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Shrimp aquaculture are facing devastating viral and bacterial diseases
while molecular information regarding crustacean genes in defense mechanism
is unavailable. To quickly obtain gene sequences which are expressed in
phagocytic cells of the black tiger shrimp, cDNA libraries were constructed
and random clones picked up for 5' sequence determination. Directional
lambda ZAPII-based cDNA libraries were constructed from mRNA of
hemocytes of the black tiger shrimp (Penaeus monodon). A few hundred
randomly selected plaques were excised into pBluescript phagemids. Each
clone was subjected to automated DNA sequencing using dyg terminator
chemistry. BLAST programs were used to search for sequence similarity with
those from online databases. From the first cDNA library, out of 67 ESTs,
32 (48 o/o) were identified to be of mitochondrial genes, 5 (8 %)'were of
ribosomal protein genes, 3 (4 %) were of other genes, and I I (16 %) did
not match existing gene data. From the second cDNA library constructed
from a larger amount of mRNA, a set of 194 ESTs was determined and
analyzed. 123 (64 %) clones showed sequence similarity to previously
identified genes and ESTs of many species, 7l (36 %) clones showed no
sequence similarity to those of any genes. Frequently found EST identities
were mitochondrial genes (14 %), ribosomal proteins (6 %), actin (5 Yo), and
serine proteinase inhibitors (3 %). Several DNA clones for proteins involved
in defense mechanism such as serine proteinase inhibitors, and peroxinectin
were also found. These two genes were of interest for their involvement in
the prophenoloxidase activating system. Some ESTs for protein in signal
transduction pathway such as Ran and serine/threonine kinase were also
found. In total, over 216 DNA sequences, some complete, have been
submitted to Genbank database. The EST data set from our hemocyte cDNA
libraries should serve as useful basic information for many fields of biological
researches and applications.
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CHAPTER I

INTRODUCTION

l. General background of Penaeus monodon

Penaeus monodon, known as black tiger shrimp or giant tiger shrimp, is named

for its big size (reported length up to 363 millimeters) and dark-colored banded tail. A

general morphology, with internal anatomy, is shown in figure l. This marine

organism is native to the Indian Ocean, South China Sea, and west Pacific. It is by far

the leading farm-raised marine. shrimp species in Asia and Australia. The shrimp

belongs to Penaeidae family of Decapod crustaceans (l). Abundance of this marine

organism's farmings grew very strongly in the late 1980s, boomed by the growing

aquaculture industry. A production of the tiger shrimp reached a peak at 726,000 MT

in 1994 and steadily declined for several years afterwal:d (2). The global production in

1997 was about 608,000 MT, due to disease problems in the main producing

countries. Outbreaks of diseases led to a sudden decline of Chinese production (in

1993), Thai production (in 1996 and 1997), and Ecuadorian production (in 1999).

However, the shrimp aquaculture production was expected to increase beyond

800,000 MT level in the near future.

2. Thai shrimp farming

Thailand has been the world's major exporter of frozen shrimps, the major of

which rs P. monodon from some 25,000 farms. However, in 1997, its shipments

decreased as a result of viral disease problems. In that year, Thai frozen shrimp

exports were only 125,000 MT, about half of the previous year's export. In 1998, theCopyright by Mahidol University
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disease problem came under control and Thai exports were back to normal level at

around 200,000 MT, generating income at two US billion dollar level. The main

importing countries for Thai frozen shrimps have been Japan and the USA (2).

3. Shrimp's diseases

Shrimp aquaculture industry in several countries has significantly expanded,

which result in more shrimp catches obtained from the farms rather than from marine

fishery. Despite much research on the culturing condition which increase production

yield from the ponds, many problems still exist due to the delicately-balanced nature

of shrimp culturing condition. A major problem at present is freqtrent outbreaks of

viral and bacterial diseases in many areas around the world. The major disease

problems, which cause high mortality and significant economic losses, mostly come

from white spot baculbvirus (WSBV) and yellow-head virus (yHV) (80, 8l).

White spot baculovirus (WSBV) first appeared in East Asia in 1992-3 and

rapidly spreaded to several shrimp farming countries in Asia and the Indo-Pacific (3).

The common gross clinical signs are white spots, or patches, of various sizes

embedded in the carapace. Infected shrimps are lethargic, do not eat, swim slowly on

the pond's water surface, before eventually sink to the bottom and die. Moribund

animals display a pink to reddish-brown coloration, due to expansion of cuticular

chromatophores. Mortality rates of these shrimp populations can reach lO0% within 3-

l0 days, after onset ofthose signs (4-7).

Yellow-head virus (YHV) was named for the characteristic yellowish

discoloration of the head part, called cephalothorax. Symptoms are sudden food

consumption, followed by fasting, and eventually, death. This acute disease can causeCopyright by Mahidol University
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a 100 o/o mortality in affected shrimp within 3-5 days after the first occurrence of the

clinical signs (8-10).

Horizontal transmission of these viral diseases has been shown to be via water

and living carriers, such as wild shrimp (e.g. V,lill, Acete.$ sp.) and other crustaceans

(e.g. crabs), via carcasses of infected shrimps used as feeds (11-12). Thus, the multiple

viral reservoirs are able to carry on the infection rounds and rounds and the diseases

may persist for a long period under the farming environment. Emergency harvest is

required when clinical sign was first noticed, otherwise shrimps in an entire pond

would die in a matter of few days.

Other viral diseases in the shrimp's aquaculture are caused by monodon

baculovirus (MBV), hepatopancreatic parvovirus (HPV), infectious hypodermal and

hematopoietic necrosis virus (IHHNV), lymphoid organ virus (LOV), gill-associated

virus (GAV), etc. However, these diseases do not cause high mortality in shrimps

although the growth is much retarded (13).

To alleviate the plight of the shrimp's industry, research works have been

focused on disease detection methods such as histological observation (14-l 5), in situ

hybridization (14, 16-17), and polymerase chain reaction (PCR) (18-19). However,

defense mechanism of the shrimp is still not well studied. Molecular basis of diseases

is not understood and disease treatment is far from being achieved.

4. Arthropod's immunity

The immune system of invertebrate animals is of innate immune mechanism

only. All species studied so far don't seem to have an adaptive immune response. For

humoral immunity there was no immunoglobulin antibody either. The innate immuneCopyright by Mahidol University
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defense is directed against by recognizing foreign materials such as

lipopolysaccharides (LPS) or peptidoglycans from bacteria, p-1,3 glucans or mannans

from fungi. The proteins that recognize these materials are called pattem recognition

proteins (PRP). The arthropod PRPs will work as opsonins, agglutinins, or they can

initiate a defense system called prophenoloxidase activating system (proPO-system)

(20). The primary goup of cells involved are blood cells.

In crustaceans, the circulating blood cells, or hemocytes, can be grouped into

three subpopulation : granular, semi-granular, and hyaline cells. The ratio between

them is quite different among species. Hyaline calls are considered as phagocytes.

Semi-granular cells containing small granules are involved in encapsulation. They

react first during an immune response by degranulation. The vesicle contents will be

released and stimulate the granular cells to degranulate (21-22). The latter mainly

participate in the proPO-system.

The proPO-system is an efficient non-self recognition system in invertebrates

(23,79).It was extensively studied in a freshwater crayfish, Pacifastacus leniusculus.

Upon activation by microbial cell wall via degranulation of the blood cells,

prophenoloxidase activating enzyme GpA) will become active and convert the

zymogen prophenoloxidase (proPO) into active phenoloxidase (PO) through serine

proteinase activity. PO will adhere to surfaces of the pathogen, oxidize tyrosines to

quinones, and non-enzymatically polymerize insoluble melanin deposits. The reaction

is called melanization (20-23). Several ProPOs isolated from several invertebrate

animals have molecular masses of 70-80 kDa while the active POs have the masses of

60-70 kDa. The molecular masses of ppA from crayfish, D. melanogaster, arrd B. mori

are about the same, at 30 kDa (23).Copyright by Mahidol University
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To avoid formation of melanin at inappropriate sites other than the intention

sites, proteinase inhibitors are used as the main regulatory factors. Some proteinase

inbihitors have been identified in crayfish, such as pacifastin, aKazal inhibitor, and a

protein called serpin (21).

With the activation of proPO, another important component called a cell

adhesion molecule is induced to become biologically active. This 76 kDa protein is

synthesized in the arthropod blood cells and stored in their granules. It is directly

involved in cell to cell communication, by functioning as a cell adhesion molecule. It

also involves in cell degranulation and encapsulation. Study of crayfish cDNA

revealed that the protein structurally belongs to a family of heme-containing

peroxidases. After its peroxidase activity was also found, it was named peroxinectin

(24). Within the peroxidase structural domain, there is a putative cell adhesive motif

and integrin binding motif 'KGD' close to the C-terminus of the polypeptide sequence

(25). The finding is interesting because peroxidase is present in most eukaryotic

organisms as a producer of antibacterial factors.

Arthropod immunity has been studied in great detail in Drosophila. One aspect

widely studied is an induction of antimicrobial peptides and their regulation. These

small peptides are important in serving as a broad spectrum antimicrobial agents (26).

By 1996, about hundred antimicrobialpeptides had been characteized from numerous

arthropods. In insects, antimicrobial peptides are predominantly produced in the fat

body, which is functional equivalent to mammalian liver. Induction of the

antimicrobial synthesis is quite complex, involving several intracellular signaling

pathways. The immune system of Drosophila can distinguish major types of

pathogens (gram-positive bacteria, gram-negative bacteria, and fungi) and can makeCopyright by Mahidol University
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an effective response to that pathogen group. There are two major classes of

antimicrobial peptides : the cyclic peptides with disulfide bridges and the linear

polypeptides without cysteines. The most prominent peptides of cyclic antimicrobial

peptides are the 4 kDa antibacterial (anti-gram-positive) 'defensins' and the 5 kDa

antifungal peptides 'drosomycin'. The linear antimicrobial peptides can be grouped

into three families :- cecropins, proline-rich peptides, and glycine-rich peptides (27).

A Upe of gene transcription regulatory sequences called rB-related response elements

was found in a promoter region of each immune-inducible antibacterial peptide gene

of insects. The consensus sequence of rB-RE is : GGGDNTYYYY, where D = A, T

or G (27-28).

A KB element is recognized by a group of is a member Rel-family

transcription factors, called NF-KB, which are well-characterized in mammalian and

other eukaryotic systems. In Drosophila, tfuee members of the Rel family proteins

have been identified : Dorsal, Dif (dorsal-related lmmunity factor), and Relish. (28) In

the signal transduction pathway to Dorsal, binding of a ligand Spiitzle to a membrane

surface receptor 'Toll' can trigger signal transduction through 'Tube' and 'Pelle'

proteins. The intracellular signalling leads to the degradation of a inhibitor of rB

protein or kB homologue, Cactus, which is previously complexed with Dorsal (NFr

B-like). The removal of IxB subunit reveals a nuclear localization signal within the

3D structure of Dorsal. After entering the nucleus, the Rel domains of Dorsal bind to

various rB-related response elements and thus activates numerous target genes coded

for various enzymes, including those of antimicrobial peptides (29-30).

Other works have been done in characterization of lipopolysaccharide binding

protein (LPS-BP) (31), shrimp's hemocytes and plasma components (32),
Copyright by Mahidol University
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characterization of hemolymph clottable proteins (33), induction of antimicrobial

peptides (34-35), understanding an anticoagulant with prophenoloxidase system (36),

and selection of specific pathogen resistant (SPR) shrimp (37-38).

In spite of much works done inchar acteizinga number of defense proteins and

the hemocytes, not much molecular mechanism has been studied on this marine

organism so far. When compare to other organisms, recent searching of online

databases revealed around 3 millions sequence entries of Homo sapiens, I million

entries of Mus musculus, 150,000 of Drosophila melanogaster, but only 471

nucleotide sequences and 58 protein sequences of P. monodon (NCBI; as to May,

2000) (39). Characterizing expressed sequence tagg (ESTs) is a practical approach to

discover a large collection of putative genes expressed in specific cells and tissues

(40-42). The stock of ESTs data would serve primary molecular information, which

facilitate researchers in any field of interests to further study them according to their

possible roles, including in defense responses and/or signal transduction.

In this thesis, an approach on characterization of ESTs was used to rapidly

generate DNA sequence information of Penaeus monodon, specifically for those from

the hemocytes. This is because hemocytes are phagocytic cells and are involved in

elimination of invading pathogens. They are also crucial in the conduction of defense

reactions of crustaceans (32, 43-45).

5. Expressed sequence tags (ESTs)

Expressed Sequence Tags (ESTs) are short partial cDNA sequences, few

hundred base pairs in length, derived by single pass sequencing of the inserts of

randomly selected cDNA clones. These clones can be sequenced at the 5' and 3' endCopyright by Mahidol University
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or from both ends, which yield two ESTs for each clone (46-47). The EST derived

from 3' end of the insert often aligns with sequence in the 3' untranslated region of the

gene, while that from the 5' end of the insert Oerilea from sequence further upstream.

Depending on the length ot,n. clone insert, the two ESTs may overlap. Some genes

may be represented by only one EST, whereas other, such as human serum albumin,

are represented by more than 1,000 (48). One could then identify the identity of genes

by a computer search of all existing sequence databases. There are examples of three

important uses of the ESTs that are gene identification, gene-based physical-map

construction, and the computer-assisted large-scale characterization of the megabases

of genomic sequence generated 6y laboratories participating in the genome project

(49). Thus, the database which has a high rate of growth is a division of GenBank

called dbEST, or the . database of Expressed Sequence Tags

(hnp://www.ncbi.nlm.nih.gov/dbEST). The identification of a cDNA clones was

based on a high sequence identity (usually > 35 %) over a relative long range (usually

> 200 bp.) (50). Regardless of its benefits, ESTs are subjected to 'expression bias'

because the cDNA from which the ESTs are derived are present in libraries in

proportion to the abundance of mRNAs in the tissues from which the library was

prepared. Thus, genes expressed at very low levels are not likely to be found within

EST data set, while abundantly expressed genes are over-represented. One approach

to reduce the prevalence of abundant cDNAs is to use a'subtractive technique'(51-

53), in which sequence-tagged cDNAs can be used to identify and remove redundant

clones from the cDNA libraries. The number of clones that should be sequenced from

an unsubtracted library would be small. Frequency of identification of a new gene

from a subtracted library is high and the redundancy is low. So far, no subtractionCopyright by Mahidol University
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library for crustacean system has been reported. Recently, researchers in Australia

reported on ESTs from mixed-tissues of P. monodon (40).

6. Computational analysis

Searching sequence similarity to a known protein is a first clue of a newly

sequenced gene. There are a number of software tools for searching sequence

databases. All of them use some measure of similarity between sequences to

distinguish a biological significant relationship from a chance similarity (54).

BLAST (Basic Local Alignment Search Tool) is a series of sequence similarity

search progrirms designed to explore all of the available DNA and protein sequence

databases (54). There are currently five BLAST programs, namely :-

blastp for comparing an amino acid query sequence against a protein

sequence database,

blastn for comparing a nucleotide query sequence against a nucleotide

sequence database,

blastx for comparing the six-frame conceptual translation products of a

nucleotide query sequence (from both strands) against a protein

sequence database,

tblastn for comparing a protein query sequence against a nucleotide sequence

database, by dynamically back-translated into all six reading frames,

tblastx for comparing the six-frame translation of a nucleotide query sequence

against the six-frame translation of a nucleotide sequence database.

As of early 2000, WWW access to BLAST currently offers two interfaces, a

'Basic' version with default search parameters and an 'advanced' option, whichCopyright by Mahidol University
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allows customization of the parameters. The version 2.0 of BLAST allows the

introduction of gaps (deletions and insertions) into sequence alignments. This tends to

be more biologically meaningful than ungapped results because homologous domains

are not broken into severai..grn.nt, 155;.

The fundamental unit of BLAST algorithm output is the high-scoring segment

pair (HSP). An HSP consists of mro sequence fragments of arbitrary but equal length

whose alignment is locally maximal and for which the alignment score meets or

exceeds a threshold score. A set of HSPs is defined by a scoring system and a cutoff

score: this set may be empty if the cutoffscore is suffrciently high.

The approach of the BLAST program is first to look for similar segment

(fiSps) between the query sequence and a database sequence. Then any matches are

evaluated for the statistical significance and finally only those satisff a user-selectable

threshold of significance are reported. The principle equation relating the score of an

HSP to its expected frequency of chance occurrence is :

E: KN exp (-lambda S)

where E is the expected frequency of chance occurrence of an HSP having score S; K

and Lambda are Karlin-Altschul parameters; N is the product of the query and

database sequence lengths, or the size of the search space; and exp is the

exponentiation fi.rnction (56).

After searching for sequence similarity, an alignment between the full-length

sequence of a putative gene with the query sequence can be done by using many

prograrns, such as Clustal W and Clustal X (57-58). These programs would reveal

overall similarity between new sequence and existing families of sequences.

Copyright by Mahidol University
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CHAPTER II

OBЛCTIVES

The aim of this thesis was to construct cDNA libraries from hemocytes of

Penaeus monodon, a main defense cell of the shrimp, ild characterize a set of

randomly isolated partial cDNA sequences, called expressed sequence tags (5'-ESTs).

Information regarding types of putative genes according to their biological cellular

roles would be determined.

Copyright by Mahidol University
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CHAPTER IⅡ

MATERIALS AND METHODS

1. Materials

1.1; Shrimp specimens

Black tiger shrimps (Penaeus monodon) were purchased from local shrimp

farms. Some were purchased from Shrimp Culture Research Center, Chareon

Pokphand Group, Matrachai, Samutsakorn, Thailand. Shrimp hemolymph was

collected from live shrimps. It was drawn out from the ventral sinus located at the

base of the first abdominal segment of the shrimp with a 23 G gauge needle attached

to a I ml syringe. About 0.5-1.0 ml was obtained from a 15 g size shrimp. The

hemolymph was immediately mixed with Alsever solution in l: I ratio and kept at -80

oC before RNA extraction. A total of 85 ml hemolymph was used for RNA

preparation for construction of the cDNA library no.l while 280 ml was used for

construction of the library no.2.

1.2. Modified Alsever solution (32)

Alsever solution (AS): 27 mM of sodium citrate; 336 mM of sodium

chloride; I l5 mM of glucose; 9 mM of EDTA, pH 7.0 was used as an anticoagulant'

1.3.Total RNA isolation

Guanioine thioc,antte was pllrchased ttom Sigma and TRIzd° LS rcagent

from GIBCO BRL,Life Technologies,Inc.,USA.

Copyright by Mahidol University
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1.4. Poly (A.) RNA isolation

Oligo(dT)-cellulose was purchased from Pharmacia Biotech, Inc. and

PolyATtract@ mRNA isolation system IV was purchased from Promega,Inc., USA.

1.5。 cDNA library construction

ZAP―cDNA ① Gigapack③  IⅡ Gold cloning kit was pllrchased from

Stratagene,USA.This kit contalns all reagents for a cDNA synthesis,UniZAPTM XR

vector(Lambda ZAP° II vector,digeSted with EcbR I and Йttο I,CIAP treated),

Ecο′f XLl― Bluc MRF'strain and SOLRTM strain,ExAssistTM interfer6nce― resistant

helper phage, VCSM13 interference― resistant helper phage, C}igapack③  III Gold

packaging extracts,λ c1857 Sα″7 wlld―type lambda control DNA,and VCS257 host

strain.Thc gcnetic map ofthc Uni― ZAP XR inscrtion vector is shown in flgllre 2.

1.6。 Radioactive lα ‐
32Pl dATP

[α
_32P]dATP(3000 Ci/mmol)was plrchased fbm Amersham Pharllnacia

Biotech,England.

1.7. Bacterial strains

XLI-Blue MRF' strain : L(mcrA)l8j L(mcrCB-hsdSMR-mrr)173 endAl

supEl4 thi-l recAl gtrA96 relA.l laclF' proAB lacf ZA,ML5 Tn,lO(Tet')l (Stratagene,

Inc.)

Copyright by Mahidol University
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SOLR strain : el4-(McrA-)L(mcrCB-hsdSMR-mrr)l7l sbcC recB recJ uvrC

umuc:Tnl (Kan) lac gtrA96 retAl thi-l endAl l,R [F' proAB lacf ZLM]51 Su-

(nonsuppressing) (Stratagene, Inc.)

Escherichia coli JMl09 : lrecAl supE44 endAl hsdRlT grRlT relAl thi L,

(lac-proAB F' (traD36 proAB* tacf lacZL,Ml5)1, previously described by Yanisch-

Perron et al. (60), was employed as a competent host strain for transformation

reactions.

1.8. Plasmid vector

pBluescript SK(-) was used as vector in DNA subcloning. The 2958 bp

plasmid was derived from pUCl9. The SK designation indicates direction of a

polylinker in a lacZ gene from Sac I to Kpn I. The circular map and polylinker

sequence of pBluescript SK (+/-) Phagemid is shown in figure 3 (Stratagene,Inc.).

1.9. Agarose gel DNA purification

GENECLEAN II@ kit was purchased from BIO l0l Inc., USA.

1.10. DNA sequencing reaction

ABI PRISMt, Dye Terminator Cycle Sequencing Ready Reaction kit with

Rmplitaq@ DNA Polymerase FS and ABI PRISMTM BigDyerM Terminator Cycle

Sequencing Ready Reaction kit with Rmplitaq@ iNe loty*erase FS were purchased

from PE Applied Biosystems, [nc., USA.

Copyright by Mahidol University
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1.11. Enzymes

Lysozyme and RNase A were purchased from Sigma; Klenow (Large

fragment of DNA Polymerase I) and T4 DNA ligase from GIBCO BRL; restriction

endonucleases from GIBCO BRL, Promega, and Biolabs. The recognition sites and

optimal condition of the restriction enzymes used are shown in Table l.

Table I : Restriction enzymes with their recognition sites, recommended buffers

and manufacturers.

Enzymes Recognition sequence Burer Manufacturer

EcοR I G∧AATTC Bumer H Promega

二ri″グIⅡ .A∧AGCTT Buttr E Promega

Kpnl GGTAC∧C ReacT 4 GIBCO BRL

Nde I CAハTATG NEB buffer 4 Biolab

Pst I CTGCA∧G NEB buffer 3 Biolab

Xhol C∧TCGAG Burer D Promega

Note

Buffer D: 6 mM Tris-HCl, pH 7 .9, 150 mM NaCl, I mM DTT, 6 mM MgCl2

Buffer E: 6 mM Tris-HCl, pH 7 .4, 100 mM NaCl, I mM DTT, 6 mM MgCl2

Buffer H: 90 mM Tris-HCl, pH 7 .5, 50 mM NaC!, I mM DTT, l0 mM MgCl2

ReacT 4 buffer: 20 mM Tris-HCl, pH7.4,50 mM NaCl, I mM, 5 mM MgCl2

NEB buffer 3: 50 mM Tris-HCl, l0 mM MgCl2, 100 mM NaCl, I mM DTT

(pH 7.9 at25"C)Copyright by Mahidol University



Fac.of Grad.Studies,Mahidol Un市 .     M.Sc。 (M01.Genet.Genet Eng.)/17

NEB buffer 4:20 mM Tris-HCl, l0 mM Magnesium acetate,50 mM potassium

acetate, I mM DTT (pH 7.9 at 25'C)

^ represents the cleavage site of each restriition et:zyme.

1.12.PCR primers

M13(-20)pHmer     5'GTAAAACGACGGCCAGT 3'

M13 reverse p五mer    5'GGAAACAGCTATGACCATG 3'

T720‐mer primer      5'GTAATACGACTCACTATAGGGC 3'

T322…mer p五mer      5'AATTAACCCTCACTAAAGGG 3'

1.13. Growth media (61)

LB broth: I % (wlv) tr5ptone, 0.5 % (Wv) yeast extract, I % (wlv) NaCl,

pH 7.0

LB agar: LB broth with 2 oh (wlv) agar

LB top agar: LB broth with 0.7 % (w/v) agarose

NZY broth : 0 .5 Yo (w/v) NaCl , 0.2 yo (w/v) MgS Oa.THzO , 0 .5 % (ilv) yeast

exffact, I Yo (wlv) NZ amine (casein hydrolysate), pH 7.5

NZY agar: NZY broth with 1.5 o/o (wlv) agar

NZY top agar: NZY broth with 0.7 % (wlv) agarose

Supplemented media: LB broth with 0.2 % (wlv) maltose-I0 mM MgSOa

1.14. Chemicals

Cetyl trimethyl ammonium bromide (CTAB) Sigma

Isopropyl- I -thio-p-D+hio-galactopyranoside (IPTG) SigmaCopyright by Mahidol University
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5 -Bromo-4-chloro-3 -indolyl- B-D-galactopyranoside (X-gal)

N, N, N', N'-tetramethylenediamine (TEMED)

Ethylene diamine tetraacetic acid (EDTA)

Water-saturated phenol

Mate五 als and Methods/ 18

Sigma

Fluka

Sitta

Amesco

All other chemicals used in this work were purchased from many suppliers.

They were either of analytical or molecular biology grades.

9
8｀
勇9

三E
3
Cr

Figure 2 The genetic map of the Uni-ZAP XR insertion vector. Taken from (61).
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2. Methods

2.1 Hemocyte preparation

Hemolymph was_collected by using a 23 G gauge needle and a I ml syringe,

half diluted with a precooled (4 'C) modified AS, pH 7.0 and was centrifuged at 700

x g for l0 min at 4 oC (2,600 rpm in a BECKMAN AvantirM 30 centrifuge). The

supernatant was removed and the cells were immediately extracted for total RNA.

2.2 Total RNA isolation

Method l: Total RNA isolation by TRIZOLTM LS reagent was used for

isolation of total RNA from whole hemolymphs. This procedure was used for

construction of the first cDNA library.

A 0.25 ml aliquot of liquid nitrogen-pulverized hemolymph was added with

0.75 ml of TRIzol LS reagent. Cells in the sample suspension were lysed by using a

power homogenizer (RW 20 DZM, JANKE & KUNKEL IKA@ Labortechnik). The

homogenized sample was incubated for 5 minutes at room temperature to permit a

complete dissociation of nucleoprotein complexes. After 0.2 ml of chloroform was

added, the tube was shaken vigorously by hand for 15 second and incubated for 2-15

minutes at room temperature. The sample was centrifuged at 12,000 x g for l5 min at

4 oC. An aqueous phase was transferred to a new tube and precipitated by mixing

with 0.5 ml of isopropanol. The tube was incubated for l0 minutes at room

temperature and centrifuged at 12,000 x g for l0 min at 4 "C. A gel-like pellet of

RNA precipitate was formed on the side and bottom of the tube. The supernatant was

removed and RNA pellet was washed with I ml of 75 % ethanol. The sample was

mixed by vortexing and centrifuging at 7,500 x g for 5 min at 4 "C. The RNA pelletCopyright by Mahidol University
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was air-dried for 5 min and redissolved in DEPC-treated water by passing through a

pipette tip and incubating for l0 min at 55 "C.

Method 2: Single-step method of RNA isolation by acid guanidinium

thiocyanate-phenol-chloroform extraction (62), with some modifications, was used

for isolation of total RNA from pelleted hemocytes for the construction of the second

cDNA library.

Pelleted hemocytes from a I ml freshly collected hemolymph was

resuspended and lysed in I ml of GTC buffer (4.0 M guanidine thiocyanate, 25 mM

sodium citrate pH 7.0, 0.5o% sarcosyl, 0.1 M 2-mercaptoethanol). A recommended

cell concentration was 107 cells/ml of GTC (62) whereas a total hemocyte counts of

Penaeus monodon was reported by around 2x107 cells/ml (63). The cell lysate was

sheared 6 times through a 2l G gauge needle. Then, the lysate was added with 0.1

volume of 2 M sodium acetate pH 4.0, I volume of water-saturated phenol and 0.3

volume of chloroform-isoamyl alcohol (49:l), followed by mixing for 10-20 sec and

incubation on ice for 15 min. The tube was centrifuged at 12,000 rpm for 30 min at 4

oC. The top aqueous phase was transferred to a new tube and an equal volume of

isopropanol was added, mixed, and precipitated at -20 "C for 2 hours. The tube was

centrifuged at 12,000 rpm for 20 min at 4 oC again. The RNA pellet was redissolved

in 0.3 volume of the initial volume of GTC and an equal volume of isopropanol was

added and mixed. The tube was incubated at -20 
oC for I hour and centrifuged at

13,000 rpm for 20 min at 4 oC. The RNA pellet was washed with 75 % ethanol by

centrifuging at 6000 rpm for 5 min at 4 "C and allowing to air-dry for l0 min after
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remove the isopropanol. The RNA pellet was redissolved in DEPC-treated water and

stored at -80 
oC until use.

2.3 Poly (A*) RNA isolation procedures

Method l: mRNA for construction of cDNA library no.l was purified from

total RNA by using oligo(dT)-cellulose as described in Maniatis et al. (64)

Method 2: PolyATract@ mRNA isolation system. (Figure 4)

About 0.1-1.0 mg of total RNA was added with RNase-free water to a final

volume of 500 pl in a sterile RNase-free tube. The tube was placed in a 65 "C heating

block for l0 min. A 3 pl aliquot of the Biotinylated-Oligo(dT) Probe and l3 pl of 20x

SSC were added to the RNA. The tube was gently shaken and incubated at room

temperature until cooled down. Streptavidin-paramagnetic particles (SA-PMPs) were

resuspended by gently flicking the bottom of the tube until completely dispersed.

Then, it was captured by placing in a magnetic stand until the SA-PMPs had collected

at the side of the tube. The supematant was carefully removed. The SA-PMPs were

washed three times with 0.5 x SSC (0.3 ml per wash), each time captured by using the

magnetic stand and supernatant was carefully removed. The washed SA-PMPs were

resuspended in 0.1 ml of 0.5 x SSC. The entire content of the annealing reaction was

added to the tube containing the washed SA-PMPs. The tube was incubated at room

temperature for l0 min. The SA-PMPs were captured by using the magnetic stand and

the supematant was carefully removed. The particles were washed four times with 0.1

x SSC (0.3 ml per wash) by gently flicking the bottom of the tube until all the

particles were resuspended. After the final wash, the aqueous phase was removed as

much as possible. To elute mRNA, the final SA-PMP pellet was resuspended in 0.1
Copyright by Mahidol University
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ml of the RNase-free water, the particles were gently resuspended by flicking the

tube. The SA-PMPs were magnetically captured and the eluted mRNA aqueous phase

was transferred to a sterile, RNase-free tube. The elution step was repeated by

resuspending the SA-PMPs in a 0.15 ml of RNase-free water. The capture step was

repeated. The eluate was pooled with a previously eluted RNA (0.25 ml total

volume).

Total RNA containing

mRNA fraction 
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Figure 4 Schematic diagram

redrawn from (65).

IMagnetizc

|…
…

of the PolyATtracto mRI\A isolation procedure,
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2.4 Formaldehyde agarose gel electrophoresis

For each gel, 1.0 g of agarose was melted in a sterile buffer [0 ml of lOx

MOPS buffer (200 mM 3-[N-morpholino]propanesulfonic acid, MoPS; 50 mM

sodium acetate; l0 mM EDTA, final pH 6.5-7.0), 85 ml of sterile waterl and cooled

to around 50 "C. Then,5.4 ml of 37%o (v/v) formaldehyde was added and mixed well

by swirling inside a fume hood. A horizontal gel slot (7 cm x l0- cm) was set up in a

BioRad chamber. Each total RNA sample (around 3 pg) was dried for 5 min in a

vacuum evaporator and then resuspended in l0 pl of formaldehyde gel loading buffer

1720 Siof formamide, 160 pl of 10 x MOPS buffer, 260 pl of formaldehyde, 100 pl

of sterile water, 100 pl of EtBr (10 mg/ml), 80 pl of sterile glycerol, 80 pl of saturated

bromophenol blue in sterile water (small amount of BPB crystal dissolved in water

until the presence of an orange pellet was seen)]. The sample was incubated at 65 'C

for 15 min and quickly cooled on ice. A l0 pl aliquot of each sample was loaded onto

the gel. An electrsphoresis was typically conducted at 80 volts for 2 hr in lx MOPS

buffer. The gel was destained with sterile water for 10 min. The pattern of RNAs was

visualized under UV light and photographed.

2.5 cDNA librarY construction

First-strand synthesis: In a RNase-free microcentrifuge tube, 5 pl of lOx

first-strand buffer (0.5 M Tris-HCl (pH 8.3), 0.75 M KCl, 0.1 M DDT' and 30 mM

MgCl2), 3 pl of first-strand methyl nucleotide mixture (10 mM dATP,dGTP, and

dTTP plus 5 mM S-methyl dcTP),2 pl of linker-primer (5'-GAGAGAGAGAGAGA

Copyright by Mahidol University
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GAGAGAACTAGTCTCGAGTTTTTTTTTI ITTTTTTT-3') (1 .a pehtJ) and 1 pl of

RNase block ribonuclease inhibitor (a0 U/pl) were added and mixed. Then 37.5 pl of

mRNA in DEPC+reated water was added and mixed gently. The primer was allowed

to anneal for l0 min at room temperature. After that, 1.5 pl of MMLV-RT (50 U/pl)

was added. The final volume of 50 pl was mixed gently and spun down. A 5 pl

sampling of the first-strand synthesis reaction was transferred to a separated tube

containing 0.5 pl of 1a-32P1dATP (3000 Cilmmol) as a first-strand synthesis control

reaction. Both tubes were incubated at 37 "C for I hour. After I hour, the first-strand

synthesis reaction was placed on ice while the radioactive first-strand synthesis

control was stored at -20 "C.

Second-strand synthesis: To the 45 pl nonradioactive first-strand synthesis

reaction on ice, 20 pl of 10x second-strand buffer, 6 pl of second-strand dNTP

mixture (10 mM dATP, dGTP, and dTTP plus 26 mM dCTP), ll4 prl of sterile

distilled water, 2 pl of 1cr-32n1datP (3000 Cilmmol), 2 pl of RNase H (1.5 U/pl) and

I I pl of DNA polymerase I (9.0 U/pl) were added. After gently vortexing and

spinning the reaction in a microcentrifuge, the tube was incubated for 2.5 hours at 16

oC. Then the tube was immediately placed on ice.

Blunting of the cDNA termini: 23 1i of blunting dNTP mix (2.5 mM dATP,

dGTP, dTTP, and dCTP) and 2 pl of cloned P/t/ DNA polymerase (2.5 U{tl)

(Stratagene, Inc.) were added to the second-strand synthesis reaction and incubated at

72 "C for 30 min. The reaction was removed and 200 pl of phenol-chloroform [: l

(v/v)] was added and votexed. The tube was spun at maximum speed for 2 min at

room temperature. An aqueous layer, containing cDNA, was transferred to a newCopyright by Mahidol University
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tube. An equal volume of chloroform was added and vortexed. The tube was spun at

marimum speed for 2 min at room temperature. An aqueous layer was transferred to a

new tube. The cDNA was_precipitated by adding 20 pl of 3 M sodium acetate and 400

pl of 100% (v/v) ethanol. The reaction was vortexed and precipitated overnight at -20

"C. The microcentrifuge tube was spun at maximum speed for 60 min at 4 oC. The

radioactive supernatant was removed and discarded in a radioactive waste container.

The pellet was gently washed by adding 500 prl of 70 % (vlv) ethanol. The

microcentrifuge tube was spun at maximum spesd for 2 min at room temperature. The

ethanol was aspirated and the pellet was lyophilized until dry. Then the pellet was

resuspended in e pl of EcoR I adapters (s' -oH-aaT::::t::tEr_3,) and incubated

at 4 oC for at least 30 min to allow the cDNA to resuspend. I pl of this second-strand

synthesis reaction was transferred to a separate tube as a control reaction. At this

point, the samples of the first- and second-strand synthesis reactions were performed

on an alkaline agarose gel as described in section 2.8.

Ligating the ^EcoR I adapters: To the tube containing the blunted cDNA, I

pl of l0 x ligase buffer (0.5 M Tris-HCL, pH7.5;70 mM MgCl2; 10 mM DDT), I pl

of l0 mM rATP and 1 pl of T4 DNA ligase (a U/pl) were added. This ligation

reaction was spun down and incubatedat4 oC for 2 days,then heat-inactivated by

placing the rube in a70 oC water bath for 30 min.

Phosphorylating the EcoR I Ends: After heat inactivation, the ligation

reaction was spun for 2 seconds and cooled at room temperature for 5 min. I pl of

l0x ligase buffer (0.5 M Tris-HCL, pH 7.5; 70 mM MgCl2; l0 mM DDT), 2 pl of l0

mM rATP.6 prl of sterile water and I pl of T4 polynucleotide kinase (10 U/pl) were

L
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added. The reaction was incubated for 30 min at 37 "C, then inactivated for 30 min at

70 "C. Condensation in the tube was spun down for 2 seconds. The reaction was

equilibrated to room temperature for 5 min.

Digestion with Xho I: The reaction was added with 28 pl of Xho I buffer

supplement and 3 pl of Xho I (a0 U/pl) then incubated for 1.5 hours at 37 "C. After

that, 5 pl of l0 x STE buffer (l M NaCl, 200 mM Tris-HCl pH 7.5, and 100 mM

EDTA) and 125 pl of 100 % (vlv) ethanol were added to the tube and precipitated

overnight at -20'C. Following precipitation, the reaction was spun at ma<imum

speed for 60 min at 4 "C. The supernatant was discarded, the pellet was dried

completely and resuspended in 14 prl of I x STE buffer. 3.5 pl of column loading dye

was added to the sample. The cDNA synthesis scheme was shown in figure 5'

Size Fractionating: The drip-column was prepared as in Stratagene's

protocol. Gloves were worn in all assembling steps. The drip column was loaded with

a uniform suspension of Sepharose CL-2B gel filtration medium by a Pasteur pipet.

The gel was added until % inch below the 'lip of the pipet', the point where the pipet

and the syringe were joined. After the drip column was washed by filling the syringe

with l0 ml of I x STE buffer, the cDNA sample was immediately loaded when

around 50 pl of the STE buffer remained above the surface of the resin. Once the

sample entered the Sepharose CL-28 gel filtration medium, the connecting tube was

gently filled with 3 ml of I x STE buffer using. a pipettor. A fresh microcentrifuge

tube was used to collect each fraction. Three drops per fraction were begun collecting

when the leading edge of the dye reached the -0.4 ml gradation on the pipet.
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linker-primer
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Figire 5 A cDNA synthesis scheme,redrawn from(61)
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Fractions were collected until the trailing edge of the dye reached the 0.3 ml

gradation. They were monitored for the presence of radioactivity to determine

whether the cDNA had eluted successfully. Before processing the fractions and

recovering the size-fractionated cDNA, 8 pl of each collected fraction were removed

and saved for electrophoresis on 5 o/o nondenaturing acrylamide gel as described in

section 2.9.

Processing the cDNA Fraction: An equal volume of phenol-chloroform

[1:l (v/v)] was added to the remainder of the collected fraction. The rube was

vortexed and spun in a microcentrifuge at maximum speed for 2 min at room

temperature. The upper aqueous layer was transferred to a fresh microcentrifuge tube.

An equal volume of chloroforrn was added. After vortexing and spinning in a

microcentrifuge at maximum speed for 2 min at room temperature, the upper aqueous

layer was transferred to a fresh microcentrifuge tube. To each extracted sample, a

volume of 100 % (vlv) ethanol in twice the volume of individual sample was added.

The tube was precipitated overnight at -20 "C. The sample was spun at maximum

speed for 60 min at 4 oC. ihe srpernatant was transferred to another tube. Geiger

counter was used to check the level of radioactivity present in the pellet to ensure that

the cDNA had been recovered. The pellet was carefully washed with 200 pl of 80 %

(v/v) ethanol. The sample was spun at maximum speed for 2 min at room

temperature. The ethanol was removed and the pellet was air-dried for 5 min. Using a

handheld Geiger counter and the number of counts per second (cps) was detected for

each fraction. If <30 cps was detected, each cDNA pellet was resuspended in 3.5 pl of

sterile water. If >30 cps was detected, each cDNA pellet was resuspended in 5 pl of
Copyright by Mahidol University
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sterile water. At this point, Ethidium Bromide plate assay was recommended to

quantitate the cDNA before ligating into the Uni-ZAP XR vector.

Ligation of cDNA with the Uni-ZAP XR Vector: To prepare the sample

ligation, the following component were added : 2.5 ltlof resuspended cDNA (100

ng), 0.5 pl of 10 x ligase buffer, 0.5 pl of l0 mM rATP (pH 7.5), 1.0 pl of the Uni-

ZAP XR vector (1 pglpl), and 0.5 pl of T4 DNA ligase (4Ulpl). The reaction was

incubated at 4 oC for 2 days.

Packagingz 4 ytl (0.1-1.0 trg) of the ligated DNA was immediately added to

the packaging extract, which was removed from -80 'C and begun thawing. The tube

was stirred, mixed well and quickly spun for 3-5 sec to ensure that all contents were

at the bottom of the tube. Then, the tube was incubated at room temperature (22 "C)

for 2 hours. A 500 pl of SM buffer (l litre composed of 5.8 g of NaCl, 2.0 g of

MgSOa.7H2O. 50.0 ml of 2 % (wlv)gelatin, and deionized HzO to a final volume of I

litre) and 20 pl of chloroform were added and gently mixed. After briefly spinning the

cell debris, the supernatant containing the phage was stored at 4 "C and ready for

titering.

Plating and Titering: A glycerol stock of XLl-Blue MRF' strain was

streaked onto a LB agar plate containing 12.5 pglml tetracyclin. The plate was

incubated overnight at 37 oC. A single colony was picked to inoculate a 20 ml of LB-

tetracyclin medium, supplemented with l0 mM MgSOa and 0.2 % (wlv) maltose. The

inoculated host was shaken overnight at 37 "C (an ODooo not more than 1.0). The cells

were spun at 500 x g (2,200 rpm) for l0 min. The supernatant was discarded and the

cells were resuspended with sterile l0 mM MgSOa to an ODooo of 0.5. Then I pl ofCopyright by Mahidol University
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lambda phage was added to 200 pl of the diluted host cells. The phage and the

bacterium was incubated for 15 min at37 "C.3 ml of NZY top agar (melted and

cooled to 48 oC), 15 pl of 0.5 M IPTG (in water), and 50 pl of X-gal [250 mg/ml (in

DMF)] were added. The top agar was plated immediately onto NZY agar plate and

allowed to set for 10 min before inverting and incubating at 37 "Covernight.

2.6 In vivo excision

Selected white recombinant plaques were picked from agar plates with large-

bore 1000-ml micropipette tips. Each plaque was transferred to a tube containing 500

pl SM buffer and 20 pl chloroform. The tube was vortexed to release the phage

particles into the SM buffer, then incubated for 1-2 hours at room temperature or

ovemight at4"C. Ovemight cultures of XLl-Blue MRF' and SOLR cells were grown

in supplemented LB broth at 30 "C. After spinning down, XLI-Blue MRF' and SOLR

cells were resuspended with 10 mM MgSOa at an OD66oof 1.0. To excise a single

clone. 100 prl of XLl-Blue MRF'cells at an OD6e6of 1.0, 100 pl of phage stock

(containing > lxl0s phage particles), and 1 pl of ExAssist helper phage (>1x106

pfir/pl) were combined in a microcentrifuge tube. After incubating at 37 oC for 15

min, 500 pl of LB broth was added. The tube was incubated at 37 oC for 2.5 hours

with shaking. Then, the tube was heated at 65-70 oC for 20 min and spun down the

debris at 10.000 x g for 15 min. 100 pl of supernatant containing phagemid was

mixed with 200 pl of SOLR at an OD66o of 1.0. After incubating at 37 "C for 15 min,

10 pl of the mixture was streaked on LB agar containing 50 pglml ampicillin. The

plate was incubated overnight at 37 "C. Colonies appearing on the plates containedCopyright by Mahidol University
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the double strand pBluescript phagemid harboring DNA inserts were later

characterized by plasmid DNA extraction and restriction endonuclease digestion.

?(rr ,k*;;

pBluescript colony

Figure 6 Schematic diagram of the in vivo excision protocol, redrawn from

Stratagene' s protocol.
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2.7 Extraction of plasmid DNA using the CTAB method (66)

A single colony of bacterium was inoculated in 3 ml of LB broth containing

100 pglml ampicillin and incubated at 37'C with 200 rpm shaking for l6-20 hr. Cell

pellet was harvested in 1.5 ml microcentrifuge tubes by centrifugation at 12,000 rpm

for 30 sec and then resuspended in 200 pl of STET buffer (8 Yo wlv sucrose, 0.1 %

v/v Triton X-100, 50 mM EDTA, 50 mM Tris-HCl, pH 8.0). To the cell mixture was

added 5 pl of freshly prepared lysozyme solution (50 mg/ml) and incubated at room

temperature for 20 min. Then, the mixture was boiled for exactly 30 sec and

immediately centrifuged at 12,000 rpm for 15 min at room temperature. The pellet

was removed with a sterile toothpick. Plasmid DNA and residual low molecular

weight RNA was recovered from the supernatant by adding 1/lb volume of 5% (w/v)

CTAB. The content was inverted several times and centrifuged at 12,000 rpm for l0

min at room temperature. The pellet was resuspended in 300 pl of l 2 M NaCl by

vigorous vortexing and 2 pl of l0 mg/ml RNase was added, inverted and incubated at

37oC for 30 min. The protein was removed by adding equal volume of chloroform,

inverted vigorously and centrifuged at 12,000 rpm for 15 min at room temperature.

The clear aqueous phase was transferred to a new tube. The DNA pellet was

precipitated with 2 volumes of absolute ethanol at -80'C for l5 min and centrifuged at

12,000 rpm for l0 min at room temperature. The final DNA pellet was washed in

70Yo ethanol, dried and resuspended in 20 pl sterile water.
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2.8 Alkaline agarose gel electrophoresis

For each 100 ml preparation,0.8 g of agarose was melted in72ml of water,

allowed to cool to 55 '9. *O added with 8 m[ of l0 x alkaline buffer (50 ml

composed of 3 ml of 5.0 M NaOH, 2 ml of 0.5 M EDTA, 45 ml of sterile water).

After swirling to mix, the agarose was poured immediately into the gel apparatus.

When the gel was set, the sample was loaded with an equal volume of 2 x loading

buffer (l ml composed of 200 pl of glycerol, 750 pl of water, 46 pl of saturated

bromophenol blue, and 5 pl of 5 M NaOH). The gel was run with a I x alkaline buffer

at 100 mA for 90 min.

2.9 Nondenaturing (5 %) aclylamide gel electrophoresis

Polyacrylamide gel was prepared from the followings in a flask: I ml of 10 x

TBE buffer, 1.67 ml of a29:l (w/w) acrylamide / bis-acrylamide solution,7.33 ml of

sterile deionized water, 5 pl of TEMED, and 50 pl of l0 % (w/v) ammonium

persulfate [(Nru)2SOa]. The mixture was mixed and immediately filled into the gel

apparatus by using a plastic syringe until the glass plate sandwich was fulI. The comb

was inserted into the assembled gel. The gel was let to polymerize at room

temperature for I hr. The sample was mixed with loading buffer (0.25 %

bromophenol blue, 0.2.5 % xylene cyanol, and 30 o/o glycerol in water) and loaded into

the gel. An electrophoresis was performed in I x TBE buffer (89 mM Tris-HCl, pH

8.0. 89 mM boric acid, and 2.5 mM EDTA) at 50 Volts for 2 hours.
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2.10 Agarose gel electrophoresis

The analysis of DNA fragments was performed by submarine agarose gel

electrophoresis. Separation of the different DNA fragments depends on the molecular

size of the DNA, gel concentration and conformation of the DNA. The appropriate

gel concentration is dependent on the molecular weight of DNA to be analyzed.

Agarose gels of various percentages (0.8-1.2 %) were prepared by

completely dissolving the gel powder upon heating in I x TBE (89 mM Tris-HCl, pH

7 .4;89 mM boric acid;2.5 mM EDTA). The solution was boiled in a microwave oven

and allowed to cooled to around 50 'C before pouring into an electrophoresis

chamber set, with comb inserted. The DNA sample was mixed with l/3 volume of

loading dye (25% glycerol, 60 mM EDTA, 0.25 % Bromophenol Blue) and loaded

into gel slots in a submarine condition. Electrophoresis was performed at 80 volts for

1.5-2.Ohr. The DNA bands in the gel were visualized by staining with 2.5 ftglmL

EtBr and photographed under UV light.

2.11 Agarose gel DNA purification

To remove impurities such as small RNAs, proteins, unincorporated

nucleotides or primers from DNA sample, the GENECLEAN II@ kit was used. A

DNA band was excised from an EtBr-stained agarose gel with a flamed razor blade.

Three volume of NaI stock solution was added, placed the tube in a 45 oC to 55 oC

waterbath. After the agarose was completely dissociated, 5 pl of GLASSMILK@ was

added, mixed and placed on iced for 5 minutes to allow binding of DNA to the silica

matrix and mixed every l-2 minutes to ensure that of GLASSMILK@ stayed

suspended. The silica matrix with bound DNA was pelleted in a microcentrifuge for
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approximately 5 seconds at 14,000 x g. Pellet was washed 3 times with 10 to 50

volumes of ice cold NEW WASH. After the supernatant from the third wash was

removed. the tube was spun again for a few seconds to remove the last bit of liquid.

DNA from of GLASSMILK@ was eluted with TE buffer or sterile water.

2.12 Restriction Endonuclease digestion of plasmid DNA

To check an insert size of each recombinant clone, 1 pl (100-200 nglpl) of

DNA was added with 2 pl of 10 x restriction etvyme buffer (provided with enzymes

by manufacturers), 0.1 prl of EcoR | (l2ulpl), 0.1 pl of Xho I (10 U/pl), and 6.8 pl of

sterile DW were added. The tube was quickly centrifuged and incubated at 37 oC

overnight before running the agarose gel electrophoresis.

2.13 Blunt-ending of protruding ends

To a 500 pl microcentrifuge tube, 3 pl of l0 x ReacT2 buffer (50 mM Tris-

HCl. 10 mM MgClz, 50 mM NaCl, pH 8.0), I pl of 0.5 mM dATP, I pl of 0.5 mM

dCTP, 1 pl of 0.5 mM dGTP, I pl of 0.5 mM dTTP, 0.5 pg of DNA, I pl of Large

fragment of DNA polymerase I (diluted to 0.5 U/pl with Klenow Dilution buffer), and

sterile water to 30 pl were added. The tube was mixed gently, centrifuged briefly to

bring the contents to the bottom and incubated on ice for 20 min. The reaction was

terminated by a phenol extraction.
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2.14 Blunt-end ligation reaction

To a 0.5 ml microcentrifuge tube, 0.1-1.0 pg of blunt-ended DNA was

added with 4 pl of 5 x ligase buffer, 1 pl of T4 DNA ligase (1 U/pl), and sterile water

to final volume of 20 pl. The tube was incubated at 14 "C for L6-24 hours before the

plasmid transformation.

2.15 Preparation of E. coli competent cells by CaClz method (64)

A single colony,of E. coli JMl09 was inoculated into 3 ml of LB broth and

incubated at 37 "C with 200 rpm shaking for 16-20 hr. The overnight culture was

diluted l:100 into new LB broth and incubatedat3l oC until the ODooo reach 0.4-0.5.

The cell culture was chilled on ice for 15 min prior the l0 ml aliquots of the culture

was pipetted into 15 ml sterile polypropylene tubes. The cells was pelleted by

centrifugation at 3,000 rpm for l0 min at 4 oC, the pellet was suspended in 5 ml of

ice-cold 0.1 M CaClz and placed on ice for 15-20 min. After centrifugation at 3,000

rpm for l0 min at 4 "C, the pellet was suspended in I ml of ice-cold 0.1 M CaClz and

left on ice for t hr to establish competency. Glycerol was added into the cell

suspension to give 15% (vlv) final concentration and the cells were kept in 200 pl

aliquots at -80 
oC until used.

2.16 Transformation of plasmid DNA

A 5 pl aliquot of ligation products was added into a tube containing 200 pl

of E. coli competent cells. After mixing, the tube was immediately placed on ice for

30 min. The cells were subjected to a heat-shock at 42 oC for 90 sec, and placed onCopyright by Mahidol University
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ice for an additional 5 min. Transformed cells were mixed with 800 pl of LB broth

and incubated at 37 "C for I hr with shaking at 200 rpm. Finally, 100 prl of the

transformed culture was spreaded on an LB agar plate containing 100 pglml

ampicillin and incubated at37 oC for 16 "C.

2.17 Ethidium bromide plate assay

A 100 ml of 0.8 % (w/v) agarose gel was prepared using Tris-acetate buffer

(TAE, 40 mM Tris-acetate, 1 mM EDTA (pH 8.0)). The molten agarose was cooled

to 50 oC and l0 pl of EtBr stock solution (l0mg/mml) were added. The mixed

agarose was poured into 100-mm Petri dishes using l0 ml per plate. The plate was

allowed to harden and stored in the dark at 4 "C. A DNA sample of known

concentration was used to make seven serial dilutions in 100 mM EDTA as 200, 150,

100,75, 50.25, and l0 ndpl).0.5 pl of each standard and the cDNA sample were

spotted onto the surface of a prepared EtBr plate. All spots were allowed to absorb

into the plate for 15 min at room temperatuie. The lid was removed and the plate was

photographed under UV light. The spotted sample of unknown concentration was

compared with known standards.

2.18 Automated DNA sequencing

Automated DNA sequencing was performed by using either ABI 310 or ABI

377 DNA sequencers.

Cycle sequencing reaction was performed by using either ABI PRISMTM Dye

Terminator Cycle Sequencing Ready Reaction kit with Amplitaq@ DNA PolymeraseCopyright by Mahidol University
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FS or ABI PRISMTM BigDyerM Terminator Cycle Sequencing Ready Reaction kit

with Amplitaq@ DNA Polymerase FS kit according to the protocols as recommended

by the manufacturer. The sequencing reaction was performed in l0 pl of total volume

containing 4 pl of termination mix, 10 pmol of sequencing primer and 100-300 ng of

plasmid DNA template. The reaction was performed in 25 cycles with the following

temperatures and time lengths: 96 oC for l0 sec, 50 oC for 5 sec and 60 oC for 4 min.

After cycle sequencing, 90 pl of sterile distilled water were added, followed by 0.1

volume of 3 M sodium acetrite pH 4.8 ard 2.5 volumes of cold absolute ethanol.

After centrifugation at 12,000 rpm for 15 min, the pellet was washed with 70%

ethanol and briefly dried at room temperature for 5-10 min before resuspended with 2

pl of loading solution (83% of deionized formamide, 8 mM EDTA, pH 8 and 0.8%

blue dextran). The reaction mixture was heated at 90 'C for 2 min and immediately

cooled on ice before loading into the DNA sequencer.

2.19 Computational analysis of 5' EST data

The 5' EST sequences were compared against nucleotide sequences in all

databases by using BLAST program (Basic Local Alignment Search Tool, Version

2.0, developed by Altschul, et al, in 1990) via WWW (54). The multiple alignments

were later made using ClustalW and ClustalX program (57-58). Only sequences

deemed reliable were reported.
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CHAPTER IV

RESULTS

1. Total RNA extraction and poly (A*) RNA isolation

For cDNA library no.1, an average recovery of total RNA was around 168 pgl

85 ml of total hemolymph of Penaeus monodon by using TRIZOLTM LS reagent,

generating around 0.18 pg of poly (a) by using a small oligo (dT)-cellulose column

method.

For cDNA library no.2, an average recovery of total RNA was around 1.7 mgl

hemocytes from 280 ml of total hemolymph of Penaeus monodon by acid

guanidinium thiocyanate-phenol-chloroform extraction method, generating around

3.83 pg of Poly (A*) RNA by using PolyATtract@ mRNA isolation system.

Amounts of total RNA and Poly (A*) RNA were estimated by measuring

absorption al260 nm and 280 nm. A total RNA preparation typically had an Azoo

/A2s6 ratio of 1.8 or higher, indicating a low level of protein contamination. Pattern of

total RNA on a formaldehyde agarose gel electrophoresis of both preparations were

the same, as shown in figure 7. The predominant band present on the gel was likely

l8S ribosomal RNA,
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Kb

6.6 -5.0 -3.6 -2.6 
-1.9 
-t.4 
-0.9 _

0.6 _
0.2 _

Figure 7 An ethidium bromide-stained gel of a total RNA preparation from

hemocytes of Penaeus monodon. A 3 pg aliquot of total RNA was electrophoresed

on a 1.0 7o formaldehyde agarose gel at 80 volts for 90 min.

Lane M : RNA size markers (Promega), 3 pg.

Lane I : Total RNA of shrimp's hemocytes, 3 L,g. The predominant band at

the.size ol'1.9 kb was likely a mixture o1'l8 S rRNA and degraded 28 S

rl{NA.
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2. A total hemolymph cDNA library of P. monodaz (library no.l)

A 0.18 pg of poly (A*) RNA was used to construct a cDNA library by using

ZAP-cDNA@ Gigapack@.lll Gold Cloning kit from Stratagene, Inc. The titer of an

unamplified cDNA library was estimated at 1.4 x 105 pfrr/pg vector.

A number of random plaques was picked from the unamplified library. After

in vivo excision by single colony excision protocol of Stratagene, the pBluescript SK-

phagemids were extracted by CTAB method. The insert sizes were determined by

double-digestion with EcoR I ard Xho I, and electrophoresed on 0.8 % agarose gel.

From few hundred randomly selected clones, sixty-seven were sequenced by a cycle

sequencing protocol using dye terminator chemistry. All of them were subjected to

sequencing from the 5'end, by using either T3 primer or M13 universal reverse

primer. The sequencing products were analyzed using ABI 377 automated sequencer,

ABI 377 data collection and analysis software. All sequencing chromatograms were

also examined visually to ascertain quality of all peaks against the automatic base

calling. The vector sequence was removed, the usable sequence at around 500 bases

was analyzed for identity.

By using BlastN and BlastX program of NCBI via WWW, 8 out of 67 showed

sequence similarity with previously identified genes of other species, and I I showed

no significant matching to those already present in online databases (Table 2,3 and

9). Each sequence was then examined individually for determination of their

significance by using alignment with Clustal X program. Thirty-two clones were

confirmed as mitochondrial genes, l0 identified as of E. coli, and 6 of lambda

sequences. Those sequences were excluded from further analysis.

Copyright by Mahidol University
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The results of sequence matching searches for the identification of 8 produced

clones are reported in tables 2 and 3. BlastX results in table 2 showed more

meaningful than those from BlastN only. The most abundant transcripts observed

from this library *... -ito.hondrial genes (47.8 yr),and ribosomal proteins (7.5 %).

According to a large number of contaminated with mitochondrial genes, E. coli, and

lambda DNA, a new cDNA library was constructed.

ESTs data ser from total hemolymph library was submitted into dbEST (67).

Genbank accession numbers and dbEST id of all clones were shown in table 4.

Copyright by Mahidol University
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Table 4 : dbEST_Id and Genbank accession numbers of our ESTs submission

from the total hemolymph cDNA library ( library #1).

dbEST Id(a)User ld(b)GenBank Accll(C) dbEST Id  User ld  CenBank Accn

3712633   ESTPMH0019   AW330525

3712634   ESTPMH0052   AW330526

3712635  ESTPMH0057   AW330527

3712636   ESTPMH0089   AW330528

3712637  ESTPMH0108   AW330529

3712638  ESTPMH0118   AW330530

3712639  ESTPMH0124   AW330531

3712640  ESTPMH0145   AW330532

3712641   ESTPMH0188   AW330533

3712642  ESTPMH0266   AW330534

3712643  ESTPMH0305   AW330535

3914860  ESTPMH0005   AW497579

3914861  ESTPMH0008  AW497580

3914862  ESTPMH0017  AW497581

3914863  ESTPMH0025  AW497582

3914864  ESTPMH0038   AW497583

3914865  ESTPMH0074   AW497584

3914866  ESTPMH0083   AW497585

3914867  ESTPMH0095  AW497586

3914868  ESTPMH0140  AW497587

3914869  ESTPMH0172  AW497588

3914870  ESTPMH0235   AW497589

(a) received after submission, used for searching of DNA sequences in database of
EST.

(b) assigned by our lab.
(c) received after submission, used for searching of DNA sequences in Genbank

database.

* The 22 clones listed in this table also included some miochondrial DNAs, which
were not listed in Table 2 and 3.
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3. A total hemocyte cDNA library of P. monodon (library no.2'1

The lambdaZAP Il-based cDNA library was constructed from 3.83 prg of poly

(A.) RNA from total hemocyte of P. monodon.Thetiter of the library was 1.7 x 106

pfrr/pg vector. After in vivo excision and screening by double digestion with EcoR I

and Xho I of 460 clones, 194 independent clones with an insert size mostly greater

than 0.5 kb were sequenced. The 5' ESTs were examined for similarities in the

nucleic acid and protein databases using BLAST algorithm (54), 123 out of 194

clones showed significant match to sequences in online databases (Table 9). Twenty-

seven of them were considered as mitochondrial genes. The putative identification of

the rest was showed in table 5, in protein level only. They were classified according

to cellular biological roles (68). By using Blast N alone, many recombinant clones

shown no significant homology. Then, sequence determination in translated forms

was conducted by BlastX. Clustal X program was used for sequence alignment. No

contamination with E. coli or lambda DNA was found in this library. All ESTs were

submitted into dbEST. Genbank accession numbers and dbEST id were shown in

table 6.

The original cDNA library is almost perfectly directional, since 99 %

(1221123) of sequences with similarities in the databases contained matched on the

expected strand. Among the 194 clones, insert length was varied from 0.4 kb to 2.6

kb. An average size was 1.0 kb. Size distribution was shown in figure 8 and table 7.

The most abundant transcripts observed from total hemocyte cDNA library

were ribosomal proteins (5.7 Yo), actin (4.1 yo), elongation factor (3.6 yo), and serine

proteinase inhibitor (3.1 %) as showed in table 8.
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Table 6 : dbEST_Id and Genbank accession numbers of our ESTs submission

from the total hemocyte cDNA library (library #2).

dbEST Id(al User ld(b)GenBank Accn(C) dbEST Id  User ld  GenBank Accn

4033938
4033939
4033940
4033941
4033942
4033943
4033944
4033945

4033946
4033947

4033948
4033949
4033950
4033951
4033952
4033953
4033954
4033955
4033956
4033957

4033958
4033959
4033960
4033961

4033962

4033963
4033964
4033965

4033966
4033967
4033968
4033969
4033970
4033971

4033972
4033973
4033974
4033975
4033976
4033977

4033978

4033979

4033980
4033981

4033982
4033983
4033984
4033985
4033986
4033987

ESTPMC003
ESTPMC007
ESTPMC011
ESTPMC012
ESTPMC014
ESTPMC016
ESTPMC022
ESTPMC023
ESTPMC028
ESTPMC033
ESTPMC034
ESTPMC037
ESTPMC040
ESTPMC041
ESTPMC045
ESTPMC047
ESTPMC053
ESTPMC055
ESTPMC059
ESTPMC062
ESTPMC063
ESTPMC064
ESTPMC066
ESTPMC068
ESTPMC075
ESTPレlC076

ESTPMC077
ESTPMC089
ESTPMC098
ESTPMC102
ESTPMC107
ESTPMClll
ESTPMCl13
ESTPMCl15
ESTPMCl18
ESTPMC121
ESTPMC124
ESTPMC125
ESTPMC127
ESTPMC128
ESTPMC132
ESTPMC135
ESTPMC146
ESTPMC155
ESTPMC162
ESTPMC165
ESTPMC166
ESTPMC167
ESTPMC170
ESTPMC171

AW600672
AW600673
AW600674
AW600675
AW600676
AW600677
AW600678
AW600679
AW600680
AW600681
AW600682
AW600683
AW600684
AW600685
AW600686
AW600687
AW600688
AW600689
AW600690
AW600691
AW600692
AW600693
AW600694
AW600695
AW600696
AW600697
AW600698
AW600699
AW600700
AW600701
AW600702
AW600703
AW600704
AW600705
AW600706
A W600707
AW600708
AW600709
AW600710
AW600711
A W600712
AW600713
AW600714
AW600715
AW600716
AW600717
AW600718
AW600719
AヽV600720
AW600721

4033988
4033989
4033990
4033991

4033992
4033993
4033994

4033995
4033996

4033997
4033998

4033999
4034000
4034001

4034002
4034003
4034004
4034005
4034006
4034007
4034008
4034009
4034010
4034011

4034012

4034013

4034014
4034015

4034016
4034017
4034018

4034019
4034020
4034021

4034022
4034023
4034024
4034025
4034026
4034027

4034028

4034029

4034030
4034031

4034032
4034033
4034034
4034035
4034036
4034037

ESTPMC172
ESTPMC174
ESTPMC175
ESTPMC180
ESTPMC181
ESTPMC184
ESTPMC185
ESTPMC194
ESTPMC196
ESTPMC211
ESTPMC214
ESTPMC217
ESTPMC220
ESTPMC226
ESTPMC231
ESTPMC237
ESTPMC238
ESTPMC239
ESTPMC240
ESTPMC245
ESTPMC252
ESTPMC255
ESTPMC256
ESTPMC257
ESTPMC258
ESTPレIC261

ESTPMC262
ESTPMC265
ESTPMC266
ESTPMC271
ESTPMC273
ESTPMC276
ESTPMC277
ESTPMC279
ESTPMC280
ESTPMC281
ESTPMC284
ESTPMC286
ESTPMC287
ESTPMC289
ESTPMC290
ESTPMC293
ESTPMC295
ESTPMC297
ESTPMC298
ESTPMC299
ESTPMC301
ESTPMC001
ESTPMC002
ESTPMC006

AW600722
AW600723
AW600724
AW600725
AW600726
AW600727
AW600728
AW600729
AW600730
AW600731
AW600732
AW600733
AW600734
AW600735
AW600736
AW600737
AW600738
AW600739
AW600740
AW600741
AW600742
AW600743
AW600744
AW600745
AW600746
AW600747
AW600748
AW600749
AW600750
AW600751
AW600752
AW600753
AW600754
AW600755
AW600756
AW600757
AW600758
AW600759
AW600760
AW600761
AW600762
AW600763
AW600764
AW600765
AW600766
AW600767
AW600768
AW600769
A W600770
AW600771

Copyright by Mahidol University
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Table tinued6 (con

dbEST Id(a)User ld(b)GenBank Accn(C) dbEST Id  User ld  GenBank Accn

4034038 ESTPMC009
4034039 ESTPMC010
4034040 ESTPMC021
4034041  ESTPMC025
4034042 ESTPMC044
4034043  ESTPMC072
4034044 ESTPMC079
4034045 ESTPMC086
4034046 ESTPMC087
4034047 ESTPMC090
4034048 ESTPMC105
4034049 ESTPMC106
4034050 ESTPMCl12
4034051  ESTPMC129
4034052  ESTPMC134
4034053  ESTPMC140
4034054 ESTPMC144
4034055 ESTPMC148
4034056 ESTPMC152
4034057 ESTPMC159
4034058  ESTPレ IC163
4034059 ESTPMC177
4034060  ESTPMC186
4034061  ESTPMC189
4034062 ESTPMC192
4034063  ESTPMC204
4034064 ESTPMC224
4034065 ESTPMC229
4034066 ESTPMC243
4034067 ESTPMC246
4034068 ESTPMC300
4034069 ESTP～fC084
4053513 ESTPMC303
4053514 ESTPMC306
4053515 ESTPMC307
4053516 ESTPMC308
4053517 ESTPMC309
4053518 ESTPMC311
4053519 ESTPMC312
4053520  ESTPMC313
4053521  ESTPMC317
4053522 ESTPMC320
4053523  ESTPMC322
4053524 ESTPMC328
4053525 ESTPMC330
4053526 ESTPMC333
4053527 ESTPMC336

AW600772
AW600773
AW600774
AW600775
AW600776
AW600777
AW600778
AW600779
AW600780
AW600781
AW600782
AW600783
AW600784
AW600785
AW600786
AW600787
AW600788
AW600789
AW600790
AW600791
AW600792
AW600793
AW600794
AW600795
AW600796
AW600797
AW600798
AW600799
AW600800
AW600801
AW600802
AW600803
AW618905
AW618906
AW618907
AW618920
AW618921
AW618922
AW618923
AW618924
AヽV618925

AW618926
AW618927
AW618928
AW618929
AW618930
AW618931

4053528 ESTPMC337
4053529 ESTPMC339
4053530 ESTPMC341
4053531  ESTPMC342
4053532 ESTPMC343
4053533 ESTPMC347
4053534 ESTPMC352
4053535 ESTPMC357
4053536 ESTPMC359
4053537 ESTPMC362
4053538 ESTPMC371
4053539 ESTPMC373
4053540 ESTPMC375
4053541  ESTPMC376
4053542 ESTPMC377
4053543 ESTPMC389
4053544 ESTPMC391
4053545 ESTPMC393
4053546 ESTPMC394
4053547  ESTPMC396
4053548 ESTPMC399
4053549 ESTPMC401
4053550 ESTPMC402
4053551  ESTPMC403
4053552 ESTPMC406
4053553 ESTPMC410
4053554 ESTPMC411
4053555 ESTPMC412
4053556 ESTPMC415
4053557 ESTPMC416
4053558 ESTPMC417
4053559  ESTPMC419
4053560 ESTPMC422
4053561  ESTPMC428
4053562 ESTPMC434
4053563 ESTPMC438
4053564 ESTPMC441
4053565 ESTPMC445
4053566 ESTPMC446
4053567 ESTPMC449
4053568 ESTPMC451
4053569 ESTPMC453
4053570 ESTPMC454
4053571  ESTPMC455
4053572 ESTPMC456
4053573 ESTPMC457
4053574  ESTPMC458

AW618932
AW618933
AW618934
AW618935
AW618936
AW618937
AW618938
AW618939
AW618940
AW618941
AW618942
AW618943
AW618944
AW618945
AW618946
AW618947
AW618948
AW618949
AW618950
AW618951
AW618952
AW618953
AW618954
AW618955
AW618956
AW618957
AW618958
AW618959
AW618960
AW618961
AW618962
AW618963
AヽV618964

AW618965
AW618966
AW618908
AW618909
AW618910
AW6189H
AW618912
AW618913
AW618914
AW618915
AW618916
AW618917
AW618918
AW618919

(a) received after submission, used for searching of DNA sequences in database of
EST.

(b) assigned by our lab.
(c) received after submission, used for searching of DNA sequences in Genbank

database.
* The 194 clones listed in this table also include those of rRNAs and mitochondrial
DNAs, which were not listed in Table 5.Copyright by Mahidol University
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Table 7 : Size-distribution of cDNA inserts from the cDNA library # 2.

Size-range (kb) Number of clones

0.0-0.5

0.6‐ 1.0

1.1-15

1.6-2.0

2.1-2.5

2.6-3.0

15

106

46

21

5

1

Total 194

Size range(kb)

O.O-O.5 s+y"

0.6-1.0

1.1-1.5

1.6-2.0

2.1-2.5

2.6-3.0

□

□

□

□

□

□

230/0

3%10/0

110/0

Figure 8 Distribution of the 194 insert sizes from the cDNA library # 2.

L

Copyright by Mahidol University



Jantana Wongsantichon Result/ 56

Table 8 : Abundant ESTs from P. monodon's hemocyte library (tibrary # 2).

Rank Putative identity No.of ESTs   °/0

I Ribosomal proteins * (all different)

2 Actin

3 Elongation factor * (2 types)

[2 of EF-l alpha,2 of identical unclassified EF,

and 3 ofdifferent EFI

4 Serine proteinase inhibitor

5 Thymosin beta- I I

6 Chaperonin i (2 types)

I of theta-like, and I of zeta-like subunit]

7 Coactosin

8 ADP/ATP translocase

9 Profilin

Ｈ
　
８
　
７

７

　

１

　

６

５

　

４

　

３

6 3.1

3 1.5

2 1.0

2 1.0

2 r.0

2 1.0

* With the exception of clones for ribosomal proteins, which are all different, and
clones for translation elongation factors and chaperonins, which are of 2 types, the
rest of the clones for the same identity were likely belong to the same gene.

Table 9 : Summary of ESTs from the two hemocyte cDNA libraries of P.

monodon (library no.l and 2, respectively).

EST category Library #1 Library #2

No.of ESTs Percentage No.of ESTs Percentage

Total no. ofESTs

ESTs with significant match

Ribosomal proteins

Metabolic enzymes

Mitochondrial genes

Others

ESTs without significant match

Contaminants

E. coli DNA

Lambda vector DNA

６７
　
　
　
５

　

一
　

３２
　
・，
　

Ｈ

l0

6

100

8

48

4

t6

l5

9

194

ll
l3

27

72

71

r00

5.7

6.7

13.9

37.1

36.5
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From similarity searching, ESTPMC0003 was a clone of phosphopyruvate

hydratase or enolase, a gene previously reported from our laboratory in 1998

(Accession: AF100985) 
169). 

When the sequence alignment was done as in figure 9,

an identity within the open reading frame was 100 % but some sequence

discrepancies were found in the 3'UTR. Compare to AF100985, with its 1861 bp full-

length, this clone was considered to be truncated at.5' end of around 903 bp. A

diagnostic peptide sequence motif (DDLTVTNPK) known to be specific to all

enolase active sites was found, figure 10. Upon reexamining the chromatograms of

the new clone PMC0003 and those of AF100985 produced by Boonyawan, the

sequence differences seemed to be real. It was possible that these could be due to

errors of sequencing reactions. Another possibility is that this sequence was

transcribed from another enolase gene, with a diverged 3' UTR sequence.

One of the most abundant ESTs was putative actin sequences (4.1 %).

Multiple alignment of all 8 putative actin sequences of the hemocytes was done (data

not shown). The cDNA sequences were identical and different only in sizes. A

schematic pattern of overlapping regions is shown in figure 11. A consensus

sequence, around 1,100 bp with poly A*, was named as PMC-act. After the sequence

identity searching was performed again, BLAST search results were obtained as

shown in figure 12. Clustal X program was used for sequence alignments of PMC-act

with the highest score match. An alignment of PMC-act with gamma non-muscle

actin of O. cuniculu.s (accession: X60733.1) showed 90 % identity (Figure l3). PMC-

act was translated and aligned with the highest score match from Blast X, actin of

Artemia sp. (accession: P18603). Two muscle actin cDNAs of P. monodon reported

earlier from our laboratory in 1998 (70) were also compared at the amino acid level.

・
二

ヽ^

『　
　
　
）
．　
　
　́
　
＾́
　
．　
　
　
．　
　
　
、　
」
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Multiple amino acid sequence alignment of actin is shown in figure 14. An identity of

hemocyte PMC-act with actin of Artemia sp (99 %) was higher than those compared

with muscular actl of P. monodon (92 %) and act2 of P. monodon (86 %). These

suggested that the pMC-act sequence expressed in the shrimp hemocytes was a

different type of actin from the abdominal muscle sequences. Some actin amino

sequences with various subtypes were retrieved from an online record. Multiple

sequence alignment was performed to identify the type of actin in PMC-act. An

alignment in f,rgure 15 showed that PMC-act had higher similarity with actin in

subtype beta. Base on sequence similarity only, PMC-act might be classified into a

beta actin cDNA sequence.

ESTPMC0002 was another sequence of interest since its product relates to a

signal transduction process. The clone was identified as a putative RAN GTP-binding

protein (Ras-related nuclear protein). The full insert length was obtained by

sequencing of the clone PMC0002 from two directions, 5' and 3'. Each direction was

confirmed by performing the sequencing reaction twice. A full-lengh cDNA insert of

1,053 bp with a long run of poly A* (19 letters) was observed. Homology searching

results by BlastN and BlastX are shown in figure 16. A nucleotide sequence identity

between the full-length PMC0002 and RAN GTP-binding protein of Xenopus laevis,

the highest score match from BlastN, was 78 % (Figure l7). An identity between the

amino sequence of PMC0002 and RAN GTP-binding protein of D. melanogaster, the

highest score match from Blast X, was 86 % (Figure 18). Comparing to RAN GTP-

binding protein of various organisms in table 10, PMC0002 sequence can be

translated into a predicted protein sequence of 215 amino residues, Iike those from
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Salmo salar and Danio'rerio, whereas some other eukaryotes including Drosophila

have 216 amino residues instead.

Two types of clone identities from this second library, which might be

involved in a defense function, were the serine proteinase inhibitors (71) and the

peroxinectin (24, 25, 72).

A group of 6 ESTs (ESTPMC0023, ESTPMC0246, ESTPMC0299,

ESTPMC0347, ESTPMC0396, and ESTPMCO41l) was identified as the putative

serine proteinase inhibitors. The BlastX result and the feature of amino acid

sequences translated from these clones showed the characteristic domains in serine

proteinase inhibitor of the Kazal family. The multiple alignment with a Kazal type

serine proteinase inhibitor from Pacifastacus leniusculus (accession: 345677) was

shown in figure 19. The repeated stretches of conserved regions from an alignment

were underlined. PMC0023 seemed to be the most truncated cDNA sequence because

the first conserved region of PMC0023 is likely to be the third conserved region

instead, when compared to others. It can assumed from an alignment that the putative

Kazaltype serine proteinase inhibitors of P. monodonhave at least 5 Kazal domains.

An EST sequence of ESTPMC0265 was identified as putative peroxinectin.

Peroxinectin was a celi adhesion molecule, which was found to be important in

invertebrate immunity, especially in encapsulation and phagocytosis processes (24,

25, 72). The truncation at 5' end of ESTPMC0265 was found for several hundred

residues as shown in figure 20.

Although many a number of truncated cDNAs was found, more than 120

novel cDNA sequences which represented around 60 different identities of P.

monodon were identified from this study.Copyright by Mahidol University
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DNA sequence alignment between ESTPMC0003 and

phosphopyruvate hydratase of P. monodon (Accession: AF100985) previously

reported in 1998. The sequence of a newly isolated hemocyte cDNA clone,

PMC0003, was compared with part of the muscular cDNA sequence, clone PMM020,

coding for phosphopyruvate hydratase (or enolase) earlier reported from our

Iaboratory. Clustal X was used. An overall identity of 100 % in ORF was found. Stop

codon was underlined. Only the consensus region was shown.
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☆      280 ☆       300
ESTPMC0003 : ――――――――――
AAC70141_1 : FYKGENIYDLDFKTANNDGSQKITGDQLRDMYMEFCKEFPIVSI:[:::E : 30:

ESTPMC0003
AAC78141.1

ESTPMC0003
AAC70141_1

ESTPMC0003
AAC70141.1

Figure l0 Amino acid sequence alignment between those of ESTPMC0003 and

phosphopyruvate hydratase of P. monodon (Accession : AAC78141.1). Deduced

partial amino acid sequence of the hemocye PMC0003 clone was compared with the

deduced amino acid sequence from our lab's sequences, as retrieved from Genbank

database. Clustal X was used. An overall identity in the aligned region was 100 %.

The known motif specific to this protein, DDLTVTNPK, is boxed.
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lFTE=I[1■ HLL■ }:}:トル

=T11]WIF=HF=ら
ETEDI]FI■ [ILlず■「GLCT,3つ I}i

∵TESI[,■ HLL■IIHI]冊 :]Π手F=HR=GETEDEFI■DL■■「らL(rTC,I

F■ ERL■HYIJ121LRIEEEL[3:3i‐IF■ l」IIFRI
{THl,ILFIIEEELら ,311■IF■ GHI「 F:H

|__

Copyright by Mahidol University



Jantana Wongsantichon Result/ 62

PMC0011

PMC0028

PⅣIC0102

PMC0211

PMC0281

PMC0458

PMC0357

PMC0226

CONSENSUS: poly A*

Figure ll A scheme showing rerative overlapping region among g hemocyte

actin clones. Eight ESTs from 8 different cDNA clones, identified as non-muscle

type actin from Blast searches and Clustal X alignments, were aligned and found to

possess overlapping DNA region of the same transcript. A consensus sequence of all

the clones were thus determined. The consensus sequence obtained from multiple

sequence alignment (PMC-act) of all hemocyte actin segments was around L l kb,

with the presence of poly (A) in 3,end.
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(a)

Sequences producing significant alignments:
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Score E

(bits ) Va-Iue

emblX60733.110CRNACNPA  Oocuniculus mRNA for gamma― non muscl...  1219  0.0
gblM18826.1lDROACT8F  D.melanogaster actin gene′  complete cd...  1195  0.0
gblAF035774.11AF035774  Equus caballus beta actin mRNA′  comp...  1187  0.0
gblM26111.11GOOACTB  Goose beta― actin mRNA′  complete cds         l174  0.0
reflNM 001101.21  Homo Sapiens actin′  beta (ACTB)mRNA           l132  0.0
emblX00351.11HSAC07  Human mRNA for beta― actin                   l132  0.0

(b)

Sequences producing significant alignments:
Score   E
(bitS)Value

splP186031ACT4 ARTSX  ACTIN′  CLONE 403 >gi11027281pirliSl145...   667  0.0
splQ272501ACT4_BOMMO  ACTIN′  CYTOPLASMIC A4 (ACTIN A3B) (ACT...   667  0.0
gblAAC27796.11  (AF079161)cytOplasmic beta actin iXenOpus l...   666  0.0
gblAAF2 6678.11  (AF168615)beta― actin [Rivulus marmoratus1        665  0.0
splP534841ACTl_FUGRU  ACTIN′  CYTOPLASMIC l (BETA― ACTIN l)>g...   665  0.0
gblAAF63665.11  (AF135499)beta― actin iPlatichthys f■ esus〕        665  0.0

Figure 12 Identity searching results of the actin consensus sequence. (a) By using

Blast N program and (b) By using Blast X program of NCBI. Only part of the results

t

with the highest scores are shown.

44998
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PMC― act
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PMC― act
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PMC― act
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:   45
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:  175
:  390

:  240
:  455

:  370
:  585

:  435
:  650

:  500
:  715

:  565
:  780

:  630
:  845

Figure 13 DNA sequence. alignment between the hemocyte actin consensus

sequence and a gamma (non-muscle) actin of Oryctolagus cuniculzs (Accession:

X60733.1). Clustal X was used. An overall identity of 90 Yo in an overlapping region

within the ORF was found. Stop codon was underlined. Only the consensus region

was shown.
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Figure 13 (continued)
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Figure 14 Multiple amino acid sequence alignment of PMC-act with those of

actins from Artemia sp. (accession: P18603), our laboratory's muscle acll

(AAC7868l.l), and oct2 sequence from P. monodon (AAC78682.1). Clustal X was

used. Identities of PMC-act with those sequences were 99 o , 92 %o and 86 yo,

respectively.
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Figure 15 Multiple amino acid sequence alignment of PMC-act with

actin of subtypes alpha (o), beta (p), and gamma (y). Sequence l-7 are
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selected

from M.

musculus, H. sapiens, G. gallus, H. sapiens, O. cuniculus, O. cuniculus, and H.

sapiens; respectively. The sequence identities of PMC-act with cr-actin was 94 %o,

whereas those with 0 and y-actin were 94 Yo and98 yo, respectively.
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Figure 15 (continued)
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(a)

Sequences producing significant alignments:

dbjlAB030945.11AB030945  Xenopus laevis Xran mRNA for ran GT.
emblX66906.11GGRLPA  G.gallus mRNA for ras― like protein
gblAF159256.11AF159256  Mus musculus Lps/Ran GTPase (lps(d)).
gbiS83456.11S83456  GTP― binding protein [miCe′  C3H/He」 splee.
gblL32751.1lMUSMlRAN  Mouse (clone Ml)GTPase (Ran)mRNA′  co.
gblAF054183.1lAF054183  Homo sapiens GTP binding protein mRN.

(b)

Sequences producing significant alignments:

gblAAF48008.11  (AE003485)CG1404 gene product [Drosophila m...
dbjlBAA89696.11  (AB030945)ran GTP― binding protein [XenOpus...
splP170801RAN_HUⅣ AN  GTP― BINDING NUCLEAR PROTEIN RAN (TC4)
splP425581 RAN_CHICK  GTP― BINDING NUCLEAR PROTEIN RAN (TC4)>...
reflNP 006316.111  raS― related nuclear protein′  RAN′  member ...
pdb1lQG41A  Chain A′  Canine Gdp― Ran F72y Mutant >gi155423571...

Score   E
(bitS)Value

372  e-102
361  4e-99
360  1e-98
360  1e-98
360  1e-98
360  2e-98

Score   E
(bitS)Value

309  1e-81
299  1e-78
297  4e-78
297  4e-78
297  4e-78
289  1e-75

Figure 16 Identity searching results of the ESTPMC0002. (a) By using Blast N

program and (b) By using Blast X program of NCBI. Only few hits with high scores

are shown.
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71
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PMC002
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PMC002
AB030945 1
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A3030945 1

PMC002
AB030945 1

PMC002
AB030945 1
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:  146
:  114

:  221
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:  371
:  339

:  446
:  414

:  521
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:印 跡     1

630 720

Figure 17 Alignment of PMC0002 full-length DNA sequence with that of Ran

GTP-binding protein of Xenopus laevis (Accession: 4,8030945.1). Clustal X was

used. An overall identity of 78 % in ORF was found. Start and stop codon were

underlined. The full-length PMC0002 was l072bp: only 745 bp is shown.
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PMc0002
AAF48008.1

PMc0002
AAF48008.1

PMC0002
AAF48008.1

PMC0002    :
AAF48008.1 :
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Figure 18 Amino acid sequence alignment of PMC0002 (deduced sequence) and

Ran GTP-binding protein of Drosophila melanogaster (Acession: AAF48008.f).

Clustal X was used. An overall identity of 86% was found, with a gap at the start

codon. An acidic conserved C-terminus was boxed. A complete amino acid sequence

Iength from PMC0002 was 215 residues.

Table l0: Comparison of the putative Ran GTP-binding protein (deduced amino

acid sequence of PMC0002) with those from few other eukaryotic organisms.

ORGANISIⅦ ACCESSION
NO.

LENGTH
(AA)
DENTITY
(°/o)

SIPIILARITY
(°/。ヽ

Penaeus monodon 215

Xenopus laevis BAA89696.1 216 87 91

Gallus gallus P42558 216 87 91

Dros oph ila me lan ogaster AAF48008.1 216 86 93

Homo sapiens P17080 216 86 91

Mus musculus NP 006316_1 216 86 91

Salmo salar CAA10039.1 215 86 93

Danio rerio P79735 215 86 92
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Figure 19 Multiple amino acid sequence alignment of 5 new putative Kazal type

serine proteinase inhibitors with that from Pacdastacus leniusculus (accession:

545677). Deduced amino acid sequences from 5 partially sequenced cDNA clones

(PMCxxxx) were aligned with a previously characterized sequence from crayfish.

Four repeated stretches are underlined. The sequence of another clone, PMCO4I1,

was not included because of its low quality nucleotide sequence.
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CHAPTER V

DISCUSSION

1. Total RNA isolation

Only one predominant RNA band at around 1.9 kb was detected on an EtBr

staining formaldehyde denaturing gel. This band was likely 18S rRNA. The 28S

rRNA and l8S rRNA of insects have been found to be around 3900-4200 bp and

1900-2500 bp in length, respectively Qa-75). From figure 7,the 28S rRNA could not

be observed. The same result was reported by Boonyawan B. and Wongsombat T' in

total RNA preparation of other tissues from P. monodon (70, 76). This observation

was also found in other insects (77 ,78). They found that 28S rRNA can be cleaved by

heating at 60 oC and converted into 18S rRNA size products which showed identical

mobility to the native 18S rRNA on gel electrophoresis, although the 18 S thermal

product is a little heavier than the native 18 S RNA by sucrose gradient centrifugation

analysis(78). The heating step was routinely done for RNA denaturation before

loading RNA sample into the gel and also was used in this work.

The yield of total RNA isolation in library no.l was around 2 pglml of

hemolymph, while in library no.2 was around 6 Pglml of hemolymph. They were

different in their isolation method. Total RNA was isolated from the whole content of

hemolymph for library no.l, but it was isolated from solely hemocytes for library

no.2. This might be suggested that the centrifugation of total hemolymph in the

presence of anticoagulant to sediment hemocytes before total RNA isolation is a better

method than isolated from the whole hemolymph as done in library no.1.Copyright by Mahidol University
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2. Poly (A*) RIIA isolation

The poly (A.) RNA isolation of library no.l, by using an oligo-dT cellulose

column, generated the yield of around O.ll %of ,oof RNA. The better yield of 0.22

o/o of totalRNA was derived in library no.2, by using PolyATtract@ mRNA isolation

system. This might be the result from a very small amount of 168 pg of total RNA

used in library no.l, while the total RNA of library no.2 was 1.7 mg ( > around l0

folds). The less of total RNA used as starting material, leads to larger proportion of

poly (A*) RNA loss during isolation. However, it seems not suitable to compare

between the yields from two different isolation methods.

3. The quality of cDNA libraries.

A first cDNA library constructed from total hemolymph of P. monodon (library

no.l) was found not suitable for EST survey, due to a presence of high number of

clones with mitochondrial DNA, E. coli, and lambda DNA, at around 3h of the library

(72%) as shown in table 9. The low quality of the cDNA library may be resulted from

the very low amount of mRNA for the library construction at only 0.18 pg, which was

below an optimized condition for a cDNA synthesis as suggested by manufacturer.

The manufacturer's protocol suggests the minimum at L5 pg and the maximum at 7.0

pg of mRNA. We decided to construct this library after many small batches of sample

were collected, to try the run-through process. Then, second library was cautiously

planned to construct with some modification processes, especially in the hemocyte

sample preparation, and the amount of starting material -the total RNA.

A second cDNA library of total hemocytes of P. monodon was constructed from

around 3.83 pg of mRNA. This cDNA library contained an approximately 106

t_

Copyright by Mahidol University
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independent primary lambda clones, that was the expected titer normally found in an

unamplified cDNA library (40, 41,70). Screening by restriction enzyme digestion,

around 50 % of the recombinants could be cleaved at the ligated sites, EcoR I and Xho

I. The uncleavable clones, even have an insert, were ignored from further analysis. To

roughly determine the quality of the hemocyte library Qibrary no.2) by multiplying the

titer of this library (1.7 x t06; with 50 %.0 and dividing by the redundancy of 8 (the

most redundant which was found in identical actins), approximately lOs genes were

represented. The unidirectional orientation of cDNA at 98 o/o can facilitate the

sequencing analysis, which the 5' and 3' of oDNA could be easily determined.

Without significant contaminating sequences from other organisms, including E. coli,

and lambda vector DNA, it was considered a good cDNA library. Some clones of

mitochondrial DNAs (13.9 %) could be found, which may resulted from the high A+T

content of the P. monodo,n mitochondrial genome (>70 %).The mitochondrial RNA

molecules may bind to the oligo (dT) used to isolate the poly(A*) RNA. A study of

other tissue-specific ESTs from P. monodon revealed the incorporation of

mitochondrial rRNA and other mitochondrial genes at 8.9 % in cephalothorax, 1.8 %

in eyestalk, and 59.4 % in pleopod (a0). From figure 8, most of cDNA inserts have the

size in the range of 0.6-1.0 kb, but they are mainly at around 1.0 kb that is a minimum

average size recommended by'Adams et at (68). A 92 % of cDNA clones containing

an insert size > 500 bp, represented a good size-selection library.' The 5' truncation of

many oDNA clones in this library might be resulted from partial degradation during

RNA preparation or the presence of some nuclease activity in the cDNA synthesis

reaction. The sequencing of overlapping clones corresponding to different parts of one

messenger can be done and allowed the reconstitution of a complete mRNA sequenceCopyright by Mahidol University
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by contig construction from the partial sequences (82) as in figure I l. Moreover, a full

coding sequence of each unique truncated clone can be observed by using 3' or 5'

RACE (83). Although EST data was obtained from 5'-sequencing, some of them can

be sequenced until the poly A tail. This suggests the completion of the 3'-end of

cDNA inserts. The truncation of a cDNA clone at the 5'-end is usually found in a

population of a cDNA library. Some approaches could be done to avoid this major

drawback such as using a biotinylated CAP trapper (85-88).

4. ESTs data analysis

Similarity searching was conducted by using BlastN and BlastX programs of

NCBI on the WWW. The sequence similarity of ESTs with those in online databases

were mostly found by BlastX. This is because BlastX compares the query sequence

against amino acid sequence database and, in general, protein sequence motifs tend to

be more conserved across a wide-range of taxa. At least 120 ESTs of the P. monodon

hemocytes could be assigned putative identities. For those of 7l ESTs (36.5 %)

without significant sequence matching, they might belong to genes whose sequences

have diverged considerably among different organisms or they represented completely

novel functions in crustaceans. Some might consist mainly of untranslated mRNA

regions that are poorly conserved during the course of evolution. Many of the

unknown sequences might provide interesting information in the future when we have

accumulated more molecular information on the shrimp into the database.

The frequently found ESTs (table 8) are generally considered to represent mRNA

sequences from highly expressed genes that play vital biological roles in the cell. The

frequency of a cDNA identity provides a relative estimation of the steady-state levelCopyright by Mahidol University
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of a transcript of that gene compare to others in the particular tissue. In table 8, with

the exception of ribosomal proteins and elongation factors, which were composed of

various sub-populations involved in protein translation, actins and serine proteinase

inhibitors were the redundant transcript expressed in the shrimp hemocytes.

From the sequence identity searching of PMC-act (the consensus sequence of the

hemocyte actin clones) in figure 12 and sequence alignment in figure 13,14 and 15,

PMC-act should be classified from the sequence similarity as p-actin. Both 0 o. Y

actin classes are the major actins present in cytoplasm and muscle of invertebrates.

Among crustaceans, four actin isoforms have been isolated from Artemia during its

development (84). Actin serves important functions in the maintenance Jf cell shape,

cell division, cell motility, organelle movement and signal transduction. They are

ubiquitously expressed in all eukaryotic cells and are a group of highly conserved

proteins. Nevertheless, they are produced from distinct genes in a stage and tissue-

specific manner. It had been studied in vitro that relating to microbial rocketing

motility (96). This might be the reason of its redundancy in hemocytes.

The discovery of EST for putative serine proteinase inhibitor was quite promising.

Serine proteinase inhibitor is considered an important component in an arthropod

immunity (71). Its likely function in arthropod hemolymptr is in protecting the host

cells from infection by pathogens or parasites. Some may inhibit fungal or bacterial

proteinascs. Others probably have role in regulating endogbnous proteinases involved

in coagulation, prophenol oxidase activation, or cytokine activation (71). In

crustaceans, there is a cascade involved in the recognition of microbial

polysaccharides called prophenoloxidase activating system. It is so sensitive that

picograms per litre of microbial polysaccharides can activate the system (23). TheCopyright by Mahidol University



Fac.ofGrado Studies,卜 /1ahidol Univ. M.Sc. (Mol. Genet. Genet Eng.) I 79

zymogenic prophenoloxidase is activated by proteinases and hence proteinase

inhibitors are key regulatory factors to avoid inappropriate activation of the system.

An EST for a putative peroxinectin (ESTPMC0265) was also found from this

library. Protein of this gene is the first cell adhesion molecule ever purified from an

invertebrate blood, a crayfish named Pacifastacus leniusculus. [t was found to

stimulate encapsulation and endocytosis (24,25,72). Peroxinectin is synthesized in

the blood cells, stored in granules (89), and released as an inactivated form during

degranulation. It can be activated in the presence of LPS or p-1,3-glucans.

In addition to the putative serine proteinase inhibitor and peroxinectin that are

relevant to defense system of crustacean, some other putative identities might be

indirectly involved in an immune response. Clathrin is important for endocytosis by

forming polyhedral structure (73). Ubiquitin and 26 S proteasome are responsible for

specific cellular protein degradation (93, g4), involving cell cycle progression,

differentiation, and modulation of the immune and inflammatory responses (94).

Chaperonin assists in folding of actin, tubulin, and some other cytosolic proteins (95).

It was also found to be involved in scarless wound healing, may be by preventing the

forming of stress fiber of alpha-smooth muscle actin (97). In contrast, the

polymerization of actin with other small number of proteins is required for the

reconstitution of microbial rocketing motility in vitro without the presence of myosin

(96). Calreticulin, a calcium binding protein found in non-skeleton muscle cells, is

known to bind to the molecules of innate immunity, such as Clq, the first

subcomponent of complement (98).

Other EST identities such as Ran, ferritin, serine/threonine protein kinase are

important in signal transduction pathway.Copyright by Mahidol University
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For the putative Ran GTP-binding protein, ESTPMC0002, this sequence was

derived from a gene which constitutes a distinct branch of the superfamily of Ras-

related GTP-binding protein, which function as molecular switches cycling between

GTP-bound 'on' and GDP-bound 'off states. Ran protein is located predominantly in

the nuclei of eukaryotic cells and is involved in the nuclear import of proteins and

export of RNA as well as in control of DNA synthesis and of cell-cycle progression

(90, 9l). The protein Ran was first cloned in human because of its high sequence

similarity to the oncogene Ras. Most of this sequence similarity is found within

conserved domains involved in guanine nucleotide binding. Unlike many G-proteins,

mammalian Ran does not appear to undergo any post-translation lipid modifications

and probably as a result does not bind membranes inside the cell or require lipids for

its activity. In human, Ran possesses an acidic-DEDDDL at its C terminus that is

conserved across species instead of a consensus pienylation domain (CAAX motif: C

= cysteine, A : aliphatic amino acid, X = any amino acid). For the ESTPMC0002, the

-EDDEDL was also found at C terminus while -DEDDDL was found in D.

melanogasrer. (Figure I 8)

We have found various interesting ESTs from the second hemocyte cDNA

library. This suggests a good representation for cDNA clones from this specific tissue.

All ESTs described in this study have been submitted to dbEST division of Genbank.

A number of 216 DNA sequences were added to the Ganbank record, 22 ftom total

hemolymph library and 194 from total hemocyte library. All of known identities from

library no.2 were compared to all existing online records of P. monodon's sequences,

at least 60 identities were newly reported. The novel identities such as : Ran GTP-

binding protein, ferritin subunit precusor, calreticulin, ubiquitin extension protein,Copyright by Mahidol University
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polyA binding protein, 26 S proteasome, proteasome regulator, heterogeneous nuclear

RNP, RNA polymerase II, small nuclear ribonucleorotein, multicatalytic

endopeptidase complex, ADP/ATP translocase, equilbrative nitrobenzlythioinosine-

sensitive nucleoside transporter, chromatin assembly factor, SNRI, cytosolic actin,

profilin, tubulin, thymosin, calponin, coactosin, golgi apparatus associated protein,

selenoprotein, serine proteinase inhibitor, antileukoproteinase, clathrin associated

protein, clathrin light chain, peroxinectin, zinc finger protein, T-complex protein

(chaperonin), ADP-ribosylation factor, ATPase, anti-oxidant protein, glucose-6-

phosphate isomerase, methylmalonyl-CoA mutase, phosphoglyceromutase,

adenosylhomocysteinase, selenophosphate synthetase, pyruvate kinase, nucleoside

diphosphate kinase, etc. In addition to these, many ribosomal proteins and elongation

factors were newly reported. The ESTs data set will serve as molecular biological

information background of P. monodon. Some of them might be useful in other fields

of studies. However, the identity of ESTs assigned by this study were only deduced

from high sequence similarity but the true functions can only be confirmed or

demonstrated by biochemical and mutagenesis approaches.

5. Full length characterization of two muscle cDNA clones.

During the course of this work, insert sequence of PMM088 and PMMI 10 earlier

described by Boonyawan was also completely determined by the author using a

religation method (Appendix l), as an additional work. The method is one convenient

approach to avoid many complicated steps in subcloning, such as vector preparation

and DNA fragment preparation. More than two religation reactions might be needed

for a clone with an insert larger than 1.5 kb because there was a limitation on readingCopyright by Mahidol University
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distances by the automated sequencer, approximately 500 bp in length could be

reliable read per one sequencing reaction.

The truncation of 47 bp (figire 22) from the presumed start codon in the PMM088

sequence might be the ,.r.rtt from degradation of RNA prior to the abdominal library

preparation. The presence of a minute amount of nuclease in the reverse transcription

could also lead to the generation of incomplete cDNA. The difference of nucleotides

in some position when compare to a recently reported cytochrome b sequence of

Penaeus monodon from Australia in the database, indicated a genetic variation

between different population of the shrimps. This may be useful serving as a DNA

marker for population tracking study.

At present, there was no other nucleotide sequence of calcium binding proteins in

online databases, except that of an EST of P. monodon from another laboratory

(A1253941). However, an alignment in figure 24 showed the 5'-UTR truncation but an

open reading frame was complete. This 192 amino residue protein might be involved

in signal transduction pathway whereas the three Ca2* binding sites in figure 25 were

reported to have high affinity to Ca2* (92). In a cell, the concentration of cytosolic

Ca2* is normally maintained at very low (around 0.1 pM) by C** pump that actively

export Ca2* across the plasma membrane, mitochondria and endoplasmic reticulum.

The intracellular Ca2* will increase in response to some hormonal, neural or other

stimuli through specific Ca2* channels. The cellular responses such as Ca2*-dependent

enzymes will be activated and calcium binding proteins will play their role in this step

of regulating those activity (73).

These two full-length sequences have not been submitted to Genbank, but will be

subsequently done in the near future.Copyright by Mahidol University
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CHAPTER VI

CONCLUSION

L Two lambda ZAPII-based cDNA libraries were constructed from Penaeus

monodon's hemocytes. The first cDNA library was constructed from a small amount

of total RNA (around 0.18 Fg), isolated from snap-frozen total hemolymph of live

shrimps. Sequences of 67 cDNA clones were partially determined from their 5' end.

Searching online databases revealed that up to 72 % were contaminating of

mitochondrial DNA, E. coli DNA, and lambda DNA. This library is not suitable for

EST research work. Nevertheless, 22 novel DNA sequences of P. monodon were

obtained and submitted to Genbank.

2. The second cDNA library was.constructed by using a larger amount of total RNA

(around 3.83 pg), isolated from centrifuged hemocytes of live shrimps. A total of 194

cDNA clones were partially sequenced from their 5' end. Around 49.4 o/o of ESTs

were found to match known genes that were not mitochondrial DNA, while 36.5 %

did not match any sequences in current databases. No contamination of E. coli or

Iambda DNA was detected from this library. This library was consideredsuitable for

EST research work and gene isolation. All 194 sequences have been submitted to

Genbank.

3. Two groups of EST identities - serine proteinase inhibitors and the peroxinectin,

from the hemocyte library # 2 were found by chance and sequenced. They were

assumed to involve in defense mechanism, especially in the prophenoloxidase

activating system. Some other ESTs which might be indirectly involved in immunityCopyright by Mahidol University
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were also found, such as: clathrin, calreticulin, 26 S proteasome protein, ubiquitin, etc.

Some ESTs which play their roles in signal transduction pathway such as: Ran,

serine/threonine kinase, ferritin, etc., was also found. Other ESTs identified

constituted a broad ,*r. type of transcripts which are cytoplasmic structural and

regulatory proteins, enzymes, nuclear proteins, and a number of proteins of unknown

functions.

Copyright by Mahidol University
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APPENDIX

Appendix I : Full length characterization of two muscle cDNA clones.

Two abdominal muscle cDNA clones earlier charactenzed and initially

identified as those for a cytochrome b and a calcium binding protein based on BLAST

search with their 5'-EST by Boonyawan (1998) (70), PMM088 and PMMl10, were

selected for full-length sequence determinations. Cytochrome b sequence could serve

as a useful DNA marker for phylogenetic study of crustaceans, as well as for

population migration study of shrimps in the seas. For the calcium binding protein, it

might play arole in physiology of the shrimp muscles.

Using cycle sequencing protocol with dye terminator chemistry (PE Applied

Biosystems). approximately 600 bases per sample were clearly readable by the data

analysis software. After visually examining the chromatograms, an average length of

usable sequences of around 500 base pair long (including vector sequences) was

found. The two clones were sequenced from both 3'and 5' directions, using M13

universal forward and reverse primers. An overlap of 3' and 5' sequencing was earlier

used to generate a full-length sequence by Contig Assembly program. However it was

found difficult to accurately determine the sequence of several nucleotide bases in this

overlapping region. due to their far distance from the primers used. Restriction maps

of the two clones were then analyzed from the known DNA sequences by Vector NTI

program. From the map, an internal region of PMM088 was then digested in two

ways, one with EcoRI and Nde I double digestion and another with Xho I and Nde I

double digestion. each was then re-ligated of its ends after a blunting reaction. The
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two re-ligated forms were subjected to sequencing for the middle region of the cDNA

insert by using the same Ml3 universal reverse and forward primers and/or T3 and T7

primers instead. For PMMl10, which has an internal EcoR I site in the cDNA insert,

it was double digested with Psr I and Hind III, and with Xho I and Hind III. The site

of Ps/ I is located beside the EcoR I within the polylinker region (figure 3). After

blunting and re-ligating their ends, both re-ligated forms were subjected to sequencing

in the same fashion as PMM088. All of sequencing data was then used for sequence

alignments to find the consensus sequence, which became the representative full-

length sequence of each clone after each base position was verified. The restriction

map and sequencing directions for complete sequence determination of both clones is

shown in figure 21.

Similarity searching on existing DNA sequence data in all available databases

was conducted by using BLAST program. Multiple sequence alignments were later

performed to compare the sequence identity of the sequence with those from other

organisms. using Clustal X programs. Results of BLAST scores and percent sequence

identities are shown in Table I 1.

We found that the sequence of clone PMM088, 1090 bp long, was truncated

around 16 amino acids (47 bp) from the presumed start codon (ATG) at the 5' end.

The nucleotide sequence was compare either to a cytochrome b sequence of Penaeus

monodon, which was reported by another laboratory, or a sequence of Drosophila

yakuba. The 3' end was apparently complete due to the presence of the poly A* tail of

the cDNA clone. However, the poly (A) tract found in the clone was located just right

after the termination codon (TAA), which was quite unusual. If the missing l6 amino

acid residues in the N terminus was assurned, the 378 amino acid polypeptide with a
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molecular mass of around 40 kDa could be predicted. The GC content within the ORF

was 33 %. Similarity of PMM088 sequence to a recently published mitochondrial

DNA sequence of P. monodon (AF217843) was 98 % (Figure 22). A 99 % amino

acid sequence identity was found when compared to a translated protein (AAF43377)

of the same mitochondrial DNA, with I amino acid difference at position 175 of the

complete cytochrome b polypeptide (Figure 23). When compare with the D. yakuba

sequences, the nucleotide sequence and amino acid sequence identities were 74 oh and

77 %o,respectively. The full-length sequence of PMM088 was also listed in Appendix

2 with omission of the poly (A) tract.

The sequence of PMMI 10, 993 bp long, could be translated into a 192 amino

acid sequence of calcium binding protein. Alignment of the DNA sequence with a P.

monodon EST of a putative calcium binding protein (AI253g41) showed a 94 %o

nucleotide sequence identity, in a 622 nucleotide region (Figure 24). When the

deduced amino icid sequence was compared to a sarcoplasmic calcium binding

protein of Penaeus sp. (P02636), a 94 oZ protein sequence identity was found, with 6

residue differences in the 192 amino acid full-length sequence (Figure 25). Three

putative Ca2* binding sites were boxed (93). The full-length sequence of PMMIl0

was listed in Appendix 3, with omission of the poly (A) tract.
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Figure 21 Restriction lllap and all sequencillg directions of(a)PMM088 and(b)

PR任Ⅳll10 cDNA fragments in this experiIElent.Thc region betwccn Ecο R I and

position l is Eθ οR I adapter and the rcgion betwccn the end of cE)NA,position 1090

in PMM088 and position 993 in PMMHO,andン 移ο l is poly(A)+.
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Figure 22 DNA sequence alignment of PMM088 full-length DNA sequence with

that of cytochrome b of P. mo:nodon (Accession: AF217843). Clustal X was used. An

overall identity of 98 %o was found, without any gap. Start and stop codon are underlined.

40

rccicclcII■■
rcciccTcIIiTI

100

220

☆       260 ★       280         ナ

★       340         ☆

ヤ       380 400
iCTiCTTATiCCCiCTCCCTTCTT
iCTiGTTATACCGACTCCCTTCTT

★       440 ★        460

500 540

3TTTTCiTTTTTTiTTCCCGTTTATCGTACCiCCi ATTATTCiriTTcTTTT
rTciTTTTTTATTCCCGTTTATCGTACCACCACCAACTATTATTCATA

CiCiTiTTTGTCGACiTGTi■ iTTiTCGiTCiCiIC
■TiTTTCICCiCiTCTi■ iTTATGG■TCiCTTCi

Copyright by Mahidol University



Jantana Wongsantichon

PMM088
AF217843

PMM038
AF217843

PMM088
AF217843

PMM088
AF217843

PMM088
A「217843

PMM088
A「217843

PMM088
AF217843

PMM088
AF217843

PMM088
A「217843

Appendix I 104
へ
ヽ
　
。ｔ

　

心
・

620

740

800

980

1040

1100

613
660

・
ヽ

「　
　
ヽ
ヽ

700

820

880

1000

1060

1120

720

840

960

1020

1080

:  733
:  780

:  793
:  840

:  673
:  720

853
900

: 1033
: 1080

:  913
:  960

:  973
: 1020

: 1090
: 1137

」
４

・
・
守
・

Figure 22 (continued)
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Figure 23 Amino acid sequence alignment between PMM088 and cytochrome b of

P. monodon (Accession: AAF43377.1). ClustalX was used. An overall identity of 99 Yo

was found, without any gap. 'ヽ
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Figure 24 DNA sequence alignment of

that of calcium binding protein EST of P.

was used. An overall identity of 92 o/o in

underlined.

full-length DNA sequence with

(Accession: A1253941). ClustalX

found. Start and stop codon are
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Figure 25 Amino acid sequence alignment between PMMllO and calcium binding

protein of Penaeus sp. (Accession: P02636) Clustal X was used. An overall identity of

94 Yo was found, without any gap. Boxes show putative Ca2* binding sequences.
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Appendix 2 : A complete nucleotide sequence of a cDNA insert in PMM088'

Length=1090 1etters

TGGACCTGTT ATTGACCTCC CAGCACCAGC
TCTCCTTGGT TTATGCTTAG TTATTCAAAT
TACTGCTCAT GTTGACCTAG CATTCTCTAG
TGGATGACTT CTCCGAACGT TACATCCTAA
TATACATACC GGACGAGGTA TTTATTATGG
AGGTGTCATT ATTCTTCTAC TAGTTATAGC
AGGACAAATA TCATTCTGGG GAGCCACTGT
TATTGGTACA GATCTTGTAC AATGAATTTG
AACTCGATTC TTCACTTTTC ATTTTTTATT
TCATATTCTT TTTATTCATC AAACAGGATC
AGATAAAGTA CCTTTTCATC CTTATTTTAC
GCTACCAGGA CTTATTCTAT TAACATTATT
CTTTATTCCC GCCAATCCAC TTGTTACCCC
ATTTGCATAT GCTATTTTAC GATCAATTCC
AATATCTATC CTCATTTTAT TAATCTTGCC
AACGTTTTAT CCTTTAAATC AACTTATATT
AACTTGGATT GGGGCACGGC CAGTTGAAGA
TGTTCTTTAT TTCTCTTATT ATATTATTAA
ACTAGATTAA

GAGAATCAAC
GGACAACCGC
GGATAAGAAC
ATTCAGCGCC
CGCCGAGCTC
TGTGCAGAAG
CATTCCCAAC
GTACAGGCTT
TTACAACAAG
CCAGGACCTG
TTTCGGACCC
CCGCGAGGCT
CCGCCAGCCC
CTCTGAACCT
TGCCGTCTCT
CGCTCGAGGG
CTTTATTATT

GGTCTTTAAG
GTCAAGTACG
GACTTCGAGT
GATGCCTACG
GCTCACTTCA
CATTGCCAGG
CAGTTCAAGG
GACTGCATTA
CTCACCACTG
TACGCTCAGT
CTGAAGGTGG
CCGGCGCTGT
CACACACCCA
AAGCCGCAAC
AGCCAGGCCC
TCTTCACCCA
ATCCAATAAA

GTCAGGCGAC
TCGTCAGGTA
CCCTTGCCGT
CCAACAACCA
ACAAGGACGG
GCAAGAAATA
CTATTGACGT
CCAGGTCTGC
AGGACGACAG
TCATCTCCAA
TCCAGTAGAC
GGGCGGAAAC
ACAGTGCCCA
GCAGGCAACA
TTGGAGTGGA
GTTCAACACC
CGTTGAAATG

TAACATTTCA
CGTTACTGGA
TGTAGCACAT
TGGACCGTCT
ATCGTTTTTA
GACTGCCTTC
AATTACGAAT
AGGTGGATTT
CCCGTTTATC
TAACAATCCA
ATTTAAAGAT
AAACCCTTAT
TGCCCATATT
TAATAAATTA
TTTTACCCAT
TTGATCATTA
TCCTTATGTA
CCCACTTACA

ACTTTGTGAA
CTCTTTTTAG
ATTTGTCGAG
TTCTTCTTCA
TATATACATG
TTAGGGTATG
TTATTTTCAG
GCAGTTGATA
GTAGCACCAG
CTACGAATTG
ATTACTGGAT
TTATTGGGAG
CAACCGGAGT
GGACGTGTTA
GTACCAAAAT
GTAAGTATTG
ATTACTGGTC
CTTATATGAT

ACTTTGGTTC
CTATACACTA
ATGTAAATTA
TTTGTCTGTA
CTTGATCAGT
TGTTACCTTG
CTATTCCATA
ATGCTGCATT
CAACTATTAT
TTAGTAATGT
TTATCGTAAT
ATCCAGACAA
GATATTTTTT
TTCCCCTAGT
TTCGAAGATT
TCTTCTTATT
AGATCCTGAC
GGGATAAAAT

ハ
ニ
）
ヽ
・
ゞ
Ｌ
゛ Appendix 3 : A complete nucleotide sequence of a cDNA insert in PMMllO.

Length :993letters

GCAAGCATCT
CATGTACGAC
CAGGAACACC
GAAGATCATG
TGAGGTAACT
CGGCGAATTC
TAACGGCGAC
CTTTGCTGAT
GAAGGCCGGC
CCCTGATGAG
TAGCGCATGA
CCCGCGCATG
GTTCCTCACC
ACACCGCCTG
GACGCGCGGC
GGGAATCGTC
TTT

AGCAAAATGG
ATTGACAACA
CTGATCGAGG
AGGAACCTCT
GTCGACGAGT
CCCGGTGCCT
GGCAAGGTTG
GTGAAGGAGA
GGACTCACCC
TCTTGCAGCG
GGCCGCCTAC
CCCACCCCGG
GCATTTTTAT
CCGTATCCGA
CTCGCCCCTG
GACTACTGAT

CTTACAGCTG
ATGGCTTCTT
GCCGTGCCGA
GGAACGAGAT
TCAAGCAGGC
TCAAGGTTTT
GCCTCGATGA
TTGATGAAGC
TGGAACGCTA
CCTGCTACCT
ATTACCCTCC
GGAGGCCCTA
ACTCACCTCC
CCCGGGCCGC
CCCACCCCCT
CCGATCハACT
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