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ABSTRACT

Argonaute proteins are present in diverse organisms ranging from yeast to
humans. In addition to their role in developmental control, some Argonautes have
been shown to play essential roles in a variety of post-transcriptional RNA-mediated
gene silencing pathways, including RNA interference or RNAI mediated by sequence-
specific double-stranded RNA. This work is aimed at the characterization of an
Argonaute that associates with RNAI in the shrimp Penaeus monodon in order to
provide an in-depth understanding of the RNA-mediated gene silencing mechanism in
the shrimp. A total of 2,829 bp of the cDNA encoding Argonaute of P. monodon
(Pem-AGO) was obtained from RT-PCR and RACE methods, using mRNA from the
lymphoid (Oka) organ as a template. The deduced amino acid sequence of Pem-AGO
contained the two conserved domains, PAZ and PIWI, which are the signature of the
Argonaute family. The requirement for Pem-AGO in RNAi was explored in the
primary Oka cell culture of P. monodon. Transfection with three dsRNAs
corresponding to different regions in the Pem-AGO sequence resulted in
approximately 30% reduction of Pem-AGO expression in the Oka cells. The
subsequent effect of the depletion in Pem-AGO mRNA level on the efficacy of RNAI
was determined by the amount of silencing in the endogenous 5-HT receptor gene by
its specific dSRNA. Pem-AGO depletion led to impaired RNAI as demonstrated by
partial restoration of 5-HT receptor gene expression in the cells that acquired dsSRNAs,
which target both the Pem-AGO and 5-HT receptor genes. By contrast, only slight or
no impairment of RNAI was seen when the exogenous gene, the protease gene of
yellow head virus, was targeted for silencing in Pem-AGO depleted cells. In summary,
the results from this study suggest the involvement of Pem-AGO in RNA-mediated
gene silencing by RNAi mechanism in P. monodon.

KEY WORDS: PENAEUS MONODON/ ARGONAUTE PROTEIN/ RNAI
PATHWAY/ dsSRNA/POST-TRANSCRIPTIONAL GENE
SILENCING
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CHAPTER I
INTRODUCTION

Black tiger shrimp (Penaues monodon, Fabricius) is widely distributed throughout
tropical and subtropical areas, along the coastlines of the Indo-west Pacific region
including both the Andaman Sea and the Gulf of Thailand (1). The black tiger shrimp
has become one of the most important agricultural species because of their high
survival rate and fast growth in a wide range of salinity (15-20 ppt) (2). The maximum
growth rates are achieved in a wide range of water temperature ranging from 25 to 35
°C. Thailand is the largest frozen shrimp producer and exporter in the world. Shrimp
export generated approximately 1.7 billion USD annual export value in 2003 (3).
Despite its high commercial impact, shrimp farming industry in Thailand has
encountered several problems with pathogen diseases caused by bacterial, fungal and
viral infection. These lead to a destructive effect on both shrimp production and

economy of the country.

1.1 General crustacean anatomy (4)

All crustaceans have bilaterally symmetrical bodies covered with a chitinous
exoskeleton, which may be thick and calcareous (as in the crayfish) or delicate and
transparent (as in the water fleas). Crustaceans are the only arthropods that are mainly
aquatic, and most of them are marine. They use gills for respiration. Their thoracic
region typically bears walking legs (pereopods), which are also used for capturing
preys. The abdominal region oftenly is equipped with swimmeretes (pleopods) and a

tails fan made up a pair of appendages (uropods) and the telson.

1.1.1 The Decapods crustaceans
The order Decapoda contains those animals most people recognize as
crustaceans: shrimps, lobsters, and crabs. Decapods (meaning ten feet) have the last

five pairs of thoracic appendages modified as walking leg while the first three pairs,



Manasave Dechklar Introduction / 2

the maxillipeds, function as mouthparts. If one pair of walking legs has enlarged

pincers (chelae) they are referred to as chelipeds (5).

1.1.2 Penaeus monodon (Black tiger shrimp)

The taxonomy definition of the black tiger shrimp is as follows: (6)

Phylum : Arthropoda

Class : Crustacea

Subclass ; Malacostraca

Order : Decapoda

Suborder ; Natantia

Superfamily : Penacoidea

Family y Penaeidae Rafinesque
Genus 4 Penaeus Fabricius
Subgenus X Penaeus

Species ! Penaeus monodon

1.1.3 Morphology of Penaeus monodon

The exterior morphology of Penaeid shrimp is distinguished by a
cephalothorax with a characteristic hard rostrum, and by a segmented abdomen
(Figure 1) (7). Most organ, such as gills, digestive system and heart, are located in the
cephalothorax, while the muscles concentrated in the abdomen. Appendages of the
cephalothorax vary in appearance and function. In the head region, antennules and
antennae performed sensory functions. The mandibles and the two pairs of maxillae
form the jaw-like structures that are involved in food uptake (8). In the thorax region,
the millipedes are the first three pairs of appendages, modified for food handling, and
the remaining five pairs are the walking legs (pereiopods). Five pairs of swimming
legs (pleopods) are found on the abdomen (6).

Penaeids have an open circulartory system and a dorsal muscular heart
located in the cephalothorax (Figure 2) (9). The valved hemolymph vessels leave the
heart and branch several times before the hemolymph arrives at the sinuses that are
scattered throughout the body, where exchange of substances takes place. After

passing the gills, the hemolymph return to the heart by means of three wide non-
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valved openings (10). A large part of the cephalothorax in penaeid shrimp is occupied
by the hepatopancreas. The main functions of the hepatopancreas are absorption of
nutrients, storage of lipids and production of digestive enzymes (11). One of the
heamolymph vessel that leaves the heart ends in the lymphoid organ, where the
hemolymph is filtered. This organ is located ventro-anteriorly to the hepatopancreases.
The central nervous system of crustacean is ladder-like of the assembled nerve cells
called ganglia, joined across the midline and a separated longitudinally from one

another by paired connectives (12).
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1st abdominal segment
eye 2nd abdominal segment
rostrum carapace 3rd abdominal segment
4th abdominal segment
“ 5th abdominal segment

‘. 6th abdominal segment

walking legs swimming legs
(5 panrgftg (5 [:nilifﬂs}mg uropods

Figure 1. Lateral view of the external morphology of Panaeus monodon (7)
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dorsal abdominal

Figure 2. Lateral view of the internal morphology of Panaeus monodon (9)
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1.2 Viral pathogen of the penaeid shrimps
During the past decade, shrimp agricultural activity has been destructively affected
by two major viruses that caused high mortality rates, namely yellow head virus and

white spot syndrome virus.

1.2.1 Yellow head virus (YHV)

Yellow head virus (YHV) was first found in P. monodon in Thailand in
1990. Histopathological analysis of infected shrimp revealed widespread cellular
necrosis in the gills, connective tissues, hemocytes, hematopoietic tissues, and
lymphoid organ, and thus strongly indicated a preferential infection of cells of
ectodermal or mesodermal origins (13-15). The yellow head virus has been identified
to order Nidovirals, family Roniviridae, genus Okavirus (16-18). This virus is a rod-
shape virus, enveloped with peplomer and a tubular helical nucleocapsid containing a
positive sense single-stranded RNA (17). In natural infection, the affected shrimp
showed the yellowish color on the cephalothorax areas, called yellow head disease
(YHD), resulting from the underlying yellow hepatopancreas showing through the
translucent carapace. This disease can be found in black tiger shrimp in the weight
range of 5 to 15 g (25 to 70 days). The shrimp that is infected with YHV usually dies
within 2-3 days (15).

1.2.2 White spot syndrome virus (WSSV)

White spot syndrome (WSS) is a viral disease which affects most of the
commercially cultivated marine shrimp species worldwide. The virus was first found
in P. japonicus in northern Taiwan in 1992 (19), followed by Japan in 1993 (20). This
virus is enveloped nucleocapsids with bacilliform morphology, containing double-
stranded DNA, and a tail-like extension at one end. Typical signs of the diseased
shrimp were reddish and pinkish-red discoloration of the body, including obvious
white spots on the inside of the carapace, appendages and the inside body surface. The
cumulative mortality of white spot syndrome-infected shrimp reaches 100% within 2-7

days.
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1.3 Penaeid shrimp cell culture

Panaeid shrimp cell culture technology was developed for use in the studies of
growth characteristics and analysis of penaeid viruses (21). Explant cell cultures have
been obtained from various tissues and organs of the penaeid shrimp, including the
lymphoid (Oka) organ (22-25), the primary target for YHV in the whole animal. The
cell derived from the lymphoid organ were found to proliferate rapidly and remain
stable for long period of time (2-3 weeks) (26). Primary cell cultures of the lymphoid
organ are susceptible to YHV which produce cytopathic effects (CPE) that include
rounding of cells and their detachment from the substrate which occurs as early as 3
days post-inoculation for YHV (27).

The lymphoid organ of penaeid shrimp is located on both left and right sides of
the antero-dorsal surface of the hepatopancreases (22, 28). Because of its unique
location and its relatively small size, identification and dissection of the organ is not
easy, especially when small size shrimps (less than 10 g) are used. The optimal size of
shrimp to be used for the preparation of primary lymphoid cell culture is between 20
and 30 g. Animals weighing over 30 g are generally not recommended because the
cells from their organs appear to be more senescent and degenerate faster despite the

fact that their Oka organs are relatively much larger (27).

1.4 General background of RNA interference (RNAi) pathway

RNA interference or RNAi was identified in many organisms, such as Drosophila
melanogaster, Neurospora crassa and Arabidopsis thaliana (29). The RNAIi is known
as a sequence-specific gene silencing process in which double-stranded RNA (dsRNA)
induces silencing of cognate mRNA. In plant, this phenomenon is called post-
ranscriptional gene silencing (PTGS), whereas quelling (or co-suppression) is known
as similar process in fungi (Neurospora crassa). In PTGS, dsRNA from virus or
transgene can trigger the post-transcriptional degradation of homologous cellular RNA
(30). In quelling, dsSRNA from transgene can trigger the silencing of homologous
chromosomal loci simultaneously (30). In the PTGS pathway, dsRNA trigger the
silencing through the synthesis of complementary RNA (cRNA) by the action of
dsRNA-dependent RNA polymerase (RARP) (30-31). Then the antisense cRNA

stranded are hybridized to target RNA which induce the cleavage, modification or
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degradation of target mRNA (Figure 3). In the RNAi pathway, the double-stranded
RNA could originate from several sources; for examples, aberrant transcript of high
copy transgenes, viral RNA and in vitro synthesized dsRNA that is experimentally
injected or transfected into the cells (32). The model of the RNAi pathway is shown in
Figure 4 (33). Firstly, a long dsRNA is cleaved into small interfering RNA fragments
(siRNAs) of about 21-23 nucleotides by the action of an RNase-III-like dsRNA-
specific ribonuclease, namely Dicer (34). The cleavage of long dsRNA by dicer
utilizes ATP and generates the siRNA product with two-base 3’ overhangs and
5’phosphate (35-37). Subsequently, the double-stranded siRNA is incorporated into a
multiprotein complex known as the RNA-induced silencing complex (RISC) which
contains an Argonaute protein as the major constituent. The double-stranded siRNA in
RISC is unwound by ATP-dependent reaction into single-stranded siRNA and
resulting in activated RISC. The activated RISC is guided by its single-stranded
siRNA component to the target transcript by complementary base-pairing. The target
mRNA is then cleaved by the action of endoribonuclease provided by the Argonaute

protein, followed by further degradation with cellular exoribonucleases (38).
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Figure 3. The model of the post-transcriptional gene silencing pathway in plant

(Modified from (30))
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Figure 4. The model of the RNA interference (RNAi) pathway (Modified from
(33))
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1.5 The essential component in the RNAi pathway
1.5.1 General background of Dicer protein

Dicer protein is a member of the RNase class I1I family which recognizes
double-stranded RNA template and digest them to small size RNA (siRNA). The
cleavage by Dicer produces the siRNA products with the 5’ phosphate and 3 hydroxyl
termini. The Dicer enzyme composes of 4 domains; an amino-terminal helicase
domain, two RNase III domains, a dSRNA binding domain and a PAZ domain (the
conserved domain that is also found in Argonaute family (Figure 5) (39). The dsRNA
binding domain recognizes 2’ hydroxyl of the sugar of dsSRNA template (40). The
cleavage of dsRNA substrate occurs from the dimerization forming between the active
site in each monomer of the RNase III domain. Particularly, one catalytic site cuts
each strand of dsRNA resulting in the cleavage of dsSRNA cleavage into siRNA (41).
The size of ~21-23 nt siRNA is specified by the distance of dsSRNA between the PAZ
domain (which bind to 2 nt 3° overhang of dsRNA) and the active site of RNase III
domains to create the suitable site of siRNA product (Figure 6) (41). Besides, the
function of Dicer is co-ordinated with dsRNA-binding cofactor (dsRBD cofactor),
such as, R2D2 in Drosophila (42). This dsRBD cofactor binds to the siRNA and
facilitates siRNA loading into RISC to encourage the mRNA degradation (42-43).
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Helicase DUF283 PAZ RNase III RNase III dsRBD

Figure 5. The domain structure of RNAse III family in H. sapiens (Modified from
(43))
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Figure 6. Model of catalytic cleavage of Dicer enzyme (Modified from (43))
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1.5.2 General background of Argonaute protein

Argonaute is a protein family that is present in a wide range of organisms,
such as plant, Drosophila, C. elegan and human (44). The number of Argonaute
protein varies in different species. For instances, Drosophila contain 4 Argonaute
proteins which are Piwi, Aubergine (or Sting), dAgol and dAgo2 (44), human contain
8 Argonaute proteins which are divided into 2 subfamilies that are 4 of PIWI
subfamily (PIWIL1/HIWI, PIWIL2/HILI, PIWIL3 and PIWIL4/HIWI2) and 4 of
elF2C/AGO subfamily (EIF2C1/hAGO1, EIF2C2/hAGO2, EIF2C3/hAGO3 and
EIF2C4/hAGO4) (45) and Arabidopsis has 10 Argonaute proteins, but only two of
them, AGO1 and ZWILLE, have been studied in detail (44).

Argonaute proteins play primary roles in developmental control, and some
of them are also involved in mRNA degradation pathway via RNA interference
(RNAi). The Argonaute family members vary in both biological functions and
expression in specific tissues (44). For example, two Argonaute proteins in
Drosophila, Piwi and Aubergine, are required for the germline development. In
contrast, the other two Argonautes, dAgol and dAgo2, were demonstrated for their
function in RNAi pathway (44). dAgol is required for the efficient RNAi as
demonstrated by the dAgol mutant that exhibited the decrease in the ability of mRNA
degradation in respond to dsRNA in vitro, whereas dAgo2 is shown biochemically to
be the important component in RISC (44). In Arabidopsis, Agol is shown to be
involved in post-transcriptional gene silencing. Opposing to Agol, another Argonaute
family in Arabidopsis called ZWILLE does not function in post-transcriptional
silencing but is demonstrated to be essential for cell division in development (44).

Argonaute protein is composed of 1,000 amino acids which contain 2
conserved domains, an N-terminal PAZ domain and a C-terminal PIWI domain
(Figure 7) (44). The structure of PAZ domain consists of three parts (Figure 8), six-
stranded B-barrel as a central domain, two a-helices which cap on top of the central
barrel and a domain composing of a long B-hairpin and a short a-helix position below
the central part (45). The central B-barrel contains aromatic amino acid residues which
conserved within the PAZ domain family. This part functions as RNA-binding domain
by binding to the two nucleotide 3’ overhang of siRNA (46). Another conserved

domain, the PIWI domain, displays conserved structure to an RNase H family. This
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family of RNase produces the cleavage product with the 5° phosphate and the 3’
hydroxyl group in the reqiurement of divalent metal ions (43, 47-48). The structure of
PIWI domain composes of five-stranded-p3 sheet surrounding with a-helices (Figure
9). This enzyme family contains three conserved carboxylic group, DDE (two
aspartates and one glutamate) which situated on B sheet region for forming the active
site. The first two carboxylated residues are located at the same positions among
RNase H family while the third residue shows variation in its position (49). Mutation
in the two conserved aspartate residues cause the inactivation of RISC in mRNA
cleavage (50).

In the RNAI process, Argonaute functions as the enzyme in RISC with the
activity of conserved PAZ and PIWI domains. From the beginning, PAZ domain
recognizes 3’ end of the siRNA strand originated from dsRNA cleavage by Dicer (49).
The 5° end of the mRNA target enters into the cleft between PAZ domain and N-
terminal domain and forms the complementary base-paring to the siRNA (Figure 10).
This cleft contains the positively charge for appropriate binding of the negatively
charge of the RNA strand (49). Then the catalytic RNase H-like enzyme in the PIWI
domain cleave the mRINA target at the position to the center of the guide siRNA (49).
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Figure 7. Domain structure of Argonaute protein in P. furiosus (Modified from

(49))
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20-helix

Six strand p-barrel 'i

Figure 8. The structure of D. melanogaster Argonaute 2 PAZ domain family
(Accession number: MMDB 27919, 1T2SA0 chain A, 110513)
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Figure 9. The structure of P. furiosus Argonaute PIWI domain (Accession
number: MMDB 31372, 1W9H , 127717)
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Figure 10. Model of mRNA degradation guided with siRNA by Argonaute
protein of P. furiosus (Modified from (49))
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1.6 Other components in the RNAi pathway

Two RNA binding proteins, the VIG protein, the human homolog of FMRP
(fragile X mental retardation protein), dFXR and tudor staphylococcal nuclease
(Tudor-SN) are shown to associate with RISC (51-52). The first protein, VIG, is
encoded from the intron of vasa gene which is conserved in C. elegans, Arabidopsis,
mammals and S. pombe (51). The VIG protein is composed of RGG box which
functions in binding to RNA (51). In the Drosophila S2 cells, VIG functions in the
maintaining of the silencing efficiency. The suppression level of VIG inhibits about
50% RNAi activity (51). Besides, VIG shares high similarity to the human
phosphoprotein ki-1/57 which is a substrate of the protein kinase and thus is
implicated in chromatin remodeling and transcriptional gene silencing (52-53). The
second protein, dFXR, is encoded from the locus on the X chromosome which
silenced in Fragile X syndrome (51). In Drosophila, dFXR protein functions in
repressing of the translation of an mRNA encoding the microtubule-associated protein.
Similar to the VIG protein, the Fragile X family also contains an RGG box which is
suitable for binding of RNA (51). The third protein, tudor staphylococcal nuclease
(Tudor-SN) is composed of staphylococcal nuclease (SNase) domain and a Tudor
domain (54). The homolog of this protein is also discovered in C. elegans,
Arabidopsis, mammals and S. pombe (54). SNase exhibits the nuclease activity that
produces the product containing 5’ hydroxyl group and 3’phosphate (55-56) similarly
to the tudor domain that also displays the nuclease activity (52). However, tudor-SN is
responsible for cleavage of both RNA and DNA strand and it cleaves the target
independent to the sequence. This is in contrast to the characteristic of RISC which
has no DNase activity and acts in highly sequence specific cleavage (54). However,

the specific role of these three proteins in the RNAi pathway are still unclear.

1.7 The RNAi pathway and developmental function of Argonaute protein

Besides the function in RNAi pathway, some of the Argonaute proteins also play
role in developmental control. In plant, A. thilania, Argonaute protein AGO1 functions
in both RNAi pathway and development. The agol mutants showed the defect in
RNAi pathway (sensitive to viral infection) and phenotypic abnormalities (for

example, abnormal infertile flowers and leaves) (44). In D. melanogaster, one of the
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Argonaute proteins, Piwi is required for germline development and transgene-
mediated co-suppression (44). Mutant in piwi affects the germline development by
causing insufficient in the number of germline stem cell in the adult stage and inhibits

post-transcriptional gene-silencing pathway (PTGS) (44).

1.8 The RNAi pathway, DNA methylation and chromatin remodeling

The RNAI pathway affects the centromeric silencing via methylation of histone
H3 and the formation of condensed heterochromatin (57). In the process, transcription
of centromeric region leads to the formation of dsSRNA which is then processed into
siRNA by the RNAi pathway (58). The siRNA then binds to the methyl-transferase
and forms complementary base-paring to homologous centromeric sequence (58). This
causes the histone methylation at the centromeric region and activates the condense
heterochromatin formation (58). The compact structure of the heterochromatin then
causes the transcriptional gene silencing (59). Mutation in Argonaute protein, Dicer
and RNA polymerase II caused the lacking of histone methylation which mediated the
loss of centromeric silencing. For example, in Arabidopsis, there are two genes that
are responsible for DNA methylation, MET1 and DDM1. MET1 encodes the DNA
methyltransferase while DDM1 encodes the protein that is involved in chromatin
remodeling. Mutation in MET1 and DDM1 reduced the level of gene methylation and
also cause negative impact to PTGS which is corresponded to the decrease in

transgene methylation (60).

1.9 The RNAi pathway and antiviral defense

The RNAi machinery can be developed as a tool in antiviral defense in many
organisms (61). The viral dSRNA can inhibit viral expression or viral replication by
mRNA cleavage. For instance, in Drosophila S2 cell, co-transfection with the full-
length of Flock house virus (FHV) RNA and dsRNA corresponding to the FHV
sequence causes the decrease in the accumulation of FHV RNA (61). Moreover,
infection of Drosophila S2 cell with FHV virus resulting in the production of siRNA
which sequence specific to FHV and the reduction of FHV RNA level (62). Therefore,
FHV acts as both the target and the initiator of RNA silencing (62). Conversely,

viruses can develop the mechanism to defense RNAi in host cells by producing the
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RNAi-suppressing protein (63). For example, the viral protein p19 in plant (VP19) can
inhibit RNAI in the host cell by preventing the unwinding of duplex siRNA to single-
stranded siRNA (64-65). This caused the unincorporation of siRNA into RISC and
block the RNAi pathway in the cell (66).

2.1 RNAi pathway and the microRNA pathway

The evolutionarily conserved RNAi pathway also involved with the microRNA
(miRNA) pathway (67). MicroRNA is encoded within plant and animal genomes and
plays widespread roles in growth and development of specific tissue (68). It has been
shown to be involved in the control of cell death and cell proliferation in flies,
haematopoietic differentiate in mammals, neuronal pattern in nematodes, leaf and
flower development in plants (69). MicroRNA is the small non-coding RNA that
regulates gene expression of homologous transcript at the level of translational
efficiency and stability of partial or fully sequence-complementary mRNA (68). The
silencing by microRNA can initiate degradation of mRNA in plant or translation
inhibition in animal (68). For example, in Arabidopsis, the miRNA
(miRNA171/miRNA39) show the perfect complementarity to the mRNA target and
direct the sequence-specific mRNA degradation (70). Alternatively, in C. elegan, two
miRNA, lin-4 and let-7, regulated the endogenous gene which is involved in
developmental timing by forming partial complementary to 3’ untranslated region of
target mRNA, lin-14 and lin-41 (71-74). In Figure 11, microRNA gene is transcribed
from RNA polymerase II in nucleus and produced the long primary transcript called
pri-microRNA which is composed of several hundred nucleotides long (43, 75). Pri-
microRNA is processed by another class of RNase III enzyme called Drosha. Drosha
is composed of long N-terminal region, two RNase III domains and double-stranded
RNA binding domain (dsRBD) (43, 75) . Drosha required a hairpin dsSRNA with a
loop of greater than 10 nucleotides as a specific substrate. This enzyme is associated
with double-stranded RNA binding protein called Pasha which recognized the active
site of RNase III domain of Drosha (43). The Drosha/Pasha complex activated the
cleavage of 30 base pairs from the 10 nt loop resulting in the ~70 nucleotides stem
loop product called pre-miRNA which contains 2 nucleotides 3’ overhang at the

terminus (43, 75). The pre-miRNA is then exported from the nucleus to the cytoplasm
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by exporting factor, exportin-5, which directly and specifically binds to the pre-
miRNA (43, 76). In the cytoplasm, Dicer enzyme recognizes 2 nucleotides 3’
overhang of Pre-miRNA by using PAZ domain and generates the ~21-23 nucleotides
mature miRNA (43). The mature miRNA is then transferred into RISC which has the
Argonaute protein binding to the 5’end and the 3’end of mature miRNA by using
PIWI and PAZ domain, respectively, similar to the siRNA (75). In human cell,
Argonaute protein, eI[F2C2, and two ribonucleoprotein complex of the ATP-dependent
RNA helicase , Gemin 3 and Gemin 4 proteins, are found to be co-immunoprecipitate
with miRNA in the RISC activity assay (77). In C. elegan, two Argonaute proteins,
Alg-1 and Alg-2 are required for miRNA function similar to Rde-1 in siRNA function
(78, 79). In Arabidopsis, AGO1 is required for miRNA function and PTGS (80). The
perfectly match miRNA can act as a siRNA in the production of mRNA cleavage and
degradation (81). However, binding of imperfect complementary miRNA to the 3’
untranslated region of target gene cause the translational suppression which inhibits
the expression at the level of protein synthesis (81). Conversely, imperfect
complementary siRNA to the mRNA target can induce the translational inhibition as
miRNA function (81). In mammalian cell culture, siRNA can repress gene expression
by forming the partial base-pairing to the 3’UTR of target mRNA without the effect to
the mRNA stability (77). Therefore, the function of siRNA and miRNA in gene
silencing, either trigger the degradation of target gene or activation of translational
repression, depends on the degree of the complementarity to the target gene (71-74,

82-83)
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Figure 11. The model of the microRNA (miRNA) pathway (Modified from (43))
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CHAPTER II
OBJECTIVE

2.1 Rationale

Penaeus monodon or the black tiger shrimp, is the export product that has high
commercial value in Thailand. However, the shrimp farming in our country has
encountered several problems with viral infectious diseases, such as, diseases from
Yellow Head Virus and white spot syndrome virus, which cause a collapse in shrimp
production and thus affect the economy of our country. As such, the mechanism of
RNA interference has been developed to control viral replication in the shrimp.
Therefore, understanding of the function of Argonaute protein which is a key
component in RISC will improve the understanding of RNAI pathway that has become
a potential way to prevent viral infectious disease in this economically important

species.

2.2 Objective

The objectives of this thesis are

- To clone and characterize Argonaute cDNA that encodes Argonaute protein
from P. monodon

- To investigate whether Argonaute plays role in RNAI pathway in P. monodon.
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CHAPTER IlI
MATERIALS

3.1 Materials
3.1.1 Bacterial strain
Escherichia coli, DHSa [supE44AlacU169(®80 lacZ AM15)hsdR17 recAl
endA1 gyrA96 thi-1 relAl] was used as a host for plasmid propagation.

3.1.2 Culture media
3.1.2.1 Bacterial culture media

-LB medium : 1.0% (w/v) tryptone, 0.5%(w/v) yeast extract, 1.0% (w/v) NaCl, pH 7.5
-LB agar : LB broth with 2.0%(w/v) agar

The E. coli transformants were grown in LB/Ampicillin medium
containing 100 png/ml Ampicillin.
-SOB medium : 2% (w/v) bacto tryptone, 0.5% (w/v) yeast extract, 10 mM NaCL, 2.5
mM KCL, 10 mM MgCl, and 10 mM MgSO,

3.1.2.2 Primary cell culture medium
-Leibovitz’s L-15 medium : Leibovitz’s L-15 powder, 1% D-Glucose and 0.5% NacCl,
pH 7.5
-Washing medium : 2X-Leibovitz’s L-15 medium, 1% D-Glucose, 0.5% NaCl, 200
IU/ml penicillin, and 200 ug/ml streptomycin
-Working medium : 2X-Leibovitz’s L-15 medium, 1% D-Glucose, 0.5% NaCl, 200
[U/ml penicillin, and 200 ug/ml streptomycin supplemented with 15% (v/v) fetal

bovine serum, 15% shrimp meat extract and 5% (v/v) lactabumin
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3.2 Enzymes and accessory buffers

Restriction enzymes and other modification enzymes were purchased from New
England Biolabs, USA; Promega, USA; Gibco BRL, USA. The restriction enzymes
used in this study are listed in Tablel.

Table 1. Restriction enzymes and optimal condition for digestion

Enzymes Recognition sequences Optimal condition
Buffer/Incubation Temperature
EcoR I G'AATTC H/37°C
Nco I C'CATGG H/37°C
Pst1 CTGCA'G H/37°C
Sal I G'TCGAC D/37°C
Xba I T'CTAGA D/37°C
Xho I C'TCGAG D/37°C

Note: In the second coloumn, " indicates the cleavage site
Buffer D : 6 mM Tris-HCI (pH 7.9), 6 mM MgCl,, 150 mM NaCl, 1 mM DTT
Buffer H : 90 mM Tris-HCI (pH 7.5), 10 mM MgCl,, 50 mM NacCl

3.3 Cloning vectors
The pGEM®-T Easy (Promega) and pUC 18 (kindly provided Miss Supattra
Treerattrakool) were used as cloning vectors. The detail about these vectors is given in

Figure 1 and 2 and Table 2.
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Figure 12. The physical map of pPGEM®-T Easy vector (Promega)

The pGEM®-T Easy vector is suitable for cloning of PCR product. It
contains a 3' terminal thymidine added to both ends, which is compatible with a single
deoxyadenosine overhang at 3' end of PCR product generated by certain thermostable

polymerases.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Mol. Genet. Genet. Eng.) / 29

EcoRI
Sacl
Epnl
Smal
EawiHL
Thal
Sal
P=d
Sph
HindIII

Z.686 kb

Aatl
XA

Figure 13. The physical map of pUC 18 vector

The pUC 18 vector is suitable for cloning of DNA fragment. It contains
multiple-cloning sites on lac Z region. The DNA fragment insertion can be verified by

using plates containing IPTG and X-Gal.
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Table 2. Cloning vectors and descriptions
Plasmids Description Marker in E. coli Figure
pGEM®™-T Easy | -contain a single | lac Z and Amp" 1
3’terminal thymidine at
both end of linearized
vector which make the
high efficiency of the
ligation
-contain the lac Z
reporter gene and
multiple cloning site
pUC 18 -contain lac promoter for | lac Z and Amp' 2
expression of cloned
DNA
-containing the lac Z
reporter gene and
multiple cloning site
3.4 Miscellaneous
-Deoxynucleotide Triphosphate (dNTPs) Promega
-RiboMAX™ Large Scale RNA production System Promega
—T7 and SP6 RNA polymerase
-QIAquick Gel Extraction Kit QIAGEN
-QIAprep Spin Miniprep Kit QIAGEN
-MEGAscript” RNAi Kit Ambion

3.5 Oligonucleotides

The oligonucleotide primers were custum-ordered from Proligo Singapore Pty Ltd.

The sequence of all oligonucleotides are shown in Table 3 and the recognition sites of

restriction enzymes are underlined.
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Experiment | Primer Sequence (5°-37)
name Tm
(°C)
Reverse =
transcription | PRT EcoR 1 Hind Il xpa1 BamHI
CCGGAATTCAAGCTTCTAGAGGATCCTT(T) 14 69.9
Reverse
transcription | PM-1 EcoR I Hind ITI Xbal BamH
CCGGAATTCAAGCTTCTAGAGGATCC 60.5
3’RACE AGO1 CA(gA)CC(I)Tg(CT)TT(CT)Tg(CTYAA(OA 48
)TA(CT)gC
3’RACE RISC2R | gT(Ag)Tg(Ag)Tg(AgTCYC(gT) (TCYTT 50
(OTg
3’RACE AGO/S1 | TCTACAAGTCTACGCGGTTC 60
3’RACE AGO/S2 | ATGAGAGAGGCTTGCATAAA 56
5’RACE dAGOF1 | CCCTCGCAGTGGAAGATGATG 57
5’RACE 5’AGOR1 | AGTGTCACCCACACGCTTCAC 55
5’RACE 5’RACE4 | CCCTTAATTTCTTTTGTGAACTTGA 53
Coding EcoRI Sall 76
sequence AGOExF | TGGAATTCGTCGACAAAAGAATGTACCCTGTTGG
GCAGC
coding Xbal 59
sequence AGOExR | ACTCTAGATTAAGCAAAGTACATGACTCTGTTTG
dsRNA PAZ-F TTTATGTGTGAAGTGTTAGATATTCGAG 53
template
dsRNA PAZ-R CATGGTAGATGTCTGCATGTCTGT 53
template
dsRNA PIWI-F CAGCTTGTATGTGTTGTTCTACCAGG 56
template
dsRNA PIWI-R GAGATGATAACGAGCCCTGAAGG 56
template
dsRNA dsAGOF1 | ACGTGACAGGGTGTTCAAGGTAG 55
template
dsRNA dsAGOR1 | TGTATTGCATCATAAGGAATGGTTC 54
template
dsRNA dsAGOF2 | AGACAGAATGGATCAACAACAC 48
template
dsRNA dsAGOR2 | TGAGCAGCTCCTTCACCATAG 52

template
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3.6 Shrimp specimens
Black tiger shrimps (P. monodon) were purchased from shrimp farms in

Chachoengsao, Phatumthani, Samutprakarn and Samutsongkharm provinces of
Thailand.

Copyright by Mahidol University
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CHAPTER IV
METHODS

4.1 Amplification of a cDNA encoding Argonaute protein of Penaeus monodon
(Pem-AGO)
4.1.1 First strand cDNA synthesis via reverse transcription (RT)

The total RNA from the lymphoid organ of P. monodon (kindly provided by
Miss Supattra Treerattrakool) was used as a template to generate first-strand cDNA in
a reverse transcription reaction. Total RNA (about 1 pug) was mixed with 500 nM of
oligo-dT (PRT) primer in a final volume of 5 ul RNase-free water. The mixture was
heated at 70°C for 5 min and quickly chilled on ice for 5 min. Then the following
components were added to the mixture; 4 ul of 5X Improm-II"™ reaction buffer,
2.4 pl of 25 mM MgCl, ,1 pl of ANTP mix (10 mM each), 0.5 pl of 40 unit RNasin
ribonuclease inhibitor (Promega), 1pul of Improm-II"™™  Reverse-Transcriptase
(Promega) and RNase-free water to a final volume of 20 pl. The reaction was
incubated at 25 °C for 5 min to allow binding of oligo-dT primer to the poly A of
mRNA template. Then the temperature was raised to 42°C for 60 min to synthesize the
first stranded DNA, and finally the reverse transcription reaction was inactivated at
70°C for 15 min. These incubation steps were performed in a GeneAmp®PCR System
2400 Thermal Cycler (PE applied Biosystems).

4.1.2 Amplification of partial Pem-AGO cDNA (fragment 1) by Polymerase
chain reaction (PCR)

The first strand cDNA was subjected to the amplification of the partial

cDNA encoding Argonaute protein using degenerate primers, AGO1 and RISC2-R.

The PCR reaction was performed in the volume of 25 ul containing of 17.75 ul of

RNase-free water, 2.5 pl of 10X thermophilic polymerase reaction buffer, 2 ul of 25
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mM MgCl,, 0.5 ul of ANTP mix (10 mM each), 0.5 ul of 10 uM AGOI1 upstream
primer, 0.5 ul of 10 uM RISC2-R downstream primer and 1 ul of the first strand
cDNA. After incubating the mixture at 94°C for 3 min, 0.25 pl of 1.25 unit Tag DNA
polymerase (Promaga) was added. Amplification was performed with 35 reaction
cycles, each comprising of denaturation at 94°C for 30 sec, annealing at 48°C for 30
sec and extension at 72°C for 1 min. The last PCR cycle was followed by a 7 min

extension at 72°C for 7 min.

4.1.3 Amplification of the 3’ region (fragment 2) of Pem-AGO cDNA by 3’
Rapid Amplification of cDNA ends (3’RACE)

The first strand cDNA was subjected to amplification of the 3’ end of
Argonaute cDNA using specific primers, AGO/S1 and AGO/S2. The PCR reaction
was the same as described earlier for the first amplification using degenerate primers,
except that 0.5 pl of 10 uM AGO/S1 and 0.5 pl of 10 uM PM-1 primers were used
instead of AGO1 and RISC2-R respectively. The amplification step was performed as
the previous step, except that the annealing was carried out at 55°C. Then, the nested
PCR conducted by AGO/S2 and PM-1 primers was amplified to increase specificity

using the same condition, except the annealing temperature at 50°C was used.

4.1.4 Amplification of the 5’ region of Pem-AGO cDNA
4.1.4.1 Amplification of partial 5’ sequence (fragment 3) of Pem-AGO
cDNA
The first strand cDNA from 4.1.1 was used as a template to amplify
partial 5” region of Pem-AGO cDNA using two specific primers; dAGOF1 which was
designed from the conserved nucleotide sequence of D. melanogaster’s Argonaute 1
and 5’AGOR1 which was designed from the nucleotide sequence of the 3’RACE
fragment. The PCR reaction was set up as previous step with 0.5 ul of 10 uM
dAGOF1 and 0.5 pul of 10 uM 5’AGORI primers and the annealing took place at
55°C.
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4.1.4.2 Amplification of the 5” end of Pem-AGO cDNA (fragment 4) by
5’RACE
4.1.4.2.1 First strand cDNA synthesis via reverse transcription
(RT)
The total RNA from the lymphoid organ of P. monodon was
used as a template to generate the first strand cDNA in a reverse transcription reaction
similar to 2.1.1 except that 500 nM of 5’RACE 1 primer was used in the reaction

instead of oligo-dT primer.

4.1.4.2.2 Tailing of the cDNA with dATP

The poly A tail was added to the 3’end of the first strand
cDNA by the action of terminal deoxynucleotidyl transferase (Promega). The final
volume of 25 ul contained 10 pl of the RT product from 2.3.2.1, 10 mM of dATP and
5 ul of 5X TdT buffer [100 mM cacoadylate buffer (pH 6.8), 1 mM CoCl, and 0.1 mM
DTT]. The mixture was incubated at 94°C for 3 min and chilled on ice. The reaction
was added with 15 unit (1 pl) of terminal deoxynucleotidyl transferase and incubated
at 37°C for 20 min. Finally, the reaction was inactivated by further incubated at 65°C

for 10 min.

4.1.4.2.3 Amplification of the 5’end of Argonaute cDNA by PCR
The dATP-tailed first strand cDNA was subjected to
amplification using 5’RACE 4 gene specific primer, designed from the conserved
nucleotide sequence, and oligo-dT primer in the PCR reaction as described in previous

steps with the annealing temperature of 55°C.

4.2 Amplification of the cDNA coding sequence of Argonaute protein by
Phusion™ DNA polymerase

The first-strand cDNA generated by oligo-dT primer from 4.1.1 was used as a
template to amplify the coding sequence of Argonaute cDNA using 5’and 3’gene
specific primers, AGOEx-F and AGOEx-R, that were designed based on the sequence
from the start and stop codons of the 5” and 3 RACE products, repectively. The PCR

reaction was performed in the volume of 25 ul composing of 12.5 ul of RNase-free



Manasave Dechklar Methods / 36

water, 5 pl of 5X thermophilic polymerase reaction buffer, 0.75 ul of DMSO, 0.5 ul of
dNTP mix (10 mM each), 0.5 ul of 10 uM AGOEXx-F upstream primer, 0.5 ul of
10 uM AGOEx-R downstream primer and 1 pl of the first strand cDNA. After
incubating the mixture at 98°C for 3 min, 0.25 ul of 1.25 unit Phusion™ DNA
polymerase was added. Amplification was performed with 35 cycles, each comprising
of denaturation at 98°C for 10 sec, annealing at 55°C for 30 sec and extension at 72°C

for 90 sec. The last PCR cycle was followed by an extension at 72°C for 10 min.

4.3 Agarose gel electrophoresis

Gel electrophoresis was used for determining the size of PCR products. To prepare
the gel, 1% (w/v) or appropriate amount of agarose in 1X TBE buffer [45 mM Tris-
borate, | mM EDTA] was melted and poured into edge-sealed plastic tray. A comb
was inserted in order to form the sample slot. After the agarose gel was completely set
(20-30 min at room temperature), the comb was carefully removed and the gel was
installed on the platform in the electrophoresis chamber containing 1X TBE buffer.
The DNA samples were mixed with 30% (v/v) gel-loading buffer [25% (v/v) glycerol,
60 mM EDTA, 0.25% (W/V) Bromophenol Blue] and slowly loaded into the slots of
the submerged gel. The electrophoresis was carried out with a constant voltage at 80 V
for 90 min. After electrophoresis, the gel was stained with a staining solution
containing 2.5 pg/ml of ethidium bromide (EtBr) and destained with water for 10-15
min. The DNA pattern was visualized under UV light [Gel Doc model 1000 (BIO-
RAD, USA)] and photographed.

4.4 Purification of DNA using QlAquick Gel Extraction Kit (QIAGEN)

The expected DNA fragment was excised from agarose gel with a clean razor
blade under a long wavelength UV light for the shortest possible time. The gel slice
was transferred to a microcentrifuge tube and the volume of the gel was approximately
determined (0.1 g equals approximately 100 ul). Then the DNA fragment was purified
using a QIAquick GEL Extraction Kit following the manufacturer’s protocol. Three
volumes of QG buffer were added to 1 volume of the gel, then the mixture was

incubated at 50°C for 10 min or until the gel slice was completely dissolved. The
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mixture was transferred to the QIAquick column inserted in 2 ml collection tube. The
column was centrifuged at 13,000 rpm for 1 min at room temperature. The flow-
through solution was discarded. The 0.5 ml of QG buffer was added to the column and
centrifuged for 1 min as the previous step. After the flow-through solution was
removed, the column was washed by adding 0.75 ml of PE buffer and centrifuged for
1 min. In order to collect the eluted DNA, the column was placed on a fresh microtube
and 20 pl of EB buffer was applied. The column was left at room temperature for 10
min before centrifugation. Finally, the concentration of the eluted DNA was

determined by agarose gel electrophoresis.

4.5 DNA ligation

The purified DNA fragment was ligated to the plasmid vector as follows. The
ligation mixture was performed using the catalytic reaction of T4 DNA ligase to
regenerate phosphodiester bonds between 3’-hydroxyl and 5’-phosphate termini in
DNA. A final volume of 10 pl reaction contained a mixture of digested plasmid
vectors and the DNA fragments at the molar ratio of 1:3 in 1X Ligase Reaction Buffer
[50 mM Tris-HCL, pH 7.6, 10 mM MgCl,, 1 mM ATP, 1 mM DTT, 5%(W/V)
polyethylene glycol-8000] and 1 unit T4 DNA ligase. The ligation was incubated at
4°C for 12-16 hr.

4.6 Preparation of competent cells

A single colony of E. coli strain DH5a was inoculated into 25 ml of SOB
medium, pH 7.0 [2% (w/v) bacto tryptone, 0.5% (w/v) yeast extract, 10 mM NaCL,
2.5 mM KCL, 10 mM MgCl, and 10 mM MgSO4] in 250 ml flask. The cells were
incubated at 18°C with vigorous shaking for 24 h. The overnight culture was
transferred into 250 ml of SOB medium and incubated at 18°C with vigorous shaking
until ODgoo reached 0.4-0.6. The culture was placed on ice for 10 min before
transferred to 500 ml centrifuge bottle and centrifuged at 2,500 x g, 4°C for 10 min.
The cell pellet was resuspended in 80 ml of ice-cold TB buffer, pH 6.7 (10mM PIPES,
55 mM MnCl,, 15 mM CaCl, and 250 mM KCL), incubated on ice for 10 min and
centrifuged at 2,500 x g, 4°C for 10 min. The cells were resuspended in 20 ml of ice-
cold TB buffer. Dimethyl sulfoxide (DMSO) was added with gently swirling to a final
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concentration of 7% (v/v) then the culture was incubated on ice for 10 min. The

resulting competent cells were stored at -80°C as 200 pl aliquots in microtubes.

4.7 Transformation of competent E.coli DH5a

The ligation products or plasmid DNA were used for transformation to E. coli
cells. A volume of 10 ul of ligation product was transferred to 100 pl of competent
cells, mixed gently by flicking the tube and incubated on ice for 30 min. The cells
were heat-shocked at 42°C for exactly 90 sec and immediately chilled on ice for 2
min. Then 900 ul of LB medium was added and the mixture was incubated at 37°C
with shaking for 1 hr. The transformed cells were collected by centrifugation at 13,000
x g for 30 sec and suspended in 600 ul of LB medium. Finally, 200 ul of suspended
cells were spread on each LB agar plates containing 100 pg/ml of ampicillin. The

transformants were allowed to grow by incubation at 37°C overnight.

4.8 Plasmid extraction from E. coli using CTAB method

Plasmids were prepared based on the use of the cationic detergent
cetyltrimethylammonium bromide (CTAB) for DNA precipitation. A single colony of
bacteria was inoculated in 3 ml of LB medium containing 100 pg/ml ampicillin. After
overnight growth in a 37°C shaker incubator, cells were harvested in a 1.5 ml
microcentrifuge tube by spinning at 13,000 x g for 30 sec. Then, the pellets were
suspended in 350 pl of STET buffer [8% (w/v) sucrose, 50 mM EDTA, 0.1% (w/v)
Triton X-100, 50 mM Tris-HCL, pH8.0]. After vortexing, 25 pl of lysozyme solution
(10 mg/ml) was added and the mixture was incubated at room temperature for 5-10
min. The samples were then placed in a boiling waterbath for 45 sec, followed
immediately by incubating on ice for 30 sec and then centrifuged at 13,000 x g for 10
min. After discarding the pellet, 35 pl of 5% (w/v) CTAB solution was added and then
centrifuged at 13,000 x g for 10 min. The supernatant was removed and 300 pl of 1.2
M NaCl was added to resuspend the pellet. After vortexing, 1 pl of 10 mg/ml RNase A
was added with incubation at 37°C for 1 hr. Then, the proteins were removed by
adding an equal volume of phenol/chloroform and mixed by shaking for 30 sec. The

samples were subsequently centrifuged at 13,000 x g for 10 min to separate the
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aqueous phase from the organic phase. The clear aqueous phase was transferred to a
new tube. Then 2 volumes of pre-cooled absolute ethanol was added and incubated at -
30°C for 20 min. The DNA pellets were recovered by centrifugation at 13,000 x g,
4°C for 10 min. Finally, the DNA pellets were washed with 70% ethanol, air dried,

and resuspended in 15-20 pl of milli-Q water.

4.9 Plasmid DNA extraction using QlAprep Spin Miniprep Kit (QIAGEN)

The overnight bacterial culture was collected by centrifugation at 13,000 x g for
30 sec at room temperature, and the supernatant was discarded. The cell pellet was
resuspended with 250 ul of Buffer P1 and then added with 250 ul of Buffer P2. The
mixture was gently mixed by inverting the tube for 4-6 times. A volume of 250 pl of
Buffer N3 was added and the tube was gently inverted for 4-6 times, then centrifuged
at 13,000 rpm for 10 min. The supernatant was transferred to the QIAprep spin column
and centrifuged at 13,000 rpm for 1 min. The flow-through solution was discarded and
750 ul of Buffer PE was added. After centrifugation for 1 min, the flow-through was
removed and the additional centrifugation for 1 min was required to remove the
residual wash buffer. The QIAprep column was placed in a fresh 1.5 ml
microcentrifuge tube and the plasmid DNA was eluted by adding 20 pl of Buffer EB
[10 mM Tris-Cl (pH 8.5)], left standing for 1 min and followed by centrifugation for 1

min to collect DNA solution.

4.10 Screening for recombinant clones by restriction enzyme analysis

After plasmid DNA was extracted from E. coli cells, the recombinant plasmids
were digested with appropriate restriction enzymes. The final volume of 20 pl
contained 2 pl of 10X Buffer H, 0.5 ul of 10 unit of restriction enzyme, 1 pl (1 pg) of
plasmid DNA and RNase-free water to final volume 20 ul. The reaction was incubated
at 37°C for 1 hr. Then, the pattern of digested DNA was analyzed by electrophoresis

on 1% agarose gel.
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4.11 DNA Sequencing and data analysis

The DNA sequences of selected clones were determined at DNA sequencing
service either Macrogen (www.macrogen.com) or Institute of Molecular Biology and
Genetics (Mahidol University). The sequencing data were compared against the
nucleotide sequences in all non-redundant databases using the blastn program at www.
ncbi.nlm.nih.gov/blast. The nucleotide sequences were translated to amino acid
sequences using the transeg program at www.mb.mahidol.ac.th/ tools’EMBOSS, and
the amino acid sequences were searched for homology using the blastp program at
www. ncbi.nlm.nih.gov. Multiple sequence alignments were later performed using the

Vector NTI, Clustal X and GeneDoc programs.

4.12 Amplification of short DNA templates for the synthesis of double-stranded
RNA by Vent DNA polymerase (Biolabs)

The small DNA templates for double-stranded RNA (dsRNA) synthesis were
amplified using first strand cDNA synthesized by oligo-dT primer as a template. Three
sets of forward and reverse specific primers, dASAGOF1-dsAGOR1, dsPIWIF-dsPIWIR
and dsPAZF-dsPAZR were designed from non-conserved (the first pair) and
conserved region (second and third pair) in the coding sequence of Argonaute cDNA,
respectively. The amplification was performed in the volume of 25 pl containing of
15.75 pl of RNase-free water, 2.5 ul of 10X thermophilic polymerase reaction buffer,
0.5 pl of ANTP mix (10 mM each), 2.5 ul of 10 uM of ppstream primer (dsAGOF1,
dsPIWIF or dsPAZF), 2.5 ul of 10 uM of downstream primer (dsAGOR1, dsPIWIR or
dsPAZR) and 1 pl of the first strand cDNA. After incubating the mixture at 95°C for 3
min, 0.25 pul of 1.25 unit Vent DNA polymerase was added. Amplification was
performed with 35 cycles, each comprising of denaturation at 93°C for 10 sec,
annealing at 45°C (dsAGOFI1-dsAGOR1) or at 50°C (dsPIWIF-dsPIWIR and
dsPAZF-dsPAZR) for 10 sec and extension at 72°C for 1 min. The last PCR cycle was

followed by a final extension at 72°C for 7 min.
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4.13 Amplification of the short DNA template for the synthesis of double-
stranded RNA by Taq DNA polymerase

The third pairs of primer, dsPAZ-F and dsPAZ-R, were designed from conserved
PAZ domain of Argonaute cDNA. The amplification was performed in the volume of
25 ul containing of 17.75 ul of RNase-free water, 2.5 ul of 10X thermophilic
polymerase reaction buffer, 2 ul of 25 mM MgCl,, 0.5 ul of ANTP mix (10 mM each),
0.5 ul of 10 uM AGOI1 ppstream primer, 0.5 ul of 10 uM RISC2-R downstream
primer and 1 pl of the first strand cDNA. After incubating the mixture at 94°C for 3
min, 0.25 pl of 5 unit Taqg DNA polymerase (Promaga) was added. Amplification was
performed with 35 reaction cycles, each comprising of denaturation at 94°C for 30 sec,
annealing at 48°C for 30 sec and extension at 72°C for 1 min. The last PCR cycle was

followed by a 7 min extension at 72°C for 7 min.

4.14 Synthesis of double-stranded RNA by in vitro transcription using
Ribomax™ Large Scale RNA Production System-T7 RNA polymerase (Promega)

The PCR product from 3.14 was then ligated to pGEM"“-T Easy vector and
transformed into E. coli DH5a as described in 3.7 and 3.8. The direction of the insert
fragment was determined by DNA sequencing. The clone that contained the insert in
either forward and reverse direction related to the T7 promoter were selected as a

template for in vitro transcription of the sense or antisense.

4.14.1 In vitro transcription of sense and antisense-strand RNA

A plasmid DNA template was linearized with an appropriate restriction
enzyme (Sal I) before subjected to in vitro transcription to produce an RNA of defined
length. The linearized DNA was heated in a waterbath at 65°C to inactivate the
enzyme followed by ethanol precipitation. Then the template was used in the synthesis
of RNA by setting up the reaction at room temperature. The reaction was performed in
100 pl reaction mixture containing 20 ul of T7 Transcription 5X Buffer (400 mM of
HEPES-KOH (pH 7.5), 120 mM of MgCl,, 10 mM of spermidine and 200 mM of
DTT), 30 ul of rNTPs (25 mM each of ATP, CTP, GTP, UTP), 40 ul of 10 pug of
linear DNA template, 10 ul of T7 RNA polymerase. The reaction was mixed and
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incubated at 37°C for 4 hr. Then 10 pl of RNase-Free DNase (1u/ug) was added to the
reaction to remove the DNA template following transcription. The sample was
incubated at 37°C for 15 min. Then 1 volume of TE (10 mM of Tris-HCL, pH 8.0 and
I mM of EDTA, pH 4.5)-saturated phenol:chloroform:isoamyl alcohol (25:24:1) was
added. The reaction was vortexed for 1 min and centrifuge at 13,000 x g, 4°C for 2
min. The upper aqueous phase was transferred to a fresh microtube and added with 1
volume of chloroform:isoamyl alcohol (24:1). The reaction was vortexed for 1 min
and centrifuge similar to the previous step. After the upper aqueous phase was
transferred to a fresh microtube, 0.1 volume of 3M Sodium Acetate (pH 5.2) and 1
volume of isopropanol was added and placed on ice for 5 min. The reaction was
centrifuged at 13,000 x g, 4°C for 10 min followed by washing with 1 ml of 70%
ethanol. After centrifugation at 13,000 x g, 4°C for 5 min, the supernatant was

discarded and the pellet was air-dried and resuspended with 50 pl of RNase-free water.

4.14.2 Synthesis of double-stranded RNA

Two direction of single-stranded RNA (sense and antisense) from the
previous step were annealed to synthesize double-stranded RNA. The annealing
reaction contained 20 pl of 5X annealing buffer (100 mM of Potassium acetate, 30
mM of HEPES-KOH (pH 7.4) and 30 mM of MgOAC), the equal concentration of
sense and antisense single-stranded RNA and RNase-free water to a final volume of
100 pl. The sample was heated to denature at 90°C for 2 min. The temperature was
gradually decreased to 37°C and hold for 1 hr. The reaction was placed at room
temperature for another 1 hr. The sample was analyzed on agarose gel electrophoresis

and store at -20°C.

4.14.3 Digestion of remaining single-stranded RNA in the double-
stranded RNA reaction

The excess single-stranded RNA that remained after the annealing

reaction was degraded by digestion with RNase A. The digested reaction containing

2 ul of 5X RNaseA buffer (300 mM of Sodium acetate, 100 mM of Tris, pH 8.0 and 5

mM of EDTA, pH 8.0), 2-5 ug of double-stranded RNA, 1 ul of 0.lug/ul RNase A
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and the RNase-free water to 10 pl. The reaction was incubated at 37°C for 10 min.

The sample was analyzed on agarose gel electrophoresis.

4.14.4 Precipitation of double-stranded RNA from the enzymatic reaction

The equal volume of TE-saturated phenol:chloroform:isoamyl alcohol
(25:24:1) was added to the digestion reaction. The reaction was vortexed for 1 min and
centrifuge at 13,000 x g, 4°C for 5 min. The upper aqueous phase was transferred to a
new tube and added with equal volume of chloroform. The mixture was vortexed for 1
min and centrifuge similar to the previous step. After the upper aqueous phase was
transferred to a fresh microtube, 0.1 volume of 3M Sodium Acetate (pH 5.2) and 1
volume of isopropanol was added and incubated at -30°C for 1 hr. The sample was
centrifuged at 13,000 x g, 4°C for 15 min. The supernatant was removed and 1 ml of
70% ethanol was added to the pellet. After centrifugation at 13,000 x g, 4°C for 5 min,
the supernatant was discarded and the pellet was air-dried and resuspended with 50 pl

of RNase-free water.

4.15 In vivo stem-loop production (Bacterial expression) of double-stranded RNA
of yellow head virus (YHV) and green fluorescense protein (GFP)

The single colony of YHV (or GFP) pET3a plasmid (obtained from Miss
Supansa Yodmuong) was inoculated into 4 ml of LB medium (1.0% (w/v) tryptone,
0.5% (w/v) yeast extract, 1.0% (w/v) NaCl, pH 7.5) containing 12 pg/ml of tetracyclin
and 100 pg/ml of Ampicillin and incubated at 37°C overnight with vigorous shaking.
The 0.5 ml of overnight culture was transfered into 50 ml of 2XYT medium and
incubated at 37°C with vigorous shaking until ODggo reached 0.6-0.7. Then the culture
was induced with 0.4 mM IPTG for 4 hr until ODggy reached 1.0. The cell was
centrifuged at 6,000 x g, 4°C for 10 min to collect the pellet and resuspended in 0.1%
SDS in PBS. The sample was boiled for 2 min followed by RNase A digestion to
degrade the loop from the double-stranded RNA. The reaction was supplied with 5X
RNase A buffer and 50 pug of RNase A. After the reaction was incubated at 37°C for
15 min, the double-stranded RNA was isolated with TRI-REAGENT®. The 5 ml of
TRI-REAGENT® was added to the reaction and mixed by vortexing. The 1 ml of
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chloroform was added and incubated at room temperature for 15 min. The mixture was
centrifuged at 10,000 x g for 10 min at 4°C. The upper phase was collected and added
with 2.5 ml of isopropanol for precipitation at -20°C for overnight. Then the mixture
was centrifuged at 10,000 x g for 15 min at 4°C. The supernatant was discarded and 1
ml of 75% ethanol was added to the pellet followed by centrifugation at 7,500 x g for
5 min at 4°C. Finally, the pellet was resuspended with 150 mM NaCl and stored at -
20°C.

4.16 Determination of RNA concentration and purity

The concentration and purity of RNA was determined by using
spectrophotometer at wavelength 260 nm and 280 nm. The final RNA concentration
was measured by spectrophotometer at wavelength 260 nm and was calculated by the

following formula.

RNA concentration (ug/pl) = [Azeo x (dilution factor) x 40] / 1000

The RNA purity was determined by the absorbance ratio of Ajs0/Azg0. A ratio of 1.8-
2.0 indicated that RNA samples were relatively pure.

4.17 Electrophoresis of RNA

The RNA sample was analyzed in 1.2% agarose gel containing 0.48 g of
agarose, 2.2 ml of 37% formaldehyde, 4 ml of 10x MOPS buffer (200 mM of MOPS,
50 mM of sodium acetate and 10 mM of EDTA) and 33.8 ml of DEPC-water. The
prepared RNA sample [3 pl of the RNA samples (3 pg), 9.5 ul of RNA loading buffer
(360 pul of formamide, 80 ul of 10X MOPS buffer, 130 pl of 37% formaldehyde, 50 ul
of sterile water, 50 ul of EtBr (10 mg/ml), 40 ul of sterile glycerol and 40 ul of
saturated Bromophenol Blue in sterile water)] were heated at 65° C for 15 min and
loaded onto the gel immersed in 1X MOPS buffer. The pattern of RNA was visualized
under UV light.
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4.18 RNA isolation

The lymphoid cell (or a pair of lymphoid organs) was homogenized in 600 ul of
TRI-REAGENT®. After homogenization, 200 ul of chloroform was added and
incubated at room temperature for 15 min. The mixture was centrifuged at 12,000 x g
for 10 min at 4°C. The upper phase was collected and added with 500 ul of
isopropanol for precipition at -20°C for overnight. Then the mixtue was centrifuged at
12,000 x g for 15 min at 4°C. The supernatant was discarded and 1 ml of 75% ethanol
was added to the pellet followed by centrifugation at 7,500 x g for 10 min at 4°C.
Finally, the pellet was resuspended with RNase-free water and stored at -80°C.

4.19 Preparation of the primary cell culture from the lymphoid (Oka) organ of P.
monodon

Primary cell cultures from the lymphoid (Oka) organ of P. monodon were
established as described by Kasornchandra et al. (1999) and Assavalapsakul et al.
(2003). The Ilymphoid organs, located at the anterior-ventral surface of
hepatopancrease were dissected out from freshly killed P. monodon. The pooled
lymphoid was washed five times in washing solution [2X-Leibovitz’s L-15 medium,
1% of D-Glucose, 0.5% of NaCl, 5% lactabumin, 200 IU/ml penicillin, and 200 pg/ml
streptomycin]. Then the collected tissue was transferred to working solution [2X-
Leibovitz’s L-15 medium, 1% of D-Glucose, 0.5% of NaCl, 200 IU/ml penicillin, and
200 pg/ml streptomycin supplemented with 15% (v/v) fetal bovine serum, 15%
shrimp meat extract and 5% (v/v) lactabumin] in the cultured plate and minced into
cell suspensions. Then the primary cell was transferred to 96-well tissue culture plate
and incubated at 28°C. Propagation of the cells was observed daily under an inverted

microscope.

4.20 Transfection of double-stranded RNA into primary lymphoid cell using
TransMessenger ™ Transfection Reagent

TransMessenger Transfection Reagent was used to transfect double-stranded
RNA into eukaryotic cells. The reagent is based on the lipid formulation which is
composed of the specific RNA-condensing reagent (or Enhancer R), an RNA-
condensing buffer (or Buffer EC-R) and TransMessenger Transfection Reagent. In the
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first step, the double-stranded RNA was condensed with the specific RNA-condensing
reagent (Enhancer R) in an RNA-condensing buffer (Buffer EC-R) in the ratio of 1 ug
of double-stranded RNA to 2 ul of Enhancer R. The mixture was vortexed and
incubated at room temperature for 5 min. In the second step, TransMessenger
Transfection Reagent was added to the condensed double-stranded RNA in the ratio of
1 pug of double-stranded RNA to 2 ul of TransMessenger Reagent. The mixture was
vortexed and followed by incubating at room temperature for 10 min to allow the
forming of TransMessenger-RNA complexes. Then 150 pl of medium (without serum
or antibiotic to avoid RNase contamination) was added, mixed by pipetting and
dropped on the cell plate. The plate was swirled gently to distribute the transfection
solution and incubated at 26 °C for 3 hr before removing the reagent. After the cell
was washed with the antibiotic-free medium, the growth medium was added and
followed by incubating at 26 °C further. The cell was collected at different time point,
24 h, 48h and 72 h, for RT-PCR analysis.
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CHAPTER V
RESULTS

5.1 Cloning of a cDNA encoding Argonaute protein of P. monodon (Pem-AGO)

In order to obtain the nucleotide sequence of P. monodon’s Argonaute (Pem-
AGO) cDNA, four overlapping partial cDNA fragments that comprise the entire
length of Pem-AGO cDNA were cloned by the combination of RT-PCR and RACE
strategies. Briefly, the first partial cDNA fragment (fragment 1) was cloned by RT-
PCR with degenerate primers that were designed from the conserved sequences of
Argonaute proteins. Then the nucleotide sequence of fragment 1 was used to design
specific primers for 3° RACE to amplify fragment 2 that contains the information at
the 3’ end of the cDNA. The third fragment (fragment 3) containing partial 5’
sequence upstream of the fragment 1 was subsequently cloned by using specific
primer to fragment 1 and another primer that was designed based on Drosophila’s
AGOL1 nucleotide sequence. Finally the 5’ sequence of Pem-AGO was completed by
5’ RACE amplification of fragment 4. The relative locations of each fragments along
the Pem-AGO cDNA is shown as diagram in Figure 14-15.

5.1.1 Amplification of partial cDNA (fragment 1) of Pem-AGO using
degenerate primers
Total RNA from the lymphoid organ was reverse-transcribed into cONA
using PRT primer. Then, the amplification of the partial cDNA of Argonaute protein
was performed with degenerate primers, AGO1 and RISC2-R primers which were
designed based on the conserved sequences among Argonaute proteins from several
species (Table 4). The PCR product of the expected size about 800 bp was obtained
(Figure 16). This PCR fragment was recovered from the gel, cloned into pGEM®-T

Easy vector and transformed to E. coli DH5a..
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5'UTR PAZ 3'UTR
AAAA MRNA
< rTTTHEE 1°cDNA
l RT-PCR
|
AGO1=—>

TTTTHEE 1°cDNA

<+ RISC2-R

FRAGMENT 1 frwi |

AGOS1AGOS2
—

FRAGMENT 2 I-:|

TTTTHEE 1°cDNA
I PM-1

Figure 14. A schematic diagram representation of the amplification of fragments
1 and 2 of Pem-AGO cDNA
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5'UTRIN PAZ 3'UTR
8= TTTTEEEE 1°cDNA
“—5'AGOR1
FRAGMENT 3 PAZ
AAAA  MRNA
<«—5'RACEL 1°cDNA

l RT-PCR and poly-A tail

AAAA — sl 19cDNA

H NN "> PRT

|

FRAGMENT 4 [5'UT PAZ
Sequence combination of
3’RACE and 5’RACE
5'UTR PAZ 3JTR

Figure 15. A schematic diagram representation of the amplification of fragments
3 and 4 of Pem-AGO cDNA
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Argonaute Species AGO1 RISC2-R
argo-A QPAIPFIS QKRHHTR
zwille-A EPVIPIYS QKRHHTR
argol-D QPCFCKYA QKRHHTR
elF2C2-H QPCFCKYA QKRHHTR
argol-C QPCFCKYA QKRHHTR

Table 4. Two degenerate primers designed from conserved amino acid blocks of
Argonaute protein from different species (shown in bold)

Argo-A and zwille-A are Argonaute protein of A. thilania, argol-D are
Argonaute protein of D. melanogaster, elF2C2 are Argonaute protein of H. sapiens,

argol-C are Argonaute protein of C. elegan.
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kb

0.8
0.7

Figure 16. The PCR product of the fragment 1 of Pem-AGO cDNA

Total RNA from the lymphoid organ was used as a template for RT-PCR
with AGO1 and RISC2-R primers. The amplification products were fractionated on
1.2% agarose gel electrophoresis. Lane M is 100 bp DNA ladder. Lane 1 is the
negative control which contained no cDNA template in the reaction. Lane 2 is the
PCR product of fragment 1 that was amplified from AGO1 and RISC2-R primers.
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5.1.2 cDNA cloning and screening of recombinant clones
Twenty recombinant clones were screened by restriction enzyme analysis
with restriction endonuclease, EcoR I. The patterns of digestion products of some
recombinant clones were shown in Figure 17. The clones that contained the correct
insert fragment would generated 2 bands, a 3 kb of the vector and a 800 bp of the
insert. Three recombinant clones, no. 1, 5, and 8 harboring the insert fragment of the

correct size were selected for further characterization.
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MIM21 2 3 4 5 6 7 8

kb

3.6

0.8

Figure 17. Screening of recombinant clones containing fragment 1 by restriction
enzyme analysis

Randomly picked recombinant clones were digested with EcoR 1. Lanes
M1 and M2 are 100 bp DNA ladder and ABstE Il marker, respectively. Lanes 1 and 2
are undigested and EcoR I-digested plasmid of the blue colony that contains the vector
alone. Lanes 3, 5 and 7 represent undigested plasmids of the white colonies number 1,
5 and 8, respectively where as the EcoR I-digested plasmids of clones number 1, 5 and
8 were shown in lanes 4, 6 and 8, respectively.
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5.1.3 Sequence analysis of recombinant clones
The plasmids of the 3 selected clones were subjected to nucleotide
sequencing. The nucleotide sequences of these clones were compared by Clustal X
program. The sequence comparison showed that all three clones had almost identical
nucleotide sequences except for a nucleotide substitution at position 62 in clone no. 1
(Figure 18). Searching for significant similarity by blastn  program

(www.ncbi.nlm.nih.gov/blast) showed that the consensus nucleotide sequence shared
the highest sequence similarity to Drosophila melanogaster Argonaute 1, dAGO1
(CG6671-PB) at 78% identity. Similar result was obtained where the blastp search
revealed a 81% identity between the deduced amino acid sequence of fragment 1 to
the amino acid sequence of dAGO1 (Figure 19).
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AGO1
»
* 20~ * 40 * 60 * 80
137X =N C AGCCGTGET TIT GIFAAGTABGCCAACGGTCCTGACCAGGTAGAGCCCATGTTCCGTTACCGAAGAGCACAT TCACCGG ssie}
L= BN CAGCCGTGTTIRT GMAAGTABGCCAACGGTCCTGACCAGGTAGAGCCCATGTTCCGTTACCIEGAAGAGCACATTCACCGG 1]
LSRN CAGCCGTGET T[T GIFAAG TAIIGCCAACGGTCCTGACCAGGTAGAGCCCATGTTCCGTTACCIEGAAGAGCACAT TCACCGG 1]
CAGCCGTGCTTETGtAAGTACGCCAACGGTCCTGACCAGGTAGAGCCCATGTTCCGTTACCEGAAGAGCACATTCACCGG
* 100 * 120 * 140 * 160
] PN T CTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGAAGTGAAGCGTGTGGGTGACACTGTCTTAG e isly]
1= I T CTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGAAGTGAAGCGTGTGGGTGACACTGTCTTAG Iniely]
= R TCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGAAGTGAAGCGTGTGGGTGACACTGTCT TAG i)
TCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGAAGTGAAGCGTGTGGGTGACACTGTCTTAG
* 180 * 200 - 220 * 240
] =N CAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTCAAACACTGTCCAACCTCTGTCTCAAAAT A i)
1= B CAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTCAAACACTGTCCAACCTCTGTCTCAAAAT A i)
1V A CAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTCAAACACTGTCCAACCTCTGTCTCAAAAT A o]
GAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTCAAACACTGTCCAACCTCTGTCTCAAAATA
ol 260 - 280 * 300 *
LN A AT GTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCAAAAGTGT TCAATGAGCCTGTGATCTTCCT [umcyde]
I VN B AAT GTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCAAAAGTGTTCAATGAGCCTGTGATCTTCCT eyd]
SV XO =S A AT GTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCAAAAGTGTTCAATGAGCCTGTGATCTTCCT jcyde}
AATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCAAAAGTGTTCAATGAGCCTGTGATCTTCCT
i 340 * 360 * 380 - 400
1V =N N C GG TGCTGAATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCATTGCAGCCGTAGTAGGATCTATGGATGCT [iele]
el VN = IR C GG TGCTGAATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCATTGCAGCCGTAGTAGGATCTATGGATGCT jiiele}
L= GGG TGCTGAATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCATTGCAGCCGTAGTAGGATCTATGGATGCT Izielo]
GGGTGCTGAATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCATTGCAGCCGTAGTAGGATCTATGGATGCT
¥ 420 * 440 * 460 * 480
137X =N C AT TCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATGGATCAACAACACAAGGCCAAAGTGCCA Iizcle)
1= I CATTCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATGGATCAACAACACAAGGCCAAAGTGCCA pmiRe10]
LN =R CATTCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATGGATCAACAACACAAGGCCAAAGTGCCA I-iRel0]
CATTCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATGGATCAACAACACAAGGCCAAAGTGCCA
i 500 - 520 * 540 ki 560
1PN G TGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAGGTGATCCAGGAGCTCTCTTCTATGG TG euelsly]
1N I C TGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAGGTGATCCAGGAGCTCTCTTCTATGG TG juelele]
1V A C TGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAGGTGATCCAGGAGCTCTCTTCTATGG TG -usIele]
GTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAGGTGATCCAGGAGCTCTCTTCTATGGTG
* 580 2 600 * 620 * 640
1P\ =N A AGGAGCTGCTCATCCAGTTCTACAAGTCTACGCGGTTCAAGCCCAACAGGATCATCCTTTATCGGGATGGTGTGAGCGA -INCYiY0]
Sl VN0 B AAGGAGCTGCTCATCCAGTTCTACAAGTCTACGCGGTTCAAGCCCAACAGGATCATCCTTTATCGGGATGGTGTGAGCGA J-ENCYA0]
12 7XO =S A AGGAGCTGCTCATCCAGTTCTACAAGTCTACGCGGTTCAAGCCCAACAGGATCATCCTTTATCGGGATGGTGTGAGCGA J-ENRYe)
AAGGAGCTGCTCATCCAGTTCTACAAGTCTACGCGGTTCAAGCCCAACAGGATCATCCTTTATCGGGATGGTGTGAGCGA
* 660 al 680 * 700 y
1PN =N N C GGACAAT TCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGC -]
el VX0 = I G GGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGC pumgede}
LA XSS CGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAG C ]
GGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGC
* 740 * 760
1 VNO =N RIC TGGCATCACGTACATTGCTGTGCAGAAGEGTIC Attt - 754
3RACES8 : [eyelcloryyorXoleyy.Xor'yyyelo} fe) feloy:Ney.V.Nel Yel| (WNCCATACA : 761
1YY =S C TGGCATCACGTACATTGCTGTGCAGAAGAGEC ALNACEEE - d-¥4

CTGGCATCACGTACATTGCTGTGCAGAAGaGtCA a

RISC-2R

Figure 18. An alignment of nucleotide sequences of the fragment 1 of Pem-AGO

cDNA among the three individual clones

The alignment was conducted by Clustal X program. The arrows indicate
the nucleotide sequences of the two degenerate primers, AGO1 and RISC2-R. The
nucleotides that are identical in all sequences are highlighted in black whereas grey
color indicates the positions at which variations in the nucleotide are found. The

consensus sequence among the three clones is shown in the bottom line of each block.
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Drosophila melanogaster CG6671-PB, isoform B (AGO1) mRNA, complete cds
Length = 950, Score = 391 bits (1004), Expect = 1e-107
Identities = 203/250 (81%), Positives = 211/250 (84%), Gaps = 28/250 (11%)

Query 1  QPCFCKYANGPDQVEPMFRYLKSTFTGLQLVCVVLPGKTPVYAEVKRVGDTVLGMATQCYV 180
QPCFCKYA GPDQVEPMFRYLK TF GLQLV VVLPGKTPVYAEVKRVGDTVLGMATQCV
Shjct 578 QPCFCKYATGPDQVEPMFRYLK ITFPGLQLVVVVLPGKTPVYAEVKRVGDTVLGMATQCY 637
Query 181 QAKNVNKTSPQTLSNLCLKINVKLGGINSILVPGIRPKVFNEPYIFLGADVTHPPAGDNK 360
QAKNVNKTSPQTLSNLCLK INVKLGGINSILVP IRPKVFNEPV I FLGADVTHPPAGDNK
Shjct 638 QAKNVNKTSPQTLSNLCLKINVKLGGINSILVPSIRPKVENEPVIFLGADVTHPPAGDNK 697
Query 361 KPSIAAVVGSMDAHPSRYAATVRVQQHRQNGSTTQGQSASDGSRPRQLTFARTAHDEVIQ 540
KPS 1 AAVVGSMDAHPSRYAATVRVQQHRQ E+1Q
Shjct 698 KPSIAAVVGSMDAHPSRYAATVRVQQHRQ=—————————————m e EIIQ 730
Query 541 ELSSMVKELLIQFYKST-RFKPNRIILYRDGVSEGQFQTVLQHELTAMREACIKLEADYK 717
ELSSMV+ELLI FYKST +KP+RIILYRDGVSEGQF VLQHELTA+REACIKLE +Y+
Shjct 731 ELSSMVRELLIMFYKSTGGYKPHRI ILYRDGVSEGQFPHVLQHELTAIREACIKLEPEYR 790
Query 718 PGITYIAVQK 747

PGIT+I VOK
Shjct 791 PGITFIVWQK 800

Figure 19. An example of identity search results of the fragment 1 of Pem-AGO
cDNA by the blastp program

The consensus nucleotide sequence of fragment 1 of Pem-AGO cDNA
was submitted to blastp program. The result showed that the deduced amino acid
sequence of the fragment 1 exhibited an identity of 81% to a corresponding amino acid

sequence of Argonaute 1 of D. melanogaster [Accession:NP_523734.1].
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5.2 Amplification of the 3’ end (fragment 2) of Pem-AGO cDNA

In order to obtain the nucleotide sequence at the 3’ end of Pem-AGO cDNA, the
3’RACE strategy was employed. Two specific primers, AGO/S1 and AGO/S2, were
designed from the sequence of the fragment 1 obtained in the previous step. The first-
strand cDNA synthesized from PRT primer was used as template to amplify the 3’ end
of Pem-AGO cDNA. The first round amplification was performed with AGO/S1 and
PM-1 primers. The PCR product longer than 700 bp was obtained (Figure 20A). Then,
the nested PCR conducted by AGO/S2 and PM-1 primers produced the band between
600 bp and 700 bp in size (Figure 20B). This nested PCR fragment was recovered

from the gel, cloned into pPGEM® T Easy vector and transformed into E. coli DH5c.
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A. B.
bp
bp
700
S 600
700

Figure 20. PCR products from 3° RACE (fragment 2)

The amplification products were fractionated on 1% agarose gel
electrophoresis. Lane M is 100 bp DNA ladder. Lane 1 is the PCR products from the
first round amplification with AGO/S1 and PM-1 primers (A) and the second round
amplification (nested) with AGO/S2 and PM-1 primers (B).
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5.2.1 Screening of recombinant clones containing fragment 2 and sequencing
analysis
After the recombinants were screened by EcoR | digestion (Figure 21), two
recombinant clones, no.6 and 8 harboring the insert fragment of correct size were
selected for DNA sequencing as the previous steps. The nucleotide sequences of the
two clones were compared by Clustal X program. The sequence comparison showed
that the two clones had almost identical nucleotide sequences except for nucleotide
substitution at positions 229, 301, 324, 326, 530 and 555 (Figure 22). Of these
nucleotide variations, only the substitution at positions 326 did not change the encoded
amino acids. The nucleotide sequence of the two primers, AGO/S2 and PM-1 were
detected, but neither the poly A sequence upstream of the PM-1 primer nor the poly A
signal at the 3’ end was found. Searching for significant similarity by blastp program

(www.ncbi.nlm.nih.gov/blast) showed that this fragment 2 contains a coding sequence

at the C-terminal of Pem-AGO as well as the partial sequence of 3’UTR. The identity
of 90% was found between the deduced amino acid sequence of fragment 2 and the
amino acid sequences of Drosophila melanogaster Argonaute 1 (CG6671-PB) (Figure
23).
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M1M2 1 2 3 4

kb

3.6

0.7

Figure 21. Screening of recombinant clones containing fragment 2 of Pem-AGO
cDNA by restriction enzyme analysis

The recombinant clones were randomly picked and digested with EcoR |
Lane M1 and M2 are 100 bp DNA ladder and ABstE Il marker, respectively. Lanes 1
and 3 are the undigested plasmid of the recombinant clones number 6 and 10 whereas
lanes 2 and 4 represent the EcoR I-digested plasmids from clones 6 and 10,

respectively .
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AGO/S1
* 20 * 40 * 60 * 80
YNSRI T GAGAGAGGCT TGCATAAAGT T GGAAGCGGAC TACAAGCC TGGCATCACG TACAT TGCTGTGCAGAAGAGACATCATACERERE
LYY TGAGAGAGGCTTGCATAAAGTTGGAAGCGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATAC ERIEY
ATGAGAGAGGCTTGCATAAAGT TGGAAGCGGACTACAAGCCTGGCATCACGTACAT TGCTGTGCAGAAGAGACAT CATAC
* 100 * 120 * 140 * 160
LY IR/ AGAT TGT TCTGT TCTGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGT TGATGTGGGCARERETIY
NS AGATTGTTCTGTTCTGACAAGAAAGAACAGAGT GGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCAERETIY
AAGATTGTTCTGTTCTGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGT TGATGTGGGCA
* 180 * 200 * 220 * 240
YNSRI T CACGCATCCAACTGAGTTTGACT TCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCHGTCAC TACCACERERAY
YNSRI T CACGCATCCAACTGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGT CGTCCCGTCACTACCAC RN
TCACGCATCCAACTGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCC GTCACTACCAC
* 260 * 280 * 300 * 320
LYo IRRG TACT G TGGGATGATAACCACT T TGACAGTGATGAGCTGCAGTGCCTGACT TACCAGT TGINGTCATACCTATGTAAGA TGIERERY
NS G T ACTGTGGGATGATAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGIGTCATACCTATGTAAGAT G IERERY
GTACTGTGGGATGATAACCACT T TGACAGTGATGAGCTGCAGTGCCTGACT TACCAGTTG GTCATACCTATGTAAGATG
360 400
3RACE6  : GG TCAGTCTCCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAA : 400
3RACEL0 - ATCAGTCTCCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAARPIN)
TAC C ATCAGTCTCCATACCTGCTCCAGCCTATTATGCTCACT TGGTAGCCT TCAGGGCTCGTTATCATCTCGTCGAAA
* 420 * 440 * 460 * 480
LYo IR\ G GAG CA T GACAG T GGAGAGGGG T CACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGT T EREE
YNSRI/ G GAGCATGACAGT GGAGAGGGGTCACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGT T IEREEN
AGGAGCATGACAG T GGAGAGGGG T CACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGT T
* 500 * 520 * 540 * 560
YNSRI\ CAG T GCATG T CGACACAAACAGAGTCATGTACT T TGCTTAACATCTCT®CT TACCTAGTCTGCCTCAAGGT TCICAACANERRETIY
YNSRI\ CAGTGCATGTCGACACAAACAGAGTCATGTACTTTGCTTAACATCTCTICTTACCTAGTCTGCCTCAAGGTTCECAACA NEIETIY
ACAGTGCATGTCCACACAAACAGAGTCATGTACTTTGCT TAACATCTCT CTTACCTAGTCTGCCTCAAGGTTC CAACA
—
* 580 * 600 * 620 * 640
LYo IR T CG T CATGCAAGAAG TAGAGTCTGGTCT TAAAAGTGGGCTCATTTGCAGAAGAACTCGTCGATGGATCCTCTAGAAGC T T ERREAY
NS T CGTCATGCAAGAAGTAGAGTCTGGTCTTAAAAGTGGGCTCATTTGCAGAAGAACT CGTCGATGGATCCTCTAGAAGCT T ERRYY

TCGTCATGCAAGAAGTAGAGTCTGGTCTTAAAAGTGGGCTCATTTGCAGAAGAACTCGTCGATGGATCCTCTAGAAGCTT

<
3RACE6 : YNBIYeelg : 649
3RACE10 : NNNKeeele : 649
GAATTCCGG
e
PM-1

Figure 22. An alignment of nucleotide sequences of the fragment 2 of Pem-AGO
cDNA of the two individual clones

The alignment was conducted by Clustal X program. The arrows represent
the nucleotide sequences of the two primers, AGO/S2 and PM-1. The stop codon
(TAA) was underlined. The nucleotides that are identical between the two sequences

are highlighted in black. The consensus sequence was shown in the bottom line.
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Drosophila melanogaster CG6671-PB, isoform B (AGO1) mRNA, complete cds
Length = 950, Score = 340 bits (871), Expect = 3e-92
Identities = 157/173 (90%), Positives = 165/173 (95%), Gaps = 0/173 (0%)

Query
Shjct
Query
Shjct
Query
Shjct

778

181

838

361

898

MREACIKLEADYKPGITY IAVQKRHHTRLFCSDKKEQSGKSGNIPAGTTVDVGITHPTEF
+REACIKLE +Y+PGIT+1 VQKRHHTRLFC++KKEQSGKSGNIPAGTTVDVGITHPTEF
IREACIKLEPEYRPGITFIVVQKRHHTRLFCAEKKEQSGKSGN IPAGTTVDVGITHPTEF

DFYLCSHQGIQGTSRPCHYHVLWDDNHFDSDELQCLTYQLSHTYVRCTRSVSIPAPAYYA
DFYLCSHQGIQGTSRP HYHVLWDDNHFDSDELQCLTYQL HTYVRCTRSVSIPAPAYYA
DFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQLCHTYVRCTRSVSIPAPAYYA

HLVAFRARYHLVEKEHDSGEGSHQSGNSEDRTPSAMARAVTVHVDTNRVMYFA 519
HLVAFRARYHLVEKEHDSGEGSHQSG SEDRTP AMARA+TVH DT +VMYFA
HLVAFRARYHLVEKEHDSGEGSHQSGCSEDRTPGAMARAITVHADTKKVMYFA 950

180

837

360

897

Figure 23. An example of identity search results of the fragment 2 of Pem-AGO

by blastp program

The nucleotide sequence of the clone number 6 was submitted to blastp

program. The result showed that the deduced amino acid sequence of the fragment 2

exhibited an identity of 90% to the corresponding sequence of Argonaute protein in D.
melanogaster. [Accession : NP_523734.1]
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5.3 Amplification of the 5” end of Pem-AGO cDNA
5.3.1 Further amplification of partial 5’ fragment of Pem-AGO cDNA
(fragment 3)

Amplification of the partial 5’ region was conducted using the cDNA that was
synthesized by PRT primer as a template. 5’ AGOR1 primer that was designed from the
nucleotide sequence of the previously obtained fragment 1 of Pem-AGO cDNA and
dAGOF1 primer, designed from the conserved nucleotide sequence of D.
melanogaster, were used in the PCR reaction. The product of about 1 kb was obtained
(Figure 24). The PCR fragment was recovered from the gel and cloned into pGEM®-T
Easy vector. The recombinant clones were screened by EcoR | digestion and two
clones, number 4 and 7, were selected randomly for sequencing (Figure 25). The
alignment of nucleotide sequences between the two recombinant clones were shown in
Figure 26. Variations of the nucleotides between the two clones were found at
positions 195, 372, 436, 505, 741 and 941, however the encoded amino acids were
affected only by the variation at positions 436, 505 and 941. Figure 27 shows the
identity between the deduced amino acid sequence of the fragment 3 and Argonaute 1
of D. melanogaster at 88% by blastp searching.
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kb

6

1.0

Figure 24. The PCR product of the fragment 3 of Pem-AGO cDNA

The amplification products were fractionated on 1% agarose gel
electrophoresis. M is 100 bp DNA ladder. Lane 1 is the PCR product that was
amplified from 5AGOR1 and dAGOF1 primers.
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MI1M21 2 3 4

Figure 25. Screening of recombinant clones containing the fragment 3 of Pem-
AGO by restriction enzyme analysis

Randomly picked recombinant clones were digested with EcoR 1. Lane
M1 represents 100 bp DNA ladder and lane M2 is ABstE Il marker. The undigested
plasmids of the recombinant clones number 4 and 7 are shown in lanes 1 and 3
whereas the EcoR I-digested plasmids are loaded in lanes 2 (clone number 4) and 4

(clone number 7), respectively.



Manasave Dechklar Results / 66

dAGOF1
* * 40 * 60 *

0 80
1Y\ =Y CCCTCGCAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGT TTAT [E-E:10]
SV =y C CCTCCGCAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTAT I-Elo]

CCCTCGCAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTAT

»

* 100 * 120 * 140 * 160
1NV N C TG TGAAGTGT TAGATAT TCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGT TCACAAAAG -]
SV =Y C TG TGAAGTGTTAGATATTCCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAG -]

GTGTGAAGTGTTAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAG

* 180 * 200 * 220 * 240
1V =V A AATTAAGGGTCTGAAGATTGAGATCACACACTGIIGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGT CACAAGAAG G [die]
SNy A AATTAAGGGTCTGAAGATTGAGATCACACACTGIAGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGT CACAAGAAGG wdite]

AAATTAAGGGTCTGAAGATTGAGATCACACACTG GGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGG
* 260 * 280 e 300 * 320
13701 =Y R C CAGCACAGATGCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTT GA -EcyAd]
S1aVNO =yl C CAGCACAGATGCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGA J-EcyA]
CCAGCACAGATGCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGA
4 340 = 360 N 380 * 400
S13vN 0=V A C AAATACAAAATGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGGECAAGAACACAAACACACATACCT TCCT Ciaelo]
SN0 =y A C AAATACAAAATGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGGIACAAGAACACAAACACACATACCTTCCT Cmiiele}
CAAATACAAAATGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGG CAAGAACACAAACACACATACCTTCCTC
* 420 * 440 -3 460 i 480
1= Rl T GGAAGTATGCAACATTGTACCTGGACAACGATGCTCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGG CA -Re10]
SN0 =W A T GGAAGTATGCAACATTGTACCTGGACAACGATGCIITCAAGAAACTAACAGACATGCAGACATCTACCATGAT CAAGGCAIRIRE]e)
TGGAAGTATGCAACATTGTACCTGGACAACGATGC TCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCA

* 500 * 520 * 540 *

560
1V =Y A CAGCTAGATCTGCACCTGATAGGINAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACAT [eEeIelY]
SN0 =y A CAGCTAGATCTGCACCTGATAGGEAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACAT Justele)

ACAGCTAGATCTGCACCTGATAGG AGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACAT

ind 580 * 600 * 620 * 640
12V =Vl C CAAGAATTTGGTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATAT GEeYiYe]
SN0 =Y AR G CAAGAATTTGGTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATAT G JeY:Ne)

GCAAGAATTTGGTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATG
X 660 = 680 * 700 * 720
137\ 01=Y R C AGGGCGAACAAAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAA I A]
[S127XO =W A G AGGGCGAACAAAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAA I @de}
GAGGGCGAACAAAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAA
- 740 B 760 * 780 * 800
1OV A TCCGCGTGTGGGCCGTTGCIATGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACT [siele]
SN =Y AR A TCCGCGTGTGGGCCGTTGCETGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACT pumeiele}
ATCCGCGTGTGGGCCGTTGC TGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACT
N 820 % 840 * 860 e 880
1TV A CAAAAGATTAGTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGT CCTGACCAGG [stele]
SO =y A CAAAAGATTAGTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGG Jeteie}

ACAAAAGATTAGTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGG

5 900 2 920 i 940 al 960
1Y\ =Y A TAGAGCCCATGTTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTG[MTCTACCAGGCAAAACT CCT [elele]
SN =Y A T AGAGCCCATGTTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGITCTACCAGGCAAAACT CCT Jelsle}

TAGAGCCCATGTTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTG TCTACCAGGCAAAACTCCT
§ul 980 i
1PN =Y R C TCTATGCTGAAGTGAAGCGTETGGGTGACACT AEReIK
E N =Y ARG TCTATGCTGAAGTGAAGCGTIITGGGTGACACT AEReler
GTCTATGCTGAAGTGAAGCGT TGGGTGACACTA

<
<

5’AGOR1

Figure 26. An alignment of nucleotide sequence from the fragment 3 of Pem-
AGO cDNA between two recombinant clones

The alignment was conducted by Clustal X program. The arrows
represent the nucleotide sequences of the two primers, dAGOF1 and 5’AGOR1. The
nucleotide residues that are identical in all sequences are highlighted in black whereas
grey color indicates the nucleotide residues that contained the variation between the

two clones.
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Drosophila melanogaster CG6671-PB, isoform B (AGO1) mRNA, complete cds
Length = 950, Score = 621 bits (1601), Expect = 1e-176
Identities = 306/346 (88%), Positives = 317/346 (91%), Gaps = 15/346 (4%)

Query 1 PSQWKMMLN IDVSATAFYKAQAV IEFMCEVLD IREIGEQRKPLTDSQRVKFTKEIKGLKI 180
PSQWKMMLNIDVSATAFYKAQ VI+FMCEVLDIR+1 EQRKPLTDSQRVKFTKEIKGLKI
Sbjct 283 PSQWKMMLNIDVSATAFYKAQPVIDFMCEVLDIRDINEQRKPLTDSQRVKFTKEIKGLKI 342

Query 181 EITHCGAMRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKYKMKLRFPHLPC 360
EITHCG MRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKY-+MKLR+PHLPC
Shjct 343 EITHCGQMRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKYRMKLRYPHLPC 402
Query 361 LQVGQEHKHTYLPLEVCNIVPGQRCFKKLTDMQTSTMIKATARSAPDRKREINNLVRKAD 540
LQVGQEHKHTYLPLEVCNIV GQRC KKLTDMQTSTMIKATARSAPDR+RE INNLV++AD
Shjct 403 LQVGQEHKHTYLPLEVCNIVAGQRCIKKLTDMQTSTMIKATARSAPDRERE INNLVKRAD 462
Query 541 FNNDPYMQEFGLTISTAMMEVRGRVLPPPKLQYGGR----~- 010 ALPNQ 675
FNND Y+QEFGLTIS +MMEVRGRVLPPPKLQYGGR T QQ A PNQ
Shjct 463 FNNDSYVQEFGLTISNSMMEVRGRVLPPPKLQYGGRVSTGLTGQQLFPPQNKVSLASPNQ 522
Query 676 GVWDMRGKQFFTGVE IRVWAVACFAPQRTVREDALRNFTQQLQKISNDAGMPIIGQPCFC 855
GVWDMRGKQFFTGVE IR+WA+ACFAPQRTVREDALRNFTQQLQK I SNDAGMP I 1 GQPCFC
Shjct 523 GVWDMRGKQFFTGVEIRIWAIACFAPQRTVREDALRNFTQQLQK ISNDAGMPIIGQPCFC 582
Query 856 KYANGPDQVEPMFRYLKSTFTGLQLVCVALPGKTPVYAEVKRVGDT 993

KYA GPDQVEPMFRYLK TF GLQLV V LPGKTPVYAEVKRVGDT
Sbjct 583 KYATGPDQVEPMFRYLKITFPGLQLVVVVLPGKTPVYAEVKRVGDT 628

Figure 27. An example of identity search result of the fragment 3 of Pem-AGO by
blastx program

The nucleotide sequence of the clone number 4 containing the fragment 3
of Pem-AGO cDNA was submitted to blastp program. The deduced amino acid
sequences of the fragment 3 shared an 88% identity to Argonaute 1 protein of D.

melanogaster [Accession : NP_523734.1].
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5.4 Amplificatiom of the 5’end (fragment 4) of Pem-AGO cDNA by 5’RACE

Further amplification of the 5’ region was conducted by 5RACE. 5’RACEL primer
that was designed from the nucleotide sequence of the fragment 1 of Pem-AGO cDNA
was used to synthesize the first stranded cDNA by the action of reverse transcriptase.
Then the cDNA template was tailed with dATP by terminal deoxynucleotide
transferase. The tailed cDNA was used as a template to amplify the 5’end by using
5RACE4 primer, designed from the sequence in the fragment 1 of Pem-AGO cDNA,
in combination with PRT primer. The result showed that the PCR product about 1.2 kb
was amplified (Figure 28). This fragment was purified and cloned into pGEM®-T Easy
vector. After screening the recombinant clones with restriction enzyme EcoR | (Figure
29), the clones with correct insert size, clones number 4 and 21, were subjected to
nucleotide sequencing. The nucleotide sequence alignment showed variations in
nucleotide between the two clones at positions 56, 230, 266, 545, 779 (Figure 30).
Additionally, the nucleotides 319 to 327 of clone number 4 were absent in the other
clone. The putative start codon was detected at position 93. Searching for significant
similarity by blastp program showed that the deduced amino acids sequence of the
fragment 4 shared high sequence similarity to Drosophila melanogaster Argonaute 1
(CG6671-PC) at 78% identity (Figure 31).
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kb
1.5

1.0

Figure 28. The PCR product from the fragment 4 of Pem-AGO cDNA

The amplification products were fractionated on 1% agarose gel. M is 100
bp DNA ladder and lane 1 is the PCR product that was amplified from 5RACE 4 and
PRT primers.
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M1M2 1 2

1.0

Figure 29. Screening for recombinant clones containing the fragment 4 of Pem-
AGO cDNA by restriction enzyme analysis

Plasmid DNA from randomly picked recombinant clones were digested
with EcoR I. Lane M1 and M2 are ABstE 11 and 100 bp DNA ladder, respectively
Randomly picked recombinant clones were digested with EcoR 1. The undigested
plasmids of the recombinant clones number 4 is shown in lanes 1 whereas the EcoR I-

digested plasmids are loaded in lanes 2.
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* 20 * 40 * 60 * 80
5127V VA CAG T CTCGCACAGGAAGCCCCACAGAACGCCATTTTCAAGTGCTGAGAATTTAAT®CGTTTCCTCCTTCAATTAGCAACT | 80
[S130.Xe =2l CAG T CTCGCACAGGAAGCCCCACAGAACGCCATTTTCAAGTGCTGAGAATTTAATIICGTTTCCTCCTTCAATTAGCAACT [ 80
CAGTCTCGCACAGGAAGCCCCACAGAACGCCATTTTCAAGTGCTGAGAATTTAAT CGTTTCCTCCTTCAATTAGCAACT

* 100 * 120 * 140 * 160
1N = AT TGTAGAGTTCATGTIACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCC - YeYe)
LV =V A TTGTAGAGTTCATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCC - yele}
ATTGTAGAGTTCATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCC
* 180 * 200 * 220 * 240
[S137.Xe =V A A GGACCAGCTGGCCCCICCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCINATCACTACCA Ju-uei1e]
SN0 =Rl A GGACCAGCTGGCCCCICCAGTIGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCEATCACTACCA -]
AGGACCAGCTGGCCCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCC ATCACTACCA
* 260 * 280 - 300 * 320
LV - T TGTACCGCAGGCCCCTGGTA| EBGCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCT ALYCEE-ENcyAV)
LA\ = T TGTACCGCAGGCCCCTGGTA GCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCT AREEENCHR:]

TTGTACCGCAGGCCCCTGGTACGCC GCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTA

¥ 340 * 360 i 380 * 400
SO = N NN NICTTTTGTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAATCACT TCCA Iu-uelo]
S5RACE21 : --—---—-—- CTTTTGTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAATCACT TCCA Rucick

CTTTTGTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAATCACTTCCA
= 420 * 440 25 460 ol 480
AN = N CATCTCTATGCCGAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAAT CG GG -uze{e]
LV =R GATCTCTATGCCGAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGG -y
GATCTCTATGCCGAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGG
* 500 * 520 * 540 * 560
510N =V A AAAT TAT TGAGACGATIGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCT TCGAINGGGAGAAGCAAT T T A -EEESIel0]
L=k Rl A AAT TATTGAGACGATGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGAIIGGGAGAAGCAAT TT A-EEESINS
AAATTATTGAGACGATGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGA GGGAGAAGCAATTTA
& 580 * 600 > 620 * 640
LV =l TACACCAGAGATCCCCITGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGG T e}
LA\ =- AR T ACACCAGAGATCCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGG T I-EENCICHN
TACACCAGAGATCCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGT
= 660 -~ 680 * 700 = 720
1O Al G T TCAAGG TAGCGATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCA - ev]
512N =2 C T TCAAGGTAGCGATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCA I a
GTTCAAGGTAGCGATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCA
1 740 * 760 * 780 * 800
1A =V A T TCCTTATGATGCAATIACAGGICACTAGATGTCGTTATGCGTCACCTGCCATCCATGACITACACACCAGTGGGCAGGT CCl=m=1e]0]
512 NO = A T TCCTTATGATGCAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACEITACACACCAGTGGGCAGGT CC-umrgeki
TTCCTTATGATGCAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGAC TACACACCAGTGGGCAGGTCC
3 820 — 840 * 860 * 880
SN =V T TTT TCTCCGCTCCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAG -E.T:]0]
SN ARl T TTTTCTCCGCTCCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAG - TAN
TTTTTCTCCGCTCCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAG
- 900 - 920 * 940 * 960
LV = A CCTTCACAGTGGAAGATGATIGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGT T TA melele}
LN =2 A CCTTCACAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGT T TAR-EEECINN
ACCTTCACAGTGGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTA
x 980 = 1000 - 1020 * 1040
SO = Al T G TGTGAAGTGTTAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAARENECZA]
512N =2 R T G TG TGAAGTGTTAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAA ENTUCKN

TGTGTGAAGTGTTAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAA

. —
S5RACE4 : [TYNNREYYIe[Y : 1052
S5RACE21 : [JVAVNRPV.Xele[ey) - 1043
GAAATTAAGGGA
4
5’RACE 4

Figure 30. An alignment of nucleotide sequences of the fragment 4 of Pem-AGO
cDNA between two recombinant clones

The alignment was conducted by Clustal X program. The arrow represents
the nucleotide sequences of the primers, 5’RACE 4. The nucleotide residues that are
identical in all sequences are highlighted in black whereas grey color indicates the

nucleotide residues that contain the variation.
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Drosophila melanogaster CG6671-PB, isoform B (AGO1) mRNA, complete cds

Length = 950, Score = 340 bits (871), Expect = 5e-92
Identities = 157/200 (78%), Positives = 177/200 (88%), Gaps = 6/200 (3%)

Query
Shjct
Query
Shjct
Query
Shjct
Query
Shjct

Figure 31. An example of identity search result of the fragment 4 of Pem-AGO by

261

82

441

136

621

196

801

256

TPAVATGTGMTALLPPELPNTPAFVAPRRPNLGREGRP I TLRANHFQISMPRGY IHHYDI
TPA+AT T P P+ P F PRRPNLGREGRPI LRANHFQ++MPRGY+HHYDI
TPAIATAT-—-—-- PATQPDMPVFTCPRRPNLGREGRP IVLRANHFQVTMPRGYVHHYDI

SITPDKCPRKVNRE I IETMVHAFPRIFGTLKPVFEGRSNLYTRDPLP IGNEKMELEVTLP
+1 PDKCPRKVNREIIETMVHA+ +1FG LKPVF+GR+NLYTRDPLPIGNE++ELEVTLP
NIQPDKCPRKVNRE I IETMVHAYSKIFGVLKPVFDGRNNLYTRDPLP IGNERLELEVTLP

GEGRDRVFKVAMKWLAQVNLYTLEEALEGRTRT IPYDAIQALDVVMRHLPSMTYTPVGRS
GEG+DR+F+V +KW AQV+L+ LEEALEGRTR IPYDAI ALDVVMRHLPSMTYTPVGRS
GEGKDRIFRVTIKWQAQVSLFENLEEALEGRTRQIPYDAILALDVVMRHLPSMTYTPVGRS

FFSAPDGYYHPLGGGREVWF 860
FFS+P+GYYHPLGGGREVWF
FFSSPEGYYHPLGGGREVWF 275

blastp program

of Pem-AGO cDNA was submitted to blastp program. The deduced amino acid

sequences of the fragment 4 shared an 78% identity to Argonaute 1 protein of D.

The nucleotide sequence of the clone number 4 containing the fragment 4

melanogaster [Accession : NP_523734.1].

440

135

620

195

800

255
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5.5 Amplification of the coding sequence of Argonaute cDNA with Phusion® Taq
DNA polymerase.

From the previous cloning steps, four overlapping fragments (fragments 1 - 4) of
Pem-AGO cDNA were obtained. The virtual transcript of Pem-AGO cDNA was
obtained by the combination of the nucleotides sequences of these four cDNA
fragments using vector NTI program. In order to verify whether this virtual transcript
of Pem-AGO is really existed in P. monodon, an attempt to clone the putative entire
coding sequence of Pem-AGO cDNA was made. Two specific primers, AgoC-F and
AgoC-R, were designed from the 5’ end (the first ATG codon that is in-frame with the
translated product) and the 3’ end (TAA) of the coding region of the combined Pem-
AGO sequence. The cDNA template generated with PRT primer was used in the
reaction with Phusion® Tag DNA polymerase. The PCR product of the expected size
about 2.8 kb was obtained (Figure 32). The nucleotide sequences of two recombinant
clones, COD1 and COD3, containing this Pem-AGO cDNA were compared in Figure
33. The comparison indicated that the sequences of these two clones were nearly
identical except for one nucleotide substitution at position 1,530. Moreover, the
region of 9 nucleotides at positions 227 to 235 was found in one clone but not the
other. This is the same region that was detected in the two clones of fragment 4 as
shown in Figure 30.
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kb

3.6

2.3

Figure 32. The PCR product from the coding sequence of Pem-AGO

The amplification products were fractioned on 0.8% agarose gel
electrophoresis. M is 100 bp DNA ladder. Lane 1 is the PCR product that was
amplified with Phusion® Tag DNA polymerase using AgoC-F and AgoC-R primers.
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AgoC-F

* 20 * 40 * 60 * 80
cop1

HEATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCCAGGACCAGCTGG]N 80
[ofe]/1=1 JNI=BIRA TGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCCAGGACCAGCTGG 80
CoD3 HEATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCCAGGACCAGCTGG 80

ATGTACCCTGTTGGGCAGCCACCTGGTCCTCCTGGCCCACCCGGTCCCTCGGGTCCGGGTGGACCCCCAGGACCAGCTGG

* 100 * 120 * 140 * 160

COD1 HICCCCCCAGTGCCCCGAICCCTTIGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCAATCACTACCATTGTACCGCAGG -nisle}
[ofe]1=1 J\I=B- C CCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCAATCACTACCATTGTACCGCAGG - NeYe)
COoD3 HIICCCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCAATCACTACCATTGTACCGCAGG eI}

CCCCCCAGTGCCCCGACCCTTGACCTTGCCGCCGGGACCCACGCCGGTCCCTGGCCCAATCACTACCATTGTACCGCAGG

* 180 * 200 * 220 * 240
CcoD1 HIICCCCTGGTACGCCGGCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCT Attt CTTTT K
[ofe]/}=1 JNI=I- CCCCTGGTACGCCGGCTGTGGICAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTA CTTTT i)
COoD3 HMIICCCCTGGTACGCCGGCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTA CTTTT o]

CCCCTGGTACGCCGGCTGTGGCAACGGGGACAGGCATGACTGCCCTCTTACCGCCAGAACTACCTAacacaccagCTTTT
. 260 * 280 * 300 * 320
CoD1 MG TAGCACCAAGAAGACICGAATICTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAARCACTTCCAGATCTCTATGCC ey
[ofe]/1=1 MNI=- G TAGCACCAAGAAGACCGAATICTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAARICACTTCCAGATCTCTAT GCCu-ucyi]
COoD3 G TAGCACCAAGAAGACICGAATICTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAABCACTTCCAGATCTCTATGCC -cyde}
GTAGCACCAAGAAGACCGAATCTCGGGCGAGAAGGTCGACCTATCACGTTGCGGGCCAALCACTTCCAGATCTCTATGCC
o 340 * 360 =~ 380 i 400
CoD1 HGAGAGGTTACATTCACICACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGGAAATTAT TGAGA JRERcickE
[ofe]/1=1 RNI=B- CAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGGAAATTATTGAGA JE-EYelo]
CoD3 HGAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGGAAATTAT TGAGA - Nele}
GAGAGGTTACATTCACCACTATGATATTAGTATTACCCCTGATAAATGCCCGCGCAAGGTTAATCGGGAAATTATTGAGA
* *

* *

420 440 460 480

CoD1 HCGATGGTTCATGCTTTICCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGATGGGAGAAGCAATTTATACACCAGAGAT -yt
(o101 V1=3 RN C GATGGTTCATGCTTTICCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGATGGGAGAAGCAATTTATACACCAGAGAT Iitsie}
COoD3 HCGATGGTTCATGCTTTICCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGATGGGAGAAGCAATTTATACACCAGAGA T pumisie}

CGATGGTTCATGCTTTCCCTAGAATTTTTGGCACTCTAAAGCCTGTCTTCGATGGGAGAAGCAATTTATACACCAGAGAT

1 500 - 520 * 540 > 560
CoD1 HICCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGTGTTCAAGG TAGC TN E
[o{e]/1=] ANI=B-a CCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGTGTTCAAGGTAG C=ucIele)
CoD3 HICCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGTGTTCAAGGTAGC uetcle]
CCCCTGCCCATTGGTAATGAAAAAATGGAGCTTGAGGTAACGTTACCAGGGGAAGGACGTGACAGGGTGTTCAAGGTAGC
[~ 580 - 600 * 620 bl 640
CoD1 HGATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCATTCCT TATGAT G-ucIcHE
[ofe]/1=1 RNI=R- I CATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCATTCCTTATGAT G -]
CoD3 HEGATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCATTCCTTATGAT G j-ere]
GATGAAATGGTTAGCACAAGTAAATCTATATACGTTAGAAGAAGCATTGGAGGGACGGACGAGAACCATTCCTTATGATG

X 660 X 680 * 700 * 7
COoD1 HCAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACTTACACACCAGTGGGCAGGTCCTTTTTCTCCGCT -y
(of0]V1=3 J\I=-a CAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACTTACACACCAGTGGGCAGGTCCTTTTTCTCCGCT pu-mygede}
CoD3 HEICAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACTTACACACCAGTGGGCAGGTCCTTTTTCTCCGCT puygede}
CAATACAGGCACTAGATGTCGTTATGCGTCACCTGCCATCCATGACTTACACACCAGTGGGCAGGTCCTTTTTCTCCGCT
% 740 < 760 * 780 - 800
COoD1 HCCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAGACCTTCACAGT G-kt
(of0]V1=3 J\1=B-a C CAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAGACCTTCACAGT Gumm:1ele}
CoD3 HIICCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAGACCTTCACAGT G jmsiele}
CCAGATGGCTATTATCACCCCTTGGGAGGTGGAAGGGAAGTGTGGTTTGGCTTCCATCAAAGTGTAAGACCTTCACAGTG
X 820 = 840 - 860 * 880
COoD1 HGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTATGTGTGAAGTGT -yt
[ofe]/1=1 RNI=B- I CAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTATGTGTGAAGTG T j-ue3<{o]
CoD3 HGAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTATGTGTGAAGTG T Jdustele]
GAAGATGATGCTTAACATTGACGTGTCAGCTACAGCATTCTACAAGGCCCAGGCAGTAATAGAGTTTATGTGTGAAGTGT
* 900 . 920 e 940 * 960
CcoD1 M TAGATATTCGAGAAATIAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAGAAATTAAGGG T RduclNE
[ofe]V1=1 RNI=N I TAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAGAAATTAAGGG T j-elele]
COoD3 B TAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAGAAATTAAGGG T elele]
TAGATATTCGAGAAATAGGTGAGCAGAGGAAACCTCTAACGGATTCGCAGCGTGTCAAGTTCACAAAAGAAATTAAGGGT
* 980 * 1000 * 1020 * 1040
CcoD1 HCTGAAGATTGAGATCACACACTGTGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGGCCAGCACAGAT udmmieicHE
[ofe]/1=1 MNI=- C TGAAGATTGAGATCACACACTGTGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGGCCAGCACAGAT Jie1e]
COoD3 HIIC TGAAGATTGAGATCACACACTGTGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGGCCAGCACAGAT JuierIe}
CTGAAGATTGAGATCACACACTGTGGTGCGATGCGAAGAAAGTACAGGGTGTGTAATGTCACAAGAAGGCCAGCACAGAT

* 1060 * 1080 * 1100 * 1120
CoD1 GCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGACAAATACAAAA RN NN

[o{e]/1=1 LNI=B- I GCCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGACAAATACAAAA N w2A0]
COoD3 HGCAGTCGTTCCCATTGICAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGACAAATACAAAA N0}
GCAGTCGTTCCCATTGCAGCTAGAGAATGGTCAGACTGTGGAATGTACTGTTGCAAAATATTTCCTTGACAAATACAAAA
* 1140 * 1160 * 1180 * 1200
CoD1 M TGAAACTCAGGTTCCCICCATCTACCTTGCCTTCAGGTGGGACAAGAACACAAACACACATACCTTCCTCTGGAAGTATGC Rk
[ofe]/1=1 MNI=B T GAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGGACAAGAACACAAACACACATACCTTCCTCTGGAAGTAT GCuveyele]
COoD3 M TGAAACTCAGGTTCCCICCATCTACCTTGCCTTCAGGTGGGACAAGAACACAAACACACATACCTTCCTCTGGAAGTAT GCudmmvyele}
TGAAACTCAGGTTCCCCCATCTACCTTGCCTTCAGGTGGGACAAGAACACAAACACACATACCTTCCTCTGGAAGTATGC
* 1220 * 1240 * 1260 * 1280
CoD1 HAACATTGTACCTGGACAACGATGCATCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCAACAGCTAGAT Cldmmiveyat
[o{e]/1=1 NI=B-IRAACATTGTACCTGGACAACGATGCATCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCAACAGCTAGAT Civa:{e]
COoD3 HEAACATTGTACCTGGACAACGATGCATCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCAACAGCTAGAT Cmdmmivtsie}
AACATTGTACCTGGACAACGATGCATCAAGAAACTAACAGACATGCAGACATCTACCATGATCAAGGCAACAGCTAGATC
* 1300 * 1320 * 1340 * 1360
CoD1

M TGCACCTGATAGGGAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACATGCAAGAATTT G iciout
[o{e]I1=1 MNI=B-a T GCACCTGATAGGGAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACATGCAAGAAT T TG ieIele)
CoD3 M TGCACCTGATAGGGAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACATGCAAGAAT TT G jdie]sle]

TGCACCTGATAGGGAGAGAGAGATCAACAATCTGGTCCGAAAGGCGGACTTTAACAATGACCCGTACATGCAAGAATTTG
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* 1380 * 1400 * 1420 * 1440

CcoD1 MG TCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATGGAGGGCGAACA IENTICHE
[ofe]/1=1 JNI=B-I C TCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATGGAGGGCGAACA J-REY0)
CoD3 G TCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATGGAGGGCGAACA I RZYNe]

GTCTGACGATCAGTACAGCTATGATGGAGGTCCGAGGTCGCGTACTCCCACCCCCAAAGCTCCAATATGGAGGGCGAACA

* 1460 * 1480 * 1500 * 1520
CcoD1 HAAGCAGCAAGCTCTGCICCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAAATCCGCGTGT G icuii
[ofe]/1=1 MNI=B- IR A AGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAAATCCGCGTG TG ju-isyd]
COoD3 HAAGCAGCAAGCTCTGCICCAACICAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAAATCCGCGTGT G i ieyde}

AAGCAGCAAGCTCTGCCCAACCAGGGGGTGTGGGACATGAGGGGGAAACAGTTCTTCACAGGGGTAGAAATCCGCGTGTG
* 1540 * 1560 * 1580 * 1600
CcoD1 HIGGCCGTTGCATGCTTCIGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACTACAAAAGATTARENRSICNE
[o{e]/1=1 MNI=B I CGCCGTTGCATGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACTACAAAAGAT TA J-EeIele]
COoD3 HGGCCGTTGCETGCTTCIGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACTACAAAAGAT T AJEeIe]e}
GGCCGTTGCaTGCTTCGCCCCACAGCGCACAGTGAGAGAAGATGCGCTGCGCAATTTTACACAGCAACTACAAAAGATTA
N 1620 * 1640 * 1660 * 1680
CoD1

MG TAATGATGCTGGCATIGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGGTAGAGCCCATGdmmcyat
[ofe]/1=1 MNI=B G TAATGATGCTGGCATIGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGGTAGAGCCCAT G uiere{e]
COoD3 HGTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGGTAGAGCCCAT G jietele]

GTAATGATGCTGGCATGCCCATCATTGGCCAGCCGTGCTTCTGCAAGTATGCCAACGGTCCTGACCAGGTAGAGCCCATG

o 1700 * 1720 =~ 1740 i 1760
CoD1 M TTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGA gyt
[e{e]/1=) ANI=R R T TCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCT GA Ju-iygele]
CoD3 M T TCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGA pudmigele}

TTCCGTTACCTGAAGAGCACATTCACCGGTCTGCAGCTTGTATGTGTTGTTCTACCAGGCAAAACTCCTGTCTATGCTGA
* 1780 * 1800 * 1820 * 1840
CoD1 HAGTGAAGCGTGTGGGTGACACTGTCTTAGGAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCT Clmuisichl
[S{e]l1=} RNI=BIA G TGAAGCGTGTGGGTIGACACTGTCTTAGGAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCT CACCT CmR=10)
CoD3 HAGTGAAGCGTGTGGGTGACACITGTCTTAGGAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCT Clmuiezte]
AGTGAAGCGTGTGGGTGACACTGTCTTAGGAATGGCTACCCAATGTGTCCAGGCCAAGAATGTGAACAAAACCTCACCTC
h 1860 - 1880 * 1900 > 1920
CoD1 HAAACACTGTCCAACCTICTGTCTCAAAATAAATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCA IRk
(ol0]1=) J\I=-aRAAACACTGTCCAACCTICTGTCTCAAAATAAATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCA pmRele}
CoD3 HAAACACTGTCCAACCTI CTGTCTCAAAATAAATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCA dmielde]
AAACACTGTCCAACCTCTGTCTCAAAATAAATGTGAAGTTGGGAGGCATCAACTCCATTCTTGTTCCAGGCATCAGACCA
[~ 1940 - 1960 * 1980 bl 2000
CoD1 HAAAGTGTTCAATGAGCICTGTGATCTTCCTGGGTGCTGATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCAT iclckh
[ofe]/1=1 ANI=R- I AAAGTGTTCAATGAGCCTGTGATCTTCCTGGGTGCTGATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCAT jumedelelo]
CoD3 HAAAGTGTTCAATGAGCCTGTGATCTTCCTGGGTGCTGATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCAT jdmpeelele}
AAAGTGTTCAATGAGCCTGTGATCTTCCTGGGTGCTGATGTAACTCATCCACCAGCGGGTGATAATAAGAAGCCGTCCAT
3 2020 X 2040 * 2060 *
COoD1 B TGCAGCCGTAGTAGGATCTATIGGATGCTCATCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAAT Glmpioyat
[o{e]/1=] MNI=S-I T GCAGCCGTAGTAGGATCTATGGATGCTCATCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAAT Gjmedel:{o]
CoD3 M TGCAGCCGTAGTAGGATCTATGGATGCTCATCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAAT Gjdmiele]e]
TGCAGCCGTAGTAGGATCTATGGATGCTCATCCATCACGCTATGCTGCAACTGTCCGGGTCCAGCAGCACAGACAGAATG
5 2100 w 2120 * 2140 - 2160
COoD1 HEGATCAACAACACAAGGICCAAAGTGCCAGTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAG -NEcHE
(ofo]V1=3 J\I=-aGATCAACAACACAAGGCCAAAGTGCCAGTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACAT GACGAG pdmiele}
CoD3 HGATCAACAACACAAGGICCAAAGTGCCAGTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAG Jmeiiele]
GATCAACAACACAAGGCCAAAGTGCCAGTGACGGCTCGCGACCCAGACAACTGACTTTCGCGAGGACGGCACATGACGAG
X 2180 = 2200 - 2220 * 2240
COoD1 G TGATCCAGGAGCTCTICTTCTATGGTGAAGGAGCTGCTCATCCAATTCTACAAGTCTACGCGGTTCAAGCCCAACAGGAT [pizachi
[ofe]/1=1 RNI=N I C TGATCCAGGAGCTCTICTTCTATGGTGAAGGAGCTGCTCATCCAATTCTACAAGTCTACGCGGTTCAAGCCCAACAGGAT [deiNe]
CoD3 MG TGATCCAGGAGCTCTCTTCTATGGTGAAGGAGCTGCTCATCCAATTCTACAAGTCTACGCGGTTCAAGCCCAACAGGAT dpriedile}
GTGATCCAGGAGCTCTCTTCTATGGTGAAGGAGCTGCTCATCCAATTCTACAAGTCTACGCGGTTCAAGCCCAACAGGAT
* 2260 td 2280 £ 2300 * 2320
CcoD1 HEICATCCTTTATCGGGATIGGTGTIGAGCGAGGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCT T ddchi
[ofe]/1=1 RNI=B I CATCCTTTATCGGGATIGGTGTGAGCGAGGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCT T ey do]
COoD3 HEICATCCTTTATCGGGATGGTGTIGAGCGAGGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCT T ey de}
CATCCTTTATCGGGATGGTGTGAGCGAGGGACAATTCCAAACCGTGCTCCAGCATGAGCTGACTGCCATGAGAGAGGCTT
* 2340 * 2360 * 2380 * 2400
CcoD1 HGCATAAAGTTGGAAGCIGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATACAAGATTGTTCTGT jddcichs
[ofe]/1=1 MNI=B- G CATAAAGTTGGAAGCGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATACAAGATTGTTCTG T diyele]
COoD3 HGCATAAAGTTGGAAGCIGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATACAAGATTGTTCTGT ediie]e}
GCATAAAGTTGGAAGCGGACTACAAGCCTGGCATCACGTACATTGCTGTGCAGAAGAGACATCATACAAGATTGTTCTGT

* 2420 * 2440 * 2460 * 2480
CoD1 [TCTGACAAGAAAGAACAGAGTIGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCATCACGCATCCAAC I YN

Y = TC TGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCATCACGCATCCAAC IR
COoD3 B TCTGACAAGAAAGAACAGAGTIGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCATCACGCATCCAAC jmprdizele]

TCTGACAAGAAAGAACAGAGTGGCAAGAGTGGTAATATTCCTGCTGGTACAACTGTTGATGTGGGCATCACGCATCCAAC

* 2500 * 2520 * 2540 * 2560
CoD1 MM TGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCAGTCACTACCACGTACTGTGGGAT Gyt
[o{e]/1=] RN I=B R T GAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCAGTCACTACCACGTACTGTGGGAT G jasIele]
COoD3 M TGAGTTTGACTTCTACICTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCAGTCACTACCACGTACTGTGGGAT Gjddstele}

TGAGTTTGACTTCTACCTCTGCTCTCATCAGGGTATCCAGGGCACAAGTCGTCCCAGTCACTACCACGTACTGTGGGATG
* 2580 * 2600 * 2620 > 2640

CoD1 HATAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGTGTCATACCTATGTAAGATGTACACGATCAGT Clpacicht
[o{e]/1=1 MNI=B-a A TAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGTGTCATACCTATGTAAGATGTACACGATCAG T CwAere)
COoD3 A TAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGTGTCATACCTATGTAAGATGTACACGATCAGT Cdedcriie}

ATAACCACTTTGACAGTGATGAGCTGCAGTGCCTGACTTACCAGTTGTGTCATACCTATGTAAGATGTACACGATCAGTC

* 2660 * 2680 * 2700 * 2720
CoD1 M TCCATACCTGCTCCAGICCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAAAGGAGCATGACAG -y
[S{e]/1=1 MNI=B-I T CCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAAAGGAGCATGACAG -]
CoD3 M TCCATACCTGCTCCAGICCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAAAGGAGCATGACAG dmirgde]

TCCATACCTGCTCCAGCCTATTATGCTCACTTGGTAGCCTTCAGGGCTCGTTATCATCTCGTCGAAAAGGAGCATGACAG
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* 2740 * 2760 * 2780 * 2800

COoD1 B TGGAGAGGGGTCACACICAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTTACAGTGCATGTCG uygci

[ofe]/1=1 RNI=B T GGAGAGGGGTCACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTTACAGTGCATGT CGjdsYele]

CoD3 M TGGAGAGGGGTCACACICAATCITGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTTACAGTGCATGTCG jdrasiele}
TGGAGAGGGGTCACACCAATCTGGCAACAGTGAGGATCGCACACCATCTGCCATGGCAAGGGCAGTTACAGTGCATGTCG

*

2820
CcoD1 HEACACAAACAGAGTCAT[GTACTITTGCTTAA =V YA
COMBINE : [Xo/NeLVVNeyNe/NegyorujchyNeRjNcIqmpVy - 2829
CoD3 HMEACACAAACAGAGTCATIGTACTTTGCTTAA A YAC]
ACACAAACAGAGTCATGTACTTTGCTTAA

P
<«

AgoC-R

Figure 33. The alignment of nucleotide sequence between the coding sequence of
Pem-AGO cDNA and the combined four overlapping fragment

The alignment was conducted by Clustal X program. The arrows indicate
the nucleotide sequences of the two primers, AgoC-F and AgoC-R. The nucleotides
that are identical in all sequences are highlighted in black whereas grey color indicates
the positions at which variation nucleotide are found. The consensus sequence was

shown in the bottom line of each block.

5.5.1 Analysis of Pem-AGO sequence

The entire coding sequence of Pem-AGO is either 2,820 or 2,829
nucleotides long depending on whether or not it contains the 9-nuclotide region at
position 227 to 235. The nucleotide and the deduced amino acid sequence of Pem-
AGO is shown in Figure 34. Analysis by blastp program has identified two signature
domains of the Argonaute family in the Pem-AGO sequence. The PAZ domain of
Pem-AGO was 139 amino acids long found at position 289 to 428 while the PIWI
domain span amino acid 572 to 901 was 329 amino acids in length.
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MYPVGQPPGPPGPPGPSGPGGPPGPAGPPVPRPLTLPPGPTPVPGP I TT1VPQAPGTP
AVATGTGMTALLPPELPNTPAFVAPRRPNLGREGRP I TLRANHFQISMPRGY IHHYDI
(---T)

SITPDKCPRKVNRE I IETMVHAFPR I FGTLKPVFEGRSNLYTRDPLP IGNEKMELEVT
LPGEGRDRVFKVAMKWLAQVNLYTLEEALEGRTRT IPYDAIQALDVVMRHLPSMTYTP
VGRSFFSAPDGYYHPLGGGREVWFGFHQSVRPSQWKMMLN I DVSATAFYKAQAV I EFM
CEVLD IRE I GEQRKPLTDSQRVKFTKE IKGLK I E 1 THCGAMRRKYRVCNVTRRPAQMQ
SFPLQLENGQTVECTVAKYFLDKYKMKLRFPHLPCLQVGQEHKHTYLPLEVCNIVPGQ
RCFKKLTDMQTSTMIKATARSAPDRKRE INNLVRKADFNNDPYMQEFGL T ISTAMMEV
RGRVLPPPKLQYGGRTKQQALPNQGVWDMRGKQFFTGVE IRVWAVACFAPQRTVREDA
LRNFTQQLQK I SNDAGMP I IGQPCFCKYANGPDQVEPMFRYPKSTFTGLQLVCVVLPG
KTPVYAEVKRVGDTVLGMATQCVQAKNVNKTSPQTLSNLCLK INVKLGGINSILVPGI
RPKVFNEPV I FLGADVTHPPAGDNKKPS I AAVVGSMDAHPSRYAATVRVQQHRQNGST
TQGQSASDGSRPRQLTFARTAHDEV 1 QELSSMVKEL L 1QFYKSTRFKPNR I ILYRDGV
SEGQFQTVLQHELTAMREAC IKLEADYKPG I TY IAVQKRHHTRLFCSDKKEQSGKSGN
IPAGTTVDVG I THPTEFDFYLCSHQG I QGTSRPSHYHVLWDDNHFDSDELQCLTYQLC
HTYVRCTQSVS I PAPAYYAHLVAFRARYHLVEKEHDSGEGSHQSGNSEDRTPSAMARA
VTVHVDTNRVMYFA

Figure 34. The deduced amino acid sequence of Pem-AGO entire coding sequence
Dot line represents to the three deleted amino acid sequences in one clone.
Two conserved domain, PAZ and PIWI in the Pem-AGO were shown in highlight.

5.5.2 Comparison between the Argounaute proteins of P. monodon and D.
melanogater
The alignment between Pem-AGO and its highest similar protein,
Drosophila Argonaute 1 (dAGO1) was conducted by clustal X program and was
shown in Figure 35. The two proteins were very similar, especially in the conserved
PAZ and PIWI domains. However, the PIWI domain of Pem-AGO contained an extra

81 amino acids when compare to that of JAAGO1.
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* 20 * 40 * 60 * 80

DROSO : MSTERELAPGGPAQLHPHTLPLTFPDLQMTSTVGI IGKIRESQWTRSET REQSREQAQTSFDTLTSRFARGSSVNRTATMISRHSAQN : 86

PMOD 1 === mmmmmmmmm oo Y RVIEo]ziP ElP [zle|p =16lP S [ e —— GllECIHAGPPVERPIRILEPGPT : 41
6Y PP P PS PP P P 61 P

* 100 * 120 * 140 * 160 *
DROSO : VAAEGATVAGAAATAAQUASINLEATTGSVTPAPATATFAT QEEIMEVIET CRRGENNEI=EIN Y MVNGISOVANIINNAEENDIINGO - 172
PMOD : PVPg-------- PITTIYPQRPETPAVATGTGUTALL{EPEL[GNTIHARY AR N el el T W IRON VI A LAIISIT - 119
G V. AG 6 P P1 P F PRRPNLGREGRPI LRANHFQ63MPRGYGHHYDI 1
180 * 200 * 220 * 240 * 2
DROSO : [INEVVNS TMVHAYSKTFGYLKPVFDGRINLYTRDPLP IGNERLELEVTLPGEGKDR I FRVI KWOAQVEIL F[IL EEAL E G st}
VO] el P DK CPRKVNRE I IETMVHAF[ZR | FGUILKPVFDGRSINLYTRDPLP IGNEKMELEVTLPGEGRDRVFEKVEMKWEAQV (M={=\We] - 205
PDKCPRKVNREITETMVHAS 41FG LKPVFDGR NLYTRDPLPIGNE46ELEVTLPGEG4DR6F4V 6KW AQV L5 LEEALEG
60 * 280 % 300 %] 320 * 340
DIN{ONTONRaNR TR(O/I PYDA I|MALDVVMRHLPSMTYTPVGRSFFSHPIEGYYHPLGGGREVWFGFHQSVRPSQWKMMLN IDVSATAFYKAQ[ZV 118]FMC ey ¥
IV[CIAaR TR I PYDA I{]JALDVVMRHLPSMTYTPVGRSFFSIPPIGYYHPLGGGREVWFGFHQSVRPSQWKMMLN IDVSATAFYKAQAV 1[SFMC ik
RTR TPYDAT ALDVVMRHLPSMTYTPVGRSFFS P GYYHPLGGGREVWFGFHQSVRPSQWKMMLNIDVSATAFYKAQ VI FMC
* 360 i 380 > 400 & 420 *
DIOTolRaNF /1 D I R INIEQRKPLTDSQRVKFTKE IKGLKTE I THCGOMRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKYRMKLRE-Ec]e}
V(oo luaF /LD I RIS EQRKPLTDSQRVKFTKE IKGLKIE I THCGIAMRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKYKMKL R-cYag
EVLDIR I EQRKPLTDSQRVKFTKEIKGLKIEITHCG MRRKYRVCNVTRRPAQMQSFPLQLENGQTVECTVAKYFLDKY4MKLR
440 f 460 & 480 * 500 *k *
IOl Y PHL PCLQVGQEHKHTYLPLEVCN TVINGOQRC IKKLTDMQTSTMIKATARSAPDRERE INNLVKRADFNNDE]YVQEFGLT I S|SIMM E NG}
V(oI FPHLPCLOVGQEHKHTYLPLEVCN I VIZGGQRC I KKLTDMQTSTMIKATARSAPDRERE INNLVRKADFNND[ZYMQEFGL T I SPAMM E [-racle}

S5PHLPCLQVGQEHKHTYLPLEVCNIV GQRCIKKLTDMQTSTMIKATARSAPDREREINNLV44ADFNND Y6QEFGLTIS MME

520 * 540 * 560 * 580 * 600
RITIIONEN\ R GRVLPPPKILQY GGRYARIEINT 0 QP O] [AASIWSZNQGVWOMRGKQFF TGVE IR 1WA TACFAPQRTVREDALRNF TQQLQK | SEEep3
YOI R G RV PPPKLQY GG R S— [T{H0 QN [ ——— NQGVWDMRGKQFFTGVE IRVWAVACFAPQRTVREDALRNFTQQOLOK I SEEERY]
VRGRVLPPPKLQYGGR T QQ P NQGVWDMRGKQFFTGVE IRGWA6ACFAPQRTVREDALRNFTQQLQKIS

620 * 660 % 680

* 640 *
DI{ONTOREENDAGMP I | GQPCFCKYARGPDQVEPMFRY LKUTFEGLQLV\YVVLPGKTPVYAEVKRVGDTVLGMATQCVQAKNVNKTSPQTLSNL Clserets}
VO I\ DAGMP 1 1 GQPCFCKYANGPDQVEPMFRYLKSTFUGLOL V#®VVLPGKTPVYAEVKRVGDTVLGMATQCVQAKNVNKTSPQTLSNL Clseyde}

NDAGMPTTGQPCFCKYA GPDQVEPMFRYLK TF GLQLV VVLPGKTPVYAEVKRVGDTVLGMATQCVQAKNVNKTSPQTLSNLC

* 700 * 720 = 740 > 760 =
DI TolmaN| KINVKLGGINSILVPSIRPKVENEPVIFLGADVTHPPAGDNKKPSTAAVVGSMDAHPSRYAATV RV QQHR )ittt : 760
(eIl K I NVKLGGINSILVPEIRPKVENEPVIFLGADVTHPPAGDNKKPSIAAVVGSMDAHPSRYAATVRVQQHR )NESERNeICIoST.NIplels] Bayqeld]
LKINVKLGGINSTLVP 1RPKVFENEPVIFLGADVTHPPAGDNKKPS FIAAVVGSMDAHPSRYAATVRVQQHRR

*
* B 820 * 840 * 860
DROSO : p-----------3 I TQELSSMVRELL IJFYKSTEleYKPRIR I ILYRDGVSEGQF|[dgVLQHELTAITREACIKLE[JSYRPGITF I\ : 833
V(oo NI NN WNGID =V 1 QEL SSMVKELL 1{9JF YKSTIEEFKPINR 1 1 LYRDGVSEGQFOMIVL QHELTAMREAC I KLERNYKPGITY I o 791
61QELSSMV4ELLI FYKST 5KP RITLYRDGVSEGQF VLQHELTAGREACIKLE Y4PGIT51 VQ
> 880 ' 900 * . 920 *

DI {ON IO K RHHTRL FCINSKKEQSGKSGN IPAGTTVDVGITHPTEFDFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQLCHTYVRCT [ekie}

V(O KRHHTRLFCEIKKEQSGKSGNIPAGTTVDVGITHPTEFDFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQLCHTYVRCT - ¥ard
KRHHTRLFC KKEQSGKSGNIPAGTTVDVGITHPTEFDFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQLCHTYVRCT

*

S 960 > 980 %

1000
DI TONNINR SVVS IPAPAYYAHLVAFRARYHLVEKEHDSGEGSHQSG@®SEDRTPEAMARA I TVHADTISKVMY F A RSEECEE
PMOD : [\ APAY)YAHLVAFRARYHLVEKEHDSGEGSHQSGN|[SEDRTPSAMARAVTVHNUDTINIRVMY F Afe:d
RSVSIPAPAYYAHLVAFRARYHLVEKEHDSGEGSHQSG SEDRTP AMARAGTVH DT 4VMYFA
*

Figure 35. The alignment of amino acid sequence between Pem-AGO and
Drosophila Argonaute 1 (dAAGO1)

The deduced amino acid sequence of clone no.3 was aligned to the amino
acid sequence of D. melanogaster by Clustal X program. The extra 81 amino acids of
Pem-AGO in the PIWI domain were shown in rectangular. The asterisks * indicated
the conserved amino acid sequences containing in PAZ and PIWI domain of dAGO1
and Pem-AGO.
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5.6 Preparation of double-stranded RNA

The function of Pem-AGO in RNAI could be determined by studying the efficacy
of RNAI in the cells in which Pem-AGO transcript is not expressed or expressed at
low level. Such Pem-AGO depleted cells could be generated by the introduction of

dsRNA that corresponds to Pem-AGO transcript into the cells.

5.6.1 Amplification of the templates for in vitro transcription

The double-stranded RNA corresponding to particular regions in the Pem-
AGO sequence was designed for knocking down Pem-AGO transcript in order to
characterize the function of Pem-AGO in the RNAI pathway.

Three pairs of primers were designed from the coding sequences of Pem-
AGO cDNA in order to amplify the short DNA template for the synthesis of double-
stranded RNA (Figure 36). The dsAGO-F1 and dsAGO-R1 primers were designed to
amplify the 111 base pairs region corresponding to the non-conserved sequence from
the 5’region of Pem-AGO cDNA, called ds1 fragment. The second pair was dsPIWI-F
and dsPIWI-R that amplify the conserved sequence of 129 base pairs located in the
PIWI domain, called dsPIWI fragment. The third pair, PAZ-F and PAZ-R was used
for amplification of the 417 base pairs region of the conserved PAZ domain, call
dsPAZ. After PCR amplification, the products of the expected size for each template
(Figure 37) were individually cloned into pGEM®- T Easy vector. The recombinant
clones of the three fragments were screened and the nucleotide sequences were
confirmed. The recombinant clones containing the insert in either sense or antisense
directions related to the T7 promoter in the vector were obtained for all three
fragments. The correct sequences of the sense and antisense templates of each

fragment were verified by DNA sequencing.
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Figure 36. The schematic diagram representing the primers for amplification of
DNA templates for in vitro transcription of single-stranded RNA

Three pairs of primers were designed to amplify the templates for dsl
(dsAGO-F1 and dsAGO-R1), dsPIWI (dsPIWI-F and dsPIWI-R) and dsPAZ (dsPAZ-
F and dsPAZ-R) from the coding sequences of Pem-AGO cDNA. The regions of the

three dsSRNA were shown as black lines under the diagram.
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Figure 37. The amplification of DNA templates for in vitro transcription of
single-stranded RNA

The cDNA clones containing the coding sequence of Pem-AGO was used
as a template for PCR amplification. The amplification products were fractionated on
1.5% agarose gel. M is 100 bp DNA ladder. Lane 1 and lane 2 in (A) are the PCR
product that was amplified with dSAGOF1-dsAGOR1 primers (dsl) and dsPIWI-F-
dsPIWI-R primers (dsPIWI). Lane 3 in (B) is the PCR product that was amplified with
dsPAZ-F and dsPAZ-R primers (dsPAZ).
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5.6.2 In vitro transcription and annealing of dsSRNA

The plasmid DNA containing ds1, dsPIWI and dsPAZ fragments in both
directions were extracted from E. coli cells by using QIAGEN column. Then the
plasmids were linearized with Sal | which is located in the multiple cloning sites of the
pGEM®- T Easy vector and 3’downstream of the insert fragment. The linearized
plasmids were used to transcribe single-stranded RNA by in vitro transcription
reaction using Ribomax™ Large Scale RNA Production system of T7 RNA
polymerase (Promega) which transcribed from the T7 promoter through to insert
fragment and ended at the Sal | site. After both the sense and antisense single-stranded
of ds1, dsPIWI and dsPAZ were obtained, the concentration of single-stranded RNA
was determined by spectrophotometer and gel electrophoresis. The equal
concentration of sense and antisense single-stranded RNA were used for the annealing
reaction to synthesize double-stranded RNA of the three fragments. The annealed
dsRNA products showed a major band with several other discrete bands that may
represent different multimeric form of the annealing products (Figure 38 and 39). In
order to prove whether the products of the annealing reaction really existed in the form
of dsRNA, these annealing products were treated with RNase A, the enzyme that
selectively degrade only single-stranded RNA. The RNase A-treated products
appeared as a single band of the smaller size than the major band seen from the
untreated products (Figure 38 and 39). This result confirmed that the three dsRNA of

Pem-AGO were obtianed.
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Figure 38. The single-stranded RNA from in vitro transcription and double-
stranded RNA from the annealing reaction of dsl1 and dsPI1W1 fragments

Plasmid DNA containing short DNA templates in sense and antisense
directions were transcribed to single-stranded RNA by in vitro transcription. Sense and
antisense single-stranded RNA of ds1 (A) and dsPIWI (B) were heated before loading
in lane 1 and 2, respectively. Lane 3 is double-stranded RNA from the annealing
reaction. Lane 4 is double-stranded RNA after treated with RNaseA.
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Figure 39. The single-stranded RNA from in vitro transcription and double-
stranded RNA from the annealing reaction of dsPAZ fragment

A) Plasmid DNA containing short DNA template in sense and antisense
directions were transcribed to single-stranded RNA by in vitro transcription. Sense and
antisense single-stranded RNA were heated before loading in lane 1 and 2,
respectively

B) Lane 1 is double-stranded RNA from the annealing reaction. Lane 2 is
double-stranded RNA which after treated with RNaseA.
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5.7 Reduction in the expression level of Pem-AGO in the Lymphoid (Oka) cell
culture by Pem-AGO dsRNAs

Three double-stranded RNAs, dsl1, dsPIWI and dsPAZ, corresponding to different
regions of Pem-AGO sequence were used to transfect the primary lymphoid (Oka) cell
culture of P. monodon in order to determine the function of Pem-AGO in RNAI
pathway. Each double-stranded RNA was transfected into the Oka cell culture at the
concentration of 2 ug per 1 ml in a 24-well culture plate. The remaining dsRNA in the
culture medium was washed at one and a half hour after transfection. The cells were
collected at 24 and 48 h for detection of the level of Pem-AGO expression by RT-PCR
(Figure 40). The Pem-AGO transcript was amplified by the primers that target the
coding region of the PIWI domain. The level of Pem-AGO expression in each sample
was compared to the level of actin transcript of the same sample. The control cells
that were not transfected with any dsRNA showed the highest level of Pem-AGO
transcript. The percentages of Pem-AGO transcript (after normalized with the actin) in
each sample comparing with that of the control cells were shown as a bar graph in
Figure 41-42. The result from duplicated experiments showed that at 24 h post-
transfection the cells that received dsl, dsPIWI and dsPAZ expressed Pem-AGO
transcript at the level of 73, 77 and 69% of the control cell, respectively. The cells
transfected with unrelated dsRNA of the green fluorescent protein (dsGFP) although
expressed lower level of Pem-AGO than the control cells, the level of Pem-AGO
expression is still higher than that in the cells transfected with any one of the Pem-
AGO dsRNA. A more than not reduction in the level of Pem-AGO transcript in the
cells transfected with ds1, dsPIWI and dsPAZ was observed after transfection for 48 h.
However, the effect of dsGFP on Pem-AGO transcript was not determined at this time
point. These results demonstrated that dsSRNAs from Pem-AGO sequence were able to

deplete, although not completely, the level of Pem-AGO expression in the cells.
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Figure 40. RT-PCR detection of Pem-AGO transcript in the Oka cell culture
after transfected with Pem-AGO specific dSRNAs

The Oka cells were transfected with either Pem-AGO specific dsSRNAS;
dsl, dsPIWI and dsPAZ or unrelated dsRNA, dsGFP. The control cells were
transfected with the buffer alone. Total RNA was extracted from the cells at 24 h (A)
and 48 h (B) post transfection. The upper panel represents the actin transcript and the
lower panel shows the Pem-AGO transcript that was amplified by PIWI-F and PIWI-R

primers. C is the control cells whereas 1, PI, PA and G represent the cells transfected
with ds 1, dsPIWI, ds PAZ and dsGFP, respectively.
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Figure 41. The percentages of knockdown Pem-AGO transcript after 24 h
double-stranded RNA transfection

The value of the band intensity of Argonaute (PIWI) and actin are
measured by using Scion Image program. The values are expressed as mRNA levels of
Argonaute (PIWI)/actin which normalized to 100% level. The Y axis indicated the
relative of PIWI/ACTIN. The X axis showed the oka cell culture that transfected with
four different double-stranded RNAs. The data are from independently duplicated
experiments and plotted as means +SEM (Standard error of the mean). * Indicated a
significant difference between control cell and dsRNA-transfected cell at P < 0.05 by
using one-way ANOVA test.
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Figure 42. The percentages of knockdown Pem-AGO transcript after 48 h
double-stranded RNA transfection

The value of the band intensity of Argonaute (PIWI) and actin are
measured by using Scion Image program. The values are expressed as mRNA levels of
Argonaute (PIWI)/actin which normalized to 100% level. The Y axis indicated the
relative of PIWI/ACTIN. The X axis showed the oka cell culture that transfected with
three different double-stranded RNAs. The data are from independently duplicated
experiments and plotted as means +SEM (Standard error of the mean). * Indicated a
significant difference between control cell and dsRNA-transfected cell at P < 0.05 by

using one-way ANOVA test.
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5.8 Determination of the efficacy of RNAI pathway in Pem-AGO depleted cells
5.8.1 The effect on silencing endogenous gene

To determine the effect on RNAI pathway in Pem-AGO depleted cells, the
double-stranded RNA corresponding to an endogenous gene, the serotonin (5-
hydroxytryptamine, 5-HT) receptor (kindly provided by Dr. Chalermporn
Ongvarrasopone) was co-transfected with individual dsRNA of Pem-AGO (one
microgram each) into the Oka cell culture. The cells were collected at 72 h after
transfection, and the transcription level of both Pem-AGO mRNA and 5-HT receptor
MRNA were detected by RT-PCR. The levels of Pem-AGO transcript in the cells that
were co-transfected with either ds1 and dsPIWI, dsl and dsRNA of 5-HT receptor
(ds5-HTR) or dsPIWI and ds5-HT were not different from that of the control cells (no
dsRNA), but lower than that of the ds5-HTR-transfected cells (Figure 43, middle
panel). The ds5-HTR triggered the decrease in the expression of 5-HT receptor to
about 15% of that in the control cells. However, the transcription level of 5-HT
receptor was recovered to considerable extent in the cells that were co-transfected with
dsl or dsPIWI and ds5-HT, whereas the cells receiving only ds1 and dsPIWI exhibited
the same level of 5-HT receptor transcript as the control cells (Figure 43, bottom

panel).
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Figure 43. RT-PCR detection of 5-HT receptor transcript in the Oka cells after
co-transfected with Pem-AGO specific dSRNA and 5-HT receptor dsRNA

The Oka cells were either trnasfected with ds5-HT-R alone or co-
transfected with ds5-HT-R and ds1 or dsPIWI of Pem-AGO. The cells were collected
for RT-PCR at 72 h after transfection. The actin transcript is shown in the top panel.
The middle and bottom panels represent the RT-PCR products of Pem-AGO (using
PIWI-F and PIWI-R primers) and 5-HT receptor (using YR5-HTFULL and
YR3RACE primers), respectively. C is the control cells that received no dsRNA,
whereas 5, 5+2 and 5+1 represents the cells that were transfected with ds5-HTR alone,
ds5-HTR together with dsPIWI and ds5-HT-R together with dsl, respectively.
Similarly, 1+2 represents the cells that were co-transfected with ds1 and dsPIWI of
Pem-AGO. The numbers at the bottom represent the percentage of 5-HT-receptor

MRNA level in each sample comparing with the control.
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5.8.2 The effect on silencing exogenous gene

The double-stranded RNA harboring the sequence of the protease gene of
the yellow head virus (dsYHV) has been shown to be capable of preventing the
replication of YHV in the Oka cells (84). Therefore, the potency of Pem-AGO
depleted cells to prevent YHV replication upon the presence of dsYHV was
investigated. The dsYHV was used to co-transfect into the Oka cell culture with each
of Pem-AGO dsRNA (one microgram each) and followed by infection with 10™ titer
of YHV at 40 h after transfection. The transcription level of Pem-AGO and the
replication of YHV in the cells were detected by RT-PCR at 72 h post infection
(Figure 44). The result showed that the level of Pem-AGO transcript in each sample
was not different (Figure 43, middle panel). High level of YHV transcript, as detected
by RT-PCR using the primers that were specific to the helicase gene of YHV was
detected only in the control cells that was infected with YHV without transfection with
either Pem-AGO or YHV dsRNA. The cells that received dsYHV prior to YHV
infection produced dramatically detection level of YHV transcript. Similar level of
YHV transcript to that of dsYHV-transfected cells was also detected in the cells into
which dsYHV had been co-transfected with dsPIWI and dsPAZ. However, it should
be noted that YHV may replicate more efficiently in dsYHYV and ds1-transfected cells
as the level of YHV transcript was slightly higher than that in the cells co-transfected
with dsYHV and any of the other two Pem-AGO dsRNA (Figure 44, bottom panel).
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Figure 44. RT-PCR detection of YHV transcript in the Oka cell culture after
transfected with different dsRNAs and followed by YHV infection

The Oka cells were transfected with different dsSRNAs at 40 h before
infected by 107 titer of YHV. The cells were harvested at 72 h after YHV infection.
The actin transcript is shown in the top panel. The middle and bottom panel represent
the transcripts of Pem-AGO and YHV (amplified with Hel-F and Hel-R primers),
respectively. C is the untransfected cells, whereas Y represents the dsYHV-transfected
cells. The cells in which dsYHV was co-transfected with dsPIWI, ds land dsPAZ
were depicted as Y+PIWI, Y+1 and Y+PA, respectively. The numbers at the bottom
represent the percentage of YHV mRNA level in each sample comparing with the

control.
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CHAPTER VI
DISCUSSION

Argonaute is a family of proteins that plays a primary role in developmental
control. In addition, several of Argonaute proteins are shown to be a key component in
the RNA-mediated gene silencing mechanism in a variety of species ranging from
nematode to human (29). The number of Argonaute proteins varies from one organism
to another. In general, Argonaute protein is classified into two major groups; the
proteins that are responsible for developmental control and the proteins that are
associated with RNA1 function. For example, in human, two subfamilies of Argonaute
protein are characterized, the PIWI subfamily and e[F2C/AGO subfamily (45). The
PIWI subfamily functions in the maintenance of stem cell differentiation.
Alternatively, the e[F2C/AGO subfamily is associated with siRNA and RISC that are
related to the RNA1 pathway. In the RNAi pathway, Argonaute protein acts as the
major component in RISC which guides the degradation of cognate mRNA directing
by siRNA. Recently, RNAi has been demonstrated for its potential in preventing viral
replication in the shrimp P. monodon (85). Since the knowledge about RNAI in the
shrimp is very limited, characterization of Argonaute protein and its functional role in
RNAI could pave the way to a better understanding of this promising pathway for viral
control in the shrimp.

In this study, 3’RACE and 5’RACE stratergy were used to clone the coding
sequence of Argonaute cDNA from P. monodon (Pem-AGO). The function of Pem-
AGO in the RNAIi pathway was characterized by investigating the potency of RNAi to
knock down specific gene in P. monodon’s primary Oka cell culture that were
depleted in Pem-AGO expression.

In the cloning strategy, the degenerate primers were designed from the conserved
sequence of Argonaute proteins from A. thaliana, D. melanogaster, H. sapiens and C.

elegan in order to amplify the Argonaute cDNA (Pem-AGO) of P. monodon
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The 3’UTR sequence obtained by 3’RACE was incomplete because the poly A
sequence at the 3’end from the sequence analysis was not found. This could occur
from non-specific binding of the primer sequence (PM-1) at the internal site within the
3’UTR region. Such internal binding would block the amplification from the PM-1
primer that binds to its corresponding sequence in the oligo (dT)-containing primer,
PRT, that recognize the poly A at the 3’ end of cDNA.

The 5’ end amplification with 5’RACE strategy gave two types of product that
were distinguished base on the presence or the absence of nine nucleotides at position
319-327 (Figure 30). This leads to the loss of three amino acids in one type and the
change in the next amino acid residue when compared between the deduced amino
acid sequences from both fragments. The presence of two different sequences either
with or without the nine nucleotides discussed above was confirmed by amplification
of the entire coding sequence of Pem-Ago cDNA (Figure 33). This suggested that
there are at least two variants of Pem-Ago ¢cDNA in P. monodon.

The amplification of the fragment 1 of Pem-AGO in this study gave only a single
band of the products and analysis of three recombinant clones containing the fragment
1 showed the same nucleotide sequence. However, in previous work that aimed at
cloning this cDNA fragment, a shorter product of fragment 1 has been also obtained
(Apinunt Udomkit, Personal communication). This shorter fragment 1 has the deletion
of eighty-one nucleotides (27 amino acids) in the coding sequence for the PIWI
domain (Appendix 1). However, an attempt to clone the entire coding region of the
Pem-AGO cDNA containing this deletion was not successful. One possible reason for
this is that the short form of Pem-AGO, if really existed, may be expressed at much
lower level than the longer form as could be observed in later experiments in this
thesis. When the transcript of Pem-AGO was detected by RT-PCR with the primers
PIWI-F and PIWI-R, two bands of the product were produced, and the amount of the
smaller fragment was always less than that of the longer one (Appendix 2).

Because the PIWI domain is conserved in Argonaute protein family and this
domain exhibits similar structure to that of RNaseH domain (49). The PIWI domain is
responsible for the endonuclease activity in RISC that cleaves the mRNA target. The
active site for RNaseH family normally contains the three catalytic residues called the

DDE (aspartate, aspartate and glutamate) motif which are conserved in several species
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(49). Although the region of 81 bases deletion in the PIWI domain of the short Pem-
AGO does not include these conserved catalytic residues, the missing of the 81
nucleotides might disturb the proper conformation and thus affect the formation of the
active site among the three catalytic residues that is suitable for catalytic reaction of
the PIWI domain. However, the function of the short form of Pem-AGO is still not
known. It is possible that this short form might display different function from the
Pem-Ago that is characterized in this study.

The information of the overlapping fragments of Pem-AGO obtained earlier was
used to design specific primers in order to amplify the entire coding sequence of Pem-
AGO cDNA. The 2,829 bp (939 amino acids) of the coding sequence of Pem-AGO
was successfully amplified. This Pem-AGO sequence was closest (at 85% identity) to
the Argonaute protein 1 (dAgol) of D. melanogaster. The Pem-Ago sequence
contained the two conserved domains of Argonaute family, PAZ and PIWI. PAZ
domain of Pem-AGO is 417 base pair long and PIWI is 987 base pair in length. The
amino acid sequence of Pem-AGO PAZ and PIWI domains were 94.7% and 99.7 %,
respectively, identical to the consensus sequence of both domains (Appendix 3-4). The
nuclear magnetic resonance solution structure of the PAZ domain of dAgol depicted
that the characteristic fold of this domain is centered around six-stranded [-barrel core
(46). The surface of B-barrel structure and the appendage (a-helix and B-hairpin) form
the conserved nucleotide binding site (Tyr 386, Phe 387 and Tyr 391) which bind to
the 2 nucleotide-3’overhang of the siRNA. Mutation in the conserved residues in the
binding site in dAgol showed the 50% decrease in RNA binding. This conserved
RNA-binding site was also found in the Pem-AGO sequence (indicated by the
asterisks in Figure 35) suggesting the conserved function between dAgol and Pem-
AGO. The other conserved domain, the PIWI domain, adopts structural similarity to
the RNaseH enzyme family which contains three conserved catalytic residues, Asp-
Asp-Glu (DDE) in the active site (49). Mostly, the positions of two aspartates are
invariant, but the third amino acid, glutamate varies in the position among RNase H
family. However, the third residue in the catalytic site of the PIWI domain of human
Argonaute (hAgo2) was demonstrated to be the histidine instead of glutamate. This
catalytic triad, DDH (instead of DDE), was also found in Pem-AGO sequence at

conserved positions (indicated by asterisks in Figure 35). This catalytic site was
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proposed to function as the metal ion binding site that is required for the activity of
RNaseH enzyme in the mRNA cleavage reaction. Mutation of the two aspartates and
histidine, but not the glutamate, in hAgo2 inactivated the mRNA cleavage in vitro.
This suggested that these three residues are coordinated with the metal ion and
accomplished the mRNA cleavage activity.

The conserved positions of the residues that are critical for the function of
Argonaute in both PAZ and PIWI domain implies the possible role of Pem-AGO in
the RNA1 pathway. In order to provide a supporting evidence for this implication, the
involvement of Pem-AGO in RNAi mechanism in P. monodon was determined. One
approach to characterize the function of Argonaute in RNAIi is to assay for RNAi
efficiency in the cells that are defective in Argonaute expression. Such Argonaute-
depleted cells could be generated either by gene knockdown (85) or by siRNA-
mediated gene silencing (86)

In P. monodon, an attempt to characterize the function of Argonaute protein was
made. Although the continuous cell line from penaeid tissues has not been
successfully established, primary cell culture could be prepared from various tissues of
penaeid shrimp (16). From the variety of tissues, the cells from lymphoid (Oka) organ
were found to proliferate more rapidly and remain stable for long periods of time (2-3
weeks). Furthermore, the repression of specific gene by dsRNA has been
demonstrated in the primary lymphoid cell culture (25). Additionally, the result in this
study also showed the high level of expression of Pem-AGO in the lymphoid organ
(Appendix 2). Taken together, the primary Oka cell culture was considered for
investigation of Pem-AGO function in RNAI.

In the characterization of Pem-AGO function, three regions located in the coding
sequence of Pem-Ago were selected to synthesize three double-stranded RNAs; ds1,
dsPIWI and dsPAZ. The ds1 is corresponded to the sequence 5’ upstream of the PAZ
domain. This region is not conserved among different Argonaute proteins, therefore
dsl is expected to specifically knockdown only the Pem-AGO sequence identified in
this study. Alternatively, dsPIWI and dsPAZ were synthesized from the conserved
sequences in the PIWI and PAZ domains, respectively, and thus should target all the
Argonaute transcripts that contain similar PAZ and PIWI sequences. The Oka cell

culture that was transfected with 2 pg of ds1, dsPIWI and dsPAZ for 24 h showed the
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27%, 23% and 31% reduction in Pem-AGO transcript level comparing with the Pem-
AGO transcription the control cells. At 48 h after transfection the cells that were
transfected with all three types of Pem-AGO dsRNA exhibited similar levels of
reduction at approximately 30% of that in the control cells (Figure 40-42). The result
suggested that three dsSRNAs of Pem-AGO showed comparable level of activity in the
inhibition of Pem-AGO mRNA expression in the Oka cells. The efficacy of siRNA
generated from long dsRNA to silence the target mRNA depends on several factors
such as the 5’ end thermodynamic stability of the anti-sense strand and the
accessibility to the target sequence (87). The results of Pem-AGO silencing by dsRNA
in this study are similar to that of the knockdown of the rat Argonaute (GERp95) by
specific siRNA in which approximately 50% depletion in GERp95 mRNA level was
observed at 24 and 48 h after transfection (86). One possible explanation for this
incomplete knockdown of Argonaute expression by specific dSRNA or siRNA is that
certain level of Argonaute expression is required to maintain RNAi machinery in the
cells. Upon the acquisition of Argonaute dsRNA, the Argonaute proteins that are
already presence in the cells will be utilized to repress Argonaute expression. At
certain time, once the Argonaute protein level is decreased due to the silencing of its
expression, the RNAi will become less effective, and allows de-repression of
Argonaute expression, thus produce more Argonaute mRNA once again. The more
substantial level of Argonaute knockdown could be achieved by using longer dsSRNA
that would give higher possibility to produce more effective siRNA or by knocking
down the gene that encodes the Argonaute protein (86).

The unrelated dsRNA, dsGFP, was used to demonstrate specificity of Pem-AGO
dsRNA to knockdown Pem-AGO mRNA. However, a small reduction in Pem-AGO
mRNA level (approximately 15% less than the control) was still observed in the cells
transfected with dsGFP (Figure 41). It has been reported that double-stranded RNA
targeting the unrelated control gene, GFP, showed the induction of partial protection
of antiviral defense in Litopenaeus vannamei by non-specific knockdown (88).
Therefore it is possible that the slight decrease in Pem-AGO mRNA level by the
unrelated dsGFP may be the result of this non-specific knockdown mechanism of
dsGFP to the Argonaute transcript. In mammalian cell, non-specific antiviral defense

by dsRNA is activated through the dsRNA recognition receptor called Toll-like
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receptor 3 (TLR3) (89, 90). TLR3 is the germline-encoded family which recognized
pathogen molecule, host protein-associated pathogen and including dsRNA from viral
infection (91). In the presence of dsRNA, TLR3 induces the synthesis of type I
interferon which activates two proteins. First protein is the RNA-dependent protein
kinase (PKR) which inhibites viral protein synthesis (92). The second protein is 2°-5’-
oligo adenylate synthetase which activates RNase L to degrade RNA in a non-specific
sequence (89). Therefore, similar to the mammalian cell, dSRNA in the shrimp cell
may induce both sequence-specific-gene suppression by RNAi and non-specific
sequence suppression of protein synthesis and enhancement of mRNA degradation by
recognizing through TLR3 (89). The Toll-like receptor has been found in P. monodon
(93) and the gene that controls the immune function homolog to the interferon
response, STAT, was also found in shrimp (94). Therefore, this toll-like receptor may
be involved in sequence-independent antiviral immunity in shrimp (93). It is possible
that there is the evolutionary link between innate antiviral immunity triggering by
dsRNA in both vertebrate and invertebrate (88). These evidences support that
induction of dsRNA in shrimp may go through two pathways, sequence-independent
immunity and sequence-specific gene silencing of RNAi (95).

To determine the ability of Argonaute-depleted cells to drive RNAi pathway, a
dsRNA corresponding to the endogenously expressed 5-hydroxytryptamine (5-HT)
receptor gene was co-transfected with Pem-AGO dsRNAs into the Oka cells.
Preliminary study suggested that transfection of the Oka cells with 2 ug of dsRNA of
5-HT receptor (ds5-HTR) triggered the inhibition of 5-HT receptor mRNA level at 48
h after transfection (96). In this study the efficiency of RNAi to knockdown 5-HT
receptor expression by ds5-HTR in the Pem-AGO depleted environment (induced by
co-transfection of Pem-AGO dsRNA) was investigated. At 72 h after transfection, the
cells that were transfected with the combination of two Pem-AGO dsRNA (dsl and
dsPIWI) showed no inhibitory effect on 5-HT receptor mRNA level comparing to the
control cell into which no dsRNA was introduced. This demonstrated that dsSRNA of
Pem-AGO did not have any effect on 5-HT receptor expression and thus confirm
specificity of using dsRNA to silence mRNA target. The expression of 5-HT receptor
mRNA was dramatically decreased in the cells transfected with ds5-HTR alone to the

level of 15% of that expressed in the control cells. On the contrary, the expression of
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5-HT receptor mRNA could be restored to a substantial extent by co-transfection of
dsl or dsPIWI with ds5-HT (Figure 43). This demonstrates that depletion of Pem-
AGO mRNA leads to the impairment of RNAi1 mechanism in the cells. Similar level of
the impaired siRNA in the cells that were depleted for Argonaute was also reported in
the rat cells in which the ablation of Argonaute, GERp95, caused a de-repression of
neuropeptide Y (NPY) gene expression from dsRNA that targeted NPY (86). As a
result, Pem-AGO could be therefore considered as an essential component in the
RNAIi in P. monodon.

In addition, RNAIi in the cells that had acquired Pem-AGO dsRNA was also
investigated with exogenous dsRNA corresponding to the protease gene of YHV
(dsYHV). It has been reported that the Oka cell culture that was transfected with 1 pg
of dsYHV followed by infection with 10~ titer of YHV showed complete inhibition in
the YHV mRNA level at 48 h post-infection (84). In contrast to the result of the effect
on expression of endogenous gene 5-HT receptor, co-transfection of ds1, dsPIWI or
dsPAZ with dsYHV into the Oka cells was unable to rescue the expression of YHV in
the cells comparing with the cells that received dsYHV alone. Although slight
recovery of the YHV mRNA level was observed when dsYHV was co-transfected
with dsl, the effect is not significantly different from the inhibited level in the cells
transfected with dsYHV alone (Figure 44). The different effect of Pem-AGO depletion
on the efficiency of RNAIi against 5-HT receptor and YHV protease genes could be
explained by the difference in the time at which their siRNA products meet the targets.
Since 5-HT receptor is normally expressed in the lymphoid organ, the RNAi can
function to degrade 5-HT receptor mRNA once the cells were administrated with ds5-
HTR. Therefore if Pem-AGO was depleted by co-transfection with Pem-AGO dsRNA,
the effect on the efficiency of RNAI to silence the expression of 5-HT receptor could
be simultaneously observed. On the other hand, in the experiment with dsYHV, the
cells were infected with YHV virus at 40 h after double-stranded RNA transfection
and the cells were harvested at a further 72 h after viral infection. Therefore, the total
time in collecting cell in this experiment is 112 h after administrated with dsSRNA. At
this time, it is possible that Pem-AGO level was recovered and therefore relieved the
RNALI activity against dsSYHV. Since the siRNA is unstable as a result from its short
half-life, it has been reported that the effective duration in the transfection by using the
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siRNA to mediate gene silencing should not be longer than 96 h post transfection (97-
99). In order to obtain a more promising result of Pem-AGO depletion on the RNAi
against dsYHV, appropriate duration of dsRNA transfection and YHV infection must
be determined.

In summary, the Pem-AGO could be considered as one of the factors that
associate with RNAi pathway in the shrimp P. monodon. This is supported by several
evidences from this study; 1) Pem-AGO are closely related to dAgol of D.
melanogaster that has been shown for its role in RNAi pathway. 2) Pem-AGO
contains the two signature, PAZ and PIWI domains of the Argonaute family with the
conserved functional residues. 3) The depletion of Pem-AGO had an impact on the

RNAI activity in shrimp cells.
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CHAPTER VII
CONCLUSION

7.1 The virtual transcript of a cDNA encoding Argonaute protein of P. monodon
(Pem-AGO) was revealed by combination of the sequences from four overlapping
cDNA fragments obtained by RT-PCR and RACE.

7.2 The cDNA harbouring the entire coding sequence of Pem-AGO was
successfully cloned by means of RT-PCR with gene specific primers designed from
the 5’end (the first ATG codon that is in-frame with the translated product) and 3’ end
(the TAA codon) of the combined virtual transcript.

7.3 The entire coding sequence of Pem-AGO is 2,829 nucleotides in length. The
deduced amino acid sequence of Pem-AGO revealed a significant degree of 85%
identity to Argonaute protein 1 of D. melanogaster. The Pem-AGO contained two
conserved domains in Argonaute family, PAZ (417 bp) and PIWI (987 bp).

7.4 1In the 5’region of Pem-AGO coding sequence, two types of sequences that
are distinguished by the presence or the absence of nine nucleotides at position 319-
327 were found suggesting the presence of two variants of Pem-Ago cDNA in P.

monodon.

7.5 Three different regions located in the coding sequence of Pem-AGO were
selected to synthesize three double-stranded RNAs; ds1, dsPIWI and dsPAZ. These
dsRNAs of Pem-AGO were used to transfect into the primary Oka cell culture to

investigate the function of Pem-Ago in RNAI.
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7.6 The dsl, dsPIWI and dsPAZ showed comparable level of activity that
exhibited 30% inhibition of Pem-AGO mRNA transcript in the Oka cells at 24 and 48

h after transfection.

7.7 The depletion of Pem-AGO experiment in the Oka cells caused the
impairment of RNAI activity on endogenous gene (5-HT receptor) by specific dSRNA
(ds5-HTR) that could be detected at 72 h after transfection. On the other hand, no
significant impact of Pem-AGO depletion on RNAi mechanism against exogenous

gene (dsYHV) was observed.

7.8 The Pem-AGO could be considered as one of the factors that is associated
with RNAI pathway in the shrimp P. monodon due to the presence of conserved
domain, PAZ and PIWI, and the impact on the RNAI activity in shrimp cell culture.
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NCloN N | SSMVKELL IQFYKSTRFKPNRITLYRDGVSEGQFQTVLQHELTAMREACIKLEADY KP i)
ELSSMVKELLIQFYKSTRFKPNRIILYRDGVSEGQFQTVLQHELTAMREACIKLEADYKP

AGOL : CINRAENIOIN : 249
AGOS : CGNREVNIOY - 222

GITYITAVQK

Appendix 1. The alignment of deduced amino acid sequence between short and
long form of Pem-AGO

The alignment was conducted by Clustal X program. The amino acid
sequences that are identical between two forms are highlighted in black. The deletion
of eighty-one nucleotides sequence (27 amino acids) of the short form was shown in

rectangular.
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Appendix 2. Tissue distribution of Pem-AGO transcripts by RT-PCR

Tissue specific expression of Pem-AGO mRNA was performed using
RT-PCR strategy with gene specific primers PIWI-F and PIWI-R. The cDNA template
in this study were kindly provided by Dr. Chalermporn Ongvarrasopone. The
expression of Pem-AGO mRNA was detected in all tissues at the expected size of 1
kb. The PCR products were observed on 1% agarose gel electrophoresis. The upper
panel represents RT-PCR of actin transcripts from each tissue. The lower panel
represents the RT-PCR analysis of Pem-AGO mRNA expression in various P.
monodon tissues. Lanes 1, 2, 3, 4, 5, 6 and 7 represent the Pem-AGO transcript in
nerve, hepatopancreas, ovary, gill, heart, abdominal muscle and lymphoid organ

respectively.
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gn| | cDD30001, CD-Length = 144 residues, 100%o aligned
Score = 128 bits (324), Expect = 3e-30

Query:
Sbhjct:

Query:
Sbjct:

Query:
Shjct:

283

343

57

403
114

AQAVIEFMCEVLDIREIGEQRKPLTDSQRVKFTKE IKGLKIEITHCGAMRRKYRVCNVTR
AQPVIEFLKEFLGFDTP----LGLSDNDRRKLKKALKGLKVEVTHRGNTNRKYKIKGLSA

RPAQMQSFPLQLENGQTVECTVAKYFLDKYKMKLRFPHLPCLQVGQEHKHTYLPLEVCNI
EPASQQTFEL---KDGEKE I SVADYFKEKYNIRLKYPNLPCLQVGRKGKPNYLPMELCNI

V 403
vV 114
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342
56

402
113

Appendix 3. The identical consensus sequence of deduced amino acid sequence of
PAZ domain from Pem-AGO
The deduced amino acid sequence of PAZ domain of Argonaute protein

in P. monodon was submitted to blastp program. The result from NCBI conserved

domain search showed that the conserved PAZ domain exhibited a significant identity
to the gn | |cDD30001 sequence of PAZ domain in the cdd.v2.06 database.
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gn | | cDD23311, CD-Length = 300 residues, 99.7 % aligned
Score = 339 bits (870), Expect = 1e-93

Query: 5 QLVCVILPGKTP-VYAEVKRVGDTVLGMATQCVQAKNVNKTSPQ-TLSNLCLKINVKLGG 62
Shjct: 1 L1VVVLPDENKPDVYYEIKKRELTDLGIPSQCIRLKTLKKRNKQFTLTNVLLKANMKLGG 60

Query: 63 INSILVPGIRPKVENEPV I FLGADVTHPPAGDNKKPS I AAVVGSMDAHPSRYAATVRVQQ 122
Sbjct: 61 LNYKL--NITEPEPPLKPTL I IGFDVSHPNGGNGNNPSVAGVVANMDSHGTKFRGGVREQP 118

Query: 123 HRQNGSTTQGQSASDGSRPRQLTFARTAHDEVIQELSSMVKELLIQFYKSTRFKPNRIIL 182
Sbjct: 119 AGQ-------——-——————m ELLTDLKKIIKESLRSFYKSTRKLPKRITV 151

Query: 183 YRDGVSEGQFQTVLQHELTAMREACIKLEADYKPGITY IAVQKRHHTRLFCSDKKEQSGK 242
Sbjct: 152 YRDGVSEGQFSQVLNYEVNQIKEACKTLSESYNPKLTVIVVQKRHHTRFFASDK---RDG 208

Query: 243 SGNIPAGTTVDVGITHPTEFDFYLCSHQGIQGTSRPSHYHVLWDDNHFDSDELQCLTYQL 302
Sbjct: 209 PQNPPPGTVVDDKITSPEYYDFYLCSQAGRQGTVKPTHYTVLYDEWGLSPDELQDLTYKL 268

Query: 303 CHTYVRCTRSVSIPAPAYYAHLVAFRARYHL 333
Sbjct: 269 CYMYQRSFRPVSLPAPVYYAHLLAKRGRNNL 299

Appendix 4. The identical consensus sequence of deduced amino acid sequence of
PIWI domain from Pem-AGO

The deduced amino acid sequence of PIWI domain of Argonaute
protein in P. monodon was submitted to blastp program. The result from NCBI
conserved domain search showed that the conserved PIWI domain exhibited a
significant identity to the gn | |cDD23311 sequence of PAZ domain in the cdd.v2.06

database.
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