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CHAPTER 1
INTRODUCTION

Many microorganisms such as bacteria, yeast, and fungi are known to secrete lipases
during their growth on hydrophobic substrates, which renders the lipid substrates available to
the cells. In recent years, there has been great interest in lipase-producing-microorganisms.
Lipases act at the interface and catalyse hydrolysis of fats, mono- , di-glycerides and tri-
glycerides to free fatty acid and glycerol. The advantages of lipase-catalysed hydrolysis over the
conventicnal high-temperature and high-pressure-steam splitting methods are that the product
obtained is higher quality and low energy consumption (1-4). The main disadvantage of lipase
nydrolysis processes is the cost of the enzyme,

Lipases (EC 3.1.1.3) catalyse both the hydrolysis and the synthesis of ester form from
glycerol and long-chain fatty acids (Figure 1). These reactions usually proceed with high
regioselectivity and/or enantioselectivity and make lipases as an important group of biocatalysts
in organic chemistry. The reasons for the enormous biotechnological potential of microbial
lipases are as follow; (1) their stability in organic solvents, (i) no need cofactors, (1) possess a
oroad substrate specificity and (IV) exhibition of a high enantioselectivity. A number of lipases
have been produced commercially, with the majority of their origin from fungi and pacteria. A
recent publication of commercially available triacylgiycerol lipases is from 34 different sources
including 18 from fungi and 7 from bacteria (5). The steadily growing interest in microbial lipases
is reflected by an increasing number of excellent menographs and review articles covering the
motecular biology, biochemical properties and, in particular, the biotechnological applications of

these enzymes (3, 6-12).
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FIGURE 1 THE CATALYTIC ACTION OF LIPASES. A TRIGLYCERIDE CAN BE HYDROLYSED
TO FORM GLYCEROL AND FATTY ACIDS, OR THE REVERSE (SYNTHESIS) REACTION
CAN COMBINE GLYCEROL AND FATTY ACIDS TO FORM THE TRIGLYCERIDE.



Temperature range for microbial growth

Microorganisms can be placed in one of tree classes based on their temperature ranges
for growth.

1. Phychrophiles grow well at 0°C and have an optimum growth temperature of 15°C or
lower. The maximum is around 20°C.

2. Mesophiles are microorganisms with optimum growth temperature between 20 and
45°C. Their maximum is about 45°C or lower. Almast all human pathogens is a fairly constant
temperature growth at 37°C.

3. Thermophiles are microorganisms that can grow at temperatures of 55°C ar higher.
Their growth minimum is usually around 45°C and they often have optima between 55 and 65°C.

(13).

The genus Bacillus (Aerobic spore-forming bacteria)

The genus Bacillus is a targe and hetrerogeneous collection of aerobic or facultative
anaerobic, rod shape endospore-forming bacteria that are widely distributed in the environment.
Many kinds of species belong to this genus which have acidophilic, alkalophilic and alsc exhibit
great variation in temperatures of growth. Some thermophiles grow from a minimum temperature
of 45°C to maximum temperature of 75°C or higher (14). Most species are harmless saprophytes
occurring in soil, fresh water, or sea water. Many form extracellular enzymes that hydrolyze

proteins or complex polysaccharides (15).

Bacillus sp. are capable of forming endospores. These are dormant form of the
bacterium that allows it to survive sub-optimal environmental conditions. Spores have a tough
outer covering made of keratin and are highly resistant to heat and chemicats. Endospores may
he located in the middle of the cells (central), at the end (terminal), or between the end and the

middle of the cells (subterminal). The endospores themselves may be round or oval.

Applications of lipases as hydrolases

Detergents

The most commercially important field of appiication for hydrolytic lipases s their
addition to detergents, which are used mainly in household and industrial laundry and in

household dishwashers. Enzyme sales in 1995 have been estimated to be US$30 million, with



detergent enzymes making up 30%(9). An estimated 1000 tons of lipases are added to the
approximately 13 billion tons of detergents produced each year. In 1994, Novo Nordisk
introduced the first commerciat lipase, Lipolase™, which originated from the fungus
Thermomyces lanuginosus and was expressed in Aspergillus oryzae. in 1995, two bacterial
lipases were introduced — Lumafast™ from Pseudomonas mendocina and Lipomax™ from  P.
alcaligenes, both produced by Genencor International. The challenges of which producers of
detergent lipases need to meet include: (1) the high variation in the triglyceride content of fat
stains, requiring lipases with low substrate specificity; (2) the relatively harsh washing conditions
{(pH 10-11 and 30-60°C), requiring stable enzymes; and (3) the effects of chemical denaturation
and/or proteolytic degradation caused by detergent additives such as the surfactant linear atkyl
benzene sulfonate (LAS) and proteases. Solutions to these problems are being sought by a
combination of continuous screening for improving lipases and attempting to enhance lipase
properties on the basis of protein engineering (16).

Food ingredients

The position. chain length and degree of unsaturation are greatly influence not only the
chysical properties but also the nutritional and sensory value of a given triglyceride. Cocoa
butter contains palmitic and stearic acids and has a melting point of approximately 37°C,
leading to its melting in the mouth, which results in a perceived cooling sensation. In 1976,
Unilever filed a patent describing a mixed hydrolysis and synthesis reaction to produce a cocoa-
butter substitute using an immobilized lipase (17). This technology is now commercialized by
Quest-Loders Croklaan. it is based on immobilized Rhizomucor miehei lipase which carries out
a transesterification reaction replacing patmitic acid with stearic acid to give the desired stearic—
oleic—stearic triglyceride. Polyunsaturated fatty acids (PUFAs) play an increasingly important role
as biomedical and so-called ‘nutraceutical' agents (18). Many of them belong to the essentiat
fatty acids. lts uptake is required for membrane-lipid and prostaglandin synthesis. Microbial
lipases are used to enrich PUFAs from animal and plant lipids such as menhaden, tuna, or
borage oil. Free PUFAs and their mono- and diglycerides are subsequently used to produce a
variety of pharmaceuticals including anticholesterolemics, anti-inflammatories, and thrombolytics

(19).



Pulp and paper industry

Another application fietd of increasing importance is the use of lipases in removing the
pitch from pulp produced in the paper indusiry. ‘Pitch’ is a term used to describe collechively the
nydrophobic components of wood, namely triglycendes and waxes, which cause severe
problems in pulp and paper manufacture (20}. Nippon Paper industries in Japan developed a
pitchcontrol method that uses a fungai lipase from C. rugosa to hydrolyse up to 90% of the

triglycerides.

Biomedical applications

Because of their excellent capability for specific regioselective reactions in a varety of
organic solvents with broad substrate recognition, lipases have emerged as an important
biocatalyst in biomedical applications. Recently, Parmar and his coworker (21} reviewed a
variety of substrates accepted by hydrolytic enzymes, inctuding lipases, to produce compounds
in high enantiomeric excess, which can be used as chiral building blocks for the synthesis of
compounds of pharmaceutical interest. There are other reports on the appilication of microbia
lipases to the hydrolysis of racemic esters, to trans-esterification and to racemization in siu 1o
yield optically pure enantiomers for the manufacture of chiral synthons (22). In addition 10
racemization in situ, lipases are also capable of catalysing synthetic reactions, which lead io the
production of life-saving drugs. Efficient kinetic resolution processes are in vogue for the
preparation of optically active homochiral intermediates for the synthesis of nikkomycin-B, non-
stercidat anti-inflammatory drugs (naproxen, ibuprofen, suprofen and ketoprofen), the potential
anti-viral agent lamivudine (which can be used against HIV) and for the enantiospecific synthesis

of anti-tumour agents, alkaloids, antibiotics and vitamins (23).
Biosensors

Sensing lipids and lipid-binding proteins are a developing technology (24). The
quantitative determination of triacylglycerols in the fat and oil industry, in food technology and in
clinical diagnosis is of great importance (25). Chemical methods for the analysis are rather
costly and time-consuming. A promising new method involves the manipulation of micrebial
lipases as a biosensor. Biosensors can be a chemical, biochemical, or electronic nature.
Riochemical biosensors can have enzymes, antibodies, other proteins, large organs, cells or cell

extracts, immobilized or linked to suitable signal producers {transducers). Besides



o

potentiometric {ion-selective) amperometric arrangements, transducers can invoive optic fibres,
niezoelectric and heat-toning systems. These can be minimized in suitable ceramic, piezo, or
optical elements, which are compatible with microelectronics that permit the direct linking of

signal production to the sensors (26).
Cosmetics and perfumes industry

The overwhelming interest of technocrats in screening lipases for use in the cosmetics
and perfumes industry has mainly been due to its activity in surfactants and in aroma
production, which are the main ingredients in cosmetics and perfumes. Monoacylglycerols and
diacylglycerols, prepared by the lipase-catalysed esterification of glycerol, are useful as
surfactants in cosmetics (27). Mixed-acid-type polyester and acylglycerol ester fatty acids (26)

are the main components in lipase-mediated cosmetics.

Other applications

A large number of additional hydrolytic applications have been described for microbiai
lipases, including flavour development for dairy products (cheese, butter, margarine, alcohalic
beverages, milk chocolate and sweets), achieved by selective hydrolysis of tat triglycerides to
release free fatty acids. These can act as either flavours or flavour precursors. In the future, the
treatment of waste by lipases looks to become very important including the breakdown of fat

solids, the prevention or cleaning of fat films and the cleaning of fat-containing waste effluents.

Applications of lipases as synthetases

Lipases have been employed by organic chemists for a long time to catalyse a wide
variety of chemo-, regio- and stereoselective transformations (6-8, 28-30). The majority of the
lipases used as catalysts in organic chemistry are of microbial crigin. One of the most exciting
aspects of this fast-growing field is the possibility of enantioselective lipase catalysis on an
industrial scale. There are two basic types of enantioselective organic transformations amenable
to lipase catalysis: (1) the reaction of prochiral substrates (6-8, 28-30); and (2} kinetic resolution
of racemaces (6-8, 28-31). Traditionally, prochiral or chiral alcohols and carboxylic-acid esters
served as the two main classes of subsirates but, over the years, the range of compounds has
expanded rapidly to include diols, a- and P-hydroxy acids, cyanohydrins,chlorohydrins,

diesters, lactones, amines, diamines, amino-alcohols, and a- and B-amino-acid derivatives (6-8,



28-31). Thus it is no exaggeration to note that the most important classes of functionahzed
organic compounds can, in principle, be prepared enantioselectively by lipase calalysis. Typical
catalysts include lipases from the bacteria F. aeruginosa, P. fluorescens and other
Pseudomonas species, Burkholderia cepacia, Chromobacterium viscosum, B. subtits,
Achromobacter sp., Alcaligenes sp., and Serratia marcescens, as well as from fungi such as
Candida antarctica B and Candida rugosa. Despite the fact that there are the iarge number of
publications in this area, the number of industrial enantioselective processes based on lipase
catalysis is limited (9, 32, 33). Successful examples include the synthesis of chiral amines,
catalysed by the lipase from Burkholderia plantarii (34) and the S. marcescens lipase-based
production of (2R,35)-3-(4-methoxyphenyhmethyl glycidate, which is used in the synihesis of the
calcium antagonist Dittiazem™ (35). In general, however, problems may arise from: (1)
insufficient enantioselectivity; (2) limited enzyme activity; (3} difficulties in recycling the lipase;
and {4) inherent practical limitations of the kinetic resolution arising from the fact that 50%
conversion is the maximum possible. Nevertheless, solutions to these problems are emerging,
which means that industrial applications are more likely in the near future. In addition to the
optimization of reaction conditions such as the choice of solvent, temperature, acylating agent
etc., the most important current developments include: () in vitro evolution as a method 1o
increase enantioselectivity; (11} novel immobilization technigues, resulting in the enhancement of
enzyme activity and stability in organic solvents (6-8, 20, 28-29, 36); (M) recycling technicues
enabling multiple reuse of lipases (36); and (IV) methods for dynamic kinetic resolution in which
the complete conversion of a racemace into a single enantiopure product is possible (30).
Lipase-catalysed dynamic resolution generally requires a second catalyst to induce the
racemization of the enantiomer that is not accepted by the enzyme (30). Most often, transition-
metal catalysts are used, which must be compatible with the lipase. An example is the
production of the N-acyiated amine as the sole nitrogen-containing product of the reaction of the
racemate using the lipase from C. antarctica and pailadium on charcoal as the two catalysts

(37).



Future technologies with lipases

Enzyme crystals

in addition to sol-gel encapsulation of lipases (36, 38, 39). several other novel
immobilization methods have recently been reported. One interesting new technology uses
lipases in the form of cross-linked enzyme crystals (CLEC). Lipases from C. rugosa and B.
cepacia are crystallized to give microcrystals approximately 50-100 mm in length, which are
subsequently crosslinked by the addition of glutaraldehyde and dried, preferably in the
presence of a detergent (40). These crystals have been used for the chiral resoiution of
commercially important organic compounds Dy ester hydrolysis giving high gnantiomeric
excesses (ee): S-ibuprofen (95% ee), S-naproxen (97% ee) and (2)-mentho! (95% ee) (41). In
addition, CLECs can catalyse esterification and transesterification reactions in low-water organic
solvents to achieve chiral resolution of racemic alcohols and acids with ee values in the range
95-09%. CLECs produced from P. cepacia and C. rugosa lipases are tested for their potential
to catalyse the chiral resclution of various acids, alcohols and amines by acylation in organic
solvent. They are proved to be more active than the crude enzyme powders by a factor of
between 10 and 90, determined by measuring the reaction rates in pmol min mg (based on the
weight of lipase protein) (42).

Lipid-coaied enzymes

Lipase obtained from P. fragi has been coated with a lipid monolayer at a ratic of about
150 lipid molecules per enzyme molecule. This lipase catalysed the esterification of racemic
(R,S)-1-phenylethanol and lauric acid in isooctane with high enantioselectivity and conversion
rate (43). Lipid coating seems to render at least some lipases homogeneously soluble and
stable in organic solvents (benzene, ethyl acetate, isooctane, isopropyl ether, dimethyl sulfoxide
and ethanol). The enzymatic activity of P. fragi lipase coated with different glycolipids,
Zwitterionic, anionic and cationic lipids is measured as the initial rate of ester synthesis. Lipases
coated with didodecyl N-D-glucono-L-glutamate and didocyl-N-D-glucono-D-glutamate show
the highest enantioselectivity at enzymatic activities of 50 and 58 ;,LMsec'1(mg protein} towards

the preferred {R)-enantiomer of 1-phenylethanal (44).



TABLE 7 SOME

BIOTECHNOLOGICAL PROCESSES AND PRODUCTS (26).

IMPORTANT  APPLICATIONS OF MICROBIAL LIPASES IN

Source Biomedical application Pesticide Waste management
Acinetobacter - - Heating oil/furnace ol
calcoacelicus
Arthrobacter spp. - Pyrethrowds -
Aspergillus spo. Prostaglandins - -
Aspergillus oryzae - - Waste hair
Bacillus sublilis Cephalosporin - -

Candida spp. Pyrolidinedione - -

derivatives

Candida cylindracea Racemic naproxen - -
Chromobacterium VitaminD, Verlukast - -
viscosum

Rhizopus miehei Ketoprofen Geraniot -
Penicillium urticae Patuloide A - -

Pyrolidinedione Petroleum-

Pseudomonas spp.

derivatives, (-) -

Indatmycin

Triazole/marpholine

contaminated soil,

poisonous gas

Pseudomonas cepacia

Rapamycin-42,

Pyrenophorin,
fenpropimorph, racemic

vinylglycine, racemic,

Nikkomycin-B morphaline, cyanohydrin
acetate, pyrethroids,
dicyclopentadiene
Hydantoins,
Pseudomonas Lamivudine(3TC},
fluorescens racemic 2- Tetraconazale -

tetradecyloxirane-

carboxylate

Rhizopus delemer

Aryglyceral derivatives

Rhizopus oryzae

Palm oil milt waste

Streptomyces spp.

Penicilling




CHAPTER 2
LITERATURE REVIEW

Many new bacterial lipolytic enzymes have been studied since the publication of a
comprehensive review article in 1994 (45). However, no attempt has been undertaken to
organize this mformation. Some biochemical properties (such as the dependence of activity
on Ca’ ions, pH and temperature} of the best studied families of lipases (from the genera
Baciflus, Pseudomonas and Staphylococcus) have been summarized previously(11, 12, 46,
47). In 1999 Jarger and his coworkers (48) classified 53 sequences of bacterial lipases and
esterases which are compared and classified according to conserved sequence motifs and
the biological properties of these enzymes. Relevant information obtained from the 3D
structures 1s also highlighted when available. This work presents an overview of pacterial
lipases and esterases currently known and permits the classification of newly isolated lipotytic
enzymes, there by giving a hint about their general characteristics as a starting point to their
investigation (Table 2). Amino acid seguence similarities are determined with the program
MEGALIGN (DNASTAR), with the first member of each family (subfamily) arbitrary set at
100%. In 2002, Jarger and his coworkers (49) were also classified 47 representative bactenal
lipases into seven families (families 1-V11) and further classified family | into seven sublamities
(subfamilies 1.1-1.7, Table 3). Within family |, Baciilus lipase belonged to either subfamily 1.4 or
subfamily 1.5 based on sequence homeclogy and protein molecular size, with most
thermostabie lipases from thermophilic Bacillus sp. belong to subfamily 1.5, These Bacilius

lipases are relative large in molecular size and have high temperature optima.

Lipases (triacylglycerol acylhydroiases EC 3.1.1.3) catalyze the hydrolysis of water-
insoluble esters and trigiycerides at the interface between the insoluble substrate and waler.
Apart from their natural substrates, lipases catalyze the enantio- and regioselective hycrolysis

and synthesis of a broad range of natural and non-natural esters.

Due to their extracellular nature, most microbial lipases can be produced in large
quantities and are quite stable under non-natural conditions such as high temperatures and
nonaqueous organic solvents employed in many applications. Their stability, inexpensive

manufacturing, and broad synthetic potential make microbial lipases ideal biocatalysts for
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oleochemistry and organic synthesis. At present, the applications of lipases in oleochemistry,
in detergents, in the paper and food industry, and in organic synthesis, have recently been
reviewed (50-52). The molecular biology and biochemical properties of microbial lipases
have also been summarized (12). Many microbial lipase genes have been cloned and
characterized over the past few years, including important lipases such as Candida rugosa
{formerly Candida cylindracea}, Candida antarctica, Tidestromia lanuginosa (lormerly
Humicola), Rhizopus miehei, Rhizopus delemar, Geotrichum candidum, Burkholderia
cepacia {formerly Pseudomonas), Pseudomonas pseudoalcaligenes, Pseudomonas
mendocina (originally Pseudomonas putida), Bacillus sublilis, Bacillus thermocatenulatus

and Burkholderia glumae.

Classification and three-dimensional structure of lipases

The three-dimensional (3D) structures of the fungal lipase from Rhizomucor miehei
and the human pancreatic lipase were determined in 1990 (53, 54). Since then, eleven
more lipase structures from microbial origin have been sclved with the exception of
pancreatic lipase (55). These enzymes, which span a molecular weight range of 19 to 60
kDa, exhibit a characteristic folding pattern known as the a/B-hydrolase fold (56). The lipase
core is composed of a central B sheet consisting of up to eight different B strands (B1-[38)
connected by up to six a helices (A-F). The active site is formed by a catalytic triad
consisting of the amino acids serine, aspartic (or glutamic) acid and histidine. The
nucleophilic Ser residue is located at the C-terminal end of strand 35 in a highly conserved
pentapeptide GXSXG (Table 4), forming a characteristic p—turm—o motif named the
‘nucleophilic elbow’. Substrate hydrolysis starts with a nucleophilic  attacked by the
catalytic-site-Ser oxygen on the carbonyl carbon atom of the ester bond. Thus leads to the
formation of a tetrahedral intermediate stabilized by hydrogen bonding to nitrogen atoms of
main-chain residues that belong to the socalled ‘oxyanion hole’ (Table 4). An alcohol is
liberated, leaving behind an acyl-lipase compiex, which is finally hydrolysed with liberation of
the fatty acid and regeneration of the enzyme. Lipolytic reactions occur at the lipid-water
interface. This implies that the kinetics cannot be described by Michaelis-Menten equations
because these are valid only if the catalytic reaction takes place in one homogenous phase.

Lipolytic substrates usually form an equilibrium between monomeric, micellar and



emulsified states, resulting in the need for a suitable model system to study lipase kinetics.
The monolayer technique (57) has been used extensively and, more recently, an oil-drop
lechnology has been put forward in which lipase kinetics are monitored by automatic analysis
of the profile of an oll drop hanging in water. The decrease in the interfacial tension between
the oil and water caused by lipase hydrolysis is measured as a function of time (58). The
best-krrown phenomenon emerging from early kinetic studies of lipalytic reactions are known
as 'interfacial activation’. It is the activity of lipases enhanced towards inscluble substrates
that form an emulsion. Lipases, in contrast to esterases, are therefore defined as
carboxylesterases acting on emuisified substrates. The determination of their 30 structures
seems (o provide an elegant explanation for interfacial activation. The active site of lipases is
found to be covered by a surface loop, which is called the lid (or flap). Upon binding to the
interface, this lid moves away and turns the ‘closed’ form of the enzyme into an ‘open’ form
with the active site which now can accessible 10 the solvent. At the same time, a large
hydrophobic surface is exposed to facilitate binding of the lipase to the interface (69). More
recently, it turns out that the presence of a lid-like structure is not necessarity correlated with
interfacial activation. Lipases from P. aeruginosa, B. glumae and C. antarctica B, and a
coypu pancreatic lipase do not show interfacial activaiion but nevertheless have an
amphiphilic lid covering their active sites. This observation lead the conclusion that the
presence of a tid domain and interfacial activation are unsuitable criteria o classify an
enzyme as a lipase. Therefore, the current definition of lipase is that it is a carboxylesterase

that catalyses the hydrolysis of long-chairt acylglycerols (60).



TABLE 2 FAMILIES OF LIPOLYTIC ENZYMES (48).

___SL[ :I:Uiaﬂhl_t 1 0[’0]
Family _Subfamily Enzyme-producing strain Acession  Family  Subfamity Properties
I 1 Pseudomonas aeruqinosa” D50587 100 True licase
Pseudomonas fluorescens AF031226 9%
Vibrio cholerae X16945 57
Acinetobacter calcoaceticus X80800 43
Pseudomomas fragi X14033 40
Pseudomonas wisconsinensis ~ U88307 39
Proteus vulgaris U33845 38
2 Burkholderia glumea® X70354 35 100
Chromobacterium viscosurmn™ Q05489 35 100
Burkholderia cepacia® Mb58494 33 78
Pseudomonas luteola AF050153 33 77
3 Pseudornonsa fluorescens SIK 114565 14 100
Serratia marcescens D13253 15 51
4 Bacillus subtilis M740130 16 100
Bacillus purqilus A34992 13 80
5 Baciilus stearothermophiius u78785 15 100
Bacillus thermocatenulatus X95309 14 94
Staphylococcus hyicus X02844 15 29 Phosphotipase
Staphylococcus aureus M12715 14 28
Staphylococcus epidermidis AF090142 13 26
6 Propionibacterium acnes X99255 14 100
Streptomyces cinnamoneus ugnoe3 14 50
Il Aeromonas hydrophila P10480 100 Secreted
Sireptomyces scabies™® M57297 36 Secreted esterase
Pseudomas aeroginosa AF005091 35 OM-bound esterase
Salmonella typhimurium AF047014 28 OM-bound esterase
Photorhabdus luminescens X66379 28 Secreted esterase
14 Streplomyces exfoliatus™ M86351 100 Extracellular lipase
Streptomyces albus U03114 82 Extracellular lipase
Moraxella sp. X53053 33 Extracellular esterase
IV (HSL) Alicyclobacilius acidocaldarius  X62835 100 Esterase
FPseudaomonas sp. B11-1 AF034088 54 Lipase
Archaeoglobus fulgidus AE000985 48 Carboxylesterase
Alcaligenes eutrophus L36817 40 Putative lipase
Escherichia cofi AEQDD153 36 Carboxylesterase
Moraxella sp. X53868 25 Extracellular esterase 2
v Pseudomonas olecvorans M58445 100 PHA-depolymerase
Haemophilus influenzae u32704 a1 Putative esterase
Psychrobacter immobilus X67712 34 Extracellular esterase
Moraxelia sp. X53869 34 Extracellular esterase 3



TABLE 2 {(CONTINUED)
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Simiiarity (%)

_Family Subfamity  Enzyme-producing strain Accession  Family _ Subfamily Properties

Vi Synechocylis sp. 090904 100 Esterace
Spirulina paltensis 570419 50 Carboxylesterase
Pseudomonas fluorescens™  S79600 24
Rickeltsia prowazekit Y11778 20
Chlamydia trachomatis AEQ01287 16

Vil Arthrobacter oxydans Q01470 100 Carbamate hydrolase
Bacillus subtilis P37967 48 p-Nitrobenzyl esterase
Streptomyces coelicolor CAA22794 45 Putative carboxylesterase

Vil Arthrobacter globiformis AAAQY4G2 100 Stereoselective esterase
Streptomyces chrysomaltius  CAAT8842 43 Cell-bound esterase
Pseudomonas fluorescens AACB0471 10 Esterase I

* Lipolytic enzymes with known 3D structure.



TABLE 3 UPDATED CLASSIFICATION OF BACTERIAL LIPOLYTIC ENZYMES

CONSTITUTING FAMILY | (50).

Similanty (%)

Subfamily Enzyme-producing strain Acession no. Family Subfamily
1 Pseudomonas aeruginosa (LipA)* D50587 100
Pseudomonas fluorescens AF031226 95
Vibric cholerae X16945 57
Acinetobacter calcoaceticus X8080C 43
Pseudomomas fragi X14033 40
Pseudomonas wisconsinensis usgao7 39
Proteus vulgaris u33845 38
2 Burkholderia glumea* X70354 35 100
Chromobacterium viscosum™ QC5489 35 100
Burkholderia cepacia® M58494 33 78
Pseudomonas futecla AF050153 33 77
3 Pseudomonsa fluorescens SIK W1 D11455 14 100
Serratia marcescens D13253 15 51
4 Baciltus subtilis (LipA)* M74010 16 100
Bacillus pumilus A34992 13 8C
Bacilius licheniformis U35855 13 80
Bacilius sublilis (LipB) C69652 17 74
5 Geobaciffus stearothermophilus L1 78785 15 100
Geobacilius thermocatenulatus P1 X95309 15 94
Geobacillus thermocatenulatus X95309 14 94
Geobacillus thermoleorans X02844 14 az
6 Staphylococcus hyicus M12715 14 100
Staphylococcus aureus AF090142 15 45
Staphyiococcus epidermidis X02844 13 44
Staphylococcus xylosus AF208229 15 36
Staphylococcus warneri AF208033 14 36
7 Propionibacterium acnes X99255 14 100
Streptomyces cinnamoneus UBso063 14 50

* Lipolytic enzymes with known 30 structure.



LIPASES (61).
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TABLE 4 SEQUENCES FOUND AT THE OXYANION HOLE AND ACTIVE SITE OF SELECTED

Lipase origin ACCESSION no. Oxyanion region Active site
Group 1
Staphylococcus aureus A24545 PVWFVHG GHSMGG
Staphylococcus aureus NP_375790 PIVLVHG GHSMGG
Staphylococcus epidernmis A4TT05 PNLVHG GHSMGG
Staphylococcus epidermis AACGBT7H4T7 PVYWFVHG GHSEMGG
Staphylococcus hyicus AZ4075 PFVFVHG GHSMGG
Staphylococcus haemolyticus AAF21294 PVWLVHG GHSMGG
Archaeoglobus fulgidus B69470 PVVFVHG GHSMGT
Mycoplasma pneumoniae NP_110161 NFIFLHG GHSMGG
Mycoplasma mycoides AAAD5966 NHFCHG GHSMGG
Mycoplasma genitalium ABA238 TVWFAHG GHSMGG
Ureaplasma urealyticum NP_(Q77851 SWFIHG GHSLGA
Mus musculus NP 035974 LIFVSHG GHSMGG
Saccharomyces cerevisiae NP 010343 PIVFCHG AHSMGG
Bacillus pumilus CAAD2196 PVWMVHG AHSMGG
Bacilius subtilis NP_388152 PYWMVHG AHSMGG
Bacillus licheniformis CABY5850 PYWMVHG AHSMGG
Geobaciflus sp. TP10A AAFB3229 PIVLLHG AHSQGG
Geobacillus thermocatenulatus CAAB4621 PWLLHG AHSQGG
Geobacillus stearothermophifus AAL28099 PIVLLHG AHSQGG
Burkholderia glumae AA4BI52 PVILVHG GHSQGG
‘Chromobacterium viscosurn’ AALZB099 PVILVHG GHSQGG
Rurkholderia cepacia P22088 PIILVHG GH5QGG
Pseudomonas luteola AACO5510 PILVHG GHSQGG
Pseudomonas fragi 02005 PILLVHG GHSQGA
‘Pseudomonas wisconsinesis’ AABS3647 PIVLVHG GHSQGS
Proteus vulgaris AABD1071 PIVLVHG GHSQGP
Pseudomonas aeruginosa NP_253500 PIVESHG GHSQGG
Bos taurus JC4017 VVFLQHG GHSQGT
Homo sapiens NP_004181 WWFLQHG GHSQGT
Vibrio cholerae NP_232620 PIVLVHG GHSHGG
Pseudormonas aeruginosa NP_251552 PIVLAHG GHSHGG
Acinetobacter calcoaceticus 361927 GHSHGS

PIVLSHG



Table 4 (CONTINUED)

Lipase origin Accession no. Oxyanion region Active sile
Group 2

Yarrowia lipolytica Q99156 VFVWIHG GESAGS
Moraxella sp. A39556 AMLFFHG GDSAGG
Pseudomonas sp. B11-1 AAGATE4G LLVFFHG GDSAGG
Mycobacterium tuberculosis NP_215915 VVWYYHG GDSAGG
Mycobacterium tuberculosis NP_217486 LLVEYHG GDSAGG
Mycobacterium tuberculosis NP_215916 VVLYFHG GDSAGG
Rattus norvegicus LIRTH LWHIHG GDSAGG
Clostridium perfringens BAAB1642 ILMWIHG GDSAGA
Group 3

Serratia marcescens AAAB1002 IGISFRG GHSLGG
Pseudomonas brassicacearum AAFB7594 IGVSFRG GHSLGG
Thermomyces fanuginosus 059952 IVLSFRG GHSLGG
Fusariurm heterosporum JX0343 IVVSVRG GHSLGG
Rhizopus niveus BAA31548 IYLVFRG GHSLGG
Rhizomucor miehe! A34959 IYIVFRG GHSLGG
Aspergilius oryzae BAA12912 IVVAFRG GHSLGA
Penicillium camemberti 532403 VVLAFRG GHSLGA
Miscellanecus

Moraxella sp. 514276 PLLLIHG GNSMGG
Psychrobacter immobilis S57275 PLLLIHG GNSMGG
Saccharomyces cerevisiae NP _ 012782 VVYLHHG GFSQGS
Homo sapiens A28997 LVMIIHG GYSLGA
Mycoplasma mycoides JC4110 NIYIHG GKSMGG
Propionibaclerium acnes CAABTB27 PVILIPG GHSQGG
Streptomyces exfoliatus 3402116 AWISPG GH3IMGG
Streptomyces albus AAAB3485 AVWTPG GHSMGG
Moraxelfia sp. P19833 AIAVWPG GWSMGG
Candida antarctica 847165 PILLVPG TWSQGE
Streptomyces cinnamoneus AAB71210 PVVLVNG GHSQGG
Sulfolobus acidocaldarius AACBT392 PLIMIMG GWEMGG
Candida rugosa JNOS53 VMLWIFG GESAGS
Galactomyces geotrichum PNC493 VMVWIYG GESAGA
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Rhizomucor family — lipase from Rhizopus oryzae (ROL)

Over the last decade, more than 30 lipases were isolated from Rhizopus strains and
many of them characterized (62). Crude enzyme preparaticn of non-recombinant Rhizopus
lipases are commercially provided by several suppliers, e.g. Amano N, D ard L lipases
derived from R. niveus (RNL), R. delemar (RDL}, and R. javanicus (RJL). Rhizopus lipases,
as well as the homologous lipase from R. miehei (>55% homology), have been used in a wide
range of technical applications. Their high 1,3-regiospecificity make them particutarly
versatile enzymes in lipid modifications. At present, the lipase genes from R. oryzae (ROL)
DSM 853 (63), R. niveus IFQ 9759 (65) and R. delemar ATCC34612 (64) have been cloned.
All known sequences of lipases from Rhizopus species (e.q. R. delemar (20, 64), R. nivenus
(19, 65) and R. javanicus (29, 67) have an identical amino acid sequence. In contrast, the
lipase from R. oryzae contains two different amino acids (His134Asn and lle234Leu). R.
nivenus secretes a lipase that possesses the last 28 amino acids of the propeptide at its N-
terminus and is converted to the smaller lipase form via limited proteclysis catalysed by a

specific extracellular protease (30, 70).

Pseudomonas family -lipase from Burkholderia cepacia (PCL)

Lipases from Pseudomonas represent probably the largest group of microbial lipases
at present, considering the quantity of publications on isolation, purification and cloning of
various Pseudomonas lipases. Besides their application in laundry detergents, e.g. lipase
from P. pseudoalcaligenes (52) which are widely used by organic chemists in
enantioselective synthesis (8, 68) and is refiected by the vanous Pseudomonas lipase
preparations commercially available (e.g. Amano YS, P, AH; Fiuka SAM-II}. Pseudomonas
lipases can be divided into three homology groups (assigned as classes 11}, of which class
Il is only distantly related to the other classes. Lipases of classes I+l, including lipases of B.
cepacia, B. glumae (class I} and P. aeruginosa (class 1), need a chaperone locateo

downsiream of the lipase gene for efficient secretion and folding of active lipase.

Candida family-lipases from Geotrichum candidum (GCL)
G. candidum CMICC 335426 secretes two homologous lipase isoforms (84%

homology) named A and B with significant different substrate specificity (69-72). Although
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both lipases prefer long-chain fatty acids as substrates, lipase A is less specific than lipase B
which is highly specific cis-9 unsaturated fatty acids. Therefore lipase B is more particular
interest for application in lipid modification. Both lipases are found in the supernatant of G.
candidum and their close physical and biochemical properties make purification difficult (73,
74). Cloning and separate expression of both isoforms is, therefore, the most reliable way to
obtain pure isoforms. Functional production, aibeit at very iow level, in S. cerevisiae has been
reported for lipases | (97% homology o lipase B) and It of G. candidum ATCC 34614 {75,
76).

Candida rugosa lipase (CRL)

Crude CRL preparations are among the commercial lipases most often employed in
the hydrolysis and synthesis of a wide range of esters of commercial interest (8, 52).
However, as in the case of the lipases from G. candidum, application of crude lipase
preparation of C. rugosa suffers from the secretion of severai isoforms by the yeast. Until
now, 7 different lipase genes with an average homology of 66% have been cloned(77, 78).
Efforts to purify different lipase forms from commercial enzyme preparation identified the
gene product of LIP1 as the major constituent and aisc demonsirated that the isoforms differ

in their catalytic properties (79).

Bacillus family-lipase

Bacillus species are among those microorganisms capable to promote lipid
conversion by means of their lipolytic systems. Several lipases from B. subtifis (80), B.
pumilus , B. licheniformis (81), B. megaterium (82), B. thermocatenulatus (83), B.
thermoleovorans {84), and B. stearothermophilus (85) have already been described, cloned
or purified. Among them, the small secreted B. sublilis lipases LipA {84) and LipB (86) have
been shown to be well suited for biotechnological applications {48).

Bacterial lipases and esterases have been grouped into eight families based on
conserved sequence motifs and biological properties (49), where the small (19 kDa) B.
subtilis LipA (80) and LipB (86) were grouped into subfamily 1.4 of bacterial true lipases (EC

3:1:1:3), sharing 75% identity with lipases from the moderately mesophilic B. pumifus (87)



and B. licheniformis (49), and 98% identity to B. megaterium LipA (82), all of them belonging

to the same subfamily (Table 5).

TABLE 5 BIOCHEMICAL PROPERTIES OF BACILLUS LIPASES (88).

4

Bacillus isolate M," (kDa) pl Optimum pH  Temperature stability  Reference
Subfamily | .4

8. licheniformis’ 19.2 9.46 10-11.5 <25% (81

B. subtifis 19.3 9.25 10 <25% (88)

B. purmiius 19.3 943 9.5-10 <25% (90)
Subfamily 1.5

B. thermocatenulatus 43.2 6.37 8.5 >00% (88)

8. thermoleovorans 431 6.19 7.5 >90% (89)

B stearothermophilus 432 615 95 >90% (91)

*The experimental values have been overlooked in favour of thecretical M and pl deduced by the compute
pl/MW software programme (16, 17, 18, 92-94).
" Reflects properties of the recombinant lipase.

- Represents residual activity obtained after incubation of the lipase protem at 50°C for 30 min.

Alkatiphilic and thermophilic Bacillus have been found to produce lipoiytic enzymes.
Lipases from B. subtilis (95) and B. pumifus (87) have been of particular interest as they
exhibit optimal activity and stability at extreme alkaline pH values (pH values above 9.5).
These enzymes, however, are thermolabile. This is in contrast to lipases from B
thermocatenulatus (87), B. thermoleovorans (88), and B. stearothermophilus (89), which are
thermotolerant, and display maximal activity and stability at moderate alkaline pH values (pH
7-9.5). The genes encoding these Bacillus lipases and their deduced amino acid revealed
that they lack of the characteristic Gly-X-Ser-X-Gly motif centered on the lipase active serine

residue,
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Staphylococcus family-lipase

Lipases from B. thermocatenulatus, B. stearothermophilus, B. thermoleovorans be
classified as subfamily 1.5 {88), represents a group of large prokaryotic lipases with molecular
weights of 40-45 kDa. Homotogous lipase genes (/0% homology) have been cloned and
functionally expressed from different Staphylococcus strains (95,96). Recent investigations of
the physicochemical properties of Staphylococcus lipases revealed that lipases from S.
aureus and S. epidermidis are closely related: both lipases prefer short-chain triglycerides.
The lipase from S. hyicus, on the other hand, prefers phospholipids as substrate {95) . A
three-dimensional structure, however, has not been solved yet. To clone a thermophilic lipase
resulted in the isolation of a 43 kDa lipase named BTL-2 from an expression library generated
from genomic DNA from the thermophile B. thermocatenulatus. No sequence homology was
found with other microbial lipases including those from other Baciflus strains, but instead
BTL-2 shows a significant homology of 30-35% with the different Staphylococcus lipases. A
first brief characterization of BTL-2, expressed at low level in £. cofi, revealed its high activity
at temperatures between 50 and 75°C and alkaline conditions. Lipase BTL-2 shares with
lipases from S. eperdimidis and S. aureus the same preference for short chain triglycerides
as substrate. However, activation by caicium as reported for the Staphylococcus lipases was
not observed. Although Staphylococcus pro-lipases are cleaved to yield mature proteins with
predicted molecular masses similar to that of lipases identified in B. thermocatenulatus. B.
stearothermophilus and B. thermoleovorans, the amino acid sequence identity is less than
30% , confirming the lack of close evolutionary relatedness.

The interest in bacterial lipases has increased due to the fact that they are more
stable than those from other organisms, especially when exposed to high temperature or
other severe condition. Thermotolerant Bacillus spp. are among those micro-organisms
capable to promote lipid conversion by means of their lipolytic systems and high stability
under such condition. The increasing interest for thermotolerant bacterial pases and new
thermotolerant lipase-producing Bacillus strains lead us to perform the analysis of the new
Bacillus spp. lipolytic system. Such study and the cloning of a novel extraceliular lipase from

the strain are important for industrial application.
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Objectives:

1. Toisolate thermotolerant lipase production baciena from hot spring environment
in Thailand and identify the strains using HV16S rDNA and biochemical test.
2. To characterize the lipase activity of Bacillus sp. RNZ.

3. Toisolate the gene encoding for lipase from thermotolerant Baciflus sp. RN2.

A IO RN



CHAPTER 3
MATERIALS AND METHODS

1. Bacterial strains collection & screening of the lipase producing bacteria
Soll and water samples from hot spring water at Ranong province of Thailand were
previously collected and screened for thermotolerant bacteria using dilution technigque, the
isolated colonies were further tested for lipase acitivity onto tributyrin agar plate. A colony

forming clear zone was selected after 72 h incubation at 45 °C.

2. |dentification of the isolate Bacillus sp. RN2
2.1 Biochemical characteristic test using APl 50 CHB Kit

The carbohydrate metabolism of Bacillus sp. RN2 isolate which showed lipase
activity was determined using the APl 50 CHB kit (BioMerieux, Lyon, France). The isolate was
grown on TSA plate (18-24 h at 45°C}. Colony was suspended in 2 ml sterile 0.85% saline
solution to correspond with tube No. 2 of the McFarland scale of standard opacities and 0.1 m!
of this suspension was diluted in 10 mi of APl 50 CHB medium. The stip was inoculated,
incubated for 48 h at 45°C and read after both 24 and 48 h. The results were scored accorging
{0 the manufacturer's instructions and the emerging biochemical profile was identified by means

of APILAB software Version 2.1, 1990 (BioMerieux, Lyon, France).
2.2 PCR ampiification and sequencing of hypervariable region {HV region) 165 rDNA
For the PCR amplification and sequencing of HV region, two primers were
constructed based on the result of multiple alignments of 165 rRNA gene seguences from 69
bacillus type strains using CLUSTAL W version 1.82. A forward primer was 5 TGT AAA ACG
ACG GCC AGT GCC TAA TAC ATG CAA GTC GAG CG -3'. A reverse primer consisted of &
CAG GAA ACA GCT ATG ACC ACT GCT GCC TCC CGT AGG AGT -3'. The PCR product of 320
bp in sizes was expected. The PCR mixture was consisted of 1X PCR buffer (GIBCO BRL®), 1.5
mM MgCl,, 10mM dNTPS, 20uM of each primer and 3 unit of Tag DNA polymerase (GIBCO
BRL®), sterile distilled water was used to make total volume to 25 pl and the reaction was
performed using the Peltier Thermal cycle (MJ Research, PTC-200). The PCR condition
contained cne cycle of 95°C for 3 min followed by the additional 30 cycles of denaturation at

95°C for 1 min, annealing at 45°C for 1 minute and extension at 72°C for 1 min. The PCR



fragment was excised from the 1.2 % agarose gel at 100 volt for approximately 30 min and
purified by using QIAGEN PCR purification kit (QIAGEN). The sequences of PCR product was
determined by using Big Dye Terminator Cycle sequencing procedure and analyzed by using
ABL PRISM 377 (Perkin Elmer).

The nucleotide sequencing data was detected by the input of the data into BLAST

program from http://iwww.ncbi.nim.nih.gov/BLAST. The nucleotide sequences of 165 rRNA gene
were compared with nucleotide sequences of varicus organisms that have been previously

submitted in GenBank.

3. Culture conditions for lipase production
Cultivation was achieved by aseptically removing the selected colony, activaled by
sub-culture in 10 ml of inocutum medium containing of nutrient broth 3% {(w/v) and CaCl, 0.01%
{wiv) in distilted water and incubated at 45°C for 16 h with agitation. Then, the inoculum size of
1.0% was added to the sterile production medium in 0.5 | Erlenmeyer flask with a working
valume of 100 ml medium containing nutrient broth 0.35% (w/v); CaCl, 0.1% (w/v); gum arabic
1% (wiv); soy bean oil 2.5% (v/v) in distilled water and continued incubated at 45°C for 54 h with

shaking (250 rpm}.

4. Lipase activity assay

The activity of the extraceilutar lipase was assayed in the cell-free fliquid after
separation of biomass by centrifugation at 5000 rpm for 20 min. Lipolytic activity was
determined by measuring the optical density (OD) at 410 nm using p-nitrophenyl laurate {(pNPL)
(SIGMA) as substrate (97}

The substrate solution consisted of solution A (0.4 g pNPP dissolved in 12 ml
isopropanol} and solution B (0.4 g tritonX-100; 0.1 g gum arabic; 90 ml potassium phosphate
buffer pH 7). Subsequently solution A was added to solution B to a final composition 1:30 (viv).
The cell free supemnatant (1ml} was added to 9 mi of substrate solution and then, the mixture
was mixed and incubated at 37°C. After 20 min, the reaction was stopped by boiling and
enzyme activity was measured by monitoring the change in absorbance at 410 nm  that
represented the amount of released p-nitrophenol (PNP}. One unit of lipase activity is

defined as the amounts of enzyme releasing 1 pmol PNP per minute under the assay conditions.
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5. Characterization of the new isolate
9.1 pH optimum and stability

The effect of pH on the lipase activity was determined spectrophotometricaily at
0.D. 410 nm using pNPL as substrate as described above. The substrate was prepared in 50
mM buffer volumes of various pH values. To accomplish the pH optimum and stability of the
lipase enzyme, various buffers of pH ranging from 7-12 were prepared. The scdium phosphate,
glycine / NaOH, carbonate and Na,HPO,/NaOH buffers were prepared for pH 7-8, 8.5-9, 9.5-
10.5 and 11-12, respectively. The effect of pH on lipase stability was determined ty incubating
aliquots of crude lipase in buffers of different pH values for 4 h at 30°C. Residual activity was
assayed spectrophotometrically.

5.2 Temperature optimum and stability

The optimum temperature for lipase activity was determined over the range of
30-80°C using the spectrophotometric assay. The mixture was equilibrated at the required
temperature before the addition of enzyme. The effect of temperature on lipase stability was
determined by incubating the aliquots of lipase for 30 min in 50 mM appropiate buffer at various
temperatures. The OD of residual activity was measured using the spectrophotometric assay at
416 nm.

5.3 Substrate specificity

Substrate preference of the enzyme was determined at optimum temperature
and optimum pH by using the spectrophotometric assay. The pNP fatty acyl esters including
butyric acid {C,), caprylic acid {C,), capric acid (C,y), lauric acid (C,,), myristic acid (C,,),
paimitic acid (C,,), stearic acid (C.,) were used as substrates. The results were reported as the
percentage of the substrate that gave maximal activity.

5.4 Effect of various agents on lipase activity
The activity of the purified lipase was determined by incubation with 1 mM of meta

chiorides, ethylene diaminetetraacetic acid (EDTA), dithiothreitol (DTT) (Sigma) and p-
mercaptoethanol (Phamacia Biotech) at 30°C for 30 min. The remaining activity was determined
spectrophotometrically by using the standard pNPL assay in the presence of a given agent and

was expressed as a percentage of the activity without the agent.
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6. DNA extraction

The strain RN2 was cultured in LB medium at 45°C for 12-14 h The cells were
collected by centrifugation at 5,000 rpm for 10 min prior to lysis in lysis buffer (10 mM Tris-HCL,
20 mM glucose, lysozyme 100 mg/ml and 2% SDS). Proteinase K (BRL™) of 5 1l was added to
the final concentration of 1 mg/ml prior to incubated at 45°C for 2 h. Phenol/chloroform was
added to the solution and centrifuged to separate phases. The upper aquecus phase was
transfered to new tubes and precipitated with 2 volumes of absolute ethanct and kept at -70°C
for 15 min. The solution was centrifuged at 10,000 rpm for 10 min. DNA pellet was dissolved in
TE buffer and stored at 4°C. The DNA concentration was determined at 260 nm using UVAVIS
spectrophotometer. Molar extinction of DNA was performed as; 1 O.D. 260 nm = DNA

concertration of 50 ng/ml.

7. PCR amplification of the Bacillus sp. RN2 lipase gene

A pair of degenerate primers was designed based on the nucleotide and amino acid
sequence comparison among the conserved regions of the lipase gene of B. subtilis, B.
pumnilus, B. licheniformis, B. stearothermophilus, B. thermoleovorans, Bacillus sp. TP10A.1 and
B. thermostable. The forward primer was 5" CAY AAY CCN GTN GTN HTN GT 3’ and a reverse
primer consisted of 5 CCR TTN ARN CCY TCY TTA AT 3'. The set of primers for PCR
amplification were synthesized from SIGMA. The PCR product of 519 bp in sizes was expected.
All reactions were manipuiated in 20 pl volume containing 100-200 ng of genomic DNA sample.
The PCR mixture was consisted of 10X PCR buffer (TAKARA), 25 mM MgCl,,2 mM dNTPs.20 uM
of each primer and 3 units of Tag DNA polymerase (TAKARA), the sterile distilled water was
used 1o make total volume to 20 p! and the reaction was performed using the PC-960G Gradient
Thermal Cycler (Australia). The PCR conditions was as follows: 1 initial denaturation step at 94°
C far 2 min, 30 cycles at 94°C for 30 sec, annealing at 50°C for 30 sec, extension at 72°C for 1
min, except for the final cycle of which extension proceed for 10 min. The PCR fragment was
excised from the 1.2 % agarose gel at 100 volt for approximately 30 min prior to ethidium
bromide staining and was observed under ultraviolet light.

Ancther set of primers was designed for PCR to complete the lipase gene. The
forward primer contained 5" ATTCTATTGATTTGCATGCTGTCTG 3' and the reverse primer was
S CCTTCAAGAAGTTAAGCTCTTCAAG 3'. The expected PCR fragment sized was 641 bp. The
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PCR condition contained cne cycle of 95 °C for 2 min and followed Dy the additionat 30 cycles
of denaturation at 94 ~C for 45 sec, annealing at 57°C for 1 min and extension at 72 " C for 1
min The post extension was proceeded for another 10 min at 72 “C. The PCR mixture was
prepared according to the protocol described above. The PCR fragment was excised from the
1.2 % agarose ge! at 100 volt for approximately 30 min prior to ethidium bromide staining and

was observed under ultraviolet light .

8. PCR Product purification

The PCR fragments was eluted from the gel and purified by using Mintlute Gel
Extraction Kit (QIAGEN). The procedure of purification was performed according o the
instruction manual provided by the company. The DNA fragments was excised from the agarose
gel with the clean sharp scalp. Gel products was bladed with razor on a fluorescent fight box
into smalt chunks and transfered to a microcentrifuge tube. The gel slices was weight in a
coloress tube and added 2.5 volumes of 6.6 M sodium iodide to 1 volume and mix gels. The ge!
slices was incubated at 45°C until the gel is melted completely. The mixture solution was added
1.5 volume of Binding buffer and placed into a S.N.AP.™ purification column, The DNA was
bound with the column, centrifuged at 5,000 g for 30 sec (repeat 3 times), discarded flow-
though and placed column back in the same collection tube. After that, the DNA pellet was
added with 0.6 ml of washing buffer to S.N.AP.™ column and centrifuged at 5,000 g for 30 sec.
The column was washed for another 2 times with washing buffer. The DNA pellet was
centrifuged at 10,000 g for 1 min and placed column into a clean microcentrifuge tube. The DNA
pellet was eluted with 30 it of TE buffer and centrifuged the column for 1 min at maximum
speed. The product was analyzed using electrophoresis in 1.2% {wiv) agarose gel at 100 volt
approximately 30 min prior to ethidium bromide staining and was observed under ultraviolet

tight.

9. Cloning and transformation of lipase gene

9.1 Ligation of PCR fragment and vector
®
The purified of PCR fragment was further ligated to the pGEM -T Easy Vector
®
{(Promega). The reaction mixture of 10 pl contained with Tul of pGEM -T Easy Vector, PCR

fragment {200 ng), 5 ul of 2X Rapid Ligation Buffer, and 1pl of T4 DNA Ligase. The stenle



distilled water was used to make total volume to 10 . The reaction was gently mixed and
incubated for 1 h at room temperature (25°C). Alternatively, it the maximum number ot
transformants was required, the reactions could be incubated for 12-14 h at 4°¢.
9.2 Transformations

E. coli XL1-Blue was transformed with the ligation mixture by electroporation
(BIO-RAD).The mixture containing 1.5 pl of ligation mixture was mixed with 40 pl of the
competent cells. A single pulse of 0.7 kV was applied after transferring the mixture to a
prechilled 0.1 cm electroporation cuvette. The cells were immediately added to 1 ml LB medium,
incubated with shaking for 1 h at 37°C, and spreaded on LB agar plate (1.0% tryptone, 0.5%
yeast extract, 1.0% NaCl and 1.5% agar) contained 100 u/ml ampicillin. The white colonies were

selected. DNA sequencing and PCR amplification were used to check the inserted DNA.

10. Analysis of transformants
10.1 Analysis of transformants by PCR

The positive transformants was analyzed by using PCR amplification as
described in Materials and Methods section 5.2, While colonies were selected and transferred to
the new eppendorf tube contained 10 w of PCR mixture. The reaction mixture was then heated
at 94°C for 10 min to lyse the cell and inactivate nuclease. The PCR condition was performed
according to the detail described in Materials and Methods section 5.2. Post-extension was
undergone at 72°C for 10 min and stored at 4°C. The PCR product of positive clones were
analyzed by loading 10 pl of PCR mixture onto 1.2% (w/v) agarose gel and electrophored  at
100 valt for approximately 30 min prior to staining by ethidium bromide and cobservation under
ultraviolet light.

10.2 Sequencing

The DNA sequence was determined using the ABI PRISM® BigDye Primer
Cycle Sequencing Ready Reaction Kit (Appiled Biosystems) and analyzed using GeneAmp
PCR Systems 9700 (Perkin Elmer) according to the protocol provided by each company. The T7
forward and reverse sequences were used as primers and pGEM®-T Easy vector was used as
template. The nuclectide and amino acid sequences data were analyzed using the BLAST

program of hitp//www.ncbi.nim.nin.gov/BLAST. The nucleotide sequences of interested gene

fragments were compared to those of the various organisms that have been previously
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submitted in GenBank. The percentage of nucleotide sequence homology in comparison to
various organisms was reported. All sequence data were analyzed with Clustal W sequence
alignment program for The European Molecular Biology Laboratory (EMBL. UK, at
http://www ebi.ac.uk. Multialign program, and signal peptide identification were performed
through SignalP V.2-0 scftware. The physico-chemical parameters of the deduced amino acid

sequences were analyzed using ExPASY  (http://www.expasy.org) and the pl/MW were

determined by using hitp://us expasy,.org.tools/m_tool.htmil.



CHAPTER 4
RESULTS

1. Bacterial strains collection and screening of the lipase producing bacteria
Soil and water samples from hot spring water at Ranong province of Thailand were
previously collected and screened for thermotolerant bacteria by using dilution technigue, the
isolated colony were further tested for lipase acitivity. Among them, the isolate designated RN2
produced largest clear zone after 72 h of incubation at 45 °C on tributyrin agar plate as shown in
Figure 2. The strain was an aerobic, Gram-positive, rod-shaped, endospore-former and grew at

45°C (Figure 3).

FIGURE 2 CLEAR-ZONE FORMATION OBTAINED FROM THE ISOLATE BACILLUS SP. RN2 ON

TRIBUTYRIN AGAR PLATE.
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FIGURE 3 GRAM STAIN OF BACILLUS SP. RN2

2. |dentification of the isolate Bacillus sp. RN2
2.1 Biochemical characteristic test using APl 50 CHB kit
The biochemical characteristic of the isolate Baciflus sp. RN2 was determined by
using the API 50 strips according to the Materials and Methods 2.1. The results were scored
according to the manufacturer's instructions and the emerging biochemical profile was identified
by means of APl LAB software Version 2.1. The results of carbohydrate metabolism of Bacillus
sp. RN2 strains were presented in Table 6. The utilization patterns revealed that Bacilfus sp. RN2
was considered to be Bacillus ficheniformis.
2.2 PCR amplification and sequencing of hypervariable region (HV region) 16S rDNA
PCR amplification of hypervariable region of Baciflus sp. RN2 was performed’
according to Materials and Methods 2.2 . The PCR product of 320 bp in size was observed from
Bacillus sp. RN2 (Figure 4). The nucleotide sequences data were analyzed by using BLAST
program (http://www.ncbi.nlm.nih.gov/BLAST). The nuclectide sequences of HV region of 16S
rRNA gene of Bacilfus sp. RN2 were compared to those of other Bacilius sp. that have been
previously submitted in GenBank. Sequence alignment was performed by using software Clustal
W version 1.82 and revealed that the sequences shared 96% identity with the type strain of 8.
licheniformis accession no. AY336076.1. Phylogenetic analysis using PAUP 4.0 indicated that
Bacillus sp. RN2 was clustered with B. licheniformis (bootstrap value = 98%) based on DNA
pasimony method. The reliability of internal branches of the dendrogram generated by cluster

analysis was measured using the bootstrap analysis with 1,000 samplings (Figure 5).



TABLE 6 BIOCHEMICAL TEST USING API 50 CHB KIT OF BACILLUS SP. RN2
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Characteristics RN2 Characteristics RN2
Glycerol + Esculin +
Eryihritod - Salicin +
D-Arabinose - Cellobiose +
L-Arebinose + Melibiose +
Ribose + Sucrose +
D-Xylose + Trehalose ND
L-Xylose - Inulin -
Adortol - Melezitose -
A-methyl-D-Xyloside - Raffincse -
Galactose ND Starch -
Glucose + Glycogen -
Fructose + Xylitol -
Mannose + Gentiocbiose -
Sorbose - D-Turanose -
Rhamnose - D-Lyxose -
Dulcitol - D-Tagatose +
[nositol + D-Fucose -
Manitol + L-Fucose ND
Sorbitol + D-Arabitol -
a-Methyl-D-Manoside - L-Arabitol -
a-Methyl-D-Gluoside ND Gluconate +
N-Acetyi-Gluccsamine + 2-keto-Gluconate -
Amygdalin + H-keto-Gluconate -
Arbutin + Lactose -
Maltose + Type of Bacillus sp. B. licheniformis

ND = not detected
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1200 bp —

500 bp —

FIGURE 4 THE PCR AMPLIFICATION OF HYPERVARIABLE REGION FROM 16S RDNA OF
BAC/LLUS SP. RN2, SHOW 320 BP IN SIZE OF PCR PRODUCT ON 1.2% AGAROSE GEL
ELECTROPHORESIS AFTER ETHIDIUM BROMIDE STAINING.

Lane M =100 bp marker
Lane 1 = PCR product of Baciflus sp. RN2
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64

95

100

60

98

B. amyloliquefacien

B pumilus

B. subtilis

B cereus

B. stearothermophilus

B. sonorensis

B lautus

B. licheniformis

Bacillus sp. RN2

FIGURE 5 DNA PARSIMONY PHYLOGENETIC TREE OF BAC/LLUS SP. BASED ON HV REGION

OF 165 RDNA SEQUENCES.



34

3. Characterization of lipase from Baciflus sp. RN2

3.1 pH optimum and stability
The determination of the optimal pH of the lipase activity from Bacilius sp. RN2
using p-nitroghenyl laurate (pNPL) as substrate in various buffers of the pH range 7-12 was
shown that the crude lipase from Bacillus sp. RN2 displayed optimal catalytic activity towards
pNPL in the alkaline region of pH 10-11 (Figure 6 ). In addition, lipase from RN2 was retained
more than 80% of its activity foliowing incubation for 4 h at 30°C in various buffers over a pH
ranging from 7-8.5 and lipase activity was decreased less than 70% activity in the pH range of 9-
10, with no activity remaining after incubation at pH 10.5 (Figure 7).
3.2 Temperature optimum and stability
The lipase from Bacilus sp. RN2 exhibited high activity at 50 to 65°C. The
optimum temperature for lipase activity was at 60 °C (Figure 8). The enzyme retained more than
80% activity after incubation for 30 min at 45°C. Above this temperature, the stability of the
enzyme was decreased to less than 30% of activity after incubation at 60°C, and no activity
remaining after incubation at 70°C {Figure 9).
3.3 Substrate specificity of lipase from Bacillus sp. RN2
The substrate specificity of the crude lipase was studied with p-nitropheny! fatty
acy! esters of various chain lengths used as substrates (Table 11). The highest hydrolysis rates
were obtained with pNP-laurate (C,,), which exhibited activities of 1.36 U/mg protein. The
enzyme also showed the good activity on hydrolysis of p-nitrophenyl faity acyl esters with the
carbon chain lengths between C,-C ..
3.4 Effect of different agents on the activity of lipase from Baciflus sp. RN2
The effect of different agents on the activity of crude lipase was determined by
using pNP-laurate as substrate (Table 12). In the presence of Ca’', K' and Zn"', the catalytic
activity was enhanced. Mgz*, Na" and NHa' did not effect the activity of the enzyme. The metal
ion as Ag” and Ni°* partially inhibited the lipase activity.
The lipase was inhibited to about 70% when incubated and assayed in the presence
of 1 mM B-mercaptoethancl while SDS and DTT caused partial inhibition. EDFA had a negligivle

effect on the activity of the enzyme.



TABLE 7 EFFECT OF pH ON ACTIVITY OF LIPASE FROM BACILLUS SP. RN2.

Optimum
pH
Enzyme activity (U/mg protein) Relative activity (%)

7 0.37 18
7.5 0.74 36

8 1.29 83
8.5 1.58 77

) 1.66 82
95 1.75 86
10 1.84 90
10.5 2.03 100
11 1.94 95
11.5 1.46 71
12 1.22 60

relative activity (%)

100
90
80
70
60 |
50 |
40
30
20 |
10

8.5 9

95 10
pH

10.5 11

11.5 12

FIGURE 6 EFFECT OF pH ON ACTIVITY OF LIPASE FROM BACILLUS SP. RN2. FOR

DETERMINATION OF THE OPTIMAL pH, THE FOLLOWING 50 mM BUFFERS WERE USED:

SODIUM PHOSPHATE BUFFER (PH 7-8), GLYCINE / NaOH BUFFER {pH 8.5-9),

CARBONATE BUFFER (pH 9.5-10.5), AND Na,HPO,/NaCH BUFFER (pH 11-12). THE

VALUE WAS SHOWN AS PERCENTAGE OF MAXIMUM LIPASE ACTIVITY OBSERVED AT pH

10.5, WHICH WAS TAKEN AS 100%.
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TABLE 8 EFFECT OF pH ON STABILITY OF LIPASE FROM BACILLUS SP. RNZ.

oH Stability
Enzyme activity {U/mg protein) Residual activity (%)
7 0.36 97
75 071 85
8 1.19 92
8.5 1.33 84
9 1.1 66
95 0.83 47
10 0.14 7
105 0 0
11 0 0
11.5 0 0
12 0 0
100
90
80
2 70
£ 60
S 50
T 40
> 30
2
20
10
0 —8 »-— ]

8.5 9

95 10 10.5 11 115 12

FIGURE 7 EFFECT OF pH ON STABILITY OF LIPASE FROM BACILLUS SP. RN2. TO ACCESS

THE pH STABILITY, THE ENZYME WAS INCUBATED AT THE INDICATED PH IN VARIOUS

BUFFERS AT 30°C FOR 4 H. THE VALUE WAS SHOWN AS PERCENTAGE OF ORIGINAL

LIPASE ACTIVITY, WHICH WAS TAKEN AS 100%.



TABLE 9 EFFECT OF TEMPERATURE ON ACTIVITY OF LIPASE FROM BACILLUS SP. RNZ.
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Optimum
Temperature (°C)
Enzyme activity (U/mg protein) Relative activity (%)
30 0.36 33
35 0.40 38
40 .46 43
45 0.73 68
50 0.79 74
55 0.92 86
60 1.06 100
65 0.97 91
70 0.51 47
75 0.06 5
80 0 0
100 . -
a0
80
= 70
£ 60
© 50
24
3 30!
20
10
0 —
30 35 40 45 50 55 60 65 70 75

Temperature (°C)

80

FIGURE 8 EFFECT OF TEMPERATURE ON ACTIVITY OF LIPASE FROM BACILLUS SP. RN2.

LIPASE ACTIVITY WAS MEASURED AT VARIOUS TEMPERATURES UNDER STANDARD

ASSAY CONDITION AT VARIOUS TEMPERATURE. THE VALUE WAS SHOWN AS

PERCENTAGE OF MAXIMUM LIPASE ACTIVITY OBSERVED AT 60 °C, WHICH WAS TAKEN

AS 100%.
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TABLE 10 EFFECT OF TEMPERATURE ON STABILITY OF LIPASE FROM BACILLUS SP. RN2.

Temperature Stability
Enzyme activity (U/mg protein) Residual activity (%)

30 0.63 160
35 0.62 99
40 0.57 90
45 0.55 87
50 0.39 61
55 0.22 34
60 0.13 20
65 0.06 g
70 0 0
75 0 0
80 0 0

residual activity (%)

30 35 40 45 50 85 60 65 70 75 80

Temperature {°C)

FIGURE 9 EFFECT OF TEMPERATURE ON STABILITY OF LIPASE FROM BACILLUS SP. RNZ.
THE DETERMINATION OF THE THERMAL STABILITY OF LIPASE, THE ENZYME WAS
INCUBATED AT 30-80°C IN 50 mM CARBONATE BUFFER (pH 10.5) FOR 30 MIN. THE
VALUE WAS SHOWN AS PERCENTAGE OF RESIDUAL LIPASE ACTIVITY OBSERVED AT
30°C, WHICH WAS TAKEN AS 100%.
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TABLE 11 LIPASE ACTIVITY FROM BACILLUS SP. RN2 ON p-NITROPHENYL FATTY ACYL
ESTERS OF VARIOUS CHAIN LENGTHS. THE ENZYME ACTIVITIES WERE ASSAYED
UNDER STANDARD CONDITION.

Substrates Enzyme activity (U/mg protein)
PNP-butyrate (C4) 0.73
pNP-caprylate (C8) 1.46
pNP-caprate (C10) 1.24
pNP-laurate (C12) 1.82
pNP-myristate (C14) 1.07
pNP-palmitate (C16) 0.98
PNP-stearate {C18) 0.64

TABLE 12 EFFECT OF DIFFERENT AGENTS ON THE ACTIVITY OF CRUDE LIPASE FROM
BACILLUS SP. RN2,

Agents Residual activity (%)
none 100
NaCl 95
KCI 106
CaCl, 107
MgCl, 92
NH,CI 97
AgClI 80
NiCl, 69
ZnCl, 102
Sbs 58
[} -mercaptoethanol 74
DIT 68

EDTA 90
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4. PCR amplification of thermotolerant Bacillus sp. RN2 lipase gene

The DNA was purified and manipukated essentially as described in Materials and
Methods 6. Degeneracy primers for PCR (whose nucleotide sequences were based on
conserved regions of reported lipases in Genbank) were synthesized and used for the PCR

amptification. A PCR product of 519 bp in length was expected.
After 30 cycles of PCR using the degeneracy primes, electrophoresis of the products
on a 1.2% {w/v) agarose gel showed several bands including the expected 519 bp fragment.
The 519 bp product was isolated by excising the band from the gel and the DNA was eluted

from the agarose by MinElute Gel Extraction Kit.

5. Cloning and transformation of the lipase gene
The purified DNA fragment was ligated with pGEM-T Easy vector and transformed
into E.colf XL.1-Blue as previously described in Materials and Methods 9.2. The transformants

were analyzed by PCR amplification and DNA sequencing.

6. Analysis of transformants by PCR amplification

After transformation of the E.coli XL1-Blue with the recombinant pGEM-T Easy
ptasmid by electroporation, clones containing the 519 bp insert were selected by PCR
ampilification. It was found that 12 white positive colonies were obtained and the recombinant
plasmids were purified for sequencing. The data of DNA sequencing of the 12 positive colonies
revealed that 5 clones containing the nucleotide sequencing corresponded to lipase gene of B.
ficheniformis (Accession number AJ 297356 with identity of 58 out of 69 nucleotides) and B.
subtilis (Accession number Z99108 with identity 49 out of 58 nucleotides) with the same
homology of 84%.

By using specific primers which were designed according to the known
nucleotide sequences of partial lipase gene, the product of 641 bp was obtained {Figure 10).
The PCR fragment was isolated and cloned into pGEM-T Easy vector. After incubation of the
transformants at 37°C for 16 h, 30 white colonies were obtained. Four positive white colonies

were selected for further DNA sequencing.
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650 bp
500 bp

FIGURE 10 ETHIDIUM BROMIDE STAINING OF 1.2% AGAROSE GEL ELECTROPHORESIS OF
641 BP PCR PRODUCT.

7. DNA sequencing of lipase gene
7.1 Nucleotide sequence analysis

The nuclectide sequence of the Bacillus sp. RN2 lipase gene composed of an
open reading frame of 576 bp that encoding for 192 amino acids with a deduced molecular
mass of 20,282 Dalton. As revealed by Signal P program, a 17-residue typical Bacillus signal
peptide was found at the N-terminal region of the protein, indicating its extracellular location. The
cleavage site of the signal peptide was located between Ala 17 and Ala 18 according to the
rules for a signal peptide sequence. The mature protein was composed of 174 amino acids with
a calculated molecular weight of 18,544 Dalton with the isoelectric point of 9.05. The motif
AHSMG, corresponding to the consensus pentapeptide —A-X,-S-X,-G- common in all known
Bacillus lipases was found. Additionally, the cloned lipase contained a His residue at position X,
like other Bacilius lipases, while position X, was occupied by a Met, exclusive of subfamily 1.4
(81) The catalytic apparatus of lipases, involving the triad serine, glutamate or aspartate, and
histidine (12) was placed in the newly isolated lipase at position 77 (S), 129 (D) and 152 (H)
(Figure 11 and 12). The identification of restriction enzyme sites presented in the Baciflus sp.

RN2 lipase gene was shown in Figure 13.
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Genetic Code : Universal
10 20 30 40 50 60

ATGCTGTCTGTTGTGTCCGTATTTTCGTTCCGGCCTTCAGCAGCTTCCGCCGCTTCCCAC
M L 5 v v 5§ ¥V F §8 F R P 58 A A 5 A A S H

70 80 90 100 110 120
AATCCGGTCGTCATGGTCCACGGCATCGGCGGAGCCGATTATAACTTCATCGGCATTAAA
N P vV VM V H G I ¢ GG A D Y N F I G I K

130 140 150 160 170 180
TCGTATTTACAATCTCAAGGCTGGACARGCAGTGAGCTTTACGCCATCAACTTTATCGAT
s Yy L ¢ § 0 ¢ w T s 5 E L Y A I N F I D

190 200 210 220 230 240
AAAACGGGAAATAATATAARCAATGCTCCGAGATTATCCGAATACATCAAGCGTGTGCTG
K T 6 N N I N N A P R L S E Y I K R V L

250 260 270 280 290 300
AATCAAACAGGAGCATCAAAAGTCGATATTGTCGCCCACAGCATGGGCGGGGCCAATACG

N Q T G A S KV D I VIAH S M G|G A N T

310 320 330 340 350 360
CTCTATTATATTAARAATCTGGATGGTGCGGATARAGTCGGACATGTCGTCACCCTTGGE
L ' Yy ¥ I K ¥ L b 6 A D K V G H V V T L G

370 380 390 400 410 420
GGCGCTAATCGTCTCGTTACAARCACGGCGCCTCAGAATGACAAANTCTCATACACTTCG
G A N R L VvV T N T A P ¢ N D K I S5 Y T 35

430 440 450 460 470 480
ATTTACAGCACAAGCGACTATATCGTCTTAAACAGCCTCTCCAAACTTGATGGTGCAAAC

I Yy s T s Dy 1 v L N S$ L S K L D G A N

490 500 510 520 530 540
AATGTGCARATCTCAGGCGTAAGCCATGTCGGTCTTTTGTTCAGCAGCAAAGTARATGCC

Ty

N V¢ I $ 6 v s BvVvVG6 L L F S 8 KV N A

550 560 570 580
TTGATTAAAGACGGGCTGACCGCCAGCGGGARATAA
L I K b G L T A 5 G K *

FIGURE 11 NUCLEOTIDE AND DEDUCED AMINO ACID SEQUENCES OF THE LIPASE GENE
FROM BACILLUS SP. RN2. A SEQUENCE THAT EXHIBITED THE CHARACTERISTICS OF A
SIGNAL PEPTIDE WAS UNDERLINED. THE CONSERVED PENTAPEPTIDE OF LIPASE GENE
WAS INDICATED BY SQUARE. THE COMMON CATALYTIC TRIAD OF LIPASE GENE
FAMILY 1.4 (SER77, ASP129 AND HIS152) WAS INDICATED IN THE BOLD CAPITAL
LETTER.
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CLUSTAL W (1.82}) multipte sequence alignment

Bacililus sp. RNZ = ——---mmmmmmmme MLSVVSYFSFRPSAASAASHNPVVMVHGIGGADYNFIGIRSYL 473
B. licheniformis --—~MRRHSFLSILLICMLSVVSVFSFRPSAASAASHNPVVMVHGIGGADYNFIGIKSYL Sé
B. subtilis --MEKFVERRITALVTILMLSVTSLFALOP-SAKAAEHNPVVMVHGIGGASFNFAGIKSYL 57
B. pumilus MKVILFKKRSLOILVALALVIGSMAFIQPKEVKAREHNPVVMVHGIGGASYNFASIKS YL 60
- - ‘*: ::* __**_*iiﬁttttti-}*ir_:ii e v
Bacillus sp. RNZ QSQGWTSSELYAINFIDKTGNNINNAPRLSEY IKRVLNQTGASKVDIVAHEMGGANTLYY 103
B. licheniformis QSQGWTSSELYAINFIDKTGNNINNAPRLSEYIKRVLNQTGASKVDIVAH&MGGANTLYY 116
B. subtilis VSQGWSRDKLYAVDFWDKTGTNYNNGPVLSREVOKVLDETGAKKYDIVAHIMGGANTLYY 117
B. pumilus VGQGWDRNQLYAIDFIDKTGNNRNNGPRLSREVKDVLDKTGAKKVDTVAHSMGGANTLYY 120
_*ii _:***::k h***-‘{ **.* *#_::: ‘ki’::t**.*‘!tit*ﬁ+++tit+l—tt
Bacillus sp. RN2 IKNLDGADKVGHVVTLGGANRLVTNTAPQ————NDKISYTSIYSTSQYIVLNSLSKLDGA 159
B. licheniformis IKNLDGADKVGHVVTLGGANRLVTNTAPQ--~-NDKISYTSIYSTSQRYIVLNSLSKLDGA 172
B. subtilis IKNLDGGNKVANVVTLGGANRLTTGKALPGTDPNQKILYTSIYSSA%MIVMNYLSRLDGA 177
B. pumilus IKNLDGGDKIENVVT IGGANGLYSSRALPGTDPNQKILYTSVYSSARLIVVNSLSRLIGA 180
***#*t.:*: :*tt:**ii *':- * *:** **i’:**::* **:1{ '*'f:“k *
Bacillus sp. RN2 NNVQISGVSEVGLLFSSKVNALIKDGLTASGK~~~ 191
B. licheniformis NNVQISGVSHVGLLFSSKVNALIKDGLTASGK--- 204
B. subtilis RNVQIHGVGHIGLLYSSQVNSLIKEGLNGGGONTN 212
B. pumilus KNVLIHGVGKIGLLTSSQVKGYIKEGLNGGGQNTN 215

Wk L A I I I I R L SR * -

FIGURE 12 ALIGNMENT OF AMINO ACID SEQUENCES OF LIPASES FROM BACILLUS
SPECIES SUBFAMILY 4. THE ALIGNMENT WAS PERFORMED WITH CLUSTAL W. THE
ASTERISKS (*) INDICATED AMINO ACID IDENTITY IN ALL SHOWN SEQUENCES. THE
POINT (.) AND COLON (:) DENOTED AMINO ACID IDENTITY IN AT LEAST TWO ALIGNED
SEQUENCES. THE OXYANION HOLE OF LIPASE GENE FAMILY i.4 (PVVMVHG) WAS
INDICATED BY BOLD LETTERS. THE PUTATIVE "CONSERVED" PENTAPEPTIDE OF LIPASE
GENE (A-X-S-X,-G) WAS INDICATED BY UNBERLINE. THE COMMON CATALYTIC TRIAD
OF LIPASE GENE FAMILY L4 (SER77, ASP129 AND HIS152) WAS INDICATED IN SHADING
LETTER. LIPASE GENE SEQUENCE ACCESSION NUMBERS OF B. LICHENIFORMIS, B.
SUBTILIS AND B. PUMILUS WERE YP_079680.1, NP_388152.1 AND AARB4668.1,
RESPECTIVELY.
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140 20 30 40 50 60
ATGUTOTCTUUTO TG TCCGTATTTTUGTTCCGGCCTTCAGCAGUTTCCGCCGCTTCCCAC
;o /
Mspi Alul
Hpall
Haelll
T0 B0 G0 100 110 120
AATCCGGTCGTCATGGTCCACGGCATCGGUGGAGUCGATTATAACTTCATCGGCATTAMA
/ /
Mspl LEcod 7l
Hpall Ctrl13l
Sauel
130 140 150 160 170 180
TCGTATTTACAATCTCALGGCTGGACAAGCAGTGAGCTTTACGCCATCAACTTTATCGAT
/ /
Alul BanIII
Taql
190 200 210 220 230 240
ARPACGGGAAATAATATARACAATGCTCCGAGATTATCCGARTACATCAAGCGTGTECTG
/
Hinfl
250 260 270 280 290 300
AATCAAACAGCGAGCATCAAAAGTCGATATTCTCGCCCACAGCATGGGCGGGGCCAATACG
/ / /f
Ml Taql Sau9el
Cfrl131
Haelll
310 320 330 340 350 360
CTCTATTATATTAANAAATCTGOGATGHTECOGATAAAGTCCCACATGTCGTCACCCTTGEG
/
Styl
370 380 3490 400 410 420
GGCGCTAATCCTCTCGTTACAAACACGGLGCCTCAGARTGACAAAATCTCATACACTTCG
/7 ISy /
Haell BanT Ddel Tagl
Hhal Ehel
Hinil
Narl
Haell
Hhal
430 440 450 460 470 480

ATTTACAGCACAAGCGACTATATCGTCTTAARACAGCCTCTCCAAACTTGATGGTGCAAAC

490 500 510 520 530 540
AATGTGCARATCTCAGGCGTAAGCCATGTCGGTCTTTTGTTCAGCAGCARAGTAAATGCC
/ /
Ddel
MnlT
550 560 570 580

TTGATTARAGACGGGCTGACCGCCAGCGGGARATAR

FIGURE 13 RESTRICTION ENZYME SITES USAGE FOR THE 576 BP OF SEQUENCES WITHIN

AND ADJACENT TO THE LIPASE GENE OF BACILLUS SP. RN2.
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Res. Ezm. : Recog. 3Seq. Count: Sequence Pos.
Alul : AGCT ( 2y: 42 155
BanI . GGYRCC ( 1): 387

BanIII . ATCGAT ( 1): 175

Cfrl3l : GGNCC ( 2): 75 299
Ddel : CTNAG ( 2): 392 492
Ecod71 1 GGWCC ( 1): 75

Ehel : GGCGCC { 1): 387

Haell : RGCGCY ( 2): 361 387
HaelIII : GGCC ( 2): 32 291
Hhal : GCGC ( 2): 362 388
HinlI : GRCGYC { 1): 387

HinfT : GANTC ( 1): 240

Hpall : CCGG { 2): 30 64
MnlT : CCTG/CAGG { 2}: 248 494
Mspl : CCGG { 2): 30 64
NarI : GGCGCC ( 1): 387

Sau96l : GGNCC { 2): 75 290
Styl : CCWWGG ¢ 1): 354

Taqgl : TCGA  3): 176 263 418

Aatl Aatll Accl Af1II Alwd4al Apal Asel Aval
BamHI BanII BbrPIL BelI Bfrl Bgll BglII BpullQ2zI
Bshl1Z361 BsiWI Bsml BssHII BstEII BstXI Cfrl0l Cfr9l
CspdbI Cspl Dpnl Dral DraIIl Eaml1104I Ecol051 Eco47111
BEco521 Eco81l1 EcoCld91 EcoRI EcoRII EcoRV EcoT221 Fspl
HinclI HindIII Hpal Kpnl MboIT Mlul Mrol Mscl
Munl Mval Nael Ncil Ncol Ndel Nhel NotI
Nrul NspV Pacl PpuMI Pstl Pwvul Pvull Rsal
Sacl Sacll Sall SanDI Sau3Al Scal Scrbl Sfil
Smal Spel Sphl Srfl Sspl TspEI Xbal Xhol
Xholl %mnl

W:A/T, R:A/Gr M:A/Cr K:T/Gr YZT/C/U; SzG/Cr N:A/T/G/Ct

H=not G, B=not A, V=not U/T, D=not C



7.2 The consensus sequence and 'hornology in Bacillus lipase
The deduced aminc acid sequences of the lipase from Baciflus sp. RNZ sheowed
the homology of 85% to B. licheniformis (Accession number YP_079680.1), 64% to B. subtilis
(Accession number NP_388152.1) and 63% to B. pumilus (Accession number AARB4668.1). The
conserved pentapeptide sequences from Bacillus lipases were observed among Baciflus in
subfamily 1.4 and subfamily 1.5. The lipase possessed the common conserved pentapeptide of

Ala-X-Ser-X-Gly (Table 13).

TABLE 13 CONSERVED AMINO ACID SEQUENCES OF BACILLUS IN LIPASE SUBFAMILY 1.4

AND 1.5,
Enzyme Amino acid sequence’ identity (%) Accession no.
Bacillus sp. RN2 DIVAHSMGGANT
Subftamily |-4
8. licheniformis DIVAHSMGGANT ) YP_O7O680.1
E. subtilis DIVAHSMGGANT G4 NP 3881671
B. pumilus DIVAHSMGGANT 63 AARBABER.1
Consensus sequenceh DIVAHSMGGANT
Subfamily -5
B. thermolecvorans HIAHSQGGATA AF134840
B. thermocatenulatus HIAHSQGGQTA X95309
B. sterothermophilus HIIAHSQGGQTA U78785
Consensus sequance” HIIAHSQGGQTA

* The consensus pentapeptide was shown in bold type.
® Consensus sequences for Bacillus sp. RN2 and subfamily -4 lipases.

‘ Consensus sequences in subfamily -5 lipases.
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7.3 Codon usage

The codon usage of the Bacillus sp. RN2 lipases was shown in Tabie 14 of

which the 192 codons {including the stop codon) were listed. In general, purines were preferred
for the first position of the codon (67.2% A+G cf 32.8% C+T), the second position was shared
more evenly between R and Y while C was found in the third position of codons in a 36.5% of
cases giving a pro-pyrimidine (C+T) bias of 63.6% for this position. The codon usage for the
Bacillus sp. RN2 lipase gene, therefore, tended towards the consensus seguence “RNY" for
codons (where N was any nucleotide). Perhaps a more remarkable outcome of codon usage
analysis was the clear observation of bias in the use of synonymous codons. Example of bias
were noticeable for valine of which, of 4 synonymous codons, usage was striking bias towards
GTC (used 10 out of 18 times} while ali other valine codons were used relatively sparingly. Other

low usage codons exist for isoleucine (ATA), glutamine (CAG), lysine (AAG) and serine (AGT).

TABLE 14 CODON USAGE FOR THE BACILLUS SP. RN2 LIPASE GENE.

Phe TTT 2 Ser TCT

2 Try TAT 5 Cys TGT 0
TTC 3 TCC 5 TAC 4 TGC 0
tew TTA 3 TCA 4 TER TAA 1 TER TGA O
TG 2 TCG 3 TAG 0 Tp TGG 1
CTT 4 Pro CCT 2 His CAT 2 Arg CGT 2
cTC 3 cCcC 0 CAC 3 CGC 0
CTA 0 CCA © GIn  CAA 4 CGA 0
CTG 4 cco 2 CAG 1 CGG 1
lle  ATY 5 The  ACT 1 Asn AAT 11 Ser AGT 1
ATC 8 ACC 2 AAC B AGC 9
ATA 1 ACA 4 Lys AAA 10 Arg AGA 1
Met ATG 3 ACG 3 AAG 1 AGG 0
val GTT 2 Ala  GCT 4 Asp GAT 6 Gy GGT 3
GTC 10 GCC 7 GAC 3 GGC 7
GTA 3 GCA 3 Glu GAA 1 GGA 4

GT1G 3 GCG 2 GAG 1 GGG 4
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7.4 Amino acid composition of lipase gene from Bacillus sp. RN2
The data of the nucleotide sequence of the Baciilus sp. RN2 lipase gene pemitted
the calculation of the RN2 amino acid composition were shown in Table 15. The composition of
the RN2 lipase contained high content of Ser and low content of Glu ang Trp with the lack of

Cys.

TABLE 15 AMINO ACID COMPOSITION OF LIPASE GENE FROM BACILLUS SP. RN2.

Length = 191 amino acids ( stop codon unexists)

Amino Acid Number Mol%
Ala (A) 16 8.4
Cys (C) 0 0.0
Asp (D) 9 4.7
Glu (E) 2 1.1
Phe (F) 5 26
Gly (G) 18 94
His (H) 5 26
lle (b 14 73
Lys (K) 11 5.8
teu (L) 16 8.4
Met (M) 3 16
Asn (N) 17 8.9
Pro (P) 4 21
Gin (Q) 5 26
Arg (R) 4 2.1
Ser (S) 24 12.6
Thr (T) 10 52
Val (V) 18 9.4
Trp (W) 1 0.5

Tyr (Y) 9 4.7
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7.5 Analysis of the hydrophobicity of Bacillus sp. RN2 lipase gene
The hydropathy profile of Bacilius sp. RN2 lipase gene was shown as the ratio of
hydrophilicity and hydrophobicity along the sequence of lipase (Figure 14). The hydrophilicity of
the lipase was slightly rather than its hydrophobicity. Values below the axis denoted hydrophilic
regions, which may be exposed on the outside of the analyzed molecule whereas those values
above the axis indicated the hydrophabic regions, which tended to be buried inside the lipase

structure molecule.

-3.00 . . ) , (AA)
1 39 7 115 153 192

FIGURE 14 THE ANALYSIS OF THE LOCAL HYDROPHOBICITY OF THE LIPASE STRUCTURE
WAS BASED ON THE METHOD OF KYTE AND DOOLITTLE (98}.



CHAPTER 5
DISCUSSION

Production of an extracellular lipase have been reported previously {81, 82, 85). In this
study, the lipase producing bacterial strains were isolated from a hot spring of Ranong province,
Thailand. Upon analysis for lipolytic activity on tributyrin agar plate, the isolated Bacillus
designated as Bacilius sp. RN2 generated the highest activity. The phylogenetic analysis of
hypervariable region of 1683 rDNA showed the similarity of 98% to B. licheniformis. The result
was corresponded to the biochemical characteristic test using APt 50 CHB kit. The strain was
able to utilise glycerol, L-arabinose, ribose, D-xylose, glucose, fructose, mannose, inositol,
manitol, sorbitol, N-acetylglucosamine, amygdalin, arbutin, maltose, esculin, salicin, cellobiose,
melibiose, sucrose, D-tagatose and gluconate.

Characterizaticn of lipase from Bacillus sg. RN2 were determined. The eftect of pH and
temperature on the activity of the crude enzyme Bacillus sp. RN2 was examined by using p-
nitrophenyl laurate as a substrate. From this study, the Bacillus sp. RNZ lipase has the pH and
temperature optimum at 10.5 and 60°C, respectively. The pH was similar to other lipases of
subfamily 1.4 (Table 5). In contrast, the Bacilius sp. RN2 lipase was more stable than those of the
same subfamily but not as stable as the lipase in subfamily 1.5.

The substrate specificity of the strain RN2 was tested on several p-nitrophenyl fatty acyi
esters with high activity against p-nitrophenyl esters with chain lengths between 8 and 12 carbon
atoms. The best substrate for lipase from Bacillus sp. RN2 was pNP-laurate (C,,). Moreover, the
enzyme could also hydrolyzed long-chain triglycerides (C.,- C,). This was similar to the
enzymes from the other strains of Bacillus sp., such as Bacillus sp. THL027 (99} and B.
thermoleovorans \D-1 (84). The results indicated that the lipase from Baciilus sp. RN2 possessed
the wide range activity of substrates which could be beneficial for hydrolysis in environmental
and industrial applications.

The effect of several agents (1 mM) on the activity of crude enzyme was assayed using
pNP-laurate as substrate. It was found that only Ca”’, K" and Zn°" slightly enhanced the acuvily
of the lipase whereas Ag* and Mi” jed 10 a reduction of enzyme activity. It was also foung that
the others ions such as Mg" , Na“ and NH, did not significantty effect the activity of the enzyme.

Moareover, SDS, DTT, EDTA and B-mercaptoethanol caused a partial inhibition of the enzyme.
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The data suggested that the native lipase was ion-independent enzyme and appeared to te a
monomeric structure which were the common features of lipase in subtamily 1.4.

The nucleotide sequences of known Bacilius lipases were aligned and stretches of
sequence identity was used for the isolation of Bacillus sp. RN2 lipase-coding gene by means of
PCR (as described in Materials and Methods 7). The sequences of gene encoding for the lipase
compared to the sequences of those in prokaryotes deposited in GenBank showed no
significant simitarities. This indicated that the lipase of RN2 may be the novel enzyme.
Nevertheless, to identify the newly isclated enzyme, more experiments such as X-ray
crystallization and 3D-structure analysis should be elucidated. The resulting mature lipase
showed 192 amino acids (including stop codon) corresponded to a deduced molecular mass of
20,282 Dalton with the pl of 9.05. This lipase was synthesized as pre-proteins with an aminc-
terminal signal peptide sequence. The signal peptide was essential for proper targeting of the
protein, and was removed Defore the excretion to the extracellular fiuid (100}, As revealed by
SignalP program, a 1/-amino acid stretch with the features of the typical Bacillus signal peptides
(101) was found at the N-terminal region of the protein, indicating its extracellular location.

The resuits obtained from amino acid sequence homology analysis indicated that the
lipase was the member of a reduced cluster of highly conserved bacterial serine-esterases
grouped (A-H-5-M-G) and oxyanion hole (PVWWMVHG) in subfamily 1.4, exclusive from the
mesophilic or moderately thermophilic members of the genus Bacillus (49). Sequence
cemparison of lipase RN2 showed that Ser77, Asni29 and His152 were catalytic triad of lipase
RN2 protein. This serine was usually embedded in pentapeptide sequence motif A-X-5-X,-G.
No cysteine was found in the deduced protein sequence of the lipase. Proteins lacking cysteine
or with a low content of cysteine were generally more flexible molecules whose tertiary structure
relied on weaker bonds. This data was corresponded (o these of many extraceltular bacterial
proteins that they were likely 1o contain a low level of cysteine (102). This could suggest that
proteins with high flexibility passed more readily through the cell wall. Furthermore, in the case
of lipase, the lack of cysteine could allow conformational changes (80} which couid be
necessary for enzymatic activity when a water-soluble enzyme reacted with a hydrophobic fipid.

The coding nuclectide sequences of the RN2 lipase was 5/6 bp in length which
corresponded to 192 amino acids. The gene was slightly A+T rich with an A+T content of 53.3%.

Analysis of codon usage revealed a pronounced bias towards the use of cytosine (C) in the third
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(degenerate) position of many synonymous codons {especially in the codons for lle, Val, Ala. Ser
and Gly). Codon choices might usefully be divided by gene sequence location {amino end,
carboxyl end, central parts) (103) and by protein structural domains and protein secondary
structure determinations (104). In prokaryotes, codon choice was presumably infiuenced by
structure via evolutionary selection for the most accurately transtated sequences at structurally
impartant lccations (105).

The amino acid composition of the lipase gene from Bacilius sp. RN2 revealed that the
RN2 lipase protein apparently contained 60 neutral (Ala, Asn, Cys, Gin, Gly, Pro). 51
hydrophobic (e, Leu, Met, Val), 15 aromatic (Phe, Trp, Tyr), 11 acidic {Asp, Glu), 20 basic {Arg,
His, Lys) and 34 hydroxyl-containing amino acid residues (Ser, Thr). This composition, with the
slight excess of basic over acidic residues, would give an iscelectric point (pl) which was
expected to be slightly alkaline. The hydrophilicity of the lipase was slightly greater than its
hydrophabicity and the nonpolar amino acids were slightly greater than the polar amine acids in
the amino acid composition of the lipase gene structure. This indicated that the lipase molecular
structure was turned the nonpolar group of amino acid into its core structure and turned the
polar group of the amino acid outside the molecule.

In conclusion, the overall properties of Bacillus sp. RNZ novel pase indicated that it was
a mesophilic enzyme acting on a broad range of pH that becomes inactivated cnly by a limited
number ¢f lipase inhibitors (81, 86). The high homology among lipases of B. licheniformis (81),
B. subtilis (86), B. pumilus (106}, and Bacillus sp. RN? indicated that the enzyme was highly
ubiqutous and well conserved among mesophilic Bacillus species. It procably played an
essential role in the transformation of lipids and was independent of the habitat of the
corresponding strains. Additionally, the overall data suggested that the enzyme could be
evaluated and used in certain manuiacturing processes such as antibiotic production (107},
biosurfactant and bicfilm production, biodegradation of recalcitrant substances {108), or in the

conversicn of iow-cost fats into added value products (109).
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The aim of this thesis was to perform the isolation, cloning, sequencing, nucleotide
analyzing and characterization of lipase from thermotolerant Bacillus isolated frem Ranong hot
spring. Analysed for lipolytic activity on tributyrin agar plate, the isclated Bacillus designated as
Bacilius sp. RN2 gave highest activity. The identification by hiochemical characteristic test and
nypervariant region of 16S rDNA phylogenetic analysis revealed that it is 88% homology 1o
Bacillus licheniformis. The strain was Gram-positive, aerobic, rod-shaped, endospore-former
and grew at 45°C. The highest activity of crude lipase was found at 60°C and pH 10.5 and
revealed thermostability at 50°C by retaining 61% of acitivity with p-nitrophenyl laurate as a
substrate. The enzyme exhibited high activity against p-nitrophenyt esters with chain lengths
netween 8 and 12 carbon atoms.

The sequence of the lipase gene from Bacillus sp. RNZ2 was isolated on the
chromosomal amplified by polymerase chain reaction (PCR). The compiete 576 nucleotide ORF
was corresponded to the 192 amino acids with a predicted molecutar mass of 20,282 Dalton
with isoelectric point of 9.05. As revealed by SignalP program, a 17-amino acid stretch with the
features of the typical Bacillus signal peptides was found at the N-terminal region of the protein.
The motif AHSMG, corresponding to the consensus pentapeptide Ala-X -Ser-X,-Gly common in
all known Bacillus lipases was found. The catalytic apparatus of lipases, invclving the triad
serine, glutamate or aspartate, and histidine was placed in the newly isolated lipase at position
77 (S), 129 (D) and 152 (H). No significant similarities with other lipase sequences which
deposited in GenBank. It suggested that the lipase of Bacillus sp. RN2 is novel. Based on the
amino acid sequence homology analysis indicated that it was classified into subfamily L4

bacterial lipase which have shown to be well suited for biotechnological applications.
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