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CHAPTER I

INTRODUCTION

1.1 General introduction

A commercial business « shrimp/ farm which encouraged for human
consumption began in the 1970s. The world-Shrimp production reached more than 1.6
million tonnes and a value.of.9 billion'U.S. deliars-in 2003. About 75% of farmed
shrimp is produced in Asiag~in-particular in China and Thailand (Source: FAO
databases, 2007).

Shrimps have bgen ene' of the njast economically important aquaculture in
Thailand for over 20 years. Mastly, shrimp farms In Thailand are spread along the
areas of Southern coast stich as_in the Nakorn Sri Thammarat and Surat Thani
provinces. The shrimp farming has been a multi-billion dollar industry as a result
shrimps have become a major-export product of Thailand. Each year, Thailand
supplies about 20 percent of the world shrimp_ trade with the two major species of the
black tiger shrimp Penaeus monodon, and the white shrimp L itopenaeus vannamai. In
the past, Thailand was the world’s leading exporter and the largest producer of P.

monodon.

At the (beginning, P. monodon culttre “in Thailand expanded quite slowly than
that of Taiwan‘because of lacking suitable farm practices. After 1985, the shrimp
productionyim ~Thailand increased, rapidly deading, torswitchingofi the top shrimp
supplier from Taiwan to Thailand. Since 2003, the black tiger 'shrimp~production was
significantly declined because of the outbreak of serious viral or bacterial diseases
(Figure 1.1). Accordingly, L. vannamai has been imported and become a popular
cultured species. The major advantages of L. vannamai over P. monodon are that the
domesticated stocks of specific pathogen free and specific pathogen resistant shrimp
are currently commercially available. The favorable traits of L. vannamai are high
growth rate, disease resistant, and rapid maturation. Thus, it gives a higher production

yield per crop.


http://en.wikipedia.org/wiki/Asia
http://en.wikipedia.org/wiki/People%27s_Republic_of_China
http://en.wikipedia.org/wiki/Thailand

Advantages of P. monodon are that it can be grown to a large size (40-60 g) to
fetch a higher price in international markets, and it is fast growing shrimp. The black
tiger shrimp can tolerate a wide range of salinity, 0.2 to 70 ppt. Salinity within the
range of 10 to 25 ppt has no considerable effect on growth when food is sufficient.
Shrimp growth is found to be slower at very low salinity. Moreover, it can tolerate to
temperature up to at least 37.5 °C, and the mortalities occur at the temperatures below
12 °C only. The most preference of P. monodon over L. vannamei is that it is a native
species in Thailand.
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Figure 1.1 The hlack: tiger shrimp expart of Thailand during the year 2002 — 20009.



The statistic record revealed that Thailand’s major shrimp product markets are
USA and Japan. In 2008-2009, USA and Japan imported Thai’s shrimp products for
about 49.05% and 20.55% of the total shrimp production, respectively. This inferred a
high demand for shrimp consumption. Not only for export, there is also a strong
demand on shrimp in the local markets. Therefore, it is necessary to sustain the
shrimp farming production. Because L. vannamai is the alien species and the
broodstock has to be imported, maintaining of the native species P. monodon by
developing the domesticated broodstock and the farming process, learning how to
protect them from the microbial infection, .and.understanding in shrimp immune

system will lead to sustainable-shrimp aguaculture-in-Thailand.

1.2 Taxonomy Of Penaeus monodon

Penaeid shrimp can be classifted into the largest phylum, the Arthropoda, in
Kingdom of Animalia, characterized by jointed appendages and an exoskeleton or
cuticle that is periodically molted:Fhe major-characteristic appearance to the species
of P. monodon is the black bands-over théir:é'arapace and abdomen giving a tiger-
striped. The taxonomic definitton “of P. monodon.is as follows (Baily-Brock and
Moss, 1992):

Phylum Arthropoda
Subphylum Crustacea
Class! Malacostraca
Subclass Eumalacostraca
Order._Decapoda
Suborder “Natantia
Infraorder Penaeidea
Superfamily Penaeoidea
Family Penaeidae Rafinesque, 1985
Genus Penaeus Fabricius, 1798
Subgenus Penaeus
Species monodon

Scientific name: Penaeus monodon (Fabricius), 1798



Common name: Jumbo tiger prawn, Giant tiger prawn, Blue tiger prawn, Leader
prawn, Panda prawn (Australia), Jar-Pazun (Burma), Bangkear (Cambodia), Ghost
prawn (Hong Kong), Jinga (India, Bombay region), Udang windu (Indonesia), Ushi-
ebi (Japan), Kamba ndogo (Kenya), Kalri (Pakistan), Sugpo(Philipines), Grass shrimp
(Taiwan), Kung kula-dum (Thailand), Timsa (Vietnam).

F.A.O. Names: Giant tiger prawn, Crevette giante tigre, Camaron tigre gigante.

1.3 Shrimp diseases

Shrimp farming in_many. countries crashed from the serious problem of
pathogen infection (Magiarty,.2999). The infection of wild shrimp has disseminated
since contamination ofs#Wwaste /from -infected aguaculture processing near coast.
Although shrimp pathogefis show no-danger to human health, there is a history of
causing economic losses @n shrimp farms. Moreover, stressful conditions to shrimp
such as poor management:practices, poor water and soil quality conditions, and
unexpected changes in elimatic conditions frigger the disease outbreak in farms.
Therefore, appropriate management. of far}}ﬁi:ng. practices is required for sustainable

shrimp aquaculture (Duraiappah et.al,, 2000).

In the past, | many chemicals were used to contiol shrimp diseases such as
chlorine compounds, formalin, providone-iodine, quartérnary ammonia compounds,
furazolidone, malachite green, glutaraldehyde, potassium permanganate, peroxides,
and copper sulfate’(Bayd,72002). The!large amountsOf biocides treatment in shrimp
farms were toxigto the environment, workers and consumers. Now, consumers have a
strong .concern..on. food.-qualities .and, safety. because .these affect .human health.
Importer. countries " have ‘banned* chemically’ contaminated' shrimp especially of

antibiotics, pesticides and other harmful chemical residues.

Many viral diseases generally cause serious problems in every aquaculture
leading to severe economic losses (Meyer, 1991). The viral outbreaks often result
from several stress factors such as overcrowding, unsuitable culture temperature, and
low dissolved oxygen. The outbreaks of bacterial diseases also result from extreme

environmental stresses and cause acute problems (Pullin et al., 1992).



1.3.1 Bacterial diseases

Vibriosis is a shrimp disease caused by infection of bacteria belonging to the
Vibrio species. Vibriosis occurs in the culture of marine shrimp in salt or brackish

water and is a cause of shrimp mortality.

Vibrio is a genus of gram-negative, motile, bioluminescent bacteria with
morphology of rod shape, 0.5-0.8 pwm in width and 1.4-2.6 pm in length. Vibrio is
anaerobic bacteria usually found in seawater .and do not form spores. There are
several pathogenic strains “including Vibrie _harveyi, Vibrio splendidus, Vibrio
parahaemolyticus, Vibrio alginolyticus, Vibrio anguitlarum, Vibrio vulnificus, Vibrio
campbelli, Vibrio fischeri, \ibriordamselia, Vibrio pelagicus, Vibrio orientalis, Vibrio
ordalii, Vibrio mediterrant, .and: Vibrio logeli (Rao, 2002). The major shrimp
pathogenic species is V. harveyl. /Among the V. harveyi isolates, some are virulent and
some are not, suggesting a‘great deal of genetic variation in this species. The Vibrio
spp. infection in shrimp®can occur at all life stages, but mostly in hatcheries. The
clinical signs of this disease in aduli shrirﬁp are appear hypoxic, show reddening of
the body with red to brown gilis; reduce feeding and may be observed swimming
lethargically at the edges and surface of ponds.;The bacteria are able to emit a blue-
green color light by-uciferase catalysis reaction. The:luminescence can be visible on
the head and pectoral-part of infected shrimp (Figurée 1.2). Vibrio infection alone may
cause shrimp mortality for up to 95%. It was also evidenced that shrimps co-infected
with Vibrio and white spot syndrome virus_has faster and higher mortality rates than

shrimp infectedswith Vibrio alone (Phuoc et-al., 2008):

Source: www.thailandshrimp.com

Figure 1.2 Luminescence of Vibrio on selective medium plate and infected shrimp.



1.3.2 Viral diseases

One of the most important problems of cultured penaeid shrimp causing
seriously losses in the world production including Thailand is the pandemic viral
diseases. Eight types of virus including Baculovirus penaei (BP), P. monodon-type
baculovirus (MBV), type C baculovirus of P. monodon (TCBV), hemocyte-infecting
baculovirus of P. monodon and P. esculentus (HB), infectious hypodermal and
hematopoietic necrosis virus (IHHNV), hepatopancreatic parvo-like virus (HPV),
lymphoidal parvo-like virus (LOPV), and type'lli Reo virus (REO-III) were reported
to be effected to the cultivated P. monodon-(For-review: Lightner, 1992). The two
major concerns to P. maneden aguaculture are white spot syndrome virus (WSSV)
and yellow-head virus (\¥HV),

1.3.2.1 White spat syndrome (WSS)

White spot syndrome was firstly fo@hd in the Northeast Asia in 1992-1993,
and rapidly spread to many shrimp farrtniiﬁg:r_ countries in Asia and Indo-Pacific
(Stokstad, 2010).

WSSV is a bacilliform,-non-occluded-enveloped virus with 210 - 380 nm in
length and 70-167 nm-in width of intact enveloped vifions. More than 40 proteins
have been characterized from this virus. Some non-structural proteins are involved in
transcriptional -regulation such, as-VR9~and in, DNA~replication regulation such as
WSSV477. Other proteins which are the structural-have been*located in the virion or
nucleocapsid (Escobedo-Bonilla et ‘al., 2008). WSSV genome is-a circular, double-
stranded DNA molecule with about292,967 bp in length (van Hulten et al., 2001).

Because white spot syndrome is highly lethal and quickly contagious in
shrimp, it is the major causative of the severe disease outbreaks in many countries.
The disease is from the infection of virus in the family of related to white spot
syndrome virus (WSSV), a viral pathogen of crustaceans. It can infect both freshwater
and marine species such as shrimp, crab, and crayfish. The infection of WSSV has

been observed in several commercial penaeid species, including P. monodon, L.



vannamei, Marsupenaeus japonicas, and Fenneropenaeus chinensis. WSSV is now
recognized as the most serious for shrimp aquaculture worldwide (Escobedo-Bonilla
et al., 2008).

WSSV is highly virulent leading to 100% shrimp mortality within a few days
after infection. The clinical signs of WSS are rapid reduction in food consumption,
lethargy, reddish discoloration of their cuticle, and appearing of white spot of 0.5-2
mm diameter on the inside of their \jf)ﬁ and cuticle over the abdominal segments
(Afsharnasab et al., 2009). 'LQ
known. It is possible tha SV ‘pfe induce the dysfunction of the

integument resulting in Hlation of M within the cuticle and giving
rise to white spots (E illa et al. Ntopathologlcal evidence has
shown that WSSV are )

ism of white spot formation is not

stomach and cells |_|s_1lthe gllls |n the“’ mtegument ﬂ !'n connective tissue of the

hepatopancreas (Es ohedo-Bonilla et al., 2008).

Source: National Institute of Animal Health
(http://mww.dld.go.th/niah/AnimalDisease/aquatic_WhiteSpot.htm)

Figure 1.3 White spot appearing after WSSV infection on shrimp carapace.



1.3.2.2 Yellow-head disease (YHD)

Yellow-head disease is a viral infectious disease occurring in a number of
crustaceans, particularly in P. monodon. Like white spot syndrome, this disease
causes the massive losses in shrimp production in many areas. The first occurrence of

this disease was in P. monodon ponds in Eastern Thailand in 1990 (Limsuwan, 1991).

The pathogenic virus of YHD is yellow head virus (YHV) which is a positive-
sense single-stranded RNA virus (Ongverrasopone et al., 2008). The yellow head
virus particle possesses a bacilliform morphelogy consisting of structural units, the
nucleocapsid, and envelope (Boonyaratpalin et al:;*1993). The yellow head virus is
classified in the virus family Roniviridae (Order Nidovirales) and in the genus
Okavirus (Walker et al., .2005). Major‘l clinical signs of the disease are high feed
consumption in early phase of/infection, :‘.Iurning yellow of shrimp cephalothorax with
yellowish hepatopancreas, /and thgn‘incnpaging of shrimp mortality reaching 100%
within 3-5 days (Figure'1.4). The ,primélr,yrmechanism of spread of YHV in pond
culture appears to be from infected crust'é_éééh carriers which appear to have latent
infections, for example; P. mer_gui,éhsis, I\;iériépﬁnaeus ensis, and Palaemon styliferus
(Briggs et al., 2004). = _ =7

Source: www.sc.mahidol.ac.th/tha/award/ttsf43.htm

Figure 1.4 Yellow head of shrimp infected with yellow head virus comparing to the
normal.



1.4 Invertebrate immunity

All living organisms are continuously exposed to the harmful substances, and
most of them can protect themselves by more than one way. The first shield of the
protection is a body barrier such as their exoskeleton, which prevents the body from
pathogen infection, and mucous which can trap some particles or microorganisms. For
the second shield of protection, the common immune system can be classified into
two groups, innate and adaptive (acquired) immunity. While vertebrates possess both
systems, the invertebrates have only one syste€m; innate immunity. The key hallmark
of acquired immune system is the ability to generate the recognition molecules which
is specific to the unique-antigen, therefore, this immune system is said to have both
specificity and memoryy*capability to rapidly respond in case of re-exposure of an

antigen.

The innate immunity composes of‘several mechanisms which defend the host
from infection by other organisms: via "Inon-specific manner. The cells in innate
immune system have pattern Vrec'ognitid_@' molecules immediately responding to
foreign substances. The innate immune reéééﬂges are thought to be an evolutionary
older defense strategy and the dominating__'_j_sy-_stem in many organisms. Figure 1.5
shows the overview of the immune syste-rrl_! of the. Drosophila by detection of
microbial pathogens by recognition proteins and actiVation of a large array of

interconnected and synergetic host defense mechanisms.
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Figure 1.5 Schemati

Like most other arthro gg;ﬁérust 1 an innate defense system which
is considered to be non-speciﬁgﬁfﬁfgggg The innate response is mediated by
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pattern recognition réceptors which recog

nize Mdﬁfmponents of microbes or

the signal sending o )
I — i
This defense c;n be divided into the large groups of humoral and cellular

mediated resp i isal Ii lay important roles in
immunity by @Fﬁﬂﬁ:ﬁiﬂlm mﬁ;ﬁmmm effectors which
are stimulatory signals_regulating séveral immu scades. Cell*mediated immunity
action@nﬁﬂehnﬁeﬁ/ﬁn%ﬁﬂ,w&ﬁzﬁI ’n] ﬁ ytosis, nodule
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formation, encapsulation, and cytotoxicity system. The humoral immunity refers to
the production of soluble component playing roles in the defense system. These
soluble substances, proteins and enzymes, are considered to be associated with

immune reactions such as prophenoloxidase (proPO), antimicrobial action and

clotting system.
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1.5.1 Cellular response

The cellular response is the cell-mediated reaction against pathogen invasion
including phagocytosis, encapsulation, and nodule formation. Circulating hemocytes
are important effector cells in crustacean immunity and can be grouped into three
types, hyaline, semigranular, and granular cells. Each cell type involves in different

immune reactions.

Phagocytosis is the cellular process /of engulfing solid particles, closing up,
and pinching of the membrane to be an internal phagosome which internalizes the
solid particles such as bacteria (Jeon et al., 2010). It is a major mechanism of
removing the pathogens apdcell debris. The mechanism of phagocytosis includes
three stages that are recognition the microbes with lectins, ingestion, and killing (For
review: Sharon and Lis, 2004 ).

Cellular encapsulation'is‘an immune response, occurs when a microbe is too
large to phagocytose (Gillgspie et.al., 1997). It protects host by attracting the host
hemocytes to a foreign“invader .and aggrégating on its surface. The microbes in
capsule occurring from cell encapsulation proeess are harmless. This reaction occurs
against a wide range of pathogens and parasites resulting in the formation of multiple

layers of dead hemacyies,

When the number of invader is high, nodule formation occurs from cellular
aggregation involving inscell-cell co-operation. The forming nodule includes central
core of entrapped foreign particles.-The nodule trapped microarganisms will be killed

by physiological stresses such as oxygen and nutrients deficiences.

1.5.2 Pattern recognition proteins

Pattern recognition proteins (PRPs) are proteins which can recognize the
specific non-self or altered-self molecular patterns. When the host was invaded by
foreign organisms or substances, the first line of response is recognition of factors that
present at surface of invader. Previously, there were many reports on recognition

protein identification in crustacean (For review: Vazquez et al., 2009). The target
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molecular patterns varying among groups of pathogens include the
lipopolysaccharides (LPS) of Gram-negative bacteria, lipoteichoic acids (LTA) of the
Gram-positive bacteria, the p-1,3-glucan of fungi, and double-stranded RNA of virus.
Moreover, carbohydrate recognition molecules such as peptidoglycan recognition
proteins are important because carbohydrate molecules are a common composition of
microbial cell wall. In the black tiger shrimp, glucan binding proteins (GBP) were

identified and characterized for their functions (Sritunyalucksana et al., 2002).

1.5.3 Prophenoloxidase (proPQ) system

Prophenoloxidase Sysiem or melanisation is an important immune response in
many invertebrates invelving in the activat__ion of many proteinases in the cascade to
produce a final productsof melanin. It is évidenced that the melanisation cascade is
stimulated by the appearance of the stimuli factors which can also affect the cellular

responses such as phagocytosis and encapsulation reactions.

In vitro studies have been showni_iﬁa;__ the phenoloxidase (PO) exists as a
zymogen, prophenoloxidase (proPQj), which 'cah be activated by a cascade of several
proteinases especially serine proteinases. The-;sér-ine proteinase, an activator of proPO
system, can be stimulated by many microbial components such as lipopolysaccharide

or peptidoglycan and (3-1,3-glucans via the pattern recognition proteins.

The enzymes that; are able toactivate the, proPO are termed prophenoloxidase
activating enzyme ‘or factor such ‘as ppA,“PPAE,~and"'PPAF. In crayfish, ppA is a
trypsin-like proteinase and presents as_an _inactive form in the“hemocyte granules
(Aspan and Soderhall,x1991; Wang et-al.,’ 2001) < The ppA enzyme_is released with
proPO and become an active form after degranulation in the presence of microbial
elicitors. The active ppA is used in the conversion process of proPO to an active
phenoloxidase, a key enzyme in melanin synthesis. Phenoloxidase catalyzes the
conversion of O-hydroxylation of monophenols to diphenols and converts oxidized

diphenols to quinones, which can non-enzymatically polymerise to form melanin.
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Occurance of melanisation can be observed by blackening of the parasite in
the hemolymph of host or black spot on the cuticle especially at the wound site. The
production of insoluble melanin deposits involving in the process of wound healing
and encapsulation of foreign substances which can effect to inhibit growth of
microbial parasites. To prevent an excessive of melanisation, it is necessary to have

the inhibitors to regulate the proteinase activities (Kanost, 1999).

In penaeid shrimp, enzymes involving in proPO system are identified in
semigranular and granular cells. In the black iiger shrimp P. monodon, two genes of
clip domain serine proteinase.which are the member of proPO system designated as
PmPPAE1 and PmPPAEZ2.were identified from shrimp hemocyte (Charoensapsri et
al., 2009; Charoensapsricet al; 2011).' The functions of PmPPAELl and PmPPAE2
were investigated usingedouble siranded RNA (dsRNA)-mediated RNA interference
technique. From the result,they concluded that both PmPPAEL and 2 are the
proteinases participating in the shrimp p}oPO system. For phenoloxidase, they also
found that the proPO" mRNA of P. monodon is expressed only in the shrimp
hemocytes. Currently, two phenoonidasesl_-;(__F"mproP01 and PmproPO2) have been
identified (Amparyup et al., 2009). The previous study reported that both are

important for shrimp in fighting aganst bacte'_ria;l_infection.

Because the! toXicity of quinone produced in the melanisation system harms
the animal, an inhibitor is required for regulation of this process. In crustacean, one of
the inhibitor, called melanisation inhibition protein (MIP) was firstly found in crayfish
and classified @s an inhibitor specific o direcily control proPO system. PIMIP is an
inhibitor identified from the hemolymph of crayfish P. leniusculus and functions to
inhibit .quinenes, production .and-also, affect the~proRO, activating,enzyme activity
(Soderhall etal., 2009). In"P.“monodon, PmMIP ‘protein-was'also highly detected in
shrimp hemolymph and found that the protein was degraded or removed after
microbial infection or proPO activation to allow the melanisation to occur (Angthong
et al., 2010).
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1.5.4 Antlmlcroblal peptides | (AMPS)
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The evolutlommmmg innate immunity called

antimicrobial peptides © or AMPs have been found in all Classes of life. Most of AMPs
are small in size, about, less than 150-200 amino aC|d residues with amphipathic
structure and (cationic ' property, whist a“little of anionic ‘peptides are also exist.
Antimicrobial peptides have been demonstrated to kill a large spectrum of
microQrganisms-, such » a- Gram-negative ~and ~Gram-positive~ bacteria including
conventional “antibioticS resistance strains, ‘mycobacteria;” enveloped- viruses, fungi,
and even transformed or cancerous cells. Other than direct killing of the pathogen,
AMPs also have ability to enhance an immunity of host by functioning as an immune-

modulator.

Because of its small size, it is easy to be synthesized and rapidly diffuses to
the point of infection. The action of AMPs to Kill bacteria includes disrupting

membranes by attaching and inserting to form pores and interfering with metabolism
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by binding to intracellular molecules which are crucial to cell living. The initial
contact between the peptides and target organisms would be by electrostatic force, as
most bacterial surface is anionic. For mechanism of peptide to break down the
membrane permeability barrier, it is possible that the peptide induces complete lysis
of the organism by rupturing the membrane and allowing the leakage of the certain

cellular components.

There are many reports on antimicrobial peptides in penaeid shrimp (For
review: Tassanakajon et al., 2010). Penaeidins, a family of antimicrobial peptides
acting against Gram-positive. bacteria and fungi;-have been identified in several
penaeid shrimp. Several iseforms of crustins have been also identified in several
species. The crustins Jromeshrimp showed no homology with other known
antibacterial peptides, but possessed -sequence identity. with an inhibitory protein
family that is the whey agidic/protein (WAI5).

Another major s group of . AMPs found in penaeid shrimp is anti-
lipopolysacccharide factors or ALFs. Sevéral"isoforms of ALF (ALFPm) have been
identified from the P. monodon EST databééer(Tassanakajon et al., 2006). Previous
researches implied that ALFPms was impbrtaﬁt in shrimp immune defense against

bacterial and viral infections.

Peptides derived from hemocyanin of L. vannamei, P. stylitostris, and P.
monodon possessing an antifungal (Destoumieux-Garzen et al., 2001) or antiviral
activity (Zhang.et. al.,.2004) .has .been_also identified. According to Gram-positive
bacterial growth inhibitory activity, histones and. histone derived peptides of L.

vannamei have been recently reported as innate immune effectors (Patat et al., 2004).

1.5.5 Clotting / Coagulation system

In general, coagulation in crustacean is an essential complex process by which
blood forms clots and a damaged blood vessel wall is covered by a fibrin-containing
clot to stop bleeding. The hemolymph coagulation response is for preventing host

from loss of hemolymph through injury vessel, and dissemination of bacteria
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throughout the body (Martin et al., 1991). It is a proteolytic cascade containing a
series of reactions which are activated by microbial cell wall components leading to

fibrin formation.

The process of coagulation in horseshoe crab is regulated by a proteolytic
cascade activated by the elicitors through specific recognition proteins (Muta et al.,
1993). In the past, this cascade system has been investigated composing of three
serine proteinase zymogens and one clottahle protein or coagulogen. In the presence
of an elicitor, one of the zymogen proteinase s autocatalytically activated. The active
proteinase changed anotherzymogen to the active-form by limited proteolysis. Then,
the proclotting enzyme..is-activated to be -elotting enzyme, catalyzing the
transformation of coagulogen” 0 insaluble coagulum gel covering at the open

circulatory blood systemwor teapping the invading microorganism in plasma.

Coagulation in~ crayfish is based on the transglutaminase-mediated
crosslinking of a specific plasma clotting protein (Hall et al., 1999). The crayfish
clotting protein (CP) is a very ‘high densi-ty lipoprotein (VHDL) consisting of two
identical 210 kDa subunits linking by disU’lTidq bonds. Each of CP subunit contains
both lysine and glutamine side chains, WhiCh 5:re recognized and become covalently
linked to each other-by transglutaminases (TGa’sés). Clotting process is induced when
TGase is released from hemocyte or tissue and become activated by Ca®* leading to

large plasma CP molecules aggregates by crosslinking.

Like crayfish, coagulation in other crustaceans.such as lobster and shrimp is
based on crosslinking'.of the Iclottable | protein: by transglutaminase. The clottable
proteins from the spiny lobster Panulirus interruptus have been.identified to be a
homodimeric. lipoglycoproteins of about 400 kDa.(Fuller-and \Doolittle, 1971). In P.
monodon, a clottable protein was identified, purified, and characterized. In the
presence of Ca®" and transglutaminase in hemocyte lysate, the clottable protein with
molecular mass of 380 kDa formed stable clots (Yeh et al., 1998).
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1.6  Serine proteinase

Serine proteinase family hydrolyzes the peptide bond of substrate via a
nucleophillic serine residue at the active site, Ser, arranged with Asp and His into a
catalytic triad (Hedstrom, 2002). Serine proteinases are widely distributed in nature
and are found in all kingdoms including viral genome. Proteinases play crucial roles
in various biological processes not only in food digestion but also in metamorphosis,

wound healing, innate immunity, and in the pathogenesis of the microorganisms.

Initiation of proteinase activity is contrelled by the activation of the zymogen
triggering serine proteinase Cascades leading to amplification of other reactions.
Beneficial functions of thespretenase reactions in organisms are tremendous, but
deadly if unmanaged. Several of the proteinase processes are tightly controlled by the
proteinase inhibitors to prevent excessive activations that are detrimental to the cells

or organisms (Kanost;1999).

1.7 Serine proteinase inhibitor

A number of, proteinase inhibitoré \with difference specificity function in
regulation of proteolysis. Hemolymph of insects and other arthropods contains a
number of serine proteinases, and also proteinase inhibitors from several protein
families. In arthodpods; the serine proteinase inhibitors have been identified
depending on their 3D-structure and function such as families of Kazal, Kunitz, a-

macroglobulin, ‘Serpins, and pacifastin (Liang et al., 1997).

1.7.1 Small size proteinase inhibitors

Small proteinase inhibitors with low molecular weight can be classified into

three families including Kazal, Kunitz, and pacifastin.

Proteinase inhibitors from the Kunitz family have been characterized from the

horseshoe crap, lepidopteran, and dipteran. The proteins in this family are single
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domain with approximately 60 amino acid residues and are the inhibitor of trypsin
and chymotrypsin (Kanost, 1999). Kunitz-type domains are common functional
elements found in extracellular protein. Kunitz domains appear not only as a single-
domain such as bovine pancreatic trypsin inhibitor (BPTI), but also as multiple
tandem repeats. Crystal structure of trypsin-BPTI complex shows that the Kunitz
domain inserts a protruding reactive site loop into the active cleft of its cognate
proteinase (Macedo-Ribeiro et al., 2008).

The pacifastin family .is classified .inio_the low molecular mass proteinase
inhibitor with 35-36 amine-acid residues in-leagih. The rigid protein structure is
conserved with six cysteine«residues involving in-three disulfide bridges (Simonet et
al., 2002). The pacifastintype" proteinase inhibitor was found to be a regulator in
biological process. Fer example, -pacifastin from the crayfish Pacifastacus
lunousculus acts as ansinhibitor in-the ;'endogenous proPO-activating proteolytic
cascade (Hergenhahn et al; 1987; Liang et al., 1997).

Kazal-type serine proteinase inhibitéfs'br KPIs in invertebrate can be a single
or multiple domain protein which-are Iink(:ed:by peptide spacers. A feature of this
protein family is that it is composed of about?40-60 amino acid residues including
some spacer amino agcids. The Kazal motif has a general amino acid sequence of Ci-
Xa-Co-Xp-PVC3G- X =¥ =X-Cy=Xe-C5-X-Cs Where the subscripts a, b, ¢, d, e and f are
integral numbers of amino acid residues. Six conserved cysteine residues in a Kazal
domain forms three intra-domain disulfide bridges between C;-Cs, C,-C4, and C3-Cg
resulting in characteristic three-dimensional, structure.” One|ofithe extended out loop
peptide segment providing for easy access of the active proteinase called the reactive
site loop, contains the proteinase-specificity,determination Ps~residue and the scissile
peptide bond. The inhibitory“domain-of 'KPI ‘inhibits ‘the” proteinase” by a standard
mechanism. The reactive site loop of each domain acting as a substrate analogue
binds to the active site of the proteinase by competitive inhibition manner forming a
relatively stable enzyme-inhibitor complex (For review: Rimphanitchayakit and
Tassanakajon, 2010). The KPIs are believed to play a role as a regulator of the serine
proteinases in several biological processes. In invertebrates, the KPIs are implied their
potential roles in immune system from the up-regulation in responses to microbial

challenges but the actual functions of this protein need further determination.
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1.7.2 a-Macroglobulin

a-Macroglobulins (aMs) are a family of proteinase inhibitors whose size is
much larger than the small size proteinase inhibitors described above. They have been
identified in a wide range of vertebrate and invertebrate species. Most of them are
thiol ester region containing proteinase inhibitors. Each subunit of this protein family
contains an exposed bait region that is susceptible for proteolytic cleavage. Clevage of
the protein inhihibitor bait region leads to a conformational change that traps the
proteinase into inhibitor ecawvity by forming o-macroglubulin  dimer. The
conformational change also leads to cevalent crosslink between proteinase and a-

macroglobulin (For review: Sotirtup-Jensen, 1989; Kanost, 1999).

In crustacenas, alpha-2-macroglabulin (A2M) genes have been characterized
in many organisms such as'harseshoe crab Limulus sp. (Iwaki et al., 1996), sea scallop
Chlamys farreri (Ma“et al., 2005) and the crab Scylla serrata (Vaseeharan et al.,
2007). In shrimp, A2Ms"haye also been cloned and characterized from several species
including, M. japonicuss (Rattanachat et aI._,__.2(504), P. monodon (Lin et al., 2007), and
L. vannamei (Lin et al., 2008) and Fennerdbén@eus chinensis (Ma et al., 2010). In P.
monodon and M. japonicus, it has been found that the A2M mRNA levels showed
significant increase after peptidoglycan challehde. Three forms of A2M reported in F.
chinensis. They have/ different pattern of reponses upon pathogen challenge. The
FcCA2M-1 mRNA level observed in both hemocytes and lymphoid organ after WSSV
or Vibrio challenge was increased. Whereas; those of FCA2M-2 showed up-regulation

in lymphoid organ but nat in hemocytes.

1.7.3 Serpin-type serine proteinase inhibitor

Serpins were found in most organisms except fungi with molecular weigth of
40-60 kDa and about 400 amino acid residues in length. Serpin is primarily found to
be an irreversible inhibitor acting as substrate of its target proteinase. From previous
reports, serpin functions as a regulator of various biological processes (Figure 1.7)
(Potempa et al., 1994). While many serpins have an inhibitory activity, they have

some serpins without inhibitory activity called non-inhibitory serpins (Gettins, 2002).
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3D structure of serpins is conserved with divergent in amino acid sequences
consisting of 3 beta-sheets and 8-9 alpha-helices in its core domain (Figure 1.8). A
typical feature of serpin is the reactive center loop or RCL which is an exposed
protein motif of about 20 amino acids, located near its C-terminus. This motif
contains a scissile bond between residues called P; and P;", which is cleaved by the
target proteinase (Wilczynska et al., 1995). Serpin with proteinase inhibitory activity
always show the conserved hinge region at the position of P17 to Pg in RCL region
(P17:E, P1s:E/K/R, P15:G, P14:T/S, P1-Po:A/G/S, and Pg:T). The mechanism of
proteinase inhibition like a suicide substratc~0f serpin is the formation of serpin-
proteinase complex upon.cleavage of-Serpin-by-its target proteinase which brings
about the large conformational Change | of serpin (Stratikos and Gettins, 1999). The
very stable serpin-proteinase complex"iformed results  in the inactivation of the
proteinase activity. Specifigity/of se_rpinfto the target proteinase depends mainly on
the amino acid at the Py re5|due sueh as alanine (A) is specific to elastase,
phenylalanine (F) to chymotrypsm and Iyéme (K) or arginine (R) to trypsin.

_.fxl #

}Lxmwihn.u méui\ remodeling

Sl
(14) Blood coagulallun— —— _ Prohormone conversion (2)

e 2 '?-i.l—

(13) (omplemcx_n g.ascade \ lu‘ixqccllular proteolysis (3)

=2
(12) Flbrlnol\515 \\ / 4'/) Blood pressure (4)
3 SERPN
(11) Protein foldin" / Tumor suppression (5)
(10) €ell migration / \ Hormaae transportation (6)
(9) Cell differentiation Miral or parasite patiogenicity (7)

(8) MoGulatida 6fiflammatofy résponse

Source: Potempa J, Korzus E, Travis J. (1994). "The serpin superfamily of proteinase inhibitors:
structure, function, and regulation". J Biol Chem 269(23):15957-15960.

Figure 1.7 Overview of serpin function in biological processes.
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To date, several serpins in invertebrates have been extensively studied for their
functions. In Drosophila melanogaster, several serpins have been identified as a
regulator of different immune reactions (Garrett et al., 2009). Serpin-28D regulates
hemolymph phenoloxidase (PO) involved in proPO system, a melanisation process
(Scherfer et al., 2008). An extensive melanisation in tissue exposed to air of spn28D-
deficient fly has been reported. Serpin-5 is involved in development of fruit fly by
forming a stable 67 kDa complex with proteinase resulting in wing unfolding and
expansion (Charron et al., 2008). Serpin-2ZA. functions as a negative inhibitor of
proPO activation by inhibition of proPO’acuvating enzyme (PPAE) (Nappi et al.,
2005). For tobacco hornwerm-Manduca sexta, there-have been many serpins reported
so far. Serpin-3 has been identifed from hemolymph with a low concentration and it
was increased after “micrebial challenge. Serpin-3 regulates proPO system by
inhibiting proPO activating‘proteinases (PAPS) (Zhu et al., 2003). Serpin-4 and -5
control proPO systemuby inhibiting the;proteinases upstream to PAPs (Tong and
Kanost, 2005). Serpin6 has been id'errn:t-ified as complexes with PAP-3 and
hemolymph proteinase 8 (HP8) implying the involvement in defense mechanism (Zou
and Jiang, 2005). £

In shrimp, very few serpins have:iaéeg reported. In 2006, a serpin called
PmSERPINB3 from P. monodon has been found to be’ up-regulated after bacterial
infection (Somboonwiwat et al., 2006). In 2009, a serpin from Chinese shrimp, F.
chinensis, (Fc-serpin).has been discovered (Liu et.al., 2009). Fc-serpin gene
expression profile showed«differences afteribacterial and viral stimulation. However,
so far, there is no report on.characterization of other serpins in shrimp. Also, as found
in other organisms that several serpins exist and play role .in many biological

processes, therefore, study of serpin in“shrimp is still needed.
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Source; www.wikidoc.org/index.php/Serpin

Figure 1.9 Mechanism of inhibition of serp_inimolecule.

e i d

1.8  Objectivesof this thesis

This research aimed to identify new shrimp serpins and to study the expression
of an interesting serpingfrom P. monodon ,n response to pathogen infection. All
serpins from the Penaeus monodon EST datbase-were identified, and an intersting
serpin named PmSERPIN6 was further analyzed. Expression analysis of the
PmSERRING gene-and-protein after viral‘or bacterial infection was'carried out using
RT-PCR:and immunocytochemistry techniques, respectively. Moreover, distribution
of PmMSERPING transcript in shrimp tissues was determined. To study function of
PmSERPING, the recombinant protein was produced, purified, and determined for its

inhibiting effect on proteinase and proPO.


http://www.wikidoc.org/index.php/Serpin
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CHAPTER Il

MATERIALS AND METHODS

Equipments and Chemicals
Equipments

Amicon Ultra-15 50K coneentrators (Millipore)
Autoclave Model# LS-2D (Rexall Industries Co. Ltd., Taiwan)

Automatic micropipeties P2, P10, P100, P200 and P1000 (LioPette / Select
BioProduet)

Balance Satorius 1702 (Satorius) , _

-20°C Freezer (\Whirlpool) |

-80°C Freezer (ThermoForrha) .

Gel Documention System (GeneCarf[ FEEXl, SynGene)
Gene Pulser (Bio-RAD) IS

Incubator 37°C (Memmert)

Innova 4080 incubator shaker (New Brunswick Scientific)

LABO Autoclave (SANYO)

Laminar,Airflow Biological"Safety Cabinets'Class'II'Model NU-440-400E
(NUAire, Inc., USA)

Micracentrifuge tubes 0.6;ml and 1.5/ ml (Bio-RAD Laboratories, USA)
Microtiter plate reader (BMG Labtech)

Minicentrifuge (Costar, USA)

Nipro disposable syringes (Nissho)

Orbital shaker SO3 (Stuart Scientific, Great Britain)

PCR Mastercycler (Eppendorf AG, Germany)
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PCR thin wall microcentrifuge tubes 0.2 ml (Axygen® Scientific, USA)
PCR workstation Model # P-036 (Scientific Co., USA)

PD-10 column (GE Healthcare)

pH meter model # SA720 (Orion)

Pipette tips 10, 20, 100 and 1000 pl (Axygen® Scientific, USA)

Power supply, Power PAC 3000 (Bio-RAD Laboratories, USA)
Refrigerated microcentrifuge MIKR® 22R (Hettich Zentrifugen, Germany)
Spectrophotometer: Spectronic 2000 (Bausch & Lomb)
Spectrophotometer DW650 (Beckman, USA)

Touch mixer Model'# 232 (Fisher Scientific)

Trans-Blot® SD (BiosRAD Labo@ibries)

Ultra Sonicator (SONICS Vibracell)

Vertical electrophoresis system (Hc;é—fe"rTM miniVE)

Water bath (Memmert)

il

Whatman® 3 MM Chromatography p};ipgr_ (Whatman International Ltd.,
England) P

96-well plate (Bio-RAD)

Chemigals and reagents

100 mM dATP, dCTP, dGTP, and dTTP (Fermentas)
2-Mercaptoethanol, C,HsOS(Fluka)
5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside (X-Gal) (Fermentas)
5-bromo-4-chloro-indolyl phosphate (BCIP) (Fermentas)

Absolute ethanol, Co;HsOH (BDH)

Absolute methanol, CH3OH (Scharlau)

Acetic acid glacial, CH;COOH (BDH)



Acrylamide (Plus one)
Adenosine-5'-triphosphate potassium salt (ATP) (Sigma)
Agarose (Sekem)

Alkaline phosphatase-conjugated rabbit anti-mouse 1gG (Jackson
ImmunoResearch Laboratories, Inc.)

Ammonium persulfate, (NH,),S,0s (USB)
Amplicillin (BioBasic)

Anti-His antiserum (GE Healthcare)

Bacto agar (Difco)

Bacto tryptone (Seharlat)

Bacto yeast exiract (Scharlau) :

Boric acid, BHsO; (MERCK) :

Bovine serum albumin (Fluka)

Bromophenol blue (MERCK)

Calcium chloride (CaCl) (MERCK)
Chloramphenicol (Sigma) =
Chloroform, .CHCI; (MERCK)

Coomassie brilliant blue G-250 (Fluka)
Coomassie brilliant-blue R-250+(Sigma)

Diethyl pyrocarbonate (DEPC), CsH100s (Sigma)
di-Sadiam fydragen erthophosphate anhydrous; NasHRO (Carlo Erba)
Dithiothreitol (Pharmacia)

Ethidium bromide (Sigma)

Ethylene diamine tetraacetic acid disodium salt dihydrate (EDTA)(Fluka)
GeneRuler™ 100bp DNA ladder (Fermentas)
GeneRuler™ 1kb DNA ladder (Fermentas)

Glycerol, C3HgOs3 (Scharlau)

26
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Glycine, NH,CH,COOH (Scharlau)

Hydrochloric acid (HCI) (MERCK)

Imidazole (Fluka)

Isoamylalcohol (Merck)

Isopropanol, C3H;OH (MERCK)
Isopropyl-B-D-thiogalactoside (IPTG), CoH1505S (USBiological)
Laminarin (Sigma)

Magnesium chloride (MgCl;) (MERCK)

Methanol, CH;OH (MERCK)

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

Ni Sepharose 6 Fast Flow (GE Heé;lthbare)

Nitroblue tetrazolium (NBT) (Ferrﬁéntas)

Nytrans® super charge nyion memb{ah_q._‘(SchIeicher&SchueII)

Paraformaldehyde (Sigma) 3y
Phenol, saturated (MERCK)

Prestained protein molecular weight marker (Fermentas)

RNase A (Sigma)

Skim milk powder (Mission)

Sodium acetate, CH3COONas(Carlo Erba)

Sodium cacodylate trihydrate (CAC), (CH3),AsO;Na - 3H20, (Sigma)
Sodium citrate, NazCgHsO7 (Carlo Erba)

Sodium chloride, NaCl (BDH)

Sodium dihydrogen orthophosphate, NaH,PO,.H,0 (Carlo Erba)
Sodium dodecyl sulfate, C1,H2504,SNa (Sigma)

Sodium hydroxide, NaOH (Eka Nobel)



Tris-(hydroxy methyl)-aminomethane, NH,C(CH,OH); (USB)
Triton® X-100 (MERCK)
TriReagent® (Molecular Research Center)

Tween™-20 (Flula)

Unstained protein molecular weight marker (Fermentas)

Urea (Fluka, Switzerland)

2.1.3

2.14

Trypsin (Slgma) ‘a

subnnﬁf%&’il N ﬂ‘ﬂ’ﬁ“ﬂ 8113

Chymotrypsm (Sigma)

mmﬂmm UANAINYA Y
N -benzoyl-Phe-Val-Arg-p-nitroanilide (Sigma)
N-succinyl-Ala-Ala-Ala-p-nitroanilide (Sigma)

N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide (Sigma)

28
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Bacterial strain

Escherichia coli strain XL-1-Blue
E. coli strain BL21(DE3)
E. coli strain Rosetta(De3)pLysS

Vibrio harveyi strain 639

Software

BlastX (http://

ClustalW (http:

SignalP 3.0 Server (http://www.cbs.dtu.dk/serviées/SignaIP/)

AUEINENINYINT

Vector

AN INE Y

pET-32a(+)(Novagen)
pVR500

T&A cloning vector (RBC Bioscience)


http://www.ncbi.nlm.nih.gov/blast/Blast.cgi
http://www.ebi.ac.uk/Tools/msa/clustalw2/
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2.2 Data mining of serpin sequences from P. monodon EST

database

The P. monodon EST database (http://pmonodon.biotec.or.th/home.jsp) was
searched for nucleotide sequence clusters corresponding to the serpin genes. The
appropriate representative clones from the contigs or singletons were re-sequenced to
confirm the correctness of sequence information. The BLASTX program
(http://blast.ncbi.nim.nih.gov/Blast.cgi) was used to compare the sequences against
the GenBank database (Altschul and Lipman; 1990). The open reading frames (ORFs)
and the deduced amino acid sequences!were predicted using the Genetyx program.
The online ClustalW program.(htep://www.ebi.ac.uk/Tools/clustalw2/index.html) was
used to compare the aming«acid sequences among the serpins (Larkin et al., 2007).
The signal sequences” werg" /predicted using the= online SignalP3.0 server
(http://www.cbs.dtu.dk/services/SignaIP/):(Bendtsen et al,, 2004).

2.3 Phylogenetic analysis

The amino acid . seguences — of :ma-ture proteins of PMSERPING-8,
PmSERPINB3 and selected serpins from other nveriebrate organisms reported in the
GenBank database (Table B1, Appendix B) were alighed using ClustalX program
(Chenna et al., 2003)."Phylogenetic analysis was performed using Phylip (Felsenstein,
1993) and Treeview progran.

2.4 Animals

The black tiger shrimp, P. monodon, each weighing of about 15 - 20 grams
were purchased from a local shrimp farm at Suratthani province, Thailand. Shrimps
were acclimatized in the laboratory aquaria at a temperature of 28+4 °C and at the

salinity of about 15 ppt for at least 1 week before used in each experiment.


http://pmonodon.biotec.or.th/home.jsp
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.ebi.ac.uk/Tools/clustalw2/index.html
http://www.cbs.dtu.dk/services/SignalP/
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2.5 Pathogenic challenged shrimp
2.5.1 Preparation of V. harveyi strain 639 and WSSV for injection
2.5.1.1 V. harveyi strain 639

V. harveyi strain 639, a shrimp pathogen, was grown on a tryptic soy agar
(TSA) plate containing 2% (w/v) NaCl at 30 °C for overnight. A single colony was
inoculated in tryptic soy broth (TSB) containing 2% (w/v) NaCl and cultured at 30 °C,
with 250 rpm for 12-16 h. After that, the culture was inoculated into fresh TSB
containing 2% (w/v) NaCl at a dilution of 2:100 and grown at 30 °C with shaking
until Asoo reached 0.6 where.it“was 10® CFU/mI cell densities monitoring by plate
count method. The culturgswas diluted 1:100 in 0.85% (w/v) NaCl, making cell
suspension to be 10° GFU/ml.

2512 WSSV

The WSSV stock was_firstly pré@érged. The hemolymph of the moribund
WSSV-infected shrimp was coliecied usingi,sﬁli}inge pre-loaded with 1:1 volume of
lobster hemolymph medium (LHM: 486 mM NaCly-15 mM CaCl,, 10 mM KCl, 5
mM MgCl,, 0.5 mM-NazHPOz8:1 mM MgSOz; 36 inM NaHCO3, 0.05% (w/v)
dextrose in Minimum™ Essential Medium (Invitrogen)).” The solution was mixed in
microcentrifuge tube and kept at -80 °C until used for WSSV injection. The WSSV
solution was diluted (i’ LHM fat} 18000 dilutions/One) hundred microliter of diluted

WSSV was used for injection into each shrimp.

2.5.2 Pathogen challenge

In each challenge experiment, shrimps were separated into 2 groups,
challenged and non-challenged group. The shrimp were injected with each solution at

the fourth abdominal segment. Three individual experiments were performed.
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2.5.2.1 V. harveyi challenge

One hundred microliters of 10° CFU/ml V. harveyi strain 639 in 0.85% (w/v)
NaCl were injected into the shrimp for the challenged group. For the control group,
sterile 0.85% (w/v) NaCl was used instead.

2.5.2.2 WSSV challenge

One hundred microliters of 1:8000 ailution of WSSV in LHM were injected
into the shrimp for the challenged group. For the control group, LHM was used
instead of virus solution.~This dosage of WSSV used in this experiment was
empirically determined tgsbe suficient to kill the shrimp in about 4 days.

2.5.3 Detection of V. haryeyior WSSV infection

The experimental shrimps-were determmed for the infection of WSSV or V.

harveyi before and after challenged-in each experlment

25.3.1 DNA extraction

To detect the pathogenic infection-in shrimp, PCR, technique was used. The
gills of V. harveyi iof WSSV challenged 'shrimp ‘were individually collected, and then
DNA was extracted by homogenizing tissues in 200 pl of lysis buffer (2.5 N NaOH
and 10% (wiv) SDS)."The haomogenized samples were hoiled| for, 10 min and chilled
on ice for 3 min. The samples were centrifuged for 10 min at 8,000 x g at 4 °C. The
supernatant was collected and diluted 1:100 in sterile H,O. The diluted DNA was

used as a template for PCR amplification.
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2.5.3.2 V. harveyi detection

A primer pair specific to the gyrB gene of V. harveyi (forward primer FA2: 5'
TCTAACTATCCACCGCGG 3 and reverse primer RB3: 5
AGCAATGCCATCTTCACGTTC 3') was used for amplification a product fragment
of 363 bp. The PCR reactions consisted of 2 pl of 10X PCR buffer, 2 pl of diluted
DNA template, 1.6 pl of 2.5 mM dNTPs, 2 pl of 2.5 mM MgCl,, 5 pl of each 2 uM
primers, 2.3 pl of PCR-grade water,.and 0.1 pl of 5U/ul Tag polymerase (Fermentas).
The amplification profile was 30 cycles of dematuration at 94 °C for 1 min, annealing
at 63 °C for 1 min, and extension at 72 °C for-2.min, followed by final extension at 72
°C for 7 min. The PCR product was detected-after run on 1% TBE-agarose gel
electrophoresis (TBE buffer..89 mi Tris-HCI, 8.9 mM boric acid, and 2.5 mM
EDTA, pH 8.0) using eihidium bromide staining. The DNA band was observed under

UV transilluminator.

2.5.3.3 WSSV detection

A primer pair e for\;vard primer FWSSV: 5
AGAGCCCGAATAGTGTTTCCTCAGC 3"_ ' énd revérse primer RWSSV: 5
AACACAGCTAACCTITTATGAG 3" was used in amplification of 250 bp fragment.
The PCR reaction was performed including 2.5 ul of 10X PCR buffer, 0.5 pl of 10
mM dNTPs, 2.5 ul of 2.5'mM of MgCl,, 0.5 ul of each 10 uM primers, 1 pl of diluted
DNA templatey and 0.2 pl of 50U/l Tag polymerase; (Fermentas). The reaction
volume was adjusted to 25 pl with PCR-grade water. The amplification profile was 36
cycles of denaturation,at 90,°C:far30 se¢,‘annealing at/60:°Cfor«20 sec, and extension
at 72 °Cfor 30 sec, before final extension at 72 °C for 5 min. Again, the PCR product

was run on 1% agarose gel electrophoresis as above.
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2.6 Shrimp tissues collection

To determine tissue distribution of PmMSERPING gene, eye stalk, epipodite,
gill, heart, hepatopancreas, stomach, lymphoid organ, intestine, and antennal gland
were separately dissected from individual unchallenged shrimp and immediately
frozen in liquid nitrogen (N2) until used.

To get the hemocyte samples, shrimp hemolymph was collected from the
ventral sinus of shrimp using 24 G / 1 inch needle fitted onto a 1.0 ml sterile syringe
pre-filling with an anticoagulant, either 100 4tl.of 10% (w/v) trisodium citrate or 500
pl of MAS solution (27 mM sodium citrate; 336 MM NaCl, 115 mM glucose and 9
mM EDTA, pH 7.0). Hemolymph was centrifuged at 800 x g for 15 min at 4 °C to

separate the hemocyte peliet.

2.7 RNA preparation and first-stranded cDNA synthesis

Total RNA was extracted from shrimp tissues following by the first stranded
cDNA synthesis. The cDNA was used as a template for PCR amplification.

2.7.1 Total RNA extraction

The shrimp tissueswere chomogenized, by ay pestlesin 1 ml of ice-cold
TriReagent® (MolecularResearch Center), and therr 200 pl of chloroform was added.
The samples.were vigaorously_shaken for 15 min‘and incubated at“room temperature
for 2-5 min before'sentrifugationat«12,000 x g 4 °C for 15.min. The agueous colorless
upper phase was transferred to the new 1.5 ml microcentrifuge tube. The chloroform
extraction step was repeated once. The total RNA in the suspension was precipitated
by adding 500 pl of isopropanol, leaved at room temperature for 5-10 min and
centrifuged at 12,000 x g, 4 °C for 15 min. After that, the supernatant was discarded.
The pellet of total RNA was washed in 1 ml of 75% ethanol and stored at -80 °C until

used.
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The total RNA pellet in 75% ethanol was centrifuged at 12,000 x g 4 °C for 10
min, and the clear solution was removed. The pellet was briefly air-dried for 5-10 min
before adding an appropriate volume of diethyl pyrocarbonate (DEPC)-treated water
and leaving it on ice until it was completely dissolved.

2.7.2 Quantification and qualification of total RNA

The quantity of total RNA was spectrophotometrically measured at 260 nm
based on the specific property-of UV absorption: The integrity of RNA was analyzed
by 1.5% TBE-agarose.gel elecirophoresis and the gel was stained with EtBr and
visualized under UV light.

The concentration.of total RNA could be determined in the unit of ng/ul using
the following formular: [RNAJ = Azso % dilution factor x40 (Sambrook et al., 1989).

The quality of RNA samples were investigated by the ratio of Aggo/Asso.
Because maximum wavelength ofprotein absorption which may be contaminated in
RNA sample is at 280 nm, the purity of RNA should be given a ratio of Ayso/Asgo in

range of above 1.7.

2.7.3 DNase treatment of total RNA

To remove contaminated chromosomal DNA'in the total RNA preparation, the
samples were treated with RQ1 RNase-free DNase (Promega). The reaction contains
5 ug ofitotal RNATIn“1x RNase:free DNase buffer and 1-unit of'enzyme per 5 ug of
total RNA. The DNase treatment reactions were incubated at 37 °C for 30 min. Then,
the total RNA was purified by phenol/chloroform extraction, followed by isopropanol
precipitation. The reactions of DNase-treated RNA were adjusted the volume to 40 pl
with DEPC-treated water. Then, 250 pl of TriReagent® were added and mixed
vigorously. Fifty microliters of chloroform was then added, shaken, and incubated at
room temperature for 2-5 min. After centrifugation, the aqueous upper phase was

mixed with an equal volume of isopropanol to precipitate RNA. RNA pellet collected
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by centrifugation was washed with 1 ml of 75% ethanol. After centrifugation at
12,000 x g, 4 °C for 15 min, RNA pellet was air-dried and resuspended in an
appropriate volume of RNase-free water. The quantity and quality of total RNA was
examined as described in the section 2.7.2.

2.7.4 First-strand cDNA synthesis

After purification, total RNA was wused as template for the first-stranded
cDNA synthesis using RevertAID™ first strand"¢cDNA synthesis kit (Fermentas).
According to the kit’s«anstruciion, one microgram-of DNA-free total RNA was
incubated with 1 ul ofs@ligo(dT)ig primer in a total volume of 12 pl. The mixture of
RNA and primers wassincubated at 65 0(_: for 5 min and then chilled on ice. The
master mix containing 44l of 5X reaction buffer, 1 ul of 20 U/pl RiboLock™ RNase
inhibitor, 2 pl of 10 mMfdNTR mix, and 1 pl of 200 U/pl RevertAid™ M-MuLV
Reverse Transcriptase was then added and the reaction was incubated at 42 °C for 1 h
and finally heated at 70 °C to terminate the teaction. The cDNA was stored at -20 °C

until used.

2.8  Cloning of the full-length PmSERPING cDNA

To obtain the full-length PMSERPING cDNA, a specific primer pair (forward:
5 ATGAGGCTCCTGGTAGCTAT 37 and:reverse.'5" CTACGGAACTGGCCTTCAC
3), were designed from the nucleotide sequences of the EST clone (clone nos.
CT1604 and CT2832). The complete. ORF of PmSERPING6 was amplified by PCR
from the’cDNA of unchallenged shrimp hemocyte at annealing temperature of 54 °C.
The 50 pl total volume reaction contained 5 ul of 10X buffer, 4 pl of 2.5 mM dNTP,
5 ul of 10 uM primer each, 2.5 pl of cDNA template, 27.5 ul of ultrapure water, and 1
ul of 50X Advantage2 DNA polymerase (Clontech). The PCR product was purified
and cloned into the T&A vector (Figure 2.1) using the T&A cloning vector kit (RBC
Bioscience) following the product protocol. Blue-white screening facilitates screening

of the positive clones on the LB plate supplemented with ampicillin, IPTG, and X-
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Gal. The selected clones were sequenced in both directions using M13 forward and

reverse primers with an automated sequencer by a commercial service (Macrogen

Inc., Korea).

Vector map of RBC T&A cloning vector

—
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B gy izt ot

veyi and WSSV

mi-quantitative

reverse transcription-PCR (RT-PCR) was carried out.

2.9.1 cDNA sample

To determine the distribution of PmSERPING transcript in shrimp tissues,

cDNA from ten tissues

consisting of hemocyte, gill, hepatopancreas, lymphoid organ,
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heart, epipodite, eye stalk, antennal gland, intestine and stomach were used as
template for RT-PCR analysis.

To determine the alteration of PmSERPING transcript upon WSSV and V.
harveyi challenges, hemocyte cDNA from experimental shrimp at each time point

after pathogen infection was used as a template for RT-PCR.

The hemolymph of five shrimps from both challenged and non-challenged
groups was individually collected at 0, 12, 24, and 48 h after injection (hpi) for WSSV
challenge and at 0, 6, 12, 24, .and 48 hpi for\/-"harveyi challenge using 1:10 volume of
10% (w/v) tri-sodium citrate as an anticoagulant:“Hemocyte of each sample was
collected and extracted for tetal"RNA. The total RNA from 3 samples at each time
point of the challenged or'non-ghallenged shrimp was pooled. The cDNA samples
were synthesized and thenused as a template for RT-PCR.

2.9.2 Primers design

According to the multiple nucleotidezé'equence alignments of many serpins
(data not shown), the conserved region was'located. at the 3"-end of serpin sequences,
whilst variation in’ seguences—was-—ftound-—at-the-5-end: Therefore, PMSERPING
specific primers to be-used In RT-PCR experiment were designed near the 5 -end
cDNA  sequence. ~The forward and reverse primers were 5
GTCGATGATEAAGTCGECACGCTCAA-3,and 5~TATCCGATGTAGGCGCGGT
TAGCGATG "3/, "respectively. "The ‘"expected " size of" the™ amplification product
obtained from cDNA template was 118 bp.

2.9.3 Amplification of PmMSERPING gene fragment

The fragment of PmSERPING transcript was amplified by RT-PCR. Five
microliters of 10 fold diluted cDNA was used as a template for PCR amplification.
The PCR reaction in a 25 pl total volume was carried out. The reaction contained 2.5
ul of 10X PCR buffer, 1.5 pl of 25 mM MgCl;, 0.5 pl of 10 mM each dNTP, 0.25 pl
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of 10 puM primer each, 5 pl of 10-fold diluted cDNA, 14.75 pl of ultrapure water, and
0.25 pl of 5 U/ul Taq polymerase (Fermentas). PCR profile was started with pre-
denaturation at 94 °C for 2 min and followed by 30 cycles of denaturation at 94 °C for
30 sec, annealing at 60 °C for 30 sec, and extension at 72 °C for 30 sec.

Ten microliters of PCR product were mixed with one-tenth volume of 10X
DNA loading dye (50 mM Tris-HCI, 2.5 mg/ml bromophenol blue, 2.5 mg/ml xylene
cyanol, 60% glycerol at pH 7.6) and analyzed on 1.5 % agarose gel electrophoresis
preparing with 1x TBE. The gels were stained with ethidium bromide solution for a
while and de-stained in water for about 10-15 min=The positive DNA products were
visualized as fluorescent bands under a UV transilluminator.

2.9.4 Amplification of B-actin gene fragment

For internal control of RT-PCR, p-actin gene (GenBank accession no.
DW042525) was used. [The specific priméré of shrimp actin amplifying 337 bp
product are actinF: 5 /GCTTGCTGATCEACATCTGCT 3 and actinR: 5
ATCACCATCGGCAACGAGA 3 . The PCR réaction mixture of 25 pul total volume
consisted of 2.5 pl of 10X PCR buffer, 2.5 ulrbi‘ 25 mM MgCl,, 0.5 pl of 10 mM each
dNTP, 0.25 pl of 10 uM primer each, 1 pl of 10-fold diluted cDNA of interest, 17.75
ul of ultrapure water, and 0.25 pl of 5 U/ul Taq polymerase (Fermentas). The PCR
profile was same as PmSERPING amplification (section 2.9.3) but optimized to only
25 cycles. Thesfive microliter of PCR 'products was mixed with 10X DNA loading
dye and analyzed on 1.5% agarose, gel electrophoresis as described above (section
2.9.3).

2.9.5 Analysis of PMSERPING expression ratio

The positive DNA bands of PmMSERPING6 and B-actin gene were determined
for their intensity using GeneTools program (Syngene). The expression level of
PmSERPING transcripts were normalized to that of B-actin gene of the same cDNA

template. PmSERPING expression level of challenged shrimp was subsequently
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normalized to that of the control group at each time point of infection. The resulting
relative expression ratios of PmSERPING gene were calculated from three
independent experimental groups.

2.9.6 Statistic analysis

Statistical analysis was carried out from three sets of experiment using a One-
Way ANOVA and Post Hoc test, with signifieatiee accepted at P < 0.05.

2.10 Expression of reecmbinant PmSERPING protein

The recombinant'PmSERPING (rfmSERPING) was produced in the E. coli
expression system. Moregver, the recombinant protein was used to raise a specific

polyclonal antibody which was of great behe_fig to further experiments.

d i Ao

2.10.1 Competent cell preparation and transformation

There are two.types of E. coli competent cells used.in this study, CaCl,-treated

cells and electrocompetent cells.

The overnight 1 culture o ofi 1y Ex ocolin | XL-1+Blue, BL21(DE3), or
Rosetta(DE3)pLysS “was inoculated”into fresh LB"media (1% (w/v) bacto tryptone,
0.5% (w/v)_bacto_yeast extract, and 1%._ (w/v)*NaCl) contaifning an appropriate
antibiotic and incubated at 37 °Ciwith 250 rpm shaking until ODgpg reached about 0.5.

2.10.1.1 Competent cell for electro-transformation

The cell suspension was cooled down by chilling on ice for 30 min, before
centrifugation at 4,000 x g for 15 min. The cell pellet was washed twice using 1 and

0.5 volume, respectively, of sterile pre-cooled distilled water. Then, cell pellet was
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resuspended in an appropriate volume of iced-cooled 10% (v/v) glycerol. Forty
microliters of cell suspension were aliquoted and immediately frozen at -80 °C until
used.

2.10.1.2 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©£40 mM CacCl; solution. The final cell
pellet was resuspended in an appropriate wvolume of 100 mM CaCl, solution
supplemented with 10%«(v/V) glycerol and chilled-on ice for about 30 min. One
hundred microliters ofseompetent cells were taken into an aliquot and immediately

frozen at -80 °C until used.

2.10.1.3 Transformation

For electro-transformation, plasmidl’isg)hq_.tion at the maximum volume of 2 pl
per 40 pl cells was transformed - inte eleCtrp_—competent cells. The plasmid was
incubated with competent cells on ice for 1 rﬁin, and then the mixture was transferred
into cooled and cleaned 0.2 cm electrode gap cuvette for electroporation. The mixture
was pulsed using Minipulser electroporation system (Biorad) at constant 2.5 kV. The

mixture was immediately: transferred into 1ml fresh LB media.

For CaGl, transformation, up to 20 pl plasmid was mixed with 100 pl of
competent.cells.. The plasmid_ and-competent, cells-were.mixed-and.chilled on ice for at
least 30 min. ‘After-that; the' reaction'was incubated at 42 °C for T min-and optional on
ice for 3 min. One milliliter of fresh LB media was subsequently added to the

mixture.

Afterward, 1 ml culture containing recombinant cell was incubated at 37 °C
with shaking for 1 h. The cell suspension was spread onto LB agar plate

supplemented with appropriate selective substances.
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2.10.2 Expression vector preparation

Two sets of expression plasmid which are pET-22b(+) (Figure 2.2) and
pVR500, were used for construction of rPmSERPING expression vector.

2.10.2.1 pET-22b(+) preparation

The advantage of pET-22b(+) vectorover other pET vectors is that it contains
pelB ladder sequence upstream the insertion-siie” The signal sequence of pelB ladder
transfers the recombinant protein to periplasim of bacteria which help preventing the

toxicity from the over producedsrecombinant protein to the host.

Stock solution«of pET-22b(+) vector (Novagen) was transformed into E. coli
strain XL-1-Blue. The positive clones were selected by plating the transformants onto
LB plate containing 100 ug/mi ampicitiin. The vectors were extracted and purified
from a single positive clone which- is resistant to ampicillin using QIlAprep spin
miniprep kit (Qiagen). The wvector was de‘tér—mined for quality and concentration by

spectophotometric method.

Restriction site of Ncol (CCATGG) and BamHI, (GGATCC) in multiple
cloning site of vectorAwere chosen for cloning of the PmSERPING gene. pET-22b(+)
vector was digested with both Ncol and BamHI in the same reaction (1X NEB buffer
4) by incubating at 37 °C fer, overnight. The linear vector was purified by agarose gel
elution using NucleoSpin® Extract 11" kit (Macherey-Nagel).! Briefly, the expected
DNA band was" excised from agarose gel with_a clean sharp _scalpel and with a
minimize size " of ~gel “slice. “The piece “of ‘gel slice was transferred to a clean
microcentrifuge tube and weighed. Two hundred microliters of NT buffer was added
into 100 mg of gel slice. The sample was incubated to 55 °C for about 10 min or until
gel was completely melted. The solution was added to a NucleoSpin extract column
and centrifuged at 11,000 x g for 1 min. The flow-through was discarded, and the
column was washed with 600 ul of NT3 buffer. After centrifugation, the silica
membrane in column was dried by centrifugation at 11,000 x g for another 2 min to

completely remove NT3 buffer. To elute the purified plasmid, NE buffer was added to
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the center of silica membrane, leaved at room temperature for 1 min to increase
elution yield, and centrifuged for 1 min. The collected linear overhang vector was
measured at Ao for its concentration and stored at -20 °C until used.

2.10.2.2 pVR500 preparation

pVR500, a derivative of pET-32a(+) vector (Figure 2.3), was transformed into
E. coli strain XL-1-Blue. The purified vector.was double digested with two restriction
enzymes, Ncol and BamHI. The linear DNA~fragment was eluted by agarose gel

elution, determined the cencentration, and stored at'=20 °C until used.

2.10.3 Expression of recombinant PmSERPING using pET-22b(+)/PmSERPING
2.10.3.1 Construction of recombinant pET-22b(+)/PmSERPING
2.10.3.1.1 Mature sequencé‘émplification of PmMSERPING gene

Two specific primers. were des'_igned to amplify sequence coding for
mature PmSERPING - protein with extension of Ncol restriction site at 5-end of
forward primer (bolded) and hexa-histidine tag (underlined) and BamHI restriction
site  (bolded) at 5%end of reverse primer. The- forward primer was 5
TATACCATGGGCCAGTGCTTTTCGGAGCAG 3" and the reverse primer was 5
TATAGGATCCCTAATGATGATGATGATGATGCGAACTGGCCTTCAC 3.
The PCR was performed using T&A plasmid (RBC Bioscience) containing full-length

of PmSERPING genevas a template. The /PCR amplification was achieved by pre-
denaturation at 94 °C for 2 min following with 35 cycles of denaturation at 94 °C for 1
min, annealing temperature of 56 °C for 30 sec, and extension at 72 °C for 3 min,
before final extension at 72 °C for 10 min. The PCR reaction of the total 50 pl
contained 5 pl of 10X Pfu buffer with MgSQy, 1 pl of 10 mM each dNTP mix, 1 pl of
10 uM primer each, 0.5 pl of plasmid template, 41 ul of nuclease-free water, and 0.5

ul of 3 U/ ul Pfu DNA polymerase (Promega).
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The PCR product of about 1,230 bp was purified using NucleoSpin®
Extract Il kit (Macherey-Nagel). The concentration of the purified PCR product was

examined.

2.10.3.1.2 Cloning into T&A cloning vector

To make cloning step. easier, the, insert gene of PmMSERPING with Ncol
and BamHI restriction sites was cloned /nto+T&A cloning vector. First, the A-
overhang was added to the 3°-end of the msert fragment by preparing the reaction
contained 5 pl of 10X Tagpolymerase buffer, 8 pul'of25 mM MgCl,, 10 pl of 10 mM
dATP, 15 pl of purifiedsPCRsproduct for insertion, 11.6 ul of ultrapure water, and 0.4
pl of 5 U/ul Tag DNA#polymerase: The re_action was incubated at 70 °C for 30 min.
The product was purified using NucleoS}ﬁin® Extract Il kit. The purified DNA was
then ligated into T&A gloning vector following the kit’s instruction by overnight
incubating at 4 °C. Then, 2 plof ligation mixture was transformed into E. coli strain
XL-1-Blue. The transformants were screened on LB agar plate supplemented with
ampicillin, IPTG, and X-Gal.

2.10.3.1.3 — Detection of recombinant plasmids

According te .he disruption of the p-galactosidase gene in case of
complete insertion into T&A vectar, IRTG and X-Gal on/LB plate were used in blue-
white screening.’ The blue color product will be observed if the vector is re-
circularized by using IPTG asan-inducer ‘and X-Gal'as a-substraie of p-galactosidase
gene praduct, while the colony will be white if the gene of B-galactosidase is
disrupted by gene insertion. The white positive colonies were selected and detected
for gene insertion by PCR using M13 forward and reverse primers. The product was

analyzed by 1.2% agarose gel electrophoresis.

The recombinant clone was selected and inoculated into LB broth
containing 100 pg/ml ampicillin. The plasmid was extracted from the culture using

QIAprep spin miniprep kit (Qiagen).
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2.10.3.1.4 pET-22b(+)/PmSERPING ligation and transformation

The T&A plasmid containing PmSERPING gene were double digested
with Ncol and BamHI. The expected product was purified by agarose gel extraction.
The Ncol-BamHI overhang PmSERPING gene was ligated into pET-22b(+) cutting
with the same enzymes. The total 20 pl of ligation mixture contained 2 pl of 10X
ligation buffer, 50 ng of linear vector, 65 ng of DNA insert, and 1.5 pl of 400 U/ul T4
DNA ligase. The reaction was incubated at £6°C.for 16 h.

Afterwards, 20l ofligation mixture Was-heat shock-transformed into E.
coli XL-1-Blue. The transfopmants were selected on LB agar plate with 100 pg/ml

ampicillin.

2.10.3.1.5 Recombinant pET-—22b(+)/PmSERPIN6 isolation

To confirm the true positive clone, the PCR amplification was performed
using T7 promotor and terminator prime:r?s—__i/r_]_which their sequences flanking the
multiple cloning site ‘of pET vector. The PCR products.of 1,550 bp in size were

analyzed by 1.2% agarose gel electrophoresis.

The positive clone with pET-22b(+)/PmSERPING plasmid was cultured in

LB broth containing ampicillini The recombinant! plasmidavas-extracted and purified.
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2.10.3.1.6 DNA sequencing

To confirm the correctness of inserted gene sequence, the purified pET-
22b(+)/PmSERPING plasmid was sequenced in both direction using T7 promotor and
T7 terminator primers with an automated sequencer by a commercial service
(Macrogen Inc., Korea). The obtained sequences were analyzed using several
bioinformatics programs such as ClastalW, Genetyx, and SECentral.

2.10.3.1.7 Transformation of pET-22b(+)/PmSERPING into E. coli
BL21(DE3)

The pET-22b(+)/PmMSERPING plasmid was transformed into expression
host, E. coli strain BL21(DE3) by heat shock method. The positive clones were then
screened on LB agar plate with 100 pg/ml ampicillin.

2.10.3.1.8  Small scale over-expression of recombinant PmSERPING
(rPmSERPING)

The single—positive—clone ot E:coliBL21(DE3) carrying pET-
22b(+)/PmSERPING plasmid was inoculated into LB media supplemented with 100
ng/ml ampicillin and incubated at 37 °C with 250 rpm shaking. The overnight
cultured was inoculated jat"the: dilution /of<1: 100 into freshy LLB-ampicillin media. The
density of culture was monitored by spectrophotometric assay at 600 nm until the
ODg0o reached 0.6..An.inducer, IPTG, was,added. to a final.concentration of 1 mM.
One milliliter” of ‘cell culture was' collected every ‘hour' during 6'h of induction. The
culture was centrifuged to collect the cells. The pellets were lysed in 100 ul of 1X
SDS-loading dye and analyzed by SDS-PAGE and Western blotting using
monoclonal anti-His antibody (GE healthcare) as a primary antibody and mouse anti-
rabbit IgG as a secondary antibody at the dilution of 1:3,000 and 1:5,000,
respectively. The optimum time of induction and expression of rPmSERPING were

then determined.
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The small scale expression was performed again, and the cell pellet was
collected at 6 h after induction by centrifugation at 8,000 x g for 10 min. The cell
pellet was completely broken using sonicator. After centrifugation at 8,000 x g for 15
min, the pellet and supernatant were analyzed for recombinant protein expression by
SDS-PAGE and Western blotting as above to determine whether the rPmSERPING

was expressed in soluble or inclusion bodies forms.

2.10.3.2 Large scale over-expression ofrPmSERPING

The positive clone™Was cultured and expressed in 8 L of LB media
supplemented with 100" pg/m! .of ampicillin. After 6 h induction, cell pellet was
collected by centrifugation at 8,000 x g for_ 10 min and resuspended in 1X phosphate
buffer saline (PBS), pH.7.4./The cells we'ré frozen and thawed three times before the
cells were completely lysed under high pressure using a French Press. The inclusion
bodies were collected by centrifugation andwashed with 1% TritonX-100 in 1x PBS
and with 1x PBS, pH 7:4. The inclusion bodies was solubilized in 20 mM sodium
phosphate buffer, pH 8.0 contaifing 0.2 M NaCl, 20 mM imidazole, and 8M urea.
The supernatant containing -fPmSERPING was collected by centrifugation. The

supernatant was kept at 4 °C until used.

2.10.4 Protein-analysis
2.10.4.1 " Analysis of recombinant protein by SDS-PAGE

To ‘separate the' proteins-in“mixture’ solution; diseontinuous-system of SDS-
PAGE was used. After the polymerization of both separating and stacking gel is
complete, the protein samples were prepared. The protein samples were diluted in 1X
SDS loading buffer containing 12 mM Tris-HCI, pH 6.8, 5% glycerol, 0.4% SDS,
0.02% bromophenol blue, and 2.88 mM 2-mercaptoethanol. The samples were then
boiled for 10 min and cooled down to the room temperature or kept on ice until
loaded into gel. The samples must be spun down if they have some pellet occurred

after boiling. Afterwards, either the protein samples or protein molecular weight
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marker was loaded to each well. Electrophoresis was run in 1X SDS running buffer
(25 mM Tris-HCI, pH 8.3, 192 mM glycine, 0.1% (w/v) SDS) at a constant current of
25 mA per gel. After electrophoresis, the gels were placed in Coomassie blue staining
solution (0.1% (w/v) Coomassie brilliant blue R250, 10% (v/v) acetic acid, 45% (v/v)
methanol) at room temperature with gentle shaking. Once the protein bands could be
observed, the staining solution was discarded, and the gels were then immersed in
destaining solution (10% (v/v) acetic acid, 10% (v/v) methanol) and shaken at room
temperature. The solution of destaining wes replaced regularly to assist the removal of

staining until the gel background was clear:

2.10.4.2 Protein deteetion by Western Blot analysis

To detect whether expressed prot’e;in was the expected rPmSERPING or not,
the Western blotting was performed. After running the SDS-PAGE, the gel was
removed from the glass plates. The gels, nitrocellulose membrane, and filter papers
were soaked in transfer buffer (25.mM Tris.base, 150 mM glycine and 20% methanol)
for 15-30 min before they weré ‘seduentially laid on Trans-Blot® SD (Bio-Rad) as the
blotting sandwich. The filter-papers were placed on the platform of instrument,
followed by the nitrocellulose membrane, the gel, and the filter papers, respectively.
Protein transfer was Carried out at a constant 110 mA for 90 min. After protein was
transferred, the membrane was placed in a clean container. The membrane was
blocked in blocking solution*(5% (w/v) skim milk_in 1X PBS buffer and 0.05% (v/v)
Tween™-20 at pH'7.4.(PBS/Tween20)) ‘atcroom temperature with orbital shaking for
at least 3 h. After washing three times for 10 minswith PBS/Tween20, the membrane
was incubated with' primary antibody. in PBS/Tween20 containing"1% (w/v) skim
milk for"about 1-3 h at suitable dilution and temperature of incubation. Before
incubation with secondary antibody at room temperature for an hour, the membrane
was washed three times with PBS/Tween20. The secondary antibody with alkaline
phosphatase (AP) conjugation was diluted in 1% (w/v) skim milk in PBS/Tween20.
The membrane was washed again as above. The color development was performed by
adding NBT and BCIP (Fermentas) at the final concentration of 375 and 188 ug/ml,
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respectively, in 100 mM Tris- HCI, 100 mM NaCl and 50 mM MgCl,, pH 9.5 until

the positive bands were detected.

2.10.4.3 Determination of protein concentration
2.10.4.3.1 Bradford assay

The protein content was measured based on the method of Bradford
(Bradford, 1976) using bowvine serum albumin (Fluka) as a standard protein.
According to the binding of Coomassie brilliant blue G250 to proteins in sample, the
red color of reaction was.eonverted to the blue solution, and they were detected by
monitoring the absorptiopsat 595 nm. A sample solution of 100 pl was mixed with 1
ml Bradford working buffer and incubated for 10 min at room temperature before

Asgs Was measured.

2.10.4.3.2 2-D quant kit ik

The protein solution was dilutéa"'fc‘i‘ an appropriate concentration before
aliquoted into 2 tubes with-the-volume ot 20-and 40 pl; respectively. Five hundreds
microliters of precipitant were added into samples or BSA standard solution at the
different concentration, then mixed and leaved at room temperature for 3 min. After
that, 500 pl of ce-precipitantwere | added: and 'miixed by inversion. The pellet was
collected by centrifugation at 12,000 x g for 10 min and resuspended in 100 pl copper
solution.and-400 pl.of Dl-water..After mixing-until there.is no pellet in tube, 1 ml of
working“solution ‘including’ 1:1 ‘volume' of 'solution ‘A’ :-solution' B-was added and
immediately mixed. The reactions were incubated at room temperature for about 15

min and then monitored the absorbance at 480 nm.



51

2.10.5 Expression of rPmSERPING protein using pVR500/PmSERPING

To prepare recombinant protein with a thioredoxin tag, pVR500 was used as

an expression vector.

2.10.5.1 Construction of recombinant pVR500/PmSERPING clone

The mature sequence of PmMSERPIN6 was sub-cloned from PpET-
22b(+)/PmSERPING into pVVR500 at the Neal.and BamHI cloning site. After double
digestion of pET-22b(+)/PMSERPING with - Ncol and BamHI, the overhang linear
DNA was purified by agarese gel elution. The inserted gene was ligated into pVR500
digested with the same epzymes../The ten microliters of ligation reaction containing 22
ng of vector, 22.5 ng of DNAvInsert; L pl of 10X T4 DNA ligase buffer, and 0.2 pl of
400 U/ul T4 DNA ligase was incubated at 16 °C for 16 h. The ligation mix (2 ul) was
electro-transformed into'E. goli XL-1-Blue, and positive clones were screened on LB-
ampicillin plate. The positive clone Contai_hiﬁg pPVR500/PmMSERPING plasmid was
cultured, and the plasmid was purified an&_i éu,t__ with Ncol and BamHI to check for
gene insertion. To confirm the correctnerssloi‘ sequence of the gene inserted, the

plasmid was subjected to nucleotide sequencihg’.

The recombinant plasmid was transformed by heat shock method into
expression host, E. coli strain Rosetta(DE3)pLysS and BL21(DE3). The recombinant
clones were selected, jon, LB, ragar plate, , supplemented-- with ampicillin and
chloramphenicol for*Rosetta(DE3)pLysS strain‘and only ampicillin for BL21(DE3)

strain.

2.10.5.2 Over-expression of pVR500/PmMSERPING in E. coli strain
Rosetta(DE3)pLysS

The small-scale expression of rPmSERPIN6 from a clone containing
pVR500/PmSERPING plasmid was performed as described above in section
2.10.3.1.7. The cell suspension in LB broth with antibiotics was taken at 0, 2, 4, and 6
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h after IPTG induction and analyzed by SDS-PAGE and Western blotting. The cell
pellets at 6 h after IPTG induction was sonicated using microtip probe with 30%
amplitude. The supernatant and pellet were separated and analyzed by SDS-PAGE
and Western blotting. The aliquot pellets of inclusion bodies were dispersed in 50 mM
of buffer at various pH including sodium acetate buffer pH 5.2, sodium phosphate
buffer pH 8.0, sodium carbonate buffer pH 10.0, and sodium phosphate buffer pH
12.0. The suspensions were incubated at 4 °C for overnight with agitation. After
centrifugation to separate supernatant and pellet, the samples were analyzed by SDS-
PAGE and Western blotting.

For large scale..expression, E. coli- Rosetta(DE3)pLysS containing
pVR500/PmSERPING_plasmid“was culture in 6 L of LB-ampicillin-chloramphenicol
media. After 6 h of induction,  cell pellet was separated by centrifugation and
completely broken by sanicagion. The pelief was then washed, and resuspended in 50
mM phosphate buffer, pH42.0, 10 solubilize‘proteins from inclusion bodies.

2.11 Recombinant proteint purification

2.11.1 Non-denaturing condition

The Ni Sepharose 6 fast flow bead (GE Healthcare), the affinity bead specific
to His-tag, was packed into PD-10 column and washed twice with sterile-distilled
water. The column was 'equilibrated with=10%¢alémn volumes of binding buffer, 20

mM sodium phasphate buffer containing 20 mM imidazole, pH 8.0.

Crude recombinant protein from pVR500/PmMSERPING vector which derived
from solubilizing the inclusion bodies with 50 mM sodium phosphate buffer, pH 12.0
was dialyzed against 20 mM sodium phosphate buffer, pH 8.0 containing 20 mM
imidazole. After dialysis, the precipitate was removed by centrifugation. The
supernatant was incubated with the affinity bead pre-equilibrated with binding buffer
for 1 h. After that, the bead was washed with 10 column volumes of binding buffer.
The two steps elution was carried out using 20 mM sodium phosphate buffer, pH 8.0

containing 50 mM and 120 mM imidazole, respectively. The elution fractions were
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analyzed on 12.5 % SDS-PAGE with coomassie staining. The fractions containing
rPMSERPING were pooled and dialyzed against 50 mM Tris-Cl, pH 8.0.

2.11.2 Denaturing condition

Crude protein from pET-22b(+)/PmSERPING vector in 20 mM sodium
phosphate supplemented with 0.2 M NaCl,; 8 M urea and 20 mM imidazole, pH 8.0
was purified under denaturing conditions usiag pre-packed HiTrap chelating HP
column (GE Healthcare) coated with Ni?*. The-eoltimn was equilibrated with binding
buffer (20 mM sodium.phesphate supplemented with-0.2 M NaCl, 8 M urea and 20
mM imidazole, pH 8.0)" Afier sample application, the eolumn was washed with 10
column volumes of binding bufier. The __eIution was performed with the 20 mM
sodium phosphate supplemented with 0.2 M NaCl, 8 M urea, pH 8.0 buffer containing
200 mM and 300 mM imidazole, respectively. The elution fractions were run on 10%
SDS-PAGE. The fractions €ontaining expected recombinant protein were pooled and
dialyzed against 20 mM Tris-Cl, pH.8.0.

2.12 Detection of -PmSERPHNGpiroteini-femocyte and cell-free
hemolymph

To detect the PmSERPING, protein.in, normal.shrimp.hemocyte and cell-free

hemolymph, SDS-PAGE and Western blotting ‘techniques' were used.

2.12.1 Hemocyte and cell-free hemolymph preparation

Hemolymph from 5 normal shrimps was collected under an equal volume of
the MAS solution and centrifuged at 800 x g for 15 min to separate the hemocytes.
The hemocyte pellet was washed three times with MAS solution, and then
resuspended in 150 mM NaCl. The hemocyte lysate was prepared by homogenizing

and then collecting the supernatant after centrifugation at 14,000 x g for 15 min. The
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protein contents of cell-free hemolymph and hemocyte lysate were measured using
the Bradford assay. BSA was used as a standard protein.

2.12.2 SDS-PAGE and Western blot analysis

Fifty micrograms of hemocyte lysate and 200 pg of cell-free hemolymph were
separated on a 12.5% (w/v) acrylamide SDS-PAGE and transferred to nitrocellulose
membrane using Trans-Blot® SD (Bio-Rad). The'membrane was subjected to Western
blot analysis using rabbit anii-PmMSERPING~polyclonal antiserum as a primary
antibody at the dilution.@#1:20,000 in PBS-Tween20 with 1% (w/v) skim milk and
incubation at 37 °C for'8 ho"After washing, the membrane was incubated with the
alkaline phosphatase conjugated anti-rabbit__lgG antibody at the dilution of 1:20,000 at
room temperature for 1L.h. The positive tiéhd was detected using NBT/BCIP solution

as described above.

2.13 Immunocytochemistry

To determine the expression of PmSERPING protein in response to microbial
infection in shrimp "hemocyte, the iImmunocytochemistry Wwas performed using anti-
PmSERPING antiseruma.

2.13.1 Hemocyte preparation

Tthe hemocytes from the WSSV- and V. harveyi-infected shrimp at 0, 6, 24, 48
and 72 h after challenge were fixed with 4% (w/v) paraformaldehyde in MAS solution
by incubating on ice for 10 min. The hemocyte was separated by centrifugation at
1,000 x g for 10 min at 4 °C, and the supernatant was discarded. Then, the hemocyte
pellet was washed once with 200 pl of MAS solution and finally resuspended in 200

ul of MAS solution. The hemocytes were aliquoted at 10° cells and fixed onto the
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poly-L-lysine coated slide by centrifugation at 1,000 x g for 10 min at 4 °C. The
hemocytes from three individual shrimps at each time point were used.

2.13.2 Immunocytochemistry

After washing with TBS buffer for about 10 min, the fixed hemocytes slides
were permeabilized by soaking in 0.2% (w/v) gelatin in TBS containing 0.5% (v/v)
Triton X-100 at room temperature for 10 mia: Ehe slides were washed for three times
of 10 min with PBS containing 0.1% JTween20 (PBS-Ty). After pre-incubation to
block non-specific of antibody. -hinding using PBS-supplemented with 0.1% (v/v)
Tween 20, 1% (w/v).BSA and 1%, (v/iv) normal goat serum, the slides were then
incubated with a 1:24000 dilation of the rabbit anti-PmSERPING antiserum in
blocking solution at 37.°C for/3/h. Aftgr.:extensively wash with PBS-Ty for three
times, alkaline phosphatase-conjugated anti-rabbit 1gG antibody at the dilution of
1:2,000 was added and inglibated at.room temperature for 1 h. The slides were then
washed 3 times for 10 ‘min each. . The positive cells were detected by adding the
alkaline phosphatase substrate (NBT/BCIP §¢idtion). For negative control, the rabbit
pre-immune serum was used-instead of ant-i;;PmSERPING polyclonal antiserum. The
positive cells were counted and reported as the percentage.of positive cells. For each

sample, a minimum 0f.300 cells per slide were counted.

2.14 Recombinant'PMSERPING proteinactivity assay

2.14.1 Preparation of thioredoxin protein for the control reaction

Due to the rPmSERPING6 from pVR500/PmSERPING vector contained the
thioredoxin fusion tag, to assay for rPmSERPING activities in vitro, the thioredoxin

protein was produced and used as a control.

The pET-32a(+) vector (Figure 2.3) containing gene of thioredoxin tag was
transformed into E. coli Rosetta(DE3)pLysS by CaCl, transformation. The expression

was performed as same as in rPmSERPING expression using pVR500/PmSERPING
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vector. After 6 h of IPTG induction, cell pellet was collected by centrifugation at
8,000 x g for 10 min and resuspended in 20 mM sodium phosphate buffer, pH 8.0.
The cell suspension was frozen and thawed three times and followed by sonication to
complete cell lysis. The soluble protein was purified under non-denaturing condition
through Ni-affinity column. The fractions containing thioredoxin protein detecting by
15% SDS-PAGE and Western blotting analysis were pooled.

During dialysis against 50 mM Tris-Cl, pH 8.0 containing 150 mM NacCl and
2.5 mM CaCl, at room temperature for 3'h; the. purified recombinant thioredixin was
digested with thrombin (Sigma) using 6.7 units-per mg fusion protein. To remove
thrombin and small peptide fraoment, the dialyzed fraction was further purified by Ni-
affinity column. The elu#ion iractions were run on 15% SDS-PAGE. The fractions
containing the expectedsproduci of 14 kDa were pooled and dialyzed against 50 mM
Tris-Cl, pH 8.0.

2.14.2 Proteinase inhibitory activity assay..

To assay for inhibitory activity of erSERPING, four commercial proteinases;
trypsin (bovine pancreas; Sigma), subtilisin Cériéberg (Bacillus licheniformis, Sigma),
a-chymotrypsin (bowine pancreas, Sigma) and elastase (porcine pancreas,
USBiological) were tested. The proteinase inhibitory activity was assayed using a
procedure of Hergenhahn et al. (Hergenhahn et al., 1987). The reaction mixture
consisted of 50 mM Tris-HCI, pH 8.0, 0:04'uM each of poteinases, appropriate
amount of recombinant protein tested, and 293.6 UM of N-benzoyl-Phe-Val-Arg-p-
nitroanilide) hydrochloride -for-trypsin assay; 1,107.59 aM: of N-gticeinyl-Ala-Ala-Ala-
p-nitroanilide for elastase assay, or 147.28 pM of N-succinyl-Ala-Ala-Pro-Phe-p-
nitroanilide for chymotrypsin and subtilisin assay. After incubation at 30 °C for 20
min, the reactions were measured at the absorbance of 405 nm. The remaining
proteinase activity was calculated as a percentage of the absorbance reduction
comparing to the negative control which is the reaction without the recombinant
protein. The control reactions were carried out by using recombinant thioredoxin

instead of rPmSERPING. All reactions were done in duplicate.
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2.14.3 Phenoloxidase inhibitory activity assay

Hemolymph of unchallenged shrimps was collected using 10% (w/v)
trisodium citrate as an anticoagulant. After centrifugation at 800 x g for 10 min,
hemocyte pellet was pooled and resuspended in an appropriate volume of CAC
buffer, pH 7.0 (10 mM sodium carcodylate buffer, pH 7.0 containing 0.45 M NacCl,
100 mM CaCl,, and 26 mM MgCly). The suspension was mixed well using vortex and
then centrifuged in the swinging bucket rotor at 5,000 x g for 20 min to collect the
hemocyte lysate supernatant (HLS). The pretein content of HLS was determined

using Bradford assay.

To test for the prophenclexidase inhibition activity, 40 pg of HLS were mixed
with various concentrationsof fPMSERPING in 50 mM Tris-Cl, pH 8.0. The reaction
volume was adjusted t0 50°plsing 50 mM Tris-Cl, pH 8.0. Then, 50 pl of 1 mg/ml
larminarin (Sigma) was'added to activate the phenoloxidase system, before adding 50
pl of freshly prepared 3¢mg/mli L-DOPA'!(FIuka). After incubation for 30 min in the
dark, the PO activity was spectr’ophotoﬁjet"rically measured at 492 nm using a
microplate reader (BMG Labtech). Remair’iiiﬁgj,PO activity was then calculated as a
percentage of A4g, reduction comparing to ttle'-ri:egative reaction without any inhibitor.

The reactions were performed in triplicate. gl

The BSA and recombinant thioredoxin at _the same concentration as
rPMSERPING were used as controls. The 9 ul of 100X-Proteinase inhibitor mix (GE
Healthcare) was used instead of the rPmSERPING. in the reaction as positive control.

The control reactions were performed in duplicate.
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CHAPTER Il

RESULTS

3.1 Data mining of the P. monodon EST database

To identify genes of P. monodon, belonging to serpin superfamily, we
analyzed data from the P. monodon EST database: From the 10,536 unique clusters
derived from 33,143 EST.clones in-the P..monedon EST database, six contigs
(CT2488, CT1501, CT1116,.€T1604, CT2832, and CT1087) and three singletons
(SG5480, SG7094, and SG5654) corresponding to the genes of serpin superfamily
were identified (Table”3.1): The representative clones of each contigs or singletons
were re-sequenced to cenfigm the correctéess of sequence information. The confirmed
sequences were then searched against the ;gsé-nbank database for similar proteins using
BlastX (http://blast.ncbi.nim.nih.gov/Blast.cgi). Two contigs, CT1604 and CT2832,

were found to be the same protein. Thereft:;rje, the data represented the total of 8 P.

monodon serpins, and they were then named'?ﬁlj':SERPlNl - 8.

It was found that the clone members of PmSERPINs were mostly from the
hemocyte, gill, and“gill-epipodite cDNA libraries (Table<3.1). Other libraries were
from hepatopancreas -and heart cDNA libraries. According to the redundancy, the
PmSERPINS, 6, and 7°are the most abundant serpins in the P. monodon EST

database.

The, sequenees (of-all-PmSERPINSs awere~analyzed; ;Fhe~ORFs and deduced
amino acid ‘'sequences of the PmSERPINs were ‘predicted-using the Genetyx program.
There were only 3 complete serpin genes identified; PMSERPING, PmMSERPIN7, and
PmSERPINS. The signal sequence of these complete ORF serpins was predicted
using the SignalP3.0 server. The results showed that they all contained 19 residues of

signal peptides (Table 3.1).


http://blast.ncbi.nlm.nih.gov/Blast.cgi

Table 3.1 Identification of PmMSERPINSs from the Penaeus monodon EST database.
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[
. . : 4
N flF EST I RF
Serpin C_ontlg or umber o _requ_engy " l epTscnigtive § o‘ne Meiand ORF (amino acids) Predicted signal sequence
singleton clones libraries ' GenBank accession-number
l
PmSERPIN1 CT2488 2 GIEp-N-N 1 | GIEp-N-N01-1536-LF - -
| .
HPa-N-N | A | (incomplete ORF)
W, G 968764
PmMSERPIN2 CT1501 3 GIEp-N-N 1 ' GlEp-N-N01:2770-LF - -
HC-N-N P (incomplete ORF)
( GT968765
PmMSERPIN3 SG5480 1 GL-H-S 1 ‘ GL-H-S01-0037-LF - -
: (incomplefe ORF)
j | GT968763
PMSERPIN4 SG7094 1 HC-N-N T | HC-N-N01-5643-LF - -
(incomplete ORF)
G T9687617
PmMSERPINS CT1116 5 GIEp-N-N 2 GIEpP-N-N01-1465-LF - -
HC-N-N 1 (incomplete ORE)
HPO-N-S 1 GT968766
HT-N-S 1

09



Table 3.1 (cont.) Identification of PMSERPINSs from the Penaeus monodon EST database.
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Y
{

|

(completé ORF)
GU358488

[
. . n 4
N f|F EST | RF
Serpin C_ontlg or umber o _requ_engy " l epTscnigtive § o'ne Meiand ORF (amino acids) Predicted signal sequence
singleton clones libraries ' GenBank accession-number
l
PmSERPING CT1604 5 GL-N-STC 2 | HC-N:-N01-2773-LF 415 MRLLVAMAVTAAVLGLVRP
‘ X
(CT2832) HC-N-N | 4 | (complete ORF) (19 amino acids)
HTNs | GQ260129
PmSERPIN7 CT1087 5 HC-N-N 4 ' HC-N;N01-12906-LF 411 MKFAVVGAVAAALVGVVQP
HC-W-S i (complete ORF) (19 amino acids)
( GU358487
PmSERPINS SG5654 1 GL-H-S 1 ‘ GL-H-S01-0891-LF 417 MKCLVALAAAAAVLGLGRP

(19 amino acids)

2 GIEp-N-N, HPa-N-N, and HC-N-N are normalized (3 N) normal (2™ N) gill-epipodite (GIEp), hepatopancreas (HPa) and hemocyte (HC) cDNA libraries. HPO-N-S and
HT-N-S are standard (3 S) normal (2" N) hematopoietic tissue (HPQ) and heart (HT) cDNA libraries. GL-H-S and GL-N-STC are standard heat-treated (2" H) and
subtractive (3" STC) gill (GL) cDNA libraries, respectively. HC*W-$ is'standard:white'spot virus-infected (2" W)'hemocyte cDNA library.

19
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3.2 Amino acid sequence analysis of PmMSERPINSs

To reveal the conserved serpin structure of PMSERPING -8 and to compare the
homology of all complete ORF serpins obtained, ClustalwW program was used. Two
serpins such as serpin6 from the tobacco hornworm, Manduca sexta (MsSPNG6)
(AAV91026), an inhibitor in proPO system, and Fc-serpin from the chinese shrimp,
Fenneropenaeus chinensis (ABC33916) were selected for the alignment with
PmSERPING — 8. The amino acid sequence alignment revealed the serpin conserved
sequences of PmMSERPING — 8 which are the.reactive center loop (RCL) at the C-
terminal region of protein and- the highly conserved hinge region (P17 to Pg;
EEGTEAAAAT) at the N-terminal portion of RCL as well as the serpin signature
(FHCNRPFVFLI) (Figure®3.1). An general, serpin with proteinase inhibitory activity
contains the scissile bond hetweein P;-P7 residues which is cleaved by its target
proteinase and the Pi residue determiness the target specificity of the serpin to
proteinase (Gettins, 2002). Based on the '!sequence alignment, we found in this study
that the predicted P, residue of PmSERPII\_Ié ~'7 and 8 were Arg and Lys, respectively
(Figure 3.1). However, thebiochemical assa_yls required for characterization of the
inhibitory activity and the true P; residuegi "_of; PmSERPINs. According to pairwise
alignment, PmSERPING, 7 and 8 showed 63% 94% and 55% amino acid sequence
identity to Fc-serpin.s This indicated that PmSERPINY /is the Fc-serpin variant.
Moreover, the amino acid sequence alignment of PmSERPING — 8 with those of
MsSPNG, revealed that the. PMSERPING » 8 had 36 %, 34 % and 33 % identity,
respectively. Duge to the highest Similarity to MsSPNG, 'the PmSERPING was then

selected for further characterization.
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Figure 3.1 Alignment of amino acid sequences of PmSERPING - 8, Fc-serpin and M.
sexta serpin-6 (Ms_serpin-6). The conserved hinge region, the putative signal
sequence and the serpin signature of each gene are shown in grey, black and open
boxes, respectively. The predicted P, and P;" positions are underlined. The asterisks
(*) indicate identical amino acid residues. Semicolons (:) indicate conservative amino
acid substitutions. Dots (.) show semi-conservative amino acid substitutions.
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3.3 Phylogenetic analysis

The amino acid sequences of the mature protein of PmSERPING6 — 8 and
PmSERPINB3, the putative serpin from P. leniusculus (Pl), F. chinensis (Fc), D.
melanogaster (Dm), M. sexta (Ms), B. mori (Bm) and T. tridentatus (Tt) were used to
create phylogenetic tree using the Phylip program. Figure 3.2 showed that
PmSERPING was clustered in the same group with Fc-serpin, putative serpin from P.
leniusculus, serpin2 and serpin6._from M. sexta, serpindA and serpin6 from D.
melanogaster. According to the tree, PmSERPING was closely related to serpin from

F. chinensis.

3.4  Cloning of the full-length sequence of PmMSERPING

According to sequenge analysis, the contig nes. CT1604 and CT2832 were
identified as PmSERPING. /To obtain the full-length sequence of PmSERPING gene,
gene specific primers were dgsigned and then used for PCR amplification as described
in materials and methods sectioh 2.8. The expected PCR product of 1,248 bp was
obtained (Figure 3.3). It was then cloned"_int,'o T&A cloning vector, subsequently
checked for positive clones by colony PCR (Figure 3.4) ahd sequenced to confirm the
result. The PmSERPING ORF encoded for 415 amino acid residues protein with 19
residues of signal sequence (Figure 3.5). The caleulated molecular mass and
isoelectric point of the mature protein were'44.5 kDa and 7.33, respectively. Four
potential N-linked -glycosylation sites werfe predicted.| The deduced amino acid
sequences of complete ORF PmSERPING showed-63% identities to,Fc-serpin from F.
chinensis, 41% to 'serpin from P. leniusculus, and 36% to serpiné from M. sexta
(Table 3.2).
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Figure 3.2 (cont.) Phylogenetic analysis of the PmSERPING. A neighbor-joining
distance based phylogenetic tree of PmSERPINs (highlighted in grey) and serpins
from related organisms, including the serpins from P. leniusculus (PI), F. chinensis
(Fc), D. melanogaster (Dm), M. sexta (Ms), B. mori (Bm) and T. tridentatus (Tt).
Values at the node of a bootstrapped neighbor-joining tree indicate the number of
times that the particular node occurred in 1000 trees generated by bootstrapping the
original deduced protein sequences. The bootstrap support values higher than 500 are
shown at the nodes. The GenBank accession number of the serpin genes used for the
analysis is shown in the parenthesis.

~— 1248 bp

Figure 3.3 Amplification 0f the full-length” PMSERPING gene. Lane M and lane 1
represent 100 bp, DNA-ladder ‘marker (GeneRuler™'100 bp DNA ladder, Fermentas)
and a purified PCR product of the full-length PmSERPING with;1;248 bp in length,
respectively.
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Figure 3.4 Screening of recombinant clones of PMSERPING gene in T&A vector by
colony PCR. The colony /PCR was performed using PmSERPING specific primers.
The positive band of 1,248 bp is-shown by the arrow. Lane M: 100 bp DNA ladder
marker; Lanes 1-7: PCR product-of colony PCR of clones 1-7.
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Figure 3.5 The deduced amino acid sequence of the PmSERPING gene. The signal
peptide predicted by SignalP3.0 server is highlighted in gray. The predicted N-linked
glycosylation sites are shown in the gray boxes. The serpin conserved sequence is
underlined, and the serpin signature identified by Prosite is shown with double
underlining. The predicted P;-P;" residues are also marked under the amino acid
residues.



Table 3.2 Homology proteins hit to PMSERPING from the BlastX software.
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Sequence homology Species % ldentityto  Expect  Score
(Accession no.) P PmSERPING6  values (bits)
Serpin serine proteinase inhibitor . . 251/398
F h -14 27
(ABC33916) enneropenaeus chinensis (63%) 9e-148 5
PmSERPIN7 249/398
P 4e-14 22
(ADCA42878) enaeus monodon (629%) e-146 5
PmSERPINS 249/395
P -14 1
(ADC42879) enaeus monodon (63%) 3e-145 519
Putative serine proteinase inhibitor - . 178/434
f L L - 1
(CAA57964) Pacifastint Leniusculus (41%) 9e-89 33
. 152/420
Serpin-6 (AAV91026) Manducalsexta 4e-65 253
(36%)
. ' 144/420
Serpin-6 (ABV74209) Bombyx mori; 3e-60 236
: (34%)

3.5 Expression analysis of the PmMSERPING transcript

3.5.1 Tissue distribution analysis

The distribution-ef-PmSERPING-gene—in-shrinp tissues such as lymphoid

organ, epipodite, hemogytes, stomach, antennal gland, intestine, eye stalk, heart, gills,

and hepatopancreas, was examined by RT-PCR. After the quality of total RNA from

shrimp tissuesywas checked, (Figure 3/6)s=the ) cR2NA“was synthesized and used as

template for RT-PCR."From semi-quantitative RT-PCR"analysis, it was found that

PmSERPING, transcript _was. expressed

in, ‘almost _tissues.. tested except

in

hepatopancreas as’shown In Figure 8:7. "Amongcthose,.it was' highly expressed in

lymphoid organ, epipodite, hemocytes, heart, and gills. A weak band was observed in

stomach, antennal gland, intestine, and eye stalk.
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Figure 3.6 Total RNA'extr. &_ed from ten tissues of unchallenged shrimp with 100 bp
DNA ladder marker. Total RNAS were tun on 1.5% agarose gel and stained with

ethidium bromide. //-’ ' & '5 a;
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Figure 3.7 Tissue ‘distribution “analysis ‘'of PmSERPING' transcript’in ten shrimp
tissues. The PmSERPING gene was amplified from various shrimp tissues by RT-
PCR using B-actin as an internal control.
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3.5.2 Temporal expression of PmMSERPIN6 mRNA during WSSV and V.

harveyi infection

To understand the involvement of PmSERPING in shrimp immunity, we
determined the gene expression in shrimp hemocyte in response to viral or bacterial
infection at various time points. Before challenging shrimp with pathogen, the
presence of WSSV or V. harveyi was randomly checked to make sure that the shrimp
are free from both pathogens (Figures 3.8 and 3.9). After challenge with WSSV or V.
harveyi, the total RNA from hemocyte ai varieus time points were extracted and
analyzed for their quality on-1.5% agarose gel"with-ethidium bromide staining (Figure
3.10).

M 1 2, — Fet 4 5 Pos Neg
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100~

Figure 3.8 Detection of WSSV ‘infection in five individual shrimps.-Llane M: 100 bp
DNA ladder marker; Lanes 1-5: PCR product of five individual shrimps; Lane Pos:
positive control using WSSV as a PCR template; Lane Neg: negative control for PCR
reaction. A positive band of 250 bp is shown by the arrow.
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Figure 3.9 Detection offV. hanveyi nfection in four individual shrimps. Lane M: 100
bp DNA ladder marker; liane Pos: ‘positive control using gill-DNA extraction from
the V. harveyi infected shrimp as'a PCR template; Lane Neg: negative control for
PCR reaction; Lanes 1-4: PCR/product from four individual shrimps. A positive band
of 363 bp is shown by the arrow. =g
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Figure 3.10 Quatitative analysis of. fotal RNA extracted from the hemocyte. Lane M:
100 bp DNA ladder marker; Lanes 1-4 _epre the total RNA sample used in semi-
quantitative RT-PCR experlment ity

In WSSV-cHéﬁenged shrimp, we observed the ch'aﬁges in PMSERPING gene
expression at 0, 12, 24 and 48 hpi, and found that the relative expression ratio of
PmSERPING gene was significantly decreased at 24 hpl compared to that of 0 hpi
(Figure 3.11).

The observation on the alteration of the PmSERPING gene.expression at 0, 6,
12, 24"and 48 h post\V. harveyi infection was perfarmed. The expression profile of
PmSERPING transcript upon V. harveyi challenge as shown in Figure 3.12 remained
unchanged during 0 — 48 hpi. The results clearly showed that alteration of the

PmSERPING gene expression was observed only in shrimp infected with WSSV.
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Figure 3.11 Semi-quantitative RT-PCR analysis of PmSERPING gene expression in
P. monodon hemocyte"ih response to WSSV infection. Analysis of PmMSERPING gene
transcript expression levels was performed in shrimp systemically infected with
WSSV at 0, 12, 24, and 48 hpi (n=3)..The control shrimp was injected with LHM
media. p-actin/Was used as.an internal conrtrorl. Three independent experiments were
performed (a-c). The PmSERPING gene expression level of infected group was
normalized,to that.of the.control-group and, shown as,the mean,£SD (d). Mean with
different letters aressignificantly different (P<0.05):

Lane NegQ: negative control for PCR reaction;

48

Lane 1: 0 h post LHM infection; Lane 2: 0 h post WSSV infection;
Lane 3: 12 h post LHM infection; Lane 4: 12 h post WSSV infection;
Lane 5: 24 h post LHM infection; Lane 6: 24 h post WSSV infection;

Lane 7: 48 h post LHM infection; Lane 8: 48 h post WSSV infection.
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Figure 3.12 Semi-quaﬁiitative RT-PCR analysis of PmEERPINB gene expression in
P. monodon hemocyte in response to V. harveyi infection. Analysis of PmSERPING
gene transcript-expression devels, was performed; in shrimpsystemically infected with
V. harveyi at 0,16,-42,.24,tand 48.hpi (n=3). The.control shrimp was injected with
0.85% (w/v) NaCl. B-actin was used as an internal control. Three independent
experimentstiwere performed: (@xc). ©The (PMSERPING* geneexpression level of
infected group was normalized to"that of‘the control group and shewn as the mean
+SD (d). Mean with different letters are significantly different (P<0.05).

Lane Neg: negative control for PCR reaction;

Lane 1: 0 h post saline infection; Lane 6: 0 h post V. harveyi infection;
Lane 2: 6 h post saline infection; Lane 7: 6 h post V. harveyi infection;
Lane 3: 12 h post saline infection; Lane 8: 12 h post V. harveyi infection;
Lane 4: 24 h post saline infection; Lane 9: 24 h post V. harveyi infection;

Lane 5: 48 h post saline infection; Lane 10: 48 h post V. harveyi infection.
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3.6 Recombinant PmMSERPING protein expression

In order to obtain the PmSERPING protein for further characterization, the
recombinant PmSERPING (rPmSERPING) was produced in E. coli system using two
different constructs of expression plasmid.

3.6.1 Construction of the recombinant: plasmid pET22b/PmSERPING6 and
pVR500/PMSERPING

First, the nucleotide sequence; corresponding to the mature peptide of
PmSERPING was amplified with forward primer and reverse primer containing Hisg-
tag coding sequence at their 5”end. Then, the purified PCR product (Figure 3.13) was
digested with Ncol andsBamHI ‘and cloned into PET-22b(+) cut with the same
enzymes. The ligation mixturgs were traﬁ:sfo,rmed into E. coli strain XL-1-Blue. The
positive cells containing”recombinant plashid were screened by colony PCR using T7
promoter and T7 terminator primeré (Figurle_z?%li4), and then the plasmid was extracted

and sequenced. ks
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Figure 3.13 Amplified PCR product of the mature PmSERPING gene to be expressed
in E. coli expression sﬁtgm. Lane #M: 200 bp DNA ladder marker; Lane 1: PCR
product of the mature B_rﬁSERPINa,genlb_,, about 1,230 bp in size, indicated by the
arrow. : -
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Figure 3.14 Colony PCR screening for positive clones of E. coli XL-1-Blue
containing pET22b/PmSERPING vector. Lane M: 100 bp DNA ladder marker; Lane
Neg: negative control for PCR reaction; Lanes 1-3: product from colony PCR of 3
clones. The positive band of about 1540 bp is shown by the arrow.
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The inserted PmMSERPING gene from pET22b-PmSERPING vector was sub-
cloned into pVR500 at the Ncol / BamHI site. The transformants containing desired
insert were checked by digestion the recombinant vector with Ncol and BamHI
(Figure 3.15). The obtained plasmids were then checked for the correctness of

sequence.

M 1 o 4 3 4

bp

600!
3000-

—— 1230 bp

3 £
Figure 3.15 Digestioi of the recombinant pVVR500-PmSERPING plasmid with Ncol
and BamHI. Lane M: 1kb DNA ladder marker; Lanes 1 and 3 are digested product of
pVR500-PMSERPING plasmid; Lanes 2 and 4 are the uncut plasmid. An expected
band of about 1,230 bp.is indicated.by the arrow.

The pET22b-PmSERPING and.pVR500-PmSERPING with correct sequence of
inserted gene were transformed into expression hosts, E. coli strains BL21(DE3) and
Rosetta(DE3)pLysS, respectively. The transformants obtained from transformation of
pET22b-PmSERPING into E. coli BL21(DE3) and pVR500-PmSERPING into

Rosetta(DE3)pLysS were finally checked for the presence of the expression plasmid.
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3.6.2 rPmSERPING6 expression in E. coli BL21(DE3) using pET-22b(+)

expression plasmid

The rPmSERPING was produced after induction the E. coli BL21(DE3)
containing pET22b-PmSERPING expression plasmid with 1 mM IPTG. The whole
cell was collected at various times (0-6 h) after induction and analyzed for the
expressed protein by 12.5% SDS-PAGE and coomassie staining. The result showed
an increase in expression of the expected rPmSERPING band with the molecular
weight of about 45 kDa with. maximurm intensity at 6 h after induction as shown in
Figure 3.16. To determine-whether rPmSERPING was expressed in the soluble or
inclusion bodies forms, an.aliquot of cells was resuspended in 50 mM Tris-Cl, pH 8.4,
5% Glycerol, and 50 miM Na€l and frozen-thawed to break the bacterial cells. The
pellet and soluble fractions avere: then analyzed by 12.5% SDS-PAGE. The result

showed that rPmSERPING was expressed-iﬁ the inclusion bodies form (Figure 3.17).
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Figure 3.16 SDS-PA * ‘\\&

e expression of pET22b-PmSERPING
in E. coli strain BL21(DE M Jprestained protein marker (PageRuler ™
Prestained protein ladder, ‘Ferm : whole cell at 0 h with no IPTG
induction (control); Lanes 2-8_: ﬁ‘) 6 h after 1 mM IPTG induction; Lane
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Figure 3.17 SDS-PAGE analysis of rPmSERPING expressed in E. coli BL21(DE3)
containing pET22b-PmSERRING, plasmid at 6 h after IPTG induction. Lane M:
prestained protein marker; Eangs 1-and 2: épﬁfnassie staining of soluble and inclusion
fractions, respectively; Lanes 3 and 4: Wpatern blotting of soluble and inclusion
fractions using anti- HISs antlbody as a p‘rlmﬁry antlbody The expected band of

rPmMSERPING is ShOv\in_by_the_a,ugw,—j 7,

As shown .in,Figure, 3:17, .the.rPmSERPING was-expressed as the inclusion
bodies form. To obtain'the soluble’ protein from=inclusion bodies, the appropriate
buffers for solubilization of protein were testedsThe rPmSERPING inclusion pellet
was aliquoted inte' two! tubes -and (solubilized for overnightyin (50 mM sodium
carbonate buffer, pH 10.0 and 50 mM sodium phosphate buffer, pH 12.0,
respectively. After that the soluble fractions were analyzed by SDS-PAGE and
Western blotting. From Figure 3.18, it was shown that rPmSERPING could not
solubilize in both buffers tested. Therefore, the denaturant, 8 M urea, was chosen to

solubilize the recombinant protein from the inclusion bodies in the next experiment.
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Figure 3.18 Solubilization of erSERPﬁL\IG from inclusion bodies with two buffer

systems. Lanes M and 4-4' represenied ‘coomassie staining gel and lanes 5-8

represented nitrocellulose membrane of V\fés’te_rn blot analysis.

Lane M is prestained protein marker; ';_J:J

Lanes 1 and 5 are soluble fractlon of lnc|u§|on bodies in 50 mM sodium carbonate
buffer, pH 10:0; : )

Lanes 2 and 6 are msoluble—fraeﬂe%f—melusmq—beéles in 50 mM sodium carbonate
buffer, pH 10.0;. :

Lanes 3 and 7 are soluble fraction of inciusion bodles 4n 50 mM sodium phosphate
buffer, pH 12.0;

Lanes 4 and 8 are insaluble fraction of inclusion bodies in 50-mM sodium phosphate
buffer, pH 12.0.

a-“‘"

To obtain an adequate amount of protein, the large scale over-expression was
carried out. After 6 hours of IPTG induction, cells were harvested and resuspended in
1x PBS buffer, pH 7.4, and subjected to repeat frozen and thawed for 3 times. The cell
suspension was completely lysed under high pressure using a French Press. The pellet
was then collected. The inclusion bodies was solubilized by 8M urea and purified by
HiTrap chelating HP column under denaturing condition and eluted with 200 mM
imidazole in binding buffer (Figure 3.19 and 3.20). The purified protein was dialyzed
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against 25 mM Tris-Cl, pH 8.0. Unsurprisingly, the rPmSERPING6 appeared as
precipitate after the dialysis. However, the precipitate of rPmSERPING was used as
antigen for rabbit immunization in order to produce the specific anti-PmSERPING

polyclonal antibody.

«—— 1tPmSERPING

Figure 3.19 SD “" | "tPmSERPING. The crude
rPmSERPING was purified throug o chelating P column under denaturing
condition. Lane M: unst ined protein marker (PageRuler™ unstained proteln ladder,
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ﬂW’]aﬂﬂ‘im umawma ¢
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Figure 3.20 Western blotting (of the purified tPMSERPING using anti-Hiss antibody.
Lane M: prestained protein marker; Lane 1: coomassie stained 12.5% SDS-PAGE gel;
Lane 2: Western blot analysis.

3.6.3 rPmSERPING expression in E. coli Rosetta(DE3)pLysS using pVR500

expression plasmid

The transformant -0f, E. . coli, Rosetta(DE3)plysS.. containing pVR500-
PmSERPING plasmid was thecked-for the-protein-expressiofi by induction the cells
with 1 mM IPTG. The whole cell was collected at=0, 2, 4, and 6 h.after induction and
analyzed for the expressed protein by 12.5% SDS-PAGE and coomassie staining. The
result showed an increase in the expression of the expected rPmSERPING6-thioredoxin
tag fusion protein band with the molecular weight of about 58 kDa as shown in Figure
3.21. The highest expression was observed at 4 h after induction. Analysis of the
expressed protein revealed that rPmSERPING was expressed in the inclusion bodies
form (Figure 3.22).
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Figure 3.21 SDS-PA pression of pVR500-PmSERPING
in E. coli strain Rosetta(De3)pLysS. The protein \ /as fun onto 12.5% SDS-PAGE and
stained with coomassie brilliant blue. orestained protein marker; Lanes 1-4:
whole cell at 0, 2, 4, and 6 h after 1 mM IPTG induction. An arrow indicates the

.é:
expected 58 kDa recombin ﬁd
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Figure 3.22 SDS-PAGE sanalysis of - MSERF protein expressed in E. coli
Rosetta(DE3)pLysS containing pV/R500-PMSERPING plasmid at 2 h after IPTG
induction. Lane M: presta edj@ejn" Lanes 1 and 2: coomassie stained
12.5% SDS-PAGE of squbIe_Eﬁﬁé“%’@gly - fractions, respectively; Lanes 3 and 4:

Western blotting olesoluble'aﬁ? inclusi action.using anti-Hiss antibody as a
primary antibody. "

Becau tﬁr'ejw ﬂﬁfﬂj ﬁl‘jion bodies form, the
suitable Condﬂi lubiliz elr ! hén determined. Various
buffer solutions including sodium pkosphate buffer;, pH 8.0, sodidm carbonate buffer,

oH 10/0]aiblsolih Diceehse ey 4 12 8 wrd sl o s te inclsir

bodies. a\fter analysis by SDS-PAGE and Western blotting, it was revealed that

rPmSERPING-thioredoxin tag fusion protein could be partially solubilized from the
inclusion bodies with 50 mM sodium phosphate buffer, pH 12.0 (Figure 3.23).
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Figure 3.23 Solubilization of inclusien badies containing rPMSERPING-thioredoxin

tag fusion protein. The inclusion’ body pelléf!\/\‘ras resuspend in various buffer solutions

and incubated at 4°C for overnight. The soluble and pellet fractions were separated by

centrifugation and subjected to.SDS- PAGE and Western blot analysis. Lanes M and

1-6 represent coomassie staining. gel and |anes._1_l_2 represent Western blot analysis.

Lane M: prestained protein marker; 4 '

Lanes 1 and 7 are sol‘bﬁmﬁmwmln 50 mM sodium phosphate
buffer, pH 8. 0 '

Lanes 2 and 8 are inseluble fraction of inclusion bodies<in 50 mM sodium phosphate
buffer, pH 8.0;

Lanes 3 and 97are soluble fraction- of inclusion bodies in 50 mM sodium carbonate
buffer, pH 10.0;

Lanes 4 and_10_ are_insoluble fraction of inclusion-bodies in 50 mV' sodium carbonate
buffer, pH 10.0;

Lanes 5%and 11 are soluble fraction of inclusion bodies in 50 mM sodium phosphate
buffer, pH 12.0;

Lanes 6 and 12 are insoluble fraction of inclusion bodies in 50 mM sodium phosphate
buffer, pH 12.0.
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The rPmSERPING protein expression was scaled-up to produce more protein
by increasing the volume of the culture medium. After 6 hours of IPTG induction,
cells were harvested and resuspended in 1x PBS buffer, pH 7.4, and then repeat
frozen and thawed for 3 times. The cell suspension was completely lysed by
sonication. The protein in inclusion bodies form was solubilized in 50 mM sodium
phosphate buffer, pH 12.0. The supernatant was then dialyzed against 20 mM sodium
phosphate buffer, pH 8.0 and then subjected to purification using Ni Sepharose 6 Fast
Flow bead (Figures 3.24 and BZQEW/ SERPING bound to the column was
eluted with 20 mM sodium &mmg 200 mM imidazole, pH 8.0.
After purification, the prem.\ms-dlalyded agamat—'&mM Tris-Cl, pH 8.0 for further

use.
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Figure §.24 rPmSERPING-thioredoxin tag fusion protein purification using Ni-NTA
column. Lane M: unstained protein marker; Lane 1. crude rPmSERPING in sodium
phosphate buffer, pH 12.0; Lane 2: flowthrough fraction; Lane 3: purified
rPmSERPING fraction eluted with 20 mM sodium phosphate buffer containing 200
mM imidazole, pH 8.0.
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Thioredoxin p@ein was and used aﬂontrol in the activity assay.
The pET-32a(+) vector was transformed, into E. coli Rosetta(DES)pLysS The

e @ WM T R o s

protein.

Huble 4 o i, %3N BL AR 20

sodium phosphate buffer, pH 8.0. After cell lysis, the supernatant crude thioredoxin
protein was collected and subjected to the Ni Sepharose column. The purified protein
was digested with thrombin to remove the thioredoxin tag and then re-purified as
above. The purified protein was finally checked on SDS-PAGE (Figure 3.26).
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«— Thioredoxin

Figure 3.26 The purified thiore ‘_""" in digested with thrombin. Lane M:
prestained protein marker; La .~coomassie staining gel; Lane 2: Western blot

3.7 Detection shrimp hemolymph

To detect nativg PmMSERPING protein in hemocyte lysate and cell-free

MG AN 1S 00120 (R S0 A

used. FollowingWestern blot aﬂ sis, the expected band of about 45 kDa was

oy ammmm Py 1 b

unchallenged shrimp as the native protein. The rabbit preimmune serum was used
instead of the anti-PmSERPING polyclonal antiserum as a control. No positive band
about of 45 kDa was observed in both hemocyte lysate and cell-free hemolymph (data

not shown).
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Figure 3.27 Detection of native:PmSERPING in hemocyte and cell-free hemolymph
of unchallenged shrimp. Fifty micrograms of hemocyte lysate (lane 1) and 200 pg of
cell-free hemolymph (lane 2) were separated on 12.5% SDS-PAGE (A) coomassie
staining and (B) analyzed by Western blotting using rabbit anti-PmSERPING
antiserum. The arrow.indicates the expected immune reactive band of about 45 kDa.

3.8  Localization of PMSERPING protein in hemocytes of V. harveyi
and WSSV | infected/'shrimp

Beside the expression analysis of PmSERPING_ transcripts under the viral and
bacterialinfection ‘conditions, we-also determined thePmSERPING protein expression
using immunocytochemistry technique. The polyclonal anti-PmSERPING antiserum
was used to detect the PmSERPING producing hemocytes in both WSSV and V.
harveyi-infected shrimp (Figure 3.28 (A-E)). The antibody was found to be specific to
PmSERPING because no positive cells could be detected in the control where rabbit
pre-immune serum was used (Figure 3.28 (a-€)). The positive cells were counted and
then calculated as a percentage. The percentages of positive cells of WSSV-
challenged shrimp at 0, 6, 24, 48, and 72 hpi were 4.53, 3.92, 3.87, 3.50, and 10.86,
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respectively. These indicated that the expression of the PmSERPING protein in
hemocyte of WSSV infected shrimp was unchanged during O to 48 hpi but
significantly increased at 72 hpi by about 2.7 fold (Table 3.3). The expression of
PmSERPING protein in response to bacterial challenge was also determined at the
same time point as the WSSV infection. It was shown by the percentages of positive
cells at 0 to 72 hpi were 4.15, 6.14, 3.25, 4.57, and 7.62, respectively. After V. harveyi
infection, the PmSERPING positive cells were significantly decreased at 24 hpi as
compared to at 6 hpi and then significantly increased again at 72 hpi (Table 3.3). It
should be noted that the highest number~0f.positive PmSERPING producing
hemocytes upon V. harveyi-challenge’ was again-at 72 hpi. This implicated that
PmSERPING might play role«n shrimp anti-viral and -bacterial immunity at the late

phase of infection.

Table 3.3 Time-course analysis 0f PmSERPING protein expression in hemocytes after
pathogen infection by immunogytochemistry.

Time after injection WSSV challen’g‘zé-- V. harveyi challenge
(h) (Mean of.%Pasitive cells £SD) (Mean of %Positive cells +SD)
0 ‘ 45428 Jafs 42+1.9
6 e 39414 = 6.1+0.9
24 Y 3.9+18 " 33108
48 J 3.5+1.2 4.6+0.4
72 10,9 £2.5 7.6 £2.3
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- AugTnanswenng - -
Figure 3.28 Localization of PmSERPING protglln in hemocytes ofibacterial and-viral challenged shrimp by Immunocytochemistry. Infected
shrimp hemocytes at 0 (A), 6 (B), 24 ( ﬁ?:rgﬁﬁ@@em{q’?nmﬁbﬁ Rabbit pre-immune serum was used as
a control at each time point (a-e). Numbers 1 an re C (] V- and V. harveyi-infected shrimp, respectively. The arrows show

the positive cells.

€6
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3.9 Activity assay

The rPmSERPING protein was tested for its proteinase inhibitory activities

against commercial proteinases and on the prophenoloxidase activating system.

To investigate the ability o ' inhibit the proteinase activity,
four commercial proteinases,. tiypsin, subtilisin ﬁ; motrypsin, and elastase were
200 exhibited the inhibitory

\\c\\T\,\ he highest mole ratio (about

~ actlvmes of trypsin, subtilisin

A, chymotrypsin, and-€las 13, K espectively (Figure 3.29).
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Figure 3.29 Proteinase |nh|b|tory actIV|t1es of rPmSERPING against commercial
proteinases. The inhibitors was lncubated Wlth each proteinase at various mole ratio
with subtilisin (@), trypsin (l) chymotrypsm {A) and elastase (@) in the reaction

containing  chromogenic - substrates. AftebEU min of incubation, the remaining
activities of proteinases were determined. -
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The thioredoxin‘protein was used as a control at'the same mole ratio as used in
rPmSERPING assay., The Tesults showed that. thioredoxin. protein did not affect the
proteinase activities(data nét shown).

3.9.2 Phenoloxidase inhibitory assay

To determine the involvement of the PmSERPING6 protein in
prophenoloxidase (proPO) system, the shrimp hemocyte lysate (HLS) was prepared to
assay for the PO activity. The rPmSERPING6 protein was pre-incubated with HLS
followed by PO activation using larminarin. The residual activity of PO activation

was monitored by measuring the A4g, after adding L-DOPA for 30 min. The control
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reactions using BSA or thioredoxin instead of rPmSERPING were performed. Blank
was the reaction without any protein. Proteinase inhibitor mix was used as a positive
control. It was found that the rPmSERPING did not affect the PO activity as compared
to the negative control. This indicated that rPmSERPING might not be the inhibitor of
the proPO system. The results showed that none of those proteins could inhibit PO
activity (Table 3.4).

Table 3.4 Percentage of remaining activity of phenoeloxidase in PO system in the
presence of rPmSERPING.

Phenoloxidase remaining activity (%)
Protein concentration

|
|
(M) , BSA /- Thioredoxin rPmMSERPING
' (Mean) . (Mean) (Mean * SD)
0.4 | j ah\ ¥ 110 + 15.6
F FF P AN
0.8 888 | S TAL 118 +15.6
&N s s %
1.6 85.7 107 126 +13.3
3.1 85750~ 7 b2 7 154 £ 16.1
Positive control

(6X Inhibitor mix * /. 28.3+8.83
(GE Healthcare))




CHAPTER IV

DISCUSSIONS

Shrimp innate immunity composes of several immune reactions providing
immediate defense against infection. Of those, the prophenoloxidase activating
system and apoptosis involve proteinase cascades that catalyzed change of inactive
serine proteinases into their active form. AcCiivaiion of proteinase cascades benefit to
the animal; however, excessive activation is also deleterious. To maintain the optimal
level of proteinase cascade.activation, serine proteinase inhibitors are synthesized and
functioned as regulators of sueh cascade. In crustaceans, many families of proteinase
inhibitors consisting of Kazal, Kunitz, Serpin, a-macroglobulin, and pacifastin have
been identified (Liang and Séderhall, 1995; Liang et al., 1997; Kanost, 1999). In
shrimp, only Kazal type serine proteinase inhibitor has been well characterized
(Somprasong et al., 2006;Visetnan et al., 2009 Donpudsa et al., 2010).

In invertebrate such as D-. melanogaétei":j"M. sexta, and B. mori, several serpins
were identified as one of the important serine proteinase inhibitors that play role in the
immune responses (Garrett-etal;-2009;-Zou-et-al;-2009) - Previously, only two shrimp
serpins have been identified. Firstly, P. monodon serpin called PmSERPINB3 was
identified by differential display technique and found to be responded to bacterial
infection (Somboonwiwat et,alk,-2006): In.2009; Liuet-al.-found the other serpin gene
from F. chinensis, named Fc-serpin; expressed fluctuantly in response to WSSV and
bacterial challenge. The availability‘of the Penaetis monodon EST-database allows us
to search fariall shnimp.serpincorrespending genes. Unsurprisingly, eight more serpin
genes were found in several libraries but at high frequency in hemocyte, gill and gill-
epipodite cDNA libraries, designated as PmSERPINL - 8. Therefore, at least 9 serpins
existed in P. monodon. Still, the function of each serpin has to be determined further.
Currently, only 3 PmSERPINs from EST database, PmMSERPING - 8, had complete
ORF. In comparison with previously reported serpins from related organisms, we
found that PmSERPIN7 is the same as the Fc-serpin with some variations in amino

acid sequence. Like Fc-serpin, all 3 PmSERPINs showed homology with Ms-serpin6



98

which can negatively regulate prophenoloxidase system in M. sexta by inhibiting
prophenoloxidase activating proteinase-3 (PAP-3) (Zou and Jiang, 2005).

The phylogenetic tree of serpin amino acid sequences from the related
organisms of invertebrate and crustacean revealed that PmSERPING - 8 were
clustered in the same group and with Fc-serpin, putative serpin from P. leniusculus,
serpin2 and serpin6é from M. sexta, serpindA and serpin6é from D. melanogaster, but
PmSERPINB3 was separated into a different group.

Several serpins have been clearly characierized for their functions and target
proteinases. Serpins normally act as inhibitor of proteinases in various biological
processes. However, non-tnhibitery serpins also exist (Gettins, 2002). The conserved
three dimensional structures reveal the presence of a scissile bond at the P1-P;” site
within an exposed loop called reactive center loop (RCL). This specific peptide bond
is cleaved by the target'proteinase. The Py residue normally determines the inhibitory
specificity. Primary amino acid sequences of RCL at P17-P14 and P12-Pg are conserved
among the inhibitory serpins (Pi7:E, P16:E'/K/R, P15:G, P14:TIS, P12-Pg:A/G/S, and
Ps:T) which is rarely found in the non-inhibitplry sepins. After proteinase digests the
peptide bond between P; and P,“ en serpin,r thé: remaining RCL will be inserted into
beta-sheetA of core protein leading to conformational change and complex formation.
Although the basis' of conservation pattern of hinge region is still unknown, it is
possible that this sequence facilitates the insertion process. Therefore, non-inhibitory
molecules which represent other amino acids instead of the conservation and lack
their inhibitorysactivity might because’ thesside ¢hain 'is-incompatible for sequence
insertion. Comparison to the previously identified inhibitory serpin from the tobacco
hornworm;; M. sexta, the shrimp.serpins; PmSERPING+- 8,;and F¢-serpin showed the
identical of conserved hinge region’' (P17-14;"EEGT, and P1,-Ps; "AAAAT) suggesting
that PmSERPING - 8 might be classified as the inhibitory serpin.

In human, there were several reports concerning the mediation of the cellular
internalization and the clearance of several serpin-proteinase complexes by serpin-
enzyme complex (SEC) receptor but there is no common mechanism and no structural
determinant in the serpin-proteinase complex clearance (Joslin et al., 1991). However,

the exposure of a binding site, such as the highly conserved-pentapeptide domain
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(FVFLM) of human al-antitrypsin and the loop structure consist of seven underlined
amino acid residues (PHDNIVISP) located in the region of the N-terminus of mature
protease nexin I, in the complex form is considered to be involved in the clearance
mechanism (Knauer et al., 1997). In P. monodon, we found the conserved
pentapeptide F(L/V)FLI in all PmSERPING - 8. The possible amino acid residues that
corresponded to the loop structure located at the amino terminal region of the mature
PMSERPING - 8 was *'P(R/E)NFFFSP*. The mechanism of PmSERPIN-proteinase
complex clearance mediated by these sequenge motifs should be furthere determined.

Mutagenesis of several serpin at the Py residue has been carried out to reveal
the nature of serpin-proteinase specificity. They found that changing of amino acid at
the P, position can alter.the raté of inhibition with different target proteinases (Kanost,
1999). The predicted Pgresidug of PMSERPING - 7 and 8 were arginine and lysine,
respectively. Previously,#it wasfound tha’t;.serpins containing Arg at their P; site can
specifically inhibit trypsin; thrombin, ‘'or plasmin, suggesting that PmSERPING and 7
might be inhibitors of trypsin, thrombin, or plasmin. Lysine was found at P; position
of PmSERPINS sugesting that its specific proteinase was also might be trypsin-like
(Gettins, 2002). 2o

Because we are interested in a serbih- which participate in shrimp immunity
especially in the PO system, PmSERPING which showed the highest amino acid
sequence identity to serpine from M. sexta, a regulator of pro-phenoloxidase system,
was chosen for further characterization in this study. The expression of PmSERPING
gene in varioussshrimp tissues ‘was examined and found that, Tike Fc-serpin (Liu et al.,
2009) and a setpin from the crayfish, P. leniusculus (Liang and Sdderhall, 1995),
PmSERRINGwas not expressed .in, hepatopanereas; The presence-af PMSERPING as a
mature protein in hemocyte but not in cell-free hemolymph of ‘unchallenged shrimp

was also demonstrated in this study.

In addition to tissue distribution analysis, we also studied the PmSERPING
expression at transcriptional and translational levels in response to microbial injection
in order to elucidate its involvement in shrimp immunity. Previously, serpin-6 of M.
sexta (Ms-serpin6) showed significantly increased in the mRNA expression in

hemocyte and fat body at 24 h post-E. coli injection. Moreover, its protein level was
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also significantly induced at 24 h post E. coli or Micrococcus luteus infection (Wang
and Jiang, 2004). Fc-serpin was reported as a pathogen responsive gene which is
down-regulated at 6 and 12 h post-mixed bacterial challenge. However, it was found
to be up-regulated at 8 h post-WSSV challenge and gradually decreased from 14, 23
and 37 h post-infection (Liu et al.,, 2009). The significant down-regulation of
PmSERPIN6 mRNA at the late phase of WSSV infection was also observed.
Unlikely, PmSERPIN6 mRNA was not responded to bacterial challenge.
Interestingly, the change in expression level upon bacterial and viral challenges of
PmSERPING was obviously evidenced at the translational level. Infection shrimp with
V. harveyi resulted in significant decrease of -PMSERPING protein at 24 h post-
challenge. The remarkable inerement in the expression of the PmSERPING protein
was detected at 72 h post-W. harveyl and -WSSV' infection. Our data suggested that
PmSERPING might play reles in shrimp ammune response upon both bacteria and

virus invasion especially at the late phase of infection.

To assay for PMSERPING inhibitory activities, the recombinant protein was
produced in E. coli expression system. In-the first trial, the mature PMSERPING gene
was cloned into the pET-22b(+)vector and transformed to the expression host E. coli
strain BL21(DE3). The rPmSERPING with a molecular mass of about 45 kDa was
produced and purified. Unfortunately, during the refolding step, the soluble
rPMSERPING became precipitate. Therefore, the collected precipitated recombinant
protein was only used-for immunization in the rabbit to.generate the antibody against
PmSERPING protein but not for activity assay. In the second trial, to overcome the
problem of pratein precipitation, we constructedia new expression vector in which the
rPmMSERPING was expressed as a fusion protein. The pVVR500 vector, a derivative of
pET-32a(+); containing’ the thioredoxin sequence tag which is-able to increase the
solubility of the obtained recombinant protein was chosen. The protein production
was performed using E. coli Rosetta(DE3)pLysS as an expression host. The predicted
58 kDa rPmSERPING-thioredoxin fusion protein was purified through His-tag affinity
column at pH 8.0. The obtained purified protein was used to assay for the inhibitory

activities against commercial proteinases and on phenoloxidase system.

Although, a shrimp serpin, Fc-serpin, has been reported, its inhibitory activity

has not been revealed (Liu et al., 2009). In this study, the recombinant protein of



101

PmSERPING was successfully produced. Therefore, we examined the inhibitory
activities of rPmSERPING. We found that rPmSERPING was able to inhibit all tested
proteinases including trypsin, subtilisin A, chymotrypsin, and elastase at the different
strength. The rPmSERPING exhibited the strongest inhibitory activity on trypsin
followed by subtilisin, chymotrypsin, and elastase, respectively. According to the
primary protein sequence analysis, the predicted P; residue of PmSERPING was
arginine that made it was specific against trypsin. Surprisingly, the results showed that
the remaining proteinase activity of all testediproteinases in this assay did not decline
to the baseline level. It is possible that exposure of rPmSERPING at the high pH for a
long period during inclusion-bodies solubilization-resulted in loss of their scaffold or
their function. Another reasonis that the thioredoxin fusion tag within the
rPMSERPING protein mighi‘Cause improper folding of the protein which leads to the

reduction of its proteinase inhibitony activity.

Prophenoloxidase system is an important proteinase cascade mainly involve in
defense response of insect and crustacean. Several proteinase inhibitors such as
melanisation inhibition protein (MIP), pacifastin, and serpins act as a negative
regulator of the proPO system::So far,- MIP has been identified from P. leniusculus
(PIMIP) and P. monodon (PmMIP) (Soderhall et al., 2009; Angthong et al., 2010).
However, only PIMIP has been proPO reported for its ability to regulate activation. In
the freshwater crayfish, P. leniusculus, the pacifastin has-been identified. It exhibits
the inhibitory activity-on the crayfish hemolymph proteinase involving in the proPO
cascade activation (Hergemhahn et al., 1987;/Liang et al., 1997). Furthermore, many
proteins in serpin family were characterized as'the inhibitor af proPO system at the
different step. In Drosophila, serpin«27A regulates the melanisation cascade through
specifigy inhibition™at\the terminal ' proPO activating enzyme, whereas serpin-28D
controls PO availability at its initial release (Nappi et al., 2005; Scherfer et al., 2008).
In tobacco hornworm, M. sexta, serpin-3 and -6 were reported as the inhibitor of
prophenoloxidase activating proteinase (PAP) (Zhu et al., 2003; Zou and Jiang, 2005),
while serpin-4 and -5 regulate at the upstream of PAP (Tong and Kanost, 2005). Until
now, researches on regulation of proPO system by shrimp serpin have not been
reported. In this study, the inhibitory activity assay on prophenoloxidase system of the

rPmSERPING6 was investigated. Unfortunately, no significant difference in
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phenoloxidase activity was found after rPmSERPING, thioredoxin, or BSA
incubation. The obtained results implied that PmSERPING could not inhibit the
phenoloxidase activity and might not involve in regulation of PO system. As shown in
Appendix A that the PmSERPING protein contained four predicted N-linked
glycosylation sites, therefore, the protein glycosylation might be important to protein
functions. In this study, the rPmSERPING was produced in the E. coli system which
has no the post-translational modification. This might be the cause of lack of
PmSERPING ability to inhibit the phenoloxidase activity. The involvement of
rPmMSERPING in proPO system should be furiher.investigated using the recombinant
protein produced in the eukaryotic system.



CHAPTER V

CONCLUSIONS

From the Penaeus monodon EST database, at least eight different types of
serpins were identified, named PmSERPIN1 — 8.

Only three serpins from the P. monoden.EST database, PmSERPING - 8, were
identified with the complete openwreading frame encoding for protein with 415,
411, and 417 amine-acid.residues in length, respectively. The 19 residues of the
signal peptide ofall thiee PMSERRINS were predicted.

The full-length cDIVA of & PMSERPING gene was successfully amplified from
cDNA of unchallenged shrimp. Thé:calculateed molecular weight and pl of the
PmSERPING protein were 44:5 kDa an_d 7.33, respectively. Four positions of
the N- linked glycosylationrsife along:_',.th.é sequence of the PmSERPING protein

were predicted. w2y

The phylogenetic tree showed that the PMSERPING.was clustered in the same
group with F¢-Serpin;-putative-serpin-from-Pleniusculus, serpin2 and serpin6

from M. sexta, serpin4A and serpiné from D. melanogaster.

PmSERPING transcript. was expressed.in most of the tissues tested especially in

lymphoid argan, hemacyte, heart, and-gill but not in hepatopancreas.

In+, response ~to ANSSV-- challenges the+, significant ; decreasey in the relative
expression‘ratio of the PmSERPING gene in' shrimp~hemocyte-was observed at

24 hpi compared to that of O hpi.

No significant difference in the relative expression ratio of the PmSERPING

gene in shrimp hemocyte was observed upon V. harveyi challenge,

The native PmSERPING protein was found in hemocyte but not in cell-free

hemolymph of unchallenged shrimp.
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Immunocytochemistry using a specific anti-PmSERPING polyclonal antibody
revealed that the PmSERPING producing hemocyte was increased in both
WSSV- and V. harveyi-challenged shrimp at 72 hpi implying that the
PmSERPING protein responded in the late phase of infection with virus or

bacteria and might be implicated in shrimp immunity.

The rPmSERPING exhibited proteinase inhibitory activity against trypsin,
subtilisin A, chymotrypsin, and elastase. The remaining activities of those
proteinases after incubation with /the .rPmSERPIN6 at mole ratio of
inhibitor/proteinase of about 400 were 13,.13;:39, and 66%, respectively.

The residual activity.ef PO after pre-incubation of the rPmSERPING with
hemocyte lysate was‘unehanged suggesting that the PmSERPING protein did
not inhibit the PO aetivity. The result implied that the PmSERPING might not

involve in PO systemiregulation.
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Signal peptide prediction by SignalP Server

SighalP-HH prediction (euk networks?! Sequence
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The N-Glycosylation sites prediction with NetNglyc server

Name: PmSERPING Length: 415
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Protein molecular mass prediction by Genetyx program

PmSERPING6 mature protein

Sequence Size : 396

Sequence Position: 1 - 396

hydrophobic: 201 ( 50.76)
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The prediction of pl of mature protein by Genetyx program

PmSERPING6 mature protein

Sequence Size : 396

Sequence Position: 1 - 396
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GenBank accession numbers for phylogenetic analysis

Table B1 Species, abbreviations, GenBank accession numbers and gene names of
serpins used for the phylogenetic analysis.

. . GenBank

Species, Abbreviation . Gene names

Accession number

Penaeus monodon
Pm SPN6 PmSERPING
Pm SPN7 PmSERPIN7
Pm SPN8 PmSERPINS
Pm SPNb3 PmSERPINB3

Fenneropenaeuse chinensis

Fc Serpin rpin serine protease inhibitor
Manduca sexta

Ms SPN1 Serpin-1

Ms SPN2 Serpin-2

Ms SPN3a Serpin-3a

Ms SPN3b Serpin-3b

Ms SPN6 Serpin-6
Pacifastacus leniusculus

Pl Serpin i 5796 Putative. serine proteinase inhibitor

X
Intracellular coagulation inhibitor precursor
Limulus intracellular coagulation inhibitor type

2 precursor
ceagulation inhibitor type3

Tachypleus tridentatus

Tt Coagln
Tt Coaglin2

BAA03374
A% BAADG909 LS
- " "

s ' é‘..' 795 ¢ ‘1 . racl

AN TUNN NG Y

Tt CoagIn3




Table B1 (cont.) Species, abbreviations, GenBank accession numbers and gene
names of serpins used for the phylogenetic analysis.
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Species, Abbreviation

GenBank
Accession number

Gene names

Bombyx mori

Bm AnTryp
Bm AnTrypl
Bm AnTryp2
Bm AnTryp3
Bm AnTryp4
Bm AnChy
Bm AnChyll
Bm Serpin
Bm SPN LP
Bm SPN2
Bm SPN4a
Bm SPN5
Bm SPN6
Bm SPN7
Bm SPN8
Bm SPN10
Bm SPN11
Bm SPN13
Bm SPN14
Bm SPN15
Bm SPN16
Bm SPN17
Bm SPN18
Bm SPN19

Bm SPN20
Bm SPN21 ﬂ u
4

Bm SPN22
Bm SPN23

B P@ ’] a
Bm SP

Bm SPN26

Bm SPN27

Bm SPN28

Bm SPN29

Bm SPN30

Bm SPN31

Bm SPN32

Bm SPN33
Bm SPN34

e ACT36279)

NP-.00%13¢
i P

“NP 001139706
NP 001139707

Antitrypsin precursor
Antitrypsin isoform 1
Antitrypsin isoform 2
Antitrypsin isoform 3
Antitrypsin isoform 4

ntichymotrypsin precursor precursor

Antichymotrypsin Il
ine protease inhibitor serpin
Serpin like protein (SEP LP)
' Serpin-2
Serpin-4A
Serpin-5

Serpin-6

Serpin-7

Serpin-8
Serpin-10
Serpin-11
Serpin-13
Serpin-14
Serpin-15

ﬁ
d
\

NP_001139711
NP_001139712

NP_001139715
NP_001139716
RN
P 7
NP_001139718
ACG61190
NP_001139719
NP_001139720
NP_001139721
NP_001139722
NP_001139723

NP_001129363
NP_001129364

AT NN T
Y1848

Serpin-16
Serpin-17
Serpin-18
Serpin-19

Serpin-22
Ser

Serpin-26
Serpin-27
Serpin-28
Serpin-29
Serpin-30
Serpin-31
Serpin-32
Serpin-33
Serpin-34




Table B1 (cont.) Species, abbreviations, GenBank accession numbers and gene

names of serpins used for the phylogenetic analysis.
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Species, Abbreviation ngBank Gene names
Accession number
Drosophila melamogaster
Dm SPN1 NP_52495 Serine protease inhibitor 1
Dm SPN2 Serine protease inhibitor 2
Dm SPN3 Serine protease inhibitor 3
Dm SPN4 Serpin 4
Dm SPN5 erine protease inhibitor (serpin-5)
Dm SPN6 Serine protease inhibitor 6
Dm SPN7 Serine protease inhibitor 7
Dm SPN27A Serpin-27A
Dm SPN28B Spn28B”
Dm SPN28D Spn28D"
Dm SPN28Da Spn28Da”
Dm SPN28Db Spn28Db”
Dm SPN31A Spn31A”
Dm SPN42Db Spn42Db”
Dm SPN42Dc Spn42Dc”
Dm SPN42De Spn42De”
Dm SPN43Aa P Serine protease inhibitor 43Aa
Dm 43Ab b NEl_EGQErZ?aQ I Serine protease inhibitor 43Ab, isoform B
Dm 43Ab a - "'NK’GZ%SOA’ Ehe < ie protease inhibitor 43Ab, isoform A
Dm SPN43Ac -—-E AAQ6B4953 — ﬁ Spn43Ac
Dm SPN43Ad ! J Spn43Ad
Dm SPN47C . Spn47C”
Dm SPN53F j QIV7IY9 a Spn53F*
Dm SPN75F Q8IQT8 Spn75F”
Dm Acp76 pn76A
‘LJE AENTNYIN T
DmSPN77BBY| Q9VWB4 Spn77Bb”
Dm SPN77Bc QIVPH9 Spnizec”
W AN IBER NI N RS
Dm SPN100A Q9VA48 SpnlOOA
Dm pep76A NP_524153 Accessory gland specific peptide 76 A
“Reference

Reichhart J M. (2005). "Tip of another iceberg: Drosophila serpins”. Trends Cell Biol 15(12):659-665.
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Statistic analysis by ANOVA and DUNCAN test

Expression analysis in response to pathogen infection by RT-PCR

1. Expression profiling of PMSERPING mRNA upon WSSV infection.

ANOVA

/

b.Y
o

g \, ..‘.. .
NI
Sum of Squa —-.—.:ﬂ, fAean Square F Sig.
Between Groups 0376 e 3 0,106 2.603 0.124
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Total 060 /: \%\ ,
- :IL\N
o w VPR N N W\ Subset for alpha =.05
N »
20 PO 2
24.00 Praor: 08773
12.00 s 0087 1.0087
48.00 ; 1.1470 1.1470
0.00 — 1.3217
Sig. Rt U 0.1597 0.1097
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2. Expression profiling of PMSERPING mRNA upon V. harveyi infection.
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ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 0.056 4 0.014 0.117 0.974
Within Groups 1.196 10 0.120
Total 1.252
——
Hours . Subset for 1alpha. =.05
48.00 0.9357
12.00 e 0.9717
24.00 1.0527
6.00 % = 1.0727
0.00 3 i 1.0940
Sig. e 0.6147
Means for groups in homogeneous subscts are di Rz =
a. Uses Harmonic Mean Sample Size =3 00 it
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ocated near its C-terminus. This motif contains a scissile bond
n two residues, called Py and Py, which is cleaved by the
einase [6]. The inhibitory serpin forms a complex with
pibteinase and is cleaved by the proteinase

ational change. A very stable serpin-
Within insect A

1. Introduction

In all multicellular organisms, the innate i
system to defend against foreign'iava
the cellular and humoral responses. S
as hemolymph coagulation, co
phagocytosis and encapsula
cascades. These defense mechan

serine proteinase inhibitors [1]. Di nt serine prot e
tors, such as Kazal, Kunitz, z-macreglobulin, serpin etc., have been

S sequently formed resulting in the inac-
s activity [7]. The key amino acid residue
target specificity is the amino acid at the Py

Lliverse number of serpin genes have been

found [2]. identified by genomic approaches in Bombyx mori [8] and

Serpin is a class of inhibitors that af aﬂicide-like substrates sophila melanogaster [9]. Some of them have been characterized
[3]. They irreversibly inhibit theig specific e eipases. 0 ir functions, In el aster, some serpins were identified
are found in most or [S ngi, dn e ativel; s of diffegeént i ne reactions. Serpin-28D regulates
large molecular weiglt of 4 a and ut 4 miho jaci emol h phenoloxidase (PQ), a key enzyme in the proPO system
residues in length. Serpims function as a regulator of various bio- and serpin-28D deficient flies show an extensive melanization in
logical processes [4]. wever, whilst many serpi have tissues that are exposed to air [10]. Serpin-27A functions as

a proteinase inhibitory activity, some serpins cannot infiibit any a negati@@inhibitor of proPO actw)n by inhibiting the proPO

proteina nom=inhibito Hivati n. ( "
A typi eal of serp s active cen odp (RCL), In} the | tol worim, n sexta, several serpin
which is an’éxpesed protein motif osed GF about20 au embersiava b racterized [ Th sexta serpin-3, which

regulates the proPO system by inhibiting the proPO activating

proteinases (PAPs), is up-regulated in the hemolymph upon

"+ Corresponding author. Tel.: +66 2 2185438; fax: +66 2 2185418, microbial challenge [12]. Also, as regulators of proPO system, ser-
E-mail address: kunlayas@chula.ac.th (K. Somboonwiwat). pin-4 and serpin-5 inhibit proteinases upstream of the PAP

1050-4648/$ — see front matter © 2010 Elsevier Ltd. All rights reserved.
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reactions but not directly to the PAPs [13]. Serpin-6 was identified
in the complexes of serpins with PAP-3 and hemolymph proteinase
8 [14].

In crustaceans, only a few serpins have been reported which
seems an omission given their otherwise fairly well conserved
immune systems at a broad level. A serpin cDNA has been identified
from the hemocyte of crayfish, Pacifastacus leniusculus, but the
functions have not been investigated [15]. Three serpins from the
Japanese horseshoe crab, Tachypleus tridentatus, were reported to
be intracellular coagulation inhibitors, designated as TICI types 1-3
[16—18]. Recently, some serpin genes were found to be up-reg
lated in Scylla paramamosam in response to lipopolysaccha

have been reported in shrimp. A shrlmp S
P. monodon, called PmSERPINB3, and it

openaeus chinensis (Fc-serpin) wa
profiling showed differences in its respons
stimulation [22].

to the analysis of the expressio
various shrimp tissues, the expressioi
transcriptional and in the translation,
infection was determined using
immunocytochemistry, respectively.

2. Materials and methods

2.1. Data mining of serpin sequences from t
EST database

The P. monodon EST databa
home.jsp) was searched by hor
clusters corresponding to thi
representative clones from
sequenced to confirm the corree
BLASTx program (http://blast.ncb )
to compare the sequences against t GenBank da
open reading frames (ORFs) and tli&fleduced amino acnd sequences
were predicted using the Genetyx program. The online ClustalWw
program (http: //wwwebl ac. uk[l‘ool
used to compare the
The signal sequence:
server (http://www.c sd u

2.2. Experimental shnmp and tissue collection

For the challenge experiments, shrimps were divided into four
groups, each of thirty shrimps, such as the challenge groups; the
white spot syndrome virus (WSSV)- and Vibrio harveyi-challenged
groups, and the control groups for each challenged group. Hemo-
cyte from five individual shrimps per time point was collected for
each experiment group. Three independent experiments were
performed. The WSSV challenge experiment was performed by
injection into the last abdominal segment of each shrimp with
100 pl of a 1: 8000 diluted WSSV in lobster hemolymph medium
(LHM: 486 mM NaCl, 15 mM CaCl,, 10 mM KCl, 5 mM MgCl,, 0.5 mM
NazHPO4, 8.1 mM MgS04, 36 mM NaHCO3, 0.05% (w/v) dextrose in
inimum Essential Medium (Invitrogen)). This dosage of WSSV
in this experiment was empirically determined to be sufficient
e shrimp in about 4 days (data not shown). The control
e treated in the same manner except they were injected
y virus (100 pl of LHM). At 0, 12, 24 and 48 h post
. the hemolymph was collected individually using
odium citrate as an anticoagulant. Hemocytes were

' centrifugation at 800 x g for 10 min at 4 °C, and then
in liquid N3 and stored as such until used.

ac:erlal infection experiment, 10° CFU of V. harveyi
% (w/v) NaCl was injected into the shrimp.
ollected at 0, 6, 12, 24, and 48 h after injection.
hen separated as described above. Control

acted according to the manufacturer’s instructions
ith RQ1 RNase-free DNase (Promega) to remove any

¢ DNA.

on, equal amounts of total RNA from three individual

unps of the same group were pooled. Then, 1 ug of DNase-

GAGGCTCCTGGTAGCTAT 3" and reverse: 5
CI'ACGAACI'GGC C 3'), were designed from the nucleotide
sequences of the EST clone. The complete ORF of PmSERPING was

iﬁigth of PmSERPING cDNA, the specific primer

I@NZ/mdex.html) was unpllﬁed by PCR from the cDNA sample of unchallenged shrimp

s cloned into the T & A vector using
e |c smg ing ve: C Bioscience). The clones were then
/Sigl scree sequ h directions using M13 forward and

verse pnmers w1th an automated sequencer by a commercial
service Macrogen Inc., Korea).

R mmﬂmw BN

Province, Thailand. Shrimps were acclimatiz boratory
aquaria at a temperature of 28 + 4 °C and at the salinity of 15 ppt for
at least 1 week before use.

For tissue distribution analysis, the hemocyte, gill, hepatopan-
creas, lymphoid organ, heart, epipodite, eye stalk, antennal gland,
intestine and stomach were collected from unchallenged shrimp
(n = 3) and immediately frozen in liquid No.

e deduced amino acid sequences of the mature proteins of
PmSERPlNG — 8, PmSERPINB3 and selected serpins from other
invertebrate organisms reported in the GenBank database were
aligned using the ClustalX program [26]. Phylogenetic analysis was
then performed on these aligned amino acid sequences using the
neighbor-joining distance algorithm implemented the Phylip
program with default settings [27].
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2.6. Tissue distribution analysis

RT-PCR was carried out to investigate the expression profile of
PmSERPING transcript in different tissues of P. monodon, including
the hemocyte, gill, hepatopancreas, lymphoid organ, heart, epi-
podite, eye stalk, antennal gland, intestine and stomach. Two
specific primers were designed from the full-length cDNA sequence
of the PmSERPING, the forward primer: 5 GTCGATGATCAAGTCGCC
ACGCTCAA 3’ and the reverse primer: 5 TATCGATGTAGGCGCGGTT
AGCGATG 3’ to amplify a 118 bp fragment of the gene. PCR reactions
were carried out using 5 pl of the 10-fold diluted cDNA as the
template in a total reaction volume of 25 pl. The PCR profils
94 °C for 2 min followed by 30 cycles of denaturation
30 s, annealing at 60 °C for 30 s, and extension at 7.
amplification of a fragment of the B-actin @

a template concentration and quality contro
primers were forward: 5 GCTTGCTGA
reverse: 5" ATCACCATCGGCAACGAGA 3/, which amplif
fragment of the gene. The PCR condition wa
PmSERPING gene except that the reactie
cycles. The amplification product was analyzgd
agarose gel. The experiment was perfommed in

2.7. Expression analysis by semi-quantita RT;

To investigate the expressioft of P RPj
response to pathogen infection, PCR perfi
cyte cDNAs of the control, WSSV- andd harveyi-it
templates. The primers and PCR conditiongWwerg
(Section 2.6). The PCR products were apalyze
agarose gel electrophoresis. The expi@ssionileve
gene was quantified and normalized to that of;
using the GeneTools program (Syngenejs The
expression level of infected groups was subseq tly"‘
that of the control groups. The resulting rélative expres: #o 117
PmSERPING gene were calculated from thregindepeddciil Xper

mental groups. Statistical analysis was carrigd out fisihg a0 g’-\g]gy o

ANOVA and Post Hoc test, with significance accep

and antibody production

phosphate buffer pH 8.0 containing 0.2 M NaCl, 20 mM imidazole
and 8 M urea. The rPmSERPING was purified by HiTrap chelating HP
column (GE Healthcare) coated with Ni** ion under denaturing
conditions and eluted with 0.3 M imidazole in 20 mM sodium
phosphate buffer pH 8.0 containing 0.2 M NaCl and 8 M urea. The
eluted protein was then dialyzed against 25 mM Tris—HCI pH 8.0,
and subsequentially analyzed by resolving through a 12.5% (w/v)
acrylamide SDS-PAGE and western blot using anti-His antibody (GE
healthcare). The protein content of the purified rPmSERPING was
measured using the 2-D Quant kit (GE healthcare). Two milligrams
of protein were used to immunize a rabbit in order to generate anti-
PmSERPING polyclonal antibody at the Biomedical Technology
earch Unit, Chiangmai University, Thailand.

unocytochemistry

the expression profile of PmSERPING in response to
ection, 1mmunocytochemlstry was performed using

"0).The hemocytes were allquoted at 10° cells and

L-Iysine coated slide. The hemocytes from three
1 each time point were used. The fixed hemo-

abilized by soaking the slides in 0.2% (w/v) gela-
ining 0.5% (v/v) Triton X-100 at room temperature
des were then incubated with a 1:2000 dilution of
RPING antiserum in PBS supplemented with
0,1% (w/v) BSAand 1% (v/v) normal goat serum at
pre-immune serum was used as a control. After
g with 0.1% Tween 20 in PBS for three times,

d and incubated at room temperature for 1 h. The

en washed as above. The positive cells were detected
e alkaline phosphatase substrate (NBT/BCIP solution),
U described [28], counted and reported as the
tage of positive cells. For each sample, a minimum of 300
ls.per slide were screened for the positive cells.

ive analysis of PmSERPING protein in the cell-free
)cytas

The recombinant PmSERPING
produced in an Escherichia co
primers were designed to amp
restriction site (underlined) was ad@ g
primer: 5 TATACCATGGGCCAGTGCT
tag (bolded) followed by the Ba
was added to the 5’ end of the reverse
ATGATGATG‘\TGATGATGCGAACI‘ GGC
positional in frame cl

CGGAGCA

restriction site (underlined)
imer: 5’ TATAGGATCCCTA
@3’ so as to allow

MCS and subsequent

.ﬁ hallenged shrimp was collected in an equal
on and centrifuged at 800 x g for 15 min to
em@cytes. The hemocyte pellet was washed three

es with the lution, and then resuspended in 150 mM NacCl.
The hemocyte lysat&'was prepared by homogenizing the sample and

then collecting the supernatant after centrifugation at 14,000 x g for
min. The protein contents of the cell-free hemolymph and

0l d using the Bradford reagent. Fifty
ed ¢ ato ap rote e lysate and 200 pg protein of cell-
the recombinant protein. Th fr e ted on a 12.5% (w/v) acrylamide

polymerase (Promega).
Ncol and BamH], then clo
(Novagen) cut w1t the same restriction enzymes. The rec

purified PCR product was dlgested with
ed into the pET-22b( + ) expressign vector
binant

conjug
plasmid Fsequ ansfi
into the ost
The reco b| roductio
isopropyl f-bs1- thlogalactopyranomde IPTG) to a final concentra-

tion of 1 mM. After 6 h of induction, total cell pellet was collected
and then resuspended in PBS pH 7.4. The cell suspension was frozen
and thawed three times before the cells were completely lysed
under high pressure using a French Press. The inclusion bodies
were collected by centrifugation and solubilized in 20 mM sodium

SDS-PAGE and then subjected to western blot analysis using rabbit
anti-PmSERPING antiserum (37 °C f )and alkaline phosphatase-
anti-rabbit IgG as ibed above. The blot was

ﬂB ﬂ c bed above.

3.1. Data mining of serpin sequences from
the P. monodon EST database

To identify genes of P. monodon belonging to the serpin super-
family, we searched and analyzed the data in the P. monodon EST
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database. From the 10,536 unique clusters in the database, nine
contigs and singletons corresponding to serpin genes were iden-
tified (Table 1), based upon sequence homology to known serpins
in GenBank using the BLASTn and BLASTx algorithms. The repre-
sentative clones of each contigs or singletons were re-sequenced to
confirm the correctness of the sequence information. The
confirmed sequences were then searched against the GenBank
database to identify similar proteins using the BLASTx program.
Two contigs, CT1604 and CT2832, were found to represent the same
protein. Therefore, a total of eight different P. monodon serpins
(PmSERPIN1 — 8) were identified. Of these, only three (PmSERPING
— 8) contained complete ORFs, encoding for a predicted

tained 19 residues of putative signal peptides wit
residues amongst all three serpins (11 and 14 i
between PmSERPIN8 and either PmSERP
respectively) (Table 1).

3.2. Amino acid sequence analysis of three
serpins, PmSERPING — 8

The deduced amino acid seq
compared with those of the Fc-serpin frog
from M. sexta, which are the two pIns
homologous to these P. monodg es fi
According to the conserved sequences pivio
serpins [29], the PmSERPING — 8 seg@éncesicont
conserved hinge region (Py7 to Pg; BEGTEAAAAT
portion of the reactive center loop 4 th
(FHCNRPF-V/L-FLI) near its C-terminug{Fig.
that act as proteinase inhibitors argg€leaved at

'ls

pepmﬂ.hp

Table 1
The serpin genes identified from the Penaeus monodo;

T databdse -

between Py and Py’ amino acid residues by the target proteinase,
and the P; residue determines the target specificity of the serpin to
proteinase [4]. Based on the amino acid sequence alignment, we
predicted that the putative P; residues of PmSERPING, 7 and 8 were
Arg, Arg and Lys, respectively (Fig. 1a).

The pairwise alignment showed that PmSERPING, 7 and 8 had
63,94 and 55% sequence identity to the Fc-serpin, respectively, and
so PmSERPIN7 was clearly an orthologue of Fc-serpin. PmSERPING
showed 36% amino acid sequence homology to the M. sexta serpin-
6, previously characterized as a regulator of the prophenoloxidase
system [14]. They also shared the same putative Py Arg. Therefore,
PmSERPING was chosen for further study.

ogenetic analysis

monodon serpins, PmSERPING — 8 and PmSERPINB3

" r i 2 - .
A@d with serpins from other crustaceans (a putative

fish P. leniusculus and a serpin from Japanese
rab. T. tridentatus) and insects (serpins from the
M. sexta, fruit fly D. melanogaster and silk-
e alignment of the predicted amino acid residue
d to create a phylogenetic tree using the
distance method, implemented in the Phylip
tance tree showed that PmSERPING — 8 were all
k\' e group as the Fc-serpin, with a putative

musculus as slightly more distant, and a weakly
er clade that contained the serpin-6 from
) 5 i m B. mori, and serpin-5 and serpin88Eb from
. 1b). The other serpin from P. monodon,
posmoned in a separate but poorly supported
serpin-23 amongst others.

\\ \.
h

Serpin Contig or Number of Freque ne (ORF) ORF (amino acids) Predicted signal sequence
singleton clones librarie ion number
PmSERPIN1 CT2488 2 6-LF =
PmSERPIN2 CT1501 -
PmSERPIN3 SG5480 1 ' -
PmSERPIN4 SG7094 1 E HC-N-N 1 HC-N-NO1-5643-LF — =
(mcomplete ORF)
PmSERPINS =
i am
N-
PmSERPING T 1604 GL-N-STC HC-N-N01-2773- LF MRLLVAMAVTAAVLGLVRP
(CT2832) HC-N-N (complete ORF) (19 amino acids)

o Ll ﬂ \ ﬂ"iﬂi WA Eﬂ ) B

PmSERPINS SG5654 GL-H-S GL-H-S01-0891-LF MKCLVALAAAAAVLGLGRP
(complete ORF) (19 amino acids)
GU358488

2 GIEp-N-N, HPa-N-N, and HC-N-N are normalized (3rd N) normal (2nd N) gill-epipodite (GIEp), hepatopancreas (HPa) and hemocyte (HC) cDNA libraries. HPO-N-S and HT-
N-S are standard (3rd S) normal (2nd N) hematopoietic tissue (HPO) and heart (HT) cDNA libraries. GL-H-S and GL-N-STC are standard heat-treated (2nd H) and subtractive
(3rd STC) gill (GL) cDNA libraries, respectively. HC-W-S is standard white spot virus-infected (2nd W) hemocyte cDNA library.



135

894 T. Homvises et al. / Fish & Shellfish Immunology 29 (2010) 890898

a

PmSERPIN7 -LIKVNTDLSGVTDFGFDLYRRLDSPSSP 56
Fc-serpin LIKVNTDLSGVTDFGFDLYRRLDSPSSP 56
PmSERPING6 SVKVNTDLSGITDFGFELYRQLAPPQSP 56
PmSERPINS8 CLPGRGSS----SGRISTDLSGIADFGFELYRQLAPPQSP 56
Ms_serpin-6 CFSKDDSSKKLDPGARTSLYSGQLAFTLNLFQTINSAVPD 58

- * * . - * ok * n.8 LEEY .
PmSERPIN7 RNFFFSPFSIWSAFILAYLGSAGETEAQLQRALRVDGKVETFKIWRALEALYQT~--SNND 114
Fc-serpin KNFFFSPFSIWSAFILAYLGSAGETEAQLQRALRVDGKVETFKIWRALEAMYQT--SNND 114
PmSERPING6 ENFFFSPYSIWTAFTLAYFGSGGETAAQLQRALRVDDQVATLKLWRALEAMYRT--RQQON 114
PmSERPINS ENFFFSPYSIWTAFTLVYH @ETAAQLQORALRVGDQATTLGLWRELEAKYQQ--RQAN 114
Ms_serpin-6 DNIFFSPFSVYQSLLL \K / LKKSLEIEDNMDKMNLMTAYKVDKRSRMTNNN 118
Lo , SAME Wl o H HE
PmSERPIN7 --=YTFN ANRA EERINFR-DVFSAVNRINNFASTNTKGKI 170
Fc-serpin —---YTFNIARN ‘*-—,‘_“ PIRPC INFR-DVFSAVNRINNFASTNTKGKI 170
PmSERPING6 TTAYS BN LPTRDCI TR IRVOFS-KVGFVTQEINNFVSVATKGRI 173
PmSERPINS NKAY LPMRPCISN NFL-DTLTLVAHINNFASASTKGRI 173
Ms_serpin-6 SDSYEETTAN AWELQVROCMEDT EALN] NPEVSREYINNWVERITKNHI 178
» sk ok . LE S 2

PmSERPIN7 7 SERFFVTPQSHOMVPMMNQISAF 229
Fc-serpin 1y REFVTPQNHOMVPMMNQISAF 229
PmSERPING D~ ¢ AR K PFFATSQNNDLVPMMHQTASF 232
PmSERPINS SADLY RE'DA A FYVTPGDSVMTPMMKQATSL 232

Ms_serpin-6 . i R'] FVSETRQTLVPFMKQKGTF 238

*e . e kekek ..

PmSERPIN7 \ SKLSGNNLRAATHKKNLKK 289
Fc-serpin ANMVTRLSGNNLRAATHRKNLRK 289
PmSERPING6 e " FANMVARLSGNNLRAATHKGNLSF 292
PmSERPINS ole} TKLNENNMQAVTLGNNLVK 292

IKE VTN IIANLNTERLAAVMEESYMS- 297

PmSERPIN7 s IVDIHNSSDE VDLTTLGNLRNLTLEKVIHKAFV 349
Fc-serpin 2K ERDE ] D SEKVDLSTLGNLRNLTLEKVIHKAFV 349
PmSERPING6 3 MEVEVRY DIFNSEKVDLTTFGPLRNVTLEKVIHKAFV 352
PmSERPINS P s TIDIFDSRKVDLTGFGPLRNITVDKAIHKAFV 352
Ms_serpin-6 PE F REL] GDLFN-VSADFSTLTEDSGIRFDDAVHKAKI 354

Ko . . skkk o

Ms_serpin-6

PmSERPIN7 - S5l DNETNNNLFMGVYRAP 406
Fc-serpin ; : e TFT) [RDNETNNNLFMGVYRSP 406
PmSERPING RDNDTHTVLFMGSYKKP 410
PmSERPIN8 ODNDTQNILFMGAFKNP 412

Ms_serpin-6 ) [[YERPTNSILFFGVYRDP 410

Wl RRGH iy X

PmSERPIN7 DAAR 411
Fc-serpin

| EBINYNTNYINT

Fig. 1. Sequence analysis of m ING. (a) Amino acid sequence of PmSERPING - 8, Fc-serpin and M. sexta serpin-6 (Ms_serpin-6) were aligned. The conserved hinge region, the
putative signal sequence and the serpin S|gnature of each gene are shown in grey, black and open S, respmwely The predlctewm Py’ positions are underlined. (b)
li

Phylogenetic RPI s dls n d r IN rpins from related organisms,
including t nit n). M.

joining tree il l ber T ra(ed (ra

values higher lh 5 shown af Ge Ban in geres u:

t e of a bootstrapped neighbor-
oteil uences. The bootstrap support
SIS,

34. Expresston of PmSERPING in shrimp tissues hepatopancreas, RT-PCR was employed. As shown in Fig. 2a,

PmSERPING transcripts were expressed in almost all tissues tested,

To analyze the expression of PmSERPING gene transcripts in except in the hepatopancreas.

shrimp tissues, such as the lymphoid organ, epipodite, hemocyte, To determine the expression of PmSERPING at the protein level,
stomach, antennal gland, intestine, eye stalk, heart, gill and the rabbit anti-PmSERPING polyclonal antiserum was used to
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Bm AnTrypd (ACT36279)
Bm AnTryp2 (ACT36277)
Bm AnTryp3 (ACT36278)
Ms SPN1 (AAC47342)
Bm SPN28 (NP_001139719)
Bm SPN8 (NP_001139702)
Bm SPN34 (NP_001129364)
Bm SPN26 (NP_001139718)
Dm SPN77Bc (QIVPH9)
Dm SPNTSF (Q8IQTS)
Dm SPN77Bb (QIVWB4)
Bm SPN10 (NP_001139703)
Bm SPN20 (NP_001139713)
521 Bm SPN14 (NP_001139706)
SPN7 (NP_001139701)
SPN24 (ACG61187)
17 (NP_001139710)
PNS3F (QOV7Y9)
3 (NP_001139705)
- . Ms SPN6 (AAV91026)
- Bm SPN6 (ABV74209)
— SPNSSEb (QIVFCI)
" SPNS (CAB63100)
in (CAAS7964)
Pm SPN8 (GU358488)

= F Serpin (ABC33916)

3 1953)
i 1139717)
00A (QIVA48)
. m _001139723)

S| 001139707)

N2 518)
Bm Serpin (NP_001040318)

Ms SPN3b (AAO21506)
Ms SPN3a (AAO21505)

001139720)
001139722)
(NP_001037090)
9 (NP_001139712)
(NP_001037205)
m (NP_001037530)
Acp76A (QOVVWI)
76A (NP_524153)
SPN3IA (QOVLA4)
Bm SPN33 (NP_001129363)
Tt Coagln2 (BAA06909)
Tt Coagln (BAA03374)
Tt Coagln3 (BAA12795)
11 (NP_001139704)
15)
21)
57)

892)
V990)
1 (NP_524958)
Dm SPN7 (NP_609128)
Dm SPN28B (QIVLZS)
s Dm SPN3 (NP_524956)

Dm SPN2 (NP_524957)
Dm SPN28Da (Q8IPH2)

Dm SPN28Db (QIVLV3)

SPN4

706 Dm 43Ab-a (NP_524804)

Dm 43Ab-b (NP_001027395)
" Bm SPN27 (ACG61190)

Dm SPNSSF (AAF54473) u
Dm SPN77Ba (Q8IGD7)
Dm SPN28D (QIVLU4)

2 la 8
Bm SPNI8 (NP_001139711)

Ms SPN2 (AAB58491)

Bm SPN21 (NP_001139714)
Bm AnTryp (NP_001037305)
Bm AnTrypl (ACT36276)

Fig. 1. (continued).
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a & > & PmSERPING producing hemocytes in both WSSV- and V. harveyi-
é" %’Q infected shrimp. No positive cells could be detected in the controls

él
&
$ & & s é} & $* f where the rabbit pre-immune serum was used (d.'at'a not shown).
fb sé': s S f F & Q'} The cells were counted and the percentage of positive hemocytes
3 S & was calculated (Table 2). The expression of PmSERPING protein in
the hemocytes of WSSV-infected shrimp was relatively unchanged
up to 48 hpi (between 3.5% and 4.5% positive hemocytes), but
significantly increased at 72 hpi (11% positive hemocytes) (Table 2).
In P. monodon that were systemically challenged with V. harveyi, the
percentages of PmSERPING-positive cells at 0, 6, 24, 48 and 72 hpi
were 4.15, 6.14, 3.25, 4.57 and 7.64 respectively (Table 2). However,
the numerical trend was of a decrease in expression levels over the
t 24 hpi followed by an increased expression afterwards during
riod of 48—72 hpi. In both cases, the highest number of
ivé hemocytes was detected late (72 hpi) in the systemic
either WSSV or V. harveyi.

including shrimp, a fairly diverse array of ser-
n identified as a group of serine proteinase inhibitors
nt role in the immune responses [10—14,30].
e immune modulators in shrimp, we, there-
ther potential shrimp serpins by mining the
ase. Eight more potential serpin gene homo-
A libraries prepared from various shrimp
a higher frequency in the hemocyte, gill and
libraries. However, only three PmSERPINs
I | e | d ase, PmSERPING — 8, possessed complete ORFs.

't ‘qu 3 iparison with serpins from other invertebrates

PmSERPING mRNA was determined by RT-PCR jiiVarioudishrigip tissues fymphoid£d "cVeal€d that PESERPIN7 was highly similar to Fc-serpin, with
organ, epipodite, hemocyte, stomach, antennal & : indleye st Grgilleetiyd 94% 4 [ quence identity, suggesting that PmSERPIN7 is
and hepatopancreas), whilst the B-actin gene wasjlise nitrol andorth of Fc-serpin. Like Fc-serpin, all three PmSERPINs

T 1y to the M. sexta serpin-6, which was reported to

Expression of PmSERPING protein in shrimp hemocy| 5 zed by EE?: 1
and (c) western blot analysis. Fifty micrograms of ocyte lysate (lane .ﬂ 1‘ © L % 3 enoloxidase system in M. sexta by inhibiting the
of cell-free hemolymph (lane 2) were separated on (b) 128% (w/v) i " 3 . SR Y 2 P y 5

PAGE and (c) analyzed by western blot using rabbit antisPmSERPLNG g dase activating proteinase-3 (PAP-3) [14]. However,
arrow indicates the expected immune reactive band of @bout 43 §fac+. function of each of these PmSERPINs remains to be

~ Bielogical functions and target proteinases of several serpins
gen characterized in a variety of species. Serpins normally act

g ! ! proteipases in various biological processes, such as
positive band with the expected size of abo: ‘complement activation, fibrinolysis and

i A,
only in the hgmocyte lysates, no -..m.....s...,,.-=,.u.u=“, on-inhibitory serpins are also known to
hemolymph (Fig. 2b and c). F _ ‘kg three-dimensional structures reveal the

= e Bond at the Py — Py’ site within the exposed
3.5. Expression of PmSERPING trans after bacte er loop (RCL). This specific peptide bond is cleaved by
and viral challenge

examine the presence of PmSERPING protein in_‘g\
hemolymph of unchallenged shyimp by western" ot an

e target protein, and the Py residue normally determines the
inhibitory specificity. Primary amino acid sequences of RCL at Py7
The expression pattern of PmSERPI mRNA in the hemocytes - P14 and Py - Pg are conserved among the inhibitory serpins (Py7: E,

of shrimp systemically challenged héither WSSV or with ﬁfs; E/K/R, Pys: G, Pya: T[S, Py2 - Po: A/G/S, and Pg: T), and this

V. harveyi was determij by semi ti e i d in the apparently non-inhibitory
challenged shrimp, w eryed a t dedrea el er in‘dgreement with this notion. After proteinase digestion,
expression ratio of PmMSERPI at 12'and 2 t-Vir he'remaining RCL i§ inse into the core protein leading to

challenge and these tlﬁfl‘ipt levels then returned to nearly  a conformational change and complex formation. Lacking the
normal levels at 48 hpi (Fi

g. 3a). However, no significant glange in  conserved, sequences in the RCL, thesnon-inhibitory serpins lack
transcript _level bserved upon harveyi challen t heir in activi | 531 rison to the previously
0—48 h 4 - ntified yiserpins acco hornworm, M. sexta

erpifi-6 [44], thefshrimp serpi IN6 — 8 and Fc-serpin
3.6. Expression o) ERPI rotein in the hemocyt 22] should be tenta y classi as inhibitory serpins for they

contained the identical conserved hinge region (Py7 - P14; EEGT, and

Besides the analysis of expression of PmSERPING transcript P12 - Pg: AAAAT) (Fig. 1a), although this of course requires
under viral and bacterial infection conditions, we also determined confirmation.

the PmSERPING protein expression in hemocytes at 0 — 72 hpi Another feature of serpins that is observed in humans is that the

under the same conditions by immunocytochemistry. The poly- serpin—proteinase complex is cleared by cellular internalization,

clonal anti-PmSERPING antiserum was used to detect the which is mediated by the serpin—enzyme complex (SEC) receptor
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a WSSV challenge b V. harveyi challenge
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Fig. 3. Expression profiles of PmSERPING gene transcripts uponib I lysis of PmMSERPING gene transcript expression levels was performed in shrimp
systemically infected with (a) WSSV at 0, 12, 24 and 48 hpi 0r(b Oy he control shrimp for both groups were injected with LHM media or 0.85%

(w/v) NaCl, respectively. The PmSERPING gene expression
results are shown as the mean + SD. Means with differe

of the control groups. B-actin gene was used as an internal control. The

d

— —

[32,33]. The clearance mechanism is believed tosbe facilitate e rpin gene in hemocytes was down-regulated at 6

a binding site in the complex, sup i d bacterial challenge. On the contrary, it was up-

pentapeptide domain (FVFLM) of human 8h post-WSSV challenge and gradually decreased after

loop structure consisting of the sevg ction [22]. Therefore, we studied PmSERPING

dues (PHDNIVISP) at the N-termina I emocytes at both the transcriptional and trans-
!

nexin | [34,35]. We have found the cgasé: e . S fiiesponse to systemic microbial (V. harveyi) and
FLI at the carboxyl terminus g i enatlirg” | “thre 3 V) i to elucidate the involvement of PmSERPING
PmSERPING — 8 (Fig. 1). The possible & esidtyfes”corte <4 mp imimunity.

sponding to the loop structure of protg IR/ 0
the amino terminal region, residug u *’i ‘}\, d fro
mature PmSERPING — 8. The pot: only a slig! \ ange at the transcription level of PmSERPING was
motifs will be further elucidated. ¥ — Serve pon WSSV infection, whilst no significant response to

Mutagenesis of the P; residues a i Beeny eiicA #’*: i challenge was found. Interestingly, the propor-
carried out to reveal the nature of | i irculating PmSERPING-positive hemocytes increased for
Changing the amino acid at the Py posi 24- and 1 d in response to WSSV- and V. harveyi challenge,
inhibition against different target proteifia I ( | respectively, at 72 hpi as compared to that observed at 0 hpi. An
residues of PmSERPING, 7 and 8 were argini ining 1€y 4 fincrease in the expression of PmSERPING protein in the late infec-
respectively. It is known that serpins contai - Pysi . phasemight help prevent excessive proteinase actions that are
specifically and preferentially inhibit psi ul to the cells. In the proPO activation system, serpins are
plasmin [5], therefore suggesting that the PmSE| ed in preventing premature and excessive activation of the
be inhibitors of trypsin, thrombin and plasmin.h} nization cascade [37]. Our results then could suggest that
PmSERPINS with a Py Lys residue is expecte d io'spie N6 might play an important role in the shrimp immune
a trypsin-like proteinase [36], although em. ether or not its function involves the proPO
tested and confirmed. - 1C ) mps, however, requires further investigation.

The expression of PmSERPING S, ISCHIPES 11 OUS SHEHY 1 Conciusiorn nd in other species, several serpin family
tissues was detected in all tisSucs' I D ﬁ d in P. monodon. Of the three new serpins

0no PmSERPINB3 gene expression levels were grad-

0 to 48 hpi upon V. harveyi challenge [21], and

topancreas in accord with the tissug lo oy share high amino acid sequence identity with
Fe-serpin and a serpin from the .{'ﬁ’ sh, P. lentusculus | ed ;i: n signature. An increase in the expression of
hemocytes are one of the mai es of synthesis of immune PmSERPING proteintin response to microbial challenge implied its

proteins, along with the fat body, and are a frontline response to role in the shrimp immune system. Further analyses of the inhib-
infection, it was of interest that the % expression of M. sexta itory activity in vitro and in vivo of PmSERPINs may unveil the
addi

serpin-6 was found t significantly i sed in the hemocyte ™= tion of serpins in_the shrimp defense mechanism.
jéction, i )
ly inducy t . ¢olijor e m
In tion, "t athogen

and the fat body at ol
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protein level was al ni
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