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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 dye 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 %) were identified to be of mitochondrial genes, 5 (8 %) ‘were of
ribosomal protein genes, 3 (4 %) were of other genes, and 11 (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, 71 (36 %) clones showed no
sequence similarity to those of any genes. Frequently found EST identities
were mitochondrial genes (14 %), ribosomal proteins (6 %), actin (5 %), 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

1. 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 1. 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 (1). Abundance of this marine
organism’s farmings grew very étrongly in the late 1980s, boomed by the growing
aquaculture industry. A production of the tiger shrirhp reached a peak at 726,000 MT
in 1994 and steadily declined for several years afterward (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 is 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, the
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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 ilas significantly expanded,
which result in more shrimp catches obtained from the farms rather than from marine
fishery. Despite much research on the culturing condition whjch 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 frequent outbreaks of
viral and bacterial diseases in many areas arouﬁd the world. The major disease
problems, which cause high mortality and significant economic losses, mostly come
from white spot baculovirus (WSBV) and yellow-head virus (YHV) (80, 81).

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 100% within 3-
10 days, after onset of those signs (4-7).

Yellbw—head virus (YHV) was named for the characteristic yellowish
discoloration of the head paﬁ, called cephalothorax. Symptoms are sudden food

consumption, followed by fasting, and eventually, death. This acute disease can cause
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a 100 % 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. krill, Acetes 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 énd 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 (GAYV), 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 obsérvation (14-15), 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

1s 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 immune
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defense is directed against by recognizing foreign materials such as
lipopolysaccharides (LPS) or peptidoglycans from bacteria, $-1,3 glucans or mannans
from fungi. The proteins that recognize these materials are called pattern recognition
proteins (PRP). The arthr;)pod PRPs will work as opsonins, agglutinins, or they can
initiate a defense system called pfophenoloxidase activating system (proPO-system)
(20). The primary group 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 ;:ells. 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 acﬁvating énzyme (ppA) 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, and B. mori

are about the same, at 30 kDa (23).
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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, a Kazal 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 acfive. 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 naméd peroxinectin
(24). Within the peroxidase stfuctural 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 péptides and their regulation. These
small peptides are important in serving as a broad spectrum antimicrobial agents (26).
By 1996, about hundred antimicrobial peptides had beén characterized 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 make
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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 a;ltibacterial (anti-gram-positive) ‘defensins’ and the 5 kDa
antifungal peptides ‘drosomycin’. The linear antimicrobial peptides can be grouped
intovthree families :- cecropins, proline-rich peptides, anci glycine-rich peptides (27).
A type of gene transcription regulatory sequenées called kB-related response elements
was found in a promoter region of each immune-inducible antibacterial peptide gene
of insects. The consensus sequence of kB-RE js : GGGDNTYYYY, where D=A, T
or G (27-28).

A «xB element is re;:ognized by a group of is a member Rel-family
transcription factors, called NF-xB, which are well-characterized in mammalian and
other eukaryotic systems. In Drosbphjla, three members of the Rel family proteins
have been identified : Dorsal, Dif (dorsal-related immunity factor), and Relish. (28) In
the signal transduction pathway to Dorsal, binding of a ligand Spitzle 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 kB
protein or IkB homologue, Cactus, which is previously complexed with Dorsal (NFx
B-like). The removal of IkB subunit reveals a nuclear localization signal within the
3D structure of Dorsal. After entering the nucleus, the Rel domains of Dorsal bind to

various kB-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),
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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 v\;orks done incharacterizing a 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, 1 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 tags (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).

S. 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’ end
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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 derived from sequence further upstream.
Depending on the length ;)f the 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 by 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
(http://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 aré present in libraries in
proportion to the abundance of mRNAs in the tissues from which the libfary 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 sequénce-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 subtraction
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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 analysi's

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 programs designed to explore all of the available DNA and protein sequence
databases (54). There are curreﬁtly five BLAST programs, namely :-

‘blastp for comparing an amino acid query sequence against a protein

sequence database,

blastn for comparing a nuéleotide query sequence against a nucleotide

sequerice 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 proteih 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
againét 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, which
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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 segments (55).

~ The fundamental unit of BLAST algorithm output is the high-scoring segment
pair (HSP). An HSP consists of two sequence fragments éf 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 cutoff score is sufﬁciehtly high.

The approach of the BLAST program is first to look for similar segment
(HSPs) between the query sequence and a database sequence. Then any matches are
evaluated for the statistical significance and finally only those satisfy a user-selectable
threshold of significance are reported. The principle equation relating the score of an
HSP to its expected frequency of chance o'ccurrence is :

E = KN exp (-lambda S)
where E is the expected frequehcy 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 function (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
programs, such as Clustal W and Clustal X (57-58). These programs would reveal

overall similarity between new sequence and existing families of sequences.
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CHAPTER II

OBJECTIVES

The aim of this thesis was to construct cDNA libraries from hemocytes of
Penaeus monodon, a main defense cell of the shrimp, and 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.
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CHAPTER III

MATERIALS AND METHODS

1. Materials
1.1. Shrimp specimens

Blaék tiger shrimps (Penaeus monodon) were purchased from local shrimp
farms. Some were purchased from Shrimp Culture Research Center, Chareon
Pokphand Group, Mahachai, 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 1 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 1:1 ratio and kept at -80
°C before RNA extraction. A total of 85 ml hemolymph was used for RNA
preparation for constfuction of the cDNA library no.1 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

chloridé; 115 mM of glucose; 9 mM of EDTA, pH 7.0 was used as an anticoagulant.

1.3. Total RNA isolation
Guanidine thiocyanate was purchased from Sigma and TRIzol® LS reagent

from GIBCO BRL, Life Technologies, Inc., USA.
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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.S. ¢cDNA library construction
ZAP-cDNA ® Gigapack® III Gold cloning kit was purchased from
Stratagene, USA. This kit contains all reagents for a cDNA synthesis, UniZAP™ XR
vector (Lambda ZAP® 1I v<;.ctor, digested with EcoR I and Xho I, CIAP treated),
E.coli X1L1-Blue MRF’ strain and SOLR™ strain, ExAssist™ interference-resistant
helper phage, VCSM13 interference-resistant helper phage, Gigapack® III Gold
packaging extracts, Acl857 Sam7 wild-type lambda control DNA, and VCS257 host

strain. The genetic map of the Uni-ZAP XR insertion vector is shown in figure 2.

1.6. Radioactive [oa->*P] JATP
[o->*P] dATP (3000 Ci/mmol) was purchased from Amersham Pharmacia

Biotech, England.

1.7. Bacterial strains
XL1-Blue MRF’ strain : A(mcrA)183 A(mcrCB-hsdSMR-mrr)173 endAl
supE44 thi-1 recAl gyrA96 rel41 lac[F’ proAB lacFf ZAM15 Tnl0(Tet")] (Stratagene,

Inc.)
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SOLR strain : e14” (McrA")A(mcrCB-hsdSMR-mrr)171 sbcC recB rec uvrC
umuC::Tn5 (Kan') lac gyrA96 reldl thi-1 end4l AR [F’ proAB lacFZAMI5] Su
(nonsuppressing) (Stratagene, Inc.)

Escherichia coli IM109 : [recAl supE44 endAl hsdR17 gyrR17 reldl thi A
(lac-proAB F’ (traD36 proAB™ lacF lacZAMI35)], 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 pUC19. The SK designation indicates direction of a
polylinker in a lacZ gene from Sac I to Kpn 1. 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 101 Inc., USA.

1.10. DNA sequencing reaction
ABI PRISM™ Dye Terminator Cycle Sequencing Ready Reaction kit with
Amplitaq®' DNA Polymerase FS and ABI PRISM™ BigDye™ Terminator Cycle
Sequencing Ready Reaction kit with Amplitaq® i)NA Polymerase FS were purchased

from PE Applied Biosystems, Inc., USA.
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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 GIBéO BRL, Promega, and Biolabs. The recognition sites and

optimal condition of the restriction enzymes used are shown in Table 1.

Table 1 : Restriction enzymes with their recognition sites, recommended buffers

and manufacturers.

Enzymes Recognition sequence | Buffer * Manufacturer
EcoR 1 GNAATTC Buffer H Promega
Hind 111  APAGCTT Buffer E Promega
Kpnl ~ T GGTAC/C ~ ReacT4 GIBCO BRL
Nde 1 CA"TATG NEB buffer 4 Biolab
Pst1 CTGCA"G NEB buffer 3 Biolab
Xho 1 C"TCGAG Buffer D Promega
Note

Buffer D: 6 mM _Tris-HCl, pH 7.9, 150 mM NaCl, 1 mM DTT, 6 mM MgCl,
Buffer E: 6 mM Tris-HCI, pH 7.4, 100 mM NaCl, 1 mM DTT, 6 mM MgCl,
Buffer H: 90 mM Tris-HCl, pH 7.5, 50 mM NaCl, | mM DTT, 10 mM MgCl,
ReacT 4 buffer: 20 mM Tris-HCI, pH 7.4, 50 mM NaCl, 1 mM, 5 mM MgCl,
NEB buffer 3: 50 mM Tris-HCl, 10 mM MgCl,, 100 mM NaCl, 1 mM DTT

(pH 7.9 at 25°C)
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NEB buffer 4: 20 mM Tris-HCl, 10 mM Magnesium acetate, 50 mM potassium

acetate, | mM DTT (pH 7.9 at 25°C)

~ represents the cleavage site of each restriction enzyme.

1.12.

1.13.

1.14.

PCR primers

M13 (-20) primer 5> GTAAAACGACGGCCAGT 3’

M13 reverse primer 5° GGAAACAGCTATGACCATG 3

T7 20-mer primer 5> GTAATACGACTCACTATAGGGC 3’
T3 22-mer primer 5> AATTAACCCTCACTAAAGGG 3’
Growth media (61)

LB broth: 1 % (w/v) tryptone, 0.5 % (w/v) yeast extract, 1 % (w/v) NaCl,
pH 7.0

LB agar: LB broth with 2 % (w/v) agar

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

NZY broth: 0.5 % (w/v) NaCl, 0.2 % (w/v) MgS04.7H0, 0.5 % (w/v) yeast
éxtract, 1 % (w/v) NZ amine (casein hydrolysate), pH 7.5

NZY agar: NZY broth with 1.5 % (w/v) agar

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

Supplemented media: LB broth with 0.2 % (w/v) maltose-10 mM MgSO,4

Chemicals

Cetyl trimethyl ammonium bromide (CTAB) Sigma

Isopropyl-1-thio-p-D-thio-galactopyranoside (IPTG) Sigma
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5-Bromo-4-chloro-3-indolyl-f-D-galactopyranoside (X-gal) Sigma

N, N, N’, N’-tetramethylenediamine (TEMED) Fluka
Ethylene diamine tetraacetic acid (EDTA) Sigma
Water-saturated phenol Amresco

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

They were either of analytical or molecular biology grades.
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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 1 ml syringe,
half diluted with a precoo'led (4 °C) modified AS, pH 7.0 and was centrifuged at 700
x g for 10 min at 4 °C (2,600 rpm in a BECKMAN Avanti™ 30 centrifuge). The |

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

2.2 Total RNA isolaﬁon

Method 1: Total RNA isolation by TRIZOL™ 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® Lahortechnik). 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 15 min at
4 °C. An aqueous‘phase was transferred to a new tube and precipitated by mixing
with 0.5 ml of isopropanol. The tube was incubated for 10 minutes at room
temperéture and centrifuged at 12,000 x g for 10 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 1 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 pellet
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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 10 min at 55 °C.

Method 2: Single-step method of RNA isolation by acid guanidinium
thiocyanate-phenol-chlor(;fonn 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 1 ml freshly collected hemolymph was
resuspended and lysed in 1 ml of GTC buffer (4.0 M guanidine thiocyanate, 25 mM
sodium citrate pH 7.0, 0.5% sarcosyl, 0.1 M 2-mercaptoethanol). A recommended
cell concentration was 10 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 21 G gauge needle. Then, the lysate was added with 0.1
volume of 2 M sodium acetate pH 4.0, 1 volume of water-saturated phenol and 0.3
volume of chloroform-isoamyl alcohol (49:1), 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
°C. 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 °C again. The RNA pellet was redissolved
in 0.3 volume of the initiél volume of GTC and an equal volume of isopropanol was
added and mixed. The tube was incubated at —20 °C for 1 hour and centrifuged at
13,000 rpm for 20 min at 4 °C. 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 10 min after
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remove the isopropanol. The RNA pellet was redissolved in DEPC-treated water and

stored at —80 °C until use.

2.3 Poly (A") RNA i;olaﬁon procedures

Method 1: mRNA for construction of cDNA library no.1 was purified from
total RNA by using oligo(dT)-cellulose as described in Maniatis et al. (64)

Method 2: PolyA.Ttract® 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 10 min. A 3 pl aliquot of the Biotinylated-Oligo(dT) Probe and 13 ul 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 <-:ompletely dispefsed.
Then, it was captured by placing in a magnetic stand until the SA-PMPs had collected
at the side of the tube. The supernatant was carefully removed. The SA-PMPs were
wéshed three times with 0.5 x SSC (0.3 ml per wash), each time captﬁred 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 10 min. The SA-PMPs were captured by using the magnetic stand and
the supernatant was carefully removed. The particfles 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
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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-PMi’s 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 3
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Hybridize with

5’ 3
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Figure 4 Schematic diagram of the PolyATtract® mRNA isolation procedure,

redrawn from (65).
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2.4 Formaldehyde agarose gel electrophoresis

For each gel, 1.0 g of agarose was melted in a sterile buffer [10 ml of 10x
MOPS buffer (200 mM 3-[N-morpholino]propanesulfonic acid, MOPS; 50 mM
sodium acetate; 10 mM I;ZDTA, final pH 6.5-7.0), 85 ml of sterile water] and cooled
to around 50 °C. Then, 5.4 ml of 37% (v/v) formaldehyde was added and mixed well
by swirling inside a fume hood. A horizontal gel slot (7 cm x 10 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 10 ul of formaldehyde gel loading buffer
[720 pl of formamide, 160 pl of 10 x MOPS buffer, 260 ul of formaldehyde, 100 ul
of sterile water, 100 ul 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 presencé of an orange pellet was seen)]. The sample was incubated at 65 °C
for 15 min and quickly cooled on ice. A 10 pl aliquot of each sample was loaded onto
the gel. An electrophoresis was typically conducted at 80 volts for 2 hr in 1x 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-strénd synthesis: In a RNase-free microcentrifuge tube, 5 pl of 10x
first-strand buffer. (0.5 M Tris-HCl (pH 8.3), 0.75 M KCl, 0.1 M DDT, and 30 mM
MgCly), 3 pl of first-strand methyl nucleotide‘mixture (10 mM dATP,dGTP, and

dTTP plus 5 mM 5-methyl dCTP), 2 pl of linker-primer (5’-GAGAGAGAGAGAGA
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GAGAGAACTAGTCTCGAGTTTTTTTTTTTTTTTTTT-3) (1.4 pg/ul) and 1 pl of
RNase block ribonuclease inhibitor (40 U/ul) were added and mixed. Then 37.5 pl of
mRNA in DEPC-treated water was added and mixed gently. The primer was allowed
to anneal for 10 min at room temperature. After that, 1.5 pl of MMLV-RT (50 U/ul)
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 [a.-32P]dATP (3000 Ci/mmol) as a first-strand synthesis control
reaction. Both tubes were incubated at 37 °C for 1 hour. After 1 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 ul nonradioactive first-strand synthesis
reaction on ice, 20 pl of 10x second-strand buffer, 6 pl of second-strand dNTP
mix'ture (10 mM dATP, dGTP_, and dTTP plus 26 mM dCTP), 114 pl of sterile
distilled water, 2 pl of [a->2P]JdATP (3000 Ci/mmol), 2 pul of RNase H (1.5 U/pl) and
11 pl of DNA polymerase I (9.0 U/ul) were added. After gently vortexing and
spinning the reaction in a microcentrifuge, the tube was incubated for 2.5 hours at 16
°C. Then the tube was immediately placed on ice.

Blunting of the cDNA termini: 23 pl of blunting dNTP mix (2.5 mM dATP,
dGTP, dTTP, and dCTP) and 2 ul of cloned Pfu DNA polymerase (2.5 U/ul)
(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 [1:1

(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 new
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tube. An equal volume of chloroform was added and vortexed. The tube was spun at
maximum 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 °C. The
radioactive supernatant was removed and discarded in a radioactive waste container.
The pellet was gently washed by adding 500 pl of 70 % (v/v) ethanol. The
microcentrifuge tube was spun at maximum speed for 2 min at room temperature. The
ethanol was aspirated and t‘he~ pellet was lyophilized until dry. Then the pellet- was

resuspended in 9 pl of EcoR I adapters (5’ -OH-AATTCGGCACGAG -3’) and incubated

3’ -GCCGTGCTCp-5"

at 4 °C for at least 30 min to allow the cDNA to resuspend. 1 pl of this second-strand
synthesisvreaction 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, 1
ul of 10 x ligase buffer (0.5 M Tris-HCL, pH 7.5; 70 mM MgCl,; 10 mM DDT), 1 pl
of 10 mM rATP and 1 pl of T4 DNA ligasé (4 U/ul) were added. This ligation
reaction was spun down and incubated at 4 °C for 2 days, then heat-inactivated by
placing the tube iﬁ a 70 °C 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. 1 pl of

10x ligase buffer (0.5 M Tris-HCL, pH 7.5; 70 mM MgCl; 10 mM DDT), 2 ul of 10

mM rATP, 6 ul of sterile water and 1 pl of T4 polynucleotide kinase (10 U/ul) were
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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 ul of Xho I buffer
supplement and 3 pl of Xho I (40 U/ul) then incubateci for 1.5 hours at 37 °C. After
thét, 5 ul of 10 x STE buffer (1 M NaCl, 200 mM Tris-HCI pH 7.5, and 100 mM
EDTA) and 125 pl of 100 % (v/v) ethanol were added to the tube and precipitated
overflight at =20 °C. Following precipitation, the reaction was spun at maximum
speed for 60 min at 4 °C. The supernatant was discarded, the pellet was dried
completely and resuspended in 14 pl of 1 x STE buffer. 3.5 l 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 10 ml of 1 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-2B gel filtration medium, the connecting tube was
gently filled with 3 mi of 1 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
5 CTCGAGTTTTTTTTTTTT
3’ AAAAAAAAAAAA] ] 5°

Moloney murine leukemia virus reverse transcriptase
5-methyl dCTP
dATP, dGTP, dTTP

Xho CH, CH, CH, CH, CH,
5 CTCGAGTTTTTTTTITTT ¥

3’ AAAAAAAAAAAA [ ] &

RNase H -
l DNA polymerase I

dNTPs

Xho 1 CH, CH, CH, CH, CH,
5> CTCGAGTTTTTTTTITTT “ ¥

3’ GAGCTCAAAAAAAAAAAA ' N 5’
EcoR 1 adapters

T4 DNA ligase
EcoR1  Xhol CH, CH, CH, CH, CH,  EcoR1
5 AATTC ... CTCGAGTTTTTTTTTTTT .G »

3 G.. GAGCTCAAAAAAAAAAAA IR - CTTAA S’
Xho 1 restriction

XhOI CHS CH3 CH3 CH3 CH3 ECORI
5 TCGAGTTTTITITTITIT .G 3
'3 CAAAAAAAAAAAA NN, ... CTTAA 5’
Completed, directional cDNA

Figure 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-fracti(;nated cDNA, 8 ul of each collected fraction were removed
and saved for electrophoresis on 5 % nondenaturing acrylamide gel as described in
section 2.9.

Processing the cDNA Fraction: An equal volume of phenol-chloroform
[1:1 (v/v)] was added to the remainder of the collected fraction. The tube 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 chloroform 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 % (v/v) 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 °C. The‘supematant 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 pul of

sterile water. If >30 cps was detected, each cDNA pellet was resuspended in 5 ul of



Jantana Wongsantichon Materials and Methods / 30

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 c;omponent were added : 2.5 ul of resuspended cDNA (100
ng), 0.5 ul of 10 x ligase buffer, 0.5 pl of 10 mM rATP (pH 7.5), 1.0 pl of the Uni-
ZAP XR vector (1 pg/pl), and 0.5 pl of T4 DNA ligase (4U/ul). The reaction was
incubated at 4 °C for 2 days. |

Packaging: 4 pl (0.1-1.0 pg) 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 ul of SM buffer (1 litre composed of 5.8 g of NaCl, 2.0 g of
MgS04.7H,0, 50.0 ml of 2 % (w/v) gelatin, and deionized H,O to a final volume of 1
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 XIL.1-Blue MRF’ sirain was
streaked onto a LB agar plate containing 12.5 pg/ml tetracyclin. The plate was
incubated overnight at 37 °C. A single colony was picked to inoculate a 20 ml of LB-
tetracyclin medium, supplemented with 10 mM MgSQO, and 0.2 % (w/v) maltose. The
inoculated host was shaken overnight at 37 °C (an ODgoo not more than 1.0). The cells
were spun at 500 x g (2,200 rpm) for 10 min. The supernatant was discarded and the

cells were resuspended with sterile 10 mM MgSO4 to an ODggg of 0.5. Then 1 pul of
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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 at 37 °C. 3 ml of NZY top agar (melted and
cooled to 48 °C), 15 pl o_f 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 °C overnight.

2.6 In vivo excision

Selected Whité recombinant plaques were picked from agar plates with large-
bore 1006-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
overnight at 4 °C. Overnight cultures of XL 1-Blue MRF’ and SOLR cells were grown
in supplemented LB broth at 30 °C. A-fter spinning down, XL1-Blue MRF’ and SOLR
cells were resuspended with 10 mM MgSO, at an ODgy of 1.0. To excise a single
clone, 100 pul of XL1-Blue MRF’ cells at an ODgg of 1.0, 100 pul of phage stock
(containing > 1x10° phage particles), and 1 pl of ExAssist helper phage >1x10°
pfu/ul) were combined in a microcentrifuge tube. After incubating at 37 °C for 15
min, 500 pl of LB broth was added. The tube was incubated at 37 °C for 2.5 hours
with shaking. Then, the tube was heated at 65-70 °C 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 ODgg of 1.0. After incubating at 37 °C for 15 min,
10 pl of the mixture was streaked on LB agar containing 50 pg/ml ampicillin. The

plate was incubated overnight at 37 °C. Colonies appearing on the plates contained
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the double strand pBluescript phagemid harboring DNA inserts were later

characterized by plasmid DNA extraction and restriction endonuclease digestion.

Packaged ExAssist

lambda phage helper phage

N/

XLI-BLUE
/ \ ExAssist
helper phage

pBluescript phagermd (Unable to replicate)
4

in filamentous phage

ZAP II vector
SOLR CELL (Unable to infect)

Plate with ampicillin

——
=

pBluescript colony

N
VAN

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 pug/ml ampicillin and incubated at 37°C with 200 rpm shaking for 16-20 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 pul of STET buffer (8 % w/v sucrose, 0.1 %
v/v Triton X-100, 50 mM EDTA, 50 mM Tris-HCI, 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 temper.ature. The pellet
was removed with a sterile toothpick. Plasmid DNA and residual low molecular
weight RNA was recovered from the supernatant by adding 1/ 10 volume of 5% (W/v)
CTAB. The content was inverted several times and centrifuged at 12,000 rpm for 10
min at room temperature. The pellet was resuspended in 300 pl of 1.2 M NaCl by
vigorous vortexing and 2 pl of 10 mg/ml RNase was added, inverted and incubated at
37°C 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 15 min and centrifuged at
12,000 rpm for 10 min at room temperature. The final DNA pellet was washed in

70% ethanol, dried and resuspended in 20 pl sterile water.

N
“Wp INFOR““‘\\
4"//00,_ UNN‘X‘S

449 8 8 TR LN
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2.8 Alkaline agarose gel e_lectrophoresis

For each 100 ml preparation, 0.8 g of agarose was melted in 72 ml of water,
allowed to cool to 55 °C. and added with 8 ml of 10 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 (1 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 1 x alkaline buffer

at 100 mA for 90 min.

2.9 Nondenaturing (5 %) acrylamide gel electrophoresis

Polyacrylamide gel was prepared from the followings in a flask: 1 ml of 10 x
TBE buffer, 1.67 ml of a 29:1 (w/w) acrylamide / bis-acrylamide solution, 7.33 ml of
sterile deionized water, 5 pl of TEMED, and 50 pl of 10 % (w/v) ammonium
persulfate [(NH4);SO4]. The mixture was mixed and immediately filled into the gel
apparatus by using a plastic syringe until the glass plate sandwich was full. The comb
was inserted into the assembled gel. The gel was let to polymerize at room
temperature for 1 hr. The sample was mixedr with loading buffer (0.25 %
bromophenol blue, 0.2‘5 % xylene cyanol, and 30 % glycerol in water) and loaded into
the gel. An electrophoresis was performed in 1 x TBE buffer (89 mM Tris-HCI, pH

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



Fac. of Grad. Studies, Mahido! Univ. M.Sc. (Mol. Genet. Genet Eng.) / 35 -

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 co'ncentration 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 1 x TBE (89 mM Tris-HC, 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 1/3 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
1.5-2.0 hr. The DNA bands- in the gel were visualized by staining with 2.5 pg/mL

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 I® kit was used. A
DNA band was excised from an EtBr-stained agarose gel with a flamed razor blade.
Three volume of Nal stock solution was added, placed the tube in a 45 °C to 55 °C
waterbath. After the agarose was completely dissociatéd, 5 ul of GLASSMILK® was
added, mixed and placed on iced for 5 minutes to allow binding of DNA to the silica
matrix and mixed every 1-2 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 Vagain 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 ng/pl) of
DNA was added with 2 pl of 10 x restriction enzyme Buffer (provided with enzymes
by manufacturers), 0.1 pl of EcoR I (12 U/ul), 0.1 pl of Xho I (10 U/ul), and 6.8 pl of
sterile DW were added. The tube was quickly centrifuged and incubated at 37 °C

overnight before running the agarose gel electrophoresis.

2.13 Blunt-ending of protruding ends
To a 500 ul microcentrifuge tube, 3 ul of 10 x ReacT2 buffer (50 mM Tris-
HCI, 10 mM MgCl,, 50 mM NaCl, pH 8.0), 1 ul of 0.5 mM dATP, 1 pl of 0.5 mM
dCTP, 1 pl of 0.5 mM dGTP, 1 pl of 0.5 mM dTTP, 0.5 pg of DNA, 1 pl of Large
fragment of DNA polymerase I (diluted to 0.5 U/ul 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 pul. The tube was incubated at 14 °C for 16-24 hours before the

plasmid transformation.

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

A single colony.of E. coli JM109 was inoculated into 3 ml of LB broth and
incubated at 37 °C with 200 rpm shaking for 16-20 hr. The overnight cglture was
diluted 1:100 in_to new LB broth and incubated at 37 °C until the ODggg reach 0.4-0.5.
The cell culture was chilled oﬁ ice for 15 min prior the 10 ml aliquots of the culture
was pipetted into 15 ml sterile polypropylene tubes. The cells was pelleted by
centrifugation at 3,000 rpm for 10 min ét 4 °C, the pellet was suspended in 5 ml of
ice-cold 01 M CaCl; and placed on ice for 15-20 min. After centrifugation at 3,000
rpm for 10 min at 4 °C, the pellet was suspended in 1 ml of ice-cold 0.1 M CaCl, and
left on ice for 1 hr to establish competency. Glycerol was added into the cell
suspension to give 15% (v/v) final concentration and the cells were kept in 200 ul

aliquots at —80 °C until used.

2.16 Transformation of plasmid DNA
A S 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 °C for 90 sec, and placed on
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ice for an additional 5 min. Transformed cells were mixed with 800 ul of LB broth
and incubated at 37 °C for 1 hr with shaking at 200 rpm. Finally, 100 ul of the
transformed culture was spreaded on an LB agar plate containing 100 pg/ml

ampicillin and incubated at 37 °C 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, | mM EDTA (pH 8.0)). The molten agarose was cooled
to 50 °C and 10 pl of EtBr stock solution (10mg/mml) were added. The mixed
agarose was poured into 100-mm Petri dishes using 10 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 10 ng/ul). 0.5 ul 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 temperature. 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 PRISM™ Dye

Terminator Cycle Sequencing Ready Reaction kit with Amplitag® DNA Polymerase
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FS or ABI PRISM™ BigDye™ 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 10 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 °C for 10 sec, 50 °C for 5 sec and 60 °C for 4 min.
After cycle sequencing, 90.ul of sterile distilled water were added, followed by 0.1
volume of 3 M sodium acetate pH 4.8 and 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
ul 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 sequencﬁes 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 1V

RESULTS

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

For cDNA library no.1, an average recovery of total RNA was around 168 ug/
85 ml of total hemolymph of Penaeus monodon by using TRIZOL™ LS reagent,
generating around 0.18 ug 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 mg/
hemocytes from 280 ml of total hemolymph of Penaeus monodon by acid
guanidinium thiocyanate-phenol-chloroform extraction method, generating around
3.83 ug of Poly (A") RNA by using PolyATtract® mRNA isolation system.

Amounts of total RNA and Poly (A") RNA were estimated by measuring
absorption at 260 nm and 280 nm. A total RNA preparation typically had an Asgg
/Aago 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

18S ribosomal RNA.
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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 % formaldehyde agarose gel at 80 volts for 90 min.

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

Lane 1 : Total RNA of shrimp’s hemocytes. 3 pg. The predominant band at

the .size of 1.9 kb was likely a mixture of 18 S rRNA and degraded 28 S

rRNA.
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2. A total hemolymph cDNA library of P. monodon (library no.1)
A 0.18 pg of poly (A") RNA was used to construct a cDNA library by using

ZAP-cDNA® Gigapack® 111 Gold Cloning kit from Stratagene, Inc. The titer of an

unamplified cDNA library was estimated at 1.4 x 10° pfu/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 and Xko 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 T; 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 11 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 wére
. confirmed as mitochondrial genes, 10 identified as of E. coli, and 6 of lambda

sequences. Those sequences were excluded from further analysis.
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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 were mit‘ochondrial genes (47.8 %), 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 set from total hemolymph library was submitted into dbEST (67).

Genbank accession numbers and dbEST _id of all clones were shown in table 4.
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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® User_Id® GenBank_Accn® | dbEST_Id  User_Id GenBank_Accn

3712633 ESTPMHO019  AW330525 3914860 ESTPMHO005 AW497579
3712634 ESTPMHO0052  AW330526 3914861 ESTPMHOOOS AW497580
3712635 ESTPMHO0057  AW330527 3914862 ESTPMHO0017  AWA497581
3712636 ESTPMHO0089  AW330528 3914863 ESTPMHO0025 AWA497582
3712637 ESTPMHO108  AW330529 3914864 ESTPMHO0038 AW497583
3712638 ESTPMHO0118  AW330530 3914865 ESTPMH0074 AWA497584
3712639 ESTPMHOI124  AW330531 3914866 ESTPMHO0083  AW497585
3712640 ESTPMHO145  AW330532 3914867 ESTPMHO009S  AW497586
3712641 ESTPMHO188  AW330533 3914868 ESTPMHO0140  AWA497587
3712642 ESTPMHO0266  AW330534 3914869 ESTPMHO172 AW497588
3712643 ESTPMHO0305 AW330535 3914870 ESTPMHO0235 AWA497589

(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)

The lambda ZAP II-based cDNA library was constructed from 3.83 pg of poly
(A") RNA from total hemocyte of P. monodon. The titer of the library was 1.7 x 108
pfu/pg vector. After in vivo excision and screening by double digestion with EcoR 1
and Xho 1 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 claséiﬁed 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 %
(122/123) of sequences with similarities in the databases contained matched on the
expeéted 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 %), actin (4.1 %), elongation factor (3.6 %), 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"™ User Id® GenBank_Accn | dbEST Id  User Id GenBank_Accn
4033938 ESTPMCO003 AW600672 4033988 ESTPMCI172 AW600722
4033939 ESTPMC007 AW600673 4033989 ESTPMC174 AW600723
4033940 ESTPMCOIl AW600674 4033990 ESTPMC175 AW600724
4033941 ESTPMCO12 AW600675 4033991 ESTPMCI180 AW600725
4033942 ESTPMCO014 AW600676 4033992 ESTPMCI181 AW600726
4033943 ESTPMCO16 AW600677 4033993 ESTPMCI184 AW600727
4033944 ESTPMC022 AW600678 4033994 ESTPMCI85 AW600728
4033945 ESTPMCO023 AW600679 4033995 ESTPMCI194 AW600729
4033946 ESTPMC028 AW600680 4033996 ESTPMCI196 AW600730
4033947 ESTPMCO033 AW600681 4033997 ESTPMC211 AWG600731
4033948 ESTPMCO034 AW600682 4033998 ESTPMC214 AW600732
4033949 ESTPMCO037 AW600683 4033999 ESTPMC217 AWG600733
4033950 ESTPMCO040 AW600684 4034000 ESTPMC220 AW600734
4033951 ESTPMCO041 AW600685 4034001 ESTPMC226 AW600735
4033952 ESTPMCO045 AW600686 4034002 ESTPMC231 AW600736
4033953 ESTPMC047 AW600687 4034003 ESTPMC237 AW600737
4033954 ESTPMCO053 AW600688 4034004 ESTPMC238 AW600738
4033955 ESTPMCO055 AW600689 4034005 ESTPMC239 AW600739
4033956 ESTPMCO059 AW600690 4034006 ESTPMC240 AW600740
4033957 ESTPMC062 AW600691 4034007 ESTPMC245 AW600741
4033958 ESTPMCO063 AW600692 4034008 ESTPMC252 AW600742
4033959 ESTPMCO064 AW600693 4034009 ESTPMC255 AW600743
4033960 ESTPMCO066 AW600694 4034010 ESTPMC256 AW600744
4033961 ESTPMCO068 AW600695 4034011 ESTPMC257 AW600745
4033962 ESTPMCO075 AW600696 4034012 ESTPMC258 AW600746
4033963 ESTPMCO076 AW600697 4034013 ESTPMC261 AW600747
4033964 ESTPMC077 AW600698 4034014 ESTPMC262 AW600748
4033965 ESTPMCO089 AW600699 4034015 ESTPMC265 AW600749
4033966 ESTPMCO098 AW600700 4034016 ESTPMC266 AW600750
4033967 ESTPMCI102 AW600701 4034017 ESTPMC271 AW600751
4033968 ESTPMCI107 AW600702 4034018 ESTPMC273 AW600752
4033969 ESTPMCI11  AW600703 4034019 ESTPMC276 AW600753
4033970 ESTPMCI113 AW600704 4034020 ESTPMC277 AW600754
4033971 ESTPMCI15 AW600705 4034021 ESTPMC279 AW600755
4033972 ESTPMCI118 AW600706 4034022 ESTPMC280 AW600756
4033973 ESTPMCI21 AW600707 4034023 ESTPMC281 AW600757
4033974 ESTPMCI24 AW600708 4034024 ESTPMC284 AW600758
4033975 ESTPMCI25 AW600709 4034025 ESTPMC286 AW600759
4033976 ESTPMCI127 AW600710 4034026 ESTPMC287 AW600760
4033977 ESTPMCI128 AW600711 4034027 ESTPMC289 AW600761
4033978 ESTPMCI132 AW600712 4034028 ESTPMC290 AW600762
4033979 ESTPMC135 AW600713 4034029 ESTPMC293 AW600763
4033980 ESTPMCI146 AW600714 4034030 ESTPMC295 AW600764
4033981 ESTPMCIS5 AW600715 4034031 ESTPMC297 AW600765
4033982 ESTPMCI162 AW600716 4034032 ESTPMC298 AW600766
4033983 ESTPMCI65 AW600717 4034033 ESTPMC299 AW600767
4033984 ESTPMCI166 AW600718 4034034 ESTPMC301 AW600768
4033985 ESTPMCI67 AW600719 4034035 ESTPMCO001 AW600769
4033986 ESTPMCI70 AW600720 4034036 ESTPMC002 AW600770
4033987 ESTPMCI171 AW600721 4034037 ESTPMC006 AW600771
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dbEST Id” User Id” GenBank Accn'® | dbEST Id User Id GenBank Accn
4034038 ESTPMC009 AWG600772 4053528 ESTPMC337 AW618932
4034039 ESTPMCO010 AW600773 4053529 ESTPMC339 AW618933
4034040 ESTPMC021 AW600774 4053530 ESTPMC341 AW618934
4034041 ESTPMCO025 AW600775 4053531 ESTPMC342 AW618935
4034042 ESTPMC044 AW600776 4053532 ESTPMC343 AW618936
4034043 ESTPMC072 AW600777 4053533 ESTPMC347 AW618937
4034044 ESTPMC079 AW600778 4053534 ESTPMC352 AW618938
4034045 ESTPMCO086 AW600779 4053535 ESTPMC357 AW618939
4034046 ESTPMC087 AW600780 4053536 ESTPMC359 AW618940
4034047 ESTPMC090 AW600781 4053537 ESTPMC362 AW618941
4034048 ESTPMCI05 AW600782 4053538 ESTPMC371 AW618942
4034049 ESTPMC106 AW600783 4053539 ESTPMC373 AW618943
4034050 ESTPMC112 AW600784 4053540 ESTPMC375 AW618944
4034051 ESTPMC129. AW600785 4053541 ESTPMC376 AW618945
4034052 ESTPMCI134 AW600786 4053542 ESTPMC377 AW618946
4034053 ESTPMC140 AW600787 4053543 ESTPMC389 AW618947
4034054 ESTPMC144 AW600788 4053544 ESTPMC391 AW618948
4034055 ESTPMC148 AW600789 4053545 ESTPMC393 AW618949
4034056 ESTPMCI152 AW600790 4053546 ESTPMC394 AW618950
4034057 ESTPMCI159 AW600791 4053547 ESTPMC396 AW618951
4034058 ESTPMC163 AW600792 4053548 ESTPMC399 AW618952
4034059 ESTPMC177 AW600793 4053549 ESTPMC401 AW618953
4034060 ESTPMCI186 AW600794 4053550 ESTPMC402 AW618954
4034061 ESTPMCI189 AW600795 4053551 ESTPMC403 AW618955
4034062 ESTPMCI192 AW600796 4053552 ESTPMC406 AW618956
4034063 ESTPMC204 AW600797 4053553 ESTPMC410 AW618957
4034064 ESTPMC224 AWG600798 4053554 ESTPMC411 AW618958
4034065 ESTPMC229 AW600799 4053555 ESTPMC412 AW618959
4034066 ESTPMC243 AW600800 4053556 ESTPMC415 AW618960
4034067 ESTPMC246 AW600801 4053557 ESTPMC416 AW618961
4034068 ESTPMC300 AW600802 4053558 ESTPMC417 AW618962
4034069 ESTPMC084 AWG600803 4053559 ESTPMC419 AW618963
4053513 ESTPMC303 AW618905 4053560 ESTPMC422 AW618964
4053514 ESTPMC306 AW618906 4053561 ESTPMC428 AW618965
4053515 ESTPMC307 AW618907 4053562 ESTPMC434 AW618966
4053516 ESTPMC308 AW618920 4053563 ESTPMC438 AW618908
4053517 ESTPMC309 AW618921 4053564 ESTPMC441 AW618909
4053518 ESTPMC311 AW618922 4053565 ESTPMC445 AW618910
4053519 ESTPMC312 AW618923 4053566 ESTPMC446 AW618911
4053520 ESTPMC313 AW618924 4053567 ESTPMC449 AW618912
4053521 ESTPMC317 AW618925 4053568 ESTPMC451 AW618913
4053522 ESTPMC320 AW618926 4053569 ESTPMC453 AW618914
4053523 ESTPMC322 AW618927 4053570 ESTPMC454 AW618915
4053524 ESTPMC328 AW618928 4053571 ESTPMC455 AW618916
4053525 ESTPMC330 AW618929 4053572 ESTPMC456 AW618917
4053526 ESTPMC333 AW618930 4053573 ESTPMC457 AW618918
4053527 ESTPMC336 AW618931 4053574 ESTPMC458 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 TRNAs and mitochondrial
DNAs, which were not listed in Table 5.
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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 15
0.6-1.0 106
1.1-1.5 46
1.6-2.0 21
2.1-2.5 5
2.6-3.0 1
Total 194

Size range (kb)
0.0-0.5 549

®o6-10 23%

1.1-15
[11.6-2.0
O21-25
2.6-3.0

11%

8% 1% 3%

Figure 8 Distribution of the 194 insert sizes from the cDNA library # 2.
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Table 8 : Abundant ESTs from P. monodon’s hemocyte library (library # 2).

Rank Putative identity No. of ESTs %
1 Ribosomal proteins * (all different) 11 5.7
2 Actin 8 4.1
3 Elongation factor * (2 types) 7 3.6

[2 of EF-1 alpha, 2 of identical unclassified EF,

and 3 of different EF]
4 Serine proteinase inhibitor 6 3.1
5 Thymosin beta-11 3 1.5
6 Chaperonin * (2 types) 2 1.0

[1 of theta-like, and 1 of zeta-like subunit]
7 Coactosin 2 1.0
8 ADP/ATP translocase 2 1.0
9 Profilin 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 c¢DNA libraries of P.

monodon (library no.1 and 2, respectively).

EST category Library #1 Library #2
No. of ESTs | Percentage | No. of ESTs | Percentage

Total no. of ESTs 67 100 194 100
ESTs with significant match

Ribosomal proteins 5 8 11 5.7

Metabolic enzymes - - 13 6.7

Mitochondrial genes 32 48 27 13.9

Others 3 4 72 37.1
ESTs without significant match 11 16 71 36.5
Contaminants

E. coli DNA 10 15 - -

Lambda vector DNA 6 9 - -
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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) (69). 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
enolgse active sites was found, figure 10. Upon reexamining the chromatograms of
the new clone PMCO0003 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. cuniculus (accession: X60733.1) showed 90 % identity (Figure 13). 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.
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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 Arremia sp. (99 %) was higher than those compared
with muscular act! 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 figure 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.

ESTPMCO0002 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-length 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 17). 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, PMCO0002 sequence can be

translated into a predicted protein sequence of 215 amino residues, like 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 migilt be
involved in a defense ﬁ;nction, were the serine proteinase inhibitors (71) and the
peroxinectin (24, 25, 72).

A group of 6 ESTs (ESTPMCO0023, ESTPMCO0246, ESTPMC0299,
ESTPMC0347, ESTPMC0396, and ESTPMC0411) 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: S45677) 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 PMCO0023 is likely to be the third conserved region
instead, when compared to others. It can assumed from an alignment that the putative
Kazal type serine proteinase inhibitors of P. monodon have at least 5 Kazal domains.

An EST sequence of ESTPMC0265 was identified as putative peroxinectin.
Peroxinectin was a cell 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.
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M 1600 -

7 1140 - 1160 F 1180 *

BMCCG3S

ARFLGC3ES. L

> 1560 - 1582 * 1600
PMCR33 :
AF1206s

: €€l
BT CTTTTTATTGARAATTTGCTCCCCAARATTTTGCCAGCAGAATATA @ 1609

m

Figure 9 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,
PMCO0003, was compared with part of the muscular cDNA sequence, clone PMMO020,
coding for phosphopyruvate hydratase (or enolase) earlier reported from our
laboratory. 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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260 * 280 * 300
ESTPMCO003 § — oo oo oo m oo IEDPFDC
AAC78141.1 : FYKGENIYDLDFKTANNDGSQKITGDQLRDMYMEFCKEFPIVSHANINE : 300

ESTPMC0003 57
AAC78141.1 350
360 * 380 * 400
ofsbyo bl il - - TE i T 02 HLLAEFHGHGTIY S HRE SSETEDCF TADLVVGLCTE) T TS E
oA DS N - TE S TDEHLLAK KNGS T SHESGETEDCE TRADLY LITGOTE TSR P )
, * 420 *
ESTPMC0003 : BEEIEI R e AT NN aaegs © 141
ARC78141.1 : (REINSRARTSISRSsANNREEIEARFAEIANDNNTS © 434

Figure 10 Amino acid sequence alignment between those of ESTPMC0003 and
phosphopyruvate hydratase of P. monodon (Accession : AAC78141.1). Deduced
partial amino acid sequence of the hemocyte 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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PMCO0011 :
PMC0028 :
PMC0102 :
PMC0211 :
PMC0281 : ' >
PMC0458 :
PMC0357 :
PMC0226 :
CONSENSUS : poly A*

V

\\J
vV

Vv

\4

Figure 11 A scheme showing relative overlapping region among 8 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 1.1 kb,

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



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Mol. Genet. Genet Eng.) / 63

s
3
2\ : \\a‘r
S
W0 npor

“hipoL yNNES

(a)

Score E
Sequences producing significant alignments: (bits)Value
emb|X60733.1|0CRNAGNMA O.cuniculus mRNA for gamma-non muscl... 1219 0.0
gb|M18826.1|DROACT8F D.melanogaster actin gene, complete cd... 1195 0.0
gb|AF035774.1|AF035774 Equus caballus beta actin mRNA, comp... 1187 0.0
gbiM26111.1|GOOACTB Goose beta-actin mRNA, complete cds 1174 0.0
ref|NM_001101.2| Homo sapiens actin, beta (ACTB) mRNA 1132 0.0
emb [X00351.1{HSACO7 Human mRNA for beta-actin 1132 0.0

(b)

Score E
Sequences producing significant alignments: (bits)Value
spiP18603|ACT4_ARTSX ACTIN, CLONE 403 >gi}102728|pir||S1145... 667 0.0
spiQ27250|ACT4_BOMMO ACTIN, CYTOPLASMIC A4 (ACTIN A3B) (ACT... 667 0.0
gb|AAC27796.1 (AF079161) cytoplasmic beta actin [Xenopus 1... 666 0.0
gb(AAF26678.1} (AF168615) beta-actin [Rivulus marmoratus] 665 0.0
sp|P53484 |ACT1_FUGRU ACTIN, CYTOPLASMIC 1 (BETA-ACTIN 1) >g... 665 0.0
gb|AAF63665.1| (AF135499) beta-actin ([Platichthys flesus] 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

.

k3

with the highest scores are shown.

449938
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260
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325

175
390

240
455
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520
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585

435
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715

565
780

630
845

Figure 13 DNA sequence alignment between the hemocyte actin consensus

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

X60733.1). Clustal X was used. An overall identity of 90 % 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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PMC-act 16
P18603 64
AACT8681.1 64
AAC78682.1 65
* 80 2, 100 * 120 *
PMC-act i - w 81
P18603 129
AAC78681.1 129
AAC78682.1 130
140 ) * 160 * 180 *
PMC-act BILEULEL ’ ! : : ’ 146
P18603 194
ARCT78681.1 194
AACT8682.1 185
200 W 220 o 240 . 260
PMC-act . = o . )11
P18603 259
AACT78681.1 259
AAC78682.1 260
PMC-act 276
P18603 324
AACT78681.1 324
AACT8682.1 325
* 340 * 360 *

PMC-act 5 7 328

P18603 376

AACT78681.1 376

AACT8682.1 377

Figure 14 Multiple amino acid sequence alignment of PMC-act with those of
actins from Artemia sp. (accession: P18603), our laboratory’s muscle actl
(AAC78681.1), and act2 sequence from P. monodon (AAC78682.1). Clustal X was
used. Identities of PMC-act with those sequences were 99 %, 92 % and 86 %,

respectively.
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1 NP_031418.1 50
a{z NP_001604.1 50
3 AAB27386.1 49
Y {4 BAA00546.1 " 49
5 pir||ATRBB 48
g4 6 P29751 48
7 ARAAS51567.1 48
PMC-act 1
60 * 80 * 100

NP _031418.1 100
NP_001604.1 100
ARB27386.1 99
BAA00546.1 99
pir| [ATRBB 98
P29751 98
AARS51567.1 98
PMC-act 51
NP_031418.1 150
NP_001604.1 150
AAB27386.1 149
BAAOOS46.1 149
pir| |ATRBB 148
P29751 148
BAR51567.1 148
PMC-act 101
NP 031418.1 200
NP_001604.1 200
AAB27386.1 199
BAA0OO546.1 199
pir| |ATRBB 198
P29751 198
AAA51567.1 198
PMC-act 151

Figure 15 Multiple amino acid sequence alignment of PMC-act with selected
actin of subtypes alpha (a), beta-(B), and gamma (7). Sequence 1-7 are from M.
musculus, H. sapiens, G. gallus, H sapiens, O. cuniculus, O. cuniculus, and H.
sapiens; respectively. The sequence identities of PMC-act with a-actin was 94 %,

whereas those with B and y-actin were 94 % and 98 %, respectively.
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NP_031418.1 250
NP_001604.1 250
ARAB27386.1 249
BAA00S546.1 249
pir| |ATRBB 248
P29751 248
AAAS1567.1 248
PMC-act 201
NP _031418.1 i e : = 2 300
NP_001604.1 300
ARB27386.1 299
BAAQO0546.1 299
pir| |ATRBB 598
P29751 598
AAAS51567.1 598
PMC-act 251
NP_031418.1 350
NP 001604.1 350
AAB27386.1 349
BAAO0S546.1 349
pir| |ATRBB 348
P29751 348
AAR51567.1 348
PMC-act 201

NP_031418.1 377
NP_001604.1 377
AAB27386.1 376
BAAO0S546.1 376
pir| |ATRBB 375
P29751 375
AARS51567.1 375
PMC-act 328

Figure 15 (continued)
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(a)
. Score E
Sequences producing significant alignments: (bits) Value
dbj |AB030945.1|AB030945 Xenopus laevis Xran mRNA for ran GT... 309 1le-81
emb |X66906.1|GGRLPA G.gallus mRNA for ras-like protein 299 1le-78
gb|AF159256.1|AF159256 Mus musculus Lps/Ran GTPase (lps(d))... 297 4e-78
gb1583456.11583456 GTP-binding protein [mice, C3H/HeJ splee... 297 4e-78
gb(L32751.1|MUSMIRAN Mouse (clone Ml) GTPase (Ran) mRNA, co... 297 4e-78
gb|AF054183.1|AF054183 Homo sapiens GTP binding protein mRN... 289 le-75
(b)
Score E
Sequences producing significant alignments: (bits) Value
gb|AAF48008.1| (AE003485) CG1404 gene product [Drosophila m... 372 e-102
dbj IBAAB9696.1 | (AB030945) ran GTP-binding protein [Xenopus... 361 4e-99
sp|P17080 | RAN_HUMAN GTP-BINDING NUCLEAR PROTEIN RAN (TC4) 360 1e-98
sp|P42558 | RAN CHICK GTP-BINDING NUCLEAR PROTEIN RAN (TC4) >... 360 1e-98
ref INP_006316.1|| ras-related nuclear protein; RAN, member ... 360 1le-98
pdb110G4 1A Chain A, Canine Gdp-Ran F72y Mutant >gi|5542357]... 360 2e-98

Figure 16 Identity searching results of the ESTPMCO0002. (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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* N 20

PMC002 : GACGGGAATCTGGTCCGTACAGCTCATCCGTAAC CTCC -——-| : 71

AB030945.1 : —-----------eeommoo—smm oo CTT : 40
20 * 100 * 120 * 140 *

PMC002 : : 146

ABO30G4z. 2 & ; | : 114

PMC002 : 221
AB030945.1 : 189
PMC002 : 296
AB030945.1 : 264
PMC002 : 371
AB030945.1 : 33%
PMCO0Z : 446
AB030945.1 414
PMCO0Z 4 521
AB030945.7 489
PMC002 1 N P € LF 596
AB030945. 1 : Y T DO 564
* 620 - 640 * 660
DMCO0Z : CA T CCCA : 670
ABO3C945.1 GT. A AGGC : 638
620 * 70 720 * 740 *
PMC002 : O CRERER R TREN . "“f‘T TAG T. : 745
AB030945.1 s - AGC CG --@-G 708

Figure 17 Alignment of PMC0002 full-length DNA sequence with that of Ran
GTP-binding protein of Xenopus laevis (Accession: AB030945.1). Clustal X was
used. An overall identity of 78 % in ORF was found. Start and stop codon were

underlined. The full-length PMCO0002 was 1072 bp : only 745 bp is shown.
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Figure 18 Amino acid sequence alignment of PMC0002 (deduced sequence) and

Ran GTP-binding protein of Drosophila melanogaster (Acession: AAF48008.1).

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

length from PMC0002 was 215 residues.

Table 10: Comparison of the putative Ran GTP-binding protein (deduced amino

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

ORGANISM ACCESSION | LENGTH | IDENTITY | SIMILARITY
NO. (AA) (%) (%)
Penaeus monodon - 215 - -
Xenopus laevis BAA89696.1 216 87 91
Gallus gallus P42558 216 87 91
Drosophila melanogaster 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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* 80 * 100

140
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58
58
58
58
53
18

116
94
116
116
112
73

158

162
161
172
125

Figure 19 Multiple amino acid sequence alignment of 5 new putative Kazal type

serine proteinase inhibitors with that from Pacifastacus leniusculus (accession:

S45677). 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, PMC0411,

was not included because of its low quality nucleotide sequence.
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460 = 480 b 500 * 520
PMC0265 B2 - ERSOMEPS R I
pirt1JC4397
PMC0265
pir}|JC4397 g 2 2 TLUe g :
I 5NEWLPII6G FM SFG6 \ G5 DYNPN NPNMN EF TAAFRFGHTLV G LR6F P
PMC0265
pir||JC4397 T ) E i :
GV TI 6RDHF SPH I2 G LD I RS QL IQKSDSFITQDLSNHLFQTPR NFGMDLM
660 700 *
PMC0265 3 s
pir|}JCc43%97 : § % D N :
LNI RGR H IATYN MRQGCGL R 3F LT QI VOKL 6Y VD I FVG I3
720 % 740 » 760 * 780

PMC0265 : LFQAXS SRR - ————-J-=~~~--=====mmmmmmmmmmmmmmmmmm o :
pir|(JC4397 : SVRGG FT S DOFARLHKGIRY FYDLGGQAGS FTEPQLOQIRASSWARI ICDTANVPAV :

LGWT Cé6V

43
520

108
585

173
650

238
715

254
780

Figure 20 Amino acid sequence alignment of ESTPMC0265 with peroxinectin

sequence of Pacifastacus leniusculus (accession: JC4397). Clustal X was used. An

overall identity of 67 % and similarity 82 %, valued in the same length, was found. A

putative cell adhesive and binding motif ‘KGD’ was boxed.
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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 18S rRNA of insects have been found to be around 3900-4200 bp and
1900-2500 bp in length, respectively (74-75). 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 °C 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 pg/ml of
hemolymph, while in library no.2 was around 6 pg/ml of hemolymph. They were
different in their isolation n{ethod. Total RNA was isolated from the whole content of '
hemolymph for library no.1, 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.
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2. Poly (A") RNA isolation

The poly (A") RNA isolation of library no.l, by using an oligo-dT cellulose
column, generated the yield of around 0.11 % of total RNA. The better yield of 0.22
% of total RNA was deri;/ed 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.1, while the total RNA of library no.2 was 1.7 mg ( > around 10
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.1) 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 % 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 1.5 pg and the maximum at 7.0
pg of mRNA. We decided to constfuct 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 10°
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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,veven have an insert, were ignored from further analysis. To
roughly determine the quality of the hemocyte library (library no.2) by multiplying the
titer of this library (1.7 x 10%) with 50 % and dividing by the redundancy of 8 (the
most redundant which was found in identical actins), approximately 10° genes were
represented. The unidirectional orientation of ¢cDNA at 98 % can facilitate the
sequencing analysis, which the 5’ and 3’ of ¢cDNA 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. monodon 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 mitochonc}rial genes at 8.9 % in cephalothorax, 1.8 %
in eyestalk, and 59.4 % in pleopod (40). F ;om 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 al (68). A 92 % of cDNA clones containing
an insert size > 500 bp, represented a good size-selection library. The 5’ truncation of
many cDNA 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 sequence
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by contig construction from the partial sequences (82) as in figure 11. 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 p‘oly A tail. This suggests the completion of the 3’-end of
c¢DNA inserts. The truncation of a cDNA clqne 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 71 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 courée 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 level
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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 redundémt 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 B-actin. Both B or 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 func';ions in the maintenance on 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 p‘rodhced 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 hemolymph 1s in protecting the host
cells from infection by pathogens or parasites. Some may inhibit fungal or bacterial
proteinases. Others probably have role in regulating endogenous 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). The



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Mol. Genet. Genet Eng.)/ 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 gc;ne is the first cell adhesion molecule ever purified from an
invertebrate blood, a crayfish named Pacifastacus leniusculus. It 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 B-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). Ubfquitin and 26 S proteasome are responsible for
specific cellular protein degfadation (93, 94), 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
bolymerization 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.
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For the putative Ran GTP-binding protein, ESTPMCO0002, this sequence was
derived from a gene which constitutes a distiqct branch of the superfamily of Ras-
related GTP-binding protein, which function as molecular switches cyéling between
GTP-bound ‘on’ and GDI”-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, 91). The protein Ran was first cloneci 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 bipd 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 prenylation 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.
melanogaster. (Figure 18)

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 from total
hemolymph library and 194 from total hemocyte library. All of known identities from
library no.2 were compared to all existing online reco'rds 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,
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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, equilbrz;tive nitrobenzlythioinosine-
sensitive nucleoside tran;poner, chromatin assembly factor, SNRI1, cytosolic actin,
profilin, tubulin, thymosin, calponin, coactosin, golgi apparatus associated protein,
selenoprotein, serine proteinase inhibitor, antileukoproteinase, clathrin associated
protein, clathrin ligﬁt chain, peroxinectin, zinc finger protein, T-complex protein
(chaperonin), ADP-ribosylation factor, ATPase, anti-oxidant protein, glucose-6-
phosphate  isomerase, methylmaionyl-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 PMMO088 and PMM110 earlier
described by Boonyawan was also completely determined by the author using a
religation method (Appendix 1), 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 reading
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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 (ﬁgﬁre 22) from the presumed start codon in the PMMO088
sequence might be the res:ult from degradation of RNA prior to the abdomihal 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 seciuence 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
(AI253941). 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 Ca®" binding sites in figure 25 were
reported to have high affinity to Ca®* (92). In a cell, the concentration of cytosolic
Ca”" is normally maintained at very low (around 0.1 pM) by Ca®" pump that actively
export Ca’" across the plasma membrane, mitochondria and endoplasmic reticulum.
The intracellular Ca®* will increase in response to some hormonal, neural or other
stimuli through specific Ca®* channels. The cellular responses such as Ca**-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.
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CHAPTER VI

CONCLUSION

1. Two lambda ZAPII-based c¢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 pg), 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 bf
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 li;/e shrimps. A total of 194
cDNA clones were partially sequehced from their 5° end. Around 49.4 % 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
lambda 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 immunity
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were also4found, 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 rangé type of ‘transcripts which are cytoplasmic structural and

regulatory proteins, enzymes, nuclear proteins, and a number of proteins of unknown

functions.
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APPENDIX

Appendix 1 : Full length‘characterization of two muscle cDNA clones.

Two abdominal muscle ¢cDNA clones earlier characterized 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), PMMO088 and PMM110, 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 célcium binding protein, it
might play a role 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 PMMO088 was tﬁen digested in two
ways, one with £coR I and Nde I double digestion and another with Xho I and Nde |

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 M13 universal reverse and forward primers and/or T3 and T7
primers instead. For PMM110, which has an internal EcoR I site in the cDNA insert,
it was double digested wi:[h Pst I and Hind III, and with Xho I and Hind III. The site
of Pst 1 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 PMMO088. 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 11.

We found that the sequence of clone PMMO088, 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 16 amino

acid residues in the N terminus was assumed, 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 PMMO088 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 1 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 % and
77 %, respectively. The full-length sequence of PMMO088 was also listed in Appendix
2 with omission of the poly (A) tract.

The sequence of PMM110, 993 bp lc;ng, 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 (AI253941) showed a 94 %
nucleotide sequence identity, in a 622 nucleotide region (Figure 24). When the
deduced amino acid sequence was compared to a sarcoplasmic calc;ium binding
protein of Penaeus sp. (P02636), a 94 % protein sequence identity was found, with 6
residue differences in the 192 amino acid full-length sequence (Figure 25). Three
putative Ca”* binding sites were boxed (93). The full-length sequence of PMM110

was listed in Appendix 3, with omission of the poly (A) tract.
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(a) PMMO088
EcoR 1 Ndel Xho 1
1 786 1090
> <«
> <«
< >
(b) PMM110
EcoR I Hind 111 Xho 1
1 477 993
> «
< >

Figure 21 Restriction map and all sequencing directions of (a) PMMO088 and (b)
PMM110 ¢DNA fragments in this experiment. The region between EcoR I and
position 1 is EcoR I adapter and the region between the end of cDNA, position 1090

in PMMO088 and position 993 in PMM110, and X#o I is poly (A)".
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PMMO88 13
AF217843 60
PMMO88 73
AF217843 120
* 140 * 160 * _
PMMOSS  : B : : =B q ;133
AF217843 : peiokws =y 3 CGT lnCiGor‘.ClCTTTTTnGCTA : 180
PMMO88 193
AF217843 240
PMMO88 253
AF217843 300
PMMO88 313
AF217843 360
* 380 * 400 * 420
PMMO88 T 373
AF217843 420
PMMO8 8 CTGGGGAGCCACTGTARTTACGARTTTATT T TCAGCTATTCCATATATTGGTACAGET JREEEE!
AF217843 CTGGGGAGCCACTGTA AT : \ \TATA PRy : 480
* 500 *
PMM088 ATTTGAGGTGGATTTGCAGT 493
AF217843 TGAGGTGGATTTGCAGT 540
* 560 * 580 * 600
PMMO88 HEN - TTCA ! TCCCGTTTATCGTAGCAGCAGCAARCTATTA CATE -T : 553
AF217843 : M ‘CA TATTCCCGTTTATCGTRGCAGCAGCAACTATTA ATA : 600

Figure 22 DNA sequence alignment of PMMO088 full-length DNA sequence with
that of cytochrome b of P. monodon (Accession: AF217843). Clustal X was used. An

overall identity of 98 % was found, without any gap. Start and stop codon are underlined.
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613
660
* 680 2 " 700 * 720
G 673
720
733
780
* 840
GCATATGCT 793
GCATATCCT 840
7 880 > 900
GrGGTGTT L TTGCCCTAGTREATATCTATCCTC 853
GCCCTAGTRAETARTCTATCCTC 3900
e 920 * 960
ACGTTTTATCCT 913
ECGTTTTAETCCT 960
973
1020
* 1040 5 1060 * 1080
. - TTTC 1033
TTTC 1080
1090
1137

Figure 22 (continued)
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PMM088 34
AAF43377.1 50
PMMO88 84
ARAF43377.1 100
PMM088 134
AAF43377.1 150
PMMO88 MR- CSAIPY LVQWLVF 3 SYEAS ElE ok JRBLTIIN : 184
AAF43377.1 : AIPY VOWINIGG R F ERRAT H : 200
PMMO0O88 T EOTGSNNPLGIVSHVDRVPEZ2Y KDITGFIVHLA LLN P L
AAF43377.1 : [eoRNCIRINCRVAHIAT aVE-g- : < ‘ VMLE FLLNEPY L)
260 X 280 i 300
PMMO88 T GDPDNEIPANPLVTPAHIQPEZNWY SI 284
VN RO CDP DN I PANPLVTPARIQPZ WY I 300
PMMO88 334
AAF43377.1 350
360 *
PMMO88 Il COILTVLYFSYYIIR i DKIY : 362
AAF43377.1 : [NCOISNANREIERANEN i DK : 378

Figure 23 Amino acid sequence alignment between PMMO088 and cytochrome b of
P. monodon (Accession: AAF43377.1). ClustalX was used. An overall identity of 99 %

was found, without any gap.
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PMM110 50
AI253941.1 60
PMM110 108
AI253%941.1 120
PMM110 168
AI253941.1 180
PMM110 228
AI253941.1 240
* 260 * 280 * 300
PMM110 Hl =T GGARCGARGATCGCCGR -CGCly 5~GCH~~C C : 286
AI253941.1 : pixelerrioleraeruiolcleions, b X =B ic : 300
* 320 2 340 * 360
PMM110 346
AI253941.1 360
PMM110 405
AI253941.1 419
* 440 * 460 * 480
PMM110 Bl CCITGGCCTC AGTACE ] AC TTACCAGGTCTGCC 465
AT253841.1 : €& ATTRCCEGGTCTGC 479
PMM110 523
AI253941.1 539

Figure 24 DNA sequence alignment of PMM110 full-length DNA sequence with
that of calcium binding protein EST of P. monodon (Accession: A1253941). ClustalX
was used. An overall identity of 92 % in ORF was found. Start and stop codon are

underlined.
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PMM110
AI253941.1

PMM110
AI253941.1

PMM110
AI253941.1

760 *
PMM110

780

740 4
- CC HEGIE ) C| GC| TTC| A
AI253941.1 : B G CT A B = -— -~

* 800 ] 820
PMM110 : T CCTC C cC AGEIer
AI253941.1 : AC| --pon----- - N --B
* 860 * 880 % 900
PMM110 : T CCC CRECCGTHT CHRG G, C CTC
AI253841.1 : GC TTT TRINGAAC| GEgTCC C -—-
* 920 * 940 * 960
PMM110 : GCCCCTGGCCAGCCCCTCGCTCGAGGGTCTTCAGCCAGTTCAACACCGGGAATGGTCGAC
AI253941.1 & =—------r oo oo oo oo —e——————e
* 980 * 1000 *
PMM110 : TACTGATGCGATCAACTCTTTATTATTATCCAATAAACGTTGAAATGTTT 993
AI253941.1 & —-mmemm e o oo oo — e — - -

Figure 24 (continued)
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PMM110 40
P02636 40
k- 60 * 80
PMM110 : GRGEFSAD?YANNQKIMRNLWNEIAELADFNKDGEVTVDE 80
1A R IR G R GEFSAEN Y ANNQKIMRNLWNEIAELADENKDGEVTVDE 80
& 100 w3
PMM110 FKQAVQKHCQGKKYREFPGAFKVFIANQFKA]DVNGDGKV 120
P02636 FKWAVQKHCQGKKYSEFPGAFKVFIANQFKAIDVNGDGKV 120
& 140 & 160
PMM110 GLDEYRLDCITRSAFABVKEIDMAYNKLTTEDDRKAGGLT NN
P02636 GLDEYRLDCITRSAFAEVKEID?AYDKLTTEDDRKAGGLT : 160

* 180 > :

VISR T R Y ODLYAQF ISNPDESCSACYLFGPLKVVOEHENEEY
PRI . ERYODLYAQFISNPNESCSACFLEGPLKVVO AW

Figure 25 Amino acid sequence alignment between PMM110 and calcium binding
protein of Penaeus sp. (Accession: P02636) Clustal X was used. An overall identity of

94 % was found, without any gap. Boxes show putative Ca’®" binding sequences.
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Appendix 2 : A complete nucleotide sequence of a cDNA insert in PMM088.

Length = 1090 letters

TGGAGCTGTT
TCTCCTTGGT
TACTGCTCAT
TGGATGACTT
TATACATACC
AGGTGTCATT
AGGACAAATA
TATTGGTACA
AACTCGATTC
TCATATTCTT
AGATAAAGTA
GCTAGCAGGA
CTTTATTCCC
ATTTGCATAT
AATATCTATC
AACGTTTTAT
AACTTGGATT
TGTTCTTTAT
ACTAGATTAA

ATTGACCTCC
TTATGCTTAG
GTTGACCTAG
CTCCGAACGT
GGACGAGGTA
ATTCTTCTAC
TCATTCTGGG
GATCTTGTAC
TTCACTTTTC
TTTATTCATC
CCTTTTCATC
CTTATTCTAT
GCCAATCCAC
GCTATTTTAC
CTCATTTTAT
CCTTTAAATC
GGGGCACGGC
TTCTCTTATT

CAGCACCAGC
TTATTCAAAT
CATTCTCTAG
TACATGCTAA
TTTATTATGG
TAGTTATAGC
GAGCCACTGT
AATGAATTTG
ATTTTTTATT
ARACAGGATC
CTTATTTTAC
TAACATTATT
TTGTTACCCC
GATCAATTCC
TAATCTTGCC
AACTTATATT
CAGTTGAAGA
ATATTATTAA

TAACATTTCA
CGTTACTGGA
TGTAGCACAT
TGGAGCGTCT
ATCGTTTTTA
GACTGCCTTC
AATTACGAAT
AGGTGGATTT
CCCGTTTATC
TAACAATCCA
ATTTAAAGAT
AAACCCTTAT
TGCCCATATT
TAATAAATTA
TTTTACCCAT
TTGATCATTA
TCCTTATGTA
CCCACTTACA

ACTTTGTGARA
CTCTTTTTAG
ATTTGTCGAG
TTCTTCTTCA
TATATACATG
TTAGGGTATG
TTATTTTCAG
GCAGTTGATA
GTAGCAGCAG
CTAGGAATTG
ATTACTGGAT
TTATTGGGAG
CAACCGGAGT
GGAGGTGTTA
GTAGCAAAAT
GTAAGTATTG
ATTACTGGTC
CTTATATGAT

ACTTTGGTTC
CTATACACTA
ATGTAAATTA
TTTGTCTGTA
CTTGATCAGT
TGTTACCTTG
CTATTCCATA
ATGCTGCATT
CAACTATTAT
TTAGTAATGT
TTATCGTAAT
ATCCAGACAAR
GATATTTTTT
TTGCCCTAGT
TTCGAAGATT
TCTTCTTATT
AGATCCTGAC
GGGATAAAAT

Appendix 3 : A complete nucleotide sequence of a cDNA insert in PMM110.

Length = 993 letters

GAGAATCAAC
GGACAACCGC
GGATAAGAAC
ATTCAGCGCC
CGCCGAGCTC
TGTGCAGAAG
CATTGCCAAC
GTACAGGCTT
TTACAACAAG
CCAGGACCTG
TTTCGGACCC
GCGCGAGGCT
GCGCCAGCCC
CTCTGAAGCT
TGCCGTCTCT
CGCTCGAGGG
CTTTATTATT

GGTCTTTAAG
GTCAAGTACG
GACTTCGAGT
GATGCCTACG
GCTGACTTCA
CATTGCCAGG
CAGTTCAAGG
GACTGCATTA
CTCACCACTG
TACGCTCAGT
CTGAAGGTGG
CCGGCGCTGT
CACACACCCA
AAGCCGCAAC
AGCCAGGCCC
TCTTCAGCCA
ATCCAATARA

GTCAGGCGAC
TCGTCAGGTA
GCCTTGCCGT
CCAACAACCA
ACAAGGACGG
GCAAGAAATA
CTATTGACGT
CCAGGTCTGC
AGGACGACAG
TCATCTCCAA
TGCAGTAGAC
GGGCGGAAAC
ACAGTGCCCA
GCAGGCAACA
TTGGAGTGGA
GTTCAACACC
CGTTGAARATG

GCAAGCATCT
CATGTACGAC
CAGGARACACC
GAAGATCATG
TGAGGTAACT
CGGCGAATTC
TAACGGCGAC
CTTTGCTGAT
GAAGGCCGGC
CCCTGATGAG
TAGCGCATGA
CCCGCGCATG
GTTCCTCACC
ACACCGCCTG
GACGCGCGGC
GGGAATGGTC
TTT

AGCAAAATGG
ATTGACAACA
CTGATCGAGG
AGGAACCTCT
GTCGACGAGT
CCCGGTGCCT
GGCAAGGTTG
GTGRAAGGAGA
GGACTCACCC
TCTTGCAGCG
GGCCGCCTAC
CGCACCCCGG
GCATTTTTAT
CCGTATCCGA
CTCGCCCCTG
GACTACTGAT

CTTACAGCTG
ATGGCTTCTT
GCCGTGGCGA
GGAACGAGAT
TCAAGCAGGC
TCAAGGTTTT
GCCTCGATGA
TTGATGAAGC
TGGAACGCTA
CCTGCTACCT
ATTACCCTCC
GGAGGCCCTA
ACTCACCTCC
CCCGGGCCGC
GCCAGCCCCT
GCGATCAACT
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