

In particular, sequence analysis has led and continues to lead, on the one hand,
to the separation of groups of species from the core genus Bacillus to form new
genera and, on the other hand, to the definition of novel genera to allocate new
isolates. Today, Bacillus is only one out of a whole series of genera of AEFB
comprising increasing numbers of validly published species. Descriptions of these
genera and species are based to a varying extent upon morphological, biochemical,
physiological, and chemotaxonomical traits-ana*on the results of various molecular
genetic techniques. However, while the basic systematic structure is today determined
by the comparison of thesSequences of the 16S rRNA/DNA (Stackebrandt and
Swidersky, 2002), it is undersiood, in aréas where discrimination through this method
is insufficient or unsatisfactery, that classical methods are still useful and newly
developed methods need to'be applied.

Identification of Bacillus _

The identification of Bacillus spe'ci'és has been performed mainly with
morphological and physiologicat criteria,"ahd]_this method is widely employed in
various fields. However, the process used reduires skillful techniques and is very
complex and time-eonsuming. Moreover, -i‘t- Is still ~difficult to identify and
characterize new isolates, mainly because some species. share morphological and
biochemical characteristics (Priest et al., 1988; Ash et al., 1991; Harrel et al., 1995),
which makes it hard te separate them._In addition, species isolated from the
environment have' considerable diversity with respect to physiology, DNA G + C
content and nutritional requirements (Claus and Berkeley, 1872; Priest et al., 1988;
Ash etaal., 19913, DongandCote:2003).

QOver the 'years, a sizable database of 16S rRNA gene (rDNA) has been built,
and this has been successfully applied in determining phylogenetic relationships or in
identifying bacteria (Goto et al., 2000). Using 16S rDNA sequence analysis, Ash et
al. (1991) described the presence of five phylogenetically distinct groups in the genus
Bacillus, and Nielsen et al. (1994) subsequently described a sixth group belonging to
the alkaliphilic bacilli. Two of these groups are the B. cereus group (B. anthracis, B.
cereus, B. thuringiensis, B. mycoides, B. pseudomycoides and B. weihenstephanensis)

and the B. subtilis group (B. subtilis, B. pumilus, B. atrophaeus, B. licheniformis and
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B. amyloliquefaciens) (Ash et al., 1991). Although the Bacillus isolates had identical
16S rRNA gene sequences, they demonstrated considerable genotypic and phenotypic
heterogeneity. Therefore, analysis of 16S rRNA gene sequences alone was not
sufficient to identify Bacillus species (Hammer et al., 2007; Pontes et al., 2007;
Freitas et al., 2008). Recently, the fingerprint methods have been developed to
characterize and distinguish Bacillus isolates (Versalovic et al., 1991; Goto et al.,
2000; Dong and Cote, 2003; Daffonchio et al., 2003).

Molecular approaches are increasingly being used for rapid species
identification (Goto et al., 2000). Various techniques, including tDNA-PCR (tDNA-
intergenic spacer length pelymorphisms)_.and ITS-PCR (16S-23S intergenic
transcribed spacer region) analyses have Dbeen used for identification and
differentiation of Bacillus«speeies (Daffonchio et al., 2003; Cherif et al., 2003).
Freitas et al. (2008) used ATS-PCR land tDNA-PCR to examine phylogenetic
relatedness among Bacillus isolates. They found that the isolates phylogenetically
closest to B. sphaerictis and B. pumilus, and to the B. subtilis and B. cereus groups
were clearly different from the reference strains by these techniques (Figure 4).
Although there was sufficient resolution to_f differentiate among reference strains, it
was not possible to associate the Bacilius i-§§i'ages with the reference strains using this

technique.
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Repetitive element sequence-based PCR (rep-PCR) genomic fingerprinting

has also been used for discriminating among a wide range of bacterial genera and
species, and to compare bacterial genome diversity. This method can be used to
generate more accurate information because it is capable of screening several parts of
the bacterial genome (Versalovic et al., 1991; Versalovic et al., 1994). Therefore, the
rep-PCR method was applied to determine intraspecies diversity among the different
Bacillus isolates. reported that isolates with the same partial 16S rDNA sequence
often had quite dissimilar rep-PCR patterns. Freitas et al. (2008) revealed that the
primer specific for (GTG)s, the BOX ani:i-"?}f;PCR was efficient for grouping the
Bacillus sp (Figure 5). Moreover, Freitas ei~al. (2008) found that ERIC-PCR
fingerprinting clustered Eg[ence and'énvironmenta‘l B. cereus strains in the same

way as the 16S rDNA ;)jydesting&t:e former is a good approach to examining

genetic relationships am éillus isolates (Figure 6).
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Figure 5. (A) (GTG)s-PCR, (B) BOX-PCR fingerprinting patterns of the isolates and
reference Bacillus strains. Lane M, Molecular size marker (1 Kb). (C) UPGMA
cluster analysis of isolates and reference strains based on multi rep-PCR global matrix
of ERIC-PCR, BOX-PCR and (GTG)s-PCR. The numbers above the figure identify
the 16S rDNA-sequence-base phylogeny clusters obtained for the isolates (Freitas et
al., 2008).
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Figure 6. (A)VERIC-PCR fingerpr'inting patterns of | the disolates and reference
Bacillus strains. Lane M, Molecular size marker (1 Kb). The ,numbers above the
figure ‘ddentify the»16S rDNA-seqUénce-base phylogeny ' clusters ‘obtained for the
isolates. (B) UPGMA cluster analysis of isolates and reference strains based on ERIC-

PCR. Numbers in parentheses identify the 16S rDNA-sequence-base phylogeny
clusters obtained for the isolates (Freitas et al., 2008).
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MATERIALS AND METHODS

3.1 Materials

Traditional fermented food products, for example, Bu-du (fish sauce or
muslim sauce), Plaa-chao (Thai sweetened fermented fish), Pla-chom (fermented
small fish), Tai-plaa (fermented fish viscera), Ka-pi (fermented shrimp paste), Koong-
chom (Thai sweetened fermented shrimp), Hoi=dong (pickled sea mussel), Poo-chem
(fermented crab), Ma-nao-dorng (pickled lime)s"Khing-dorng (pickled ginger), Kra-
tiam-dorng (pickled garlic bulbs), Nor-mai-dorng (fermented bamboo shoot), Pak-
kaat-dorng (pickled mustard greens), Sa-tor-dorng (fermented stink bean), Tooa-
ngork-dorng (pickled munghean Sprouts), Khao-maak (fermented glutinous rice),
Tao-hoo-yee (fermented soybean (cheese), Tao-jie0 (soybean paste), Tao-jieo-khaw
(white soybean paste); Tooa-nao (soybean paste or Thai natto) were purchased from
local markets in Thailand. _

Human plasmin, bovine fibrinogen,_fb:c-)vine thrombin, bovine pepsin, bovine
pancreatine, bovine casein; bovine serun-{_iélpumin (BSA), phenylmethanesulfonyl
fluoride (PMSF), leupeptin, chymostatin;' I\].-tosyI-L-phenyIaIanine chloromethyl
ketone (TPCK) and N aIpha-p-tosyI-L-IysinéEhloromethyl ketone (TLCK), soybean
trypsin inhibitor (SBTI), phosphoramidon, 1,10-phenanthroline, pepstatin A, trans-
epoxysuccinyl-L-leucyamino(guanidine) - butane (E-64), H-D-Val-Leu-Lys-pNA (for
plasmin), pyro-Glu-Gly-Arg-pNA (for urokinase), H-D-Val-Leu-Arg-pNA (for
thrombin), D-galactose; D-mannose, D-mannitol, D-maltose, D-fructose, D-xylose, L-
tyrosine, copper. sulphate (CuSQ,), calsium sulphate (CaSO,), manganese sulphate
(MnSQ3), cmagnesiuma sulphate=(M@S0Oa), «zinc acetate | ((CH3CO4).Zn), Ferrous
sulphate(FeSQ,), and Ferric chloride (FeCls) were obtained from Sigma Chemical
Co. (St. Louis, MO). Skim milk powder, yeast extract, meat extract, D-glucose, D-
lactose, sucrose, soluble starch, glycerol, ethylenediaminetetraacetic acid (EDTA) and
sodium azide were provided by Merck (Darmstadt, Germany). Agar, tryptone,
peptone and gelatin were obtained from Difco (Detroit, USA). Ammonium sulfate,
sodium chloride and trichloroacetic acid were purchased from Carlo Erba (Milan,
Italy). Photobiotin was obtained from New England Biolabs (Ontario, Canada).
PageRuler™ unstained protein ladder was provided by Fermentas (Ontario, Canada).
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Resource Q, superpose 12 10/300 GL and PlusOne™ Silver Staining Kit were
purchased from GE Healthcare Bio-Sciences (Uppsala, Sweden). APl ZYM, API
50CHB and API 50CH were provided from BioMerieux (Basingstoke, UK). All other

chemicals were of analytical grade.

3.2 Experimental designs

In this study, bacteria were isolated from 20 kinds of traditional fermented
food and screened for fibrinolytic activity. Consequently, fibrinolytic protease-
producing bacteria were subjected to fdentification. Furthermore, the optimal
condition for fibrinolytic protease production‘was evaluated. Finally, purification and
characterization of fibrinolytic protease were carried out. The research procedure of

this study was showed in Eigure7.

Traditional-fermented foods

\ A
Isolation and'screening of
fibrinalytic protease preducing bacteria

v
Identification of bacteria

A 4

Optimization of fibrinolytic protease
production

Purification of fibrinolytic protease

A 4
Characterization of fibrinolytic protease

Figure 7. Overall experimental design.

3.3 Isolation of bacterial strains

Bacteria were isolated from 20 kinds of traditional fermented foods produced
in Thailand by means of the usual dilution plating technique on modified Luria-
Bertani (MLB) medium that composed of 1.0% tryptone, 0.5% yeast extract, 2.5%
glucose, 5.0% NaCl, and 1.5% agar (Kim et al., 1997). Briefly, a small quantity of
fermented food (1 g) was mixed with 9 ml sterile diluent containing 0.85% NaCl. Ten
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fold dilutions (10™ to 10®) were then prepared and 100 pl of each dilution was
inoculated on MLB agar plate. The petri dishes were incubated at 37°C for 24 h and
colonies were separately isolated on MLB agar plate. The isolates were then
reisolated by streaking out on MLB agar plate until a single colony was obtained. The
pure cultures were maintained on MLB slant, keep at 4°C and in 20% glycerol, stored
at -80°C.

3.4 Screening of fibrinolytic protease-producing bacteria

Inoculum preparation

Bacteria were propagated at 37°C on-modified MLB agar plate, composed of
1.0% tryptone, 0.5% yeast.extract; 2.5% glucose and.1.5% agar, pH 7.2, for 24 h. The
inoculum was prepared.by adding a loop full of pure culiure from modified MLB agar
plate into 5 ml of seed etlture medium (modified MLB broth) in 15 ml test tube and
incubated at 37°C on a.rotary shaker (Mddel Certomat BS-1, Sartorius, Goettingen,
Germany) at 200 rpm for 48 . '

Enzyme production _

The production medium was consisted of 1.0% tryptone, 0.5% yeast extract,
2.5% glucose, pH 7.2. The ‘production medium was inoculated with 9% (v/v)
inoculum and cultivated at 37°C on a rotatory shaker at 200 rpm for 18 h. Samples of
the culture broth were collected and the growth was measure with an absorbance at
600 nm (ODggo) by UV-Vis spectrophotometer (Model Helios alpha, Thermo Fisher
Scientific, Bremen, Germany). The culture was harvested by centrifugation at 17700 x
g for 15 min at 4°C and-the cell-free, supernatant was.used as crude enzyme to
measure fibrinolytic'activity-and pretein cofitent.

Primary screening

A fibrin platesassay (Astrup and Mullertz, 1952) was, useéd to screen for
fibrinolytic activity of crude enzyme from each isolated bacteria. In brief, 5 ml of 2%
(w/v) agarose warmed to 50°C was mixed with 5 ml of 0.6% (w/v) fibrinogen
solution in 50 mM phosphate buffer pH 7.4 warmed to 45°C and 20 ul of thrombin
solution (10 NIH unit/ml) and poured into a Petri dish. The dish was left at room
temperature for 30 min to form a fibrin clot layer. Nine holes (3 mm in diameter)
were punched for sample application on the fibrin plate and ten microliters of crude

enzyme was placed in each hole. After incubated at 37°C for 18 h, the radius of clear
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zone around the hole was measured. Human plasmin was used as the standard
fibrinolytic protease.

Secondary screening

SDS-fibrin  zymography SDS-fibrin zymography gel was prepared as
described by Kim et al. (1998). Briefly, separating gel solution (12%, w/v) containing
fibrinogen (0.6%, w/v) was prepared in a total volume of 10 ml. Thrombin (1 NIH
unit/ml) solution was added to the gel solution at a final concentration of 0.1 punit/ml.
Ammonium persulfate (10%, w/v) and, N,N,N",N",-tetramethylethylenediamine were
used to catalyze the polymerization. Crude enzyme was mixed with sample buffer
(5X) consisting of 0.5 M Tris-HCI, pH 6.8,20% (w/v) SDS, 20% (w/v) glycerol and
0.03% (w/v) bromophenolblug.at4:1 (v/v) ratio,.and 25 ug of proteins were loaded on
to the gel. The proteins were subjectedito electrophoresis at a constant current of 20
mA per gel by the Hoefer SE250 mini-gel unit (Amersham pharmacia biotech,
Uppsala, Sweden). After electrophoresis, gel was immersed in 100 ml of 2.5% (w/w)
Triton X-100 solution"for 30 min andithen immersed in 100 ml of reaction buffer (30
mM Tris, pH 7.4 containing 200 mv NaCl _an_d 0.02% (w/v) NaN3) for 18 h at 37°C.
The gel was fixed and stained with 0.025% (W/v) Coomassie brilliant blue R-250 in
40% (v/v) methanol and 7% (v/v) acetic aciidﬁfo,.r 1'h and then destained in destaining
solution (30% (v/v) methanol and 10% (v/v) acetic acid). Development of clear zone
on blue background indicated fibrinolytic activity. PageRuler™ unstained protein
ladder was used as-the standard protein marker. The molecular weight of a protein
under investigation was estimated by standard curve correlating log molecular weight
and migration distance of known molecularaveight proteins.

Fibrinolytic. activity ‘assay Fibrinolytic™ activity was measured by the
hydrolysis of fibrin clot as described.by Kim et al. (1997) with some modifications. In
brief, 500 ‘¢il: of 0:6%, (W/V) fibrinogen solution‘in 0.1 M borate, buffer, pH 7.0 was
mixed with 20 pl of thrombin solution (50 NIH unit/ml thrombin in 0.1 M borate
buffer, pH 7.0 containing 0.85% NaCl). The fibrin clot was allowed to form for 5 min
at room temperature and then mixed with 380 ul of 20 mM sodium phosphate buffer
(pH 7.4). To initiate the enzymatic reaction, 100 ul of crude enzyme was added and
incubated at 37°C for 20 min. The reaction was stopped by the addition of 1 ml of
10% (w/v) trichloroacetic acid (TCA) and allowed to stand on ice for 10 min. After

centrifugation at 4117 x g for 10 min, the resulting oligopeptides in the supernatant
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were measured by Lowry method (Lowry, 1957) and converted to the amount of
tyrosine equivalent. One unit of fibrinolytic activity was defined as 1 nmol of tyrosine
released per min. A blank was run in the same manner except that the enzyme was
added after the addition of TCA solution.

Protein determination Protein concentration was determined by Lowry
method (Lowry, 1957) using BSA as a standard (Appendix B-1).

3.5 Identification of isolates

3.5.1 Phenotypic characterization

Prior to the genotyping, the bacteria were phenotyped according to Gordon et
al. (1973), Claus and Berkeley (1986) and Barrow and Feltham (1993)

Morphological and~cultural characteristics Cell arrangement and Gram
staining (Hucker and Coan, 1923) (Appendix A-1) were examined after grown on
modified Luria-Bertani (MLB) agar-plate (Appendix A-2.1) at 37°C for 1-2 days. The
shape, position and size of Spares were determined by phase-contrast microscopy.

Pigmentation production was examined by inoculated a nutrient agar plate
(Appendix A-2.2) with a drop of light susp_e_r'ls-'i-on of the bacteria, incubated for 24 h at
37°C and then transferred t0 rgom tempergthrg and observed for up to 5 days. The
color was recorded as red, orange, yellow;_gr_een, violet, brown, or negative i.e.
produce none of these pigments. Moreover, -thre pigmentation production on Tryptic
soy agar plate (Appendix A-2.3), Luria-Bertani agar plate (Appendix A-2.4), modified
Luria-Bertani agar plate (Appendix A-2.1), Tyrosine agar plate (Appendix A-2.5),
Potato dextrose agar plate-(Appendix A-2:6) and Mannitol yeast-extract agar plate
(Appendix A-27) were-evaluated.

Physiological and biochemical characteristics Sulphide production, indole
and maotility test were examined by stap-inoculated the cultdig into the tubes of
sulphid-indole-motility (SIM) medium (Appendix A-3.1) and incubated at 30°C for
18-24 h. Diffusion of growth from the line of inoculum indicated motility. Blackening
at surface of the medium indicated H,S production and the development of a red color
within one hour after the addition of Kovac’s reagent (Appendix A-3.2) indicated
indole production.
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Catalase test was determined by flooding the colonies grown overnight on
Nutrient agar plate with 3% hydrogen peroxide (H2O2) (Appendix A-4.1). After 5
min, the appearance of gas bubbles denoted as a positive reaction.

Oxidase test was performed by dropping small amount of 1% tetramethyl-p-
phenylenediamine (Appendix A-5.1) on sterile filter paper disc. The test culture
(grown on MLB medium free from glucose) then was smeared across the moist paper
with a platinum loop. The colonial appearance of dark-purple color on the paper
within 30 sec revealed a positive reaction.

For MR-VP test, the culture was inoculated to glucose phosphate (GP)
medium (Appendix A-6.1) and incubated at-380°€ for 2 days. After added 2 drops of
methyl red solution (Appendix A-6.2) and shake well, the appearance of a red color at
the surface indicated positive MR reaction. An orange or yellow color regarded as
negative. After reading the MR reaction, the same culture was used for VP test by
adding 2 drops of creatine solution’ (Appendix A-6.3) (about 0.05 ml) and 1 ml of
40% KOH aqueous solution (Appendix. A-6.4) and shake well. After 1 and 4 h,
positive reaction was indicaied by an eosin-pink color.

Citrate utilization was done by a sin'g'l-e streak over the surface of a slope of
Simmons’ citrate medium (Appendix A-7.'1’)i."T]he result was examined daily for up to
7 days for growth, original green celor changed fo blue color indicated citrate utilized.

Deoxyribonuclease (DNase) activity w-a‘s-performed by inoculated test cultures
as streak on the surface of DNase test agar (Difco) (Appendix A-8.1) (replicate plates)
and incubated at 30 and 37°C. After incubation for 36 h, the DNase plates were
flooded with 1N HCI, a positive result showed as a clear zone around the growth and
a negative result of ithe test was ‘opague. ‘Moreover, indole test was performed by
inoculated the €cultures in peptone water (Appendix A-9.1) and incubated at 37°C.
After 2 days ofincubatiomn; 05 ml ofiKovacs*reagent (Appendix A-9.2) was added
and shake well, a red color in the'reagent layer indicated indole production.

For nitrate reduction test, the cultures were inoculated into nitrate broth
(Appendix A-10.1) and incubated for up to 5 days. After added 1 ml of nitrite reagent
A (Appendix A-10.2) followed by 1 ml of reagent B (Appendix A-10.3), a deep red
color showed the presence of nitrite and thus the nitrate was reduced, indicated a
positive reaction.

Urease activity was tested according to the method of Stuart et al. (1945) by
using SSR medium (Appendix A-11.1). After heavy inoculated a tube of SSR Urea
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medium, they were incubated at 37°C and examined daily up for 7 days. Red color
indicated urea hydrolyzed.

Tween 80 hydrolysis was determined. The test culture was streak-inoculated
on the surface of Tween 80 agar (Appendix A-12.1) and incubated at 37°C. The result
was observed daily up to 7 days for an opaque halo of precipitation around the
growth, indicating hydrolysis of the Tween. Starch hydrolysis was examined by
streak-inoculating the test culture on the surface of starch agar plate (Appendix A-
12.2). The streaked agar was incubated at 37°C for 2 days. The result was observed by
flooding the plate with Lugol’s iodine soluiion (Appendix A-12.3). The medium
turned blue where starch has not been hydrolysed.and clear colorless zone indicated
hydrolysis. Gelatin hydrolysis-or liquefaction was done. The test culture was streak-
inoculated on the surface«of gelatin agar plate (Appendix A-12.4) and incubated at
37°C for 3 days. The regsult was abserved by flooding the surface of plate with 5-10
ml of 10% trichloroacetie acid solution (Abpendix A-12.5). The clear zone indicated
areas of gelatin hydrolysis. Digestion of casein was performed by streak-inoculating
the test culture on thesurface/of casein agar plate (Appendix A-12.6) and intervals
were examined for up to 7 days for clearing of the medium around the bacterial
growth. Decomposition of L-tyrosine was evaluated by streak-inoculating the test
culture on the surface of tyrosine agar plate (Appendix A-12.7) and incubating it at
37°C. The result was eéxamined daily up to 7 days for dissolution of crystals under and
around the bacterial*growth. Aesculin hydrolysis was tested by inoculating the fresh
cell culture suspension-into aesculin broth (Appendix A=12.8) and incubating at 37°C.
The result was_examined daily up to 5 days‘for blackening, indicating hydrolysis of
the aesculin.

Phenylalanine deaminationgwas examined as described; by International
Committee on Systematics of Prokaryotes (ICSP) (1958). Cell culiure suspension was
heavily inoculated on a phenylalanine agar slope (Appendix A-13.1). After incubating
the agar at 37°C overnight, 0.2 ml of a 10% aqueous solution of FeCl; (Appendix A-
13.2) was flooded over the growth. A positive result gave a green color on the slope
and in the free liquid at the base. Decarboxylations of L-arginine, L-lysine and L-
ornithine were evaluated using Falkow’s medium (Appendix A-14.1) supplemented
with 0.5% of each amino acid according to the method of Falkow (1958). Tubes of
the four media (the last is negative control without any amino acid) were inoculated
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with the fresh cell culture suspension and incubated at 37°C. The results were
examined daily up to 4 days and decarboxylation was indicated by a purple color,
whereas the control and tubes with negative reactions were shown as yellow color.

Growth in media with increased NaCl concentration (0, 5, 8, 10, 12, 15 and
20% NacCl) was tested using nutrient broth (NB), and pH was adjusted to 7.2 with 0.1
N NaOH and 0.1 N HCI. Temperature range for growth (4, 25, 30, 37, 40, 45, 50 and
55°C) was examined using NB. Growth at various pHs (4.5, 5, 6, 7, 8, 9, and 10) were
evaluated using NB and pH was adjusted with sterile 0.1 N NaOH and 0.1 N HCI.
The growth was observed by measuring the eptical density at 600 nm (ODgy) and
then optimal condition for growth was evaluaied:

Fermentation profiles of carbohydrates were determined by APIS0CH. Briefly,
the fermentation test was.noculated with the fresh culture suspended in API50CHB
medium to rehydrate the substrates (Table 5), and incubated at 37°C. During
incubation, fermentation was revealed by-a’"color change in the tubes. The change was
caused by the anaerobic production of atx:“id,-and it was detected by the pH indicator
present in the medium.Morgover, the oxidatio_n was revealed by a color change in the
capule, caused by the aer@bic produetion o_f-;,_éc;id. The first tube, which did not contain
any active ingredient, was used as a negiét-imf__a control. A positive corresponds to
acidification revealed by the phenol red ind]i_:gt_or contained in the medium changing
to yellow. For the esculin test, a change in cdlc;r from red to black was observed. If a
positive test became negative at the second reading, only the positive result was taken
into account. This was caused by an alkalinization due to the production of ammonia
from peptone. The biochemical profiles obtained for the strain after the final reading

were identified‘using the identification software with database (V3.0).



Table 5. The composition of the API50CH strip.

Tube | Test Active ingredients N Tube = Test Active ingredients QTY
(mg/cup.) |, (mg/cup.)
1 Control - 26 {ESC | Esculin* 1.16
2 GLY | Glycerol 1.64 27 SAL Salicin 1.04
3 ERY Erythritol 1.44 28 CEL D-Cellubiose 1.32
4 DARA | D-Arabinose 140 29 MAL | D-Maltose 1.40
5 LARA | L-Arabinose 1.40 30: LAC D-Lactose (bovine origin) 1.40
6 RIB D-Ribose 1.40 31 MEL " | D-Melibiose 1.32
7 DXYL | D-Xylose 1.40 3 # \SAC D-Sacch arose (sucrose) 1.32
8 LXYL | L-Xylose 140 33 TRE | D-Trehalose 1.32
9 ADO | D-Adonitol 1.36, . 1344 4 INUY | Inulin 1.28
10 MDX | Methyl-BD-xylopyranoside 1.28 35 | MLZ | D-Melezitose 1.32
11 | GAL | D-Galactose 140~ 36" | RAF | D-Raffinose 1.56
12 GLU | D-Glucose 1.56 37 [/AMD | Aminod (starch) 1.28
13 FRU D-Fructose 140G 38 |'GLYG | Glycogen 1.28
14 MNE | D-Mannose 1400 1397 [XLT.. | Xylitol 1.40
15 SBE L-Sorbose 1.40 40 GEN | Gentiobiose 0.50
16 RHA | L-Rhamnose 1.36 41 TUR D=Turanose 1.32
17 DUL Dulcitol 1.36 42 LYX D-Lyxose 1.40
18 INO Inositol 1.40 43 TAG “{*D-Tagatose 1.40
19 MAN | D-Mannitol 1.36 44 DFUC | D-Fucose 1.28
20 SOR D-Sorbitol 1736 45 LRUC™| L£=Fucose 1.28
21 MDM | Methyl-aD-Mannopyranoside 1.28 46 DARL | D-Arabitol 1.40
22 MDG | Methyl-aD-Glucopyranoside 1.28 47 LARL | L-Arabitol 1.40
23 NAG | N-Acetylglucosamine 1.28 48 GNT,, .. | Potassium Gluconate 1.84
24 AMY | Amygdalin 1.08 49 2KG Potassium 2-Ketogluconate 2.12
25 ARB | Arbutin 1.08 50 5KG Potassium 5-Ketogluconate 1.80
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Enzymatic activity profiles of bacterial strains were evaluated by APl ZYM.
In brief, 65 ul of heavily bacteria suspension (in normal saline solution with the
absorbance of 0.699 measured at 600 nm that equal to a McFarland No.4) was
distributed into APl ZYM strips and incubated at 37°C in the dark incubation box
with normal atmospheric condition. After 6 h of incubation, reagent A and B were
added to each cupule following the manufacturer’s direction. The reactions were
allowed to develop for 5 min under a powerful light source. After light exposure, the
reactions were read and recorded on the result sheets. A value ranging from 0-5 was
assigned, corresponding to the color developed:: O corresponds to a negative reaction,
5 to a reaction of maximum intensity ano valtes 1, 2, 3 or 4 were intermediate
reactions depending on the level-of intensity (3, 4 or 5 being considered as positive
reactions) (Table 6).



Table 6. Reading table of APl ZYM

No Result
. Enzyme assayed for , Substrate pH Positive Negative
1 | Control Colorless
2 | Alkaline phosphatase 2-naphthyl‘phosphate 8.5 Violet
3 | Esterase (C4) 2-naphthyl butyrate| 6.5 Violet
4 | Esterase lipase (C8) 2-naphthyl caprylate 7.5 Violet
5 | Lipase (C14) 2snaphthyl myristate: & 7.5 Violet
6 | Leucine arylamidase L-ledicyl2-naphthylamide 7.5 Orange
7 | Valine arylamidase L=valyl-2snaphthylamide 7.5 Orange
8 | Cystine arylamidase L-cystyl-2—naphthyla|ji]ide 7.5 Orange
9 | Trypsin N-benzoylDL-arginines2-naphthylamide 8.5 Orange Colorless
10 | a-Chymotrypsin N-glutaryl-phenylalanine-2-naphthylamide 7.5 Orange or
11 | Acid phosphatase 2-naphtilyl phosphate =% 5.4 Violet | very pale
12 | Naphthol-AS-BI-phosphohydrolase Naphthyl-AS-Bt-phosphate’ 5.4 Blue yellow*
13 | a-galactosidase 6-Br-2-naphthyi-aD-galactopyranoside 54 Violet
14 | p-galactosidase 2-naphthyl-pD-galactopyranoside 5.4 Violet
15 | B-glucuronidase Naphthol-AS-BI-gD-glucoronide 5.4 Blue
16 | a-glucosidase 2-haphthyl-aD-glucopyranoside 54 Violet
17 | pB-glucosidase 6-Br-2-naphthyl-gD-glucosaminide 54 Violet
18 | N-acetyl-pB-glucosaminidase 1-naphthyl-N-acetyl-BD-glucosaminide 5.4 Brown
19 | a-mannosidase 6-Br<2-naphthyl-aD-mannopyranoside 54 Violet
20 | a-fucosidase 2-naphthyl-aL=fucopyranoside 5.4 Violet

*Colorless or color of the control if the strip has been exposed to an-intense' light source afteriaddition of the reagents; if the strip has not been

exposed to intense light, a very pale yellow color’is obtained.

Ge
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3.5.2 Genotypic characterization

Preparation of genomic DNA Genomic DNA was isolated according to the
method of Saito and Miura (1963). Cells were harvested after 12-16 h cultivation and
suspended in 2 ml of saline-EDTA buffer pH 8.0 (Appendix A-15.1). The cell
suspension was inoculated with 1 mg of lysozyme and incubated at 37°C for 1 h. Then
100 ul of 10% SDS (Appendix A-15.2) were added and incubated at 50°C for 10 min.
The phenol extraction was carried out by adding an equal volume of
phenol:chloroform (1:1) (Appendix A-15,3) to the sample for removal of protein and
other debris. The upper layer of the mixtureawas collected after centrifugation at 4°C,
17700 x g for 30 min. Genomie DNA was ifeaprecipitated with two volumes of ice
cold absolute ethanol and left forair-dryness. Genomic DNA was redissolved in 0.1x
SSC (Appendix A-15.4) and'treated with RNase A, RNase T; and protease K solution
(Appendix A-15.5) at 372€ Tor'Lh to removal of RNA and protein, respectively. Then
phenol extraction and ethanaol precipitation were performed and genomic DNA was
stored in 0.1x SSC at 4°C.

16S-23S rRNA‘Internal transcribed spacers-polymerase chain reaction
(ITS-PCR) fingerprinting Modified and édmbined methods of Daffonchio et al.
(1998), Daffonchio et al. (2003) and Ouaba et al. (2007) were used. Amplification of
the 16S-23S internal transcribed spacer (ITS) region was carried out in 50 ul of
reaction mixture containing 1 pl of DNA templlate, 5 pl.of PCR buffer, 5 pl of dNTP,
5 ul of MgCly, 1 ul'ef the forward primer S-D-Bact-1494-a-S-20 (10 pmol/ul) (Table
7), 1 wl of the backward primer L-D-Bact-0035-a-A-15(10 pmol/ul) (Table 8), 1 unit
of Taq polymerase and 31 hof autoclaved‘high purity water. Amplification consisted
of 30 PCR cycles inna DNA Engine DYAD ALD 1244 thermocycler (MJ Research,
Waltham, MA). The cycling program was: initial denaturationsat 94°C for 4 min
followed by 30 cycles.of [denaturation at 94°C for 1 min, annealing at 55°C for 7 min
and elongation at 72°C for 2 min. The PCR was ended with a final extension at 72°C
for 7 min and amplified product was cooled at 14°C.

The DNA fragments were separated by applying 3 ul of each PCR product
with 2 pl of loading buffer (Appendix A-16.1) to 2.5% agarose gel (Appendix A-
16.2). DNA molecular weight marker (Bioexcellent, Bangkok, Thailand) was
included as standard for the calculation of the fragments. The gel was run in Tris
Acetate-EDTA buffer (Appendix A-16.3) for 55 min at 100 V and then stained for 5
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min in a 0.5 mg/ml of ethidium bromide solution (Appendix A-16.4). The profiles
were visualized after staining under ultraviolet light, followed by digital capturing
using the Gel Doc 2000 system (Biorad, Hercules, CA, USA).

Sequencing of 16S rRNA gene The 16S rRNA gene were PCR amplifed with
27F and 1492R (Table 7). The PCR was performed in a total volume of 50 ul
containing 1 ul of DNA template, 0.25 ul of Tag DNA polymerase, 5 ul of 10x
polymerase buffer, 5 ul of dANTP mixture, 2.5 ul of 10 uM forward primer (27F), 2.5
ul of 10 uM reverse primer (1492R) and;33.75 ul of MilliQ water. A DNA Thermal
Cycler (Gene Amp® PCR System 2400; Perkin Elmer) was used with a temperature
profile of 5 min at 95°C followed by 30 Cyeles of 30 sec of 95°C (denaturing of
DNA), 15 sec at 55°C (primei-annealing), and L.min at 72°C (polymerization) and a
final extension for 7 miarat #2°C, The PCR amphfied products were analyzed by
running 2 ul of the reaetionsmixiure on a 0.8% agarose gel in Tris Acetate EDTA
buffer. Agarose gel was stained in an ethidium. bromide solution (0.5 mg/l) and
examined under UV-transillumiator (UVP Inc.) to visualize the amplified 16S rDNA
band. 4

The 16S rRNA gene fragments were PCR amplified with 357R, 802R, 1115R
and 1539R primer (Table 7). The 16S rDNA fragments were purified and sequenced
using BigDye Terminator Cycle Sequencing Ready Reaction kit (ver. 3.0: Applied
Biosystems) in the ABI PRISM 310 Genetic analyzer (Applied Biosystems, USA)

Phylogenetie-analysis Homology search was performed using the standard
BLAST sequence similarity searching program version 2.2.1 from the web server
http://www.ncbi.nIm.nihigew/BLAST against previously reported sequences at the
GenBank/EMBL/DDBJ databases.. The sequences were multiple aligned with selected
sequences obtained from the tree main databases using CLUSTAL X version 1.81.
The alignment was' manually; verified and adjusted prior to the construction of a
phylogenetic tree. The phylogenetic tree was constructed by using the neighbor-
joining (Saitou and Nei, 1987) and maximum parsimony methods (Kluge and Farris,
1969) in the MEGA program version 2.1 (Kumar et al., 2001). The confidence values
of branches of the phylogenetic tree were determined using the bootstrap analyses
(Felsenstein, 1985) based on 1000 resamplings. The values for sequence similarity

among the closest strains were calculated manually after pairwise


http://www.ncbi.nlm.nih.gov/BLAST

Table 7. Sequences and positions of the used primers.
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Primer Target sequence Position Sequence 5°---3’ Expected size
S-D-Bact-1494-a-S-20  ITS 16S-23S 1494 rDNA 165 GTCGTAACAAGGTAGCCGTA Pattern
L-D-Bact-0035-a-A-15 ITS 16S-23S 35 rDNA 235 CAAGGCAITCCACCGT Pattern
27F 16S rDNA 27 rDNA16S AGAGTTTGATC(CT)TGGCTCAG 1500 bp in length
1492R 16S rDNA 1492 rDNA 16S ACGG(CT)TACCTTGTTACGACTT 1500 bp in length
357R 16S rDNA 343-357 (BNA16S C'I%GCTGCCTCCCGTAGGAGT 400 bp in length
802R 16S rDNA 785-802 rDNA 163 TA@&AGGGTATCTAATCC 600 bp in length
1115R 16S rDNA 1000-1115 rDNA'16S- AGGG’TTGCGCTCGTTG 600 bp in length
1539R 16S rDNA 1518-1539 rDNA 16S CCR’G‘TGAGCAGAGTGACG 600 bp in length
(GTG)s 16S rDNA Pattern

GTGGTGGTGGTGGTG

o =

8¢
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alignments obtained using the CLUSTAL X program (Thompson et al., 1997). Gaps
and ambiguous nucleotides were eliminated from the calculations.

Repetitive sequence based polymerase chain reaction (rep-PCR)
fingerprinting PCR was carried out as described by Versalovic et al. (1994) and
Gevers et al. (2001). The PCR was performed in a total volume of 50 ul containing 1
ul of DNA template, 0.5 ul of DNA Tag polymerase, 5 ul of 10x polymerase buffer, 5
ul of dNTP mixture, 5 ul of 10 pmol (GTG)s primer (Table 7) and 33.5 ul of MilliQ
water. Amplifications were performed; in a DNA Engine DYAD ALD 1244
thermocycler (MJ Research, Waltham, MA); using the following temperature profile:
94°C for 5 min, 30 cycles at 94°C for 30 sec, at"45°C for 1 min and at 65°C for 8 min,
followed by a final extension of 16 min at 65°C. The PCR products were
electrophorised for 4 h ais?40.V.0n a 1.5% (w/v) agarose gel (Appendix A-17.1) in
TBE buffer (Appendix A-17.2). The profiles were visualised after staining with
ethidium bromide (0.5 m@/ml) tinder-ultraviolet light, followed by digital capturing
using the Gel Doc 2000 sysiem (Biorad, Hercules, CA, USA). The resulting
fingerprints were analysed by the BioNumerics 4.0 software package (Applied Maths
Inc., St Martens Latem;, Belgium). Similaﬁties were calculated using Pearson
correlation and an average linkage dendroigrrrém was obtained (UPGMA-unweighted
pair group method arithmetic. averages). The different dendrograms were visullay
interpreted to set the delineation level separately for each.Species.

DNA-DNA “hybridization Only high-molecular-mass DNA with Aggo/Azeo
absorption (A) ratios of <0.6 was used for DNA-DNA hybridizations. DNA labeling
probe with photobiotin wassperformed by mixing 10 ul of purified DNA solution (1
mg/ml) and 15 ul of photabiatin solution (1 mg/ml) in'an Eppendorf tube and the
mixture was irradiated with sunlamp for 30 min on ice. Then the.excess photobiotins
were removed by the ‘addition 'of 100 ul of 0.1'M _Tris-HCI buffer pH 9.0 (Appendix
A-18.1) and 100 pl of n-butanol. The upper layer was removed and then 100 ul of n-
butanol was added. After removed the upper layer, the biotinylated DNA solution was
boiled for 15 min and immediately cooled on ice. The solution was sonicated for 3
min and dissolved with hybridization solution.

DNA-DNA hybridizations were performed according to a modification of the
microplate method described by Ezaki et al. (1989). Briefly, 10 ul of purified DNA (1

mg/ml) was boiled and immediately cooled on ice. Then 390 ul of steriled distilled
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water, 500 ul of 2X PBS (Appendix A-18.2) and 100 ul of 0.1 M MgCl, (Appendix
A-18.3) were added. One hundred microliters of denatured DNA solution was added
to microdilution wells (Nunc-lmmuno™ Plate: MaxiSorp™ surface) and incubated at
37°C for 2 h. Then DNA solution was removed and 100 pl of hybridization solution
containing biotinylated DNA (Appendix A-18.11) was added. The microdilution plate
was incubated at hybridization temperature of each isolated for 5 h. The hybridization
temperature was 43+1°C (B. subtilis group) or 45+1°C (B. velezensis group). After
hybridization, the hybridization solution,was removed and the microdilution wells
were washed 3 times with 200 ul of 0.2X SSC buffer (Appendix A-18.12). Then 200
ul of solution | (Appendix-A-18.13) was added to.microdilution wells and incubated
at 30°C. After 10 min of ineubation, solution | was.removed and 100 pl of solution Il
(Appendix A-18.14) was added. and’ incubate at 37°C for 30 min. Then the
microdilution plate was washed, with 200 ul of PBS for 3 times. One hundred
microliters of solution Ll (Appendix A—18;15) was added and the plate was incubated
at 37°C for 10 min. The‘enzyme reaction was stopped with 100 pl of 2M H,SO,
(Appendix A-18.16) (Verlander, 1992). The absorbance was measured at 450 nm with
Microplate Reader (Microplate .ManagerR, 4.0 Bio-Rad Laboratories, Inc) and
calculated for the value of percefitage of DNA-DNA homology.

Reference strains Bacitlis subtilis. subsp. subtilis KCTC 3135, B.
amyloliquefaciens KETC 1660", B, licheniformis KCTC1918", B. mojavensis KCTC
3706, B. vallismortis KCTC 3707'and B. velezensis KCTC 130127 were used as
reference strains.

3.5.3 Chemotaxanomic characterization

Diaminopimelic-acid (DAP) analysis Determination ©f diaminopimelic acid
was performed as previously described by Komagata and Suzuki (1987). In brief,
approximately 10 mg of dried cells were hydrolyzed with 1 mliof'6 N'HCI in a screw-
capped tube at 100°C for 18 h. After cooling, the hydrolysate was filtered and
evaporated. Then 400 ul of distilled water was added to the dried filter and the sample
was applied on the base line of a cellulose TLC plate no. 5787. As a standard, DL-
diaminopimelic acid was also applied. TLC was developed with the solvent system
MeOH:H,0:6 N HCI:Pyridine (80:26:4:10, v/v). The spot was visualized by spraying
with 0.2% ninhydrin solution in water-saturated n-butanol (Appendix A-19.1)
followed by heating at 100°C for 5 min. DAP isomer appeared as dark-green spots
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with Ry 0.24 for meso- and D-isomer. Spots were circled by pencil as to it gradually
disappeared in a few hours.

Quinones Freeze-dried cells (200 mg) were suspened in 20 ml of
CHCI3:MeOH (2:1, v/v) and gently shake for 6 h. After filtration, the extract was
evaporated and dissolved in a small amount of acetone. Acetone solution was applied
to silica gel TLC (Merck no.1.05744) and developed with benzene. Standard for
quinones was also applied. The quinine spots were visualized by UV light at 254 nm.
The menaquinines were appeared at R¢ ca. 0.7, and ubiquinones at Rf ca. 0.4. The
band corresponding to menaquinone was scraped off and extracted with acetone.
Before concentration, the acetone solution-Wwas filtered. The quinine sample was
separted by isocratic HPLC (Collins and Jones, 1981, Collins, 1982 and Tamaoka et
al., 1983). Quantitative daia Wwas obtained and was based on the area ratio of UV
absorbance to molar compesition of cellular quinine (Komagata and Suzuki, 1987).

Polar lipids analysis Polar lipids were extracted using the modified method of
Kamekura (1993), Bligh and Pyer (1959) and Card (1973). Briefly, 200 mg of dried
cells were suspended in'3 ml of MeOH: 0.3%NaCl aqueous solution (100:10). Three
milliliter of petroleum ether was added and the mixture was mixed for 60 min with
shaking at 250 rpm in a rotatory shaker. Aﬁér centrifugation at 4117 x g for 10 min,
the lower layer was collected and 1 mi of pétroleum ether was added and mixed
thoroughly for 15 min. After centrifugation a-t‘4117 x.gfor 10 min, the upper layer
was removed and the lower layer was heated at 100°C for 5'min. After cooling, 2.3 ml
of CHCIl3:MeOH:H,O (90:100:30) was added and mixed thoroughly for 1 h. After
centrifugation, the upper layer was transferred into another tube and 2.3 ml of
CHCI3:MeOH:H,O (50:100:40) was addedto the debris;cell"and mixed well for 30
min. The superhatant was transferred to the upper layer tube and the lower layer was
extracted again‘with 1.8 mhof:chloroformiand-water Thefinal lewerlayer was mixed
with the upper layer and dried with N3 gas at temperature below 37°C. The polar lipid
fraction was redissolved with 60 pl of CHCI;:MeOH (2:1) and applied to two-
dimentional silica HPTLC no. 1.05633 and was developed with the following solvent
systems. The first solvent system was CHCI;:MeOH:H,O (65:25:4). The second
solvent system was CHClj:acetic acid:MeOH: H,0O (40:7.5:6:2). Then HPTLC plate
was incubated with iodine crystal until polar lipid appeared. Then the plate was
sprayed with Ninhydrin reagent (Appendix A-20.1) and then heated at 110°C for 10
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min. Dittmer and Lester reagent (Appendix A-20.2) was sprayed onto the plate and
then blue color were detected on the spot containing phospholipids.

Cellular fatty acid profiles Fatty acid profiles were identified by gas
chromatographic (GC) analysis of extracted microbial fatty acid methyl ester
(FAMEs) as described by Myron (2006) at the DSMZ (Deutsche Sammlung von
Mikroorganismen und Zellukulturen GmbH, Germany).

DNA base composition The guanine-plus-cytosine (G+C) content of the
DNA was determined by the HPLC method Tamaoka and Komagata (1984). In brief,
10 pl of purified DNA (1 mg/ml) was heated in boiling water for 5 min and
immediately cooled on ice. Denatured DNA-was then hydrolyzed with 10 pl of
nuclease P; solution (Appendix-A-21.2) at 50°C.for 1 h followed by incubated with 10
ul of alkaline phosphatase selution (Appendix A-21.4) at 37°C for 1 h. The
hydrolyzed DNA was determined using the reversed-phase HPLC on Nakarai
Cosmosil packed columns 5Cis” (150" X 4.6 mm), eluted with 0.2 M
NH4P,PQOg:acetonitrile (20:1, v/v) at flow rate of 1 mi/min. An equimolar mixture of
nucleotides was usedas sfthe' quantitative standard for analysis of DNA base

composition.

3.6 Optimization of the fibrinolytic protease production condition

Inoculum preparation

Bacterium, maintained in 20% glycerol and stored at -80°C, was propagated
on modified MLB agar plate and incubated at 37°C. The inoculum was prepared by
adding a loop full of pureceulture from maodified MLB agar plate into 5 ml of seed
culture medium (meodified MLB broth) in 15 ml test tube andncubated at 37°C on a
rotary shaker for 18 h to obtain a seed culture with an absorbancesat 600 nm (Agoo) of
7-8.

Optimization procedure and experimental design

Screening of the optimal nitrogen and carbon sources To investigate the
effect of nitrogen sources on fibrinolytic protease production, tryptone and yeast
extract in the original medium were replaced with different nitrogen sources at the
equivalent nitrogen content. Nitrogen sources and the corresponding concentrations
were as follows; tryptone 1.15%, peptone 1.04%, casein 1.13%, skim milk 2.98%,
yeast extract 1.52%, meat extract 1.27%, (NH,4).SO,4 0.74%, monosodium glutamate
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2.15% and gelatin 1.04%. The medium was sterilized by autoclaving at 121°C for 15
min. For protease production, a 9% inoculum from the culture was added to 25 ml
medium in 125 ml Erlenmeyer flask. After incubation for 18 h at 37°C under shaking
condition, the growth was measured at 600 nm (Asoo) and the culture was harvested
by centrifugation at 17700 x g for 15 min at 4°C. The cell-free extract was used as
crude enzyme to measure fibrinolytic activity.

To evaluate the effect of carbon sources, glucose in the original medium was
replaced with various carbon sources: at the concentration of 2.5%. The carbon
sources used were D-glucose, D-fructose, D=galactose, D-mannose, D-xylose, D-
sucrose, D-maltose, D-lactase, D-mannitol;"glycerol and soluble starch. Erlenmeyer
flasks (125 ml) containing 25.mi producﬁon medium consisted of the optimal nitrogen
source and the evaluated™ carbon  source were inoculated with 9% (v/v) fresh
inoculum. Fibrinolytic protease production and microbial growth were determined
after 18 h incubation at 37°C, .

Optimization of the /medium campositions A 3* full factorial design for
three factors was usedto determiné the optimal concentrations of nitrogen source,
carbon source, and initial'medium pH. Thgiqépendent variable selected in this study
was the enzyme activity, expressed-in unit/ml, and growth. Each independent variable
was studied at three different coded Jevels (,:1—_,_0_'.,_+1). The corresponding actual values
of three coded levels-were 0.6, 0.9 and 1.2% for yeast exiract, 1.5, 2.0 and 2.5% for
sucrose and 5, 7 and-9 for initial medium pH, respectively (Table 8). A series of 27
experiments were performed and their coded forms of independent variables
investigated and the full .experimental plan are listed in Table 7. Cultures were

incubated at 37°C, 200 rpm for 18 h and fibrinolytic protease yield was determined.

Table 8. Values of independent variables at different levels ofithe-3* full factorial

design.
) Levels
Independent variables Symbol
-1 0 +1
Yeast extract (%) X1 0.61 0.91 1.22
Sucrose (%) Xa 1.5 2.0 2.5

pH X3 5 7 9
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Optimization of the cultural conditions The effect of inoculum level,
incubation temperature and fibrin supplementation were studied using an one-at-a-
time strategy. In the investigation of inoculum level, cultivations were carried out
with the optimized medium, inoculated with different level of inoculums (1, 5, 10 and
15% (v/v)) and cultured at 37°C, 200 rpm for 18 h. In the screening of optimum
incubation temperature, cultivations were carried out with optimized medium
inoculated with the optimum level of inoculum and incubated at different
temperatures (30, 35, 37, 40, 45 and 50°C) for 18 h at 200 rpm. To investigate the
effect of fibrin supplementation, cultivations \were carried out with optimized medium
supplemented with different level of fibrin.(0, 1.24, 2.48 and 3.72% (w/v)) and
cultivated at optimum temperature. Fibrinolyiic protease production and microbial
growth were determined after 18 h incubation.

Time course ofefibrinolytic protease production Fibrinolytic protease
production and microbial.growth were compared in the original and optimized media.
Cultivations were conducted at;37°C in a rotatory shaker at 200 rpm up to 54 h.
Samples were periodically removed to determine fibrinolytic protease production and

microbial growth.

3.7. Purification of fibrinolytic protease =~

Preparation of crude extract The crude extract\was prepared from the cell-
free supernatant by -adding chilled acetone into the supernatant solution up to a final
concentration of 80%. The mixture was allowed to stand at -20°C for 2 h followed by
centrifugation, 30 min at 17700 x g. The resultant precipitate was resuspended in a
minimal volume of 50 mM Tris-HCl (pH 8.0)

lon exchange-Fast proteinsiquid chromatography (FPLC) lon exchange
chromatography | (I1£X) was performed on, FPLC wusing aResource- Q column (GE
Healthcare Bio-Sciences, Uppsala, Sweden) connected with FPLC pump and UV
detector. Crude extract was injected into the column after filtration through a 0.22 uM
filter to remove debris cells. The proteins were eluted with linear gradient of 0-1 M
NaCl at a flow rate of 0.2 ml/min. Eluted proteins were monitored by absorbance at
280 nm and collected in 1 ml aliquots for further analyses. The fibrinolytic activity of
each fraction was determined fibrinolytic activity assay and the active fractions were

pooled.
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3.8. Characterization of fibrinolytic protease

Fibrinolytic activity assay Fibrinolytic activity was measured by the
hydrolysis of fibrin clot as described by Kim et al. (1997) with some modifications. In
brief, 500 ul of 0.6% (w/v) fibrinogen solution in 0.1 M borate buffer, pH 7.0 was
mixed with 20 pl of thrombin solution (50 NIH unit/ml thrombin in 0.1 M borate
buffer, pH 7.0 containing 0.85% NacCl). The fibrin clot was allowed to form for 5 min
at room temperature and then mixed with 380 pl of 20 mM sodium phosphate buffer
(pH 7.4). To initiate the enzymatic,reaction, 100 ul of enzyme was added and
incubated at 37°C for 20 min. The reaction was. stopped by the addition of 1 ml of
10% (w/v) trichloroacetic.acid (TCA) and allewed.to stand on ice for 10 min. After
centrifugation at 4117 x g for-20 min, the resulting oligopeptides in the supernatant
were measured by Lowsy method (Lowry, 1957) and converted to the amount of
tyrosine equivalent. Onganit.of fibrinelytic activity was defined as 1 nmol of tyrosine
released per min. A blank was fun‘in-the same manner except that the enzyme was
added after the addition ofsTCA solution.

Proteolytic activity assay Proteolytic activity was measured using various
protein substrates suchsas,; bovine fibrindgen, bovine serum albumin, bovine
heamoglobin and bovine casein,The reactiiornﬁ mixture, composed of 225 pl of protein
substrate (1% (w/v) of protein substrate such as, bovine fibrinogen, bovine serum
albumin, bovine hemoglobin, and bovine casein, in 20 mM phosphate buffer, pH 7.4)
and 25 pl of fibrinolytic protease, was incubated at 37°C.-After 20 min, the reaction
was stopped by the addition of 0.25 ml of 10% (w/v) trichloroacetic acid (TCA) and
allowed to stand on ice for=10 min. After centrifugation at 4117 x g for 10 min, the
resulting polypeptides in'the supernatant were measured by Lowry method (1951) and
converted to the'amount of tyrosine-equivalent. One unit of fibrinolytic activity was
defined,as the amount,of enzyme releasing, 1 nmol of tyrosine eguivalent per min per
milliliter:

Amidolytic activity assay Amidolytic activities were measured toward a
variety of chromogenic substrates such as, H-D-Val-Leu-Lys-pNA (for plasmin),
pyro-Glu-Gly-Arg-pNA (for urokinase) and H-D-Val-Leu-Arg-pNA (for thrombin)
according to the method of Peng et al. (2005) with slight modification. To initiate the
enzymatic reaction, 180 ul of 0.5 mM substrate solution in 20 mM phosphate buffer

(pH 7.4) was added to 20 ul of enzyme and then incubated at 37°C for 20 min. The
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reaction was stopped by adding 200 ul of 15% acetic acid. The amount of released p-
nitroaniline was determined at Ass nm using UV-Vis spectrophotometer. A unit of
activity was expressed as 1 nmol of p-nitroaniline released/min.

Kinetic studies The activity was assayed with different final concentrations of
H-D-Val-Leu-Arg-pNA (for thrombin) ranging from 0.1-1 mM. The purified enzyme
concentration for the assay was 1 mg/ml. The kinetic constants were graphically
determined according to Hanes-Woolf plots using the initial velocity of the reaction.
The values of Michaelis-Menten constant. (K,), maximal velocity (Vmax) and catalysis
constant (Kc;) were calculated from the following equation: Vimax/[E] = Keat, Where [E]
is the active enzyme concentration.

Molecular weight determination

- Size exclusione"FRLC  Size exclusion chromatography (SEC) was
performed on FPLC using asSuperose 12 10/30 GL column (GE Healthcare Bio-
Sciences, Uppsala, Sweden) connected with FPLC pump and UV detector. Purified
enzyme was injected‘intosthe column after. filtration through a 0.22 uM filter. The
proteins were eluted with isacraticalty with 50 mM Tris-HCI containing 0.15 M NacCl,
at a flow rate of 0.1 ml/min. Eluted proteins Wére monitored by absorbance at 280 nm.
The protein separated on SEC-FPLC was ﬁestimated for its molecular weight by
plotting relative elution volume (Ve/V,) against the logarithm of M; of the protein
standards. The elution volume (V.) was measdred for each protein standard and the
purified enzyme, and.the void volume (\V,) was estimated by the elution volume of
blue dextran (M, = 2000000). The standard used included bovine serum albumin (M,
= 66000), ovalbumin (Mg.= 45000), carboenic anhydrase (M, = 29000), trypsin
inhibitor (M, =20100), and a-lactalbumin (M, =/14200).

- SDS-Polyacrylamide gel electrophoresis SDS-PAGE was performed
according ‘10 the methad "of "Laemmly (1970) (Appendix. B-2).-Polyacrylamide was
preparedifor 10% running gel with 4% stacking gel. Purified protein solutions were
mixed with 5X sample treatment buffer (0.5 M Tris-HCI, pH 6.8, containing 20%
(v/v) glycerol, 20% (v/v) SDS, 0.03% (w/v) bromophenolblue and 10% (w/v) B-
mercaptoethanol) at the ratio of 4:1 (v/v), and 20 ug of protein was loaded on the gel.
The proteins were subjected to electrophoresis at a constant current of 20 mA per gel
by the Hoefer SE250 mini-gel unit. After electrophoresis, gel was fixed and stained

by silver staining (Heukeshoven and Dernick, 1985). PageRuler™ unstained protein



47
ladder (Fermentas, Ontario, Canada) was used as the standard protein marker. The
molecular weight of a protein under investigation was estimated by standard curve
correlating log molecular weight and migration distance of known molecular weight
proteins.

Native electrophoresis Native electrophoresis was carried out by leaving out
the SDS and reducing agent from the standard Laemmli protocol (1970).
Polyacrylamide was prepared for 10% running gel with 4% stacking gel. Purified
enzyme was mixed with 5X sample treatment buffer (0.5 M Tris-HCI, pH 6.8,
containing 20% (v/v) glycerol) at 4:1 (v/v) ratio, and 20 ug of protein was loaded on
the gel. The proteins were subjected to elecirphoresis at a constant current of 20 mA
per gel by the Hoefer SE250 mint-gel unit (Amersham pharmacia biotech, Uppsala,
Sweden). After electropheresis, gel \was fixed and stained by silver staining
(Heukeshoven and Dernigk, 1985).

SDS-fibrin  zymography = SDS-fibrin  zymography gel was prepared as
described by Kim et al. (1998). Briefly, separating gel solution (10%, w/v) containing
fibrinogen (0.6%, w/v)swas prepared in a total volume of 10 ml. Thrombin (1 NIH
unit/ml) solution was added t@ the gel soluti(')n--at a final concentration of 0.1 punit/ml.
Ammonium persulfate (10%, w/z) and N,N,'Nj‘!N',-tetramethylethylenediamine were
used to catalyze the polymerization. Crude enzyme was mixed with sample buffer
(5X) consisting of 0.5 M Tris-HCI, pH 6.8, 20% (w/v).SDS, 20% (w/v) glycerol and
0.03% (w/v) bromophenolblue at 4:1 (v/v) ratio, and 25 ug.of proteins were loaded on
to the gel. The proteins were subjected to electrophoresis at a constant current of 20
mA per gel by the Hoefer SE250 mini-gel unit (Amersham pharmacia biotech,
Uppsala, Sweden). After electrophoresis; gel was immersed 1n!100 ml of 2.5% (w/w)
Triton X-100 solution for 30 min and then immersed in 100 ml of reaction buffer (30
mM Ttis, pH 7.4 centaining 200-mM“NaCland 0.02% (w/v) Nai\s) for 18 h at 37°C.
The gel was fixed and stained with 0.025% (w/v) Coomassie brilliant blue R-250 in
40% (v/v) methanol and 7% (v/v) acetic acid for 1 h and then destained in destaining
solution (30% (v/v) methanol and 10% (v/v) acetic acid). Development of clear zone
on blue background indicated fibrinolytic activity. PageRuler™ unstained protein
ladder was used as the standard protein marker. The molecular weight of a protein
under investigation was estimated by standard curve correlating log molecular weight

and migration distance of known molecular weight proteins.
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pH and Temperature profiles Fibrinolytic activity of enzyme was assayed

over the pH range of 3-11 in 0.1 M the Britton-Robinson universal buffer (citrate-

phosphate-carbonate buffer) (Appendix A-22) (Britton and Robinson, 1931) at 37°C

for 20 min. For temperature profile study, the activity was assayed at different

temperatures (30, 40, 50, 60 and 70°C) for 20 min under the optimum pH. The

relative activity was expressed as a percentage of the highest enzyme activity
measured.

pH and temperature stability, The effect of pH on enzyme stability was
evaluated by measuring the residual activity after incubation in 50 mM the Britton-
Robinson universal buffer.at various pHs {(3<11) for 60 min at 37°C. For thermal
stability, enzyme was diluted-with 0.1 M phosphate buffer, pH 7.4 at a ratio of 1:1
(v/v) and incubated at differenitemperatures (30, 40, 50, 60 and 70°C) for 60 min in a
temperature-controlled awatep  bath. Thereafter, the treated samples were suddenly
cooled in iced water. The residual activity was assayed at pH 7.0 and 50°C for 20
min. The relative activity was expressed as a percentage of the activity before
incubation. . 4

Inhibition studies The effect of various protease inhibitors was determined by
incubating enzyme with an equal“velume of inhibitor solution to obtain the final
concentration designed (1 mM PMSF, 10 uM leupeptin, 10 uM chymostatin, 10 uM
TLCK, 10 uM TPCK; 0.1 mg/ml SBTI, 1 mM EDTA, 10'aM phosphoramidon, 1 uM
E-64 and 1 uM Pepsiatin A). The mixture was allowed te’'stand at room temperature
for 60 min. Thereafier, the remaining activity was ‘measured by the fibrinolytic
activity assay at.pH 7.0"and-50°C for 20 min and percent inhibition was calculated.
The control was canducted dn the same manner except that dejonized water was used
instead of inhibitors.

The effect 0f digestive enzymesion fibrinolytic activity.

Pepsin solution and the extract of pancreatine and bile were prepared as
followed. Pepsin solution was consisted of 2 mg pepsin per milliliter of an electrolyte
solution 1 (53 mM NaCl, 1 mM CaCl,, 14.8 mM KCI and 5.7 mM Na,COs, pH 2.5).
The extract of pancreatine and bile was consisted of 0.7 g pancreatine in an electrolyte
solution 11 (21 mM NacCl, 0.5 mM CaCl; and 2 mM KCI, pH 6.5). The volume of the
mixture was adjusted to 10 ml with an electrolyte solution Il and subsequently

centrifuged at 17700 x g at 4°C for 20 min. To 1 ml of the obtained supernatant, 19
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mg of bile was added and the obtained mixture was considered as the extract of
pancreatine and bile.

- In vitro stomach model Freshly prepared pepsin solution was added to
100 unit of fibrinolytic protease and pH was adjusted to 2.5 with 1 N HCI with the
final volume of 1 ml. After mixing for 20 s, the reaction mixture was incubated in a
shaking water bath at 37°C for 60 min. In the case of the incubation without pepsin,
the pepsin solution was replaced by the electrolyte solution I at pH 2.5.

- Invitro intestine model The extract of pancreatine and bile were added to
100 unit of fibrinolytic protease and the pH was adjusted to 6.5 with 1 M NaHCO;
with the final volume of 1 ml. After mixing=for 20 s, the reaction mixture was
incubated in a shaking water bath at 37°C for 60 min. In the case of the incubation
without pancreatin and bile, tie pancreatin and bile solution was replaced by the
electrolyte solution Il atypH 6.5 After all types of in vitro incubations, the reaction
mixture was kept on ice and was used-to evaluate the remaining fibrinolytic activity.

Analysis of degradation products of fibrin Briefly, 125 ul of 0.6% bovine
fibrinogen solution in 20 mM phosphate _buf_fer (pH 7.4) was mixed with 5 pl of
thrombin solution (50 NIH uait/ml) in the sérﬁe buffer. The fibrin clot was allowed to
stand for 5 min at room temperature. A totéﬂ ﬁof]‘_25 pl of purified fibrinolytic protease
was mixed with the clot and incubated at 37°C for various time intervals. The
resulting peptides were analysed using SDS-PAGE on a 12% gel (Leammli, 1970).

Analysis of-degradation products of fibrinogen Briefly, 130 pl of 0.6%
(w/v) fibrinogen in 20 mM phosphate buffer (pH 7.4) was incubated with 25 pl of
purified enzyme at 37°C.for various timesintervals. The resulting peptides were
analyzed using SDS-PAGE on a 12% gel (Leammli, 1970).

Fibrin and Fibrinogen agarose plate assay Fibrin plate assay was performed
according 10, the method ,of Astrup and Mullertz (1952).-In briet; 5-ml of 2% (w/v)
agarose warmed to 50°C was mixed with 5 ml of 0.6% (w/v) fibrinogen dissolved in
50 mM phosphate buffer pH 7.4 warmed to 45°C and 20 ul of thrombin solution (10
NIH unit/ml) and poured into a Petri dish. The dish was left at room temperature for
30 min to form a fibrin clot layer. Nine holes (3 mm in diameter) were punched for
sample application on the fibrin plate. Ten microliter of enzyme was placed in each

hole and incubated at 37°C for 18 h. Following the incubation period, the radius of
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clear zone around the hole was measured. Human plasmin was used as the standard
fibrinolytic protease.

Fibrinogen-agarose plate assay was performed according to the method of Joo
et al. (2002) with some modifications. Five milliliter of 2% agarose warmed to 50°C
was mix with 5 ml of 0.6% (w/v) fibrinogen dissolved in 20 mM phosphate buffer,
pH 7.4, at 45°C. Fibrinogen agarose mixture was poured into a plate, and allowed to
solidify for 30 min at room temperature. Nine holes (3 mm in diameter) were punched
for sample application on the fibrin plate. Ten microliters of enzyme was placed in
each hole and incubated at 37°C for 18 h..Following the incubation period, the
diameters of the turbid fibrin rings formed areund.the hole due to the polymerization

of fibrinogen, were measured.-Fhrombin was used.as the positive control.

3.9 Statistical analysis

All statistical experimental design and the results were analyzed by ANOVA
and means were separated by Duncan’s multiple-range test using the SPSS 16.0
software (SPSS Inc., «Chicago, IL, USA). All experiments were carried out in
triplicates and repeated twice. The average Values of the result were presented, in
which the standard deviation was within 16%.-Statistical significance was assigned at
95% of confidence level.



CHAPTER IV
RESULTS

4.1 lsolation, screening and identification of fibrinolytic protease producing
bacteria

Twenty kinds of traditional fermented food product were collected from local
market in Thailand and bacteria were  isolated by diluted plating technique on
modified Luria-Bertani (MLB) medium (Table 9). From the result, all of the strains
exhibited typical characteristics of Bacillus="Sp., namely, Gram-positive rod,
facultative aerobic, catalasé-positive reaction and grew in 5% NaCl.

Primary screening

Initially, 163 isolates were screened for their fibrinolytic activity using fibrin
plate assay. One hundred and: forty-one" isolates showed fibrinolytic activity by
ranging from 0.1 — 98 mm in radius oflcl,ear zone (Table 9). Overall the result in
Table 9, 71 isolates fram fermented fishé'ry products and 68 isolates from fermented
soybean products showed fibrinolytic acti\i‘!'t)}'- while, 1 isolate from fermented fruits
and 1 isolate from vegetable products shoWéHf;brino|ytic activity.
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Table 9. Fibrinolytic protease producing bacteria isolated from fermented foods

produced in Thailand.

Products Samples Province No. of bacteria
Fishery products
Fish Bu-du (B-A) Pattani i
Pla-chao (PG-A) Ayutthaya 3
Pla-chom (PJ-A) Ayutthaya 7
Tai-plaa (T-A) Chumphon 3
Tai-plaa (T-B) Chumphon 1
Tai-plaa (T-C) Chumphon 2
Tai-plaa (T-D) F Ayutthaya 1
Shrimp Ka-pis(eA) Surat Thani 8
Ka-pi(K-B) Samut Prakan 11
Ka-pi'(K-€) ) Samut Prakan 13
Ka-pi(K-D) . Samut Sakhon 6
Kang-ghom (KG-A) L ; Ayutthaya 5
Others Hoi-ma-laeng-poo-dorna_(HD-A) Nakhon Pathom 1
Poo-kilem(PD-A) = Nakhon Pathom 10
)
Soybean products  Tao-hoodyee (THY-A) = Bangkok 8
Tao-hoo-yee (TIZIY-B) fT’iJ_‘J Ayutthaya 7
Tao-hoo=yee (THY-C) - Ayutthaya 3
T 80-jic0-(T1-A) Bangkok 9
Tao-jieo (TJ-B) Aydtthaya 3
Tae-jieo (TJ-C) Aylitthaya 8
Tao-jieg=khaw (TIW-A) Ayutthaya 9
Tooa-nag (BCC, TISTR) Chiang Mai 2,19
Vegetable products’  Khing-dorng (KD-A) Nakhon Pathom -
Kréastiam-dorng) (KT-A) Ayutthaya -
Nor-mai-dorng (NM-A) Ayutthaya 1
Pak-kaat-dorng (PK-A) Ayutthaya -
Sa-tor-dorng (ST-A) Surat Thani -
Tooa-ngork-dorng (TN-A) Nakhon Pathom -
Fruit product Ma-nao-dorng (MN-A) Ayutthaya 1
Rice product Khao-maak (KM-A) Ayutthaya -
Total 141
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Twenty-one isolates with strong fibrinolytic activity, ranging from 7.0 — 9.3

mm in radius of clear zone on fibrin plate, were selected for the further screening
(Figure 8). It was noted that in 21 isolates with strong activity, 11 isolates were from

fermented soybean products while the other 10 strains were from fermented fishery

products.

4 % _ 4 -""I N
- g PIA2 T-A3 SO
CARBRCDIE £ ppato 23 A ; . \
K-B16 | 4 unitfrml 0.5 unit/ml ‘.
: 2 ' TISTR ol i )
> Bk o ! 15 Sa a. Ml] TUW-AS L ‘

o 4 TSTR 551 Bcaasﬂ # cAf2 O THY-C1

% “. 1unitml 2 unit'ml.
e 2 %5: RB52, TaW-A14-

Standard Plasmin

Figure 8. Fibrinolytic activity of 21 isolates that showed the strong fibrinolytic
activity on fibrin plate” compared with "istandard plasmin. Various concentrations of

standard human plasmin were iested (0. 5, 1, 2 and 4 unit/ml).

Identification of iSoldtes : H:’ ’

All isolates of fibrnolytic protease preducmg bacteria were characterized as
Gram-positive, spore-forming, rod shaped Hatlerla that are the common characteristic
of Bacillus. However, there were srgnlflcanﬂfanatlons in colony morphology.

ITS-PCR fmgerprlntmg-was used 10 allow typlng mainly at species level and
four groups of bacteﬂa—wefe—ebsefved—(ngwe—Q—and Table 10). Group | was
characterized by three constant DNA bands and comprlsed the reference isolates of B.
subtilis subsp subtilis KCTC 31357, B. licheniformis KCTC 1918" and B. mojavensis
KCTC 3706 rahdy 120 isolatess) Group l=was| very~similarzto Group | and was
characterized by four constant bands. This group comprised of the reference isolates
of B. vallismortis KCTC.3707" and 3 isolates. ‘Group 111, was Characterized by six
constant'DNA bands and comprised of'the referenceisolates of'B. amyloliquefaciens
KCTC 1660" and B. velezensis KCTC 13012" and 4 isolates. Group IV was
characterized by seven constant DNA bands. They showed different pattern from the
reference isolates and comprised 2 of isolates.
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Figure 9. Inte?denic transcribed spacer-PCR profiles of 21 fibrinolytic protease-
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isolates; “D: Group IV of isolates. Lane 1 and 27: B. subtilis subsp subtilis KCTC
3135"; 2: B. licheniformis KCTC 1918"; 3: B. mojavensis KCTC 3706"; 4: TISTR
647;5: TISTR 648; 6: TISTR 651; 7: TISTR 652; 8: BCC 4333; 9: K-C3; 10: K-C17;
11: K-D14; 12: T-A1; 13: T-A3; 14: PD-A10; 15: PJ-A2; 16 and 28: B. vallismortis
KCTC 3707"; 17: TJ-A3; 18: TIW-A9; 19: TJW-A12; 20 and 29: B.
amyloliquefaciens KCTC 1660"; 21: B. velezensis KCTC 13012"; 22: TJ-A10; 23: K-
B1; 24: TIW-A14; 25: THY-C1; 26: B. cereus; 30: K-A7; 31: K-B16.



Table 10. Identification of isolates based on ITS-PCR pattern.
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ITS-PCR Signature
pattern type  bands (bp) Isolate no.

Identification by
ITS-PCR similarity

1 260, 430, B. subtilis KCTC 3135'
450 B. licheniformis KCTC 1918"
B. mojavensis KCTC 3706"
TISTR 647
TISTR 648

2 260, 330,
430, 450

450, 510;' TJ-A10

?ﬂﬂqeﬁaﬂﬂﬁﬂcﬂﬂﬂﬂmﬂ

320, 330, K-B16
430, 450, 510

W W 0 W W 0 W W W0 W W W

B. vallismortis
B. vallismortis
B. vallismortis

. subtilis
. subtilis
. subtilis
. subtilis
. subtilis
. subtilis
. subtilis
. subtilis
. subtilis
. subtilis
. subtilis
. subtilis

B. amyloliquefaciens

ﬂ W ’] nfl'i] ﬂ ‘j WEITT)T B anyioliquetaciens

B amyloliquefaciens

yloliquefaciens

nidentified
Unidentified
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Group | of isolate

Group | comprised of 12 isolates, namely, TISTR 647, TISTR 648, TISTR
651, TISTR 652, BCC 4333, K-C3, K-C17, K-D14, T-Al, T-A3, PD-A10 and PJ-A2
and the reference isolates of B. subtilis subsp subtilis KCTC 3135, B. licheniformis
KCTC 1918 and B. mojavensis KCTC 3706". All strains showed positive reactions
to catalase and hydrolyzed casein, starch and gelatin. They showed negative reaction
to MR and indole. They were grown in the presence of 0-10% NacCl, at 25-50°C and
pH 5-9. No growth was observed at pH 3.5-4.0 and in the presence of 20% NaCl.
Hydrolyzed tween-80 and L-tyrosine were .negative in all strains. Acids from
glycerol, L-arabinose, D-ribose, D-glucose, D-fructose, D-mannitol, esculin and D-
saccharose were positive, While erythritol, D-arabinose, L-xylose, D-adonitol,
methyl--D-xylopyranoside; N-acetylglucosamine; D-melezitose, xylitol, D-lyxose,
D-tagalose, D-fucose, e=fueose, ' D-arabitol, L-arabitol, potassium gluconate,
potassium-2-ketogluconate and potassium=5-ketogluconate were negative. Different
characteristics were shown in Table 11. In addition, the enzymatic profile was
performed. All isolates in Group | showed‘r_positive reaction for alkaline phosphatase,
esterase (C4), esterase lipase (C8) and l"\ja'bhthol-AS-BI-phosphohydrolase. They
showed negative reaction for .lipase, vaifﬁé,_grylamidase, cystine arylamidase, o-
galactosidase, p-galactosidase, B-glucuroﬁi_dése, N-acetyl-g-glucosaminidase, a-
mannosidase and o-fucosidase. The diffe’re'rl_t—énzymatic reactions were shown in

Table 11.
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Table 11. Characteristics of Group | isolate and type strains.

Characteristics

Nitrate reduction + + + + + n
VP -+ o+ + + +
Citrate + o+ - - - +
Oxidase - + - - + +
Growth in:

12% NaCl + o+ 4+ + + )

15% NaCl + 4+ - + + -
Growth at:

pH 10 + 4+ o+ - + +

55°C + o+ - + - +
Acid from:

D-Xylose - + + - + +

D-Galactose - - - - - -

e ﬂ ‘IJEJ*’J ‘P’IEW]?W Eﬂﬂi' T

L-Rhamnose

1, TISTR 647 ; 2, TISTR 648; 3, TIST M§% ﬁ %ﬁjﬁwﬁ?ﬂ Wé’ﬁm 9, T-Al; 10, T-A3; 11, PD-A10;
12, PJ-A2 ; 13, B. subtilis subsp subtilis 31

+, Positive reaction; -, negatlve reaction

LS



Table 11 (cont). Characteristics of Group I isolate and type strain

Characteristics

Inositol
D-Sorbitol
Methyl-aD-glucopyranoside
Amygdalin
Arbutin
Salicin
D-Cellobiose
D-Maltose
D-Lactose
D-Melibiose
D-Trehalose
Inulin
D-Raffinose

Amidon

1, TISTR 647 ; 2, TISTR 648; 3, TISTR 651 ; qu'l

) 51 4 ; 6|
12, PJ-A2 ; 13, B. subtilis subsp subtilisﬁCﬁ-ﬁB ! ¢
+, Positive reaction; -, negative reaction q ﬂ i m ll VI ’]
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8 9 10 11 12 13
+ 4+ + + + +
+ 4+ + + + +
+ 4+ + + + +
+ - - + + +
+ - - + + +
+ 4+ + + + +
+ 4+ + + + +
+ 4+ + + + +
- + + + + -
+ 4+ + - + -
+ 4+ + - + +
: + - - - - +
+ o+ o+ o+ + + + +
+ 4+ + + + +

- '7'

M

1

YN

; 8, K-D14; 9, T-A1; 10, T-A3; 11, PD-A10;

89
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Characteristics 7 8 9 10 11 12 13
Glycogen + o+ o+ 4+ + + +
Gentibiose - - - + + + +
D-Turanose + o+ 4+ - - - -
Leucine arylamidase - + o+ + - - -
Trypsin - - - - - - -
a-Chymotrypsin - + - - - - -
Acid phosphatase - + o+ + - - -
a-Glucosidase I + - - -
B-Glucosidase - - + + - - -

1, TISTR 647 ; 2, TISTR 648; 3, TISTR 651 ; 4, TISTR

12, PJ-A2 ; 13, B. subtilis subsp subtilis KCTC 31357 7 =v]

% §
AU INENINYINS

+, Positive reaction; -, negative reaction Iﬂ

AN ITUNNINGAY

, 17;8,K-D14;9, T-Al; 10, T-A3; 11, PD-A10;

69
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Group Il of isolate

Group Il comprised of 3 isolates, namely, TJ-A3, TIW-A9 and TJW-A12 and
the reference isolates of B. vallismortis KCTC 3707". All strains showed positive
reactions to nitrate reduction, VP, catalase and hydrolyzed casein, starch and gelatin.
They showed negative reaction to MR and citrate. They were growth in the presence
of 0-10% NacCl, at 25-50°C and pH 5-10. No growth was observed at pH 3.5-4.0 and
in the presence of 20% NaCl. Hydrolyzed tween-80 and L-tyrosine were negative in
all strains. Acids from glycerol, L-arabinose, D-ribose, D-xylose, D-trehalose, D-
mannose, inositol, D-sorbitol, methyl-g-D-glucopyranoside, amygdalin, arbutin,
salicin, D-cellobiose, D-maltose, D-glucose, D-fruetose, D-mannitol, esculin and D-
saccharose were positive, wihile erythritol, D-arabmnese, L-xylose, D-adonitol, methyl-
B-D-xylopyranoside, inulin, L=rhamnose, N-acetylgluecosamine, D-melezitose, xylitol,
D-lyxose, D-tagaloseD-fticose,” L-fucose, D-arabitol, L-arabitol, potassium
gluconate, potassium-2-ketogluconate ang'-:potassium-5-ketog|uconate were negative.
Different characteristics wereshowen in Table 12. In addition, there enzymatic profile
was performed. All isolates /in Group showed positive reaction for alkaline
phosphatase, esterase (C4), esterase._}_ lipase " (C8) and Naphthol-AS-BI-
phosphohydrolase. They showed negative reaction for lipase, leucine arylamidase,
valine arylamidase, cystine arylamidase, trypsin,.o-chymotrypsin, a-galactosidase, g-
galactosidase, p-glu¢uronidase, B-glucosidase, N-acetyl-p-glucosaminidase, a-
mannosidase and o-fucosidase. The different enzymatic reactions were showed in
Table 12.



Table 12. Characteristics of Group Il isolate and type strains.
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Characteristics 1 2 3 4
Indole + - - +
Oxidase + - + +
Growth in:
12% NacCl + + + -
15% NacCl + + + -
Growth at:
55°C + +
Acids from:
D-Galactose + -
D-Melibiose + -
D-Raffinose + -
Amidon - +
Glycogen + +
Gentibiose - +
D-Turanose + -
D-Lactose + -
Acid phosphatase - ND
a-Glucosidase - - ND
L Ad
1, TJ-A3; 2, TIW-ASY;.3 E 3707".

ned.

+, Positive reaction; -, negative reaction; ND, Not deter

AULINENINYINS
RINNTNUNINYAY
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Group 111 of isolate

Group I comprised of 4 isolates, namely, TJ-A10, K-B1, TJW-A14 and
THY-C1 and the reference isolates of B. amyloliquefaciens KCTC 1660 and B.
velezensis KCTC 13012". All strains showed positive reactions to nitrate reduction,
catalase and hydrolyzed casein, starch and gelatin. They showed negative reaction to
MR and indole. They were growth in the presence of 0-10% NaCl, at 25-40°C and pH
4.5-10. No growth was observed at pH 3.5-4.0 and in the presence of 20% NaCl.
Hydrolyzed tween-80 and L-tyrosine were negative in all strains. Acids from glycerol,
L-arabinose, D-ribose, D-xylose, D-mapnesg; inositol, D-sorbitol, methyl-p-D-
glucopyranoside, salicin, D-cellobiosq_, D-maliese, D-melibiose, D-trehalose, D-
raffinose, amidon, glycogen; D-glucose, D-fruetese, D-mannitol, esculin and D-
saccharose were positive; while L-rhamnose, erythritol, D-arabinose, L-xylose, D-
adonitol, methyl-p-D-xyldopyraneside, N- acetylglucosamlne D-melezitose, xylitol, D-
lyxose, D-tagalose, D-fucosg, L-fucose, D arabitol, L-arabitol, potassium gluconate,
potassium-2-ketogluconate and potassnum-5-ketog|uconate were negative. Different
characteristics were shown in Table 13. Ther__e enzymatic profile was performed by
APl ZYM. All isolates in"Group 11} showeq;fp_ositive reaction for alkaline phosphatase
and Naphthol-AS-BI-phosphohydrolase. Tlﬁ_éé);/-'_'.showed negative reaction for lipase,
valine arylamidase, cystine arylamidase, tryb_s_i_h, a-chymotrypsin, o-galactosidase, p-
galactosidase, p-gluetronidase, N-acetyl-g-glucosaminidase, o-mannosidase and o-

fucosidase. The different enzymatic reactions were shownin Table 13.



Table 13. Characteristics of Group Il isolate and type strains.

Characteristics 1 2 3 4 5
VP - - - + +
Citrate + + + - +
Oxidase + + + - +
Growth in:
12% (w/v) NaCl - + + + -
15% (w/v) NaCl + -
Growth at:
50°C + +
55°C + -
Acids from:
L-Rhamnose + +
Amygdalin - +
Arbutin - +
D-Lactose + -
Inulin + +
Gentibiose - -
D-Turanose e et | + -
D-Tagatose DU £ - -
Esterase Xy E) + ND
Esterase lipase m + ND
Leucine aryl - ND
a-Chymotryﬁﬁmmmwmm o
Acid phosphatase ND
R NN T umqwmaﬂ o
B- -Glucosidase ND

1, TJ-A10; 2, K-B1; 3, TIW-A14; 4, THY-C1; 5, B.amyloliquifaciens KCTC 1660".
+, Positive reaction; -, negative reaction; ND, Not determined.
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Group IV of isolate

Group IV comprised of 2 isolates, namely, K-A7 and K-B16. They showed
different ITS-PCR pattern from the reference isolates. All strains showed positive
reactions to nitrate reduction, VP, citrate, catalase and hydrolyzed casein, starch and
gelatin. They showed negative reaction to MR and indole. They were grown in the
presence of 0-10% NaCl, at 25-45°C and pH 4.5-10. No growth was observed at pH
3.5-4.0 and in the presence of 20% NaCl. Hydrolyzed tween-80 and L-tyrosine were
negative in all strains. Acids from glycerol, L-arabinose, D-ribose, D-xylose, D-
mannose, inositol, D-sorbitol, methyl-g-D-glucopyranoside, amygdalin, arbutin,
salicin, D-cellobiose, D-maltose, D-trehalese,~amidon, glycogen, D-glucose, D-
fructose, D-mannitol, esculinand. D-saccharose were positive, while L-rhamnose,
erythritol, D-arabinosey™ L-xylese, - D-adonitol, methyl-p-D-xylopyranoside, N-
acetylglucosamine, D-melezitose, xylitol, D-lyxose, D-tagalose, D-fucose, L-fucose,
D-arabitol, L-arabitol + potassium gly'-(::onate, potassium-2-ketogluconate  and
potassium-5-ketogluconate were negative. Different characteristics were shown in
Table 14. In addition, there enzymatic profil__e was performed. Both isolate showed
positive reaction for NaphthoI-AS-BI-ph@gphohydrolase. They showed negative
reaction for lipase, valine arylamidase, cysfirjé-l;arylamidase, trypsin, o-chymotrypsin,
a-galactosidase, p-galactosidase, - g-glucuronidase, p-glucosidase, N-acetyl-p-
glucosaminidase, o-mannosidase and «-fucosidase. The different enzymatic reactions

were shown in Table-14.
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Table 14. Characteristics of Group IV isolate and type strains.

Biochemical characteristic 1 2 3 4 5 6
Oxidase + - + + + +
Growth in:
12% NacCl + + - + - -
15% NacCl + - - - - -
Growth at:
50°C + + + + - +
55°C - - + + - -
Acids from:
D-Galactose - - - + - -
D-Lactose - + - - - -
D-Melibiose ;s O - - - -
Inulin 5 "\ + - + +
D-Raffinose + i + - + +
Gentibiose ol i - + + +
D-Turanose + - + + - -
Alkaline phosphatase + - ND ND ND ND
Esterase = 4- ND ND ND ND
Esterase lipase - + ND ND ND ND
Leucine arylamidaSe + - ND ND ND ND
Acid phosphatase + - ND ND ND ND
a-Glucosidase + - ND _ ND ND ND

1, KA7; 2, K-B16 3, B.subtilis 'subsp! subtilis KCTC [3135" ; 4, B. licheniformis
KCTC 1918T ; 5, B. amyloliquifaciens KCTC 1660 ; 6, B.velezensis KCTC 13012,

+, Positive reaction; -,"negative reaction; ND, Not determined.
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Secondary screening

Later, fibrin zymography was performed to analyze the pattern of extracellular
fibrinolytic protease (EFPs) from crude culture of bacteria. According to the results,
several EFPs were secreted from the isolates, at least 5 EFPs with approximate
molecular sizes of 20 - >200 kDa. Therefore, fibrinolytic protease producing bacteria
could be divided into 6 groups based on enzymatic pattern (Figure 10 and Table 15).

.

Y]

Figure 10. Enzymat'rmpattern of culture supernatanmn fibrin zymogram. White
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AN TUNN NN Y



67

Table 15. Grouping of fibrinolytic protease producing bacteria based on enzymatic

pattern on fibrin zymography

Group  No. of band MW (kDa) Isolate

I 9 >200, 161.7, 99.9, 80.3, THY-C1, TIW-Al14, TJ-A3
62.5, 41.8, 40, 24.4, 20

| 7 >230, 170, 115.3, 99.9, TISTR 651, TISTR 647,
80.3, 40, 20 TISTR 648, TISTR 652

i 8 >200, 167, 99.9, 80.3, 64, TJIJW-A9, TJ-Al10, TIW-A12,
41.8,24.4, 20 BCC 4333, K-B1

v 6 >2505470, 9§.9, 70,497, K-B16, T-A3
28.8

Vv 6 >180,4128, 115.3, 80.3, PD-A10, K-C17, K-D14,
70428.3 T-Al,

Vi 5 K-A7, K-C3, PJ-A2

£190,/170, 91,54, 28.8
ll

Furthermore, fibrinolytic'ac.tivity of,21 selected isolates was investigated by

the hydrolysis of fibrin clot @ssay. ft was fo::;-r;d that fibrinolytic activity of the enzyme

assayed by the hydrolysis of flbrm clot, raﬁgmg from 4.7-11.1 unit/ml as shown in

Table 16, was correlative Wlth the radius of clear Z0ne on fibrin plate. Standard

plasmin was also performed and 1 unit/ml of plasmin was corresponded to 3.14

unit/ml of fibrinolytic activity inthis study.
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Table 16. Fibrinolytic activity of 21 isolates determined by fibrin plate and the
hydrolysis of fibrin clot.

Isolate Radius of clear zone on fibrin plate Fibrinolytic activity®
(mm) (unit/ml)
TISTR 651 9.25+0.10 10.34 £ 0.46
TISTR 647 8.75+£0.31 9.86 £ 0.23
THY-C1 8.45+0.34 11.09 £ 0.61
TIW-A9 8.43£0.25 9.32 £ 0.00
K-A7 8.35+0.24 7.22 £0.08
TJ-A10 8:30.£0.28 |, 8.35+£0.23
PD-A10 8:08 £.0.26 7.06 £ 0.61
K-B16 8.05' 017 8.08 £ 0.46
TISTR 648 8034033 7.22 £0.08
TJ-A3 7854 0.26 6.41 +0.08
TIW-Al4 7.8 £ 0.03 6.95 + 0.46
T-Al 7.60'+0.18 5.88 £ 0.46
K-C3 748 + 0:33 549 +0.31
TISTR 652 7.484£043 5.88 £ 0.46
K-C17 7.43£0:13 5.58 £ 0.08
TIW-A12 7.38+£0.25 5.98 £ 0.46
BCC 4333 7.38£0.30 5.71+£0.00
K-B1 7.35+£0.37 5.22 +£0.08
K-D14 7:20 + 0,26 5.50 £ 0.08
PJ-A2 7.20£0.22 5.71 £ 0.00
T-A3 7.05+0.37 474 +0.46

®One unit of fibrinolytic'activity was defined as'1 nmol of tyrosine released per min.
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For further study, six representative strains, THY-C1, TISTR 651, TIW-A9,
K-A7, K-B16 and BCC 4333, that showed the highest fibrinolytic activity in each
group of enzymatic pattern were selected and subjected to 16S rRNA gene sequencing
and phylogenetic analysis (Figure 11). Almost complete 16S rRNA gene sequence of
representative bacteria determined in this study contained about 1500 nucleotide
positions. Eliminating ambiguous and unalignable bases, 1412 positions were
compared in the phylogenetic revealed that the representative isolates were included
in a cluster of Bacillus subtilis group and distinguish separate from a cluster of
Bacillus cereus group.
Moreover, 16S rRNA gene sequence similarity of THY-C1, TISTR 651, K-
B16, K-A7, PD-A10 and TJW-AS with the related taxa were evaluated (Table 17).
From the result of 16S rRNA gene sequence analysis, isolate THY-C1 was closely
related to isolate TISTR#65L In addition, isolate THY-C1 showed levels of 16S
rDNA similarities of 98.99% o isolate TISTR 651. The close relationship between
isolates THY-C1 and*TISTR 651 was supported by high bootstrap values (>96%).
However, isolate THY-€1 showed levels of 16S rDNA similarities of 80.6-98.99% to
members of the genera Bacillus, while isolat_é TISTR 651 showed levels of 16S rDNA
similarities of 81.59-99.50% . {6 membé‘kis,"‘p_f the genera Bacillus (Table 17).
Furthermore, the result of 16S rRNA gene 's’eq;uence analysis found that isolate PD-
Al10, TIW-A9, K-ATi\and K-B16 were close'lyrfelated toreach other and the level of
16S rDNA similarities were 98.99-99.35% (Table 17). The close relationship between
isolates K-B16, K-A7, PD-A10 and TJW-A9 were supported by high bootstrap values
of more than 96%. Isolate PD-A10, TIW-A9, K-A7 and K-B16 showed levels of 16S
rDNA similarities 0f 80.93-99.28%, 81.49-99.79%, 81.39-99.50% and 81.67-99.64%

to members of the genera Bacillus, respectively (Table 17).
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-Alicyclobacillus acidocaldarius ATCC 270097 (AB042056.1)
Bacillus vallismortis BCRC 171837 (EF433404.1)

illus amyloliguefaciens BCRC 116017 (EF433406.1)

acillus velezensis BCRC 174677 (EF433407.1)

-ALD

TIW-A9
Bacillus majavensis BCRC 171247 (EF433403 1)

lus avarguiensis CIP 1087727 (DQ933670.1)
THY-C1
TISTR 651
-Bacillus subtilis subsp. spizizenii BCRC 104477 (EF433403.1)
o4 Bacfflusmbﬁﬁ: subsp. subnlis BCRC 10235 57 (EF423392.1)
Bacill , armis BCRC 117027 (EF433410.1)

s ‘ ulans ATCC 43137 (AY724600.1)

taxa based on 16S rRNA gene sequen
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substitution per site.

I—Emm mycoides ATCC 64627 (EF210295.1)

-Bacillus thuringiensis ATCC 107927 (AF200543.1)
CM 20107 (DQ207729.1)
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100
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70307 (DQ297928.1)

K-B16, K-A7 and TJW-A9 and related

greater support. Bar = 0.01 nucleotide
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Table 17. Percentages similarities of THY-C1, TISTR 651, PD-A10, K-B16, K-A7 and TJW-A9 and related taxa
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B. mycoides 100 -
B. cereus 99.50 100 i
B. thuringensis 9950 99.86 100
B. circulans 9436 9459 9443 100
B. licheniformis 9359 93.97 9397 9394 100 :
o+,
B. axarquiensis 9351 93.89 93.89 94.09 9957 100 dia
B. subtilis subsp. subtilis 9335 9374 9374 9378 9950 99.50 100 2
THY-C1 9263 9302 9302 9314 9899 9885 9892 100 T
B. subtilis subsp. spizizen 9327 93.66 9366 93.86 99.36 9979 99.71 98.78 100 -
TISTR651 9343 9366 9366 93.86 9943 99.48._99.50..98.99 99.36 100
B. mojavensis 9366 93.89 93.89 9401 99.71 9957 99.36 9885 99.36 99.43 100
PD-A10 9335 9358 9358 93.70 99.64 99.21 | 99.14 9863 9899 9936 99.64 100
TIW-A9 9312 9335 9335 9347 9943 99.00 98.92 9856 9878 99.14 99.28 99.35 100
K-A7 9320 9358 9358 93.47 9921 9921  99.00" 98.49. 9899 9907 ,.99.07 .98.99 9921 100
B. velezensis 9366 94.05 94.05 94.02 99,86 99.71 " 9950 98.99 " 199.50 99.43 19986 99.50 | 99.28 99.21 100
K-B16 9335 9374 9374 9370 99.79] 99.36 9928 98.92 99.14 99.36 9950 99.57 9950 99.28 99.64 100
B. vallismortis 9366 94.05 94.05 9425 9957 99.86 99.50 98.85 ~99.64 99.43 9957 99.21 99.00 “+99.07 99.71 99.36 100
B. amyloliquefaciens 93.66 93.89 93.89 0410 /98.34 /9849, 9827 97.60 | 98.27 98.34 | 9863 9827/ 97.90% 9797 9849 98.12 9849 100
B. coagulans 9265 93.04 92.88 9327 9348 93.32 9324 9252 9308 93.17 93.32 93.08 92.85 93.08 9348 9324 9332 9340 100
A acidocadarius 8169 8159 8150 81.89 8178 81.68 8169 8060 8159 8159 8177 8167 8139 8093 8159 8149 8168 8227 8253 100

1.
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(GTG)s-PCR fingerprinting has been found to be a promising genotypic tool for
rapid and reliable speciation and typing of lactobacilli (Gevers et al., 2001) and
enterococci (Svec et al., 2005). In this study, (GTG)s-PCR fingerprinting was
evaluated for Bacillus, using reference strains of Bacillus sp. and the isolate strains.
The result showed that all isolates belong to the genus Bacillus (Figure 12).

The (GTG)s-PCR patterns resulted in the delineation of two (GTG)s-PCR clusters
at a 50.6% Pearson’s correlation coefficient, comprising seven and five isolates.
Within the first cluster, the (GTG)s patterns resulted in the delineation at 62, 70, 72.8,
83.1 and 88% Pearson’s correlation coefficient: While the second cluster, the (GTG)s
patterns resulted in the delineation at 59.6,°62.5;74 and 87.9% Pearson’s correlation
coefficient. The results indicated that they were different genotypically and belong to
the different species.

Moreover, isolate THY=CLwas closely related to isolate TISTR 651, isolate K-A7
and the type strains of B¢ subtilis subsp. subtilis KCTC 3135" and B. mojavensis
KCTC 3706'". While iSolate K-B16 was closely related to the type strain of isolate
TJW-A9, B. velezensis KCTC 13012" and B. licheniformis KCTC 19187, isolate PD-
A10 was closely related 10 the type strain _c')f"'-B. amyloliquefaciens KCTC 1660". In
addition, it was noted that cluster analysisﬁééu]_t of rep-PCR was similar to the result

of 16S rRNA gene sequence analysis.
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Furthermore, the DNA-DNA relatedness was assessed between isolates and

the reference strain of Bacillus (Table 18). It was found that isolate THY-C1 exhibited
low levels of DNA-DNA relatedness (<70%) to the reference strains of B. subtilis and
B. amyloliquefaciens, while isolate PD-A10 and K-7 exhibited low levels of DNA-
DNA relatedness (< 70%) to the reference strains of B. subtilis, B. amyloliquefaciens

and B. vallismortis.

Table 18. DNA-DNA relatedness of strains and related Bacillus
% DNA-DNA relatedness with labeled type strain

Isolate KCTC?2135' KCTC1660" KCTC 3707"
THY-C1 46.54 25.17 ND
TISTR 651 78.93 22.87 ND
PD-A10 25.34 59.46 20.22
K-B16 35.13 75.78 37.43
K-A7 22.58 38.76 32.88
TIW-A9 35.79 78.34 43.81

B. subtilis KCTC 3135" 1100 ND ND

B. amyloliquefaciens KCTC 1660" ND 100 ND

B. vallismortis KCTC 3707" ND ND 100

ND, Not determined.

Based on all.of these data, isolate THY-C1, PD-A10 and K-A7 would be
representing the new species in genus Bactllus. The characterization and identification
of isolate THY-C1, PD-A10,and K-A7 were then performed.
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Identification of isolate THY-C1

The almost complete 16S rRNA gene sequence of THY-C1 were directly
determined following PCR amplification and comprised of more than 1500
nucleotides. A phylogenetic tree showed that THY-C1 fall within the radiation of the
cluster comprising Bacillus species (Figure 13). THY-C1 exhibited more than 98%
16S rDNA similarity to Bacillus species whose 16S rRNA gene sequences are known.
Levels of 16S rDNA similarity between THY-C1 and the type strains of some
phylogenetically related Bacillus species are as follows: Bacillus subtilis subsp
subtilis, 98.78; Bacillus mojavensis, Bacillus axarquiensis and Bacillus subtilis subsp.
spizizen, 98.64; and Bacillus amyloliquefaCiens, 98.42 (Table 19). Taking into
consideration of the 16s rRNA gene sequence similarity value of 97% as an accepted
criterion for differentiation=0f.-hacterial species (Stackebrandt and Goebel, 1994)
many isolates could be asSigned to, previously described species. At the same time,
isolates closely affiliaied, / for’ “instance, with Bacillus nematocida/Bacillus
malacitensis distincta‘Cluster with sequence similarity values of 99.79% or 99.5%
could not be assigned #0 known species‘r_because they were not consistent in their
properties with those spegies of cluster abc')_j/é; (Huang et al., 2005 and Garcia et al.,
2005). It was previously reported that si-rf'i__'ilia_rlr__or almost identical 16S rRNA gene
sequence similarity values of >99% did nof"al\;vays imply a close relationship at the
species level for bacteria in the genus Baciljlu's_ (Ash etal./1991). In addition, (GTG)s-
PCR fingerprinting of THY-C1 and closely related Bacillus sp. was evaluated and the

result was shown in Figure 14.
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Table 19. Percentage similarities of THY-C1 and related
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THY-C1 could be distinguished from B. subtilis subsp subtilis KCTC3135", B.
mojavensis KCTC33706" and B. amyloliquifaciens KCTC1660" by morphological
and metabolic characteristics as shown in Table 20. Negative oxidase test, negative
utilization of citrate, maximum growth temperature (55°C), maximum growth in the
presence of 15% NaCl, and inability to ferment D-xylose were the trait that
differentiated THY-C1 from B. subtilis subsp subtilis KCTC 3135', B. mojavensis
KCTC 3706" and B. amyloliquifaciens KCTC 1660". The ability to ferment D-lactose
differentiated THY-C1 from B. subtilis subsp subtilis KCTC 3135" and B. mojavensis
KCTC 3706" while ability to ferment D-melibiose and D-Turanose could separated
THY-C1 from B. amyloliquifaciens KCTC..4660". According to the basis of
differences in phenotypic and genetic distinctiveness, THY-C1 should be recognized
as a novel species of the genus.Bacilius and the name Bacillus thailandensis sp. nov.

was purposed.

Table 20. Differential‘characteristics of THY-C1 and related Bacillus species.

Characteristic 1 2 3 4
Oxidase activity - n n n
Utilization of citrate - + + +

Growth in the presence of
12% NaCl + . - :

15% NacCl + - - -
Maximum growth temperature (°C) oy 30 50 50
Acid in API system from:

D-Lactose t t - +
D-Xylose - + + +
D-Melibiose + H 1 +
D-Turanose + + - +
G+C content (%) 40.4 42.9 43.4 45.4

1, THY-C1; 2, B. subtilis subsp subtilis KCTC 3135"; 3, B. mojavensis KCTC 3706";
4, B. amyloliquifaciens KCTC 1660 .

-, Negative reaction; +, positive reaction.
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Characteristics of Bacillus thailandensis sp. nov.

Cells were Gram-positive, rod-shaped and nonmotile. Subterminal ellipsoidal
endospores were observed in swollen sporangia. Colonies were white, irregular, and
3-4 mm in diameter after 2 days of incubation at 37°C on TSA. Optimal growth
temperature was 37°C and growth occurred at 4-55°C. Optimal pH for growth was 6-
7. Growth was observed at pH 4.5. Growth occurred in the presence of 0-15% (w/v)
NaCl. Urease reaction was negative. Tyrosine and Tween 80 were not hydrolysed.
H,S and indole were not produced. \oges-Proskauer was positive but methyl-red
reaction was negative. When assayed: with the APl ZYM system, alkaline
phosphatase, acid phosphatase, esterase (C4),.esterase lipase (C8), naphthol-AS-BI-
phosphohydrolase and a—glucosidase were present, but lipase (C14), leucine
arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, o-
galactosidase, p-galactesidase; + /B-glucosidase,  B-glucuronidase, N-acetyl-p3-
glucosaminidase, o.-manposidase and a-fucosidase were absent. Acids from glycerol,
L-arabinose, D-ribose, D-xylose; D—mtqinnose, inositol, D-sorbitol, methyl-p-D-
glucopyranoside, salicin, D-céllobiose, D-maltose, D-melibiose, D-trehalose, D-
raffinose, amidon, glycegen, D-glucose,__;E_)_-fructose, D-mannitol, esculin and D-
saccharose were positive, while.-L.-rhamnose, ‘erythritol, D-arabinose, L-xylose, D-
adonitol, methyl-p-D-xylopyranoside, N—ac,eft—ylglucosamine, D-melezitose, xylitol, D-
lyxose, D-tagalose, D-fucose, L-fucose, D-arabitol, L-arébitol, potassium gluconate,
potassium-2-ketoglueonate and potassium-5-ketogluconaie were negative. The cell
wall peptidoglycan - contained meso-diaminopimelic acid. The predominant
menaquinone was MK-7. The major fatty acids were anteiso-Cis.g and is0-Cys.0. The
DNA G+C contentiwas 40.4 mol% (determined by HPLC). The type strain was THY -
C1" (= BCC 22618") that isolated from Tao-hoo-yee collected from local market in
Ayutthaya Province, Thailand.
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Identification of isolate PD-A10
The almost complete 16S rRNA gene sequence of PD-A10 was directly
determined following PCR amplification and comprised of more than 1500
nucleotides. A phylogenetic tree showed that PD-A10 fall within the radiation of the
cluster comprising Bacillus species (Figure 15). PD-A10 exhibited more than 99%
16S rDNA similarity to Bacillus species whose 16S rRNA gene sequences are known.
Levels of 16S rDNA similarity between PD-A10 and the type strains of some
phylogenetically related Bacillus species were as follows: Bacillus amyloliquefaciens,
99.65; B. velezensis, 99.58; B. vallismortis, 99.43; B. subtilis subsp. spizizenii, 99.22;
B. axarquiensis and B. mojavensis, 99.15 and Besubtilis subsp. subtilis, 99.08 (Table
21).
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Table 21. Percentage similarities of PD-A10 and relate
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PD-A10 could be distinguished from B. amyloliquifaciens KCTC 1660", B.
subtilis subsp subtilis KCTC 3135" and B. vallismortis KCTC 3707" by the
phenotypic characteristics as shown in Table 22. Negative for oxidase and utilization
of citrate, maximum growth temperature (55°C) and maximum growth in the presence
of 15% NaCl were the trait that differentiated PD-A10 from B. amyloliquifaciens
KCTC 1660", B. subtilis subsp subtilis KCTC 3135" and B. vallismortis KCTC
3707". The ability to ferment D-lactose differentiated PD-A10 from B. subtilis subsp
subtilis KCTC 3135" and B. vallismartis KCTC 3707", while ability to ferment D-
melibiose separated PD-A10 from B. subtilis' subsp subtilis KCTC 3135" and B.
amyloliquifaciens KCTC 1660", On the basis‘Gfdifferences in phenotypic and genetic
distinctiveness, PD-A10 should be recognized as a novel species of the genus Bacillus

and the name Bacillus siamenSisSp. nov. was purposed.

Table 22. Differential characteristics of PD-A10 and related Bacillus.

Characteristics ;' 2 3 4
Oxidase activity - 4 + +
Utilization of citrate & + + +

Growth in the presence of )
12% NacCl ) - - -

15% NaCl L . - ;
Maximum growth temperature (°C) 55 50 50 50
Acid in API system from:

D-Lactose + - - +
D-Melibiosg } + - +
G+C content (%) 41.4 42.9 43.7 45.4

1, Bacillus'§p."PD=A10; 2, B-subtilis subsp Subtiliss KCTC 3135 ; 8, B. vallismortis
KCTC 37077 ; 4, B. amyloliquifaciens KCTC 1660".

-, Negative reaction; +, positive reaction.
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Characteristics of Bacillus siamensis sp. nov.

Cells were Gram-positive, rod-shaped, and motile. Central endospores were
observed in swollen sporangia. Colonies were white, mucous, and 3-4 mm in diameter
after 2 days of incubation at 37°C on TSA. Optimal growth temperature was 37°C and
growth occurred at 4-55°C. Optimal pH for growth was 6-7. Growth was observed at
pH 4.5. Growth occurred in the presence of 0-15% (w/v) NaCl. Urease reaction was
negative. Tyrosine and Tween 80 were not hydrolysed. H,S and indole were not
produced. Voges-Proskauer was positive but methyl-red reaction was negative. When
assayed with the APl ZYM system, alkaling: phosphatase, esterase (C4), esterase
lipase (C8) and naphthol-AS-Bl-phosphohydralase were present, but lipase (C14),
acid phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase,
trypsin, oa-chymotrypsin,«o-galactosidase, [-galactosidase, a—glucosidase, B-
glucosidase, B-glucuronidase;” N-acetyl=p-glucosaminidase, o-mannosidase and o-
fucosidase were absent #Acids from glyberol, L-arabinose, D-ribose, D-glucose,
cellibiose, amygdalin; glycogen, xylosex,“ D-arabitol, arbutin, inositol, lactose, D-
fructose, raffinose, sorbitol; maltose, esculin and D-saccharose were positive, while
dulcitol, gluconate, gentibiose, trehalose, _I;,.-s,-.OrbitoI, L_-arabitol, turanose, galactose,
inulin, erythritol, rhamnose; melibiose, salié_iﬁ;_{nannose, D-mannitol, D-arabinose, L-
xylose, D-adonitol, methyl-B-D-xylopyranogi_qg,_ N-acetylglucosamine, D-melezitose,
xylitol, D-lyxose, D-tagalose, D-fucose, L-fhc—ose, D-arabitol, L-arabitol, potassium
gluconate, potassium-2-ketogluconate and potassium-5-ketogluconate were negative.
The cell wall peptidoglycan contained meso-diaminopimelic acid. The predominant
menaquinone was MK-7 The major fatty acids were anteiso-Cis.o and anteiso-Ciz.o.
The DNA G+C' content was 38.4 mol% (determined by HPLC). The type strain was
PD-A10" (= BEC 226147, KCTC 13613") that isolated from Poo-khem collected
from lacal‘market fiiNeakhon“Pathom Province, [Fhailand!
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Identification of isolate K-A7
The almost complete 16S rRNA gene sequence of K-A7 was directly
determined following PCR amplification and comprised of more than 1500
nucleotides. A phylogenetic tree showed that K-A7 fall within the radiation of the
cluster comprising Bacillus species (Figure 16). K-A7 exhibited more than 99% 16S
rRNA gene similarity to Bacillus species whose 16S rRNA gene sequences are
known. Levels of 16S rRNA gene similarity between K-A7 and the type strains of
some phylogenetically related Bacillus species were as follows: Bacillus subtilis
subsp subtilis, B. subtilis subsp spizizeniiy B. velezensis, B. vallismortis, B.
axarquiensis 99.36; B. mojavensis, B. amyleliquefaciens 99.22 (Table 23). In
addition, ITS-PCR fingerprinting of K-A7 and closely related Bacillus sp. was
evaluated (Figure 17).
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Table 23. Percentage similarities of K-A7 and related taxa.
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B. mycoides 100
B. cereus 9951 100
B. thuringiensis 9031 9986 100
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B. coagulans on a1 nul ni e 9347 9363 9339 9347 9347 0347 9355 100
Alicyclobacillus acidocaldarius 81.97 8206 8206 8263 8251 100

88



89

. . S o 2] . . .
Figure 17. ITS-PCR flngerprl K- d other Bacillus species. 1, Bacillus

ey
cereus; 2, B. subtilis_subsp filis K TC B. vallismortis KCTC 3707"; 4,
B. amyloliquefacie ém“m—__-f-l:‘ er.

-;. |
AULINENINYINS
AN TUNN NN Y



90

K-A7 could be distinguished from B. subtilis subsp subtilis KCTC 3135, B.
vallismortis KCTC 3707 and B. amyloliquifaciens KCTC 1660" by the phenotypic
characteristics as shown in Table 24. Negative for oxidase and utilization of citrate,
maximum growth temperature (55°C), maximum growth in the presence of 15%
NaCl, and inability to ferment D-xylose were the traits that differentiated K-A7 from
B. subtilis subsp subtilis KCTC 3135", B. vallismortis KCTC 3707" and B.
amyloliquifaciens KCTC 1660". The ability to ferment D-lactose differentiated K-A7
from B. subtilis subsp subtilis KCTC.3135" and B. vallismortis KCTC 37077, while
ability to ferment D-melibiose separated K-A7.from B. vallismortis KCTC 3707". On
the basis of differences in phenotypic and-genetic distinctiveness, K-A7 should be
recognized as a novel species of the genus Bacillus and the name Bacillus kapii sp.

nov. was purposed.

Table 24. Differential characteristics of K-A7 related Bacillus.

Characteristics ;' 2 3 4
Oxidase activity - 4 + +
Utilization of citrate a + + +

Growth in the presence of

12% NaCl + - - -
15% NaCl A i i
Maximum growth temperature (°C) 55 50 50 50
Acid in API system from:
D-Lactose + - - +
D-Xylose } + + +
D-Melibiose + + - +
G+C content (%) 40.2 4219 437 45.4

1, Bacillus sp. K-A7; 2, B. subtilis subsp subtilis KCTC 3135"; 3, B. vallismortis
KCTC 3707"; 4, B. amyloliquifaciens KCTC 1660

+, Positive reaction; -, negative reaction and ND, not determined.
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Characteristics of Bacillus kapii sp. nov.

Cells were Gram-positive, rod-shaped and motile. Subterminal ellipsoidal
endospores were observed in swollen sporangia. Colonies were white, irregular, and
1-2 mm in diameter after 2 days of incubation at 37°C on TSA. Optimal growth
temperature was 37-40°C; growth occurred at 4-50°C. Optimal pH for growth was 6-
7. Growth was observed at pH 4.5. Growth occurred in the presence of 0-15% (w/v)
NaCl. Urease reaction was negative. Starch, gelatin, casein and tween-80 were
hydrolysed but L-tyrosine was not hydrolysed. H,S and indole were not produced.
Voges-Proskauer was positive but methyl-red.reaction was negative. When assayed
with the APl ZYM system, alkaline phosphatase; acid phosphatase, naphthol-AS-BI-
phosphohydrolase and a—glucosidase were present, but lipase (C14), esterase (C4),
esterase lipase (C8), leucine aryiamidase, valine arylamidase, cystine arylamidase,
trypsin, a-chymotrypsin; el-galectosidase, [-galactosidase, p-glucosidase, j-
glucuronidase, N-acetyl-glucosaminidase, o-mannosidase and o-fucosidase were
absent. Acids from glycerol, L-arabinosé, D-ribose, D-xylose, D-mannose, inositol,
D-sorbitol, methyl-B-D-glucopyranoside,  amygdalin, “arbutin, salicin, gentibiose,
turanose, raffinose, inulin; D-Cellobiose, D-‘}:y_Xose, D-maltose, D-trehalose, glycogen,
D-glucose, D-fructose, D-mannitol; esculin and D-saccharose were positive, while L-
rhamnose, lactose, galactose, duicitol, erythfitgl, D-arabinose, L-xylose, D-adonitol,
methyl-B-D-xylopyraneside, methyl-a-D-mannoside, - N-acetylglucosamine, D-
melezitose, xylitol, D<tagalose, D-fucose, L-fucose, D-arabitol, L-arabitol, L-sorbose,
potassium gluconate, potassium-2-ketogluconate and potassium-5-ketogluconate were
negative. The cell wall peptidoglycan céntained meso-diaminopimelic acid. The
predominant menhaguinone was MK:7. The major fatty acids:were anteiso-C;s.o and
150-Cy5.0. The DNA G+C content was 40.2 mol%_(determined by ,HPLC). The type
strain was K-A7(=\BCC 22608") that isolated from Ka-pi collected from local

market in Surat Thani Province, Thailand.
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4.2 Optimization of fibrinolytic protease production

Among 6 isolates, THY-C1 that showed the highest activity was chosen to
study the optimal condition of fibrinolytic protease production. The condition for the
enzyme production was optimized with a stepwise strategy. Firstly, the optimal
nitrogen and carbon sources were screened with the one-at-a-time strategy followed
by 3° full factorial design of the medium composition. Finally, the cultural conditions,
such as inoculum level, growth temperature and fibrin supplementation, were studied
with one-at-a-time strategy.

Effects of different nitrogen sourees on fibrinolytic protease production

The effects of different nitrogen souregs.on fibrinolytic protease production by
THY-C1 was investigated in the basal medium containing glucose (25 g/l) as a carbon
source. Among the organiesnitiogen sources, yeast extract gave the highest activity
(24.6 unit/ml) while activities were slightly lower with meat extract, skim milk,
tryptone, gelatin (Figure 28)..Peptone and casein were poor for fibrinolytic protease
production. Inorganicsnitragen source, such as ammonium sulfate and monosodium

glutamate, appeared to be paor for fibrinolytic protease production.

N
(¢,]

E Fin

20

2 -

>

S 15 T

g

© 10 — —

b= —

o

£ 5

Qo |-—| 3

LL 0 L) L L) L) L) L) L) L) L)
None Peptone Tryptone Yeast Meat Skim milk Casein Gelatin Ammonium MSG

extract . extract sulfate

Nitrogen sources

Figure-18nEffect of different:nitrogen sourcesion-fibrinelytic,protease production by
THY-CL.
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Effects of different carbon sources on fibrinolytic protease production

The effect of carbon sources on the production of fibrinolytic protease by
THY-C1 was investigated using D-glucose, D-fructose, D-galactose, D-mannose, D-
xylose, D-maltose, D-sucrose, D-lactose, D-mannitol, glycerol and soluble starch at
concentration of 25 g/l in the basal medium containing 15.2 g/l yeast extract (Figure
19). As a result, maltose and sucrose were the best carbon sources for fibrinolytic
protease production with activity 52.4 and 48.9 unit/ml respectively. Fibrinolytic
protease production with the addition of mannose was found to be low when
compared with not supplemented medium.
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Figure 19. Effect of different carbon sources on fibrinolytic protease production by
THY-C1.

For commereial production, the use of sucrose-as carbon source to produce
fibrinolytic protease seems to be the lower cost alternative. Therefore, sucrose was
chosen for the further studies.
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Optimization of medium compositions with 3° factorial designs
The effects of yeast extract concentration as nitrogen source, sucrose
concentration as carbon source and pH on fibrinolytic protease production were
studied using the statistical approach of 3° factorial design (Table 25). It can be noted
that the fibrinolytic activity varied from 0.2 to 71.1 unit/ml. The maximum activity of
these responses were attained at run number 3, employing 6 g/l yeast extract and 15
g/l sucrose concentration at pH 9.0. The lowest activity was obtained when the
bacteria was grown in the medium containing 12 g/l yeast extract and 15 g/l sucrose at
pH 5.0. According to Table 25, it can be observed that the fibrinolytic protease
production was greatly influenced by the inftial pH of medium.
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Table 25. Experimental design and results of the 3° factorial design.

Run Coded levels Fibrinolytic activity ~ Cell growth
number X1 Xa X3 (unit/ml) (ODgoo)
1 -1 -1 -1 23.2+0.0 41+05
2 -1 -1 0 20.2+0.0 3.2+0.0
3 -1 -1 +1 71.1%+ 1.9 2.7+0.0
4 -1 0 -1 22.2+0.2 3.6+0.3
5 -1 0 0 16.2 + 1.2 2.7+0.1
6 -1 0 +1. 40.7°+ 0.7 2.4+0.1
7 -1 +1 -1 9.3+0.1 34+0.2
8 -1 - 0 31.7+0.7 3.0+0.1
9 -1 1 +1 39.9% 2.1 2.0+0.2
10 0 ot il 17.7.+0.3 6.2+ 0.3
11 0 4 Q“ 37.5+1.2 3.7+0.1
12 0 - +1 4 63.3% 2.7 3.2+0.0
13 0 0 -14 182+0.7 5.97+0.1
14 0 0 0., .352:04 32403
15 0 0 +1 1, 57.8°%:07 27+0.1
16 0 +1 1 25+0.1 51°+0.1
17 0 +1 0 60:6°£ 0.7 2.8+0.2
18 0 +1 1 60.8"%.0.7 1.8+0.1
19 +1 -1 ql 0.2+0.0 7.7+0.2
20 +1 -1 0 58.9°% 1.9 45+0.2
21 +1 -1 +1 57.9°% 3.1 3.6+0.2
22 +1 0 -1 0.8+0.1 6.5+ 0.2
28 T 0 D 34P & BT 3.7+0.1
24 +1 0 +1 5554 2.1 2.9+03
25 +1 +1 -1 13.7+0.4 55°+0.1
26 +1 +1 0 35.4+2.6 3.3+04
27 +1 +1 +1 40.1%+ 3.3 2.7+0.2

All experiments were carried out in triplicates and repeated twice. The average values

were presented. The standard deviation was within 10%.

ab.¢.d Different letters in the same row denote significant differences (P < 0.05).



Effect of inoculum level on fibrinolytic protease production

The effect of inoculum level on the production of fibrinolytic protease was
studied in the optimized medium (Table 26). It was observed that the specific activity
of enzyme was highest at 5% (v/v) inoculums level with 29.6 unit/mg protein. It was

noted that at 15% (v/v) inoculums level, the specific activity of enzyme was lowest.

Table 26. Effect of inoculum level on fibrinolytic protease production.

Inoculum level  Fibrinolytic activity, . Specific activity Cell growth
(%VIv) (unit/mi) (unit/mg) (ODsgoo)
1 55.4%.0.7 2009°+ 0.3 2.1°+0.0
5 805 £ 14 296 % 0.2 2.3"+0.1
10 69:5° 0.0 22.9°+ 0.0 2.8°+0.1
15 566"+ 14 17.8%+ 0.2 2.7%+0.2

All experiments were cargied out in triplicates and repeated twice. The average values

were presented. The standard deviation was within 10%.

ab.¢.d Different letters in the'same row denote significant differences (P < 0.05).
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Effect of growth temperature on fibrinolytic protease production
The optimum growth temperature for fibrinolytic protease production by
THY-C1 was found to be 37°C with the highest yield (82.3 unit/ml) and specific
activity of 28.7 unit/mg protein (Table 27). At 50 °C, less growth was observed and

activities were found to be the lowest (48.7 unit/ml).

Table 27. Effect of temperature on fibrinolytic protease production.

Temperature  Fibrinolytic activity; . Specific activity Cell growth
(°C) (unit/ml) (unit/mg) (ODeoo)
Control (37) 82.3°£1.9 28 0.1 24%+0.0
30 78.3%40.7 27:3%+ 0.1 1.9°+0.1
35 Si7" #1.0 28.1°+.0.1 1.9°+0.1
40 76.954 3 3 26.9° +0.1 2.4%+0.1
45 58.6042 9 18.7 +0.1 1.8°+0.0
50 487 & 33 ' 17.0 £0.6 1.4°+0.0

All experiments were carried out in triplicates and repeated twice. The average values

were presented. The standard deviation was_;,y\{ithin 10%.

ab.¢.d Different letters in the safe row denote significant differences (P < 0.05).
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Effect of fibrin supplementation on fibrinolytic protease production
The effect of fibrin supplementation on fibrinolytic protease production was
studied (Table 28). It was found that the addition of fibrin resulted in an increase in
fibrinolytic protease production, and the maximum activity was obtained when the
optimized medium was supplemented with 0.124 g/l fibrin. However, further increase
in the amount of fibrin did not significantly affect the fibrinolytic protease production.

Table 28. Effect of fibrin supplement on fibrinolytic protease production.

Fibrin supplement  Fibrinolytic activity, Specific activity Cell growth
(mg/ml) (unit/ml) (unit/mg) (ODgo)
Control 82.0°+1.9 28.6°+0.3 6.6+0.1

0.124 30124+ 1.9 35.3°+0.2 6.7+0.0
0.248 102107'1.2 35.6°+0.1 6.8+ 0.0
0.372 FOQMBF#1U2 2N 35.3°+0.1 6.8+ 0.0

All experiments were-€arried out'in triplicates and repeated twice. The average values
were presented. The standard deviation was within 10%.
ab.c.d Different letters in the same row. denpte-'significant differences (P < 0.05).
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Time course of fibrinolytic protease production

Figure 20 shows the time course comparison of fibrinolytic protease
production by THY-CL1 in the original and optimized media. As the result, fibrinolytic
protease production was found to start in late-log phase of bacterial growth in
optimized medium, peak at 30 h of incubation (142.5 unit/ml) and stable upon further
incubation. These results support the suggestion that the fibrinolytic protease
production of THY-C1 is a manifestation of nitrogen and carbon limitation at the
onset of death phase. In contrast, the results for fibrinolytic protease production in
non-optimized medium found that enzyme aetivity reached its maximum at the end of
exponential phase (69 unit/ml), which ‘ight"indicate different mechanism of
sporulation of this bacterium in these two different medium. Moreover, incubation
time was the significant faetor.that can leading to a marked increase in fibrinolytic

protease production.
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Figure 20. Time course of fibrinolytic protease production by THY-C1 in the original
mediup, (o) fibrinalytic-activity;, (o) cell, optical (density~at 600, am and in the

optimized medium, (e) fibrinolytic activity, (m) cell optical density at-600 nm.
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4.3 Characterization of fibrinolytic protease produced by THY-C1

Under the optimal condition, the enzyme production by THY-C1 increased
about 10 folds. Further study was conducted to elucidate the characteristic of crude
fibrinolytic protease produced by THY-C1.

SDS-fibrin zymography

The changes in enzymatic pattern in the original and the optimized medium
were observed by SDS-fibrin zymogram (Figure 21). Using a zymography analysis, it
was found that THY-C1 secreted 9 extracellular fibrinolytic protease (EFPs; >165,
161.7, 156.6, 99.9, 80.3, 62.5, 58.4, 41.8 and24.4 kDa) in the original culture medium
while only 3 majors extracellular fibrinolytiC.protease (EFPs; 58.4, 41.8 and 24.4
kDa) was found in the optimized medium (Figure 21). However, the pattern of
fibrinolytic protease in the eptimized condition appeared to be more intense. Based on
the results, changes in.medium composition as well as fibrin supplementation

selectively enhanced the exprgssion of some protease.
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Figure 21. Zymographi i fi rinoly tease produced by THY-C1 in the
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Effect of pH on the activity and stability of the fibrinolytic protease

The optimum pH for fibrinolytic activity was examined over pH ranges from
3-11 (Figure 22A). The optimum pH of the enzyme was around pH 7 to 8 and was
relatively higher in the alkaline region. In contrast, the fibrinolytic activity in the
acidic pH region decreased. The pH stability of the enzyme was investigated in a
range of pH 3-11 by measuring the residual enzyme activity (Figure 22B). As a result,
the fibrinolytic protease was found to be stable over a broad pH range (7-11) and

retained approximately 60% of activity at pH 6 after 1 h incubation at 37°C.

100 100
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Figure 22. (A) Optimum ‘pH of the fibrinalytic activity (B) pH stability of the
fibrinolytic protease. Remaining ‘activities were determined after incubating the
enzyme in the Britton-Robinson universal buffer (citrate-phosphate-carbonate buffer)
(Britton and Robinsen, 1931) at different pH values ranging from 3-11 for 1 h at
37°C.
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Effect of temperature on the activity and stability of the fibrinolytic
protease

The effect of temperature on the activity and stability of the fibrinolytic
protease was determined in a range of 30-70°C at pH 7.4 (Figure 23A). The optimum
temperature for the fibrinolytic activity was approximately 50°C. The fibrinolytic
protease was stable up to 50°C, and its stability decreased at high temperature (Figure

23B). The residual activities of 32% and 11% were shown at 60°C and 70°C,
respectively.
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Figure 23. (A) Optimum temperature of the fiﬁrinolytic activity (B) Heat stability of
the fibrinolytic protease. Remaming activities Were determined after incubating the
enzyme at various temperatures-ranging-from-30-t0-70°C for 1 h in 0.1 M phosphate
buffer pH 7.4.
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Protease inhibitors
The effect of natural and synthetic inhibitors on crude fibrinolytic protease
was investigated (Table 29). Enzyme activity was inhibited by PMSF, while other
serine protease inhibitors like soybean trypsin inhibitor, TLCK, TPCK, chymostatin
and leupeptin did not significantly affect the enzyme activity. In addition,
metalloproteinase inhibitors such as EDTA and phosphoramidon had no effect the
enzyme activity suggesting that metal cofactors are not required for it activity.
Moreover, cysteine protease inhibitor (E-64) and aspartic protease inhibitor (pepstatin
A) showed no inhibitory effect on fibrinolytic protease. This inhibition profile
suggests that the fibrinolytic protease from THY-C1 was belonged to a family of

serine protease.

Table 29. Effect of varigus inhibitors on the activity of crude fibrinolytic protease
from THY-C1.

Inhibitor Concentration Remaining activity (%)
None - ddd 100.0
PMSF tmM 58.3
Leupeptin 10 M- 7, 117.0
Chymotrypsin 10 pM 95.4
TLCK 0uM 114.0
TPCK 10 uM 118.0
Soybean trypsin inhibitor 0.1 mg/ml 109.7
EDTA 1 mM 126.0
Phosphoramidon 10 uM 117.2
E-64 1 pM 105.0
PepstatintA 1um 116.3

All experiments were carried out in triplicates and repeated twice. The average values
were presented. The standard deviation was within 10%. Statistical significance was

assigned at 95% of confidence level.
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Comparison of substrate specificity of fibrinolytic protease from THY-C1
and the commercial Nattokinase
The fibrinolytic activity of fibrinolytic protease produced by THY-C1 was
compared with 3 brands of the commercial Nattokinase. It was found that crude
enzyme showed stronger specific activity than commercial Nattokinase 1 and
commercial Nattokinase 2, but lower than commercial Nattokinase 3 (Table 30).

Table 30. Fibrinolytic activity of enzyme from THY-C1 and commercial Nattokinase

Fibrinolytic Fibrinolytic activity Protein Specific activity

compound (unit/ml) (mg) (unit/mg)
Crude enzyme 197.53° 2.057 96.35
Commercial 1 575.52° 7.87° 73.13°
Commercial 2 409440 12.66° 32.31¢
Commercial 3 592:06° & R G 157.84°

All experiments were €arried out'in triplicates and repeated twice. The average values
were presented. The standard deviation was within 10%.
ab.c.d Different letters in the same row. denote-significant differences (P < 0.05).

Moreover, substrate specificity of crude.enzyme from THY-C1 was evaluated
and compared with ithe commercial Nattokinase (Figure 24). Various synthetic
substrates were used to evaluate, such as synthetic substrate for plasmin (H-D-Val-
Leu-Lys-pNA) (Figure 24A), synthetic substrate for thrombin (H-D-Val-Leu-Arg-
PNA) (Figure 24B) andssynthetic substrate for urokinase (pyro-Glu-Gly-Arg-pNA)
(Figure 24C).The results demonstrated that 'the activity of crude enzyme were
specific to synthetic substrate for urokinase more than synthetic substrate for plasmin
and thrombif. Comparéd 10 the commercial Nattokinase, €rude efizymeé from THY-C1
showed hydrolysis activity to synthetic substrate for plasmin and thrombin more than
commercial Nattokinase 2 and commercial Nattokinase 3. The hydrolysis activity of
crude enzyme to synthetic substrate for urokinase was also higher than commercial
Nattokinase 2. However, the commercial Nattokinase 1 showed higher hydrolysis
activity to all synthetic substrates than crude enzyme. These features of crude enzyme

from THY-C1 make it attractive as a biomaterial agent for health promoting foods.
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The effect of digestive enzymes on fibrinolytic activity

Effect of pepsin on fibrinolytic activity The results from Table 31 showed
that a decrease in fibrinolytic activity of crude enzyme incubated with pepsin in
stomach condition compared to the control was found. The decrease in fibrinolytic
activity of crude enzyme from THY-C1 could attribute to its stability in the acid
condition.

Effect of pancreatin on fibrinolytic activity The results from Table 31
showed that a slightly decrease in fibrinolytic activity of crude enzyme incubated with
pancreatin and bile salt in small intestine .€ondition compared to the control was
found. The result of crude enzyme stability.eould attribute to its stability in the
alkaline condition. After the incubation with pancreatin, the fibrinolytic activity of
crude enzyme was available from 86 - 87.7 %. According to these high values, it
could be stated that tos©btain good stability during digestion in stomach the
encapsulation of crude enzyme should be considered. For this reason, the stability of
crude enzyme in insvitre@ digestive system could be the main determinant for

developing the food supplement product.
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Table 31. The stability of crude enzyme on digestive enzymes in in vitro digestive

model
Incubation condition Remaining activity (%)
Crude enzyme 100

Crude enzyme incubated in stomach condition
Crude enzyme without pepsin 35.72
Crude enzyme with 1 unit/ml pepsi 31.93
Crude enzyme with 10 unit/ / 30.31

Crude enzyme with 10 . 28.68
Crude enzyme incubated.i “\
Crude enzyme witho \ 95.79
Crude enzyme with 1 _ | 86.05
Crude enzyme with"10 uhi ancl f-' hile s 87.13
Crude enzyme with 10 ! f' cat _ : 87.67
All experiments were carried ©0 : : ates andirepeated twice, The average values
were presented. The standa at| _,; ";i‘!'-, vithin 10%. Statistical significance was

assigned at 95% of confidence JeygF
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4.4 Purification and characterization of fibrinolytic protease produced by PD-
Al0

According to the previous study, the optimal condition for fibrinolytic
protease production were evaluated using THY-C1. Six representative bacteria from
each group of enzymatic pattern grown in the optimal condition and fibrinolytic
protease production were examined. The results showed that the fibrinolytic protease
production by PD-A10 was increased and the level was higher than that of THY-C1
(data not shown). Thus, the present study was performed to conduct the purification
and characterization of crude enzyme from PD-A10.

Characterization of erude fibrinolytic.protease

Effect of pH and temperature on the fibrinolytic activity The enzyme was
active in the pH range of 5-41 with the optimum pH at 7 and 10 (Figure 25A). It was
noted that the crude enzyme showed 2 optimum pHs. It may be consumed that crude
enzyme contained 2 majer extracellular fibrinolytic protease. From the result, the
enzyme was active in‘the alkaline region, and the activity was found to be decreased
in the acidic pH regionsThis is a common feature of alkaline protease. The effect of
temperature on the activity of crude enzyme_f was determined in a range of 30-70°C at
pH 7.4 (Figure 25B). The' optimum terhbﬁé'ra,t_ure for the fibrinolytic activity was
approximately at 50°C. =
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Figure 25. Effect of pH (A) and temperature (B) on fibrinolytic activity of crude
fibrinolytic protease from PD-A10. (A) Fibrinolytic activity was assayed in the pH
range of 5-11. (B) Fibrinolytic activity was measured by incubation in phosphate
buffer pH 7.4 at temperatures from 30-70°C.
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Effect of pH and temperature on the stability of crude enzyme The pH

stability of the enzyme was investigated in a range of pH 4-11 by measuring the
residual enzyme activity. As a result, the fibrinolytic protease was found to be stable
over a broad pH range (5-11) and retained approximately 60% of activity at pH 5 after
1 h incubation at 37°C (Figure 26A). The fibrinolytic protease was stable up to 50°C,
and its stability was decreased at high temperature (Figure 26B).
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Figure 26. Effect of pH (A) and tempe_rér_;tulfe (B) on the stability of the purified
fibrinolytic protease from PD-A10: (A) Ré_-naa,i__ning activities were determined after
incubating the enzyme in the Britton-Robiﬁ_sfo-_n universal buffer (citrate-phosphate-
carbonate buffer) (Britton and Robinson, 1931)—at different pH values ranging from 5-
11 for 1 h at 37°C.. (B) Remaining activities were determined after incubating the

enzyme at various temperatures ranging from 30 to 70°C for 1 h in phosphate buffer
pH 7.4.
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Protease inhibitors The fibrinolytic protease was inhibited by PMSF, TPCK,
chymostatin and EDTA while other protease inhibitors like soybean trypsin inhibitor,
TLCK, leupeltin, phosphoramidon did not significantly affect the enzyme activity
(Table 32). In addition, cysteine protease inhibitor (E-64) and aspartic protease
inhibitor (pepstatin A) showed no inhibitory effect on fibrinolytic protease. This
inhibition profile suggested that crude enzyme from PD-A10 was belong to family of
serine and metalloprotease. As the previous result of pH optimum, crude enzyme may
contain 2 major extracellular fibrinolytic protease. It may be proposed that one of

them is serine protease and the other is metelloprotease.

Table 32. Effect of various inhibitors on enzyme activity of the crude fibrinolytic
protease from PD-A10.

Protease inhibitor Concentration Remaining activity (%)
None = 2N 100.0
PMSF 1 mM; 25.4
Leupeptin 10uM 119.0
Chymostatin 10 uM . 87.2
TLCK 10 pM 111.3
TPCK 10 g 84.1
Soybean Trypsin inhibitor 0.1 mg/rhl- 108.5
EDTA 1 mM 84.0
E-64 1M 123.1
Pepstatin A 1uM 104.2

All experiments were carried out in-triplicates and repeated twice. The average values
were presented."The standard deviation was within 10%. Statistical significance was
assignediat 95% of Confidence:level!
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Putification of fibrinolytic protease
Crude fibrinolytic protease was purified by anion-exchange chromatography
on a Resource Q column. Table 33 showed that 4.81 mg of the enzyme was purified
12.19-fold, with a yield of 51.39%. The fact that 12.19-fold purification was sufficient
to achieve homogeneity demonstrating that this protease is one of the major secreted
proteins of PD-A10 in culture medium. The fibrinolytic protease preparation obtained
by the procedure described here had a specific activity of 2037.3 unit/mg protein
(Table 33).

Table 33. Purification of fibrinolytic protease from PD-A10°

Total Total Specific
Purification protein activity? activity  Yield® Purification
step (ma) (unit) (unit/mg) (%) (fold)
Culture supernatant 113195 19049.19 161.17 100 1.00
Acetone precipitation 63/90 15210,14 238.03  79.85 1.42
Resource Q 4.81 9789.21 2037.30  51.39 12.19

*Fibrinolytic activity was/determined by f_ib'ri-'holytic activity assay. An enzyme unit
was defined as the amount of enzyme releaé_iﬁg,_l pmol of tyrosine equivalent per min
per milliliter. =

"The yield was calculated based on the total fi-brrrinolytic agtivity

Figure 27 illustrated the purification profile and steps involved in the elution
of desired protein. The «crude broth was loaded on the column. The elution, after
washing the column with the equihibration buffer, where aincreasing linear gradient
of sodium chloride was used. During this step, significant amount of active protein
was elutedwith low\concentration of sodium chloride, The farthen eluting buffer with
high concentration of sodium chloride eluted the undesired protein. It seem that
contaminating proteins were retained on the column after the elution of the target

protein.
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Figure 27. Purification of fibrinolytic protease from PD-A10 by using FPLC on
Resource Q column equilibr g" Y is-HCI (pH 8.0), then eluted at a flow
I i i ; |
rate of 0.2 ml/min with linear -"-'-':' NaCl and 0.5 ml per fraction were
collected. The elution profile-Wa pectrophotometry at 280 nm.
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Characterization of purified fibrinolytic protease
Molecular weight determination The molecular mass of purified enzyme
was found to be 371.5 kDa as estimated by size exclusion on Superose 12 10/300 GL
column using AKTA fast FPLC (Figure 28) and by SDS-PAGE (Figure 29A). The
purified enzyme migrated as a single band in SDS-PAGE under reducing condition
suggesting that the purified enzyme is monomeric. Fibrin zymogram activity staining
also revealed one clear zone of fibrinolytic activity against a blue background (Figure
29B).
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Amidolytic activity The amidolytic activity of purified fibrinolytic protease

was assessed using several chromogenic substrates, such as H-D-Val-Leu-Lys-pNA
(for plasmin), pyro-Glu-Gly-Arg-pNA (for urokinase) and H-D-Val-Leu-Arg-pNA
(for thrombin). As shown in Table 34, the fibrinolytic protease exhibited a higher
degree of specificity for the substrate for thrombin (H-D-Val-Leu-Arg-pNA).
Therefore, the purified enzyme from PD-A10 was considered to have a

fibrinogenolytic activity.

Table 34. Amidolytic activity on synthetic protease substrates

Substrate : . Relative activity Proteases’
Augsfmin _Agos/mm/mg
(%)
H-D-Val-Leu-Lys-pNA . 0.045° 46.78" 31° Plasmin
Pyro-Glu-Gly-Arg-pNA«" 0:039° 40.54° 27° Urokinase
H-D-Val-Leu-Arg-pNA & 0.145% —  150.73 100° Thrombin

All experiments were‘Carried gut in triplicéte-s and repeated twice. The average values
were presented. The standard deviation was within 10%.
aP ¢4 pifferent letters in the same row denote significant differences (P < 0.05).

The substrate are cleaved by the respective protease listed.
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When kinetic analysis of the purified fibrinolytic protease reaction was
performed using H-D-Val-Leu-Arg-pNA as substrate, the enzyme showed the
classical Michaelis-Menten kinetics. The following kinetic constants were obtained
from the double reciprocal plots of the initial reaction rates and substrate
concentrations between 0.05-1 mM: Ky, 0.28 mM, Vmax 0.295 mM/ml/min. The Keat
and Kea/Km values for purified enzyme were 2684.88 s and 9663.33 mM/s,

respectively (Table 35).
Table 35. Kinetic analysis of \\\ 'w of fibrinolytic protease from PD-
Synthetic substrate Ky keat / K (MM™ s)

9663.33

H-d-Val-Leu-Arg- jfﬂ‘N .88

/
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Protease activity Substrate specificity of the purified enzyme was examined

using various protein substrates. As shown in Table 36, bovine casein was the most

susceptible substrate. Fibrin and fibrinogen were also highly susceptible toward the

purified enzyme, at 47.1 and 31.6% relative activity, respectively. From these results,

it was suggested that the purified enzyme was a potent protease with fibrinolytic and
fibrinogenolytic activity.

Table 36. Protease activity on protein substrates

Protein substrate Activity? (unit/ml) Relative activity (%)
Fibrin* 14834068 47.1°
Bovine fibrinogen? 99.6+6.9° 31.6°
Bovine serum albumin® TRLINGDS 29.6°
Bovine haemoglobin? 07.9+5.4° 31.1°¢
Bovine casein 3149+ 7.7 100

All experiments were Carried out in triplié?tes and repeated twice. The average values
were presented. The standard deviation was wi_thin 10%.

ab.¢.d Different letters in the same row dengﬁ;te-Significant differences (P < 0.05).
'Fibrinolytic activity was determined by fib_r.irrlol__ytic activity assay.

*Protease activity was determined by proteagé_ _af_:_tivity assay.

$An enzyme unit wasidefined as the amount-of enzyme releasing 1 nmol of tyrosine

equivalent per min per milliliter.
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Effect of pH and Temperature The effect of pH on the activity of purified
fibrinolytic protease was determined with universal buffer at various pH values. As
shown in Figure 30A, the purified enzyme was active over a wide pH range (pH 5-
11), but exhibited maximum activity at pH 7.0.

The optimum temperature for fibrinolytic activity was determined by
measuring the activity after the incubation of fibrinolytic protease at different
temperatures (30-70°C) as showed in Figure 30B. The influence of temperature on the
fibrinolytic activity showed that it was active between 30-60°C. The enzyme became
less active when the temperature rose above€0°C, and it was completely denatured at
temperatures 70°C.

The enzyme remained-active at high pH-wvalues, but the relative activity was
decreased to 60% at pH«5 afier ipcubation for 1 h (Figure 30C). The enzyme was
proved to be thermally stable'up to a temperature of 50°C after an incubation time of
1 h. Its activity was decrgased markediy over 50°C and was not detectable at
temperature 70°C (Figure/30D).
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Effect of protease inhibitors on the enzyme activity To classify the purified
enzyme, the fibrinolytic activity was assayed in the presence of various protease
inhibitors. As shown in Table 37, no significant effects were found with PMSF,
leupeptin, TLCK, soybean trypsin inhibitor, EDTA, E-64 and pepstatin A.
Approximately 66.7 and 77.8% decrease in activity occurred after the addition of 10
uM of chymostatin and TPCK and the activity was fully inhibited by 100 uM of
chymostatin and TPCK. Chymostatin and TPCK potentially inhibited enzyme
activity, suggesting that the purified enzyme is a chymotrypsin-like serine protease.

Table 37. Effect of various inhibitors “en.fibrinolytic activity of the purified

fibrinolytic protease from PD-A10°

Protease inhibitors Concentration Remaining activity (%)
None - 100
Pepstatin A 1M 111.1
E-64 1wV 97.8
EDTA 1 mM 1111
PMSF 1'mM 100
Leupeptin 10 uM 111.1
Chymostatin 10 pM .- 66.7
100 uM 0
TLCK 10 uM 100
TPCK 10 uM 77.8
100-uM 0
Soybean trypsin inhibitor 0.1 mg/ml 100

®Purified enzyme (2 ug) was_preincubated in 26*mM phosphate“buffer (pH7.2) at
room temperature far 1 h with several protease inhibitars. Fibrinolytic activity was
determined by fibrinolytic activity assay. Values represent the mean of triplicate

experiments.
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Analysis of degradation products of fibrin and fibrinogen To elucidate the

mode of reaction of purified protease, degradation products were separated using
SDS-PAGE. As shown in Figure 31A, the purified protease rapidly hydrolyzed vyy-
chains of fibrin, followed by a- and B-chains. After 2 h of incubation time, all chains
were completely hydrolyzed by purified enzyme. Also, the purified enzyme has a
fibrinogenolytic activity (Figure 31B). Results for the fibrinogenolysis pattern showed
that the enzyme rapidly hydrolyzed the fibrinogen Ao and BB chains. It also
hydrolyzed the y-chain, but more slowly. However, all chains were completely
hydrolyzed within 1 h. The purified fibrinolyiic protease seemed to be a direct-acting
fibrinolytic and fibrinogenelytic agent as it-acted-via direct cleavage of fibrin and

fibrinogen and
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Fibrin and Fibrinogen-agarose plate assay According to the fibrin plate

assay shown in Figure 32, the purified fibrinolytic protease was shown to have
fibrinolytic activity. The fibrinolytic activity of the purified enzyme was compared
with that of plasmin that was already known as standard fibrinolytic protease found in
blood system. To further investigate the thrombin-like activity of the purified enzyme,
the formation of fibrin was assessed using fibrinogen plate (Figure 33). Turbid fibrin
ring was formed by thrombin, but no turbid ring was formed by purified enzyme,
indicating that the purified fibrinolytic protease has fibrinogenolytic activity rather

than thrombin-like activity.
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Figure 32. Analysis of flbrmolyl:;‘d&\v” /rln plate method. Ten microliters of
sample solution was placemach _I}ole ﬁﬁeubated at 37°C for 15 h. After

_ m&s mwunfled fibrinolytic protease
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Figure 33. Analysiijof fibrin  formation using fﬂinogen-agarose plate. Ten

microliters of sa ﬁxusolﬁtm wasbglaced inteach hole and incubated at 37°C for 15 h.

After incubatlon, [ipe furbid /o fibgs) forngdl atobird dhe hole, due to the

polymerization of fibrinogen, weresmeasured. A;.purified fibringlytic protease from
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CHAPTER V
DISCUSSION

5.1 Isolation, screening and identification of fibrinolytic protease producing
bacteria

Bacteria were isolated from 20 kinds of traditional fermented food produced in
Thailand by dilution plating technique on MLB medium. The result showed that all
strains exhibited typical characteristics of/Bacillus. In accordance with the previous
report of Kim et al. (1997), they found thai*Bacillus sp. producing fibrinolytic
protease could screened from a fermented fish known as Jeot-Gal by using MLB
medium. As the previous reporis, fibrinolytic proteases from the genus Bacillus that
isolated from traditionalfermented foods have attracted interests as thrombolytic
agents because of their effiCiency and safety in the fibrinolytic process (Nakamura et
al., 1992; Kim et al.y71997; Peng et al,, 2004; Wong and Mine, 2004). Thus, the
isolated bacteria were sgreened for it-fibrinelytic activity.

Primary screeningwas conducted wi_fth:'-fibrin plate method. From 163 isolates,
it was found that 141 isolatgs showed fibriﬁ@iyfgi_c activity. Therefore, 71 isolates from
fermented fishery products and 68 isolatesrfrr'on’i fermented soybean products showed
fibrinolytic activity while, 1 isolate from ferrhé'ﬁt-ed fruits and 1 isolate from vegetable
products showed fibripolytic activity. The result of the present study revealed that the
fermented fishery products, namely Ka-pi, Plaa-chao, Plaa-jorm, Koong-jorm, Poo-
khem, Tai-plaa, and Hoi-ma-laeng-poo-dorng, and the fermented soybean products,
namely Toa-nao, Tao-jieo-khaw, Tao-jieo and Tao-hoo-yee, Were the potential source
of microbial fib¥inolytic protease. As a pioneer in evaluating the microbial fibrinolytic
proteasefrom fermented food;:Wong and Miney(2004)/revealed that fermented shrimp
paste, aptraditional ‘and popular seasoning in Asia countries, showed the strong
fibrinolytic activity. Later on, it was noted that such enzymes were excreted from
Bacillus sp. nov. SK006 (Hua et al., 2008). In accordance to Nakamura et al., they
found that fibrinolytic proteases presented in natto were from B. natto (Nakamura et
al., 1992).

As the previous reports, potent fibrinolytic proteases have been discovered
from fermented food products, such as Japanese natto (Sumi et al., 1987; Fujita et al.,
1993), Korean Chungkook-Jang soy sauce (Kim et al., 1996; Noh et al., 1999),
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skipjack shiokara (Nakajima et al., 1993; Sumi et al., 1995), fermented shrimp paste
(Wong and Mine, 2004), and marine creatures (Sumi et al., 1992). In particular, oral
administration of natto or its enzyme can effectively enhance the release of an
endogenous plasminogen activator in both animal models and human subjects (Sumi
et al., 1990). These finding imply the possibility of consuming fermented foods to
prevent cardiovascular diseases. Indicating the benefit of consuming such Thai
fermented foods and the potential to develop as a functional food.

Therefore, it was noted that 21 isolates with strong fibrinolytic activity were
from fermented soybean products and fermented fishery products. In accordance with
the previous study of Fujita etal. (1993), Kim.ewal. (1996), Kim et al. (1997), Chang
et al. (2000), Lee et al. (2001), Peng et al. (2003), Ko et al. (2004), Seo and Lee
(2004) and Choi et al. (2005),+they reported the strong fibrinolytic proteases from
Bacilli isolated from traditional fermented soybean and fermented fishery products.
Therefore, it was presumed that fermented soybean and fermented fishery products
were the potential source of Tibrinolytic protease-producing Bacillus.

Furthermore, the'selected 21.isolates were subjected to grouping and identify.
From the result of internal transcribed 'sp-acers—PCR (ITS-PCR) fingerprinting,
fibrinolytic protease-producing bacteria wefe divided into 4 groups. The result of ITS-
PCR fingerprints clearly discriminated the different species, except those closely
related like the members of the B. subtilis gfbdp (B. subtilis, B. mojavensis and B.
licheniformis). Maoréover, B. velezensis showed the  same pattern with B.
amyloliquefaciens as it purposed to be the heterotypic synonym of the follow. As the
previous study of Daffonchio et al. (1998), the internal transcribed spacers between
the 16S and the 23S| ribosomal RNA ‘genes were ‘used to disCriminate species of the
16S rRNA group | of the genus Bacillus by PCR.

In the' secondary screening, fibrinczymagraphywas conducted to analyze the
pattern of extracellular fibrinolytic proteases (EFPS) from Cell-free culture supernatant
of 21 selected isolates. From the result, it was found that fibrinolytic protease
producing bacteria were divided into 6 group base on enzymatic pattern on fibrin
zymography. This is the first report that applied fibrin zymography to analyze and
grouping the fibrinolytic protease producing bacteria.

Previously, the reverse fibrin autographic technique was used routinely for the
assay of fibrinolytic activity; samples containing fibrinolytic proteases are

electrophoresed in SDS-polyacrylamide gels and then placed on the surface of the
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fibrin/agar indicator gel (Granelli-Piperno and Reich, 1978; Loskutoff et al., 1983;
Sprengers et al., 1984). The major drawback of reverse fibrin autography is that it is
time-consuming and low sensitivity for enzymatic activity. Fibrin zymographic
techniques, which are based on SDS-polyacrylamide gel copolymerized with a fibrin
substrate which degraded by the fibrinolytic proteases, which are restored during the
incubation period after an electrophoretic separation. Enzymatic activities in the
zymogram gel are visualized as clear bands of fibrinolysis against a dark-blue
background of undigested fibrin substrate (Kim et al., 1998; Choi et al., 2001; Choi et
al., 2002). This technique has been reported: for the quantitation of extracellular
fibrinolytic proteases from the culture media“of Bacillus strains isolated from
fermented foods (Kim et al., 1998). Moreover, Kim et al. (1998) stated that fibrin
zymography technique is.more” convenient, sensitive and specific for fibrinolytic
activity than the previous.methods.

Furthermore, TibrinOlytic' activity of 21 isolates was evaluated by using the
hydrolysis of fibrin elot assay. The result. showed that fibrinolytic activity of the
enzyme assayed by the‘hydrolysis of fibrin clot was correlative with the radius of
clear zone on fibrin plate. According to thé'feport of Astrup and Mullertz (1952),
fibrin plate assay is useful for determihihg,]t_he effect of a given compound on
fibrinolysis. Presently, this assay was used t0 ‘screen for fibrinolytic activity of the
compounds (Peng and Zhang, 2002a; Yoon ef éi., 2002; Choi et al., 2005; Kyung-Ju
et al., 2007). However, the significant limitation of the fibrin plate is the diffusion
capacity of such substance into agar/agarose gel. In this study, various concentrations
of plasmin (0.5, 1, 2 and 4 unit/ml) were, evaluated by fibrin plate assay and the
correlation between the radius of clear zone and plasmin concentration were plotted.
As showed in ‘Appendix-C, the correlation between the radius of clear zone and
plasmincancentration were not«the linean. (Thus; toccalculate; the, activity of the test
compound by this method would not reliable.

As the fibrin monomers continue to crosslink, the clot begins to retract,
condensing the volume of the clot and finally degraded by fibrinolytic agents, the
hydrolysis of fibrin clot assay may be a good approximation of in vitro clots lysis
(Kim et al., 1997; Chang et al., 2000; Liu et al., 2005). This assay provides the
natural morphology of the in vitro clot and demonstrated a dose-dependent in clot
lyses with increasing the concentration of fibrinolytic compound. Therefore, the data

obtained from this assay were more reliable than that of fibrin plate.
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Next, 6 representative strains that choose based on the enzymatic pattern and

the degree of fibrinolytic activity were subjected to 16S rRNA gene sequencing and
phylogenetic analysis. From the result of 16S rRNA gene sequence analysis, 6 isolates
were belonging to the members of the genera Bacillus. Therefore, relationship
between 6 selected isolates and closely related Bacillus species was also determined
by the rep-PCR fingerprinting method, a useful technique for determining inter- and
intraspecies relatedness (Versalovic et al., 1994 and Gevers et al., 2001). (GTG)s-
PCR fingerprinting revealed that all isolates belong to the genus Bacillus and was
similar to the result of 16S rRNA gene sequence analysis. In addition, the DNA-DNA
similarity was assessed between isolates and-thewreference strain of Bacillus. From the
result, it was found that isolate THY-C1, PD-A10 and K-A7 exhibited low levels of
DNA-DNA similarity with.ihe reference strains. Nick et al. (1999) and Rademaker et
al. (2000) have compared rep-PCR genomic fingerprint analysis with DNA-DNA
relatedness; they suggesied sthat the two techniques yield results are in close
agreement. Therefore,"Heyrman et al. (2003) reported that rep-PCR fingerprinting can
be used as a genomic scregning method-to differentiate at the species level and to
select representatives for DNA-DNA reassociation experiments. Accordingly, on the
basis of differences in phenotypie and genetiie,eI_istinctiveness, THY-C1, PD-A10 and
K-A7 should be recognized as representing a nevel species of the genus Bacillus and
the name Bacillus thailandensis sp. nov., B. eiemensis sp: nov. and B. kapii sp. nov.

were purposed, respectively.

5.2 Optimization of fibrinolytic protease production

Among6 isolates, THY-C1 that showed the highest activity was chosen to
study the optimal condition of fibrinolytic protease production. The condition for the
enzyme-productiony was<optimized withy & stepwise/istrategy.<Kirstly, the optimal
nitrogenand carbon sources were screened with the one-at-a-time strategy followed
by 3* full factorial design of the medium composition. Finally, the cultural conditions,
such as inoculum level, growth temperature and fibrin supplementation, were studied

with one-at-a-time strategy.
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Effects of different nitrogen sources on fibrinolytic protease production

Among the organic nitrogen source, yeast extract gave the highest activity
while activities were poor with peptone and casein. The type of nitrogen in the
medium regulates the growth and fermentation process for fibrinolytic protease
production (Liu et al., 2005; Chen et al., 2007; Deepak et al., 2008). Yeast extract,
apart from acting as a nitrogen source also supplies vitamins and trace metals, thereby
affecting the growth of the organism and thus increasing fibrinolytic protease
production. Yeast extract alone or in combination with other nitrogen sources has
been used for fibrinolytic protease production by a large number of Bacillus sp. (Liu
et al., 2005; Chen et al., 2007; Deepak et al.,-2008).

Johnvesly and Naik (2001) reported yeast extract was the best followed by
casein while beef extract and peptone were poor organic nitrogen sources for protease
production in thermophilic" Bacillus sp.: JB-99. Similarly, peptone was found to be
poor for protease production in B. brevis (Banerjee et al., 1999). Therefore, inorganic
nitrogen source, suchsas ammonium sulfate and monosodium glutamate, were poor
for fibrinolytic protease production. Jehnvesly and Naik (2001) reported that
ammonium nitrogen completely inhibited prbtéase production.

Effects of different carbon sourcéé;dn]fibrinolytic protease production

The effect of carbon sources on the p‘roduction of fibrinolytic protease by
THY-C1 was investigated using D-glucose, Dﬁffuctose, D-galactose, D-mannose, D-
xylose, D-maltose, D=sucrose, D-lactose, D-mannitol, glycerol and soluble starch in
the basal medium containing yeast extract. As a result, maltose and sucrose were the
best carbon sources for fibrinolytic protease production while fibrinolytic protease
production with the addition of mannose was found to be low when compared with
not supplemented medium.

Liwet aly (2005), workingywith asstrain, of\Bacillus natte"NLSSE, also found
that maltose, sucrose and glucose had the strong effect on fibrinolytic protease
production. Phadatare (1991) reported highest protease activity with arabinose
followed by sucrose while Sutar et al. (1992) found sucrose, glucose and fructose to
be equally good as carbon sources for protease production. Lactose was found to be
the best carbon source for protease production by Bacillus brevis (Banerjee et al.,
1999). Johnvesly and Naik (2001) reported that starch, raffinose, arabinose and
fructose were good carbon sources while glucose totally repressed protease

production. For commercial production, sugars like maltose will be prohibitive due to
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their cost (Laxman et al., 2005) and hence the use of sucrose as carbon source to
produce fibrinolytic protease seems to be the lower cost alternative. Therefore,
sucrose was chosen for the further studies.

Optimization of medium compositions with 3° factorial designs

The effects of yeast extract concentration as nitrogen source, sucrose
concentration as carbon source and pH on fibrinolytic protease production were
studied using the statistical approach of 3° factorial design. The maximum activity of
these responses were attained at run number 3, employing 6 g/l yeast extract, 15 g/l
sucrose concentration and pH 9.0. While the lowest activity was obtained when the
bacteria was growth in the medium containing.22"g/l yeast extract, 15 g/l sucrose and
pH 5.0. From the results, it can be observed that the fibrinolytic protease production
was greatly influenced by«theanitial pH of medium. According to the previously
reports, the optimum pHsfor.protease production by Bacillus sp. was found to be
alkaline pH.

Effect of inoculumilevel on fibrinolytic protease production

The effect of inoculum level on the production of fibrinolytic protease was
studied in the optimized /medium. It can be observed that the specific activity of
enzyme was highest at 5% (v/v) inoculumé,!evel. In accordance to Chauhan and
Gupta (2004), the protease production was fo‘und to increase with the increase in
inoculums percentages. a

Effect of growith temperature on fibrinolytic protease production

The optimum growth temperature for fibrinolytic protease production by
THY-C1 was found to be 37°C with the highest yield and specific activity while less
growth was observed and hence activities were found to be lowest at 50°C. According
to the previously report, increase in. fermentation temperature caused an increase of
fibrinolytic activity, and maximum fibrinolytic activity, was ‘attaiied at around 37°C.
However, incubation at the temperature higher than 37°C resulted in lower protease
production (Ashipala and He, 2008).

Effect of fibrin supplementation on fibrinolytic protease production

The effect of fibrin supplementation on fibrinolytic protease production was
studied and it was found that the addition of fibrin resulted in an increase in
fibrinolytic protease production. According to the previously report, fibrin was found
to be the inducer for fibrinolytic protease production by Bacillus amyloliquefaciens
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DC-4 (Peng et al., 2003). However, further increase in the amount of fibrin did not
significantly affect the fibrinolytic protease production.

Time course of fibrinolytic protease production

From the result, fibrinolytic protease production was found to start in late-log
phase of bacterial growth in optimized medium, peak at 30 h of incubation and stable
upon further incubation. These results support the suggestion that the fibrinolytic
protease production of THY-C1 is a manifestation of nitrogen and carbon limitation at
the onset of death phase. This phenomenon could be explained due to the fact that
protease is expressed during sporulation of Bacillus sp. (Kobayashi et al., 1998). In
contrast, the results for fibrinolytic protease_production in non-optimized medium
found that enzyme activity reached its maximum at the end of exponential phase (69
unit/ml), which might indicate different mechanism of sporulation of this bacterium in
these two different medium:.

Moreover, incubation time was the significant factor that can leading to a
marked increase in fibrinalyti¢ protease production. Incubation periods ranging from
few hours to several days have been-found to be best suited for maximum fibrinolytic
protease production by Bacillus sp. (Liu et a'l.',-2005; Chen et al., 2007; Deepak et al.,
2008). —

5.3 Characterization,of fibrinolytic proteésé ‘p-roduced by THY-C1

Under the optimal condition, the enzyme production by THY-C1 increased
about 10 folds. Further study was conducted to elucidate the characteristic of crude
fibrinolytic protease produced by THY-C1.

SDS-fibrin zymagraphy The changes in enzymatic pattern in the original and
the optimized medium were observed by SDS-fibrin zymogram. Using a zymography
analysisy itiwasfound that THY=C1 secreted-9 extracellular-fibrinalytic proteases in
the original culture medium while only 3 majors extracellular fibrinolytic protease
was found in the optimized medium. However, the pattern of fibrinolytic protease in
the optimized condition appeared to be more intense. Based on the results, changes in
medium composition as well as fibrin supplementation selectively enhanced the
expression of some protease.

Effect of pH on the activity and stability of the fibrinolytic protease The
optimum pH for fibrinolytic activity was examined over a pH ranges from 3-11. The

optimum pH of the enzyme was around pH 7 to 8 and was relatively higher in the
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alkaline region. In contrast, the fibrinolytic activity in the acidic pH region decreased.
This is a common feature of alkaline proteases (Joo et al., 2003; Joo et al., 2004). The
pH stability of the enzyme was investigated in a range of pH 3-11 by measuring the
residual enzyme activity. As a result, the fibrinolytic protease was found to be stable
over a broad pH range (7-11) and retained approximately 60% of activity at pH 6 after
1 h incubation at 37°C. Paik et al. (2004) found that fibrinolytic protease from
Bacillus subtilis KCK-7 was very stable in a range of pH 7-10 and rapidly reduced at
pH below 5.

Effect of temperature on the aciivity. and stability of the fibrinolytic
protease The effect of temperature on the“aetvity and stability of the fibrinolytic
protease was determined in a range of 30-70°C.at pH 7.4. The optimum temperature
for the fibrinolytic activitywas@pproximately 50°C. A similar observation was found
in the fibrinolytic protease produced by Bacillus subtilis KCK-7 (Paik et al., 2004).
The fibrinolytic proteasgfwas stable up to 50°C, and:its stability decreased at high
temperature. The residualiactivities of 32% and 11% were shown at 60°C and 70°C,
respectively. The similar heat stability of the enzyme was also reported in Nattokinase
and Subtilin DFE (Kim and Choi, 2000; Peng et al., 2003).

Protease inhibitors The effect of natural and synthetic inhibitors on crude
fibrinolytic protease was investigated. Enzyme activity was inhibited by PMSF, while
other serine protease Inhibitors like soybean trypsin -inhibitor, TLCK, TPCK,
chymostatin and leupeptin not significantly affect the enzyme activity. In addition,
metalloproteinase inhibitors such as EDTA and phospharamidon were not effected the
enzyme activity, suggested=that metal cofactors are not required for it activity.
Moreover, cysteine protease inhibitor (E-64) and aspartic protease inhibitor (pepstatin
A) showed no "inhibitory effect on fibrinolytic. protease. This ,inhibition profile
suggests that the filrinolytic protease from| THY-C1 belonged to a-family of serine
protease.'Similar results have been observed in the fibrinolytic protease produced by
Bacillus natto (Fujita et al., 1993), Bacillus sp. CK (Kim et al., 1996), Bacillus sp.
DJ-4 (Kim and Choi, 2000), B. amyloliquefaciens DC-4 (Peng et al., 2003), B. subtilis
QKO02 (Ko et al., 2004).

Comparison of substrate specificity of fibrinolytic protease from THY-C1
and the commercial Nattokinase The fibrinolytic activity of fibrinolytic protease

produced by THY-C1 was compared with 3 commercial Nattokinase. From the result,
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it was found that crude enzyme showed stronger specific activity than the commercial
Nattokinase 1 and the commercial Nattokinase 2, but lower than the commercial
Nattokinase 3.

Moreover, substrate specificity of crude enzyme from THY-C1 was evaluated
and compared with the commercial Nattokinase. Various synthetic substrates were
used to evaluate, such as synthetic substrate for plasmin, synthetic substrate for
thrombin and synthetic substrate for urokinase. The results demonstrated that the
activity of crude enzyme were specific to synthetic substrate for urokinase more than
synthetic substrate for plasmin and ‘thrembin. Compared to the commercial
Nattokinase, crude enzyme from THY-CL.-shewed hydrolysis activity to synthetic
substrate for plasmin and thrombin more than the commercial Nattokinase 2 and the
commercial Nattokinase 3« The hydralysis activity of crude enzyme to synthetic
substrate for urokinase was also higher than the commercial Nattokinase 2. However,
the commercial Nattokinase /1 /showed higher hydrolysis activity to all synthetic
substrates than crude enzyme. These features of crude enzyme from THY-C1 make it
an attractive agent as a promaterial for health promoting foods.

The effect of digestive enzymes on _fiﬁrinolytic activity

Effect of pepsin of fibrinotytic acfii_\i/'i'ty_The results showed that a decrease in
fibrinolytic activity of crude enzyme compared io the control was found. The decrease
in fibrinolytic activity,of crude enzyme from TI:|YC1 could attribute to its stability in
the acid condition.

Effect of pancreatine on fibrinolytic activity The results showed that a
slightly decrease in fibripolytic activity of crude enzyme compared to the control was
found. The stability lof crude enzyme could ‘attribute to;its Stability in the alkaline
condition. After the incubation with pancreatin, the fibrinolytic activity of crude
enzyme-was- available fram 86 «87.7%: According toithesehigh, values, it could be
stated that the encapsulation of crude enzyme in order to obtain good stability at the
stomach digestion should be considered. For this reason, the stability of crude enzyme
in in vitro digestive system could be the main determinant for developing to be the

food supplement product.
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5.4 Purification and characterization of fibrinolytic protease produced by PD-
Al0

According to the previous study, the optimal condition for fibrinolytic
protease production was evaluated by using THY-C1. Later, six representative
bacteria from each group of enzymatic pattern were growth in the optimal condition
and fibrinolytic protease production were examined. The results showed that the
fibrinolytic protease production by PD-A10 was increased and higher than that of
THY-C1. Thus, the present study was performed to conduct the purification and
characterization of crude enzyme from PD-A10:

Characterization of erude fibrinolytic.protease

Effect of pH and temperature on the fibrinolytic activity The enzyme was
active in the pH range of 5-41 with the optimum pH at 7 and 10. It was noted that the
crude enzyme showed Z+¢pHs optimum. It may be consumed that crude enzyme
contained 2 major extracellular/fibrinolytic proteases. From the result, the enzyme
was active in the alkaline region and the activity was found to be decreased in the
acidic pH region. This'is @& common feature of alkaline protease. The effect of
temperature on the activity of crude enzyme_f was determined in a range of 30-70°C at
pH 7.4. The optimum temperature for the-‘fibrjnolytic activity was approximately at
50°C. =

Effect of pHwand temperature on tﬁre-stability of crude enzyme The pH
stability of the enzyme was Investigated in a range of pH 4-11 by measuring the
residual enzyme activity. As a result, the fibrinclytic protease was found to be stable
over a broad pH range (5-11) and retained approximately 60% of activity at pH 5 after
1 h incubation®at|37°C. The fibrinolytic protease was Stable up to 50°C, and its
stability was decreased at high temperature.

Pratease, inhibitors Thedibrinolytic! protease was inhibited by PMSF, TPCK,
chymotrypsin and EDTA while other protease inhibitors like soybean trypsin
inhibitor, TLCK, leupeltin, phosphoramidon not significantly affect the enzyme
activity. In addition, cysteine protease inhibitor (E-64) and aspartic protease inhibitor
(pepstatin A) showed non inhibitory effect on fibrinolytic protease. This inhibition
profile suggests that crude enzyme from PD-A10 was belong to family of serine and
metalloprotease. As the previous result of pH optimum, crude enzyme may contain 2
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major extracellular fibrinolytic proteases. It may be proposed that one of them is
serine protease and the other is metalloprotease.

Putification of fibrinolytic protease

Crude fibrinolytic protease was purified by anion-exchange chromatography
on a Resource Q column. The result showed that 4.81 mg of the enzyme was purified
12.19-fold, with a yield of 51.39%. The fact that 12.19-fold purification was sufficient
to achieve homogeneity demonstrates that this protease is one of the major secreted
proteins of PD-A10 in culture medium. The fibrinolytic protease preparation obtained
by the procedure described here had a specific activity of 2037.3 unit/mg protein.

Characterization of purified fibrinefye protease

Molecular weight determination The molecular weight of purified enzyme
was found to be 371.5 kDa.as gstimated by size exclusion on Superose 12 10/300 GL
column using AKTA fastFPLEC (Figure 26) and by SDS-PAGE. The purified enzyme
migrated as a single band.an SDS-PAGE under reducing condition suggesting that the
purified enzyme is menomeri¢. Fibrin zymogram activity staining also revealed one
clear zone of fibrinolytic activity against-a blue background. In an earlier instance,
molecular weight of the fibrinolytic proteasé from Bacillus sp. have been reported in
range of 21-85 kDa (Peng et al:, 2005). ln this study, the molecular weight of the
purified enzyme was found to be different. 7 |

Amidolytic aetivity The amidolytic édﬁvity of purified fibrinolytic protease
was assessed using several chromogenic substrates, such as synthetic substrate for
plasmin, synthetic substrate for urokinase and synthetic substrate for thrombin. The
fibrinolytic protease exhibited a higher degree of specificity for the substrate for
thrombin and leonsidered to have a fibrinogenolytic activity.; The other fibrinolytic
protease from Perenniporia fraxinea mycelia and Nephila clavata spider (Joo et al.,
2002) alsorexhibitedhthe highest activity ferisyntheticisubstrate,ferithrombin.

When' kinetic analysis of the ‘purified fibrinolytic protease reaction was
performed using synthetic substrate for thrombin as substrate, the enzyme showed the
classical Michaelis-Menten kinetics. The following kinetic constants were obtained
from the double reciprocal plots of the initial reaction rates and substrate
concentrations between 0.05-1 mM: Ky, 0.28 mM, Vmax 0.295 mM/ml/min. The Kcat
and kea/Kn values for purified enzyme were 2684.88 s and 9663.33 mM/s,
respectively. Catalytic efficiencies (kca/Km) of purified enzyme were significantly

higher than that of MEF-2 from Chinese mantis Tenodera sinensis, being 3148 mM/s
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(Hahn et al., 2001). The higher activity of the purified enzyme from PD-A10 may be
achieved by raising the turnover number (Kcas).

Protease activity Substrate specificity of the purified enzyme was examined
using various protein substrates. From the result, bovine casein was the most
susceptible substrate. Fibrin and fibrinogen was also highly susceptible toward the
purified enzyme, at 47.1 and 31.6% relative activity, respectively. From these results,
it was suggested that the purified enzyme was a potent protease with fibrinolytic and
fibrinogenolytic activity.

Effect of pH and Temperature The effect of pH on the activity of purified
fibrinolytic protease was determined with universal buffer at various pH values. The
purified enzyme was active over.a wide pH range (pH 5-11), but exhibited maximum
activity at pH 7.0. The optimum'pH of the enzyme is comparable with those of Jeot-
gal enzyme from Bacillussp. KAS38 isolated from Korean Jeot-gal (Kim et al., 1997),
Bacillokinase Il (BKII) from Bacitlus subtilis strain. A1 (Jeong et al., 2004) and
AMMP from culture mycelia of Armillaria mellea (Lee et al., 2005).

The optimum gemperature ..for fibrinalytic activity was determined by
measuring the activity after the incubation’ of fibrinolytic protease at different
temperatures (30-70°C). The influence of,itér]r‘_lperature on the fibrinolytic activity
showed that it was active between 30-60°C. Optimum activity was found to occur at
50°C, which was comparable with those of kCK-? from Bacillus subtilis KCK-7
(Paik et al., 2004) and BK Il from Bacillus subtilis strain Al (Jeong et al., 2004). The
enzyme became less_active when the temperature rgse above 60°C, and it was
completely denatured at temperatures 70°C!

The enzymeqremained active at high pH values, but the relative activity was
decrease to 60% at pH 5 after incubation for 1 h. The enzyme proved to be thermally
stable up to\a temperature of 50°C after an incubation time of L h; its activity was
decreased markedly over 50°C, and was not detectable at temperature 70°C. The
temperature stability of the enzyme is comparable with those of CK from Bacillus sp.
strain CK 11-4 (Kim et al., 1996) and Subtilisin DFE from B. amyloliquefaciens DC-
4 (Peng et al., 2003).

Effect of protease inhibitors on the enzyme activity To classify the purified
enzyme, the fibrinolytic activity was assayed in the presence of various protease
inhibitors. From the result, no significant effects were caused by PMSF, leupeptin,



139
TLCK, soybean trypsin inhibitor, EDTA, E-64 and pepstatin A. Approximately 66.7
and 77.8% decrease in activity occurred after the addition of 10 uM of chymostatin
and TPCK and the activity was fully inhibited by 100 uM of chymostatin and TPCK.
Chymostatin and TPCK potentially inhibited enzyme activity, thus suggesting that the
purified enzyme is a chymotrypsin-like serine protease. This feature is similar to other
pre-reported microbial fibrinolytic protease, such as AMMP from culture mycelia of
Armillaria mellea (Lee et al., 2005). It well known that the important enzyme in
fibrinolysis system, t-PA, plasmin, and thrombin are chymotrypsin-like serine
proteases.

Analysis of degradation products ef-fibrin.and fibrinogen To elucidate the
mode of reaction of purified. protease, degradation products were separated using
SDS-PAGE. The purifiedsprotease rapidly hydrolyzed yy-chains of fibrin, followed by
o- and B-chains. After 2¢ ofvincubatien time, all ehains were completely hydrolyzed
by purified enzyme. Mogeover, the results of fibrinogenolysis pattern showed that the
enzyme rapidly hydrolyzed the fibrinogenr Aa and Bf chains. It also hydrolyzed the y-
chain, but more slowly:"However, all chains were completely hydrolyzed within 1 h.
The fibrinogenolysis pattern of the purified _ernzyme Is similar to that of MEF from
praying mantis Tenodera sinensis; which preTerentiaIIy hydrolyzed the Ao and Bf
chain of fibrinogen rather than y-chain (Hahn et-al., 1999). The purified fibrinolytic
protease seems to be-a direct-acting fibrinolytic and fibrinogenolytic agent as it acts
via direct cleavage of fibrin and fibrinogen.

Fibrin and Fibrinogen-agarose plate assay ‘According to the fibrin plate
assay, the purified. fibrinolytic. protease was‘shown to.have fibrinolytic activity. The
fibrinolytic activity-ofithe purified.enzyme was compared/with that of plasmin that
was already known as standard fibrinolytic protease found in blood.system. To further
investigate the thrombin-like activity ,ofi the purified enzyme, the formation of fibrin
was assessed using fibrinogen plate. Turbid fibrin ring was formed by thrombin, but
no turbid ring was formed by purified enzyme, indicating that the purified fibrinolytic
enzyme has fibrinogenolytic activity rather than thrombin-like activity.



CHAPTER VI
CONCLUSION

Because of the promising biological benefits from consuming food sources of
fibrinolytic proteases, this study have extensively explored new sources of fibrinolytic
protease form Thai fermented foods. Moreover, the fibrinolytic proteases from
Bacillus sp., isolated from fermented foods, have been investigated.

Bacteria were screened from 20 kinds of Thai fermented food and 163 isolates
were obtained. Initially, all bacteria were sCreened for it fibrinolytic activities by
fibrin plate assay. It was found that 141 isolates showed the fibrinolytic activity: 71
isolates from fermented dishery products, 68 isolates from fermented soybean
products, 1 isolate from fermented fruit and 1 isolate from vegetable products. It was
concluded that the fermepnted.Soybean products and fermented fishery products were
the potential sources”of imigrobial fibrinalytic protease. In addition, it may be
presumed that such fermented food products were the potential sources of fibrinolytic
protease.

Twenty-one isolates with strong-“’j‘i’bg@nolytic activity were selected and
subjected to identify. Based on their phenqt'ypié characteristics, fibrinolytic protease-
producing bacteria were identified as Baci'l-lrﬂé sp. From the result of intergenic
transcribed spacer-RCR (ITS-PCR) fingerprinting, bactéria were divided into four
groups. Group | was closely related to B. subtilis and comprised of 12 isolates, Group
I1 was closely related to B. vallismortis and.comprised of 3 isolates and Group 111 was
closely relatedato’B. ‘amyloliguefaciens and comprised of 4 isolates, respectively,
while Group IVshowed different pattern from type stains and comprised of 2 isolates.

Mareover, /the ienzymatic patternoaf «cell-freg supernatant fram 21 selected
isolates was evaluated by using fibrin zymogram. Based on the enzymatic pattern,
they were divided into 6 groups. In addition, fibrinolytic activity of all isolates was
evaluated by the hydrolysis of fibrin clot assay. Then 6 representative bacteria,
namely THY-C1, PD-AIO, K-A7, K-B16, TIW-A9 and TISTR 651, which showed the
highest fibrinolytic activity in each group of enzymatic pattern were chosen and
subjected to 16S rRNA gene sequencing. The results from 16S rRNA gene
sequencing, they were identified as Bacillus sp. and closely related to the type strains

of B. licheniformis, B. mojavensis, B. subtilis, B. vallismortis, B. velezensis and B.
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amyloliquefaciens. Moreover, the results of DNA-DNA hybridization, rep-PCR
fingerprinting, DNA G + C content, fatty acid profile and biochemical characteristics
revealed that 3 isolates, namely, THY-C1, PD-A10 and K-A7, were identified as
novel species in the genus Bacillus and the name B. thailandensis sp. nov., B.
siamensis sp. nov. and B. kapii sp. nov., respectively, were purposed.

The optimal condition for the fibrinolytic protease production by THY-C1 that
showed the highest fibrinolytic activity among 6 representative bacteria was
evaluated. The maximal enzyme production (101.2 unit/ml) was achieved when the
bacterium was inoculated at 5% (v/v) intosa.medium containing 0.6% (w/v) yeast
extract and 1.5% (w/v) sucrose at pH 9.0 with.#ibrin supplementation and incubated
for 30 h at 37°C. Under the optimal condition, the enzyme production increased about
10 folds compared to the original medium. The activity staining of crude enzymes on
the fibrin zymogram indieated'the changes in activity band patterns. The enzyme was
optimally active at pH 7-8 and stable overa broad pH range from 6-11. Its optimum
temperature was around 50°C: Enzyme was stable up to 50°C and strongly inhibited
by phenylmethylsulfonyl fluoride (PMSF), a specific inhibitor of serine protease. In
addition, when compared with the commérbial fibrinolytic enzyme, the cell free
supernatant of THY-C1 showed strongeir,i "s-p‘ecific activity than the commercial
Nattokinase 1 and the commercial Nattokinase 2, but lower than the commercial
Nattokinase 3. Moreaver, fibrinolytic protease‘showed ifS stability to pancreatin and
bile salt solution, butdost its activity after incubating with./pepsin solution in in vitro
digestive model. These features of crude enzyme from THY-C1 make it an attractive
agent as a biomaterial for'health promoting foods.

Furthermore, Fibrinolytic proteases. produced by 6 representative bacteria in
the optimal condition were compared and the result showed that fibrinolytic protease
produced by PD:AL10.had the-highest ‘activity: Thus fibritolytic protease produced by
PD-A10:was purified and characterized. Crude extract of fibrinolytic protease from
PD-A10 was purified to homogeneity by column chromatography on Resource Q. The
molecular weight was 371.5 kDa as estimated by Gel filtration on sepharose GL12
10/30 and by SDS-PAGE. The enzyme was the most active at pH 7.0, and its
optimum temperature was 50°C. The enzyme activity was relative stable at pH 7.0-9.0
and temperature below 50°C. The activity was inhibited by chymostatin and N-tosyl-

L-phenylalanine chloromethyl ketone (TPCK), indicating that the chymotrypsin-like
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serine protease. The enzyme exhibited a high affinity toward synthetic substrate for
thrombin (H-D-Val-Leu-Arg-pNA) and Vmax and Ky, values of 0.295 mM/ml/min and
0.28 mM, respectively. The Kea and keai/ Ky vValues for purified enzyme were 2684.88
s and 9663.33 mM/s. The purified enzyme could completely hydrolyze a fibrin and
fibrinogen substrate in vitro within 2 h and 1 h, respectively. The result from
fibrinogen plate assay showed that the purified enzyme possessed it fibrinogenolytic
activity rather than thrombin-like activity.

Overall the results in this study suggested that traditional fermented foods
produced in Thailand were the important source of microbial fibrinolytic protease,
especially from the genus Bacillus. Fibrinelyiie protease from these food grade-
microorganisms has the potential to be developed as functional food additives and
drug to prevent or cure cardiovascular diseases. Presently, development of microbial
fibrinolytic protease is still'ongoing /and'much work needs to be done intensively and
extensively, especially concCepning the thrombolytic effects in vivo and increasing the

efficacy and fibrin spe€ifticity of the thrombolytic agents.
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APPENDIX A

CULTURE MEDIA, REAGENT AND BUFFER PREPARATION

1. Gram’sstaining

Gram’s staining was performed by using air-dried slides which were fixed
and dried before staining by standard procedure (Dussault, 1955). Thin smear of
bacterial conoly was prepared on a clean slide. Slide was fixed by passing through
flame. The smear was covered with crystal violet solution for 30 sec, then rinsed with
water and drained. Next, the smear was covercadwith iodine solution for 30 sec, then
rinsed with water. Decolorized with 95% ethanol and washed with water, then it was
counter stained about 30 seeWiih safranin solution. Blot slide was dried and examined
under oil immersion (1,000X): Cell morphology was examined after incubated for 2
days.

2. Basal medium _
2.1 Modified Luria-Bertani medium (Klm et al., 1997)

Tryptone e W0 g
Yeast extract : 5 g
Glucose s, g
Sodium chloride 50 g
Distilled water 10000 ml

Dissolve and:adjust pH to 7.2, ,with NaOH. Medium was sterile by
autoclaving at(121°C, 15 pound/inch? pressure for 15 min:

2. 2:Nutrient'medium

Peptone 5 g
Meat extract 3 g
Distilled water 1000 ml

Dissolve and adjust pH to 7.2 with NaOH. Medium was sterile by
autoclaving at 121°C, 15 pound/inch? pressure for 15 min.



162
2.3 Tryptic soy medium

Casein peptone 15 g
Soya peptone 5 g
Sodium chloride 5 g
Distilled water 1000 ml

Dissolve and adjust pH to 7.3 with NaOH. Medium was sterile by

autoclaving at 121°C, 15 pound/inch? pressure for 15 min.

2.4 Luria-Bertani medium

Tryptone 10 g
Yeast extract - g
Sodium chloride 5 g
Distilled water 1000 ml

Dissolve and .adjust' pH to 7.2 with NaOH. Medium was sterile by

autoclaving at 121°C, 45 peund/inch? pressure for 15 min.

2.5 Tyrosine medium

Peptone - = Wb g
Meat extract : | 3 g
L-tyrosine a 5 g
Distilled water 1000° ml

Dissolved in distilled water and sterile by autoclaving at 115°C for 10 min.

2.6 Potato dextrose medium-(PD)
Potato dextrose broth (Difco) 24 g
Distillediwater 10000 iml
Suspend the powder 'in 1000 ml of distilled water and mix thoroughly.
Medium was heated with frequent agitation and boiled for 1 minute to completely
dissolve the powder then sterile by autoclaving at 121°C, 15 pound/inch? pressure for

15 min.

2.7 Mannitol yeast-extract medium MYE)

Peptone 2.5 g

Yeast extract

25 g
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Sodium chloride 25 g
Mannitol S) g
Distilled water 950 ml

Dissolve and adjust pH to 7.0 with NaOH. Medium was sterile by
autoclaving at 115°C for 10 min.

3. Sulphide production, indole and motility test
3.1 Sulphide-indole-motility (SIM) medium

Tryptone 30 g
Meat extract 3 g
Sodium thiosulfate pentahydrate 05 g
Cysteine hydrochloride 02 g
Sodium chieride 5 g
Distilled L 4 950 ml

Dissolved in and brought up the velume to 1000 ml with distilled water
then sterile by autoclaving at 121°C, .15 pou_nd/inch2 pressure for 15 min.

3.2 Kovac’s reagent

p-Dimethylaminobenzaidehyde 5 g
Amyl-alcohol S
Concentrate hydrochloric acid 25 ml
Dissolve the aldehyde in the alcohol by gentle warming in a water bath

(about 50°C) and kept in the amble bottle. Protect from the light and stored at 4°C.

4. Catalase test
4,1tHydrogen peraxide;(H:0z)salution
Hydrogen peroxide 3 ml

Dissolve and adjust volume to 100 ml with distilled water.

5. Oxidase test
5.1 Tetramethyl-p-phenylenediamine solution
Tetramethyl-p-phenylenediamine 1 g

Dissolve and adjust volume to 100 ml with distilled water.
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6. MR-VP test
6.1 Glucose phosphate (GP) medium

Peptone 5 g
Dipotassium phosphate 5 g
Glucose 5 g
Distilled water 1000 ml

Dissolve and adjust pH to 7.5 with NaOH. Medium was sterile by

autoclaving at 115°C for 10 min.

6.2 Methyl red solution

Methyl red ' 1 g
95% Ethanal 300 ml
Distilled water 200 ml

Dissolve and mixed thoroughly, then adjust pH to 5.0

6.3 Creatine solution _
Creatine monohydrate T 05 g
Distilled water 4, 100 ml

Dissolve and mixed theroughly. ,'
6.4 40% Potassium hydroxide (KOH) aqueous solution
Potassium hydroxide 40 g
Distilled water 90 ml

Dissolve and adjust the 'wolume to 100 ml with distilled water.

7. Citrate'utilization test

7:1 Simmon’s citrate medium

Sodium chloride 5
Magnesium sulfate 0.2
Ammonium phosphate 1

Dipotassium hydrogen phosphate 1
Citric acid 2
Bromthymol blue, 40% aq. soln 20 ml

Q o e « «
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Dissolve and adjust pH to 6.8 with HCI. Medium was sterile by
autoclaving at 115°C for 10 min.

8. DNase test
8.1 DNase test agar (Difco)
DNase test agar (Difco) 42 g
Distilled water 1000 ml
Dissolve and adjust pH to 7.3 with NaOH. Medium was sterile by
autoclaving at 121°C, 15 pound/inch” pressti€ for 15 min.

9. Indole test
9.1 Peptone water
Peptone 10 g
Distilled water 1000 ml
Dissolve and adjust 'pH to 7.2 with NaOH. Medium was sterile by
autoclaving at 121°C, 15'pound/inch? pressure for 15 min.

9.2 Kovac’s reagent

p-Dimethylaminobenzaldehyde : 5 g
Amylalcohol 75 ml
Concentrate hydrochloric acid 25 ml
Dissolve the aldehyde in the alcohol by gentle warming in a water bath

(about 50°C) and kept in the amble bottle. Protect from the light and stored at 4°C.

10. Nitrate reduction test
1042 Nitrate broth

Peptone 100 g
Beef extract 10 g
Potassium nitrate 3 g
Distilled water 1000 ml

Dissolve and adjust pH to 7.2 with NaOH. Medium was sterile by

autoclaving at 121°C, 15 pound/inch? pressure for 15 min.



10.2  Nitrate reagent A (sulphanilic acid solution)
Sulphanilic acid 08 g
5 N Acetic acid 100 ml

Dissolve and gentle heating in a fume hood.

10.3 Nitrate reagent B (N,N-dimethyl-l-naphthylamine solution)
N,N-dimethyl-I-naphthylamine 05 g
5 N Acetic acid 100 ml
Dissolve and gentle heating in a fume hood.

11. Urease activity test
11.1  SSR medium

Potassium phosphate monobasic 91 ¢
Disodium hydroegen phosphate 95 ¢
Yeast extract ' 4 0.1 g
Urea ] 20 g
Phenol red0.2% ag. soln. "W\S ml
Distilled water ~ ., 950 ml
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Dissolve and adjust pH to 6.8 with HCI. Medium was sterile by filtration.

Then aseptically distribute into sterile tubes.

12. Hydrolysis of tween 80, starch, gelatin, casein, tyrosine, and aesculin

12.1  Tween 80.agar plate

Tween 80 2 ml
Yeast extract 5 g
Glucase 25 g
Distilled water 1000 ml

Dissolve and adjust pH to 7.2 with NaOH. Medium was sterile by

autoclaving at 121°C, 15 pound/inch? pressure for 15 min.

12.2  Starch agar plate
Starch 10 g
Yeast extract 5 g

Glucose 25 g
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Distilled water 1000 ml
Dissolve and adjust pH to 7.2 with NaOH. Medium was sterile by

autoclaving at 121°C, 15 pound/inch? pressure for 15 min.
12.3  Lugol’s iodine solution
Potassium iodide 40 g

Dissolve and adjust volume to 100 ml with distilled water.

12.4  Gelatin agar plate

Gelatin 10 g
Yeast extract - g
Glucose 25 g
Distilled water 1000 ml

Dissolve and .adjust pH to 7.2 with NaOH. Medium was sterile by

autoclaving at 121°C, 45 petind/inch® pressure for 15 min.

12,5 10% Trichleroacetic acid (TCA) solution

Trichloroacetic acid = 10 g

Dissolve and adjust volume to 100 ml with distilled water.

12.6  Caselnagar plate

Casein 10 g
Glucose 25 g
Distilled-water 1000 " ml

Dissalve and adjust pH to 7.2 with NaOH. Medium was sterile by
autoclaving at 2106, 15 pound/inch? pressure-for-15amin;

12.7  Tyrosine agar plate

Tyrosine 10 g
Glucose 25 g
Distilled water 1000 ml

Dissolve and adjust pH to 7.2 with NaOH. Medium was sterile by

autoclaving at 121°C, 15 pound/inch? pressure for 15 min.
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12.8 Aesculin broth

Aesculin 1 g
Ferric citrate 05 g
Peptone water 1000 ml

Dissolve and adjust pH to 7.4 with NaOH. Medium was sterile by
autoclaving at 115°C for 10 min.

13. Phenylalanine deamination

13.1 Phenylalanine agar slope

DL-phenylalanine 2 g
Yeast extract - g
Disodium hydrogen phosphate 1 g
Sodium chieride 5 g
Agar SN 20 g
Distilled water 4 950 ml

Dissolve and adjust volume t0:1000 ml with distilled water. Medium was

sterile by autoclaving at 145°C for 10 min..

13.2  10% Ferric chloride {FeCls) raque’ous solution
Ferric'ehloride e
Distilleéd water 90 ml

Dissolve and adjust the volume to 100 ml by distilled water.

14. Decarboxylation-of Liarginine, L:lysing and L-ornithine

14.1 Falkow’s medium

Peptone 3 g
Yeast extract 3 g
Glucose 1 g

Bromcresol purple, 0.2% aqg. soln 10 ml
Distilled water 1000 ml
Dissolve and adjust pH to 6.7 with HCI, and added the indicator solution.
Medium was sterile by autoclaving at 115°C for 10 min. Then solution was divided
into sterile bottles and added the following additions:

1. L-arginine hydrochloride 0.5%
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2. L-lysine hydrochloride 0.5%
3. L-ornithine hydrochloride 0.5%
4. No addition

Re-adjusted pH to 6.7 if necessary. Dispense in small tubes and sterile at
115°C for 10 min.

15. DNA extraction
15.1  Saline-ethylenediaminetetraacetic acid (S-EDTA) buffer pH 8.0
Ethylenediaminetetraacetic acid 37.22 ¢
Sodium chloride 876 g
Dissolve EDTA With distilled water and adjust pH to 8.0 with NaOH.
Then NaCl was added apé adjusted volume to 1 | by distilled water. Sterile by

autoclaving at 121°C, 15 peund/inch? pressure for 15 min.

15.2  10% (wiv) Sodium lauryl §f1|tate (SDS) solution
Sodium lauryl sulfate 10 ¢
Dissolve and adjust the volume to 100 ml by distilled water.

it ol

15.3  Phenol:chloroform (1:1) e
Crystalline phenol was liquidfied in water bathat 65°C and mixed with the
equal volume of chlofoform. The solution was stored in the amble bottle to protect

from the light.

15.4 10.1X Saline-sodium citrate (SSC) salution
Sodium citrate 440 mg
Soditmdehloride 8760 mg
Dissolve with distilled water and adjust pH to 7.0 with NaOH. Then make
up to 1 I with distilled water. 0.1X SSC solution was sterile by autoclaving at 121°C,

15 pound/inch? pressure for 15 min.

15,5 RNase T; and proteinase K solution
RNase T; 80 pl
Proteinase K (sigma) 4 mg
50 mM Tris-HCI, pH 7.5 10 ml
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Mix 80 pl of RNase T; with 10 ml of 50 mM Tris-HCI, pH 7.5 and heat at
95°C for 5 min. After cool down the solution to 4°C, 40 mg of Proteinase K was
added and stored at -20°C.

16. Intragenic transcription spacer-PCR (ITS-PCR)

16.1

6X DNA loading dye
Tris (hydroxymethyl)aminomethane 1.21 ¢

Bromophenol blue 003 g
Xylene cyanol FE 003 g
Glycerol 60 ml
Sodium laury! sulfate - g

Ethylenediamingietraacetic acid 37.22 ¢

Dissolve Trise(hydroxymethyl)aminomethane with distilled water and
adjust pH to 8.0 with HCl#After dissolve EDTA and glycerol, pH was adjusted to 7.6

with HCI and bromophenal blue @and xylene cyanol FF were added. Then the volume

was brought up to 100.ml with distilled water. 6X DNA loading dye was stored at

4°C.

16.2

2.5 % (w/v) Agarose gel :
Agarose ' 25, g
Distill water 100 = ml

Dissolve with distilled water and heating with microwave until agarose

gels were dissolved well: After agarose solution cool down to about 50°C, pour the

solution into the case and leave to solidify at room'temperature:
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10X Tris acetate--ethylenediaminetetraacetic acid«{T AE) buffer
Tris (hydroxymethyl)aminomethane 48.4 g

Acetic acid (glacial) 114 ¢
Ethylenediaminetetraacetic acid 37 g
Sodium hydroxide 1 g

Mix Tris (hydroxymethyl)aminomethane and NaOH with distilled water.

EDTA was added and mixed thoroughly, and then acetic acid was added and brought

up the volume to 1000 ml with distilled water. Diluted 10 times before use.
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16.4  Ethidium bromide solution
Ethidium bromide 50 mg
Dissolve with distilled water and make up to 100 ml with distilled water.

The solution was stored in the amble bottle to protect from the light.

17. Repetitive sequence based polymerase chain reaction (rep-PCR)
fingerprinting
17.1  1.5% (w/v) Agarose gel
Agarose 15 g
Distill water 100 ml
Dissolve with distilled water and heating with microwave until agarose
gels were dissolved well After-agarose solution eool down to about 50°C, pour the

solution into the case and.deave to solidify at room temperature.

17.2 10X Twis-boratg” buffer (TBE) buffer
Tris (hydroxymethyl)amindr_nethane 108 ¢
Boric acid s g
Ethylenediaminetgtraacetic acfd 74 g
Sodium hydroxide = 1 g
Dissolve Tris (hydroxymethyl)ém'iﬁbmethane and boric acid with distilled
water and adjust pH to 8.4 with NaOH. Then EDTA was added and brought up the

volume to 1000 ml with distilled water. Diluted 10 times before use.

18. DNA-DNA hybridization
18.1 0.1 M Tris-Hydrochloric acid (Tris-HCI), pH 9.0
Tristhydrexymethyl)aminomethane, 1:21 o g
Dissolve with distilled water and adjust pH to 9.0 with HCI. Then make up
to 100 ml with distilled water. 0.1 M Tris-HCI buffer was sterile by autoclaving at
121°C, 15 pound/inch? pressure for 15 min.

18.2  2X Phosphate buffer-saline (2X PBS)
Potassium chloride 04 g
Potassium phosphate monobasic 024 g

Sodium phosphate (anhydrous) 182 ¢



172
Sodium chloride 40 g
Distill water 950 ml
Dissolve and adjust the volume to 1 | with distilled water. Phosphate-

buffer saline was sterile by autoclaving at 121°C, 15 pound/inch? pressure for 15 min.

18.3 0.1 M Magnesium chloride (MgCl,)
Magnesium chloride 952 ¢
Distill water 1000 ml
Dissolve and adjust o 1000 mlwith distilled water. 0.1 M MgCl, was
sterile by autoclaving at 121°€, 15 pound/inch® préssure for 15 min.

18.4 100X Denhardt selution

Bovine serum albumin 2 g
Polyvinyl pyrrolidone SN 2 g
Ficoll 400 L 4 2 g
Distill water 90 ml

Dissolve and adjust to 100. ml wi_tfh"distilled water.

18,5 10 mM Tris-Hydroehloric acid (‘i’ris-HCI), pH 7.6
Tris (hydroxymethyl)aminorhéfh%lhe BR] 9
Dissolve with distilled water and adjust pH to 7.6 with HCI. Then make up
to 1 | with distilled water. 10 mM Tris-HCI buffer was sterile by autoclaving at

121°C, 15 pound/inch? pressure for 15 min.

18.6 10 mM Ethylenediaminetetraacetic acid disodium (Na,-EDTA), pH 7.6
NaEDTA @470 10
Distill water 950 " ml
Dissolve with distilled water and adjust pH to 7.6 with HCI. Then bring up

the volume to 1 | with distilled.

18.7 10 mM Tris-ethylenediaminetetraacetic acid (TE) buffer, pH 7.6
10 mM Tris-HCI, pH 7.6 100 ml
10 mM Na,-EDTA, pH 7.6 100 ml
Adjust the volume to 1 | with distilled water.
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18.8 10 mg/ml Salmon sperm DNA
Salmon sperm DNA 10 mg
10 mM TE buffer, pH 7.6 1 ml
Dissolve and boil for 10 min, immediately cool down on ice and sonicate

for 3 min. The solution was kept at -20°C.

18.9 20X Salin-sodium citrate (SSC) solution

Sodium citrate 88 ¢
Sodium chloride 175 ¢
Distilled water 950 ml

Dissolve with distilled water and adjust pH to 7.0 with NaOH, and then
make up to 1 | with distilled water. 20X SSC solution was sterile by autoclaving at

121°C, 15 pound/inch?® pressure for 15 min.

18.10 Prehybridization solution |

100X Denhaydt solution b mi
10 mg/ml Salmon sperm DNA 3 mi
20X SSC 10 m
Formamide = 50 ml
Distilled water S % ml

The solution was mixed well and kept at -20°C.

18.11 Hybridization solution
Prehybridization solution 1000~ ml
Dextran sulfate 5 g

Thesolutiomwas mixed bycsonicatingand:kept at~=20°G.

18.12 0.2X Saline-sodium citrate (SSC)
20X Saline-sodium citrate 1 ml
Distill water 99 ml
Dissolve 20X SSC with distilled water and adjust to 100 ml. 0.2X SSC

solution was sterile by autoclaving at 121°C, 15 pound/inch? pressure for 15 min.
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18.13 Solution |

Bovine serum albumin 025 g
Triton X-100 50 pl
Phosphate buffer-saline (PBS) 50 ml

Dissolved and mixed well, then kept at 4°C.

18.14 Solution 11
Streptavidin-POD 1 pl
Solution | 4 ml
Solution 11 was freshly prepared by dissolved streptavidin-POD in solution
| before use. '

18.15 Solution L
3,3’,5,5"-Tetramethylbenzidine (TMB)

(10 mg/ml DMFO) L 4 100 ml
0.3% Hyadrogen peroxide 1000 ml
0.4 M Citri€ acid + 0.2 M Di"gioaium hydrogen phosphate buffer,
pH62in10% DMFO & 100 ml

Solution 111 was freshly prepared by ;dissolved all ingredients before use.

18.16 2 M Sdlfuric acid (H2SO0.)
Sulfuric acid 22 ml
Distill water 178 ml
Thésolution was|sterile by autoclaving at 121°G,“15 pound/inch? pressure

for 15 min.

19. Diaminopimelic acid (DAP) analysis
19.1  0.2% ninhydrin solution
Ninhydrin 02 g
1-Butanol saturated in water 100 ml
Solution was prepared by dissolved ninhydrin in n-butanol in water and

keep in the amber bottle.
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20. Polar lipids
20.1  Ninhydrin solution
Ninhydrin 05 g
1-Butanol saturated in water 100 ml
Solution was prepared by dissolved ninhydrin in n-butanol in water and
keep in the amber bottle.

20.2  Dittmer and Lester reagent

Solution A
Molybdenum trioxide (MoO3) 4011 g
25 N Sulfuric acid (H,SO4) 100 ml

Dissolved MoQgin 100 ml of 25N H,SO,4 by heating.

Solution B |
Molybdenum powder ;| | 4 0.178 g
Solution A ', 50 ml

Dissolved 0.178 g Molybdenum"_pd-vvder in 50 ml of solution A and boiled
for 15 min. Cool and remove the precipitatéi__'@lfy_gecantation.

Before spraying, mixed solution A ;.(50 ml) with solution B (50 ml) and
water (100 ml). The final solution was gree’ni's_h—yellow in/color. If too little water was

used, it will be blue; iftoo much, yellow. The spray was stable for months.

21. DNA base composition
21.1 ' Fhe mixture of 40 mM sodium acetate (CH3;COONa) and 12 mM zinc
sulfate (ZnSO,) solution, pH 5.3

Soditimacetate 2280 19
Zinc sulfate 1.94 ¢
Distill water 90 ml

Dissolve CH3COONa 3.28 g and ZnSO4 1.94 g in distilled water and
adjust to pH 5.3 with HCI. Brought the volume to 100 ml with distilled water.

21.2 Nuclease P4 solution
Nuclease P; 0.1 mg

The mixture of 40 mM sodium acetate
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and 12 mM zinc sulfate (pH 5.3) 1 ml
Mix 0.1 mg of Nuclease P, with 1 ml of the mixture of 40 mM sodium
acetate and 12 mM zinc sulfate, pH 5.3 and stored at -20°C.

21.3 0.1 M Tris-hydrochloric acid (HCI), pH 8.1
Tris (hydroxymethyl)aminomethane 1.21 g
Dissolve with distilled water and adjust pH to 8.1 with HCI. Then make up
to 100 ml with distilled water. 0.1 M Tris-HCI buffer was sterile by autoclaving at
121°C, 15 pound/inch? pressure for 15 min

21.4  Alkaline phosphatase solution
Alkaline phesphatase 24 units
0.1 M TrissHCl pH 8.1 % ml
Mix 2.4 units of alkaline phosphatase with 1 mi of 0.1 M Tris-HCI, pH 8.1
and stored at -20°C. L

22. 0.1 M The Britton-Robinson universal buffer (Britton and Robinson, 1931)

Sodium citraie S R941 g
Sodium phosphate, dibasic 1419 ¢
Sodium carbonate RN g
Distill water 950 = ml

Dissolve with distilled water and adjust to the desired pH with 1N HCI or
1N NaOH. Then make up to 1000 ml with distilled water.
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APPENDIX B

STANDARD ASSAY METHODS

1.  Lowry’s method (Lowry et al., 1951)

1.1 Reagent
1.1.1 Reagent A
Sodium carbonate 2 g
Sodium hydroxide 4 g
Distill water 1000 ml

Dissolved and mixed well, then kept at room temperature.

1.1.2 Reagentb

Copper suliate v 05 ¢
Sodiumtartrate ' 4 \ g
Distill water 1000 ml

Dissolved and mixed well, then l{eb—t at 4°C.

1.1.3 ReagentC r ;
2N Folin-Ciocalteu’s phénol reagent 10/ ml
Distilleéd water 10 ml
The solution light-sensitive so it should be freshly prepared before use.

1.114° 'Reagent D
Reagent A 50 ml
Reagent:B 1 mi
The solution should be freshly prepared before Use.

1.2 Procedure
1.2.1 Place 0.1 ml of proper dilution of protein solution (for protein
determination) or supernatant of reaction mixture (for soluble
peptide determination) into clean tube.
1.2.2 Add 1 ml of reagent D into the tube and vortex immediately.

Incubate at room temperature for 10 min, exactly. Then 0.1 ml of
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reagent C was added to sample and vortex immediately. Incubate at
room temperature for 30 min and the absorbance of sample was
measured at 750 nm

1.2.3 Concentration of the sample was compared to the standard curve
for determination of values. Distilled water was used instead of

sample as a blank.

2. Polyacrylamide gel electrophoresis (PAGE)
Running gel for SDS-PAGE

10% 12%
Monomer solution 3.333 4 ml
4X Running buffer =t 2.5 ml
Deionized water 4.012 3.345 ml
10% SDS j 100 100 pl
10% Ammonium persulphate _ 50 50 pl
TEMED 5 5 pl

Note: Running gel for Native PAGE was prepared in a similar manner

except that the addition of SDS was omitied.

Stacking gel for SDS-PAGE

4%
Monomer solution 0.666 ml
4X Stacking buffer 1.25 ml
Deionized water 3.053" ml
10% SDS 50 pl
10% Ammoniumpersulphate 25 pl
TEMED 5 pl

Note: Stacking gel for Native PAGE was prepared in a similar manner

except that the addition of SDS was omitted.

2.1 Monomer solution
Acrylamide 30 g
Bis-acrylamide 08 g
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Brought up to 100 ml with deionized water and kept in amber bottle at
4°C.

2.2 4X Resolving gel buffer
Tris (hydroxymethyl)aminomethane 18.15 ¢
Dissolved in deionized water and adjusted pH to 8.8 by 1 N HCI. Then
brought up to 100 ml with deionized water and kept in amber bottle at 4°C.

2.3 4X Stacking gel buffer
Tris (hydroxymethyl)aminomethane 6 g
Dissolved in deionized water and adjusted pH to 6.8 by 1 N HCI. Then
brought up to 100 ml with deionized water and kept in amber bottle at 4°C.

2.4 10X Tank buffer for Native PAGE
Tris (hydroxymethyl)amin6m,ethane 30.28 ¢
Glycine 14443 g
Distilled water: = Y900 ml
Dissolved and brought tp io 10@6'.@ with deionized water, kept at room
temperature. Diluted 10 times before use. " :

2.5 10X Tankbuffer for SDS-PAGE
Tris (hydroxymethyl)aminomethane 30.28 g

Glycine 14413 g
Sodium dodecyl sulfate 10 g
Distilled water 900 ml

Rissolved and:breught,up to; 1000"ml-with deionized water, kept at room
temperature. Diluted 10 times before use.

2.6 10% Sodium dodecyl sulphate (SDS)
Sodium dodecyl sulfate 10 g
Distilled water 90 ml
Dissolved and brought up to 1000 ml with deionized water, kept at room

temperature.
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2.7 2X Sample buffer for Native PAGE

4X Stacking gel buffer 25 ml
Glycerol 2 ml
Bromphenol blue (2 mg/ml) 1 ml

Dissolved and brought up to 10 ml with deionized water then filtered, kept
at -20°C.

2.8 2X Sample buffer for SDS-PAGE (non reducing agent)

4X Stacking gel buffer 25 ml
Glycerol 2 ml
10% (w/v) SDS 4 ml
Bromphenglblue(2 mg/ml) 1 ml

Dissolved and.arought up to 10 ml with deionized water then filtered, kept
at -20°C. :

For 2X samplg buffer for SDS-PAGE (reducing agent), 0.2 ml of B-
mercaptoethanol were added.

2.9 Staining solution =Tl
Coomassie brilliant biue (R-72'50); 125 g
Ethanol 450 g
Aceticacid 100 = ml

Dissolved and brought up to 2000 m!"with deionized water, kept in amber

bottle at room temperature. The solution should be filtered before use.

2.10 Destaining solution
Methanal 300 @ ml
Acetic acid 100 " ml
Dissolved and brought up to 1000 ml with deionized water, kept at room

temperature.
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APPENDIX C

STANDARD CURVE

Standard BSA

1.0

0.8
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5

0.4 7 +0.0028
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Figure 34. : min (BSA).
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Figure 37. Lineweaver-Burk p! --*:._-._:a-._; ).the initial reaction rates obtained
with H-D-Phe-Pip-£A é;-‘-'-“:i----:'-T--'--------‘-—:Z:'— --------- and 2 ug of purified enzyme

per assay. _‘,i
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APPENDIX D

CHEMOTAXONOMIC CHARACTERISTICS

DAP

3 3
T a) X
= a

Figure 38. Thin-layer chromatography of the diaminopimelic acid (DAP) of strain
THY-C1', PD-A10" and K-A7",
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DPG

PE

Figure 39. Two-dimensiona AJayer atography of polar lipid of strain PD-
A10". Chloroform-metha 55 the first direction, followed
by chloroform-acetic aci \ in the second direction. DPG,
diphosphatidylglycerol; PC / ol; PE, phosphatidylethanolamine;
LPG, Iysylphosphatidylglyce ‘ APL, unknown aminophopholipid,;

AL1-4, unknown aminolipid.
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Table 38. Cellular fatty acid profile (%) of strain THY-C1', PD-A10" and K-A7".
Strains: 1, THY-C1"; 2, PD-A10"; 3, K-A7'. Fatty acid contents are given as
percentages of the total amount. -, less than limit of detection.

Fatty acid 1 2 3
Straight-chain saturated

Ciao 0.48 0.56 0.50
Ciso 0.26 - 0.24

Ci60 5.78 6.41 5.47
Ciso ' 0.54 0.48
Branch-chain saturate

150-Ci3:0 - 0.18
150-Ci4:0 1.42 1.22
i50-Cis:0 9.80 21.27
150-Cig:0 6.47 3.82
150-Ci7:0 9.81 11.15
anteiso-Cis:o 42.35 38.01
anteiso-Ci7: 22.65 15.04
Monounsaturated

Cie1011c - 0.97
i50-C17:1010C - 0.79
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Table 39. DNA base compositions of strain THY-C1', PD-A10" and K-A7".

G+C content

Strain (mol%)
THY-C1T 40.4
PD-A10" 41.4
K-A7T 40.2
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