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Serine proteinasg anhibifors (SPIs) are found widely in multicellular organisms
and function as regulatorS of protei'pase activities involving in many biological
processes. The four- and five-domain Kazal-type serine proteinase inhibitors, SPIPm1
and SPIPm2, were identified from the-hemocyte cDNA library of the black tiger shrimp,
Peneaus monodon. Fxém #hg previous study, The SPIPm2 was found to strongly
inhibited subtilisin and elastase, and weakly inhibited trypsin. In this study, the SP1Pm?2
gene was mutated by site-directed mutagenesis in order to delineate the domain
inhibitory activities. The P1 amino acid residues of domains 1, 2 and 3 were changed
from Thr to Leu (T35L), Ala to TJ]"):(A83W)Z:md Gluto Leu (E131L), respectively. The
wild type and three mutated , SPIPm2 proteins were produced and their inhibitory
specificities against proteinases were de‘et?nf_ined. We found that T35L and E131L
slighty inhibited trypsin less than the wild type. Only A83W had no elastase inhibition
activity. All mutant proteins had no inhibitory activity agajir}st chymotrypsin like the wild
type. The individual mutated domain 3, D3EI31L, was produced to study the effect of
P1 residue mutation of.the inhibitory specificity. The D3E131L had the strong inhibitory
activity against subtilisin and elastase. 1

Moreover, the SP1Pm1, which have 669 bp of open reading frame coding for 222
amino acids, was cloned if-fo pET-28b(+)-and, expressed-by using E. coli system. The
protein was eXpressed- as the inclusion bodies “and the identity of the expressed
recombinant protein was confirmed by Western blot analysis. The denaturing condition
was used to solubilize the inclusién bodies andwthe solubilizéd” protein was further
purified usiflg nicKel-NTA coluinn. From the proteinase inhibitery assay, the SPIPml
showed the' weak nhibition against all proteinasSes when the ‘mole ratio of inhibitor
against proteinases was 80 : 1.
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CHAPTER |
INTRODUCTION

1.1 The immune responses in invertebrates

All living organisms have  developed immune system for defending
themselves against microbial invasion or other foreign substances. Immune system
can be evolutionarily classified into two-types: adaptive (acquired) and innate
(natural) immunity. Vertebrates possess both-adaptive and innate immune systems,
whereas invertebrates™ have -only innate immune system. The adaptive immune
response provides the vertebrate immune system with the ability to recognize and
remember specific pathogens (to gene"rate immunity), and to mount stronger attacks
each time the pathogen is encountered. It is adaptive immunity because the body's
immune system prepares itself for future challenges. The innate immune system is a
more phylogenetically” ancient, defense mechanism found in all multicellular
microorganisms. This first line-of defense helps to limit infection at an early stage and
relies on germline-encoded  receptors. recognizing conserved pathogen-associated
molecular patterns (PAMPS) that are present on the_microorganisms (Fig. 1.1) such as
bacterial lipopolysaccharide (LPS), peptidoglycan &#rt, 3-glucan (Janeway Jr,
1998). Innate immune responses include phagoecytosis, complement, antimicrobial
peptides and proteinase“cascades, which lead to_melanization and coagulation (Kim,
2006). Whereas adaptive immune system is.a more sophisticated and complicated

mechanism including immunological memory.{lL ee et al., 2001).

1.2 Crustacean immune system

Crustacean immune system is innate immune system based on cellular and
humoral components of the circulatory system (Lee et al., 2002). The hard cuticle
covering all external surfaces of crustaceans is the first line of defense between them
and the environment. Moreover, the innate immune system can respond rapidly if
microorganisms invade the animals. Major defense systems are carried out in the

hemolymph containing cells called hemocytes. Hemocytes and plasma protein



recognize large groups of pathogens by means of common molecular patterns of
particular microbes. Hemocytes as effectors of the cellular immune response are also
involved in synthesizing the majority of humoral effectors. Cellular response, the
actions with direct participation of blood cells, includes phagocytosis, encapsulation,
cell-mediated cytotoxicity and clotting (Jiravanichpaisal et al., 2006). On the contrary,
humoral factors act in the defense without direct involvement of the cells even though
many of the factors are origln /’u ed and stored in the blood cells. These
factors include enzyme a@atelns # in prophenoloxidase (proPO) system,

clotting proteins, aggmms—hyddolytle-aﬁiymes antimicrobial peptides, and

proteinase |nh|b|tors:-.', ‘& A

Pephidogivean

Cellalar defense mechanisny
Phagocytloss

Encapsulation

Nodule formation

q

W’T‘a R e

Peroxinectin

pro-ppA | ——p ppA |
Pacifustin Masquerade- ke protcin

4 I a=mmacroglobulin g : .
proPO — P PO Antimrncrobial peptides

Proteinase inhimtors
Melanin synthesis

Figure 1.1 Schematic overview of crayfish defense reactions.(Janeway Jr, 1998)



1.2.1 Pattern recognition proteins

When foreign substances attack animals, the first immune process is
recognition of a broad spectrum of factors that are released or are present on the
surface of invading microorganisms. This process is mediated by the hemocytes and
by plasmatic protein. There is little knowledge about the molecular mechanisms that
mediate the recognition; however, in crustaceans, several types of modulator proteins
identified recognize cell wall componenis of pathogens. The target recognition of
innate immunity, so-called “pattern recognition molecules (PRMs)”, is shared among
groups of pathogens. Hest-organisms have developed the response to these PRMs by a
set of receptors referred _to as “pattern recognition proteins or receptors (PRPs or
PRRs)”. These patterns' include the lipopolysaccharides (LPS) of Gram negative
bacteria, the glycolipidssof/mycobacteria, the lipoteichoic acids of Gram positive
bacteria, the mannans of'yeasts, Bh]aS-gl_ucan of fungi, and double-stranded RNA
of viruses (Hoffmann et al;; 1999). Maost qurrent research has emphasized the possible
roles of non-self recognition molecules ih‘the vertebrate and the invertebrate immune
system. =4 .

Carbohydrate recognition is irﬁpé‘ftant because carbohydrates are common
constituents of microbial cell ‘wall, and micrebial- carbohydrates have distinct
structures from those of carbohydrates of eukaryotic cells. Therefore, LPS r/and
1,3-glucan binding proteins (LBPRGBP, or LGBP), peptidoglycan recognition
protein (PGRP), several kinds of lectins, and hemolin have been identified in a variety
of invertebrates withodifferent) hiolegical functions propesed following their binding
to their targetsy(Lee et al., 2002).

In, shrimp, .the, LRS-binding. protein has been reported as a multivalent
carbohydrate-binding" agglutinin® that,” besides ' its'-bacterial ~agglutination ability,
increases phagocytic rate (Vargas-Albores, 1995). Recent findings indicate that, in
decapods, LGBP and BGBP have retained the crucial components for glucanase
activity, and share a common ancestor with glucan receptors, as well as with the
glucanase proteins of a wide range of invertebrates; however, these LGBP and BGBP
lack glucanase activity, implying that these proteins might have lost their glucanase
properties during evolution, but retained their glucan-binding activity as an adaptive
process. The cloned cDNA of LGBP and BGBP from hemocytes and hepatopancreas



of the white shrimpLitopenaeus vannamei indicates the presence of two putative
integrin-binding motifs (Arg—Gly—Asp) and a potential recognition motif fel,3

linkage of polysaccharides (Padhi et al., 2008). Quantitative real-time RT-PCR
analysis revealed that the LGBP transcripLivannamei hemocytes increases a few
hours afteVibrio alginolyticus injection (Cheng et al., 2005), confirming that gene
expression of this family of proteins is up-regulated in bacterial and fungal infections;
similar findings were obtained by injecting tRe stylirostris shrimp with the white

spot virus (Roux et al., 2002). In some’ erustaceans, such as the crayfish, the most
important mechanism that-activates' the proRPO system involves the participation of
PGBP, LGBP, and BGBP, whereas, in the horseshoe crab, these receptors seem to be

less important in the proRO aciivating system (lwanaga et al., 2005).

1.2.2 Cell-mediated defense-reagetions

Cellular defense reactions inélude such processes as phagocytosis and
encapsulation (Millar, 1994). Phagocytbsis‘, a common phenomenon in all organisms,
includes foreign body attachment, ngestion and destruction. In crustaceans,
phagocytes can be found free in the hémécoel or on the surface of arterioles of the
hepatopancreas, and/or in the gills (lwanaga et al.. 2005). In the freshwater crab,
Parachaeraps bicarinatus;-and-the-shore-craliarcinus maenas, phagocytes are the
main cells that participate in the elimination of Circulating particles in the hemocoel.
Phagocytes oP. bicarinatus and Cherax destructor recognize particularly Gram-
negative bacteria, [such-&seudemonasspp.: ande:~caliy (McKay et al., 1970) In
addition, phagocytes of the American [obstégmarus americanus, recognize only
Gram-negative but not Gram-positive bacteria (Mari et al., 2006).

Encapsulation, a’ process wherein: layers. of | cells’.surround the foreign
material, occurs when a parasite is too large to be ingested by phagocytosis. This
process kills pathogens or, at least, restricts their movement and growth in the
hemocoel cavity. Through histochemical analyses, it has been demonstrated that
hemocytes, which participate in the encapsulating process, show acid or neutral
mucopolysaccharides and glycoproteins (Rather et al., 1983). Destruction of
encapsulated organisms occurs due to the decrease in oxygen concentration and the
action of hydrolases, or by the toxic action of quinones (Sodorhéll et al., 1984).



1.2.3 The prophenoloxidase (proPO) system

The proPO activating system is composed of several proteins involved in
melanin production, cell adhesion, encapsulation, and phagocytosis (Soderhall et al.,
1998; Sritunyalucksana et al., 2000).

In vitro studies have shown that phenoloxidase (PO) exists as an inactive
precursor prophenoloxidase (proPO) which is activated by a stepwise process
involving serine proteases activated by microbial cell wall components such as low
guantities of lipopolysaccharides or peptidoglycans from bacteriaf-dn8tglucans
from fungi through pattern-recognition proieins (PRPs) (Kurata et al., 2006). An
enzyme capable of activating ine proPO in vivo is called prophenoloxidase activating
enzyme (factor) (ppA, PPAE, PPAR). In crayfish, ppA is a trypsin-like proteinase
present as an inactive form in the hemocyte granules. After degranulation, the enzyme
is released togetherswith proPO and becomes an active form in the presence of
microbial elicitors. The .active ppA \}\}ill convert proPO to an active form,
phenoloxidase (PO) (Aspan, 1991; Aspan', 1995). PO is a copper-containing protein
and a key enzyme in melanin synthesis (Soderhall et al., 1998; Shiao et al., 2001). It
both catalyses o-hydroxylation-of mono“ph‘ﬂe"nols to diphenols and oxidises diphenols
to quinones, which can non-enzymatically polymerise to melanin. PO is a sticky
protein and can adhere-to-the-suriace-oi-parasites leading to melanisation of the
pathogens. Melanisation is usually observed by hlackening of the parasite in the
hemolymph or black spots on the cuticle. The melanin and intermediates in the
melanin formatiom can inhikitygrowth, of ‘micrabial“parasites such as crayfish plague
fungus, Aphanemyces astaci (Sodérhall et ‘al.,"1982). The production of forming
insoluble melanin.deposits.involving.in the process of sclerotisation, wound healing,
and encapsulation: ofiforeign materials (Theopold ‘et.al., 2004)..To prevent excessive
activation of the proPO cascade, it is needed to be regulated by proteinase inhibitors.

The prophenoloxidase activating enzyme (PPA) is a zymogenic protein
(proppA). The C-terminal half of the proppA comprises a typical serine proteinase
domain with a sequence similar to other invertebrate and vertebrate serine proteinases.
The N-terminal half consists of a cationic glycine-rich domain, a cationic proline-rich

domain, and a clip-domain, in which the disulfide-bonding pattern is likely to be



identical to those of the horseshoe crab big defensin and mamifvalefansins. The
clip-domains in proppAs may function as antibacterial peptides (Wang et al., 2001).

In penaeid shrimp, enzymes in the proPO system are localized in the
semigranular and granular cells (Perazzolo et al., 1997). This is in accordance with a
study showing thaP. monodon proPO mRNA is expressed only in the hemocytes
(Sritunyalucksana et al., 2000). From the recent report, RNAi-mediated silencing of
P. monodon PPAE gene significantly decreased the total PO activity (36.7%) in
shrimp and additionally increased the mertality\ofharveyi infected shrimp, the
latter of which correlated-with-an increase-in-the number of viable bacteria in the
hemolymph. These resulis.indicate that PPAE functions in the proPO system and is an

important component in the shrimp immune system (Charoensapsri et al., 2009).

1.2.4 The coagulation system/ the clotting system

Hemolymph/coagulation is a defensive response of crustaceans preventing
both loss of hemolymph through breaks in the exoskeleton and the dissemination of
bacteria throughout the body(Martin“et al., 1991). It is a proteolytic cascade
activated by microbial cell waii compene‘nts. The coagulation system involves a
plasma-clotting protein (CP) ‘and a hemoeyte-derived transglutaminase (TG)
(Kopacek et al., 1993;-Yeh-etak;-1998):

Clotting has been most studied in two non-insect arthropod species with
significantly different clotting reactions: freshwater crayfish and horseshoe crab. The
clotting system in crayfish depends/on:the direct tranglutaminase (TGase)-mediated
cross linking ‘of, @ specific plasma protein, whereas the process in horseshoe crab is
regulated_by a proteolytic_cascade  activatedhy. bacterial elicitors through specific
recognition proteins.

In crayfish, clotting occurs through polymerization of a clotting protein in
plasma. The crayfish CP is a dimeric protein of which subunit has both free lysine and
glutamine. They are recognized and become covalently linked to each other by a
calcium ion dependent TGases (Yeh et al., 1998; Hall et al., 1999; Wang et al., 2001).

CPs are synthesized in the hepatopancreas and released to hemolymph. In
crustaceans, CPs were found in several species: the freshwater crayfish (Kopacek et



al., 1993),P. monodon (Yeh et al., 1998), and the lobstBanulirus interruptus
(Kollman et al., 2005).

1.2.5 Antimicrobial peptides (AMPS)

The peptide antibiotics are defined as anti-microbial agents made by
animals, including humans, with a function that is important for the innate immunity
of that animal. Most of the AMPs are small in size, generally less than 150-200 amino
acid residues, amphipathic structure ‘and" cationic property. However, the anionic
peptides also exist. For-mainy of these peptides, there is evidence that one of the
targets for the peptide is_the lipid bilayer of the membrane. This is because these
peptides can often increase the rate of leakage of the internal aqueous contents of
liposomes. In addiiion, ./maost: of, the. antimicrobial peptides are cationic and their
interaction with anignic phospholipidé would provide a ready explanation for their
specificity for bacterial membranes. Wifh regard to the mechanism by which the
peptide breaks down the membrane pe'rm'eability barrier, it is possible that the peptide
induces complete lysis of the organism*by rupturing the membrane or perturbing the
membrane lipid bilayer that aliews the Iéakﬂ‘étge of certain cellular components as well
as dissipating the electrical potential of the membrane.

AMPs are active-against-a-large-spectrunt-of microorganisms; bacterial and
filamentous fungi. In"addition, some AMPs have antiviral or antiparasitic activities
(Murakami et al., 1991; Hancock et al., 2000) and may also exhibit an anti-tumor
property (Cruciani etal.,»1991).

There are a few reports on antimicrobial” peptides in shrimp. Penaeidins
which act, against. Gram-positive bacteria. and fungi were_reportéd wvannamei
(Destoumieux et'al., 1997).cThe€DNA clonestof penaeidiniisoform were also isolated
from the haemocytes &f vannamei, P. setferus (Gross et al., 2001) ariRl monodon
(Supungul et al., 2004). Crustins, the antimicrobial peptides, were identified_from
vannamel andL. setiferus. Several isoforms of crustins were observed in both shrimp
species. Like the 11.5 kDa antibacterial protein fi@ancinus maenas, crustins from
shrimp show no homology with other known antibacterial peptides, but possess
sequence identity with a family of proteinase inhibitory proteins, the whey acidic
protein (WAP). Peptide derived from the hemocyanirL #annamei, P. stylirostris



andP. monodon possessed antiviral activity has been identified (Destoumieux-Garzon
et al., 2001; Patat et al., 2004; Zhang et al., 2004). Recently, the histones and histone-
derived peptides of. vannamei have been reported as an innate immune effectors
because they can inhibit growth of Gram-positive bacteria (Patat et al., 2004).

1.3 Serine proteinases (SPs)

Serine proteinase (SP) is a group of endopeptidase that cleaved peptide bond in
protein (Neurath, 1985) in which one ai-theramino acid at the active site is serine
(Phillips et al., 1992). They are found in both single-cell and complex organisms, in
both cells with nuclel (eukaryotes) and without nuclei (prokaryotes). In previous
study, serine proteinases were originally digestive enzymes. Nowadays, serine
proteinases have beensstudied intensively and. their role in a wide array of vital
physiological processes, 'such as food digestion, blood clotting, embryogenesis and
immune response (camplement activati_on), has been well documented. Many of these
processes are in essence proteolytic cascades, which, once ‘turned on’, lead very
rapidly and irreversibly to a specific ce'llvplaﬂr response. As a consequence, the normal
physiology of an organism is likely to be ifhpaired if these proteolytic cascades are
not well regulated. Therefore, most Ofganisms synthesize a set of proteinase
inhibitors, whose function is to prevent (regulaté) unwanted proteolysis (Simonet et
al., 2002a).

Serine proteases are grouped into clans that share structural similarities
(homology) and are then further subgrouped into‘families, with similar sequences. The
major clans feund in humans include the chymotrypsin-like, the subtilisin-like, the
alpha/betadydrolase; andssignal peptidase .clans: Fhe~SPs helong to one of the four
protease families. Generally SPs can be classified to'6 clans (Othman et al.). The six
clans are clan A to clan F. Especially, clan A contains a family that share a common
origin with chymotrypsin such as trypsin, elastase and the enzymes of blood clotting
system (Barrett et al., 1995). These enzymes typically are synthesized in inactive
forms which require activation by cleavage of a peptide bond near the N-terminus
(Neurath, 1989). In chymotrypsin, this is between Arg-15 and llel6; the free,
protonated amino group of llel6 is important for the mechanism. The amino-terminal
peptide with residues 1 through 13 stays attached to the rest of the protein through a



disulfide bond. In trypsin, the activation cuts off an amino-terminal hexapeptide,
which does not remain attached (Neurath et al., 1976) whereas thrombin does not
have its amino terminal domain attached by a disulfide bond and goes free in the
plasma to attack fibrinogen and generate clots (Dunn et al., 1982).

1.3.1 Chymotrypsin-like

The three serine proteases 0f the chymotrypsin-like clan that have been
studied in greatest detail are chymotrypsin, tiypsin, and elastase. All three enzymes
are synthesized by the pancreatic acinar cells;secreted into the small intestine, and are
responsible for catalyzing.the hydrolysis of peptide bonds. All three enzymes are
similar in structure, as_shown through their X-ray structures. They share closely
similar structures (tertiary as well as prmary). In fact, their active serine residue is at
the same position (Ser-195) in all thrée. The differing aspect lies in the peptide bond
that is being cleaved; this is calied the séissile bond. The different enzymes, like most
enzymes, are highly specific in-the reactions they catalyze. Each of these digestive
serine proteases targets different regions of a polypeptide chain, based upon the side
chains of the amino acid resicues surroﬁnding the site of cleavage (Kurth et al., 1997;
Hung et al., 1998). :

Chymotrypsin-is-responsibie for cieaving peptide bonds following a bulky
hydrophobic amino™ acid residue. Preferred residues include phenylalanine,
tryptophan, and tyrosine, which fit into a snug hydrophobic pocket. Trypsin is
responsible for cleaving peptide! bonds following; a-paesitively-charged amino acid
residue. Instead of having the hydrophobic pocket of the chymotrypsin, there exists an
aspartic acid residue.at.the base of the.pocKet. This can then_interact with positively-
charged residues such as arginine and'lysine on'the substrate peptide to be cleaved.
Elastase is responsible for cleaving peptide bonds following a small neutral amino
acid residue, such as alanine, glycine, and valine. (These amino acid residues form
much of the connective tissues in meat). The pockets in "trypsin" and "chymotrypsin"
can partially accommodate these smaller amino acid residues rendering it a mere

depression.
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1.3.2 Subtilisin-like
Subtilisin is a serine protease secreted by the bactéaah us subtilis.

Subtilisins found in higher eukaryotes fall into two families: the pyrolisins and kexins.
Subtilisin-like serine proteases or subtilases constitute a protease superfamily that is
prevalent in various organisms such as archaea, protozoa, bacteria, yeast, vertebrates
and plants (Hamilton et al., 2003) having diverse roles. Subtilases occur in distinct
parts of plant ranging from seeds to fruits in various plant species such as melon
(Yamagata et al., 1994), lily (Kobayashi‘eral., 19%hus glutinosa (Ribeiro et al.,
1995), Arabidopsis thaliana-(Neuteboom et al.;~1999), tomato (Tornero et al., 1996)
and soybean (Nelsen et.aly 2004). Subtilisin-like serine proteases have been
associated with many physielogical processes such as microsporogenesis (Taylor et
al., 1997), hypersensitive response (Taylor et al., 1997), signal transduction (Yano et
al., 1999), cell differentiation (Batchélor et al.,, 2000) and lateral root development
(Neuteboom et al., 1999)..n performing iheir respective roles, LIM9 in lily (Taylor et
al., 1997),Arabidopsis AIR3 (Neuteboorh et al., 1999) and tomato P69A (Tornero et
al., 1996) use structural proteins-in the'c'elll wall as their substrates. Although it has the
same mechanism of action as the serine 6"foteases of mammals, its primary structure
and tertiary structure are entirely different. Subtilisin,is evolutionary unrelated to the
chymotrypsin-clan, butshares the same catalytic mechanism utilizing a catalytic triad,
to create a nucleophilic serine. This is the classic example used to illustrate
convergent evolution, since the same mechanism evolved twice independently during
evolution. The structure «©of subtilisin has:been@etermined by X-ray crystallography. It

is a 275 residue globular protein with several alpha-helices and a large beta-sheet.

1.4 Mechanism of‘action of'serine proteinases

The peptide bond is cleaved by nucleophilic attack of the serine hydroxyl group
on the scissile carbonyl bond, forming an acyl enzyme intermediate (Figure 1.2). The
carbonyl carbon of this bond is position near the nucleophilic serine. The serine-OH
attacks the carbonyl carbon, and the nitrogen of the histidine accepts the hydrogen
from the -OH of the serine and a pair of electrons from the double bond of the
carbonyl oxygen moves to the oxygen. As a result, a tetrahedral intermediate is

generated. The bond joining the nitrogen and the carbon in the peptide bond is now
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broken. The covalent electrons creating this bond move to attack the hydrogen of the
histidine, breaking the connection. The electrons that previously moved from the
carbonyl oxygen double bond move back from the negative oxygen to recreate the
bond, generating an acyl-enzyme intermediate. Now, water comes into the reaction.
Water replaces the N-terminus of the cleaved peptide, and attacks the carbonyl
carbon. Once again, the electrons from the double bond move to the oxygen making it
negative, as the bond between the oxygen of the water and the carbon is formed. This
is coordinated by the nitrogen of the histidine: This accepts a proton from the water.
Overall, this generates.another tetrahedral-intermediate. In a final reaction, the bond
formed in the first step beiween the serine and the carbonyl carbon moves to attack
the hydrogen that the histidine just, acquired. The now electron-deficient carbonyl
carbon re-forms the“double /bond with the oxygen. As a result, the C-terminus of the
peptide is now ejected. In trypsin, thé catalytic triad is composed of Ser195, His57
and Asp102 (Phillips ef'al {1992).«
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1.5 Proteinase inhibitor

In multicellular organisms, serine proteinase inhibitors (SPIs) are essential
factors involving in controlling the various proteinase mediated biological processes,
such as the complement system, blood coagulation, melanization, apoptosis, etc.
(lwanaga et al., 2005; Jiravanichpaisal et al., 2006). Not only do they control the
extent of deleterious protease digestion in such processes, they potentially fight as
part of the humoral defence of the innate immune system against the invading
pathogens (Christeller, 2005). Injury ane" mierobial infection in vertebrates lead to
activation of the blood eoagulation and proPO systems. Both of these systems employ
cascades of serine proteinases to amplify an initial signal (wounded tissue or the
presence of microbial pelysaccharides) resulting in rapid and efficient responses to
the threats to health (O'Brien,;1993; Whaley, 1993). Blood clotting and phenoloxidase
activation can also be harmful'to the host if they are not limited as local and transient
reactions. For this reason the proteinases in these systems are tightly regulated by
proteinase inhibitors. -

The SPIs are also involved in direct defense against proteinases from invading
pathogens. For example, a subtilisin inhibitor, BmSPI, fidambyx mori might
function as an inhibitor to the microbial piOteases and protected the silkworm pupae
from infection by pathogens (Zheng et al.,, 2007).- Some microbial pathogens and
parasites use the SPIs to counterdefense the host protective proteinases. For example,
the oomycetePhytophthora infestans, a cause of disease in potato and tomato,
produces anlextracellular proteases inhibitor To counter-defense the plant defensive
proteinases (Tian et al., 2004; Tian et al., 2005). The obligate intracellular parasite of
humanToxeplasma-gondii producessa; sefine protease jinhibitor;te protect itself from
the digestive enzymes during itsresidency in small intestine (Morris et al., 2002).

Some other SPIs are involved in reproductive processes. A male reproduction-
related SPI is isolated fromflacrobrachium rosenbergii with inhibitory activity on
sperm gelatinolytic activity (Li et al., 2009). Another reproductive SPI was from the
turkey male reproductive tract (Slowinska et al., 2008). For haematophagous insects
such adDipetalogaster maximus andTriatoma infestans, they secrete potent thrombin
inhibitors dipetalogastin and infestin, respectively, to prevent blood clotting during
blood meal (Campos et al., 2002; Mende et al., 2004).
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Based on the primary and three-dimensional structures, topological functional
similarities (Laskowski et al., 1980; Bode, 1992) and inhibition mechanisms, the
proteinase inhibitors are classified into at least 18 families according to Laskowski
and Qasim (Laskowski Jr et al., 2000). Among them, the following six families:
Kazal, BPTI-Kunitz,a-macroglobulin, serpin, pacifastin and bombyx (Phetal.,

1996; Kanost, 1999; Simonet et al., 2002b) have been described in invertebrate
haemolymph or also in saliva. Although:/the primary structure, with the number of
amino acids ranging from.29 to approxithately 400, and the structural properties of
these inhibitors differ.significantly;’ onlyiwe-fundamentally different inhibiting
mechanisms exist. Most _iahibitors bind to their cognate enzyme(s) according to a
common, substrate-like standard mechanism. They are all relatively small (from 29 to
190 amino acids) and share an exposed, rigid binding loop with a very characteristic
‘canonical’ conformation (Laskowski et al., 1980; Bode, 1992).

One of the well-known SPlis‘is theJ-Kazal-type SPIs (KPIs) which are grouped
into family 11 (Rawlings et al.; 2004, Rawl'ings et al., 2008). The Kazal inhibitors are
usually multi-domain protgins containing more than one Kazal domain. Each domain
binds tightly and competitively via its re'-actﬂi"ve site loop to the active site of cognate
proteinase rendering the proteinase inactive. Structural studies reveal that there are
several contact positiens-responsibie-for-the-interactions between Kazal domains and
the proteinases (Lu et al., 1997; Bode et al., 2000). However, the inhibitory specificity
is determined mainly by the P1 amino acid residue resided at the second amino acid

residue after thesecond-cysteine residue of the domain:

1.6 Kazalstype SPis«(KPis)

The Invertebrate KPIs can be single or multiple domain proteins with one or
more Kazal inhibitory domains linked together by peptide spacers of variable length.
A typical or canonical Kazal domain is composed of 40-60 amino acid residues
including some spacer amino acids. Generally, the vertebrate Kazal domains are
slightly larger than the invertebrate ones but their domain architecture are quite
similar. The Kazal motif has a general amino acid sequence QfG¥,-PVCG-X-

Y-Xg-C-Xe-C-Xi-C where the subscrip@ b, ¢, d, e andf are integral numbers of



14

amino acid residues. Though a few amino acid residues in the Kazal motif are
relatively conserved, most of them are quite variable both within and among the
invertebrate species (Cerenius et al., 2010). Within the Kazal domain reside six well-
conserved cysteine residues capable of forming three intra-domain disulfide bridges
between cysteine numbers 1-5, 2-4, 3-6 resulting in a characteristic three-
dimensional structure (Figure 1.3) (Krowarsch et al., 2003). There are-bekx
surrounded by an adjacent three-siranded beta-sheet and loops of peptide segments.
The structure can be viewed as consisting of three loops A, B and C. The B loop
harbours the specificity.determiningP1 amine-acid and the scissile peptide bond, and
is, thus, called the reactive-siie loop. The conveXx reactive site loop is extended out
providing easy access for the active site of the cognate proteinase to fit in and, then,
get stuck. To emphasize” on the, scissile bond, a special numeral description of the
primary structure of @ Kazal domain is generally used. The numerals start from P1,
P2, P3, ... to the N-terminus and PRZ, P3 ... to the C-terminus (Schechter and
Berger, 1967; Jering and Tschesche, 1976).

The Kazal proteinase inhibitory démain Inhibits the proteinase by a standard
mechanism (Laskowski and Kato, 198“0)."1":Each Kazal domain acts as a substrate
analogue that stoichiometrically binds C’b'mp'etitively through its reactive site loop to
the active site of cognate proteinase forming a reiatively stable proteinase—proteinase
inhibitor complex, much more stable than the Michaelis enzyme—substrate complex.
Though the binding is_non-covalent, it is very tight as the association constant is
extremely high 16-40~-M3%), and; therefore; tthe 4nhibition is very strong. In
invertebrate, "the typical ‘inhibition "constants;s) are in the range of nanomolar
compared. to the millimolar.range Kf, values of the synthetic“proteinase substrates
(Somprasong et al., 2006; Wang etal., 2009; ¥isetnan et al.; 2009; Li et al., 2009a; Li
et al., 2009b; Gonzalez et al., 2007a; Gonzalez et al., 2007b; Campos et al., 2002).
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Figure 1.3 Structural compéf"r'sf)jﬁ; of Ka‘:ﬁ%\r‘;‘ﬁ?oteinase. inhibitors from vertebrate and
ijnhibitor derived from the PDB file

1TGS(Bolognesi et al.,: 1982)A) with its covalent primary structure (C) is a regentative

of vertebrate KPIs. The"lstructure of rhodniin domain 1 derived from the PDB file (MdBQ

invertebrate. The s

de Locht et al., 1995)B) andrits covalent primary structure (D) is usedepresentative for

invertebrate KPIs. The structures are derived from their complexes with cognate proteinases.
Helices and sheets are shown in red and blue but in black and gray circles in the covalent
primary. structures;.respectively.“The sulphur‘atoms ‘are presented as yellow balls. The space-
filled side chains of the P1 amino acids are in orange colour. The scissile peptide bonds are

indicated by arrows.

1.7 Biological and physiological functions of KPIs
The KPIs are believed to play regulatory roles in the processes that use serine
proteinases. However, it is not easy to define their biological functions in a complex

biological system like in the higher eukaryotes. Also very little work has been done to
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pursue the roles of these KPIs. Nevertheless, the origin of KPIs, the target proteinases

and the inhibitory specificities can be used as clues to the actual functions of the KPlIs.

1.7.1 Blood feeding

Hematophagous animals such as leeches, mosquitoes, ticks and bugs, feed
on blood and are in need of anticoagulants to prevent the blood from clotting during
their blood meal drawn from their prey or digestion of blood in their gut. They
actively synthesize the anticoagulants and-Secreted into the saliva or stomach juice.

The European-imedical leedhirudo-medicinalis and some other leech
species have been used for Clinical bloodleiting for thousands of years because they
can prevent blood clotting, thereby stimulate the blood circulation. Nowadays, they
are used in medicineto stimulaie blood flow in the area of injuries or surgeries where
the blood veins are damaged. The ability to prevent blood clotting of the leeches has
been investigated extensively in search ffor the anticoagulants to be used for medical
therapy. Besides the hirudin; a non-Kazal specific thrombin inhibitor, which is a
potent anticoagulant and’ now: tsed in- medicine to prevent thrombosis in patients
(Nowak et al., 2007), two one-dom“aihﬂ"' “non-classical” Kazal-type proteinase
inhibitors, namely the bdellin B-3 and leech-derived tryptase inhibitor (LDTI) are also
isolated from the medical-ieetiirudo medicinaiis (Semmerhoff et al., 1994; Fink et
al., 1986). The bdellin B-3 with it;A.ys is able to inhibit trypsin, plasmin and sperm
acrosin while the LDTI with the sama Bys inhibits trypsin and chymotrypsin. The
LDTI is not involved:in.theiblood coagulation since it«does not inhibit any of the
proteases in the cascade (Fritz' and Sommerhoff, 1999). The bdellin B-3 with its
inhibitory .activity .against plasmin prevents the plasmin-mediated platelet activation
that leads to platelet clot (Quintonvet al.,' 2004). The bdellin.B-3, thus, helps the
hirudin to completely block the coagulation.

The blood-sucking triatomine buhodnius prolixus synthesizes a double-
headed Kazal-type proteinase inhibitor, rhodniin, to prevent the host blood
coagulation. It is a high affinity inhibitor highly specific for thrombin (Friedrich et al.,
1993). Another blood-sucking inse@ipetalogaster maximus produces a cDNA
coding for a six-domain Kazal-type thrombin inhibitor, dipetalogastin. The natural

dipetalogastin is double-headed of domains 3 and 4 with th&r® and Asp,



17

respectively. The natural inhibitor strongly inhibits thrombin (Mende et al., 1999;
2004). The domain 3 is responsible for the inhibitory activity against thrombin
(Schlott et al., 2002).

Still another blood-sucking bug@riatoma infestans which is the most
important vector of Chagas disease expresses a Kazal-type thrombin inhibitor infestin
in the midgut. The full-length cDNA encodes seven Kazal domains but the natural
infestins identified so far are the one-domain KPI, named the infestin 1R,
corresponding to domain. 1 and the ‘double-headed KPI, named the infestin 1-2,
corresponding to domains-4-and 5/(Campos-etal., 2002; Lovato et al., 2006). The
native infestin 1R with'its £Leu does not have anticoagulation activity. It inhibits
neutrophil elastase, subiilisin A, proteinase K and chymotrypsin but not thrombin
(Lovato et al., 2006). Fhe/natlve infestin 1-2 with its &g and Asn inhibits
thrombin and trypsind{Campos et-al., 2002). The recombinant infestin 3-4 and 4 with
the R Lys and Arg corresponding to dorﬁains 6 and 7 inhibit trypsin, plasmin, factor
Xlla and factor Xa. Particularly, the recombinant infestin 4 exhibits very strong
anticoagulant activity (Campos et al., '2'00l4b). Thus, the infestin in the midgut plays
an important role as anticoaguiant durin(j tH‘é ingestion of blood meal in T. infestans

Brasiliensin, .an eight-domain KPI from .a related blood-sucking bug
Triatoma brasiliends; is-very similar-to-infestin (Araujo et al., 2007). The reduction
of brasiliensin in the midgut by RNA interference reduces the ingestion of blood

stressing the important role of anticoagulant in blood feeding in these Triatoma bugs.

1.7.2 Reproduction

In.the male reproductive tract especially.the vas‘deferens of the prawn
Macrobrachiumrasenbergil, a Kazalstype peptidase inhibitor{(MRPINK) is expressed
(Cao et al., 2007). By using suppression subtractive hybridization technique, a cDNA
of the MRPINK was cloned. The cDNA sequence indicated that the MPPINK was a
double-headed KPI with the Reu and Pro. As expected from thegaPino acids, the
MRPINK inhibits chymotrypsin but not trypsin or thrombin. Domain 2 (MRTKPIa-1)
is solely responsible for this inhibition and domain 1 (MRTKPIla-1) seems to be
inactive (Li et al., 2009a). The MRPINK also has an inhibitory effect on the

gelatinolytic activity of sperms supposedly catalyzed biyl.arosenbergii sperm
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gelatinase (MSG) (Li et al., 2008). Therefore, the MRPINK may be involved in the

male reproductive process and further investigation is needed.

1.7.3 Prevention of excessive autophagy
A tightly regulated process that cell degrades and recycles its own

components using lysosome is called autophagy. Excessive autophagy was observed
in gland cells and endodermal digestive cellsHyflira magnipapillata when the
expression of an evolutionarily conserved-0kaeal 1 was silenced through double-
stranded RNA feeding.(Chera et al, 2006).-Kazall is a three-domain KPI (P
Met, Arg and Arg) expressed from the gland cells. Kazall silencing affects
homeostatic conditions, dor instances disorganization and death of gland cells and
highly vacuolation of‘digestive cells. The final result'of proloniaral 1 silencing is
death. Therefore, thgazal 1 gene is reqUired for the modulation of autophagy like the
pancreatic secretory tpypsin inhibitﬁPlNKi andSPINK3 genes in human and mice,
respectively (Masaki et al., 2009). '

1.7.4 Protection from micrebial desirﬁéﬁon

To protect their cocoons fro'm"p'r'edators and microbial degradation, the
wax mothGalleria melienelia-produces-two-types-of-proteinase inhibitors from the
silk glands, which are found as components in the cocoon silk besides the major silk
proteins, fibroins and sericins, and a few other proteins. The two serine proteinase
inhibitors belengito the Kunitz andiKazal families-named-silk proteinase inhibitors 1
(GmSPI 1) and 2 (GmSPI 2), respectively (Nirmala et al., 2001a). Both serine
proteinase ..inhibitors. are_ single-domain.. proteins, .which~ inhibit subtilisin and
proteinase K. Two similar seriné proteinase inhibitors, a Kunitz-type BmSPI 1 and
Kazal-type BmSPI 2, are also present in the cocoon siBowbyx mori (Nirmala et
al., 2001b). The Kazal domain of GmSPI 2 is atypical lacking the 1-5 disulfide
bridge. The presence of serine proteinase inhibitors and their activities against the
bacterial subtilisin and fungal proteinase K in the cocoon silk suggests the protection

of silk cocoon from the microbial proteinases.
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1.7.5 Protection against pathogen proteinases and antimicrobial activity

It is well known that many invasive pathogens produce extracellular
proteinases as virulent factors during the development of the infectious diseases for
they help to penetrate through physical barrier of their hosts (Travis eet al., 1995;
Christeller, 2005). To defend against such pathogens, the host organisms produce the
proteinase inhibitors to combat the microbial proteinases. Some of these inhibitors
also exhibit antimicrobial activity.

One of the four KPIs from the.hnepatopancreas of Chinese white shrimp,
Fenneropenaeus chinensis;—naimely “FcSPI-1,is able to inhibit the microbial
proteinases, subtilisin and proieinase K, indicating that the KPI may participate in the
immune defense response (Wang et al., 2009). Besides, the FcSPI-1 can also inhibit
the chymotrypsin frem the Chinese white shrimp suggesting that it may function as a
regulator of the shrimp proteinase-activity.

In Hydra magnipapiliata; the éndodermal gland cells are involved in
innate immunity by producing a three-domain KPI, kazal2 (Augustin et al., 2009).
The KPI strongly inhibits trypsin and subtilisin, and possesses bactericidal activity
againstStaphyl ococcus aureus. Fie obser\/atiéns that the KPIs can inhibit or even Kill
the bacteria may indicate another mechanism of host defense led by the KPIs as well
as other serine protease-inhibitors:

The potential role of several KPIs in invertebrate immunity can also be
implied from their responses against microbial challenge. Semi-quantitative RT-PCR
or quantitative’ real igime" RT-RCR: analysis were, perfarmed and showed that the
MRNA expression of invertebrate’ KPIs was up-regulated upon bacteria or viral
challenges.. Nevertheless, .the, actual_functions. of the up-regulated KPIs are to be
confirmed'by furthertinvestigation“A few examples.are ‘as follows. A mollusk KPI
(AISPI) mRNA from the bay scallop\rgopecten irradians which encodes a six-
domain KPI is up-regulated aft®ibrio anguillarum injection (Zhu et al., 2006). A
twelve-domain KPI gene from the Zhikong scallGplamys farreri (CfKZSPI) is
highly expressed aftar. anguillarum challenge (Wang et al. 2008). A double-headed
KPI from the hemocyte cDNA library of the oriental white shrifgmneropenaeus
chinensis is up-regulated in shrimp infected with the white spot syndrome virus
(WSSV) (Kong et al., 2009).
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1.7.6 Protection from host proteinases

Toxoplasma gondii is an obligate intracellular parasitic protozoon which
infects almost all warm blooded animals as intermediate hosts. The definitive host,
however, is the feline. The infection occurs via oral route when a person ingests meat
contaminated with the oocysts or the parasites. The parasites pass through the
digestive system where the epithelial cells of intestine are infected. The parasites in
the infected intestinal epithelium produce more oocysts for new infection and
spreading through faeces. Being transit.through and multiply in the digestive tract, the
parasite produces proiease-inhibiters to-proiect itself from the proteolytic enzymes
found within the lower intestine. The parasite produces a four-domain KPI, namely
the Toxoplasma gondii protease inhibitor 1 (TgPI-1) which strongly inhibits trypsin,
chymotrypsin, panereatie elastase and neutrophil elastase (Pszenny et al., 2000;
Morris et al., 2002).4The natural TgPl-l probably functions as two double-headed
KPIs. The protection against digestive énzymes gives the parasite an opportunity to
proliferate in the intestine before disserhin'ating to other host tissues. The parasite also
produces another four-domain=Kl, name!y TgPI-2, which inhibits only trypsin. The
actual function of TgPI-2 is not known (Morﬂr’is and Carruthers, 2003).

In Neospora caninum, a clesely related. species ©f gondii, the parasite
produces a single:domain-KPi,-NePi=S; that inhibiis-potently the subtilisin but has no
or low inhibitory activities against trypsin, chymotrypsin and elastase (Morris et al.,
2004; Bruno et al., 2004). The function of NcPI-S is not known either.

1.8 Objectives of the thesis

In jprevious, studies;-the expressed ,sequence tag~(EST) libraries from the
hemocylies "of ‘"normal’ an&ibrio harveyi-infected ' black® tiger~shrimpPenaeus
monodon were generated in order to identify genes associated with shrimp immunity
(Supungul et al., 2002). Two types of Kazal-type SPIs,P&RIand SHPM2
containing four and five Kazal-domains, were identified. TheP8R2I was over-
expressed and its activity has been studied (Somprasong et al., 2006). The
recombinant SFM2 exhibits strong inhibitory activity against subtilisin and elastase,
weak inhibitory activity against trypsin, and no activity against chymotrypsin. To gain
more insight into the domain inhibitory specificity, in this study, the site-directed
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mutagenesis of domain 1, 2 and 3 of the P1 residues was carried out. The inhibitory
activities of the mutated SIPh2 proteins were tested comparing with the wild type
protein. Furthermore, the 3®hl was over-expressed and characterized its inhibitory

activity.
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CHAPTER Il
MATERIALS AND METHODS

2.1 Materials
2.1.1 Equipments
Amicon Ultra-4 eoncentrators (Millipore)
Autoclave model # LS-2D (Rexall industries Co. Ltd., Taiwan)
Automatic miciepipeites P10, P100, P200 and P1000 (Gilson Medical
Electrical S.A¢ France) |
AVANTI®J-30'| Centrifuge (Beckman Coulter)
Balance Sartoriug 1702 (Sqieqtific Promotion Co.)
Bransonic 32 (BANDELINSbNOPULS, Germany)
Centrifuge 5804 R (Eppendo-i’f)"
-20 °C Freezer (Whitlgool) *
-80 °C Freezer (Thermo Electmr'f.Corporation)
Gel documentation (SYNGEII\'l.E_)-J_ '
Gene putsér(Bio-Rad)
Incubator 37 °C (Memmert)
LABO Autoclave (SANYO)
Laminar! Airflow ‘Biological “Safety ‘Cabinets“Class 1l Model NU-440-
400E (NuAire, Inc., USA)
Micerocentrifuge tubes 0.6 ml and 1.5 mk(BIO-RAD Laboratories, USA)
Microplate reader :"FLUOStar OPTIMA (BMG Labtech)
Minicentrifuge (Costar, USA)
Orbital shaker SO3 (Stuart Scientific, Great Britain)
PCR Mastercycler (Eppendorf AG, Germany)
PD-10 column (GE Healthcare)
pH meter model # SA720 (Orion)
Pipette tips 10, 20, 200, and 10@QBio-Rad Laboratories, USA)
Power supply Power PAC 3000 (Bio-Rad Laboratories, USA)



23

Spectrophotometer: Spectronic 2000 (Bausch & Lomb)
Spectrophotometer DU 650 (Beckman, USA)

Sterring hot plate (Fisher Scientific)

Transilluminator 2011 Macrovue (LKB)

Trans-Blof SD (Bio-Rad)

Touch mixer model # 232 (Fisher Scientific)

Vertical electrophoresis system (Hoefer™ miniVE)

White/UV transilluminator: UVP4mageStore 7500 (Mitsubishi Electric
Corporation;.Japai)

96-well plate (Bie=Rad)

2.1.2 Chemicals and reagents - .
Absolute gthanol, £4:0H (BDH)
Acetic acid glacial, Ct;COOH_ (BDH)
Acrylamide, GHsNO (Merck)
Adenosine-5'-tiiphospghate pdia§sium salt (ATP) (Sigma)
Agar =
Agarose. (Sekem)
Alkaline phosphatase=-conjugated rabbit anti-mouse 1gG (Jackson
ImmunoResearch Laboratories, Inc.)
Ammonium persulfate, (NB>S;0s (USB)
Ampicillin{Sigma)
Anti-His antiserum (GE Healthcare)
Bacto agar. (Difco)
Bacto'tryptone (Schariau)
Bacto yeast extract (Scharlau)
Boric acid, BHO3; (Merck)
Bovine serum albumin (Fluka)
5-bromo-4-chloro-indolyl phosphate (BCIP) (Fermentas)
Bromophenol blue (Merck, Germany)
Calcium chloride, (CaG) (Merck)

Chloramphenicol (Sigma)
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Chloroform, CHC} (Merck)

Coomassie brilliant blue G-250 (Sigma)

Coomassie brilliant blue R-250 (Sigma)

Dimethyl sulfoxide (DMSO), gHsSO (Amresco)

di-Sodium hydrogen orthophosphate anhydrousHR&, (Carlo Erba)
100 mM dATP, dCTP, dGTP, and dTTP (Fermentas)
Ethidium bromide (Sigma)

Ethylene diamine tetraacetic acid (EDTA) (Fluka)
GeneRuler™.100bp DNAladder (Fermentas)
GeneRuler™1 kib'DNA ladder (Fermentas)

Glucose, GH1,0 (Merck) |

Glycerol, GH3O; (BDH) .

Glycine, NHCH,COOH (scl%tarlau)

Hydrochlorig acid, HCI (Meﬁ'ng
IsopropyIB-D-thiogalactopyr'gi'noside, IPTG (Fermentas)
Kanamycin (Sigma) * _

2-Mercaptoethancdl; £0S (Fl&ka)

Methanal, CHOH (Merck) f=

N, N'-methyiene=-bisacrylamide;7810N20, (USB)

Nytran$’ stiper charge nylon membrane (Schleicher & Schuell)
Phenol crystals, §1s0H (Carlo Erba)

Prestained protein'molecular:weight marker, (Fermentas)
Sodium acetate, GEOONa (Merck)

Sodium carbonate anhydrous, R&; (Carlo.Erba)
Sodium‘chloride;NaCl (BDH)

Sodium dodecyl sulfate,eH,:0,SNa (Sigma Chemical Co., USA)
Sodium hydroxide, NaOH (Eka Nobel)

TEMED, (CH3)NCH,CH,N(CHs), (Amresco)
Tris-(hydroxy methyl)-aminomethane, NE(CH,OH); (USB)
TritonX-100 (Merck)

Tween-20 (LABCHEM)
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2.1.3 Kits
NucleoSpiff Extract Il kit (Macherey-Nagel)
QIlAprep® Miniprep kit (Qiagen)

2.1.4 Enzymes
BamHI (Biolabs)
Bglll (Biolabs)
a-chymotrypsin, bovine pancreas (Sigma)
Elastase, poicine pancreas (Paciiic-Seience)
EcoRI (Biolabs)
EcoRV (Biolabs)
Hindlll (Biolabs) u
pfu DNA pelymerase (Ferméntas)
Ncol (Biolabs) )™
RNase A (Sigma)
Sacll (Biolabs) A
all (Biolabs) =
Scal (Fermentas)
Subtilisin-Carisberg;-Baciiiusiicheniformis {Sigma)
T4 DNA ligase (Fermentas)
T4 polynucleotide kinase (Biolabs)
T7-DNA polymerase (Biolabs)
Trypsin, bovine pancreas (Sigma)
Xhol (Biolabs)

2.1.5 Substrates
N-benzoyl-Phe-Val-Args-nitroanilide (Sigma)
N-succinyl-Ala-Ala-Alap-nitroanilide (Sigma)
N-succinyl-Ala-Ala-Pro-Phegs-nitroanilide (Sigma)

2.1.6 Bacterial strains
Escherichia coli BMH 71-18 muS
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Escherichia coli JIM109
Escherichia coli Rosetta (DE3) pLysS
M13KO7 bacteriophage

2.1.7 Plasmid vectors
pET-22b(+) (Novagen®, Germany)
pPET-28b(+) (Novagen®, Gemmany)
pSPPmM2-D3 (Ponpudsa et aly 2009), a pVR500 containingP8R2I
domain 3
pSPPM2-NS2 (Semprasong et al., 2006), a pET-22b(+) containing the
SPPmM2 gene
pSPPM2-T35L" (Wongwarangkana., unpublished), a PpET-22b(+)
containingithe SEIM2 gene ‘mutated at P1 residue of domain 1
pl18Pn2 and pl19P; a pUC118 and pUC119 carrying the DNA
fragment of SHIM2 gene betweeBamH| and Sall site in the different
orientation =
pVR500, (Donpudsa €t al., 26093‘", a pET-32a(+) derivative

2.1.8 Software
GENETYX version 7.0 program (Software Development Inc.)
SignalP 3.0 Server (http://www.cbs.dtu.dk/services/SignalP/)
Penaeus monodonES T database:(http://pmaonadon.biotec.or.th/homke.jsp

2.2 General-techniques

2.2.1 Competent cells"preparation

The starter oE. coli strain IM109, BMH71-18m&was prepared from a

single colony inoculated in 20 ml of LB broth (1% (w/v) bacto tryptone, 1% (w/v)
NaCl , and 0.5% (w/v) bacto yeast extract) and incubated at 37 °C with shaking at 250
rpm overnight. The starter was 1 : 25 diluted in 500 ml of LB broth and incubated at
37 °C with vigorous shaking until the @3 of the cells reaches 0.3-0.5. Cells were
then chilled on ice for 30 min and harvested by centrifuged at £g0f@d 10 min at 4

°C. The cell pellet was washed twice with 1/2 volume of the ice-cold 10 mM,CacCl
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with gently mixing and centrifugation. The pellet was suspended with 1/10 volume of
the ice-cold 0.1 mM Cagland left on ice at least 30 min. This cells were ready for
transformation or added glycerol with the final concentration of 15% (v/v), the cells
were divided into 10@l aliquots and stored at -80 °C until used. Forgrexedure of

E. coli strain Rosetta (DE3) pLysS, the LB broth containing Bgml of

chloramphenicol was used instead.

2.2.2 Calcium chloride transformation
The compeieni-cells were trawed-on ice and mixed with ul-»f
mutagenesis or ligation reaction, mixed well and placed on ice for 30 min. The
mixture was incubated at 42 °C for 1 min and 0.9 ml LB broth was added
immediately. The cell' suspension was incubated at 37 °C with shaking at 250 rpm for
an hour. After that, 100! of transformént was spread on a LB agar plateatoimy

appropriate antibiotic.

2.2.3 Extraction of plasmid DNA us'ing QlAprep® Miniprep kits

The plasmid was 1solated from the cell culture by a QIAPrENiprep
kits. A single colony was inoculated into 2 mi.of BL broth containing appropriate
antibiotic and cultured-evernight-at 37 °C. The celis-were harvested by centrifugation
and resuspended in2n0P1 buffer containing RNase A. Next, the 280P2 buffer
was added and the reaction was mixed thoroughly by inverting the tube 4-6 times to
lyse the cells:The N3 buffer was jadded:to neutralized, the cell lysate. After maximum
speed centrifugation for 10 min, the supernatant containing the plasmid was applied to
a QlAprep.spin column, The.column was ‘centrifuged. for “30-60 s and the flow-
through'was discarded: The columimwas washed twice witluSB0ffer PB and 750
ul Buffer PE, respectively, and centrifuged to remogsidual ethanol from Buffer
PE. After that, the column was placed in a clean 1.5 ml microcentrifuge tube. The 50
ul EB buffer was added to the center of the columm amcubated at room
temperature for 1 min. Finally, the plasmid DNA was eluted by centrifugation for 1

min and stored at -20 °C until used.
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2.2.4 Agarose gel electrophoresis

The DNA samples were analyzed by using 1% agarose gel prepared by
melting the slurry 1% (w/v) agarose gel in 1xTBE buffer (89 mM Tris-HCI, 8.9 mM
boric acid and 2.5 mM EDTA, pH 8.0) using the microwave oven. The gel solution
was cooled down at room temperature to 60 °C before pouring into a tray with a well-
forming comb. DNA samples were mixecd,with one-sixth volume of 6xloading dye
(0.25% bromophenol blue.and 25% Ficellin water) before loading into the well. The
GeneRule™ 1 kb DNA ladder (Fermentas) was-used as standard DNA marker. The
electrophoresis was performed’in 1xTBE buffer at 100 volts for an hour. After that,
the gel was stained in a a1i§/mlethidium bromide solution for 30 sec and denstd
by placed in distilled"water jor 10 min..The DNA bands were visualized under a UV

transilluminator.

2.2.5 Extraction of DNA fragment from the agarose gel

The NucleoSpin® “Extract “Ii . kits (Macherey-Nagel) was used for
extracting DNA fragment from the agarrosé gel and carried out according to the kit
protocol. Briefly, The gel slice containing DNA fragment was excised from an
agarose gel with a-ciean sharp scalpel; determined the weight and transferred to a
clean 1.5 ml microcentrifuge tube. Two hundred millilitres of NT buffer was added
into the tube for each 100 mg of agarose gel. The sample was incubated at 50 °C for
5-10 min and: Vvertexedbriefly wntil the geli piece, wascdissolved. The sample was
loaded into the A NucleoSpin extract column and centrifuged at 10,000x g for 1 min.
The membrane was washed with 600f NT3-buffer.and. centrifuged at 10,009x
for 1 min." The'extra centrifugation at 10,0Q0k0r 2 min was 'used for completely
removal of NT3 buffer and the column was placed into a clean 1.5 ml microcentrifuge
tube. The DNA was then eluted by addingib@f elution buffer NE into the column,

incubated at room temperature for 1 min, and collected by centrifugation.

2.2.6 Phosphorylation of oligonucleotide primers
Before used in mutagenesis procedure, two mutagenic oligonucleotides,
name Pm2-D2 and Pm2-D3 (purchased from Sigma-Proligo, USA), were
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phosphorylated. Approximately 100-200 pmol of each oligonucleotide was kinased in
10 ul reaction containing 1xinase buffer, 1 mM ATP, 10 U T4 polynucleotide
kinase, and incubated at 37 °C for an hour. The reaction was heated at 75 °C for 20

min to stop the kinase activity and stored at -20 °C until used.

2.3 Mutagenesis of SHHM2 gene using the USE (Unique Site

Elimination) procedure

The two mutagenie primers, Pm2-D2 and Pm2-D3, were designed in order
to alter the codon encoding-amino acid at P1 residue of domain 2 and 3Pofi2SPI
gene, respectively. Thesnucleotide sequences of the mutagenic primers are shown in
Fig. 2.1. For the screening of the mutants, Pm2-D2 primer was also designed to
contain theNcol site while Pm2-D3-primer was designed to eliminatgHl site in
the gene.

The procedure ‘of USE mutagenesis is the annealing of two
oligonucleotide primers to a plasmid. Thé mutagenic primer introduces the desired
mutation and another primer mutates a unigue restriction site of the plasmid for the
purpose of selection. A selection primer, nangdl primer, eliminates thescal
restriction site at the ampicillin resistant gehe in the plasmid. In this work, each of the
two kinased mutagenic primer, the kinasedl primer and 40 ng of the p119Rnor
p118Pn2 for mutagenesis in domain 2 or 3, respectively were mixed i 2fxction
containing annealing buffer (200 mM Tris-HCI, 100 Mg@hd 500 mM NaCl). The
reaction mixture was-heated at 95 °C for 5 min, and then placed at room temperature
for 15 min. Next, it was added 10 an enzyme mixture containing 5 U T4 DNA
ligase,.1 U T7 DNA polymerase, 3X ligase buffer, '3 mM ATE, and 3 mM dNTPs. The
mixturewas incubated at room temperature for 12-16 hours and then transformed into
E. coli strain BMH71-18mub. The transformants were cultured in 2 ml LB broth
containing 100ul/ml ampicillin overnight. The plasmid mixture wasepared and
digested withScal to linearlize most of the wild-type plasmid. The digestion reaction
was transformed intd&. coli strain JM109 to separate individual clones. Random
clones were grown for plasmid preparation using QIAPréfiniprep kits and
screening for the mutant plasmids by using appropriate restriction enzyme digestion.
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Furthermore, the mutant clones were sequenced to confirm the correct alteration of
the mutated regions. The correct clones containin@8® gene mutated in domain 2
and 3 were named pUCA83W and pUCE131L, respectively.

Pn2- D2 PRI MER (49mer)

Ncol
5 GAGATGT CCAGGAATCTGT CCATGG GTG TAC GCACCT GTG TGC GGG ACC 3’

Pn2- D3 PRI MER (33ner)

Bglll
5' CAC GGG AGC ATA GAT GA G'AGG GCA CGC GAC AAT 3

Figure 2.1 The mutagenic primers used in USE mutagenesis procedure. The underlined

regions were the addédeol site;and eliminated®glll site in domain 2 and 3, respectively.

2.4 Construction of the protein expression clones

2.4.1 The mutant SPPm2 expression clones

To express the recombinant mutantF8R2 proteins, two mutant plamids,

pUCPmM2-A83W and pU®mM2-E131L, were digested witBamH| and Sall to yield
DNA fragments ofmutated SPin2 gene. They were gel purified using 1% agarose
gel electrophoresis -and eluted with NucleoSpin®-Extract Il kits (Macherey-Nagel).
Each DNA fragment was-ligated into BeflrSall digested pET-22b expression vector
(Novagen) (Fig. 2:2)..The ligation reactions'were compasedubfof 10x T4 DNA
ligase buffer, 1 U of T4 DNA ligase, 20 ng BdmHI-Sall digested pET-22b, proper
amount of 'DNA [fragment containing mutated B2 ‘gene;. and sterile deionized
water was added to a final volume of 1I0 The reactions were mixed, briefly spun
and incubated at 22 °C overnight. The appropriate amount of insert in the ligation

reaction was calculated following equation:

ng of insert =_ng of vector kb size of inserk insert:vector molar ratio
kb size of vector
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Next, the ligation mixtures were transformed ildocoli strain JM109
using CaCl method. The transformants were spread onto the LB agar plates
contatining 100ul/ml of ampicillin and incubated at 37 °C for oveght. Each
transformant was grown in LB broth in the presence of i@l ampicillin for
plasmid preparation using QIApr&Miniprep kits. The recombinant plasmids were
screened usin@amHI-Sall digestion. The expression clones of B2 mutated at
domain 2 and 3 were named pBRR-A83VW and pSHAM2-E131L, respectively.

2.4.2 The SPPml1 expression elone

Two PCR primers (Sigma-Proligo) containing restriction site, Pm1-F; 5’
AAGCCATGGATCATGATTGTATCGGCTAC 3’ with Ncol site (underlined) and
Pm1-R; 5 CCACTCCAGTAGTGGTGCGTGCGGTGGTGGTGAATCTCCAGAAGGT
ATTTCC 3’ with Xhel site (underlinéd), was designed for the amplification of
SPPmM1 gene fragment encoding the Jr-nature protein without signal peptides. A
plasmid containing SPPhl gene was used-as template. Nael and Xhol site were
incorporated at the 5" and 3'“end of 'the. gene fragment were for cloning into the
expression vector. The polymerase chain rﬂ‘éaction was performed in a final volume of
50 pl containing 0.02 ng of plasmid template, 0.4 M atle primer, 0.2 mM of each
dNTP and 3 units| oPfu-polymerase (Promega). The PCR amplification was carried
out at 94 °C for 5 min, followed by 30 cycles of 94 °C for 45 sec, 50 °C for 45 sec and
72 °C for 90 sec, and final extension at 72°C for 10 min. The PCR product was
analyzed using 0112% ragarose | gel «electrophoresis, <excised and purified using
NucleoSpin® Extract 1l Kits (Macherey-Nagel).” The purified fragment was digested
with Ncol .and.Xhol, run.in.1.2% agarose. gel*electrophoresis. and purified further
usingNucleaSpin®. Extract Il Kits: Thélcol-Xhal fragments containing the SHAhl
was ligated into théNcol-Xhol digested pET-28b(+) expression vector (Novagen)
(Fig 2.3). The recombinant clones were screened uNow—Xhol digestion and
subjected to nucleotide sequencing to verify the insert sequences RhiISFThe

SPPmM1 expression clone was named pSRl.

2.4.3 The D3E131L expression clone
A primer pair (Donpudsa et al., 2009), D3F; 5° AAGCCCATGAECGT
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TGTGGTTGC 3, and D3R; 5 AGCCCTCGABGGAGTGCAGTCGC 3, was
used for the amplification of mutated $R2 domain 3 from pSPIM2-E131L. The

forward and reverse primer contaifgol and Xhol sites (underlined) at their 5’

terminal ends, respectively. The restriction sites were for the cloning of the mutated

domain 3, D3E131L, into the pVR500 expression vector (Fig 2.4). The PCR reaction,

cloning and screening of recombinant clones were performed as described in 2.4.2.

The expression clone of D3E131L was named PSRID3E131L.
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2.5 Recombinant protein expression

The expression plasmids, p®$RIL, pSPPmM2-NS2, pSHAPmM2-T35L,
pSPPM2-A83W, pSPPM2-E131L, pSAPM2-D3, and pSHAM2-D3E131L were
transformed intoE. coli Rosetta (DE3) pLysS. The starter was prepared by
inoculating a single colony from a freshly streaked plate into a 2 ml LB broth
containing 34ug/ml of chloramphenicol and 7@y/ml of kanamycin for SPImM1 or
100 pg/ml of ampicillin for others and incubating withadting at 37 °C for overnight.
The starter was diluted 1:100 into LB medium, supplemented with antibiotics and
incubated at 37 °C with shaking at"250 rpm until thesdoeached 0.6. IPTG was
then added to the final.eoncentration of 1 mM for induction. The culture was
incubated at 37 °C further with shaking for 0, 1, 2, 3 and 4 h, respectively. The 1 ml
cultures were aliquot at.eagh time point and the pellets collected by centrifugation at
6,000>g for 5 min. Fhe eell pellets were stored at -80Uitil required for further

analysis.

2.6 Purification of recombinant proteins
2.6.1 Recombinant SPPm1 T

After 4 h, of IPTG induction, célls were harvested by centrifugation at
6,000>g for 10 min-at 4 °C. The cell pellet was collecaéad resuspended by pipetting
up and down in phosphate-buifer saline, pH 7.4P@S; 137 mM NacCl, 2.7 mM
KCIl, 10 mM NaHPQO,f 22mM KH,P(Oy).2The cell suspension was disrupted by 3
rounds of freeze-traw and sanicated. with @ Bransonic 32 (Bandelin Sonopuls,
Germany) for 10 min 3 times. The cell lysate was centrifuged,at 103000:40 min
to collect the inclusion bodies, The inclusion bodies-were washed twice VREBSLx
containing 1% TritonX-100 and twice with PBS without TritonX-100. The washed
inclusion bodies were solubilized in 50 mM Tris-HCI, pH 8 containing 4 M urea for
overnight at room temperature. The insoluble material was removed by centrifugation.
The crude protein solution was purified under denaturing condition using nickel

affinity chromatography (GE Healthcare).
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The Ni-NTA agarose was packed into the PD-10 column and washed 3 times
with distilled water and wash buffer (50 mM This-HCI, pH 8, 300 mM NaCl, 4 M
urea and 20 mM imidazole), respectively. The protein solution was applied to the
column at room temperature. The flow through was collected by a gravity flow. The
column was washed with the wash buffer to remove unbound proteins. After that, the
protein was eluted with an elution buffer (50 mM This-HCI, pH 8, 300 mM NacCl, 4
M urea and 500 mM imidazole). The eluted protein was dialysed for at least 10 h at 4
°C against 50 mM This-HCI, pH 8. The purified protein was analyzed by 15% SDS-

PAGE and western blot.analysis.

2.6.2 Recombinantwildstype and mutant SHPmM2

The inclusion bodies of intact wild-type and mutantF3R2 proteins were
prepared as described in'2.6.1., in stéad of solubilizing the inclusion bodies with 50
mM Tris-HCI, pH 8 goniaining 8 M ﬁfea, they were solubilized with 50 mM
carbonate buffer, pH 10 at.room température overnight and the protein was purified
under non-denaturing condition using*‘hiqkel affinity chromatography. Briefly, the
solubilized protein was loaded-ifto the c'-oluﬂfnn before washing by the wash buffer (50
mM carbonate buffer, pH 10 containing 300 mM NaCl and 20 mM imidazole). The
protein was eluted with-the-elution-buffer (50 mivi-earbonate buffer, pH 10 containing
300 mM NacCl and 500 mM imidazole).The eluted fractions were dialysed against 50
mM carbonate buffer, pH 10 at 4 °C for at least 10 h and determined the purity by
15% SDS-PAGE:

For,the” recombinant”SP2 "domain 3 wild-type and D3E131L, the
supernatant was_collected.after the cell lysate was.centrifuged. The soluble fraction
was purified using the Ni-NTA‘agarose columf. The'eolumn was washed VABISL x
buffer pH 7.4 containing 20 mM imidazole and the protein was eluted wi#B$x
buffer pH 7.4 containing 500 mM imidazole. The purified protein was also dialysed
against 50 mM carbonate buffer, pH 10 to remove imidazole and analyzed by 15%
SDS-PAGE.
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2.7 Protein analysis
2.7.1 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)

A discontinuous system of SDS-PAGE was used. The gel solutions were
prepared as shown in the Appendices. Firstly, the glass plates and spacers were
assembled and the components of the separation gel solution were mixed thoroughly
and pipette into the gel plate setting.. A small amount of distilled water was then
layered over the top of the separation gel selution to obtain a flat surface gel. When
the polymerization was complete, the water was poured off. The stacking gel solution
was prepared, mixed thoreughly and poured on top of the separating gel. A comb was
placed in position with excess gel solution overflowing the front glass plate. After the
stacking gel was polymerized; the comb was removed and the wells were rinsed with
distilled water to remove exgess unpolymerized acrylamide.

Protein samples were prepa_red by resuspending the proteins in 1x sample
buffer (12 mM Tris-HEI, \pH 6.8, 5% giycerol, 0.4% SDS, 2.88 mM 0.02%
bromophenol blue, 2-mercaptoethanol)."::Thﬂe samples were then boiled for 10 min and
either held at room temperature or kept at 4”:°C until loaded into the gel.

The prestained protein marker and thie.boiled protein samples were loaded
into the wells. Electrophoresis was carried out in 1% running buffer (25 mM 52 Tris-
HCI, pH 8.3, 192 mM glycine, 0.1% (w/v) SDS) at a constant current of 20 mA until
the tracking dye (bromophenol blue) reached the bottom of the separating gel.

The gel was' placed in. Coomassie blue staining solution (0.1% (w/v)
Coomassie brillianr blue R250, 10% (v/v) acetic acid, 45% (v/v) methanol) at room
temperature with-gentle-shakingfer dsh; immersed in; destaining solution (10% (v/v)
acetic acid, 10% (v/v) methanol)and incubated at room temperature with agitation for

1-3 h. Destaining solution was replaced regularly to assist the removal of stain.

2.7.2 Detection of the recombinant protein by Western blot
After running the SDS-PAGE, separated proteins were electrotransferred
to a nitrocellulose membrane in the transfer buffer (48 mM Tris-HCI pH 9.2, 39mM
glycine, 20% methanol) using Trans-Blot® SD (Bio-Rad) (Fig. 2.5) at 100 mA for 1

h. The membrane, gel and filter paper were soaked in a transfer buffer for 30 min
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before they were consequently laid on Trans-Blot® SD. The filter paper was placed
on platform, followed by the membrane, the gel and filter paper, respectively. Afer
transfer, the membrane was incubated at room temperature for overnight in PBS-
Tween buffer (phosphate buffer saline, pH 7.4, 0.05% Tween20) containing 5%
skimmed milk. The membrane was washed 3 times for 10 minutes each time in PBS-
Tween and incubated in an anti-His antibody solution (1:3000 dilution in washing
buffer with 1% skimmed milk) at 37 °C for 3 h. Next, the membrane was washed in
PBS-Tween buffer and then incubated .in_a secondary antibody solution (1:5000
dilutions in washing bufferwith 1% skimmed-milk) for an hour at room temperature.
After washing as above, the‘hound antibody was detected by color development using
NBT/BCIP (Fermentas) as substrate dissolving in 100 mM Tris-HCI, 100 mM NaCl
and 50 mM MgCI2, pFl 9.5, ‘

—
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Figure 2.5 Exploded view of the Trans-Blot® SD (Bio-Rad)
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2.7.3 Determination of protein concentration

Protein concentration was determined by the method of Bradford
(Bradford, 1976) using bovine serum albumin as standard. Theul160 diluted
sample solution was mixed with Bradford working buffer and left for 2 min before the
absorbance at 595 nm was measured. The Bradford working buffer (100 ml) was a
mixture of 6 ml Bradford stock solution (350 g Coomassie blue G250, 100 ml 95%
ethanol and 200 ml 85% phosphoric acid), 3 ml 95% ethanol, 6 ml 85% phosphoric
acid and 85 ml distilled water.

2.8 Serine proteinase_innibition assay

The proteginase /inhibitory activities of each recombinant protein
towards serine proteinase; / subtilisin Carlsberg (Bacillus licheniformis,Sigma),
elastase (porcine pancreas, Pacific Science), trypsin (bovine pancreas, Sigma), and
chymotrypsin (boving™ pancreas, Sig_ma) were assayed using a procedure of
Hergenhahn et al. (1987) (Hergenhahn, 1987). The reaction mixture consisted of 50
mM Tris-HCI, pH 8.0; /146.8uiM of N-benzoyl-Phe-Val-Args-nitroanilide as
substrate for subtilisin and trypsin, 147+B\A N-succinyl-Ala-Ala-Pro-Phes-
nitroanilide for chymotrypsin and 8862V of N-succinyI—AIa—AIa—AIap—nitroaniIide
for elastase; 0.04M of subtilisin, trypsin and chymotrypsin, and 0,09 of elastase,
and appropriate concentrations of proteinase inhibitiors in a total volume of 100 ml.
The series of 2-fold diluted proteinase inhibitors were used; 3.35-+Mfor
rSPPm1, 3.23-0.01uM for rSPPmM2;, 3:05~0.04uM for rT35L, 3.19-0.01uM for
rA83W, 2.98-0.01uM for rE131L, 3.14-0.01uM for rSPPmM2-D3, and 3.30-0.01
uM fortD3E131l+ Not.all .concentrations-of -proteinaseibitorspwere used in the
assays.. For each substrate, "a ‘reaction’ containing the " highest amount of SPI
preparation used in the assay but without added proteinase was prepared as a control
to make certain that there were no contaminating proteinases from the bacterial host
used for the preparation of SPIs. The reaction was incubated at 30 °C for 15 min and
then terminated by adding 30 of 50% acetic acid. The proteinase reaction prgduc
p-nitroaniline, was measured at 405 nm using microplate reader (BMG Labtech). The
percentages of remaining activity were calculated and plotted against the molar ratio

of inhibitor to proteinase.
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RESULTS

3.1 The design of mutagenic primers being specific to SAh2 gene

So far we know that the inhibiiory specificity of the Kazal-type serine
proteinase inhibitors depends on the P1-amino acid residue, which is the second
amino acid residue afterthe second cysteine residue of the domain. From the black
tiger shrimp, the Plsresidues of 8RR are T, A, E, K, and A for domain 1-5,
respectively. This inhibitopexhibits the strong inhibitery activity against subtilisin and
elastase. It weakly inhibits against tryﬁsin, but has no the inhibitory activity against
chymotypsin. It is suggested that the nhibitory specificities can not be probably
assigned to all domains/ It is believed that the inhibitory specificities will change if
the P1 residue of some domains is altered. In this study, | attempted to create two
mutants of SAM2 that the ‘P4 residues of domain 2 and 3 were modified. Two
mutagenic primers being specific to the second and third domain BA8PPmM2-D2
and Pm2-D3, respectively, were designed in order.to mutagenize tRnSBéne.
The primers introduced the base substitutions (Figure 3.1). Upon mutagenesis, the
amino acid at position 83 and 131 would be changed from A to W and E to L using
Pm2-D2 and Pm2-D3 pfimers, respectively. For screening of mahotissite was
designed on Pm2+<D2.primer, whiRglll site was eliminated from Pm2-D3 primer.
Furthermore, the plasmid carrying the mutatedP8®RI gene atedomain 1, pS#h2-
T35L, was built by Wongwarangkana et al. (Wongwarangkana, unpublished). The P1
residue of domain 1 was replaced from T to L. It was used in this work for the rT35L
production. The three mutants were assayed for the inhibitory activity against the
proteinases.

3.2 Mutagenesis of SHIM2 gene
The plasmid p119Pthor p118Pra carrying the SFPIM2 gene was used as the

template for mutagenesis procedure. The mutagenic primers, Pm2-D2 and Pm2-D3,
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and Scal primer were used to mutagenize the P1 residue of domain 2 and 3 of the
SPPmM2 gene. From the mutagenic protocol, the reaction mixture contains wild type
and mutated plasmids. So, the wild type plasmid was removedSeathdigestion.

The mutated plasmids were separated into individual clones by transformation. The
plasmid clones were prepared, and screened for the presence of the mutants. The
mutated plasmids at domain 2 and 3 of BBR2 were check byNcol and Bglll
digestion and confirmed by agarose gel elctrophoresis (Figure 3.2). Two mutated
plasmids at domain 2 and 3, were called pUCA83W and pUCE131L, respectively,

were obtained as shown.in-Figure 3:3.

PRIMER. Fm2-D2 {48mex)

oI
Primer 5 G AGAR TGT CCA GGA ATC TGT mﬂ TGE GTG TAC GCA CCT GTG TGC GGG ACC 3

Mucar 3 C TCT ACA GGT CET TAG(ACA GGT ACC CAC ATG CGT GGA CAC ACG CCC TGG &
LY ¥ a2 —w

Wildeype 3 C TCT ACA GGT COT.TAT CG GGE CGE CAT ATA CGE GRA CAC ACG CCC TGG &
T——C——n v Y i —»
PRIMER Pm2-D3 (233mer})

Bl
Primer &' CAC GGG AGC ATA GAT GAG AGG GCA CGC GAC AAT 3

Mucant 3 GTG CCC TCG TAT CTA CTC TCOC CGT GCG CTG TTA 5
- T I P C

Wildeype 3 (GTE CCCiTEG! TATHCTA GAS, TOC 66T GOG CTE TTA &
- T I P C

Figure 3.1 The design of oligonucleotides used in the mutagenesis procedure. The
nucleotides of wild type to be mutated are underlined. The created and eliminated restriction

sites are shaded. The substituted amino acids are boxed.
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3

Figure 3.2 The screenin f Ahe mutant plasmid by digesting withdlll-Ncol (A) and

BamHI-Bglll (B) on 1.2% a arpse ge‘r eIeCtrophoresns For domain 2 mutation (A), lane M :
GeneRuler™ 1 kb DNA'la er (Ferme as) lane 1 : p19Rane 2: pUCA83W. For
domain 3 mutation (B), | M GeneRu{ervTM 100 bp DNA ladder (Fermentas); lane 1 :

4

pl18Pn2; lane 2 : pUCE131L Al ..

% 7

350 bp
pl18Fm2 Bgr1 -
(rdild type) BgIlI

Figure 3.3 The mutated plasmids, pUCA83W and pUCE131L. The correct sites were
confirmed by restriction enzyme digestion. The added and eliminated sites are boxed.
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3.3 DNA sequencing determination of the mutation regions

The precise DNA sequences around the mutation regiop8/@A83W and
pUCE131Lwere determined using sequencing service of Macrogen. The two mutants
had the nucleotide sequences as designed (Figure 3.4). There were no additional
mutations in the gene. The mutant genes were subsequently subcloned into expression
vector as pET-22b(+) between BaitrSall site for protein production.

A 4

170 160 " 240 2lo 220 230
CCCCCAMAG AGATGT CChoul ...T LG I B TR G.C CACCTGTGTGC GGGACCAACGGG

_T'Jf'c-I

. ﬂ o lH"‘*"-. Iu’-';l { 2
Lo ﬁf y' &rﬁ EET) ‘“‘:J;; Y Socoooool Y XS

410 440 450
LR AT GOGETTGCAACCACAACGTCCA

390 400
CTGCCACACACGGG MET

' .\»III"I ﬁlirlls I:I X fl'ilv‘\ f\ JﬂLI

Figure 3.4 Nucleotide- sequencing of mutated domain_ 2 (A) and 3 (B) in pUCA83W and
pUCE131L, respectively. The addéétol site and eIiminatécBgIII site are boxed. Each

mutant region is indicated by a line over the regions.

3.4 Construction of the protein expression clones
3:4.1 The mutant SPPmM2 expression clones
To construct the expression clones of the mutanP®R| the 750 bp
fragments were excised from pUCA83W and pUCE131L uBamgHI and Sall and
cloned into pET-22b at thBamHI and Sall sites. After ligation, the reaction mixtures
were transformed into thE. coli JM 109. The recombinant plasmid containing the
mutant gene was checked by restriction enzyme digestion Bamgl and Sall and

run on 1.2% agarose gel electrophoresis (Figure 3.5). The correct expression clones of



44

the mutated SPmM2 at domain 2 and 3 were named gSR2-A83W and pSHIM2-
E131L, respectively.

3.4.2 The mutated domain 3 expression clones
To determine the inhibitory activity of the mutated domain 3, this domain

was separated from S®h2. The PCR primers, D3F and D3R containhgpl and

Xhol restriction sites, respectively, were designed in order to PCR amplify only
domain 3 using pSPM2-E131L as a templale: After digesting witlcol and Xhol
restriction enzymes, the -PCR gene fragment-was cloned in eoli expression
vector, pVR500. The recombinant protein was expressed as fusion protein with
thioredoxin tag at the Seterminal ar?d His-Tag at the 3' terminal. The recombinant
clone was verified by DNA‘seguencing. The recombinant expression plasmid was
named pSHFAM2-D3E131 L. —

Figure 3.5The screening of the recombinant plasmid by digesting withHBaand Sal on
1.2% agarose gel electrophoresis.

Lane M : GeneRuler™ 1 kb DNA ladder (Fermentas)

Lane 1 : pSAAM2-A83W; lane 2: pSPAM2-E131L.
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3.4.3 The SPPmM1 expression clone
The SPPmM1 (GenBank Accession GO269557), consisting of four Kazal
domains, was isolated from the hemocyte cDNA libraries Fof monodon
(Tassanakajon et al., 2006). The Bl contains an open reading frame (ORF) of
669 bp encoding a putative protein of 222 amino acid residues (Figure 3.6). Putative
signal peptide of the SPinl was identified using the online SignalP 3.0 server
(http://www.cbs.dtu.dk/services/SignalRiith the predicted cleavage sites between

Ser24 and Asp25, resulting in the 198 residue mature protein with the calculated
molecular mass of 22,331 Da and the predicied-pl of 4.97. To determine the inhibitory
activity of the SFPmL1, the plasmid containing SHhl gene was used as template for
the PCR amplification gisthe SPihl gene. The forward and reverse primers were
designed such that‘the PCR (éene products containedctiieand Xhol restriction

sites, respectively. Fhe @amplified prbduct was analyzed using 1.2% agarose gel
electrophoresis (Figure 3.7). After th”at-.,- the Rl band was excised from the
agarose gel and purified using NucleoSpiﬂ® Extract 1l Kits (Macherey-Nagel). After
digesting withNcol and Xhal, the purified‘bl‘\IA fragment was ligated with thieol—

Xhol digested pET-28b(+) as an exprés"sl'iion vector (Novagen). The recombinant
plasmid was transformed into & coli JM 109: The recombinant clone was then
selected with LB agar-piate containing @@/mi- kanamycin and screened by
restriction enzyme Ncol-Xhol) digestion as shown in Figure 3.8. The resulting
expression clone was isolated and subjected to nucleotide sequencing to confirm the

insert sequence of SAhl:
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1l ATGTTGTT CTECAARATTACT CTTATCCAT CTCCT CTT GLAAFATTT GO TCT CT TTAAT
M L L ¢ K I T L I HULL L Q = F A W F N

Pmil-F
el A e A CTCCCATCAT GAT TETATCC RO TAC TCTCC TRARGTCTAT GATCC TG TET BT
DAHSDHDEIGYEPUYDPWC

1E1 FOCAGCTALCGECT GRACT TAC AACA ACCAC T CAACT AC AGECTATCAT ARAET CCC A
A 2 N W T Y N NI C E L Q &4 M IETUCDQ

121 GEATGCAL TAT CACCAACGACL CACCACCARCCATGTGAAT CCC TCAMCGC CTRCC CCACG
GWHITKTHDQ.‘LCEELHECP

Z41 ACCTTTGCCCCTGTCT T GG T AGAC AR CRaCaC CTATC TCAAC FAGTCTECTCT TCGRG
T F 4 P W B L S DWW EIT Y L N E C WV F E

201 FIGCCTTCTTECT CECAT CAT TCCC TCCAC AR Cr CTC TRAACCGACCT TECTEECT GREET
VYW A &2 CCW D H 5 L LK & 5 E G 4 C G W G

2el ATCCATTCCCT CRRCTAC TLC CC T A TATACGACCC TETET CT CRAAC CALCCCOC A
IHELDYEP?YDP?CGSHGQ

4zl ACTTACACEAACCAR TECCATTCACCCT COCAT ACAET CTCCT ZOCTT CCAGATTECA
T T T NS E JCFELJL-Q@L asThow) & R G L 0 I A

421 A ACC CaCCE CE e CT TET AT CCCAC COC AR TTEOC COC TCATC CACCGACC CTCTT
HRHDDACECHETCPIHDP"J

L4l TETGGCAC TR CEATA CCACT TACTACA ACCACTGCTTCT TCACTAARCCTTCTT ZIT GG
c & T DyLn BT ¥ " WNYE C F F T K A &5 C W

Pmil-E
01 FATAGCTCCAT TT TEA AL AA AL LD BCEEACCT TETRACA G AL TEEARATACCTTC T
r p 2 I L E-E K N G P C D B E TEKTUL L

eel FAGATT TAk
E I *

Figure 3.6 The open reading frames of $RIL. The putative signal peptide is underlined.
The boxed amino .acids are P1 .amino,acids: The shaded.nucleotide sequences are the primer
annealing sites forithe PCR amplification of theF3Rll gene fragment for the construction

of protein expression clone.
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Figure 3.7 Agarose gel eleetrgphoresis of PCR amplification product ¢ir&P|
Lane M : GeneRuler’ 100 bp DNAladder (Fermentas)
Lane 1 : The PCR product of Sl -*' '
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Figure 3.8 The screening of the recombinant plasmid containing®Pgene on 1.2%
agarose gel electrophoresis.

Lane M : GeneRuler™ 1 kb DNA ladder (Fermentas)

Lane 1 : pSAmM1 following digestion with Ncol and Xhol
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3.5 Recombinant protein expression

All expression plasmids were transformed into the expression Bostli
Rosetta (DE3) pLysS. A single colony was cultured in LB medium containing
containing 10Qug/ml of ampicillin and 34ug/ml of chloramphenicol for all SPn2
or 34 pg/ml of chloramphenicol and 34g/ml of kanamycin for SPml and
incubating at 37 °C overnight with shaking at 250 rpm. The starter was diluted 1:100
into the culture supplemented with antibiotics and incubated at 37 °C with shaking at
250 rpm until the Oy, reached 0.6. Thenythe IPTG was added for the over-
expression. The intact'wild type and mutated P82 were expressed as inclusion
bodies. They were solubilizea with 50 mM carbonate buffer pH 10. The solubilized
recombinant proteins were puriiied with Nickel-NTA column. The purified wild type
and mutant proteins (rF385k, rA83W and rE131L) were analyzed using 15% SDS-
PAGE (Figure 3.9). Beside, the r$FRi2-D3 and rD3E131L were expressed as fusion
protein in soluble form. They were puri_fied using Nickle-NTA column and analyzed
using 15% SDS-PAGE (Figure 3.10). '

For the rSHPmL, protein expression was induced by the addition of 1 M IPTG
to a final concentration 1 mM. The culture was incubated at 37 °C further with
shaking for 0, 1, 2,3 and 4 h. The cells were harvested at each time point after IPTG
induction and then-analyzed by 15% SDS-PAGE (Figure 3.11). The results showed
that the protein expression was continuously increased after 4 h of IPTG induction.
This condition was, therefore, employed for a large-scale expression of the
recombinant SPM1. The cell pellet/at4 hiwas resuspended in phosphate-buffered
saline, pH 7.43and sonicated for 2-4 min. The cell lysate was centrifuged at 10,000
rpm for-10 minat4 °€..The-pellet andysupernatant were,celleeted and analyzed using
15% SDS-PAGE"and Western blot in 'order to test the inclusion body formation and
identify the recombinant protein. The result indicated thatR®®RIwas expressed as
inclusion bodies (Figure 3.12A, B). It was purified with the nickel-NTA column in the
denaturing condition. The inclusion bodies were solubilized with 50 mM Tris-HCI pH
8 containing 20 mM imidazole and 4 M urea. The solubilized protein was loaded to
the column and washed with washing buffer. The purified recombinant protein,
rSPPmL protein, was eluted with denaturing solution containing 500 mM imidazole
(elution buffer) and analyzed using 15% SDS-PAGE (Figure 3.12C). The result
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showed a single band which the approximate size was about 23 kD comparing with

the protein marker.
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Figure 3.9 SDS-PAG
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Figure 3.10 SDS-PAGE analysis of the purified recombinant FBf-D3 and D3E131L
proteins. Lanes 1 and 2 are the purified B®#-D3 and rD3E131L, respectively. Lane M is

protein size marker.
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Figure 3.11SDS-PAGE g \ \ ifE.coli Rosetta (DE3) pLysS at
\J,:‘- ells containing plasmid pET-28b(+). Lanes
om cells at 0, 1, 2, 3 and 4 hours,

various time of induction is'the lysai
2-6 are the lysate of ﬁ
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Figure 3.12The expression and purification of the rBRL protein. SDS-PAGE analysis of
the soluble and inclusion fractions from the cell lysatd&.o€oli containing rSHPm1 (A).
Western blot analysis of the expressed P&l protein (B). SDS-PAGE analysis of the
purified rSPPmL protein (C). Lanes S, | and P are the soluble fraction, inclusion fraction and

purified rSPPmL1 protein, respectively. Lanes M are protein marker.
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3.6 Serine proteinase inhibitory assay

The inhibitor activity of recombinant serine proteinase inhibitor towards serine
proteinase was tested by incubation of recombinant serine proteinase inhibitor and
serine proteinase. The residual serine proteinase activity was determined by addition
of chromogenic substrate which can be cleaved by the serine proteinase and released
p-nitroaniline. Absorbance of chromophore p-nitroaniline produced was measured at
405 nm. Therefore, inhibition of seripe. proteinase hydrolysis of chromogenic
substrate can be measured by following ihe change in absorbance 405 nm. The
purified recombinant proteins from nickel-NTA agarose column were tested for serine
proteinase inhibitory activity.~The recombinant inhibitors were assayed for their
inhibitory activities against subtilisin A, elastase, trypsin and chymotrypsin. The mole
ratios up to 40 of inhibiior @against proteinase were used. For a strong inhibitor, the
inhibition was readily seen at the maole ratios less than 10. We found tHRmBSPI
showed the weak inhibition against all_ proteinases when the mole ratio of inhibitor

against proteinases wag 80 : 1 (Table 3.1).

Table 3.1 Remaining activity of serine proteinases after incubating withPnSP|

Proteinases ' Remaining activity (%)
Subtiisin 81.3
Elastase 80.6
Trypsin 84.3
Chymotrypsin 88.1

The SPPn2 with the'domain P1 residues T, A, E, K'and E was isolated from
the hemocyte cDNA libraries and found to strongly inhibit subtilisin and elastase, and
weakly inhibit trypsin. To gain further information on the domain inhibitory
specificity, the SHIM2 gene was specifically mutated at the P1 residues of domains
1, 2 and 3. The mutant proteins were over-expressed and their inhibitory activities
tested comparing with the wild type protein. The results indicated that T35L and
E131L inhibited trypsin less than the wild type (Figure 3.13C). Only A83W has no
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inhibitory activity against elastase (Figure 3.13B). All mutant proteins had no

inhibitory activity against chymotrypsin like the wild type (Figure 3.13D).
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Figure 3.13 Inhibition assays of the SPH2 wild type and mutants against subtilisin (A),
elastase (B), trypsin; (€); and chymotrypsin.(D).; All SRIs-were tested against proteinases at

various mole ratio ofinhibitor to protease. Symb®)sa’, ® and ® were for SAPmM2, T35L,

A83W and E131L, respectively.

From the proteinase inhibitory assay of the mutantdi@P| the inhibitory
activity of all mutants against subtilisin didn’t change comparing with the wild type
(Figure 3.13A). There might be more than one domain that could inhibit subtilisin. In
order to confirm the effect of P1 residue of the mutants against proteinases, the
mutated SHFIM2 at domain 3 was the choice for study. The mutated domain 3 was
separated from E131L by PCR amplification. This mutant was called D3E131L. The
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rD3E131L was over-expressed for the proteinase inhibitory assay. The result showed
that D3E131L had the stronger inhibitory activity than the wild type P®RID3
(Figure 3.15A). D3E131L strongly inhibited elastase comparing with the wild type
(Figure 3.15B).
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Figure 3.14 Inhibition assay main. g and its mutant against subtilisin (A)
and elastase (B). All SPIs were tested a roteinases at various mole ratio of inhibitor to
protease. Symbom and 4 were for r-SPPM2 D3E131L, respectively.
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CHAPTER IV
DISCUSSION

Proteinase inhibitors are used by organisms to counteract proteinases for
balances in several physiological functions, as responses to invading microbes, and
for the invasion of host¢Kanost, 1999;Tian et al., 2005). Among these, serine
proteinase inhibitors (SPIs) are known te_be widely distributed in living organisms to
perform such functions. Several types of SPI reside in the arthropod hemolymph, and
their functions are believed io be inhibitors against proteinases from microorganisms
and regulators of _host«defense ' reactions involved in blood coagulation,
prophenoloxidase activation or cytokine activation. A number of SPIs possess one or
more Kazal inhibitory demains.and are grouped as the Kazal family of SPIs. The
domain of Kazal-type'sering proteinase inhibitors is a typical cysteine-rich domain,
which is similar to the bovine pancreat_ié éecretory trypsin inhibitor (PSTI) (Kazal et
al., 1948). The inhibitory domain is mad;équp of 50 to 60 amino acid residues with six-
conserved cysteine residues formingrth_ré_e intra-domain disulfide bridges, which
stabilize the domain (Bode et al., 1992). ‘T’he Kazal domain inhibits a proteinase in a
substrate-like manner; it binds tightly to the active site of the proteinase. The
inhibitory specificity of a domain is mainly dictated by the reactive P1 amino acid,
which varies widely among different Kazal-type SPls (Laskowski et al., 1980).
According to'the structural studies, they reveal several contact positions responsible
for the interaction between Kazal domains and the proteinases. The side chains of the
P1 amino-acid residues lie“neatly into‘the'S1 cavities of the proteinases (van de Locht
et al., 1995; Read et al., 1983; Di Marco et al., 1997). There are twelve contact
positions: P6, P5, P4, P3, P2, P1, P2, P3, P14, P18 and P18 responsible for the
interactions between Kazal domains and the serine proteases. This means that
although the inhibitory specificity is determined mainly by the P1 amino acid residue,
amino acid residues in other contact positions influence the potency of the binding as

well as specificity of a serine proteinase inhibitor to its cognate proteinase.
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Recently, a five-domain Kazal-type serine proteinase inhibitor,Pr&RI
identified from the hemocyte EST libraries & monodon and its proteinase
inhibitory activities was reported (Somprasong et al., 2006; Tassanakajon et al.,
2006). The SAM2 strongly inhibits subtilisin and elastase probably with the ratio of
inhibitor to proteinase 1:2 and 1:1, respectively. It also weakly inhibits trypsin
(Somprasong et al., 2006). The reactive P1 inhibitory specificity residues in domains
1-5 are Thr, Ala, Glu, Lys and Glu, respectively. It is known that the inhibitory
activities can be predicted from the P1tesidue: The SPIs with basic amino acids at P1
position preferentially inkibit-trypsin=’/A heai-iolerant Kazal inhibitor with the P1 Lys
residue from the marine sn&@knchritis muricatus inhibits strongly both trypsin and
human neutrophil €lastase (Gonzalez et al., 2007a). The SPIs with P1 bulky
hydrophobic residues tend 10 inhibit ehymotrypsin like the Leu residue(s) in the four-
domain Kazal inhibitor irom the crayfislﬁ?acifastacus leniusculus. The P1 GIn
residue in this crayfish' inhibitor s supbosedly responsible for subtilisin inhibition
(Johansson et al., 1994). The three-domain Kazal inhibitor Bambyx mori shows
strong inhibition against subtilisin but 'n'ot. thrombin or chymotrypsin (Zheng et al.,
2007); its P1 are Thr, Ala and Gin. The ‘anclassical’ Kazal-type elastase inhibitor
with the P1 Met residue fronfnemonia sulcata inhibits strongly the porcine
pancreatic elastase-and-meoderately-inhibits-human-leukocyte elastase (Hemmi et al.,
2005).

From the above information on P1 residue, it iIs tempting to speculate that the
two Glu residuésiin SPm2, arejresponsiblesfor thesinhihition of subtilisin, Thr or Ala
residue for elastase and the Lys Tesidues for trypsin. This speculation is also supported
well with the _waork on_ovomucoid third domain by Lu et-al. (Lu et al., 1997).
However, the SRIs with PX Thriresidue fr@ombyx mori andGalleria mellonella
turn out to be subtilisin inhibitors (Nirmala et al., 2001a; Nirmala et al., 2001b). It
turns out that the inhibitory specificities can not be assigned to all Kazal SPI domain
of the SPIPm2. It is then interesting to find out the inhibitory specificity of each Kazal
domain.

In this study, SHFBM2 was mutagenized at P1 residue on the domainl, 2 and 3
from Thr 35, Ala 83 and Glu 131 to Leu, Trp and Leu, respectively. Site-directed
mutagenesis was carried out to mutate thé>®PIgene using the mutagenic primers.
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Addition or elimination sites of restriction enzyme were for the purpose of screening
for the mutant clones (Figure 3.2 and Figure 3.3). The results indicated that the
mutant clones had the bands of expected size after digesting with the restriction
enzymes. The mutated $i2 clones were obtained and the DNA sequences of the
mutated regions were proved by DNA sequencing (Figure 3.4). This result showed the
correct alteration as expected. The mutated genes were subcloned into the expression
vector pET-22b(+) and the mutant 8RP proteins were over-expression Bxoli
system. Three recombinant mutated proteins (rT35L, rA83W and rE131L) along with
the wild type were expressed as'inclusion-bedies that were solubilized before
purification by using nickel-NTA column.

The purified wild type .and mutated $P2 proteins were assayed for their
inhibitory activities."We iound that only A83W, the mutated BR2 at domain 2,
was inactive against.elastase. It suggésted that this domain contributed to the elastase
inhibition. The P1 Ala residue is predicted to be the most specific for porcine
pancreatic elastase by the Laskowski algorithm (Lu et al.,, 2001). The inhibitory
activities of T35L and E131L against trypsin slightly decreased comparing with the
wild type. According to the recent stud“y 81‘ B8RP (Donsudsa et al., 2009), they
reported that the SPin2 domain 1 was inactive.against trypsin, the domain 3 was
active against subtilisin-and-only-the-demain-4-with-P1 Lys residue weakly inhibited
trypsin. Thus, we reasoned that mutation at domains 1 and 3 did not affect to the
inhibitory activity of T35L and E131L against trypsin and the result was not
significant. Beside, allj mutantsghad mae:inhibitory-activity-against chymotrypsin like
the wild type ‘even through the P1 residues were replaced with the bulky hydrophobic
residues that_tend to inhibit chymotrypsin like Leu. residues .in the Kazal inhibitor
from the crayfishP. leniusculus: ‘It might be' that 'the.amina® acid residues in other
contact positions of domain 1, 2 and 3 were not suitable for the binding between the
reactive site loop of these domains and the active site of chymotrypsin.

From the result of subtilisin inhibition assay, it demonstrated that the inhibitory
activity against subtilisin of all mutants were similar to the wild type. It might be that
more than one domain could inhibit subtilisin. In order to prove the effect of mutation
at P1 residue, the mutated domain 3 was separately amplified and cloned into
expression vector pVR500. The mutated domain 3, called D3E131L, was over-
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expressed and purified for the proteinase inhibition assay. We found that the mutated
domain 3 had the strong inhibitory activity against subtilisin. This finding agrees with
some previous reports, such as the domain 2 with P1 Leu residue of the 3-domain
Kazal inhibitor fromProcambarus clarkii (Li et al., 2009b). It was possible that the
P1 Leu residue of this mutated domain 3 contributed to subtilisin inhibition of the
intact E131L, that caused its inhibitory activity towards subtilisin did not differ from
the wild type. Surprisingly, this mutant showed the new inhibitory activity against
elastase. The result was corresponding to-the study of a four-domain Kazal SPI TgPI-
1 from an obligate intracellular parasite of hurdagondii (Morris et al., 2002). The
inhibitor with its P1 Arg, Arg; Leu and Leu was able to inhibit trypsin, chymotrypsin,
porcine pancreatic elastase,sand neutrophil elastase. Therefore, domainl with the P1
Leu residue of infestin iropTriatoma.infestans was active against chymotrypsin,
porcine pancreatic elastase and subﬁlisin (Campos et al., 2002; Lovato et al., 2006;
Campos et al., 2004; Rimphanitchayakitﬂénd Tassanakajon, 2010).

From the Expressed Sequence Tagsf(ESTs) analyBisr@hodon haemocytes,
six cDNA clones were demonstrated a'si pytative rerine proteinase inhibitors by using
BLASTX program (Supongul et at., 2002). "I'I;hey showed 50-58% homology to the 4-
Kazal-domain serine protemase inhibitor (PAPI-1). of crayfiBh leniusculus
(Johansson et al.; 1994 it thereiore-seems probable that at [Pasniusculus the
PAPI-1 group is aimed at preventing microbial proteinases facilitating pathogen
establishment (Hall and Sdderhall, 1982, Dieguez-Uribeondo and Cerenius, 1998,
Christeller, 2005): Thejopen reading frames (ORF),of the clones were identified using
a Genetyx pragram. Four full-length cDNA clones were identified. In this study, the
SPPmM1 clone, HC-N-S01-0010-LF, is of .interesting for it_contains four complete
Kazal domains with“diverse ‘reactive 'P1 residues..This ¢lone consists of an open
reading frame of 699 base pairs that encoded polypeptides of 222 amino acid residues
with putative signal peptides of 24 amino acid residues and mature proteins of 198

amino acid residues as shown in Figure 4.1.
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MLLCKITLIHLLLQGFAVENDANS4DHD
CIGYCPEVYDPVCASNGWTYNNDCELQAMIKCQGWNITKTHDQACE
CLKACPTTFAPVCGSDNKTYLNEC-VFEVASCWDHSLDKASEGACGWGIH
CLOYCPEVYDPVCGSNGQTYTNECELQAATQCRGLOQTAKRHDQACE
CHATCPLIHDPVCGTDDRTYYNEC-FFTKASCWDRS ILKKKNGPCDRKWKYLLET

Figure 4.1 Amino acid sequences of the BRIl from thePenaeus monodon EST database.
The conserved cysteine residues are shaded. Italicized and shaded residues are the reactive P1

residues. Diamond indicates the potential signal peptide cleavage site. (Visetnan et al., 2009)

The reactive P1 inhibitory specificity residues in domains 1-4 oP@Plare
Glu, Thr, Glu and Leu, respeciively. It is known that the inhibitory activities can be
predicted from the P1 residuérom the above information on P1 residue, it is
tempting to speculate that the two Glu residues irPSRlare responsible for the
inhibition of subtilisingThr residue-for elastase andlor subtilisin and the Leu residues
for chymotrypsin (Lu et'al; 1997; NirmalJé et al,, 2001a; Nirmala et al., 2001his
study, by using a differerfE coli ‘expression system, pET-28b(+) and thecoli
strain Rosetta(DE3)pLysS, the ‘£Hil 'v:;fasn successfully expressed. Upon IPTG
induction, an approximate 23 kBa rSRIL Was expressed as a major entity in the
inclusion bodies. We had tsed a buffered 4 M-urea solution, a denaturing condition,
to solubilize the inclusion-bodies. Fhe 8RIL was purified by using a Ni-NTA
column. The inhibitor was then renatured by dialysis against the Tris-HCI buffer, pH
8. The purified recombinant SAh1 proteins from nickel-NTA agarose column were
tested for serine proteinase; inhibitory- activity. ~The, recombinant inhibitors were
assayed for "their”inhibitory activities “against” subtilisin A, elastase, trypsin and
chymotrypsin.. We found that SAhl_showed the_ weak ‘inhibition against all
proteinases:when the molecratio of inhibitor against' proteinases was 80 : 1. The poor
inhibitory activity of the five-domain Kazal-type SPI ($#12) was found when
SPPmM2 was purified under denaturing condition (Somprasong et al., 2006). Recently,
hcPcSPI2 was over-expressed and characterized. It was found that hcPcSPI2 purified
under denaturing condition weakly inhibited subtilisin A and trypsin (Li et al.,
2010).The results were suggested that the recombinant SPI folding under this
condition was not fully active or only certain amount of the SPI protein was correctly

folded. It might be due to the presence of several cysteine residues in this protein
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rendering the polypeptide more difficult to refold correctly. The expression of
SPPmM1 under other conditions such as expression using other vectors and expression

in eukaryotic system probably offers a better alternative to obtain the active inhibitor

for future characterization.
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CHAPTER V
CONCLUSIONS

The SPPmM2 gene was successfully mutagenized at the P1 residues of domain 1
2 and 3.

Only A83W, the mutate
against elastase. Thus

| P1 residue of domain 2, was inactive
ributed to the elastase inhibition.
Mutagenesis of t due’of m'm 3 oP®PIsignificantly altered

The SPPm1 from the ar shrir uccessfully expressed ii.the
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1. Preparation for SDS-PAGE electrophoresis
Stock reagents
30 % Acrylamide, 0.8% bis-acrylamide, 100 ml
Acrylamide 29.2 g
N,N’-methylene-bis-acrylamide 0.8 g
Adjust volume to 100 ml with distilled water.
1.5 M Tris-HCI pH 8.8
Tris (hydroxymethyl)-aminomethane 18:17 g
Adjust pH to 8.8-wiih-1 M HCI and-agdjust volume to 100 ml with distilled
water.
2.0 M Tris-HCI pH 8.8
Tris (hydroxymethyl).aminomethane 24.2 g
Adjust pH to 8.8 with 1T M HCi and adjust volume to 100 ml with distilled
water. ‘a
0.5 M Tris-HCI pH 6.8
Tris (hydroxymethyl)-aminomethéng 6.06 ¢
Adjust pH to 6.8 with 1 M HCI aindl""adjust volume to 100 ml with distilled
water. 4T
1.0 M Tris-HClpH6:8
Tris (hydroxymethyl)-aminomethane 12.1 g
Adjust pH to 6.8 with 1 M HCI and adjust volume to 100 ml with distilled
water.
Solution B (SDS PAGE)
2.0.M, Tris-HCI pH 8.8 75 ml|
10% SDS4'm|
Distilled water 21 ml
Solution C (SDS PAGE)
1.0 M Tris-HCI pH 8.8 50 ml
10% SDS 4 ml
Distilled water 46 ml 118
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SDS-PAGE

15 % Seperating gel
30 % Acrylamideml solution 5.0 ml
Solution B 2.5 ml
Distilled water 2.5 mi
10% (NH4)2S208 50Iu
TEMED 10 ¢

5.0 % Stacking gel
30 % Acrylamidemi-solution 0:67 mi
Solution C 1.0 ml
Distilled water 2.3.ml
10 % (NH4)28208 301u
TEMED 5.0 |l

5X Sample buffer
1 M Tris-HCI pH 6.8 0.6 ml
50% Glycerol 5.0 ml
10% SDS 2.0 ml
2-Mercaptoethanol 0.5 ml
1 % Bromophenoi-biue-1:0-mi
Distilled water 0.9 ml
One part of sample buffer was added to four parts of sample. The mixture was

heated 5 mingin boiling water beforeloadingito the,gel,

Electrophoresis buffer, 1 litre
(25'mM Tris, 192 mM glycine)
Tris (hydroxymethyl)-aminomethane 3.03 g
Glycine 14.40 g
SDS1.0g

Dissolve in distilled water to 1 litre. Do not adjust pH with acid or base (final
pH should be 8.3).
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EXPRESSION AND CHARACTERIZATION OF MUTATED SERINE PROTEINASE
INHIBITOR SPIPm2 OF THE BLACK TIGER SHRIMP Penaeus monodon
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‘emalse inhibitor SPIPm2 was identified
from the hemocyte cDNA hbzary of_che black_ﬂ.gt'i" shrimp Peneaus monodon. In previous
study. 1t was characterized and_ shcmn that it strengly inhibited subtilisin and clastase, and
weakly inhibited trypsin. In this study, the ‘gene was mutated by site-directed mutagenesis in
order to delineate the domain inhibitory activities. The P1 amin acid residues of domains 1,
2 and 3 were changecf,ﬁii-m Thr to Leu (T75L), Ala to Trp (AZ\__’.J\V} and Glu to Leu (E371L),
respectively. The wild-type, T75L and E371L proteins were produced and their inhibitory
activities were determingd. It was found that the inhibitory activities of T75L and E371L
against elastase and trypsin were lower than those of wild type. Only T75L showed lower
activity against subtilisin than the wild typs. Like wild type, both mutants could not inhibit
chymotrypsin. ' '

Introduction: Setine proteinase inhibiters (SPIs) are found widely in multicellular organisms
and fupetionsas 1egulat01-s of proteinasepactivitics, involying dn many-biglogical processes,
such ad'proteetion against microbial proteinases. prophenol oxidase adtivation, hemolymph
coagulation and metamorphosis [1]. The Kazal-type SPIs are well-known among many
families of SPIs. Usually, the inhibitors contain multiple domains of Kazal, each with six

1
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conserved cysteine residues forming three intra-domain disulfide linkages and a highly
variable P1 amino acid residue in the reactive loop. In black tiger shrimp. 9 Kazal-type SPIs
were identified from the hemocyte ¢DNA library [(Visetnan, Donpudsa et al. 2009)2]. A
SPIPm?2 is interesting for it contains five Kazal domains. It has been shown that the SPIPm2
strongly inhibits subtilisin and elastase, weakly inhibits trypsin and has no activity on

chymotrypsin [3].

To gain further information on the domain inhibitory specificity, the SPIPm2 gene was
specifically mutated at the P1 residues of domains 1, 2 and 3. The mutant proteins were over-
expressed and their inhibitory activities tested comparing with the wild type protein.

Methodology: Site-directed mutager ed out to mutate the SPIPm2 gene in a
plasmid pUC119 using spect ¢ domains 1, 2 and 3. The mutagenic
primers were 5 GCCAAA CTGTGTGTGGC 3", 5" GAGAT
GTCCAGGAATCTGICCA GCGGGACC-3" and 5" ATTG
TCGCGTGCCCTCTCATCT. s 1, 2 and 3, respectively. The
mutated nucleotides are ¢ subcloned into an expression

er purified using the Ni-NTA
00 mM imidazole. The eluted
sod.ium carbonate pH 10. The

bodies were solubilizle r' e aﬁ% 12, and dial}’-Zed m 50 mM

agarose column and eluted
proteins were then dialyzg
proteins were analyzed by 8 , 1
mutant proteins were assayed agal 1 'ypsin and chymot:rypsm using a

Results, Discussion and Conﬁl&&fﬁﬁ’.’ D:m' m2_genes (T75L, A243W and
E371L) were construetet : enesis. The mutant genes were sequenced
to confirm the correct alters vere shown along with the wild
type gene (Fig. 1) D ~ m

[EV]

=ofl e s et
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Wild T.'.!‘PE GrACGATGCACETI TG I RCARCCCCATTETOGOETECCCTGRAGATCTATGCTCOCET 360
E371L GrACGATGGACGTIGICETIGCARCCCCATTGTCGOGTECCCTICTCATCTATCCTCOCET 260
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Figure 1 The nucleotide segments of the mutant genes T75L (A), E243W (B) and E371L (C)
are shown against the wild type SPIPm2 gene.

The wild type. T75L and E371 proteins were over-produced in E. coli Rosetta(DE3)pLysS
expression system. The proteins were purified using Ni-NTA column and checked by SDS-
PAGE (Fig. 2).

Figure 2 SDS-PAGE™ anglysg€ Jfof , thics purifi it
polyacrylamide gel was used. s 1 15 the sizeymaker. L. mes 1-3 are wild type. T75L and
E371L, respectively. ' ' '
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