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CHAPTERI
INTRODUCTION

1.1 General introduction

The black tiger shrimp Penaeus monoden farming is one of the most important
aquaculture in Thailand. In Asia, Thailand issthesone of top ten countries in shrimp
production. The black tiger.shrimp hatcheries and-farms are dispersed along the
coastal area of the country..Nakorn Sri :rhammarat and Surat Thani are the provinces
that has highest yield of shrimps. Thailand location has several advantages for shrimp
cultivation, including ne"typhoon or cylclone seasons, small variable of sea water
during season andvideal soy and terrain for pond construction. Previously, the main
cultured species shrimp in Thailand-was: t’ﬁe black tiger shrimp P. monodon. This
made P. monoden shrimp an economicaﬁ_;/ important species in Thailand (Source :
FAO Fishstat 2006)s Singe the year 2002, fgtpe “‘production of the black tiger shrimp in
Thailand was decreased continuously due to infectious disease. Until now, the export
value of the black tiger shrimp in Thatland fell down over 10 times from 28,299.90
million baht in 2002 to 2,749:10 million bahtin 29‘10 (Table 1.1).

The black tiger shri‘mp farming—has k;een replaced with white shrimp
Litopenaeus vannamei-farming (Figure 1.1)'7"!.eis'"tr'1é white_shrimp has higher growth
rate, higher survival rate lower production cost than that of .the black tiger shrimp.
However, replaging the black tiger shrimp farming with the white shrimp is not an
idea solution as the white shrimp is not native species and it carries various viral
pathogens such as'Bacquvirus penaei (BP) and Taura Syndrome virus (TSV). These
viruses .ean sbe; transmit, toy the P., monoden, ;and cause~a catastrophic lost in P.
monodan praduction. In addition, the white shrimp/ L. vannamei has lower export
price than‘the black tiger shrimp, and this affects the country’s shrimp export in term
ofpvalue~The-demand-of the-black tiger shrimp,in, overseas'markets-remainsshigh and
it is likelyto grow'annually:.

By these reasons, it is important to study the shrimp immune-related genes and
their products as it would lead to better understanding of the immune system in the

black tiger shrimp. This could effectively solve the outbreaks to revive the black tiger



shrimp industry. New technology to help increase the P. monodon’s survival rate and

lower its production cost is unavoidably required.

Table 1.1 Aquaculture production of black tiger shrimp in Thailand (Source: office of

Agricultural Economics, www.oae.go.th/oae report/export_import/export.php)

Year

\\“H /7S Toul
| Quantity(

, y(tons)” | Value (million baht)
2002 ﬁ"":m;":-d 28,299.90
2003 — 24,201.40
2000 Y L 15,013.00

20020 " /1) E\“\‘C\\ ~8,568.00
2006 o £ 441 88N 6,965.80
200 £ LF) 31930 &\\L\\L 4,450.30
208 48 4 JUF C 4p83 . . | 2680.90
-PIIIF‘E{“\‘GLK 2,355.00
ulW iV m \ 2,749.10
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(www.oae.go.th/oae_report/export_import/export.php)

Figure 1.1 The black tiger shrimp and white shrimp export of Thailand during 2006
to 2010.
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1.2 Shrimp diseases

In many countries, the serious problem in shrimp industry is infection of
shrimp diseases due out lack of proper knowledge on shrimp biology, farm
management, and shrimp diseases. In Thailand, the outbreaks of infectious disease
have become the most serious problem since 1993. P. monodon are mainly infected
by virus and bacteria. The major infectious viruses are yellow-head virus (YHV),
spreading in central and southern Thailand durng.4993 to 1994 (Hasson et al., 1995)
and white spot syndrome virus (WSSV), outbreaking during 1994 to 1996 (Flegel,
1997). Taura syndrome virus (TSV) and infectious hypodermal and hematopoeitic
virus (IHHNV) have now.become important (Flegel, 2006). The major virulent strains
of Vibrio in shrimp e.g.Vibrio harveyi, V. parahaemolyticus, V. alginolyticus and
V. anguillaram cause the Wibrisis disease. This most prevalent bacterial disease could
cause mass mortalities both in hatcheries-and in shrimp growout ponds (Saulnier et
al., 2000). {

1.3 Viral diseases v

Shrimp farming industry in- Thailand, encountered a severe problem of viral
infectious diseases for @ver a gecade. The harmful virus species that have been
reported in P. monodon are white spot syndrome \/II‘US (WSSV) and yellow-head virus
(YHV) which cause white-spot syndrome (WSS) and yellow-head disease (YH),
respectively (Boonyaratpalin et al., 1993; Wongteerasupaya. et al., 1995). The

outbreak of these virus diseases causes great losses in the shrimp industry.

1.3.1 Whitg spot syndrome (WSS) disease

Lightner.(1996) has called this virus white spot syndrome baculovirus
(WSSV).hecause its morphological characteristics are similarto insect baculovirus.
However, by phylegenetic analysis of ribonucleotidereductase and protein kinase
genes, WSSV does not share a common ancestor with baculovirus (Van Hulten et al.,
2000; Van Huiten et al., 2001). The WSSV genome contains double-stranded DNA of
about 292 to 305 kb in length (Van Hulten et al., 2001; ‘Yang et al., 2001). Original
outbreaks were reported from China in 1993 and spread rapidly thereafter to Japan,
Thailand, Korea, India, USA, Central and South America. The disease is spread by
contaminated water, decomposing fecal matter or tissue, cannibalism and fluid from

infected females. Shrimp may be indirectly infected by exposure to previous hatchery



or pond growing cycles, contaminated water supplies, contaminated food, equipment
surfaces and clothing , or animals which have ingested diseased shrimp.

The clinical signs of WSS infected shrimps include red or pink body
surface and appendages, loose shell and white calcium deposits embedded in shell,
white spots of 0.5-2.0 mm in diameter on the exoskeleton and epidermis for which the
disease is named, lack of appetite and slow movement. However, the disease can
occur without the presence of white spots. Major _targets of the virons are ecto- and
mesodermal origin such as the gills, lymphoie~organ, cuticular epithelium. And
virions are assembled and replicated in'the nucleus. For instance, under non-stressful
conditions, infected shrimp«that have white spots may survive indefinitely. If the
white spots appeaitogether with lethargy, a pink to reddish-brown coloration, the
gathering of affected Shrimp around the edges of ponds throughout the day, and a
rapid reduction in fgod gonsumption, a very high mortality rate in the shrimp

population can be.expecied within afew hours to a few days of the onset of the signs.

1.3.2 Yellow head (YH) disease
In Thailand, the disease was first reported in 1990. Yellow head
disease occurs in the juvenile tossub-adult 'stéges of shrimp, especially at 50-70 days
of grow-out (Lightner, 1996).“YHV is a plé‘orﬁdr‘phic, enveloped virus with single
stranded RNA of positive polarity primarily. chal_ized in the cytoplasm of infected
cells (Cowley etyal.;71999). Infected shrimp often exhibits light yellow coloration of
the dorsal cephalothorax=area=and=have=a-generailly=pale=6i* hleached appearance

(Limsuwan, 1991).The swim slowly near the surface at the pond edges in moribund
shrimp. Mortality.may reach as high as 100% of affected populations within 3-5 days

from the onset of diseasesafter infected.

1.4 Bacterial'diseases

Vibrio species are a normalipart of the bacterial flora in aquatic eavironments
and farmerly-considered t0"be major ‘pathogens (Lightner, 1988). The becteria cause
the most serious diseases of the larval and postlarval stages of P. monodon (Lightner,
1983; Lightner, 1988; Lightner, 1996).

The luminescent bacterium, Vibrio harveyi, frequently related to the outbreaks
of luminous vibriosis in cultured P. monodon in hatcheries in many countries such as

Australia, China, India, Indonesia, Thailand, Philippines, and Taiwan (Vandenberghe



et al., 1998). In Thailand, vibriosis is the serious cause of production loss in penaeid
shrimp farms (Nash et al., 1992). This bacterial disease brings mortality up to nearly
100% of affected populations: larvae, post-larvae, juveniles, sub-adults and adults
(Lightner, 1983). Luminescent vibriosis bacteria, V. harveyi, were claimed to be the
most causative agent associated with shrimp mortality. V. harveyi is a rod shape,
Gram-negative bacterium with 0.5-0.8 pwm width and 1.4-2.6 um in length. The
bacteria are able to emit a biue-green color light by.a reaction catalyzed by luciferase.
The substrates are reduced flavin mononucleciide (FMNH,), a long chain aldehyde
(RCHO), and oxygen which react according to the following reaction:

Luciferase
FMNH, + RCHO + Oy » FEMN + HO + RCOOH + light

The disease gaused by \& harveyi Jisﬂr‘widely known as luminous disease. The
gross signs of localized infection.in the cﬁtic_le or sub-cuticle are called shell disease
or black or brown spot disease. These supe‘rficial infections can develop into systemic
infections under some Gircumstances. ‘These systemic infections can cause mortality.
Other gross features of the infected shrimp. are milky white body and appendages,
weakness, disoriented swimming,.lethargy and Iuss of appetite, eventually leading to
death. :

Presumgptive diagnosisS IS made on the'basis of clinical signs and culture of the
suspensions of hepatopancreas or biood on trytic plate supplemented with 2% (w/v)
NaCl. After incubation at 30 °C overnight, colonies of V:~harveyi show strong
luminescence in dim light. To avoid drug resistance from usage of antibiotic to
control bacteria, utilization of probiotics such as Pseudomonas 1-2 and Bacillus
subtilis/BT23 was done-“These probigtics are capable: of producing:compounds with
inhibitary effects..on the growth..of V. haiveyl. This'is an'interesting alternative
strategy to control shrimp pathogenic Vibrio in cultured system (Chythanya et al.,
2002; Vaseehcran et al.,2003):

1.5 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 system
functions by producing highly specific recognition molecules, known as antibodies,
which can memorize foreign molecules after the first exposure. The innate immune
system involves a large number of generalized effector molecules.

Innate immune system is.a more phylogenetically ancient defense mechanism
found in all multicellular microorganisms. Ahis first line of defense helps to limit
infection at an early stage and relies on germline-encoded receptors recognizing
conserved molecular patterns that are present in the microorganisms (Janeway Jr,
1998). Meanwhile, adaptivedmmune system is a more sophisticated and complicated

mechanism including tmmunoclogical memory (Lee et al., 2001).

1.6 Crustacean immune system

Crustacean Immune, System 1s inn’ate.immune system based on cellular and
humoral components of the circulatory systerﬁ. The hard cuticle covering all external
surfaces of crustaceans is the first line of defense against the environment. The innate
immune system can respond rapidly if micrporganisms invade the animals. Despite
their relatively short Jdife .and assumedxz:léss;gr complexity, crustaceans have
mechanisms to detect foreign matter. Crustacean" fhaemocytes play important roles in
the host immune response-inciuding reéognition, phagocytosis, melanization,
cytotoxicity and-cell-cell communication. Classification of the haemocyte types in
decapod crustaceans is based mainly on the presence of cyioplasmic granules into
hyaline cells, semigranular cells, and granular cells. Each cell type is active in defence
reactions, for example, the hyaline cells are chiefly involved in phagocytosis, the
semigranular, cells are_the cells_active_in_encapsulation, while the granular cells
participate in_storage and release of the .prophenoloxidase (proPO) system and
cytotoxicity. The haematopoietic tissue has been described in several crustacean
decapod.species and_shown. to.be, the haemocyte-producing.organ. Tentative stem
cells ‘have been shown to be present in«this tissue.linssitu hybridization-demonstrated
that proPO is not present in the haematopoietic tissue of crustaceans which suggests
that protein expression is different between circulating haemocytes and the cells in the

haematopoietic tissue.



1.6.1 Pattern recognition proteins

When the animals were attacked by the foreign substances, 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 that recognize cell® wall .components of pathogens has been
identified. The target recognition of innate immaunity, so-called “pattern recognition
molecules (PRMs)”, is shared among groups of pathogens. Host organisms have
developed the response to. these'PRMs by a set of receptors referred to as “pattern
recognition protcins or receptors (PRPs or PRRs)”. These patterns include the
lipopolysaccharides (LPS) .of Gram: negative bacteria, the glycolipids of
mycobacteria, the lipoieicheic acids of Gram positive bacteria, the mannans of yeasts,
the B-1,3-glucan of fungi, and double-stranded RNA of viruses (Hoffmann et al.,
1999). Most current research has emphagized the possible roles of non-self
recognition molectles inthevertebrate and fhg invertebrate immune system.

Carbohydrate recognition i_si_, ihportant Pecause carbohydrates are
common constituents of microbialcetl wall; a_ha microbial carbohydrates have distinct
structures from those of carbohydrates of eukarj}lf(;‘tic cells. Therefore, LPS or/and B-
1,3-glucan binding proteins (LBP, BGBP, or LGBP), peptidoglycan recognition
protein (PGRP); Several kinds of lectins, and hemolin have been-.identified in a variety
of invertebrates with different biological functions proposed following their binding
to their targets (Lee et al., 2002).

In shrimp, the LPS-binding protein has been reported as a multivalent
carbohydrate-binding agglutinin that, besides its bacterial agglutination ability,
increases phagocytic rate (Vargas-Albares, 1995).

1.6.2 Cell-mediated defense reactions
Cellular ‘defense actions include phagocytosis, encapsulation and
nodule formation (Millar, 1994). Phagocytosis is a phenomenon that in all organisms.
It includes attachment to the foreign body, ingestion and destruction. Encapsulation, a
process wherein layers of cells surround the foreign material, occurs when a parasite

is too large to be ingested by phagocytosis. Nodule formation, which appears similar



to capsule formation, occurs when the number of invading bacteria is high. These

structures, capsules and nodules, are always melanized in arthropods.

1.6.3 Hemocyte adhesion molecules

In invertebrate immunity, cell adhesion is essential for the cellular
immune responses of encapsulation and nadule formation. Blood cells of the crayfish,
Pacifastacus leniusculus, can release a cell-adhesive and opsonic peroxidase called
peroxinectin (Lin et al., 2007). A site containingethe motif, KGD, appears to be
adhesive by binding to a transmembrane receptor of the integrin family on the blood
cells (Johansson et.aly1995). Peroxinectin also binds to a peripheral blood cell
surface CuZn-superoxide dismutase. The peroxidase-integrin interaction appears to
have evolved early and seems conserved. Human myeloperoxidase supports cell
adhesion via the"aMp2#intggrin. [There is _ejVidence for peroxinectin-like proteins in
other arthropods. Effectsiby RGD peptidés indicate that integrins mediate blood cell
adhesion and cellulag Tmmunity:in diver§e ‘Invertebrate species (Johansson et al.,
1989). Other blogd cell molecules propbs_ed to be involved in cell adhesion in
invertebrates including the insect plasmatocyiei'épreading peptide, as well as soluble
and transmembrane proteins which show some similarity to vertebrate adhesive or
extracellular matrix moleculs: Proteins such as the Ig family member hemolin or
proteins found in insect hosts for parasitigi".\;,\/:_as})‘s, inhibit cell adhesion and may

regulate or blockicellular immunity (Johansson; 1599).

1.6.4 The prophenoloxidase (proPO) system

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

In vitro studies have shown that ‘phenoloxidase (RO) exists as an
inactive precursor, prophenoloxidase (proPO), which is activated by a stepwise
process involving serine proteases activated hysmicrobiak cell'wall-eompaenents, such
as low quantities of lipopolysaccharides or peptidoglycans! from bacteria and. -1,3-
glucans from fungi, through pattern-recognition proteins (PRPs) (Ariki et al., 2004).
An enzyme that is able to activate the proPO in vivo is termed prophenoloxidase
activating enzyme (factor) (ppA, PPAE, PPAF). In crayfish, ppA is a trypsin-like
proteinase present as an inactive form in the haemocyte granules. After degranulation,



the enzyme is released together with proPO and becomes an active form in the
presence of microbial elicitors. The active ppA will convert proPO to an active form,
phenoloxidase (PO) (Aspan et al., 1991; 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 monophenols to diphenols and oxidises diphenols to
quinones, which can polymerise non-enzymatically to melanin. PO is a sticky protein
and can adhere to the surface of parasites, which will lead to melanisation of the
pathogen.

Melanisation is usually observed by blackening of the parasite in the
hemolymph or black spots«on.the cuticle. The melanin and intermediates in the
melanin formations€an iahibit growth of microbial parasites, such as the crayfish
plague fungus, Aphanomyces astaci-(Soderhall et al., 1982). The production of
forming insoluble melanin deposits' involving in the process of sclerotisation, wound
healing and encapsulation of foreign-materials (Theopold et al., 2004). To prevent
excessive activation of the proPO cascade, aroteinase inhibitors are needed for its

regulation.

1.6.5 The coagulation/clotting systéniq -

Hemolymph ‘coeagulation is ‘a defensive response of crustaceans
preventing both loss of hemoelymph through‘breaks in the exoskeleton and the
dissemination of\pacteria throughout the body (M’zirtin et al, 1991). Itis a proteolytic
cascade activated=by—microbial—celi=watt=components==The coagulation system
involves a plasma-clotting protein (CP) and a hemocyte-derived transglutaminase
(TG) (Kopacek etal., 1993; Yeh et al., 1998).

Clotting .has been most studied. in two non-insect arthropod species
with significantly'different clotting reactions: freshwaier crayfishjand,horseshoe crab.
The clotting”system in“crayfish=depends on the" direct tranglutaminase (TGase)-
mediated cross linking of a specifi¢g'plasma protein, whereas the process inhorseshoe
crab is regulated 0y a proteclytic cascade activated by bacterial elicifors 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).
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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 lobster Panulirus interruptus
(Kollman et al., 2005).

1.6.6 Proteinase inhibitors

Proteinase inhibitors, also produced by the hemocytes, are necessary to
protect host from microbial proteinases and.regulate the proteinase cascades (the
proPO and coagulation system). Function of proteinases. in many pathogenic fungi is
help the fungi in penetrating. ihe cuticle of their arthrepod hosts. Proteinases also
contribute to the virulence ofbacterial pathogens. Some of the proteinase inhibitors in
hemolymph may defead the‘hast against such microbial proteinases. For instance, the
silk worm (Bombyx mori). sering proteixna_:?e inhibitor is active against proteinases
from fungal pathogens (Eguchi et al., 1993). Several of Manduca sexta serpin gene-1
variants inhibit bacterial and fungal serine“!proteinases (Jiang et al., 1998). Proteinase
inhibitors in the cuticle or at the surface;o_f the Integument might also function in
protection against fungal infection. An-external secretion from grasshoppers has been
shown to contain proteinase inhibitors with awide range of specificity (Polanowski et
al., 1996).

In vertebrates, injury and migirdkgialllinfection lead to activation of the
blood coagulation and proPO systems. Both .of!thése systems employ cascades of
serine proteinases=to=ampiify=an=mitial=signal=(wounded=tissué or the presence of
microbial polysaccharides), 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,

Like blood clotting,sphenoloxidase agtivation is normallygregulated in
vivo as a local reaction with brief duration. Also comparable to ‘bloowsclotting, the
regulation'may be partly due to Serine proteinase inhibitors in plasma (Kanost et al.,
1996). Pacifastin and, to the lesser degree, a-macroglobulin inhibit crayfish PPO
activation (Aspan et al., 1990). Among the low molecular weight inhibitors from
insect hemolymph, Kunitz family inhibitors from M. sexta, Sarcophaga bullata, and
B. mori (Sugumaran et al., 1985; Saul et al., 1986; Aso et al., 1994) and the 4 kDa
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locust inhibitors (Boigegrain et al., 1992) can interfere with PPO activation. Serpin-1J
from hemolymph of M. sexta inhibits the activity of a serine proteinase linked to
prophenoloxidase activation (Jiang et al., 1997). Recently, the M. sexta serpin-6 was
isolated from hemolymph of the bacteria-challenged larvae, which selectively
inhibited proPO-activating proteinase-3 (PAP-3) (Wang et al., 2004). In addition, its
structure and function were further characterized by cloning and expression in E. coli
expression system (Zou et al., 2005) The wesults indicated that serpin-6 plays
important roles in the regulation of Immune protemases in the hemolymph. It is likely
that each proteinase in‘the PPO cascade s regulated by one or more specific inhibitors
present in plasma orin hemoeeyte'granules.

Moieover, qthe srecently ‘reported function of kazal-type proteinase
inhibitors (KPIs) includes the repreductive process in the fresh water prawn
Macrobrachium rosenbergil requiked KPI to inhibit the sperm gelatinolytic activity
(Li et al., 2009) and bagteriostatic activity of KPI in P. monedon (Donpudsa et al.,
2009). .

1.7 Antimicrobialpeptides (AMPs)« | |

Antimicrobial peptides - (AMPs) ;(jé"-?ffector molecules that play an
evolutionarily conserved compenent of the ianate immune system. They are found
throughout all kingdoms from-bacteria to human. Most of the AMPs are small in size,
generally less than 150-200 amino acid residues, with amphipathic structure and
cationic property. Anionic peptides also exist. AMPs have.a wide variety and
diversity in amino acid sequences, structure, and range of activity. AMPs are active
against a large spectrum of microorganisms, including bacterial and filamentous
fungi. In.addition, some AMPs have antiviral or antiparasitic activities,

The diversity of AMPs is divided into sub-greups on the basis of their amino
acid composition and structure. Peptides in the first subgroup are small anionic
antimicrobial..peptide..(721.6-823.8,, Da), .which .present in ,surfactant .extracts,
bronchoalveolar lavage fluid vand airway epithelial cells ((Brogdeny et 'al.;1996;
Brogden et al.,1998; Brogden et al.,1999). They are requires zinc as a cofactor for
antimicrobial activity and can act against Gram-positive and Gram-negative bacteria.
The second subgroup AMPs contain ~290 short cationic peptides that lack in cysteine

residues and sometimes have a hinge or ‘kink’ in the middle (Gennaro et al., 2000;
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Tossi et al., 2000). All or part of their molecules is converted to an a-helix when
presence of trifluoroethanol, sodium dodecyl sulphate (SDS) micelles, phospholipid
vesicles and liposomes, or Lipid A (Gennaro et al., 2000), e. g. LL-37 (Johansson et
al., 1998). The extent of a-helicity correlates with the antibacterial activity against
both Gram-positive and Gram-negative bacteria (Park et al., 2000). The third
subgroub is cationic peptides which are rich in certain amino acid. (~44 group
members) (Otvos et al., 2002) This group ineludes.ihe bactenecins and PR-39, which
are rich in proline (34-49%) and arginine (13-38%) residues. These peptides lack
cystein residues and are linear, but some can form extened coils. The fourth subgroup
is anionic and cationic peptides (=380 members) which contain cysteine residues and
form disulphide bends and'stable 3-sheet. This subgroup ineludes a diverse family of
defensins. These are ~55c.-defensins, Which include human neutrophil peptides
(HNPs) and cryptdinsy and 9OB-defensins]frb'm poth humans (HBDs) and animals that
contain six cysteines waich.are linked byihrge intramolecular disulpide bonds (Ganz
et al., 1990; Lehreregal., 19937 Lehrer et aljf,2002; Ganz et al., 2002).

In arthropods, several antimicrobialrﬂpep_t(ides were isolated and characterized,
mainly in insects especially Drosephila and I‘chelicerates (horseshoe crabs) (Iwanaga
et al., 2005). These proteins .are-mainly syﬁ(ﬁésijz_gd in the hemocyte and are stored
within the cytoplasmic granules:—The cells arefh'i.dhly sensitive to LPS, a major outer
membrane component of Gram-hegative beicie’ri&; -and.respond by degranulating the
granules after. sttmulation by LPS. This antimicrobial system in insect differs from
those of the crustaceans in that the fat body of the Insects is.the main site for the
antimicrobial peptide synthesis (Engstrom, 1999; Hoffmann et al., 1999).

There are many reports on antimicrobial peptides in crustaceans. In 1997, a
small peptide named, calliectin observed in.the_hemalymph of blue crab Callinectes
sapidus, was reported te be responsible for the ‘majority of antimicrobial activity
(Khoo etial., 1999). Penaeidins, antimicrobial peptides acting against Gram positive
bacteria,and fungiyhave been reported in penaeid shrimp, L. vannamei (Destoumieux
et al;, 1997) cDNA clones ofpenaeidin lisoform were also isolated from the
hemocytes of L. vannamei, P. setiferus (Gross et al., 2001), and P. monodon
(Supungul et al., 2004). Crustins, an antimicrobial peptide, were identified from 2
species of Penaeid shrimp: L. vannamei and L. setiferus. Several isoforms of crustins

were observed in both shrimp species. The 11.5 kDa antibacterial protein from
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Carcinus maenas, showed no homology with other known antibacterial peptides, but
possessed sequence identity with a family of proteinase inhibitory proteins, the whey
acidic protein (WAP). Peptides derived from the hemocyanin of L. vannamei, P.
stylirostris, and P. monodon possessing antiviral activity has also been identified
(Destoumieux-Garzon et al., 2001; Patat et al., 2004; Zhang et al., 2004). Moreover,
histones and histone derived peptides of L. vannamei has also been reported as innate
immune effector. They can inhibit growth 0f+Gram-positive bacteria (Patat et al.,
2004).

Like most invertebrates, shrimps lack a true adaptive immune system and rely
on innate immune responses, .ncluding the production of antimibrobial proteins.
Various antimicropial peptides have been identified in shrimps such as penaeidins,
anti-lipopolysaccharide fagtors (ALLFs), lysozymes and crustins.

1.7.1 Mechanisms of antimicrobiél peptide

The mades of action by which antimicrobial peptides kill bacteria is
varied, including disrupting membranes, interfering with metabolism and targeting
cytoplasmic components (Brogden, 2005). '

Initial contact between the pebtide and the target organism relies on
electrostatic, since most bacterial surface are anionic. Amino acid composition,
amphipathicity, cationic charge and size of AMPS allow them to attach to and insert
into membranéybilayers. Transmembrane pbr(a’;forming arg” the mechanisms of
antimicrobial peptide=insertion-and-form-pores-into-membiane to kill bateria by
‘barrel-stave’, ‘carpet’ or ‘toroidal-pore’ models. Although the formation of ion
channels, transmembrane pores and extensive membrane rupture eventually leads to
the lysis of microbiakcells, there is increasing speculation that these effects are not the
only meehanisms-of microbial killing ' (Brogden, 2005, ‘Bolintineanu et al., 2010).
Intracelular killing-are the mechanism’of antimicrobial*peptidé penetrate into the cell
to bind intracellular molecules which are crucial to_eell living, includes inhibition of
cell wall 'synthesis, alterationof cytoplasmic membrane, activation -ef autolysin,
inhibition of DNA, RNA, protein synthesis, and inhibition of certain enzymes (Figure
1.2)

In many cases, the exact mechanism of killing is not known. In
contrast to many conventional antibiotics, these peptides appear to be bacteriocidal
(bacteria killer) instead of bacteriostatic (bacteria growth inhibitor). In general, the


http://en.wikipedia.org/wiki/Bacteriocidal
http://en.wikipedia.org/wiki/Bacteriostatic
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antimicrobial activity of these peptides is determined by measuring the minimal
inhibitory  concentration (MIC), which is the Ilowest concentration of
antimicrobialpeptide that inhibits bacterial growth

In many instances, cellular damage lags substantially behind the time
required for antimicrobial killing, indicating that some of the ultrastructural damage is

killing. Lehrer et al. (1989 tha F cmbra ous blebs on HNP-treated E. coli
continued to accumulate as viab | ' and concluded that the

appearance of blebs followed, rather” han caused; the loss of bacterial viability
| ed with DEFB118 were killed

o ilar studie bal
in 15 minutes but.eellulartamage \ :
SMAP29 or CAP1E e Kille ;_, , ;=, ellular damage continued for
up to 8 hours (Kalia et ) 1 v '

s after exposure to the
eruginosa cells incubated with

AU INENTNGINS
QRININIUNRINYIAE



15

Alters cytoplasmic membrane
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1.8 Crustin _ 7
Crustin is one type ojﬁﬁ@ﬁbb | peptides (AMPs) that have been identified
e e -l

il
- o g el
in various crlﬂ'%eans (Hauton et al., 20

m -

007) including several

shrimp species g P=moRodoR—(ATmparyup-et-a “supungul et al., 2004,
Supungul et al., 20( € vannamei (Bartlett et al.,
2002) and Fenneropenaeus chinensis (Zhang et al., 2007ﬁrhis peptide is mainly

found in the plasmaand-hemocyte granules of shrimps. The present review considers

crustinias | M@ﬂﬁtﬂﬁlwlﬂﬂhﬂﬁs a single whey
acidic @i ) domain e carboxyl termi an mino acid residues
with eight cysteine residues in a canserved arrangement that forms a four-disulphide
BRI RIBERA N b
8), crustins can be classified into three main types based on the structure of the
central region. Type | crustins contain cysteine-rich region and the WAP domain.
These types of crustins are present mainly in crabs, lobsters and crayfish (Brockton et
al, 2007; Christie et al, 2007; Hauton et al, 2006; Jiravanichpaisal et al, 2007; Stoss et

al, 2004). Type Il crustins have cysteine-rich region and the WAP domain, as well as
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a glycine-rich region between signal sequence and cysteine-rich region. Crustins from
shrimp is classified in this group. Unlike Type I and 11, Type IlI proteins contain only
the WAP domain so the proteins identified in this group are called single-whey
domain (SWD) protein, rather than crustins (Figure 1.3)

The term ‘WAP’ is derived from the name given to a family of proteins,
originally discovered in the whey fraction of mammalian milk. All crustins described
to date possess a leader/signal sequence at the N=texminus and the WAP domain at the
carboxyl end. The WAP domain has also“been found in proteins with diverse
functions, including protease inhibition (Sallenave, 2000) and antimicrobial activity
(Shugars, 1999, Wiedow et-al.,»1998). The WAP domain, in contrast to the signal
sequence, is highly conserved between species and in sewveral crustins, especially

those from shrimp, asparti¢acid and Iysiﬁe residues are positioned as follows:
-B-XX-D-XX-C-XXXD-K:-CC-X-D-

This arrangementy however, s not”i_trué in every case. For example, glycine
substitutes for aspartic acid after the first cyét_eine ina L. vannamei EST (AAS57715),
and serine replaces lysine before the doublé_w.t_:)i/steine in the Callinectes sapidus EST
(CV462984). The region between the signal'..seq!u.ence and WAP domain is variable
but conforms to one of a small number of distinct -structural patterns with regard to the
presence or absence of other domains. The ér'..r‘éh:géments of these are largely, but not
entirely, conserved within taxonomic sub-groups of afrangements within the
decapoda. At feast three main subgroups appear to exist (Figure 1.3) (Smith et al.,
2008). Type | crustins have the region that lies between the signal sequence and the
WAP domain is of variable length and cysteine-rich but has more than six of these
residues=Type [l erustins, on thesother hand; pessess;not-enly-a cys-rich region but
also a long gly-rich_domain of approximately 40-80 aa adjacent to the signal region
(Figure 1:3). A third group of WAP domain-containing proteins from decapods
resemblesicristins but:lack-notronly the gly-richrdomainsofthe: Type,ll,molecules but

also the cys-rich regian presentinoth Type Iland Type II.
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Type |

c Eg Crab, lobster, crayfish and other
crustins in the Pleocyemata

S-S  Cys-rich region WAP domain

Type |l
S-S G.y~nch region Cys-rich region WAP domain
Type Il

Eg SWD and chelonianin-like crustins

v N

S-S __Proarg WARdomain
[EGion

Figure 1.3 Schematic representation (not to scale) of the domain organisation of the
three main crustin types from decapods (émith et al., 2008). S-S is a signal sequence.

The first crustin,an 11.5 kDa anﬁbacterial peptide was first described in the
granular hemocytes of the share-crab, Ca"kﬂcin'Us maenas (Schnapp et al., 1996). The
11.5 kDa antibacterail protein was‘characterized as a hydrophobic molecule, which
has cysteine-rich and antimic'rbbi:él activi_:t.'y':adéinst Gram-positive bacteria, named
‘carcinin’ (Smith et al., 2001). <~ s

From Expressed Sequ‘ehce‘ Tag (ES'}‘)-- "‘d’;‘[abase the different isoforms of
crustins have been found in P ‘monodon (Supungul et al., 2004 and Tassanakajon et

al., 2006). The two major |sof0rms are crustlanl and crustin-like antimicrobial
peptide (crustlanﬁ—wwrmmmetelns in E. coli and
characterized for-their antimicrobial properties (Amparyup &t aI 2008; Supungul et
al., 2008).

CrustinPm1, the most abundant isoform, eontains an open reading frame of 435
bp encoding:a precursor of 145 amino acids that comprises 17 ‘amino acid signal
peptides and 128 ‘@mino-acid mature peptides. The peptides contain a Gly—Pro rich
region at the amino-terminus and a single whey acidic protein (WAP) demain at the
carboxyl-terminus. The recombinant ‘crustinPm1 has a molecular mass«of 14.7 kDa
with a predicted pl of 8.3. Antimicrobial assays demonstrated that recombinant
crustinPml showed strong inhibition against Staphylococcus aureus and
Streptococcus iniae. In addition, the study of inhibition mechanism revealed that the
antimicrobial activity of crustinPml was a result of bactericidal effect (Supungul et
al., 2008).
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CrustinPm7 consists of 124 amino acid residues of the mature peptide and a
signal peptide of 17 amino acid residues. The mature peptide contains a glycine-rich
domain at the N-terminus and 12 conserved cysteine residues containing a single
WAP domain at the C-terminus. The recombinant crustinPm7 has a molecular mass
of 12.96 kDa with a predicted pl of 7.81. Antimicrobial assays demonstrated that

Furthermore, a unigue isof : st UstinPm5, was identified from a

gill-epipodite cD a e black '» shrimp. ' ptide was expressed as a

=7, fihd ekbe \" oximately 17 kDa) and

[lve bacteria, but did not
c arn et al., 2009).

recombinant protei
exhibited antimicrobie
inhibited the growth offa
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crustinPml MKGLGVTLEC—VLAMASA === == == = = = = — = = — e e
crustinPm3, 4 MKGVKAVILCSLLATALA-GKFRGSGTYGGGGSYGGGGSYGGGLGGGVSGGGLGGGVNGG
crustinPm5 MRVAGYLVVAVASVAVTDG === === === === === == == ————m——m e e
crustinPmé MKGVSVATLCCVLAAASA ———— = === = — == o e
crus-likePm MLKEVVLSVVAVAVVHA = = — = = == = m e e e e e

*

crustinPml
crustinPm3, 4
crustinPmb
crustinPmb6
crus-1likePm

crustinPml

crustinPm3, 4
crustinPmb ; , / L NGT T ‘ )
crustinPmé g EROGC S RT N [ OGGG--FPGGFGGIGGFPG
crus-likePm ; QRGNADIRFLGG VE GFLPGV---PGHGGVVPGGGG

* % *

crustinPml
crustinPm3, 4
crustinPmb
crustinPmé ‘ HN O !
crus-1likePm y ' | T ARG \ KPGRCPQIRDTCPGLRKGVP-

* * K .k * x

crustinPml
crustinPm3, 4
crustinPmb RPTQCAHDGQCYASNDKCCFDRCL
crustinPmb6 RPITGCSNDYKEGG et DR C
crus-1likePm -—-—-ICRODTDCFG=SDKECEDTCL

* * * e e

e i

£
Figure 1.4 Gerﬁpanisnn_oLEenaeus_anodgn_cmslm_amigobacid sequences. (*)

indicates aminﬁ—ajgiq identify and (.) and (%) indicate amino acid-Similarity. The signal
peptides, glycine-rich regions, and WAP domains are indicated by yellow, blue, and
black boxes, respectively. The bolds letters correspond to the cysteine rich regions.

Crus-likePmris known asscrustinPm7 in this-iterature;
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1.9 Objective of the dissertation

From literature reviews, antibacterial mechanism of AMPs involves in
membrane disruption and pore formation (Yeaman and Yount. 2003, Jenssen et al.,
2006, Fernandez-Vidala et al., 2007 and Bolintineanu et al., 2010). In this research,

we proposed to take detail study

on binding properties of rcrustinPml and

rerustinPm? using (i) Bacterial. ponent binding assay (ii) Bacterial
agglutination assay (iii) Ini r rane: (I ))' Permeabilization assay (iv) Surface
Plasmon Resonance (S 1d (V) S ning Ele croscopy (SEM); In addition,

study.

Y
]
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MATERIALS AND METHODS

2.1 Materials

o

2.1.1 Equipments

-80°C Freezer (Ther
-20°C Freezer (Whi
4°C Freezer (Whi
96-well cell cul
96-well cell cultu

Amicon

Autolab

Automatic microf

s e 4 —
§i8i8) [

b L

i %f) 7% r

nention System (GeneCam FLEX1, SYNGENE)
Incubator‘shaker 4000 (New
IncubatorB°C (Heraeus
Incubator 37? (Memmert)

anni C i ; .ll J; 0 L Ltd.)
q;llr (lr\lltutALijre, Inc., ;JSA) ‘,( -ﬁ @
oL L b sl TdVTER Y
pH meter, Model # SA 720 (Orion)
Pipette tips 10, 20, 100, 1000 ul (AxygenMCT-150-C, USA)

Power supply, Model Power PAC 300 (Bio-RAD Laboratories)
Spectrophotometer DU800 (Beckman coulter)
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Trans-Blot® SD (Bio-RAD Laboratories)

Sonicator, Model VCX-500-220 (SONICS Vibracell™™)

Vertical electrophoresis system (Beckman)

Whatman® 3 MM Chromatography paper (Whatman International Ltd.,
England)

2.1.2 Chemicals and regents

5-Bromo-4chloro-3-indolyl phosphate (BEIP), CgHsBrCINO4P (Fermentus)

Absolute ethanol, C;H:0H (BDH)

Absolute methanol, . GH;@H (Scharlau)

AcrylamideyC;H3;NO (Merek)

Acetic acid glacial JCHsCOOH (ElDH)

Agarose (Sekem) 48

Alkaline phosphatase-conjugated goat anti-mouse IgG (Jackson
ImmunoResearch Laboratofjies,"'-lnc.)

Ammonium perstilfate, (NHs)»5,0g (USB)

Ampicillin (Biebasic) 7: , |

Anti-Histidine tag monocional antibo_é:i'iés_ (GE-healthcare)

Bacto agar (Difco) : -4

Bacto tryptone (Merek)

Bacto yeast extract (Scharlau)

Bovine'sérum albumin (Fluka)

Calcium chloride, CaCl, (Merck)

Chloramphenicol (Biobasic)

Coomassie brilliant blue R-250, C4sH44N307S;Na (Sigma)

Ethylene diamine tetraacetic acid (EDTA), disodium salt dehydrate (Fluka)

GéneRuler™ 100bp DNA ladder (Fermentus)

GeneRuler™ 1kb DNA ladder (Fermentus)

Glycerol, €3HzO3 (BDH)

Glycine, NH,CH,COOH (Scharlau)

Hydrochloric acid, HCI (Merck)

Imidazole (Fluka)

Isopropyl-beta-D-thiogalactopyranoside, IPTG (Fermentas)

Kanamycin sulfate (Biobasic INC.)



Nitro blue tetrazolium chloride (NBT), C4oH30CI2N19Og (Fermentus)
MES, Free acid monohydrate (Biobasic INC.)

Methanol, CH3;OH (Merck)

N, N, N’, N’-Tetramethylethylenediamine (TEMED) (BDH)

N, N’-methylene-bisacrylamide, C7H10N.O, (USB)

214 Micﬂ»rganis
Bacillus meg‘terlum

ﬁﬁﬂ%ﬂﬁﬂﬁﬂﬂWﬂi

erlchla coli strain MG&655

9 mmnm UAIINYAY

Erwinia carotovora
Micrococcus luteus
Pichia pastoris
Staphylococcus aureus
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Staphylococcus haemolyticus
Vibrio harveyi 1526

2.1.5 Kits

Crytal Screen 1&Il (Hamton Research)

NucleoSpin® Extract 11 kit (Macherey-Nagel)

PEG Rx™ 1&2 (Hamton Research)

PEG/lon 1&2 Screen (Hamton Research)

Salt Rx™ (Hamton Research)

Wizard I, 11, liyand 1\ random sparse matrix erystallization screen (Emerald
Biosystems)

Pierce® BCA RroteinfAssay Kit (Thermo scientific)

Qiaprep®Spin Miniprep Kit (QIAGEN)

2.1.6 Vectors
pET-28b(+) (Novagen)
pVR 500

pPICIK (Invitrogen)

2.1.7 Software il
Autolab SPR Data and Kinetic Software (Metrohm , USA Inc.)
Graphpad!Prism® version 5.0 (Graphpad software, USA Inc.)

Production of rcrustinPml and rcrustinPm7 from

pPET-28b/crustinPm1 and pET-28b/crustinPm7 constructs

2.2.1 Expression of pET-28b/crustinPm and*pET-28b/crustinPm?7
The plasmid containing full-length of crustinPm1 and crustinPm7 were

transformed into an E. coli_strain_ Rossetta (DE3) for the production of the

recombinant . crustinPml and. crustinPm7 (rcrustinPmd ' and’ rcrustinPm7). The

rcrustinPml and rcrustinPm?7 were expressed as described in Supungul et al., 2008

and Amparyup et al., 2008 with some modifications. In brief, a single colony of E.

coli Rosetta (DE3) containing pET-28b/crustinPml1 and pET-28b/crustinPm7 were

cultured with shaking at 37 °C by shaking speed 250 rpm overnight in fresh LB broth

containing 30 pg/mL of kanamycin and 34 pg/mL of chloramphenicol. The overnight
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culture was diluted 1:100-fold in LB broth containing 30 pg/mL of kanamycin and 34
ug/mL of chloramphenicol. The culture was grown at 37 °C with shaking at 250 rpm
until the optical density at 600 nm (ODgqo) of the culture reached 0.5-0.6. IPTG with
final concentration of 1 mM was added into the media and further incubated at 37 °C
with shaking. The cells were harvested at 4 h for crustinPml and 5 h for crustinPm?7,
respectively by centrifugation at.8,000xg for 10 minute at 4 °C. The cell pellet was
resuspended with 1x PBS buffer, pH 7.4 bhywvortexing and then disrupted by freezed-
thawed at least 3 rounds follewed by sonicatioa=using a Bransonic 32 (BANDELIN
SONOPULS, Germany) on ice with 60% amplitude pulse 3-5 times for 2.30 minutes
each time. The rcrustinPml.and.rcrustinPm? existed as inclusion bodies, so the pellet
was collected and.the supernatant liquid was discarded. The pellet was washed with
1xPBS containing 1% TriionX-100 twice followed by 1xPBS twice. The cells lysate
were centrifuged at 10,000 rpm for 15 minutes at 4 °C to remove supernatant. The
inclusion bodies were dissolved in 56 m Tris-Cl buffer pH 8.0, 20 mM imidazole
and 8 M urea by gently shaking overni‘fghtﬂ- at room temperature. The remaining
precipitant was removed hy centrifugatio’h( and the supernatant containing crude

rcrustinPml and rcrustinPm?7 were subjected f,o brotein purification.

2.2.2 Purification of rcrustianli’réﬁdﬂ-“ rcrustinPm?7 under denaturing
condition .

The recombinant pET-28b/cruéti:r;Pnﬁl or pEF-28b/crutinPm7 were
expressed with His=tags-fussion; so-they-can-be-purified-uncer denaturing condition
using a Ni-NTA affinity chromatography (GE Healthcare) column.

At First, slurry 2-4 mL of the Ni-NTA agarose in 20% ethanol was
packed into the PD-20 _column and washed awvith 10 mL of sterile deionized water 3
times followed by:10 mL of 50 mM Tris-Cl-pH-8.0 containing 20 mM imidazole and
8 M urea, The protein solution was then loaded onto-the column and fractions were
collected immediately by a gravitysflow. Subsequently, the column was washed with
50 mM Tris-€! pH 8.0 containing 20 mM imidazole and '8 M urea to remove unbound
proteins. After washing, proteins were eluted with (i) 50 " mM Tris-CI pH 8.0
containing 8 M urea and 150 mM imidazole and (ii) 50 mM Tris-Cl pH 8.0 containing
8 M urea and 500 mM imidazole, respectively. The column was finally washed with
10 mL of 50 mM Tris-Cl pH 8.0 containing 8 M urea and 500 mM imidazole
followed by 10 mL of sterile deionized water 3 times. The Ni-NTA agarose was
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stored in 20% ethanol at 4 °C. The presence and purity of the purified proteins were
analyzed by 15% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE).

The purified protein fractions with final concentration of 5 mM DTT,
were diluted and dialyzed in dialysis buffer (50 mM Tris-Cl pH 8.0 containing 150
mM NaCl, 10% glycerol, 1 mM GSSG idized glutathione) and 0.1 mM GSH
(reduced glutathione). Urea was gi " ally rer from protein solution by reducing

urea concentration in Steps ( ' ialysis was kept with 1 mM
GSSG and 0.1 mM G
buffer was changed to MESpFL.5'8 buffe an y re ing precipitant was removed

by centrifugation

2.3 Constructio b
and pVR500/efustifPi ’

In order to eXpresSed 7 ‘
forms, pVR500, a derivativ ) p& ector ‘. g the nucleotide sequence

between Msc | and Kpn | ' _- site: Récombinant crustinPm1 and crustinPm?

AUEINENINYINS
QRININIUNRINYIAE
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1 The pET-32a(+) vector map (Novagen®, Germany).

Figu

ﬂum %8713 NENN3

pPVR500 was transformed into E. coli strain XL-1-Blue. The purified

_vect s double _digested wi ol rustinP ion and
w % CMt PR o eyt e
ectors were purlfled by agarose gel electrophoresis and eluted using NucleoSpin®

Extract 11 kit (Macherey-Nagel). The cut vectors were subjected to DNA

concentration determination (OD2g0) and stored at -20 °C until used.
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2.3.2 Crustin genes preparation
In order to obtain crustin genes, the plasmid pET-28b/crustinPm1 and
pET-28b/crustinPm7 were digested with Nco 1/Xho | for crustinPm1 and Nco I/Not I,
respective.

The DNA fragments containing crustinPml gene (435 bp) and crustinPm7
gene (426 bp) were analyzed by 1.5 % agarose gel electrophoresis. The positive DNA
fragments were eluted from the gel using/NuéleaSpin® Extract 11 kit (Macherey-
Nagel). In brief, the DNA fragment was exciScd«from an agarose gel and transferred
to a clean 1.5 microcentrifuge tube. Buffer NT 200 il was added per each 100 mg of
agarose gel and incubated«at 50 °C. until the gel was dissolved. A NucleoSpin®
Extract 1l column.was plaeed inte a collection tube and loaded with the sample. After
centrifuged for 1 minutesat 41,000xg, ‘the flow-through was discarded. The silica
membrane was washed with 600, pL of Buffer NT3 and centrifuged. The column was
then centrifuged for 2 minuges at 11,000><§]f0r_completely removal of NT3 buffer and
was placed into a new clean 1.5 mi micrbcéntrifuge tube. The DNA was eluted by
adding 15-50 ul of Elution Buffer NE (5 mrlﬂ\'[:l.Tr(is-CI, pH 8.5) into the center of each
column. The columnwas left at redm temperature for 1 minute and centrifugated for

1 minute at 11,000xg.

 dd

2.3.3 Subcloning of erustin genes int_o',p:\‘/_Rsoo vector and transformed
into E. coli XL-1 Blue "

The DNA-fragment of crustinPm2 and crustinPm7 were ligated into
pVR500 vector, which 5,800 bp approximately in length and had unique restriction
sites in the multiple cloning regions. The recombinant pVR500/crustinPml1 and
pVR500/crustinPm7gplasmids were transformed into an E. coli XL1-Blue using the
CaCl; method. The CaCl; campetent cells '0f 100 ul were 'mixed with. 5 pl of plasmid
DNA and incubated on ice for 30 minutes. Then, the mixture was immediately heat-
shocked at 42 °C for 1 minute and instantly added=with 1 ml of cold B medium.
After, shakKingiat'37 °C for 1 h, appropriate;amount of cell suspension was spreaded
onto the LB agar plate which contains 100 pug/ml ampicillin. The plates were
incubated overnight at 37 °C. The individual colonies grown in 3 ml LB medium

containing 100 ug/ml ampicillin at 37 °C overnight with shaking.
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For efficient plasmid DNA extraction, a QIAprep® Miniprep kit
(QIAGEN, Germany) was employed. The overnight culture of bacteria was
centrifuged at 12,000 rpm for 1 minute. The supernatant was removed. Bacterial cells
were resuspended in 250 pl Buffer P1 containing RNaseA. The 250 pl Buffer P2 was
added and mixed thoroughly by inverting the tube 4-6 times to lyse the cells. The cell
lysate was then neutralized by 350 pl Buffer N3. After maximum speed centrifugation
for 10 minutes, the supernatant was appliedsto.@ QIAprep spin column by pipetting.
The column was centrifuged at 12,000 rpm _fer*1 minute. The flow-through was
discarded. The column was the washed twice with 0.5 ml Buffer PB and 0.75 ml
Buffer PE, respectively. To.remeve residual ethanel from Buffer PE, the column was
dried by centrifugation at.22,000 rpm for 1 minute. The plasmid DNA was eluted by
adding 30-50 ul Buffer EB to'the center of the column and left at room temperature
for 1 minute prior to centrifugation.at 12,000 rpm for 1 minute.

PVR500 containing crustin genes were identified by restriction enzyme
digestion, followed by agarose gel electropho?esis. Positive plasmids were heat shock
transformed into E. coli-Rosetta (DE3). The transformants were selected on LB agar
with 100 pg/ml ampieillin and 34 pg/mi chl_or_amrphenicol.

2.4  Production of —rerustinPmi "j" and rcrustinPm?7  from
pVR500/crustinPmi and pVR500/chStihPm7 constructs

2.4.1 Expression of pVVR500/crustinPm1 and pV500/crustinPm7

Prior to large scale protein production, p\VR500/crustinPml and
pVR500/crustinPm7 were transformed into E. coli Rosetta (DE3) for small scale
expression. The cell Suspension was taken<at different time points after IPTG
induction. The cell'was pellet by centrifugation at 8,000xg for 5 min.and resuspended
with 1xPBS buffer, pH 8.0. The cell suspension was sonicated using microtip probe
with_30% amplitude for 3-5 min, The, supernatant-and pellet were separated and
analyzed by 15% (v/v) SDS-PAGE.

For large scale expression, E. coli Rosetta (DE3) containing
pVR500/crustinPml and pV500/crustinPm?7 plasmid was culture in 3.2 L of LB-
ampicillin-chloramphenicol media. After induced with IPTG at 4 h for rcustinPm1,

and 5 h for rcustinPm?7, cell pellet was separated by centrifugation and completely
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broken by sonication. The supernatant was then added with imidazole to 20 mM final

concentration.

2.4.2 Purification of rcrustinPml and rcrustinPm7 under non-denaturing

condition

The Ni Sepharose affinity column was washed with 10 mL of sterile
deionized water 3 times followed by 10 mlL of 1xPBS pH 8.0 containing 20 mM
imidazole. The protein solution was then loaded onte the column and fractions were
collected immediately by a gravity flows Subsequently, the column was washed with
1xPBS pH 8.0 containing 20-mM imidazole to remeve unbound proteins. After
washing, proteins were eluted with (1) 1xPBS pH 8.0 centaining 150 mM imidazole
and (ii) 50 mM Tris=Cl pH 8.0 containing 500 mM imidazole, respectively. The
column was finally washed with 10,mL of 50 mM Tris-Cl pH'8.0 containing 500 mM
imidazole followeddy 10'mL of sterile deiohized water 3 times. The Ni-NTA agarose
was stored in 20% ethanol at 4 °C.

Theseluted protein fraction was dialyzed in dialysis buffer (1xPBS pH
8.0). Dialyzed protein was incubated at 23 °C with enterokinase for 16 hours in order
to cleave off the Trx-tag. Any remaining prédpitant was removed by centrifugation
and the protein was reloaded’ énto the Ni Sépﬁa’rbse affinity column. At final step,
protein was dialyzed with MES ‘buffer pH 5;,8 and any remaining precipitant was
removed by centrifugation. e

2.5 Expression-and purification of rcrustinPm in-Pichia patoris
Pichia partoris clone containing rcrustinPm1 was constructed and provided by
Supungul Premruethaicsin brief, crustinPml gene was inserted into pPIC9K
(Invitrogen) and linearized before-transfarming into P. partoris. Yeast colonies with
highest gerustinPml expression were then selected by Geneticin (Supungul,
unpublished). A single colony was‘inoculated into BMGY medium and grewth at 28-
30°C. with £ shaking 250-300 rpm_ until  the culture | reaches | an' ODgyo=2-6
(approximately 16-18 hours). The culture was inoculated 1:100-fold in BMGY broth
and growth at 28-30°C with sharking until ODgu=10-20. Harvest the cells by
centrifugation and resuspended the cell pellet in 1/5 of the original culture volume of
BMMY medium (~100-200 ml). Grow at 28-30°C with shaking. 100% was added to
0.5% every 24 h for 3 days. Protein was harvested by centrifugation and the
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supernatant was kept to purification. The protein solution was purified using the Ni
Sepharose affinity column. Protein was eluted with 50 mM Tris-Cl pH 7.4 containing

100 mM imidazole. Finally, protein was dialyzed with 10 mM Tris-Cl pH 7.4.

2.6 Determination of protein concentration

The purified protein was concentrated using centricon columns (Millipore)
with a 10 kD cut-off membrane. Protein concentration was determined by Pierce®
BCA Protein Assay Kit(Thermo scientific). ‘Bovine'serum albumin was used as a
protein standard. Sample selution of 25 ul was mixed with 200 ul BCA working
buffer and left for 30 minutesbeiore measuring the absorbance at 562 nm. The BCA
working reagent was a mixture of solutioIn A: solution B (50:1).

N e

2.7 Western Blot@analysis

After the SDS-PAGE, the protein:gel;can be partly stained with Coomassie
brilliant blue R-250'0r analyzed by Westeilg blotting. The gel for electroblotting was
soaked in transfer buffer (25 mM Tris basé‘,‘-'ZISOT mM glycine and 20% methanol) for
15-30 minutes together with Whatmeth?f +3MM " chromatography paper and
nitrocellulose membrane whighwere cut to the éi'_é'e of the gel. The Whatman® 3MM
paper was placed onto the Trans-Blot® SD _(Tng_é—R_ad). This is then wet with transfer
buffer. The prewetted nitroU(:e'ITI:quse membrane was but ontio the filter paper and a gel
is put on top of the-membrane-foliowead-by-fiiter-paper-again (Figure 2.2). Great care
should be taken to.ensure that there are no air bubbles. Proteins in transfer buffer are
negative in charge ‘and move from negative to positive poles. Western blotting was

performed for 30-90 minutes at approximately constant 90 mA.
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Safety lid

Cathode assembly with latches

Filter paper

Gel

Membrane

Filter paper
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®

Rigure 2:2 Exploded view of the Trans-Blot® SD (Bio-Rad).

After finishing the gransfer, the m?mp_rane was Incubated in blocking buffer
(1x PBS buffer [10.mM phosphate bufferf"':QH“‘7.4, 150 mM NaCl] containing 0.05%
(v/v) Tween™-20 and 5% (W/v) non-fat dry-milk) at room temperature overnight with
gently shaking. It was then washed-3 timeéi.:fgr 10 minutes each in washing buffer,
PBS-Tween buffer [1x PBS buffer containing Q!,QZS% (viv) Tween "-20]. The nitro
cellulose membrane was incubated in-an-anti=HIs éntibody solution, 1:3000 dilution in
washing buffer containing 1% (w/v) non-fat'éfy"ﬁlk with volume enough to cover it
and allow it tafloat freely when agitated. After gently mixing.at.ambient temperature
for 3 hours, itwas washed 3 times for 10 minutes each in~washing buffer and
subsequently incubated in a secondary antibody solution, the alkaline phosphatase-
conjugated rabbit anti-mouse IgG, 1:5000 dilution in washing buffer with 1% (w/v)
non-fat dry milk, with agitation at-room temperature for 1 hour.Nexty.it was washed 3
times as above and detected in darkness by color development wusing 10 mL of
detection “buffer (100 mM Tris-HCI, 100 mM NaCl and 50 mM MgCl,, pH 9.5)
containing 44-uL 4-nitroblue tetrazolium (NBT)and"33 jils15-hramo-4-ehloro-indolyl
phosphate! (BCIP)vas substrate. \The.  BCIP was prepared: 50.mg/mLin water or
dimethyl formamide and NBT was also 50 mg/mL in water. Reaction product is
purple and appears in a few minutes. Incubation time can be up to an hour if the signal
is weak. Finally, the development was stopped by washing the membrane with

deionized water.



33

2.8 Antimicrobial assay

Antimicrobial activities and minimum inhibitory concentration (MIC) values of
the purified rcrustinPml and rcrustinPm7 against Gram-positive bacterium
Staphylococcus aureus and Gram-negative bacterium Escherichia coli 363 were
determined by liquid growth inhibition assays as previously described (Destoumieux
et al., 1999). Two-fold serially diluted recombinant protein samples, or MES buffer
pH 5.8 as a control, were incubated in a sterile'miero titration plates with 100 ul of a
suspension of mid-logarithmic growth phase-culiure-of bacteria diluted in culture
medium to ODgye = 0.001. Poeer-broth nutrient medium (1% bactotryptone, 0.5%
NaCl, pH 7.5) was used.for standard bacterial strains cultures. Bacteria were grown
overnight under vigorous shaking at 30°C for E. coli 363 and 37°C for S. aureus
according to the strains and measured at 600 nm. The MIC value was recorded as the
range between the highest concentration o'f"" the peptide where bacterial growth was
observed and the lowest coneentration that caused 100% of inhibition bacterial
growth.

2.9 Bacterial cells'and cell wall components binding assays

The antimicrobial peptides rcrustinPmi and rcrustinPm? were investigated for
their binding properties to ~Gram-positive bacterial Staphylococcus aureus,
Stapphylococcus, haemolyticus, Micrococeus 'rllufe'us and. Bagillus Megterium and
Gram-negative-bacterial Eirwenia carotovara, Enterobacter cleacae, Escherichia coli
363, Escherichia coli MG 1655 and Vibrio harveyi 1526. Experiments were set up as
described by Lee & Soderhall, 2001 with some modification. Briefly, the 3 ml of
logarithmic phase bacteria cultured was used in this experiment. Bacteria cultures
were pelleted andrthe cells were resuspended-imMES buffer pHyb5.8:Cells were then
incubated with'5 ug of purified recombinant crustinPml and crustinPm?7 at 4 °C for
35 minutes. In addition, cells incubated with MES_buffer pH 5.8 were used as a
negaitve contial. Binding‘experiments of \B..megaterium and E. coli 3€3 to. purified
recombinant*ALFPmM3 were carried out as a“positive control+«(Somboonwiwat et al,
2008), while binding experiments of these bacteria to purified recombinant type-I
Lyzosyme were set up as a negative control (Supungul et al, 2010). After incubation,
cells are pelleted by centrifugation at 2,000xg for 10 min and the supernatant was

removed. The bacteria pellets were resuspended and washed three times with
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resuspension buffer (MES buffer pH 5.8). Bound protein was finally eluted with
1xSDS-PAGE sample loading buffer. Supernatant (unbound protein), washed
fractions (unbound/weakly bound protein), eluted fractions (bound protein) and cell
pellets (strongly bound protein) were analysed by SDS-PAGE and Western blot.
Western blot analysis was carried out using anti-Histidine tag monoclonal antibody
(GE-healthcare).

Quantitative binding assay of purifiedscrustinPms to cell wall components
lipopolysaccharide (LPS) from E. coli serotype«0111:B4 (Sigma) and lipoteichoic
acid (LTA) from S aureus (Sigma) were performed by an enzyme-linked
immunosorbent assay (ELISA) using anti-histidine tag monoclonal antibody.
Microtiter plates were coated with 100 ul (30 pg/ml) of LPS or LTA. Excess LPS or
LTA were washed.out with PBS-T (PéS containing 0.1% (v/v) Tween  -20). The
plate is blocked with#5%/(w/v) BSA in PBS-T prior to incubation with various
amounts of purified recombinant crustinPml and crustinPm7 overnight at room
temperature. The plate was washed with PBé—T twice and 100 pl anti-histidine tag
monoclonal antibody ia PBS-T 1:5,000 (V)(\{) was added. A hundred microlitre of
alkaline phosphatase-€onjugated secondary: égntibody against 1gG in PBS-T 1:10,000
(v/v) was applied to the plate; fotiowed b;,_'v\;qshing step and addition of 50 ul p-
nitrophenylphosphate. The reaction-was terwﬁnatéa by addition of 0.4 M NaOH. The
plate was incubated for 15-min and then analysed-in microtiter plate reader (FLUOstar
OPTIMA Microreader, SMG Labtechnology) at 405 nm. The apparent dissociation
constants (Kg).and the maximum binding (Amax) parameters were calculated with
GraphPad Prism version 4.00 for Windows, GraphPad Software, San Diego,
Calofornia, USA, using nonlinearly fitting as one site — Specific biding with Hill
slope (model: Y=Bmax*X”*h/(Kd"h + X"h).

2.10 Surface Plasmon Resonance (SPR)

The interactionbetWween rcrustinPms andycellywall'camponents;“E. coli LPS
and S. aureus LTA were siudied by Autolab-Twingie SPR instrument. The.reation
was carried out at 25°C using MES buffer, pH 5.8 as a running buffer. Ten pg/ml of
recombinant crutinPml or crustinPm7 in 10 mM sodium citrate buffer pH 6.2 was
immobilized onto a Mercaptoundecanoic acid (11-MUA) sensor chip using the

standard amine coupling method. To determine rcrustinPms affinity for cell wall
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components, 10 to 30 pg/ml of LPS and LTA in MES pH 5.8 were separately flushed
onto rcrustinPms-immobilized sensor chip. Bound LPS and LTA were removed from
the sensor chip by applying 50 mM HCI solution flow. The kinetic parameters were
obtained from sensorgrams using Autolab SPR Data and Kinetic evaluation software.

O 0

= Sensor chip
vith gold filrm

eﬂecled

2.11 Bacterial
und bettom microtiterplates

mcl@wg four Gram-positive
bacterial, S. aureus IE,S haemolyticus, M. Iuteus and B. Megterium and five Gram-

EZ??ZLE"I yIr bR 1h3N 11D (12T e T

rcrustlnP . Bacteria was culture H'ntl| optimal den&/ (OD) at 600 nmé Bacteria

TR IR A A A EL A IE

100 mM NacCl and 10 mM CacCl,). The bacterial pellets were resuspended and washed

and visualized by

three times with agglutination buffer. Fifty microlitre aliquot of resuspended bacteria
were tranfered into 96-wells round bottom plates. The rcrustinPml and rcrustinPm7

proteins were diluted into agglutination mixture, in order to obtain the final
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concentration of protein 200 pg/ml in each well. Self-or auto agglutination was
observed in the well with no proteins. The mixture was incubated for 16 h at 22°C
without shaking. After agglutination or sedimentation, 5 pl was taken from the bottom
of the well and transferred to a microscope slide. Bacterial samples were then Gram-

stained and examined by light microscopy.

2.12 Inner membrane (IM) permeabilization assay

Lactose permease deficient E. coll‘i strain MG1655 (lacY: Tn10dKan) was used
to test crustinPms’ability to.induce 1M p-;armeabilization by measuring (-galactosidase
activity. The starter of+E. celi MG1655 culture was inoculated into LB medium
containing 0.1 mM IPEG. When ODgog of bacteria culture reached 0.4-0.6, it was
splited to two reactions: One was ianba_ted with rerustinPml and another was
incubated with rcrustinPm?7 Final concentr:aition of rcrustinPms in the reactions was
100 puM. A 150 @l aliguots of bacteria cul;:ureu-‘was takenoutat o, 1, 3, 5, 8 and 16 h.
The samples at each time point werg centrilltuged at 8000xg and the supernatants were
stored at -20°C. 2

Supernatant ‘fractions were incuﬁgte_d with 6 pM O-nitrophenyl-B-D-
galactopyranoside (ONPG) at;30.°C for 5 ni-iﬁ.jj:he reaction was stopped by adding
100 pl of 2 M sodium carbonate-ifto the rea__?iidh mixture. The absorbance at 405 nm
was measured-by Microtité'r"’blrate reader (B’M.é'iabtech). For-control and negative
control reations,-MES_buffer, pH.5.8 and bovine serum-atbumin (BSA) were added

into bacteria culttre, respectively.
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2.13 Scanning Electron Microscopy (SEM)

In order to observe physical change on baterial cells induced by rcrustinPms,
bacterial samples: S. aureus, E. coli MG1655 and V. harveyi were used. Bacteria were
grown overnight in LB media or TSB media in case of V. harveyi. The bacterial
culture were inoculated into fresh medium and incubated at 37°C for S. aureus and E.
coli MG1655, 30°C for V. harveyi with shaking until they reached exponential phase.
Five mililitre of bacteria culture were colleeted Dy centrifugation, washed twice and
re-suspended in MES buffer, pH 5.8. Bacterial*samples were incubated with 10-fold
over the MIC value of rcrustinPml o?" rcrustinPm?7 for 1 h and then pelleted by
centrifugation. The specumens«were fixed in 2.5% (v/v) glutaraldehyde in 0.1 M
phosphate bufferfor 1-2.fand weashed three times with 0.1 "M phosphate buffer prior
to dehydration through a graded series ofl‘ethanols. After critical point drying, samples
were mounted on 1.¢m stubs and wer.e ’gold-coated using an lon sputter coater
(Balzers, model .SCD 040). Images werE ta_}l_(en from each specimen using JEOL

scanning electron mieroscopy, model JSM4'54IOLV.

2.14 Crystallization of rcrustianl‘?gnd rcrustinPm7

Recombinant crustinPmi «and crustihPrﬁ,?_} were screened for crystallization
condition using sitting drop vapouf diffusioﬁ:ﬁiethod. Proteins were pipette into the
well and mixedwith-resorvior solutions (HamtorT Research and-Emerald Biosystems
screening Kits)-in the-reservoir-of.96-well-platein.1.-1.ratio..Fhe 96-well plates were
then sealed off'and incubated at 20°C. Crystallisation trays were observed at day 1, 3,
5, 7 and every week up to 2 months.



CHAPTER 111
RESULTS

3.1 Expression and purification of the recombinant crustinPml and

crustinPm7 in the E. coli expression system

3.1.1 Expression of pET28b/crustinPmland pET28b/crustinPm?7
The rerustinPma-and rcrustinPm7 were-over-expressed and purified as
described previously (Supungul.-et al., 2008 and Amparyup et al., 2008). In brief,
rcrustinPml and rceustinPm7 were expressed with His-tags fusion at the N-terminus.
The rcrustinPml andercrustinPm7 were gverexpressed as an in inclusion bodies after

induction with IPTG for'4 and 5 h, respectively.

3.1.2 Purification of rcrusthf;pl and rerustinPm?7 under denaturing
condition -

Recombinant crustlanl and crustinPm? could be purified under
denaturing condition using a Ni# NTA afflnlty chromatography (GE Healthcare). The
protein was eluted stepwise “with the denaturmg solution containing 150 mM
imidazole. SDS-PAGE analy5|s .eluted fractlons showed a major protein with an
approximate size of 14.7 kDa and 12.8 I‘<Da-‘of rcrustinPml1 and rcrustinPm?7,
respectively (Figure 3:1A). Both recombinant crustin proteins were identified by
Western immun:oblotting using anti-His antibody (Figure 3.13). Two minor bands
were observed -on SDS-PAGE even though proteins—awere treated with p-
mercaptomethanol and heated. It is likely that they are dimer and trimer forms of
crustinisince the protein contain 12 cysteine, residues and the reducing condition in

SDS-PAGE may not reduce all disulphide linkages.
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(A) M rcPml rePm7 (B) M rcPml rePm7

Figure 3.1 15% SD 7—' GEA(4 ,' Western ~\~.- analysis of the purified

rcrustinPm1l (rcPmd ;- | Stil

3.1.3 Con 50! - \Q\ 00/crustinPm7
Recombinant ;‘. p\VR500/crustinPm7 were
constructed in attempt 10 exp: 55| ,k crustin. genes \ ble forms. The crustinPm1
and crustinPm7 were €lonec >l;;"v5*€;; stor whic 1 has the thioredoxin fusion tag

(Trx-tag), aid to -_.-f,rii" ) ession.  Recombinant plasmids
pET28b/crustinPml1 (Supungu! et-al., 2008) and pET28b/crustinPm7 (Amparyup et
al., 2008) from the positive transfa 7 \
enzymes NcosfZand Xho | for pET28b/crustinP: mi and Neo | and Not I for
pET28b/crusti |

ed and cleaved with restriction
a J zed by agarose gel

electrophoresis tﬁentl The prOX|mater 435 bp of
crustinPml gene ragment was present in lane 2 and 3 (Flgure 3.2A), and 426 bp of

”““‘“ﬁﬁﬁﬁ'ﬁﬁﬁ'ﬁw N9
ammmmummmaﬂ
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The eluted DNA fragment of crustinPml and crustinPm7 were ligated into
pVR500 vector and transformed into an E. coli XL1-Blue. The recombinant plasmids
containing crustin genes were extracted and confirmed by digesting with Nco | and
Xho I for rcrustinPml (Figure 3.3A) and Nco | and Not | for rcrustinPm7 (Figure
3.3B)

(A) fffj;aa

6000
1500
1000
44 500
!
200
)4
;- y

Figure 3.3 The recombinant p\_jRéOOlcruégﬁEml and pVR500/crustinPm7 plasmid

digested with restriction nzy'r'né il =
(A) Lane 1: 1 kb DNA Iad?ler (Ferme‘ﬁfﬂs)

Lane 2 and 3: Recomblnant pVFEBOO/crusthjpl after digest with

oy Ifiili-ZI-ZIEI ne Neo Land Xho :':_,,

(B) Laﬁe‘iﬂs 1 kb DNA ladder (Fermentus) o

=

Lane 2 and 3: Recombinant pVRS500/crustinPm7 after digest with

restriction enzyme Nco | and Not |
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3.14  Expression of recombinant pVR500/crustinPml and
pVR500/crustinPm7

The recombinant pVR500/crustinPml1 and pVR500/crustinPm?

plasmid were transformed into an E. coli Rosseta (DE3) using the CaCl, method.

Expression of the transformant was cultured in LB medium containing 100 pg/ml

ampicillin and 34 pg/ml chloramg enical |F TG was then added in order to over-

expressed the rcrustians.' 7 “ : kDa'of rerustinPm1-Trx tag was analysed
by 15% SDS-PAGE at 0,2 and
expressed in solublefe
Whilst the recomb

ysion tag (Trx-tag) (Figure 3.4A2).

pressed with approximately as the

same size (Figure

(A1)

M 0C 0SS 1C 1S 3P 3S 5P 5S

Figure 3.4
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Figure 3.4 (cont.) The expression of the rcrustinPml and rcrustinPm7 in pVR500
vector. SDS-PAGE 15% (w/v) analysis showing the expressed proteins in pVR500
with E. coli Rosetta (DE3) host cells containing rcrustinPm1 expression at difference
times, in the soluble fraction.
(Al) Lane M: Prestained protein marker (Fermentus)
Lane 0, 2 and 4: Cell \du tion fraction of rcrustinPm1

A2) Lane M: Prestained prc .~ ke entus
(A2) RRGE A gerts |
Lane S: The rcrustinPm1 prod : oluble fraction

(B) Lane M:unstained protein Marker ( 5

Lane 0C: induction

Lane.08#The.stibe _‘-9' | 5 at 0 h induction
Lane 1G#Cel nof | h induction
Lane 1S: Fhe stipefnatant fraction i crustinPm? at 1 h induction

Lane 3C: Cell pellet fraction: , at 3 hiinduction

Lane 3S;The s riatant f ’-‘_‘. n'of re *"x at 3 h induction
Lane 5C: ' 7 induction

3 ] 1 t S
Lane 5S:.T! ‘ action \ inPm7 at 5 h induction
i e 1

i)

m
ﬂ'lJEl’JVIEMﬁWEJWﬂ‘i
a‘mmmm UANINYA Y
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3.1.5 Purification of rcrustinPml and rcrustinPm7 under non-denaturing
condition
Since both rcrustinPml and rcrustinPm7 contained the Trx-tag and

were expressed as the soluble form, they were purified with the nickel-NTA affinity
column under non-denaturing condition. The soluble proteins were loaded to the
nickel-NTA column, and then washed the column with binding buffer. The purified
recombinant proteins with Trx-tag were eluted with 1xPBS buffer containing 500 mM
imidazole. The eluted fractions were analyzed using SDS-PAGE (Data not shown)
and dialyzed with 1xPBS-buffer pH 8.0, After that,proteins were incubated at 23 °C
with enterokinase for 16 _hours in ordéf to cleave off the Trx-tag. The protein was
reloaded onto the by nickel-NTA affinity column. Approximately 14.7 kDa purified
rcrustinPml and 12.8 kDa rcpusiinPm?7 were eluted with 1xPBS buffer containing 150
mM imidazole. The eluted protein fract|ons were checked by 15% (w/v) SDS-PAGE
and protein concentration was determined by BCA protein assay kit. Low amount of
rcrustinPms was-obtained by this purlflcatlpn method. (Figure 3.5)

]
i

(A) L Ao 4

kDa o kDa
./

ol il

35-

25 = e £ I

o — — Jl
- ~ -
-1 :

10 -

Figure3.5 15% SDS-PAGE ‘analysis of the purified rcrustinPm1 and rcrustinPm?.
(A)Lane M: Prestained protein marker (Fermentus)
Liane PiThe purified. rcrustinPml ‘protein’ after removal of i TrX-tag by
enterokinase
(B) Lane M: Prestained protein marker (Fermentus)
Lane P: The purified rcrustinPm?7 protein after removal of Trx-tag by

enterokinase
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3.2 Expression and purification of the recombinant crustinPm1 in the

Pichia pastoris expression system
Pichia pastoris was used in order to produce the rcrustinPm1 in soluble form.
Recombinant crustinPm1 was overexpressed with histidine-tag and Ni-NTA column

was used to purify the recombinant cr . The protein was eluted with 50 mM Tris-

Cl pH 7.4 containing 100 mM . imic luted protein fraction was dialyzed in
is- ] ) rotein was concentrated using
centricon columns (Mi o). witl | brane. Protein concentration
was determined by P ce” it (Thermo scientific).

py Silver-stained SDS-

Figure 3.6 SilveBained D { s of the purified rcrustinPm1.

ane M: Prestained proteln marker (Fermentas)

AU EI’?J VUVSALINT

Lane 1-6: Elutgd fraction 1-6
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3.3 Antimicrobial assay

To confirm antimicrobial activity of purified rcrustinPms, Gram-positive
bacterium Staphylococcus aureus was used for minimal inhibitory concentration
(MIC). The result showed that both purified rcrustinPms strongly exhibited
antibacterial activity against S. aureus with MIC value of 2.5-10 pM for rcrustinPm1
and 2-8 pM for rcrustinPm7. These MIC walues are in agreement with ones

previously reported in Supungul et al., 2008.and Amparyup et al., 2008.

3.4 Binding of bacterialeells and cell wall-components

To determine the"binding ability of crustinPmi and crustinPm?7, the purified
rcrustinPml and rcrustinPm# were incubated with bacterial cells and cell component,
LTA and LPS as«described in materials and methods. Silver=stained SDS-PAGE was
used to analyse rcpustinPms' in each fré(l:tjion. Figure 3.7 shows that rcrustinPms
remains in the ‘Superpatant fractions aft‘xer centrifugation. This indicated that any
rcrustinPms found n the cell pellet fractibns was bacterial cell-bound rcrustinPms.
Figure 3.8 shows the superpatant and pellet frac‘t'ions of S. aureus cell incubated with
rcrustinPm?7 (sample), ALFPm3 . (positive: control), type-l Lysozyme (negative
control) or MES pH 5.8 buffeis The Silver-stained SDS-PAGE showed that the
rcrustinPm7 was mostly found in peliet fraciti’ion‘(P) in similar manner to ALFPm3
used as positive control. This indicated thatur'd'fhé_fi‘an7 bound-to S. aureus cells. In
contrast to rcrustinRmZand-ALERM3, type-l-Lyzosyme (aegative control) was found
in supernatant fraction. This confirmed that not all proteins can bind to S. aureus
cells.

To prove binding of rcrustinPms to bacterial cells, 5 pg of rcrustinPm1 and
rcrustinPm7iwere mixedwwith bacterial .cells as'described in Materials and Methods.
Excess ‘amount of.rerustinPms was present in the supernatant (S) and the wash (W)
fractions (Figure 3.9). 1xloading dye was then added._into the cell mixtures in order to
elute-boeund rCrustinPms. ‘Centrifugation was applied:to. separate ‘eluted jprotein and
cell pellets. Large amount of rerustinPml and rcrustinPm7 were present in the‘eluted
(E) fractions. Small amount of rcrustinPms was also found in the cell pellet (P)
fractions. This may due to incomplete elution of rcrustinPms. This result suggested
that both crustinPm1 and crustinPm7 bind to both Gram-positive and Gram-negative

bacteria (Figure 3.9).
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rcrustinPm1 rcrustinPm7

!S W E P\ M M,S W E Pl

Figure 3.7 Silv inel _ 3 frerus d rerustinPm? in 50 mM
MES buffer pH 5.8. crustir s were i natant fraction (S).
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-*llit i

l—l

i.,' ~ buffer

Figure 3.8 The § lixed with rcrustinPm?,
ALFPm3, type-i 'Ly y" 5.8, -PAGE showed that the
rerustinPm7 were mostly founded. in pellet fraction (P) in similar manner to ALFPm3
used as positive control. T s ‘indice 7 - Aound to S. aureus cell. In
contrast to rcrustinPm7 ¢ (negative control) was found
in supernatant fraction. 7 _ proteins can bind to S. aureus cell.
Lane S: Th —"E'?E"f ‘»' :
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Both of rcrustinPms were incubated with bacterial cells as described in
Materials and Methods. The supernatant (S), the washed fractions (W), the eluted
fractions (E) and the cell pellet fractions (P) were loaded onto 15% (w/v) SDS-PAGE.
The presence of rcrustinPml and rcrustinPm? in each fraction was visualised and

determined by Western blot analysis. Bound rcrustinPms were found in the eluted and

cell pellet fractions.

crustinPm7
W E P

-

; \ 1\“\\‘\.

-.\\\\\
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ok o w\ 1-" ;
¥ " b
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. '-‘x\ |

* rerustinPm? to bacterial cells.

Figure 3.9 The bin

Staphylococcus aureus, 4-5*',",* 0COCCUS olyticus, Bacillus megaterium,
Phy SaplacoCEy g
Micrococcus : 011363, Escherichia coli

MG1655 and o RarvaviTE26 Wara
!:_: .

“ W: The washed fraction
Lane E: The eluted fraction
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The ability of rcrustinPml and rcrustinPm7 binding to bacterial cells
suggested that cell surface components such as lipopolysaccharide (LPS) in Gram-
negative and lipoteichoic acid (LTA) in Gram-positive bacteria may play an
important role in antimicrobial activity of crustin. Enzyme-linked immunosorbent

assay (ELISA) was carried out to quantitatively measure the binding, if any, of

Specific binding with'H pen sh - erustinPms bound to LPS and

LTA with an apparént dissecialion constant (Kq) of crustinPmi as 6.204x10° (LPS)
and 5.710x107 ( li A \\ d 2.033 (LTA) (Figure
3.10A) and of crustinPm7" as2:205x10% (LPS) 2 107 (LTA) M with Hill

B). (crutinPm1, R? = 0.9816

1\:\ 38 for LPS and LTA)

ﬂﬂﬁl’)‘l’lﬁlﬂﬁﬂﬁl’]ﬂi
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(A)

[rcr m7] uM

F.gm@um wyy3RENS.....

immobilized LPS and LTA. The microtiter plates were coated with 3 pg @f LPS (red)
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3.5 Surface Plasmon Resonance

Surface plasmon resonance (SPR) technology enables real-time detection and
provides quantitative information on specificity, concentration, kinetics and affinity.
In this sudy, Autolab-Twingle SPR was used to determine the interaction between
ponents LPS and LTA. Both LPS and LTA
were shown to bind to the rcrustin! igure 3.11) and rcrustinPm?7 (Figure 3.12)

rcrustinPms and the bacteria cell wall co

NG : e resulting sensorgrams were
globally fitted for different amoun i olab SPR Data and Kinetic
software (Metrohm |, | 0 mine ¢ n lilibrium affinity constants.
Sensorgram of botl S ‘ S inF ugges‘ted interaction between
ents (Figure 3:11 and 3.12).

For rcrustinPr Inity/constant ) for LTA is a magnitude higher (Kp
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(A)

30 pg/ml LPS
— 20 pg/mlLPS S
—— 10 pg/ml LPS

(B)

) ‘LL&L’J NENTVENDT e

leferen(%l concentration of LPS and LTA were use(go 20 and 30 ug/
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(A) 30 pg/ml LPS
—— 20 pg/ml LPS
. —— 10 pg/ml LPS
i —— 5 ug/mlLPS
28 \..l’—,r»w .............
? (1% N \

(B) : e W W 30 gimiTA

i i 0 pg/ml LTA
0 pg/ml LTA
5 pg/ml LTA

70
65
60
ol
50
45
“©
3
30
25

Radn e SOSR S Y

(e

o i¥

AUEANENINEIDS..

Figure mz Sensorgram of rcrustinPm7 interacting with LPS (A) and LTA (B).
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3.6 Bacterial agglutination properties

Bacterial binding properties of rcrustinPml and rcrustinPm7 were tested in
soluble phase by monitoring bacterial agglutination properties. Agglutination was
analyzed visually in 96-wells round bottom plate. When agglutination occurred, a
large solid aggregates were visible microscopically (Figure 3.13).

Regarding Figure 3.14, both rcustinPms clearly induced bacterial agglutination
against S. aureus, B. me"' lutetis;" E«coli 363 and E. coli MG 1655.
Meanwhile, only rcustinPm? induced bacteri ination against V. harveyi. No

bacterial agglutinatio n mrcus n'Ems were mixed with E.
carotovara and E. cloacag«Table 3.1 summ: rial agglutination properties of

rcrustinPm1 and rerustinPn

(A)
e -"':’ Y
Figure 3.13 Pattern of bactéuaﬁagfdfutﬁ tion-i| ells round bottom plate. When
agglutination X ed, bacterial cell was aggregated and q ed around the round
bottom plate (A ;_-V\(_hen there was nc : bacterial cells were

precipitated in thﬁidle of the

ﬂ‘LJEJ’WlEJWﬁWEJ’]ﬂ‘ﬁ
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Staphylococcus aureus

Control (MES buffer pH 5.8) | rcrustinPm1 | rcrustinPm?

rcrustinPm?7

ﬁm U‘SJ

Control (MES buffer pH5.8) |~ . rcrustir

S

* 1—«\_1

ﬂummmmmﬂi

Control (MES buffer pH 5.8) | rcrustinPm1 rcrusthm?
[}

Figure 3.14
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Enterobacter cloacae

Control (MES buffer pH 5.8) | rcrustinPml rcrustinPm?

- = Che |a COlL. obo.

Control (MES buffer pH 5.8)f  _ rcrustinPml | rcrustinPm?

-

rcrustinPm?

__rerustinPm?

Figure 3.14 (cont.)
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Erwinia carotovara

Control (MES buffer pH 5.8) | rcrustinPml rcrustinPm?

Figure 3.14 (coni

rcrustinPm?.

of rcrustinPml and

Table 3.1 Su of rcrustinPml and

rcrustinPm?.

rcrustinPm7

rF . a gglutination
Bacteria strain b dkp L=

Gram-positive bacteria "
Staphylococcus aureu +
Staphylococcus haemolyticus. . -
Bacillus megate i +++
Micrococc ; ++
Gramnegtive =
Enterobacter cloacae 0
Escherichia coli 363x, ++
HHIEN TN
% ++
Elrwmla carotovara _ r- . ) QS

9 0 : no agglutination
+ . partial agglutination
++ . incompleted agglutination

+++ : completed agglutination
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3.7 Inner membrane (IM) permeability

IM permeabilization of E. coli strain MG1655 lacY: Tnl0dKan was
determined by measuring its [-galactosidase activity after incubation with
rcrustinPm2l or rcrustinPm?7. -galactosidase is located in the cytosol and hence it will

be detected when the bacteria cell brance is permeabilized. B-galactosidase

ia culture at each incubation time

7 G). When the B-galactosidase
?14 d is yellow color and absorb

cleaves ONPG, O-nitrophenol is 1 Ieas$. T

- —_ e
light at 405 nm. /’ N
arted -

Figure 3.15

incubation time of rc ¥al 7 nPm » oi strain MG1655. It is

abilization of E. coli strain

clear that rcrusti I |
MG1655 as B-galactosi ity Tncrease over tim | contrast to rcrustinPmy,
| ' cubating rcrustinPm1
with E. coli stra comparist ) Mhe% ,I' This indicated that
rcrustinPm? has higher abi %E 7 5-; ermeal ization of E. coli MG1655 than

rcrustinPm1

AU INENTNGINS
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Figure 3.15 A plot : ) of E. coli MG1655 over time.

Recombinant crustinP - induced inner membrane
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3.8 Scanning Electron Microscope (SEM)

SEM JSM-5800LV was used to observed the cells surface of Gram-positive
bacteria S. aureus, Gram-negative bacteria E. coli MG1655 and V. harveyi after
exposure to rcrustinPml or rcrustinPm7. Incubation of both rcrustinPms to S. aureus
and E. coli MG1655 caused remarkable structural changes with rough and distorted
cells appearance (Figure 3.16B and C). In aﬂ ion, rcrustinPm1 and rcrustinPm?7 can
also induce bleb formation on E. coli membr uefﬁrgure 3.17B and C). However, only
rcustinPm7 can cause pore formation on V. harv*éfcells surface (Figure 3.18B and
C).

(B)

ISku X15.08060 lem 2411086 15kU X15.@8848 1rm 118140
A A

Figure 3.16 Scanning Electron Microscope image of S. aureus after the bacteria was
incubated with MES buffer pH 5.8 (A), rcrustinPm1 (B) and rcrustinPm7? (C) for 1 h.
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3.9 Crystallization

Recombinant crustinPm1 produced in E. coli and P. pastoris was used for
crystallization screening. Proteins were mixed with resorvior solutions in 96-well
plate (1:1). Crystals of rcrustinPml appears in 0.2 M Lithium citrate tribasic
tetrahydrate, 20% PEG 3350, pH 8.4 (Figure 3.18). Attempts to crystallize

rcrustinPm? were also carried out. So fa

o cryst Ilization condition for rcrustinPm?7

has been found.

Figure 3.19 Crystals o

)

AU INENTNGINS
QRININIUNRINYIAE



CHAPTER IV
DISCUSSION

True mechanisms of AMPs still remain unknown, but it is believed that
“...antimicrobial basic proteins and pelypeptides combine with cell nucleoproteins or
other negatively charged surface constituents/of bacteria or viruses, thus disrupting
important cell function. The union of the basic:Substances with negatively charged
cell surfaces is believed to oceur through,electrostatic bonding” (Skarnes et al., 1957).

In a previous study,-the pattern recognition receptors MARCO and Spa bound
to bacterial LPS and L#A through their SRCR domains (Brannstrom et al., 2002;
Sarrias et al., 2005. Aati-lipopelysaccharide factor (ALFEPmM3) from the black tiger
shrimp presented«the binding ablilities‘_ag_ainst Gram-negative and Gram-positive
bacterial cells and therr major cell wall cétﬁponents as lipopolysaccharide (LPS) and
lipoteichoic acid™ (LTA) (Somboonwiw%t et al, 2008). In 2009, Yang et al.
demonstrated that the anti-lipopolysacchai'lrjde factor binds to LPS, lipid A and to
OM®-174, a solubles analogue’.of |ipid'f‘-A using Surface Plasmon Resonance.
Moreover, they designed an original modéL,-tO_f the possible lipid A-binding site by
NMR on the basis of striking structural similafif_rigs to the FhuA/LPS complex (Yang
et al., 2009) ’: .

In this study, rerustinPm1” and rcrdsﬁﬁﬁfﬁf were tested for their binding
properties to seme_bacteria (S. aureus, S. haemolyticus, B. megaterium, M. luteus, E.
cloacea, E. coli#363, E. coli MG 1655 and V. harveyi). The result showed that both
rerustins can bind to all bacteria. The binding ability of rcrustinPm7 to V. harveyi was
higher than that of rcrustinPml. However, not all binding properties of rcrustins
follow the trend of: their-antimicrobiahactivity (Table'41,and.4:2).1t+is possible that
rcrustins hind+“to bacterial cells through eleCtrostatic effects. Antimicrobial peptides
must be "attracted to bacterial surfaces before performing antimicrobial actions.
Studies ot peptides: likeymagainin 2 and cécropimA showed that, peptidas insert into
monolayers, - large ‘unilamellar-vesicles and ' liposomes =that ' contain-acidic
phospholipids (Silvestro et al., 1997; Zhao et al., 2001). This is in agreement with the
fact that rcrustinPm7 has antimicrobial activity against V. harveyi, but rcrustinPml

does not (Supungul et al., 2008; Amparyup et al., 2008).
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Table 4.1 Antimicrobial activity of a rcrustinPm1 (Supungul et al, 2008).

Microorganisms

MIC value (uM)

Gram-positive bacteria
Staphylococcus aureus

Staphylococcus haemolyticus

Aerococcus viridans
Bacillus megaterium
Micrococeus luteus
Streptoceccus iniae

Gram-negative bacteria

Salmonella_thyphimurium

Escheriehiacoli 363
gEnterobactercloacea ;
Vihgo hawveyi 1526 1§
Klebsiglla pneumonia =
Erwinia carotovora

=

-

3.13-6.25
50-100
50-100
6.25-12.50

25-50

3.13-6.25

NA

50-100

NA
NA
NA
NA

MIC are expressedas the interval a-b, here a is the highest concentration tested at
which micr@organisms are growing and b the lowest concentration that cause

100% growth inhibition. NA: not active up to 100 mM.

Table 4.2 Antimicrobial activity of a rcrusti

nF:m? (Amparyup et al, 2008).

Microorganisms

MIC value (UM)

Gram-positive bacteria
Staphylocoecus aureus

Staphylococcus haemolyticus

~ _Aerococcus viridans -
~+Bacillus megaterium
Micrococcus luteus

Gram-negative bacteria
Salmanella thyphimurium
Escherichiacoli 363
Enterobacter cloacea
Vibrio harveyi 1526
Klebsiella pneumania

5-10
£.515

0:312-0.625
2525

2.5-5

NA?®
%35
NA?®
2.5-5
10-20

MIC are expressed. as the interval a-b, where a is the highest cancentration tested
at ‘which microorganisms are ‘growingand ‘b the lowest'eoncentration that causes

100% growth inhibition.
# Not active at 80 uM.

Similar to the bacterial cells binding study, both rcrustinPms showed binding

ability to bacteria cell wall components, LPS from Gram-negative bacteria and LTA
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from Gram-positive bacteria. The assays showed that rcrustinPml can bind to both
immobilized LPS and LTA with dissociation constant (Kg) as 6.204x10° and
5.710x107" M, respectively. This suggested that rcrustinPm1 bind more tightly to LTA
than LPS and this may account for the high antimicrobial activity of rcrustinPml
against Gram-positive bacteria. On the other hand, rcrustinPm7 can bind to both
immobilized LPS and LTA with nearby K4 as 2.205x107and 2.072x107 M,
respectively. The results can be implied the hinding affinity of rcrustinPm7 to LPS
and LTA is similar. It is possible that LPS and.=TA are one of the target molecules
for the rcrustinPm1 and rerustinPm7 binding. Moreover, the quantitative binding of
rcrustinPml to LPS and LA demonstrated the increasing of signal in S-shape with
Hill slope (H) as.2:513 and 2.033, respectively. Similarly; rerustinPm?7 binds to LPS
and LTA with Hill slope (H) as 2.147 and 2.059, respectively. H value is greater than
1.0, when the recepior or ligand has multiple binding sites with positive co-
operativity. This mean the initial binding of LPS or LTA could help.

To confirm the binding ability to the cell wall component, LPS and LTA.
Surface Plasmon Resonance (SPR) was used. SPR also showed that both rcrustinPms
can bind to LPS and LTA. Similar to ELISA _gxperiment, rcrustinPm1 exhibits higher
affinity for LTA (Kp fof LTA = 1 3151x107 ¢5.7568x10'8 M and Kp for LPS =
1.4771x10%+ 3.3716x10”’ M)=ta-addition, llrcru;'t:ian7 can bind to LPS and LTA
with similar Kp (Kp for LRS = 2.2400%10°+4.6419x10° M and Kp for LTA =
1.3161x10°+1:4070x10° M)

It is possible that rcrustinPms bind to bacterial cells by“attracting to anionic
phospholipids and phosphate groups on lipopolysaccharide (LPS) of Gram-negative
bacteria and to the teichoic acids on the surface of Gram-positive bacteria. Artificial
chimeric.peptides such as CEME bind.to.L PS(Scott et.al., 1999).and.lipoteichoic acid
(Scott et al., 1999). ‘The-ability of CEME-related peptides bind to dipoteichoic acid
does not correlate with their ability to kill bacteria, indicating that peptides might use
this y/mechanism to, contact-other targets, suchas the cytoplasmic-membranes High
affinity to L'TA of.the cationic peptides, bee melittin and silk_moth cegropin, which
have moderate growth-inhibitory activities toward Gram-positive bacteria, has been
reported previously. However, the affinity of these peptides to LTA is related to the
ability to block LTA-induced inflammation but not to kill bacteria (Scott et al., 1999).

Once close to the microbial surface, peptides must traverse capsular polysaccharides
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before they can interact with the outer membrane, which contains LPS in Gram-
negative bacteria, and traverse capsular polysaccharides, teichoic acids and
lipoteichoic acids before they can interact with the cytoplasmic membrane in Gram-
positive bacteria. This concept is important but is rarely addressed in mechanistic
studies. Once peptides have gained access to the cytoplasmic membrane they can
interact with lipid bilayers. In vitro studies of antimicrobial peptides incubated with
single or mixed lipids in membranes or vesielessshow that peptides bind in two
physically distinct states (Huang, 2000).

With the ELISA and SPR results, possible candidates for crustinPml and
crustinPm?7  binding are.~conserved bacteria surface molecules such as
lipopolysaccharide«(LLPS).and lipoteichaic acid (LTA). It'is assumed that crustinPms
bind to bacterial cells before performing its functions to inhibit or kill the bacterial
cells. |

Agglutination issthe: clumping of particles. This occurs in biology in three
main examples: 1) The clumping of celisisuch as bacteria or red blood cells in the
presence of antibodies. The antibody or other molecule binds multiple particles and
joins them, creating a large complex. 2) The eoalescing of small particles that are
suspended in a solution; these larger masses are then (usually) precipitated. 3) An
allergic reaction type occurrence where ceIIs become more compacted together to
prevent foreign materials entering them. Agglutination in microbiology is commonly
used as a methodiof identifying specific bacterial antigens, and in turn, the identity of
such bacteria. Because the clumping reaction occurs quickly and is easy to produce,
agglutination is an important technigue in diagnosis. This IS usually the result of an
antigen in the vicinity of the cells.

In previous Studies, agglutination properties of 76 kDa hemocyanin subunit
from mud crab (Seylla serrata) against seven bacterial species, was identified as the
protein that primarily binds bacterial cells and mediates agglutination through
recognition of OmpA and OmpX proteins in bacteria (Yan et al., 2010)" However,
reporied about bacterial agglutination.properties by AMPS have never been reported.
Our agglutination study suggested that rcrustinPm1 and rcustinPm?7 not only inhibit
bacteria but also induce or mediate bacterial agglutination. This helps prevent or
quarantine the bacterial outbreak in blood system. It is worth noting that agglutination
and antimicrobial activity are correlated. Recombinant crustinPml causes

agglutination in S. aureus, B. megaterium, M. luteus, E. coli 363 and E. coli MG1655
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and also has antimicrobial activity against these bacteria (Table 4.1), (Supungul et al.,
2008). Regarding rcrustinPm7, the correlation between agglutination and
antimicrobial activity also occurs in the case of S. aureus, B. megaterium, M. luteus,
E. coli 363, E. coli MG1655 and V. harveyi (Table 4.2), (Amparyup et al., 2008). In
the case of and S. haemolyticus, it is difficult to determine the presence of bacterial
agglutination as they undergo self-autd agglutination.

In this study, we also investigate ability.of rerustinPms to permeabilized inner
membrane of E. coli MG1655. Lysozyme (Bi) has been previously showed ability to
permeabilize inner cells  membrane of E. coli MG1655 by determining of B-
galactosidase activity (Archana et al., 2007). In this work, we investigated the ability
of rcrustinPm1 andererustinPm? causing IM permeabilization using the same method
as described in Arghana, 2007, AIthouéh 100 pM of rerustinPml was completely
inhibited growth of /E. ¢€0li363 (Supdngjﬂl et al, 2008), small change in B-
galactosidase activity was observed when in.(_:ubating 100 puM rcrustinPml with E.
coli MG1655. Recombinant grustinPm7, rﬁeanwhile, exhibited a strong change in -
galactosidase activity over time..This indiéates.;that rerustinPm?7 efficiently induced
inner membrane permeabilizationin-&£. coli MG1655.

Scanning Electron Microseope (SEI\-A_)'tgp_hnique was used to determine the
actions of rcrustinPms against-bacterial cell. VP‘-.revioust, effects of melamine, a
cationic AMP derived from portions of meliftin and protamine, on bacterial cells were
studied by SEM_This work revealed that a major melimine-effect/was on the integrity
of the cytoplasmic membrane to both P. aeruginosa and S. aureus (Rasul et al., 2010).
Microscopic images showed massive change on cytoplasmic membrane of S. aureus
and E. coli after the bacterial cells were incubated with rcrustinPms. These results
supportedsthe IM permeabilization study.that.rcrustinPms cause.some. changes on the
membrane of .E. coli M&G1655. Some cells/S. aureus and E. coli were presented in
abnormalforms with roughening, bleb formation and distortion. In case of V. harveyi
strain;'the,cells were not changing after ineubated with rerustinPmasin eemparison to
the control. 'Hawever, when V. harveyi. cells were incubated with rerustinPm?, spot
like tiny pores appeared on the cell surface and some cells were distorted.

Rasul et al. (2010) described differences in the relationship between
depolarization and the kinetics of viability loss of the two bacteria. For P. aeruginosa

the rapid loss of cytoplasmic membrane integrity demonstrated by releasing of
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membrane potential-sensitive cyanine dye diSCs-5 correlated directly with loss of cell
viability, whilst for S. aureus maximal dye release was obtained at concentrations
where there was no significant loss of viability. This suggests that either the effects of
depolarisation of the cytoplasmic membrane were delayed in S. aureus or that a
secondary process affecting metabolic activity in the cell may occur.

However, there is increasing many evidence indicating that antimicrobial
peptide have many mechanisms to inhibit the bacterial growth. Pore forming on cell
membrane is not the only function of AMPs.that lead to cell death. AMP may
penetrate into the cell'to bind intracellular molecules which are crucial for cell living
(Brogden, 2005). For example, BacY fragment 1-16, 1-23 and 1-35 did not
permeabilize E. coli but.caused a 2-5 log reduction in the number of organisms
(Gennaro and Zangiti, 2002). Thereforé; the fact that rerustinPms can cause inner
membrane permeabilization and induce physical change on the cell surface, can not
rule out the ability ofrcpustinPms to bind intracellular molecules, resulting in
bacterial cell death.

In crystallization experiments, crysf%a_l!iz_gtion condition of rcrustinPml is 0.2
M Lithium citrate tribaic tetrahyadrate, 20% PEG 3350, pH 8.4. The pH of this
crystallization condition is closed to pl of crustlanl (p! ~ 8.3). However,
crystallization condition of “rerustinPm? hé; not been found. This may due to
homoginity of rcrustinPm7 sample. New meth_odg;for expression and purification of
rcrustinPm7 should be explored. These may help improve the sample quality and lead

to rcrustinPm7 crystals.



CHAPTER V
CONCLUSIONS

In this work, rcrustinPml and rcrustinPm7 were expressed in E. coli strain
Rosetta (DE3) and purified by Ni-NTA: celumn chromatography with denaturing
condition. Recombinant crustinPml and crustinPm7 were then tested for their
antimicrobial activity and used for (i) Bacterial and-cell components binding assays
(if) SPR (iii) Bacterial agglutination assay (iv) Inner membrane permeability and (v)
Scanning Electron Mierescope (SEM).

Bacterial andecell wall” components binding assays suggested that both
rcrustinPms can bindsto Sy aureus, S haemolyticus, B. megaterium, M. luteus, E.
cloacae, E. coli863, E= coli /MG1655+ a_r}d V. harveyil526 and both cell wall
components, LPS and LTA. ,

It is possible that rerustinPm1 and;rcrustian? initially bind to bacterial cell
wall by electrostatic effects as they aré‘-_cationic antimicrobial peptides. ELISA
showed that both rcrustinPms can bind to LPS ‘and LTA, a cell wall component of
Gram-positive and Gram-negative bacteria,-"'!respectively. Both rcrustinPms bind to
LPS and LTA in accumulating:manners witH"HﬂL’slope for rcrustinPml 2.513 (LPS)
and 2.033 (LTA) and rcrustinPm7.2.147 (LPS) and 2.059 (LTA). It is possible that
binding of LPS'and LTA molecule helps stimul.afe!fufther LPS and LTA binding. SPR
also confirms the-pmdmg-of-both-rerustinPms-to-LPS-and-=FA.

Recombinant crustinPm1 and crustinPm7 can induce bacterial agglutination of
S. aureus, B. megaterium, M. luteus, E. coli363, E. coli MG1655 and V. harveyi. This
agglutination phenomenon is correlated with.antimicrobial activity of crustinPms. For
example;, rcrustinPml ‘neither [inkibits growth “nor induces’ agglutination against V.
harveyi whilst“rcrustinPm?7 ‘can ‘inhibit growth “and ‘induce”agglutination against V.
harveyi. It is likely that bacterial agglutination oecurs to prevent bacteria from
spreading in'biood system.

Recombinant “crustinPml and crustinPm7 showed" ability to permeabilized
membrane of E. coli strain MG 1655. Permeabilization was justified by an increasing
of p-galactosidase activity over time. Furthermore, SEM showed that S. aureus, E.

coli and V. harveyi lost cell surface integrity when the bacteria were incubated with
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rcrustinPm?7, In contrast, rcrustinPml can cause a physical change on the cell surface
of S. aureus and E. coli, but not V. harveyi.

Recombinant crustinPm1 can be crystallized in 0.2 M Lithium citrate tribaic
tetrahydrate, 20% PEG 3350, pH 8.4. No crystallization condition of rcrustinPm7 has
been found. This may due to the quality of rcrustinPm7 sample.
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1. Preparation of Competent cell for CaCl,-transformation

The 10 min pre-chilled culture was centrifuged at 4,000 x g for 5 min. Then,
the cells were washed once with 0.5 volume of 10 mM CacCl; solution. The final cell
pellet was resuspended in an appropriate volume of 100 mM CaCl, solution
supplemented with 10% (v/v) glycerol and chilled on ice for about 30 min. One
hundred microliters of competent cells were iaken into an aliquot and immediately

frozen at -80 °C until used.

2. BMGY Buffered Glycerol-complex-Medium
and BMMY Buifergd Methanol-complex Medium (1 liter)
1% yeast extract

2% peptone
100 mM potassium phosphate, pH 6; O
1.34% YNB
4 x 10°% biotin o
1% glycerol or.0.5% methanol
1. Dissolve 10'g of yeast extract, 20 g pgptqne in 700 ml'water.
2. Autoclave 20 minutes on liquid cycle.:_, |
3. Cool to room temperature, then add tﬁé Tollowing and mix well:

100 ml 1 M potassium phosphate buffer pH 6.0
100 ml 10X YNB R
2 ml 500X B -
100 ml 10X GY
4. For BMMY, add 100 ml 10X M instead of glycerol.
5. Store media at 4°C. The shelf life of this solution is approximately two

months.

3. Preparation for.SDS-PAGE electrophoresis
Stock reagents
30 % Acrylamide, 0.8% bis-acrylamide, 100 m!
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
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Adjust pH to 8.8 with 1 M HCI and adjust 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 1 M HCI and adjust volume to 100 ml with distilled

water.
0.5 M Tris-HCI pH 6.€

Tris (hydroxyme )-amine ‘ /g
Adjust pH to6:8"with 1 M HCl and@to 100 ml with distilled
water. M | » - -

1.0 M Tris-

Solution B (SD
2.0 M Tris<HCI
10% SDS 4
Distilled Water2 ml

Solution C (SDS PAGE -
1.0 M Tris-HCI pH.8:85 efrk. A
‘I“ —y

e~
Distilled W Y )

SDS-PAGE m m
15 % Seperating gel ‘

30 % Acrylaf’;lﬁn solution 5.0 ml “.°

ehdideia) Y1/ YIIWENT

II@lIIed water 2.5 ml

aw%»&ﬁim URIANYIAY

5.0 % Stacking gel
30 % Acrylamideml solution 0.67 ml
Solution C 1.0 ml
Distilled water 2.3 ml
10 % (NH4)2S208 30 pl
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TEMED 5.0 ul

5X Sample buffer
1M Tris-HCI pH 6.8 0.6 ml
50% Glycerol 5.0 ml
10% SDS 2.0 ml
2-Mercaptoethanol 0.5 | |

ts'of sample. The mixture was

SDSlOg

Dissolve in disf

should be 8.3).

4. Graghpad Prism Equatlo

_," 2%
4 i
Equation:

Mode v_

QW’]Nﬁ‘i

[Ligand]

*Note that the X axis is concentration, not log(concentration).
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Interpret the parameters

Bmax is the maximum specific binding in the same units as Y. It is the specific
binding extrapolated to very high concentrations of radioligand, and so its value is
almost always. higher than any specific binding measured in your experiment.

Kd is the radioligand concentration needed to achieve a half-maximum binding at
equilibrium, expressed in the same units as X. If h=1.0, this is the equilibrium binding
constant. If h is not equal to 1.0, then the mo r interpretation of the Kd depends
on why h is not 1.0. : , I
h is the Hill slope. It ec I 3 on&&vith no cooperativity to one
site. When it is greater than 1.0, you See a sigmoida a‘o to the graph as shown
above. This happen Jeceptor or ligand” ultiple binding sites with

positive cooperativity. The Hill's ’ s less. ero when | there are multiple binding
§'f :\*‘!\\k negative cooperativity.

sites with differen nities 1 jand or wh \

5. Affinity constantsfron

A alyte]free B
analyte] freetKp) T
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