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ABSTRACT
         Neurotransmitters are involved in many physiological regulations in crustaceans 
as well as in mammals. The black tiger prawn (Penaeus monodon) is an economically 
important animal in Thailand and South East Asian countries. Therefore, the study of 
their neurotransmitter receptors will lead to an understanding of their physiological 
mechanisms and can be used to improve prawn production in the future. Octopamine 
and tyramine are neurotransmitters that are involved in many physiological aspects 
such as ovarian muscle contraction and learning behavior. The purposes of this study 
were to clone neurotransmitter receptors from black tiger prawns and to analyze their 
tissue distribution profiles. In this study, total RNA from brain and thoracic ganglia of 
P. monodon was isolated and used to perform reverse transcription. The first strand 
cDNA was used to perform PCR with degenerate primers in the conserved sequences 
of the third and the seventh transmembrane domains of G-protein coupled receptors. 
A PCR product of about 850-bp was sequenced. Two variants, 53 and 60 variants, 
were obtained. These sequences were used to design primers to determine 3/ and 5/

ends. Amplification of the 3/ end was determined by 3/ Rapid Amplification of cDNA 
Ends (3/ RACE). Two PCR products with different sizes, L-3RACE and S-3RACE, 
were obtained. In addition, 5/ end was amplified from a black tiger prawn’s DraI 
Genome WalkerTM library. One 800-bp 5/ end product was obtained. DNA 
amplification of the full-length gene was performed in genomic DNA. The full-length 
fragment, Pm-OA/TyrR-53 contained the sequences corresponding to the 5/ end 
product, 53-variant middle sequence and L-3RACE. Its longest open reading frame 
was 1329 nucleotides coding for 443 amino acids. In addition, the partial sequence, 
Part-Pm-OA/TyrR-60, had sequences corresponding to the 60-variant middle 
sequence and S-3RACE. The 5/ end of this gene could not be cloned. Its coding 
region was 894 nucleotides coding for 298 amino acids. They reveal the sequence 
similarity to octopamine/tyramine receptor negatively coupled to adenylate cyclase. In 
female wild broodstock prawns, the expressions of both 53 and 60 variants were 
detected in brain and thoracic ganglia and heart. Only the 53 variant was detected in 
ovaries whereas only the 60 variant was detected in the abdominal muscle, suggesting 
that both variants may be involved in different physiological regulation and may have 
different functions in various tissues of P. monodon.
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บทคัดยอ
        สารสื่อประสาทมีความเกี่ยวของกับกระบวนการทางสรีรวิทยาในสิ่งมีชีวิต ดังนั้นการศึกษาตัว
ตอบรับของสารสื่อประสาทในกุงกุลาดํ านาจะทํ าใหเกิดความเขาใจถึงกลไกการตอบสนองตอสาร
ส่ือประสาทและนํ าไปใชในการเพิ่มผลผลิตกุงได octopamine และ tyramine เปนสารสื่อประสาทที่
เกี่ยวของกับกระบวนการทางสรีรวิทยาหลายประการ เชน การหดตัวของกลามเนื้อบริเวณรังไข 
พฤติกรรมการเรียนรู จุดประสงคของการศึกษานี้คือการโคลนตัวตอบรับของสารสื่อประสาทจาก
กุงกลุาด ํา และศึกษาการแสดงออกในอวัยวะตางๆ การศึกษานี้ RNA จากระบบประสาทถูกนํ ามา 
สราง cDNA โดย reverse transcription และนํ ามาทํ า PCR โดยใช degenerate primer ซ่ึงออกแบบ
จากลํ าดับกรดอะมิโนอนุรักษในชวง transmembrane ที่ 3 และ 7 ของตัวตอบรับสารสื่อประสาท
ชนดิ G-protein coupled receptor ผลทดลองพบผลผลิตขนาด 850 นิวคลีโอไทดซ่ึงพบวามี 2 รูป
แบบ ไดแก แบบ 53 และ 60 ลํ าดับนิวคลีโอไทดที่ไดนี้ถูกนํ ามาออกแบบ primer เพื่อโคลนช้ินสวน
ดาน 3/ และ 5/ โดยวิธี 3/ RACE และ วิธีเพิ่มจํ านวนใน DraI genome walker library ตามลํ าดับ ขอ
มลูทีไ่ดถูกนํ าไปออกแบบ primer เพื่อสรางชิ้น full length gene ในการศึกษานี้สามารถโคลนชิ้น 
full length gene ของ แบบ 53 (Pm-OA/TyrR-53) และ ช้ินที่ขาดสวนทาง 5/ ของแบบ 60 (Part-Pm-
OA/TyrR-60) จาก genomic DNA Pm-OA/TyrR-53 ประกอบดวยสวนของ open reading frame 
ถอดรหสัได 443 กรดอะมิโน สวน Part-Pm-OA/TyrR-60 ประกอบดวยสวนของ coding region 
ถอดรหัสได 298 กรดอะมิโน ทัง้คูมีความคลายคลึงกับตัวตอบรับ octopamine/tyramine ชนิดยับยั้ง
การทํ างานของเอนไซม adenylate cyclase แตยีนทั้ง 2 แบบ มกีารแสดงออกที่แตกตางกันในกุงแม
พนัธุ โดยทั้งคูพบการแสดงออกที่ สมองและปมประสาทชวงอก และหัวใจ รังไขมีการแสดงออก
เพยีงยนีแบบ 53 สวนในกลามเนื้อชวงทองมีการแสดงออกเพียงยีนแบบ 60 เทานั้น
184 หนา.  ISBN 974-04-3075-9
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CHAPTER I

INTRODUCTION

1.  General Background of Crustaceans
       Crustaceans are a member of kingdom Animalia, phylum Arthropoda and 

subphylum Crustacea. They consist of some 35,000 species of crab, shrimps, lobsters, 

crayfish, barnacles, water fleas, pillbugs and related groups (1). In general, 

crustaceans are mainly aquatic arthropods with 2 pairs of antennae, 3 pairs of 

appendages and their exoskeleton often hardened by calcification. Their appendages 

are basically biramous (Y shape). Unlike insects, crustaceans have varying numbers 

of pairs of legs on both abdomen and thorax. The nauplius larva stage through which 

crustaceans pass provides evidence that all members in this diverse crustacean group 

are descended from a common ancestor (2, 3).

       The crustacean nervous system displays varying degrees of concentration and 

fusion. For examples, in crayfish, the ventral cords and their ganglia are fused 

medially into a single cord and ganglionic series (2, 3). The brain and thoracic ganglia 

of the central nervous system of Penaeus monodon which is a member of crustaceans 

are shown in Figure 1.

       Crustaceans have an open circulatory system including a dorsal heart. However, 

in simpler crustaceans, the heart and even arteries may be absent and the circulatory 

system may be represented only by blood sinuses (3).

       The digestive tract is generally straight, extending from the ventral mouth into a 

tubular esophagus often expanded into a grinding stomach. The short midgut usually 

gives off ceca, one pair of which is often expanded into a large, solid digestive gland 

that secretes most of digestive enzymes. Digestion occurs in the midgut and grinding 

stomach. Absorption takes place through the wall of the midgut and tubules of the 

digestive gland. The intestine will compact the undigested residues into feces which is 

eliminated by the anus (3).
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       For gas exchange, the larger crustaceans have feathery gills near the bases of their 

legs. In the smaller ones, gas exchange takes place directly through the thinner areas 

of the cuticle or the entire body. The nitrogenous waste excretion also takes place 

mostly by diffusion across thin areas of cuticles such as gills (1).

       Gills, hepatopancreas and antennal gland are transporting epithelia that are 

involved in mass transcellular movement of calcium ions while preventing 

cytotoxicity (4).

       The reproduction of crustacean is always sexual, except for certain ostracods and 

branchiopods that reproduce pathenogenetically. Most crustaceans are dioecious. The 

paired gonads are located in the dorsal part of thorax or abdomen (3). For example, 

the ovary of female wild broodstock P. monodon is located dorsally in the thorax and 

abdominal part as shown in Figure 2.

       The internal anatomy of Penaeidae shrimp is shown in Figure 3.

       1.1  Decapod crustacean

The term decapod means “ten-feet”. Decapod crustaceans are large, 

primarily marine crustaceans such as shrimps, lobsters, and crabs, along with their 

freshwater relatives, the crayfish. Their exoskeletons are usually reinforced with 

calcium carbonate making it harder than that of most other arthropods. Most of their 

body segments are fused into a cephalothorax which is covered by a dorsal shield or 

carapace (1, 2).
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Figure 1.  Brain and thoracic ganglia of Penaeus monodon (5)

Figure 2.  Mature ovary of broodstock female P. monodon (dorsal view)

Cerebral ganglia (brain)

Suboesophageal ganglia

Thoracic ganglia

Mature ovary
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Figure 3.  The internal anatomy of Penaeidae sh

removed (6)
Abdominal muscle
rimp. In this picture, gill parts are
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       1.2  Black tiger prawn

               The black tiger prawn, Penaeus monodon Fabricius, is classified into order 

Decapoda, family Penaeidae. The black tiger prawn (Figure 4) is one of the most 

economically important animals in Thailand and South East Asian countries. Thai 

shrimp farming started in the early 1980s and really began to expand in mid 1980s. 

Before 1984, Thailand harvested as much as 90% of its shrimps from natural 

resources, mainly the gulf of Thailand. In 1987, shrimp culture focusing on black tiger 

prawns took off in Thailand, and spread quickly along the coast (7). At present, the 

growth of world shrimp production has continued to expand through the year 2000 

with output reaching a record 4.2 million metric tons (MT) and the black tiger prawn 

is the most important species with world production in the year 2000 at 840,000 MT, 

up 4 % from 1999 (8). The output of prawn in Thailand has risen rapidly and it is now 

the world’s top producer of black tiger prawn by sending abroad 250,000 tons of the 

product which is worth US$ 1.7 billion in 1994 (7).

               However, at present prawn farming faces several problems such as reduction 

in wild broodstock, viral infections, water quality, etc. The other important problem in 

prawn cultivation is an effective control of the reproduction of cultured stock. While a 

number of species can be spawned in culture, for some such as P. monodon, pond-

reared animals remain difficult to spawn effectively (9). Due to lack of knowledge in 

a basic prawn molecular biology and endocrinology, the information about prawn 

physiology, especially reproduction should be studied. It will be necessary for 

practical applications in the future.

               Therefore, in order to achieve higher prawn production, an understanding of 

prawn molecular endocrinology will be necessary to develop effective hormonal 

controls on prawn reproduction.
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Figure 4.  The illustration of P. monodon showing external anatomy (10)
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2.  Neurohormonal Regulation of Crustacean Physiology
        In crustacean the first evidence of hormonal activity was obtained in the 1920’s 

about the crustacean color changing substance. After that, a wide variety of 

physiological processes have been shown to be controlled by hormones in crustaceans 

(11, 12). The crustacean endocrine system consists of classical epithelial-type 

endocrine glands and endocrine structures of neural origins, the neurosecretory cells 

and neurohemal organ (11). Biogenic amine neurotransmitters are one of the 

substances that have been found in crustacean as well as in mammal. In mammals it 

has been shown that neurotransmitters regulate many physiological processes. For 

example the secretion of luteinizing hormone (LH) can influence various 

neurotransmitters such as dopamine (DA) and norepinephrine (NE) (11). The 

importance of neurotransmitters has also been studied in crustaceans. Recently, 

biogenic amine neurotransmitters have been demonstrated to play an important role in 

the growth and reproduction of crustacean (11).

        2.1  Biogenic amine neurotransmitters

               Biogenic amines are substances such as the amino acids glycine and 

glutamate. Many others are amino acid decarboxylation products of their derivatives 

(13). Biogenic amines in crustaceans function mainly as neurotransmitters and 

neuromodulators. In addition, some biogenic amines serve as neurohormones in the 

hemolymph. Neurotransmitters transfer information from neuron across a synapse 

either exciting the post-synaptic cell into action or inhibiting its activity, whereas 

neuromodulators are released from a neuron to amplify or decrease the activity of one 

or more neuron (14). Biogenic amine neurotransmitters such as serotonin or              

5-hydroxytryptamine (5-HT), dopamine (DA) and octopamine (OA) have been shown 

to play essential roles in reproduction and molting in crustaceans. All of them are 

present in the crustacean nervous system (11).
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                2.1.1  Serotonin or 5-hydroxytryptamine (5-HT)

                       5-hydroxytryptamine is synthesized by hydroxylation and 

decarboxylation of tryptophan. In mammals 5-HT is involved in a variety of 

behaviors such as sleep, circadian rhythms, locomotion, thermoregulation and 

emotions (15). In invertebrates it is also involved in many physiological mechanisms 

such as male mating behavior in Caenorhabditis elegans (16). In crustaceans it is 

involved in stimulating ovarian maturation by inducing the release of gonad 

stimulating hormone (GSH) from the brain and thoracic ganglia (17).

Figure 5.  Serotonin or 5-hydroxytryptamine (5-HT) (18)

               2.1.2  Dopamine (DA)

                       Dopamine is synthesized by using tyrosine as a precursor. It is found in 

both the central and peripheral nervous systems and is involved in a variety of 

important physiological and behavioral processes such as neuroendocrine function, 

emotion and motor control (19). In crustacean, dopamine can inhibit ovarian 

maturation by antagonizing the ovarian stimulatory action of 5-HT. It has been 

proposed to inhibit the release of GSH and/or to stimulate the release of gonad 

inhibiting hormone (GIH) (20).

Figure 6.  Dopamine (DA) (18)
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                2.1.3  Octopamine (OA)

                        Octopamine is synthesized by using tyrosine as a precursor. Unlike 

serotonin and dopamine, octopamine is restricted to invertebrate species. Octopamine 

modulates almost every physiological process in invertebrates. Most of peripheral 

organs, sense organs and numerous targets within the central nervous system (CNS) 

are modulated by octopamine (21). For example, female Drosophila with a defect in a 

gene that converts tyramine to octopamine is unable to lay eggs (22). Octopamine also 

mobilizes diacylglycerols from the fat body in insect (21). In crustacean, octopamine 

significantly stimulates contraction of the ovarian muscle in a dose-dependent manner 

(23).

Figure 7.  Octopamine (OA) (18)

               2.1.4  Tyramine (Tyr)

                         Tyramine is synthesized by using tyrosine as a precursor. It has a 

structure related to octopamine. It is an intermediate in the octopamine synthesis 

pathway. Some evidences show that tyramine has some specific functions even 

though it is a precursor of an octopamine. For example, mutant Drosophila that is not 

able to synthesize tyramine fails to become sensitized to cocaine. This effect is 

rescued by feeding the flies with tyramine (24).

Figure 8 Tyramine (Tyr) (18)
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       2.2  The roles of octopamine and tyramine

               From previous section the general characteristics and functions of 

neurotransmitters were described. In this section, the focus will be on the role of 

octopamine and tyramine in invertebrates and crustaceans. Octopamine and tyramine 

have a physiological role restricted to invertebrates. In vertebrates, they present as a 

trace amine, and it appears that the octopaminergic system of invertebrates and 

noradrenergic system of vertebrates are homologous. The function of octopamine is 

thought to act as “stress hormone” in peripheral tissues. It also involved in the 

regulation of general neuronal activities and in the motivation of organisms (21).

The common metabolic pathway of octopamine and tyramine is shown here.

Tyrosine                              Tyramine                                Octopamine

        tyrosine decarboxylase               tyramine-β-hydroxylase

               In most invertebrates, octopamine is synthesized from tyramine by tyramine 

β-hydroxylase. Tyramine decarboxylase converts tyrosine to tyramine (21, 25). The 

tyramine-β-hydroxylase gene has already been cloned in Drosophila (22).

               2.2.1  Localization of octopamine

                       The localization of octopamine has been studied in many invertebrate 

species. The highest octopamine concentration could be found in the salivary glands 

of Octopus vulgaris in the range of millimolar and exceeded all other known natural 

sources of octopamine (26). In the nervous tissue of different invertebrates, the 

concentration of octopamine has been detected higher than 10 mg/g tissue. However, 

it is varied among invertebrate species such as insects, annelids and molluscs (21). 

For peripheral organs such as insect oviduct or flight muscles, octopamine 

concentrations are detected in the range of 1 mg/g tissue. In other tissues of insects, 

other muscles, the fat body or the salivary gland, octopamine is detected in low 

concentration (21).

                       Octopamine is also detected in the central nervous system of 

crustaceans such as Homarus americanus (27) and Palaemonetes varians (28). 

Octopamine presents in eyestalk, brain and hemolymph of Pacifastacus leniusciulus

(29). By an immunohistochemical technique, only 86 OA-containing neurons were 

identified in the entire nervous system of lobster (Homarus americanus). The 

neurosecretory system is organized segmentally in the suboesophageal and thoracic 
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ganglia. It is believed to be a major source of octopamine in hemolymph of this 

species of lobster (30, 31). Octopamine can be metabolized in muscle and central 

nervous system of Astacus leptodactylus (32).

               2.2.2  Localization of tyramine

                       Tyramine is identified by using mass spectrometry. It was found in 

ventral nerve cord, abdominal muscle, heart and stomach of Homarus americanus

(25). In Palaemonetes varians, labeled tyramine was recovered from the eyestalks and 

brain after the radioactive tyrosine had been injected (28). The distribution patterns of 

octopamine and tyramine are different in the locust nervous system (33). Due to the 

fact of tyramine’s widespread distribution in the lobster’s tissues and the different 

pattern of octopamine and tyramine in the locust, it should have physiological roles 

other than simply serving as an octopamine precursor (25).

               2.2.3 Physiological functions of octopamine

                       Octopamine modulates almost every physiological process. It 

modulates numerous peripheral tissues such as flight and other muscles, endocrine 

organs, oviduct and heart. Octopamine is also involved in sensory and central nervous 

system function such as olfaction, vision and learning and memory processes (21).

                       In ovary, octopamine stimulates ovarian muscle contraction. The ovary 

of the lobster, Homarus americanus is encased by a non-striated muscular wall, that 

has been proposed to contract and extrude the oocytes during spawning. An in vitro

study showed that octopamine significantly stimulated ovarian muscle contraction in a 

dose dependent manner (10-6 –10-4 M). In contrast, this contraction was inhibited by 

an elevation of cAMP  (23). The oocyte itself also responds to octopamine. The 

immature, growing oocytes of the crayfish Pacifastacus leniusciulus responded to 

octopamine by changing membrane potential (34). Electrical properties of oocytes 

and the changes in their activities have been correlated with the processes of 

maturation and fertilization (35).

                       In heart, several neurotransmitters such as dopamine, serotonin and 

octopamine affect heart performance. These neurotransmitters may act at a number of 

different levels in the cardiovascular system. They can possibly act on cardiac 

ganglia, myocardium, cardioarterial valves and central nervous system via dorsal 

nerves (36). The crayfish Procambarus clarkii has a neurogenic heart with input from 
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the central nervous system and neurohormone can act on the cardiac ganglia or 

directly on the myocardium. Experiments on the effects of these neurotransmitters 

have been studied during developmental stages. Octopamine, serotonin and proctolin 

at comparable concentration did not modulate the stoke volume of the heart in an 

early developmental stage although they have an effect in a later developmental stage. 

This result shows that regulatory mechanisms of the heart in early and adult stages of 

crayfish are different (37).

                        In muscles octopamine, serotonin and dopamine can increase cAMP 

levels in lobster exoskeletal muscles and cause changes in muscle tension and the 

strength of nerve evoked contraction (38). The opener muscles of the walking legs of 

the crayfish also respond to octopamine to increase contractions (39).

                        Serotonin and octopamine play an important role in the regulation of 

behavior in crustacean such as lobsters. Upon injection of octopamine, the animals lie 

close to the surface in an extended posture with their limbs and abdomen extended. In 

contrast, animals injected with serotonin stand high on the tips of their flexed walking 

legs with their abdomen tucked under themselves (40). Octopamine is also involved 

in the sensory system. Visual input into the brain and processing of the visual 

information of various invertebrates such as horse shoe crab and various insects has 

been shown to be modulated by octopamine in a complex manner (21).

               2.2.4 Physiological functions of tyramine

                       In contrast to octopamine, the physiological role of tyramine is less 

well understood. However, there is some evidence for tyramine functions. For 

example, tyramine has a down regulating influence on trehalogenesis in cockroaches 

(41) and cocaine sensitization of Drosophila (24).
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3.  G-protein Coupled Receptors (GPCR)
       This group of receptors is a large family. In vertebrates, this family contains 

1,000-2,000 members (>1% of the genome). Similarly, the Caenorhabditis elegans

genome encodes approximately 1,100 GPCRs (5% of the genome) (42). In 

Drosophila, the genome sequence shows approximately 200 genes coding for GPCRs 

(160 GPCRs + 49 olfactory receptors) (43).

                The characteristics of GPCR compose of 7 transmembrane domains with    

3 extracellular loops and 3 intracellular loops. N-terminal and C-terminal parts locate 

in extracellular and intracellular regions, respectively. It transfers the signal via an 

interaction with G-protein. G-protein is a heterotrimeric protein composed of α, β and 

γ subunits (Gα-βγ). The signal transfers via a catalytic exchange of GDP-GTP leading 

to dissociation of Gα and Gβγ subunits. Consequently, Gα and Gβγ subunits modulate 

their effectors. Gα subunits can be divided into subtypes depending on their activities 

on effector molecules. Gαi inhibits adenyltate cyclase (AC) whereas Gαs stimulates 

adenylate cyclase. Gαq stimulates phospholipase C (PLC) and subsequently increases 

Ca2+ levels in cytoplasm (44). Furthermore, it has been shown that GPCRs can 

transmit the signal through mechanisms that act independently from G-protein       

(44, 45).

                Ligands of this receptor group can be various types of substrate such as 

biogenic amines, amino acids, peptides, proteins or glycoproteins, lipids, eicosanoids, 

purines, nucleotides and ions (Ca2+) (44). The processes of GPCR signaling are 

summarized in Figure 9.

                G-protein coupled receptors in Drosophila can be devided into 4 families. 

There are rhodopsin-like; secretin-like; metabotropic glutamate-like and atypical        

7 TM protein. For the biogenic amine GPCRs, they are members of rhodopsin-like 

family. Although their ligands vary considerably in structure, the rhodopsin-like 

GPCRs show sequence conservation within their seven putative transmembrane 

domains (46).



Chetsada Pothiratana  Introduction / 14
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4.  Octopamine/tyramine Receptors
        Octopamine and/or tyramine exert their physiological functions via the 

interaction with their receptors, G-protein coupled receptors. Although the primary 

structure of only few receptors is known, a great deal of information about their 

pharmacology, localization, effectuation, and structure is available (21).

       4.1  The studies of octopamine/tyramine receptors

               The studies of octopamine/tyramine receptor were performed in various 

ways. An octopamine receptor in the central nervous system of the cockroach, 

Periplaneta americana, was first characterized in the second messenger pathway. It 

was identified by its positive coupling to adenylate cyclase (47). Another method in 

studying octopamine receptors is a pharmacological approach. The first attempt to 

classify the octopamine types was performed in locust extensor-tibiae-muscle. The 

three different pharmacological classes based on agonist and antagonist of octopamine 

receptor were identified as class 1, 2A and 2B (48). In addition to the above methods, 

radio-ligand binding assays were used. From this technique, it was possible to 

characterize neuronal octopamine in detail. The other class in neuronal tissues of the 

locust was identified as class 3 (49).

               Nowadays molecular cloning is used to study octopamine receptors. 

Octopamine and/or tyramine receptors in molluscs, insects and nematode have been 

cloned. All of them are G-protein coupled receptors.
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       4.2  The cloned octopamine/tyramine receptors

               Due to the development of molecular cloning techniques, several  

octopamine and/or tyramine receptors have been cloned. The 9 characterized 

receptors were identified in insects, molluscs and nematode. The studies and 

characteristics of these receptors are summarized in Table 1. At present, cloned 

receptors can be classified into 3 main groups based on their sequence similarities and 

second messengers (21).

Figure 10.  Phylogenetic analysis of octopamine/tyramine receptors (21)

                From Table 1, Dro-Tyr, Loc-Tyr, Amtyr1, Hel-OAR and Cel-TyrR are 

clustered in a group that decreases adenylate cyclase activity and results in a reduction 

in cAMP. Lym-OAR1, Ap-OAR1s in Aplysia califonia and A. kurodai and OAMB 

are clustered in a group that increases cAMP. Lym-OAR2 locates in a distinct group 

and shows a totally different coupling. It induces a chloride conductance by direct 

interaction of the receptor with a Cl-channel (21, 50).

                In some receptors, there were more than one study performed. For 

examples, Dro-Tyr receptor was studied in six reports. The Dro-Tyr receptor was 

shown to be negatively coupled to adenylate cyclase and to increase Ca2+ in 

cytoplasm. Expression of the Dro-Tyr receptor in different cell types also showed 

different results. Northern blot analysis showed that this receptor was expressed only 

in the head part. A knock out experiment of this receptor has been performed. The 

knock out flies showed defective olfactory behavior. A mutagenesis study has also 

been performed. However, the significant residue can not be detected (51-56).
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                Some putative octopamine and/or tyramine receptors have been cloned. 

Even though their pharmacological activity and function have not been tested, they 

also showed sequence similarity to the octopamine/tyramine receptor. Only published 

receptors are shown here. The studies and characterization of two putative receptors 

are summarized in Table 2.

Table 2.  The studies and characteristics of putative octopamine receptors in

invertebrates
Simplified

name
(No. aa)

Accession No.

(Original name) Species Type Remark References

Bom-OAR

(479 aa)

CAA64865
(B96 Bom)

Bombyx
mori

cDNA - (60)

Boo-OAR

(419 aa)

CAA09335
(Booph.oct)

Boophilus
micropus

cDNA cDNA sequences from 

amitraz-susceptible and 

resistant animals were 

identical

(65)

                In crustaceans, no octopamine receptor has been cloned. However, two 

putative neurotransmitter, serotonin and adrenergic receptors have been cloned from 

genomic DNA of the barnacle. The results of two cloned receptors are summarized in 

Table 3.

Table 3.  Studies of putative neurotransmitter receptors in Barnacle

(Balanus amphitrite)
Simplified name

(No. aa)
Putative gene Accession No. Type Remark References

Bam-5-HTR
(379 aa)

serotonin
receptor

BAA12013 Genomic

DNA

no intron (66)

Bam-AR
(476 aa)

adrenergic
receptor

BAA11375 Genomic

DNA

no intron (67)

                For Bam-AR, when it was compared to the other octopamine/tyramine 

receptor, it was clustered in a group of octopamine receptors that increased cAMP. 

Therefore, it was renamed to BamOAR (21).
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5. Computer Program Analysis
        In this study, obtained nucleotide sequences were necessary used to analyze 

further because only nucleotide itself is not enough informative. Nucleotide sequences 

were translated into their deduced amino acid sequences. It was used to blast in 

GENBANK database.

        The BLAST (Basic local Alignment Search Tool) is the most commonly used 

suite of programs for sequence database similarity searching. It allows rapid searching 

for sequences similar to a query sequence (68). Several BLAST programs are publicly 

available  by access via the internet. These include the National Center for 

Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov), the Japanese 

GenomeNet server (http://www.blast.genome.ad.jp) and EBI, the European 

Bioinformatics Institute (http://www.ebi.ac.uk). In this study, the blast program that 

was used in this study is tblastn. The tblastn is for comparing a protein query 

sequence against nucleotide sequence databases dynamically translated in all reading 

frames. When using the BLAST program, sequence comparison will be performed in 

a pair-wise fashion. Each comparison is given an alignment score (S), calculated from 

the number of identity residues, mismatch residues and gap penalties reflecting the 

degree of similarity between the query and the sequences that were compared. The 

higher the score, the greater the degree similarity. In addition, significance of each 

alignment is reported as the value of the statistical expectation threshold parameter   

(E value on NCBI webpage). The E value represents the number of different 

alignments with score equivalent to or better than S that are expected to occur in a 

database search by chance. The lower the E value, The more significant the alignment 

score (68, 69).

        After Blast searching, the query sequences were compared to the blasted 

sequence and performed sequence alignment. In this study, Clustal X was used. 

Clustal X is a new windows interface for the ClustalW multiple sequence alignment 

program. This program uses a progressive alignment approach at which the most 

similar of a set of sequences will be aligned first and then the less similar sequences 

will be incorporated into the alignment (70). After sequence alignment, the 

phylogenetic tree is constructed. In ClustalX, the method used is the NJ (Neighbour 

Joining) method of Saitou and Nei. This method is designed to find an approximation 
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to the minimum evolution tree for a set of aligned sequences. This programs give an 

UNROOTED tree and all branch lengths.

        The deduced amino acid sequences were also used to analyze their 

hydrophobicity, transmembrane domains and phosphorylation sites.

        For hydrophobicity plots, Antheprot program was used. The strategy that used is 

the hydrophobicity profile was first described by Kyte and Doolittle (1982) and 

consists in averaging the hydrophobicity index of individual amino acids.

        For predictions of transmembrane domains, the program availiable at

http://www.ch.embnet.org/software/TMPRED_form.html, Tmpred was used. The

Tmpred program makes a prediction of membrane-spanning regions and their

orientation. The algorithm is based on the statistical analysis of TMbase, a database of

naturally occuring transmembrane proteins (71).

        For predictions of phosphorylation sites, the programs available at

http://www.cbs.dtu.dk were used. The programs used in this study are Phosphobase

and NetPhos. Phosphobase, prediction algoritm, is based on substrate consensus

sequence (defined as set of necessary and sufficient primary structure elements in

proximity of phosphoacceptor residue common for all the substrates of that kinase) of

some more popular protein kinases (72). Netphos is a neural network based method

for predicting potential phosphorylation sites at serine, threonine or tyrosine in protein

sequence (73).

http://www.ch.embnet.org/software/TMPRED_form.html
http://www.cbs.dtu.dk/databases/PhosphoBase/


Chetsada Pothiratana Objectives / 22

CHAPTER II

OBJECTIVES

 1.  Rationale
        Neurotransmitters such as serotonin or 5-hydroxytryptamine (5-HT), dopamine 

(DA) and octopamine (OA) play an important role in controlling various 

physiological mechanisms in crustaceans such as ovarian maturation, spawning and 

ovarian muscle contraction. These neurotransmitters are present in crustacean nervous 

system. They mediate their effects by interaction with their receptors at target neurons 

or cells. Therefore an identification of these neurotransmitter receptors in black tiger 

prawns will lead to an understanding of the regulatory mechanisms underlying 

various physiological functions especially prawn reproduction and can be used to 

improve prawn cultivation in the future.

2.  Hypothesis
        The hypothesis of this study is that neurotransmitter receptors exist in the central 

nervous system of Penaeus monodon and are expressed in various tissues in order to 

regulate many physiological functions.

3.  Objectives
        The objectives of this study are to clone neurotransmitter receptor genes from 

brain and thoracic ganglia of Penaeus monodon and to determine the tissue 

distribution analysis of cloned receptors in brain and thoracic, ovary, abdominal 

muscle, heart, hepatopancreas and gill in female wild broodstock of black tiger prawn.
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CHAPTER III

MATERIALS AND METHODS

1.  Materials
       1.1  Animals

               Live juvenile black tiger prawn (15-20 gm each), Penaeus monodon were 

purchased from various shrimp farm in Pathum Thani and Samut Prakan provinces. 

The animals were maintained in aerated artificial seawater until used.

               Freshly isolated tissues of female wild broodstock black tiger prawns were 

collected from commercial farm from southern part of Thailand.

       1.2  Chemicals

                All chemicals used were analytical grade purchased from various suppliers 

(BIO-RAD, Sigma, Fluka, Merck, Pharmacia Biotech) except for the specifically 

indicated ones.

                TRI REAGENT used in this study was purchased from Molecular Research

Center. Guanidine thiocyanate used in this study was purchased from Sigma.

       1.3  Enzymes and accessory buffer

ImProm-IITM reverse transcriptase Promega

Master Taq DNA polymerase Eppendorf

Taq DNA polymerase  Promega

Pfu DNA polymerase  Promega

Terminal deoxynucleotidyl transferase Promega

Klenow fragment DNA polymerase GIBCO BRL

EcoRI Restriction endonuclease Promega

[Site: G^AATCC]

pGEM-T Kit   Promega

GenomeWalkerTM kit CLONETECH
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       1.4  Bacterial strains and plasmids

                Escherichia coli, DH5α [supE44 ∆lacU169 (φ80 lacZ ∆M15) hsdR17 

recA1 endA1 gyrA96 thi-1 relA1] was used as a host for plasmid propagation. 

pGEM-T easy vector (Figure 11) was used in all cloning steps.

       1.5  Synthetic oligonucleotides

               All synthetic oligonucleotides used in this study were purchased from 

GENSET OLIGO and PROLIGO Singapore Biotech. Pte Lid. The list of 

oligonucleotides were shown in Table 4

        1.6  Blotting and hybridization

GeneScreen Plus hybridization transfer membrane NEN Life Science

Radioisotope Amersham Pharmacia Biotech

1.7  Miscellaneous

RNA markers Promega

100-bp marker SibEnzyme

BstEII-digested lamda DNA BioLabs

MspI-digested PBR322 DNA BioLabs

QIAquick PCR purification kit QIAGEN

QIAquick gel extraction kit QIAGEN

 MicrospinTM G-50 column Amersham Pharmacia Biotech

ABI PRISM BigDyeTM Terminator PE Applied Biosystem
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Figure 11. Physical map of pGEM-T easy vector and the multiple cloning sites

       Reproduced from the Promega Technical Manual No.042: pGEM®-T and 

pGEM®-T easy vector system
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Table 4.  List of oligonucleotide primers using in this study
Experiments Primer name Sequence (5/-3/) Size

(bp)

Tm

(oC)

Oligo-dT CCGGAATTCAAGCTTCTAGAGGATCCTTTTTT

TTTTTTTTTT
42 70

Deg-TMIII GTC GCC ATH GCN GTN GAY MGN TAYTGG 27 63RT-PCR

Deg-TMVII TT SAG NGT NGA RTT TAA RTA NCC SAR CCA 29 53
PM1 CCGGAATTCAAGCTTCTAGAGGATCC 26 60.5

3RACE CGCTGGGCATCATCATGGG 19 623/ RACE

N3RACE CCTGCCCTTCTGCCCGAC 18 62
5End GTCGGAGGTGAACACGTCGG 20 66
AP1 GTAATACGACTCACTATAGGGC 22 59

N5End GCTGATGCTCCACACGAGGC 20 66

5/ End

Determination

AP2 ACTATAGGGCACGCGTGGT 19 71
f-OARF AGGAATTCGCAAAGGGAGATTCAAGC

        EcoRI
26 63

f-OARRI AGGGATCCGAAGCATTTACCATCGCTCTTAT

        BamHI
31 67

Amplification

of

Full-length

Sequences

f-OARRII AGGGATCCGTCTCCTCTGAGTATGTATCTCA

        BamHI
31 63

v-OARF-60 GGAAGCAAGGGCCAAGCCT 19 62Verification

of

Full-length

and partial

fragments

v-OARR CACACCACGAACGAACCCAT 20 62

t-OARF1-53 CGGGAAGCCCAAGGACCAG 19 64
t-OARF1-60c GAGCATCAGCGTCATCATCTG 21 53
t-OARF2-53 GAACGGCTACAACGAAACCTAC 22 52
t-OARF2-60 TGGTTACAATGACACCAGCACG 22 56

t-OARR GGGCAGGATCACGTACATCAG 21 54
ActinF CAAGTGCTTCTAAGGATACTG 21 44

Tissue

Distribution

Analysis

ActinR CATGATTATTTTGTATATATTATCG 25 44
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Table 4. (Continued)  List of oligonucleotide primers using in this study
Experiments Primer name Sequence (5/-3/) Size

(bp)

Tm

(oC)

M13 Reverse GGAAACAGCTATGACCATG 19 56DNA

Sequencing T7 GTAATACGACTCACTATAGGGC 22 64
Random Prime

Labelling

Random

Hexamer

Primer

(ACTG) (ACTG) (ACTG) (ACTG) (ACTG) (ACTG) 6 18

Abbreviation:   H:  A,T,G      N: A,T,C,G     Y: C,T

                           M:  A,C          S:  C,G            R: A,G
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2.  Methods
        2.1  Tissues collection

                Live juvenile black tiger prawns (15-20 g) were sedated in ice cold water. 

Tissues were collected from brain and thoracic ganglia, whole nerves, abdominal 

muscles and heart. Individual female wild broodstock was sedated in ice cold water. 

Tissues were collected from brain and thoracic nerve, abdominal nerve, ovary (stage 

3), heart, abdominal muscles, hepatopancreas and gill. The tissue samples were snap 

frozen in liquid nitrogen and then stored at –80 oC until required.

        2.2  RNA isolation

                Total RNA was extracted by two approaches.

                2.2.1  Total RNA isolation by TRI REAGENT

                        Total RNA was isolated by using TRI REAGENT (Molecular 

Research Center) according to the manufacturer’s protocol. Frozen tissues were 

ground by mortar and pestle and homogenized in 1 ml of TRI REAGENT per 50-100 

mg of tissue. The tissue homogenate was incubated at room temperature for 5 min, 

after which 200 µl of chloroform was added with followed by vigorous shaking for 15 

sec and incubated at room temperature for 15 min. The mixture was centrifuged at 

10,000xg for 15 min at 4 oC, and the aqueous phase transferred to a fresh tube. The 

RNA was precipitated by addition of 0.5 ml of isopropanol and incubation at – 20 oC 

for 3 hr. The precipitated RNA was collected by centrifugation at 10,000xg for 10 min 

at 4 oC. The supernatant was discarded and RNA pellet was washed with 1 ml of 75% 

ethanol. After centrifugation at 7,500xg for 5 min at 4 oC, the RNA pellet was briefly 

air-dried. The dried RNA pellet was dissolved in RNase-free water and incubated at 

55-60 oC for 10-15 min. After completely dissolving, it was stored at – 80 oC.

                2.2.2  Acid guanidium thiocyanate-phenol-chloroform extraction (74)

                        This method is a conventional single step method of RNA isolation.

Frozen tissue sample was ground by mortar and pestle. One gram of ground tissue 

was homogenized in solution D (4 M guanidine thiocyanate, 25 mM sodium citrate 

pH 7.0, 0.5% sodium sarcosyl and 100 mM 2-mercaptoethanol). Then, 1.0 ml of 2 M 

sodium acetate pH 4.0, 10 ml of phenol saturated with water and 2 ml of chloroform-

isoamyl alcohol mixture (49:1) were added sequentially to the homogenate with 

mixing by inversion after the addition of each reagent. After that, the final mixture 
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was shaken vigorously and chilled on ice for 15 min. The sample was centrifuged at 

10,000xg for 20 min at 4 oC. RNA was in the upper aqueous phase. DNA and protein 

were in the lower phenol phase and interphase, respectively. The aqueous phase was 

transferred to a new tube and mixed with an equal volume of isopropanol. The 

mixture was incubated at  – 20 oC for at least 1 hr to precipitate RNA, followed by 

centrifugation at 10,000xg for 20 min at 4 oC and the supernatant was discarded. The 

pellet was dissolved in 3.0 ml of solution D. Then 3.0 ml of isopropanol was added to 

the solution and incubated at – 20 oC for 1 hr. The solution was centrifuged at 

10,000xg for 10 min at 4 oC. The supernatant was discarded and the pellet was 

washed with 75% ethanol. After centrifugation at  7,500xg for 5 min at 4 oC, the RNA 

pellet was briefly air-dried. The dried RNA pellet was dissolved in RNase-free water 

and incubated at 55-60 oC for 10-15 min. After completely dissolving, it was stored at 

– 80 oC.

               2.2.3  Electrophoresis of RNA

                       Agarose gel electrophoresis (1.5%) containing 3.5% formaldehyde was

used to monitor the quality of total RNAs. In order to prepare RNA agarose gel, 1.375 

gm of agarose was boiled in 80 ml of sterile distilled water. After the molten agarose 

was cooled down to 60 oC, the 25 ml of 5X Northern buffer (200 mM of 

morpholinopropanesulfonic acid (MOPS), 50mM of sodium acetate and 5 mM 

EDTA) and 12 ml of 37% formaldehyde were added and mixed quickly. The gel was 

cast in a fume hood for approximately 1 hr.

                       RNA sample was prepared by mixing 3 µl of RNA (approximately 3-5 

µg), 2.0 µl of 5X Northern buffer, 3.5 µl of 37% formaldehyde and 10 µl of 

formamide together and heating at 65 oC for 15 min. Then, it was quickly cooled on 

ice and added 2.0 µl of RNA loading buffer (1 mM of EDTA, 0.4% (w/v) 

bromophenol blue, 0.4% (w/v) xylene cyanol, 50% of glycerol and 1 mg/ml of 

ethidium bromide).

                       In order to electrophores RNA, the gel was immersed in 1X Northern 

buffer and prerun at 50 volt for 10-30 min. Then the RNA samples were loaded onto 

the gel, run at 25 volt until RNA sample entered into the gel and run at 60 volt until 
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the dye front reached the 2/3 of the gel. The pattern of RNA in gel was visualized and 

photographed under UV-light.

               2.2.4  Determination of RNA concentration and purity

                       The concentration and purity of RNA was determined by using 

spectrophotometry at 260 nm and 280 nm. The final RNA concentration was 

measured by spectrophotometry at 260 nm. The RNA concentration was calculated by 

following formula.

RNA concentration (µg/µl) =

The RNA purity was determined by the absorbance ratio of A260/A280. A ratio 

of 1.8-2.0 indicated that RNA samples were relatively pure.

        2.3  Amplification of cDNA by RT-PCR using degenerate primers

               2.3.1  Reverse transcription (RT)

                       Total RNA from brain and thoracic ganglia of juvenile Penaeus 

monodon was used as a template to generate the first strand cDNA in a reverse 

transcription reaction (20 µl). Total RNA (1-5 µg) was mixed with 500 ng of       

Oligo-dT primer in a final volume of 5 µl RNase-free water. The mixture was heated 

at 70 oC for 5 min and quickly cooled on ice. Then the following components were 

added in the mixture; 4 µl of 5X ImProm-IITM reaction buffer, 1.2 µl of MgCl2, 1.0 µl

of dNTP, 20 unit of RNasin ribonuclease inhibitor, 1.0 µl of ImProm-IITM reverse 

transcriptase and RNase-free water to a final volume of 20 µl. The reaction was 

incubated at 25 oC for 5 min to allow Oligo-dT primer binding to poly-A of mRNA 

template, 42 oC for 60 min to synthesize first stranded DNA and 70 oC for 15 min to 

inactivate the reverse transcriptase. It was kept at 4 oC or –20 oC until used.

                2.3.2  Degenerate primer designs

                       In order to design degenerate primer, amino acid sequences of            

10 cloned invertebrate neurotransmitter G-protein coupled receptors [5HT-dro2A: 

CAA77570, 5HT-dro2B: CAA77571, 5HT-Lym: AAA29290, 5HT-Ap1: AAC28786, 

5HT-1Ce: AAB66360, 5HT-Dro: AAA283051, Dro-Tyr/OA: BAB71788, AmTyr1: 

CAB76374, Hel-OAR: CAA64864 and Dro-DOP2: AAC47161] were aligned. The 

A260 x (dilution factor) x 40

1000
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conserved regions in the third and the seventh transmembrane domains of these 

receptors were chosen and degenerate oligonucleotide primers were designed as 

shown in Figure 12.

                2.3.3  Polymerase chain reaction (PCR)

                        After reverse transcription, the resulting first strand cDNA was 

subjected to PCR amplification using degenerate primers. These degenerate primers 

were designed from the conserved amino acid sequences of invertebrate 

neurotransmitter G-protein coupled receptor genes in the third (Deg-TMIII) and the 

seventh (Deg-TMVII) transmembrane domains for forward and reverse primers, 

respectively. The first strand of cDNA product (1 µl) was added into 50 µl of the 

reaction. The reaction contained 1X Taq Reaction buffer [50 mM KCl, 10 mM Tris-

HCl (pH 8.0), 1.5 mM MgCl2 and 0.1% Triton X-100], 1X TaqMaster PCR 

enhancer, 0.2 mM dNTP and   0.4 µM of each primer. After denaturation at 94 oC for 

5 min, 2 units of Master Taq DNA polymerase (Eppendorf) was added. Amplification 

was performed with 35 cycles each of denaturation at 94oC for 45 sec, annealing at 

52oC for 45 sec and extension at 72oC for 2 min. The last PCR cycle was followed by 

final extension at 72oC for 10 min.

       2.4  Electrophoresis of DNA

               Agarose gel electrophoresis was used to analyze the sizes of DNA 

fragments. In order to prepare agarose gel, agarose was weighed and melted in        

1X TAE buffer (40 mM Tris-acetate and 1 mM EDTA) according to the percentage of 

gel. The melted agarose was poured on a plastic tray sealed by tape. The plastic comb 

was then inserted in the gel. After the agarose gel was completely set, comb and tape 

were removed and gel was installed on the electrophoresis instrument containing     

1X TAE buffer.

               The DNA sample was prepared by mixing DNA solution in gel-loading dye 

[15% (w/v) Ficoll 400, 0.1% bromophenol blue, 5 mM EDTA] at a ratio DNA:dye 

equaling 1:5. It was loaded into the slot of the submerged gel. DNA electrophoresis 

was performed with a constant voltage of 80 volt. After electrophoresis, the gel was 

stained with ethidium bromide solution for 3 min and destained in distilled water for 

10-15 min. The size of DNA in gel was visualized and photographed under UV-light.
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A

B

Figure 12. Alignments of the conserved regions in the third (A) and the seventh 

(B) transmembrane domains of some invertebrate neurotransmitter G-protein 

coupled receptors (accession numbers of receptors are available in the text). The 

conserved amino acid sequences used to design degenerate primers are indicated.

Abbreviation   H:  A,T,G     N: A,T,C,G     Y: C,T

                         M: A,C          S:  C,G            R: A,G

VAIAVDRYW

5/ GTC GCC ATH GCN GTN GAY MGN TAY TGG 3/

Conserved
amino acid
sequences

Degenerate
Oligonucleotides

WLGYFNSTLN

5/ TT SAG NGT NGA RTT TAA RTA NCC SAR CCA 3/

Conserved
amino acid
sequences

Degenerate
Oligonucleotides
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        2.5  Amplification of 3/ and 5/ ends of specific cDNA by 3/ and 5/ rapid

amplification of cDNA end (RACE)

               Rapid amplification of cDNA ends (RACE) is a protocol to generate cDNAs 

by using PCR to amplify the region between a known single position and unknown 

sequences in 3/ or 5/ ends of the transcript. This strategy of amplification was 

proposed by Frohman in 1988 (75). Amplification from the ends to specific primer 

region of cDNA was achieved by using primer that binds to the natural (3/ end) or 

synthetic (5/ end) poly-A tail. Therefore, the acquired sequence in 5/ and 3/ end can be 

used to obtain the full-length gene. The procedure of 3/ RACE was summarized in 

Figure 13. The procedure of 5/ RACE was summarized in Figure 14 and 15.

               2.5.1  3/ Rapid amplification of cDNA end (3/ RACE)

                       The 3/ RACE (3RACE) and nested 3/ RACE (N3RACE) specific 

primers were designed from the cloned sequences. 3RACE and N3RACE primers 

located in transmembrane domain VI and the third extracellular loop, respectively. At 

first, reverse transcription was performed by Oligo-dT primer (following the method 

in 2.3.1). PCR reaction was subsequently performed by 3RACE and PM1 (adapter 

sequence in Oligo-dT primer) primers. The first PCR product was diluted (1:50) 

before use as a template in the nested PCR. The nested PCR reaction was performed 

by N3RACE and PM1 primers to increase specificity. Each PCR composed of 

template (1 µl), 1X thermophilic DNA polymerase buffer [50 mM KCl, 10 mM Tris-

HCl (pH 9.0) and 0.1% Triton X-100], 0.4 µM of each primer, 0.2 mM dNTP and 

1.5 mM MgCl2. After denaturation at 94 oC for 5 min, 1.25 units of Taq DNA 

polymerase (Promega) was added. Amplification was performed with 30 cycles each 

of denaturation at 94oC for 30 sec, annealing at 55 oC for 30 sec and extension at      

74 oC for 1 min. The last PCR cycle was followed by final extension at 74 oC for      

10 min. The PCR products were subsequently cloned and sequenced.
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                2.5.2  5/ Rapid amplification of cDNA end (5/ RACE)

                       2.5.2.1  cDNA synthesis via reverse transcription (RT)

                               In 5/ RACE, the reverse transcription was performed similar to the 

previously described in method 2.3.1 except that the 500 ng of Oligo-dT primer was 

substituted with 20 pmole of 5End primer. 5End primer was a gene specific primer 

designed from the cloned sequences located in the second extracellular loop. In 

5/RACE, the reaction was incubated at 50 oC instead of 25 oC in order to allow 5End 

primer to bind to the specific cDNA.

                               After reverse transcription, the reaction was added with 2.5 µl of  

5 M NaOH and incubated at 55 oC for 30 min in order to cleave the RNA template. In 

order to neutralize, 72 µl of 1% acetic acid was added.

                       2.5.2.2  QIAquick PCR purification kit

                               This method was used to purify single or double strand DNA 

fragments from PCR and other enzymatic reactions including cDNA synthesis. This 

step was necessary before performing the tailing of the cDNA with dATP. The 

experiment was performed according to the manufacturer’s protocol. Five volume of 

buffer PB was added to 1 volume of sample. Then the mixture was applied to a 

QIAquick spin column with a 2-ml collection tube and centrifuged at 13,000 rpm for 

30-60 sec at room temperature. The flow-through was discarded. In order to wash 

0.75 ml of buffer PE was added and the QIAquick spin column was centrifuged at 

13,000 rpm for 30-60 sec at room temperature. The flow-through was discarded and 

the column was centrifuged for an additional 1 min at 13,000 rpm. The column was 

placed into a new microcentrifuge tube. In order to elute 30 µl of buffer EB (10 mM 

Tris-Cl, pH 8.5) was added to the center of the QIAquick membrane and incubated at 

room temperature for 1 min. Then the column was centrifuged at 13,000 rpm for        

1 min at room temperature. The eluted sample was collected in a microcentrifuge 

tube.

                       2.5.2.3  Tailing of the cDNA with dATP (76)

                               A poly A tail was added to the first strand cDNA at 3/ end by 

terminal deoxynucleotide transferase (TdT). The 15 µl of purified cDNA, 0.4 mM of 

dATP and 1X TdT buffer [100 mM cacodylate buffer (pH 6.8), 1 mM CoCl2 and    
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0.1 mM DTT] were added to a final volume of 30 µl in a sterile microcentrifuge tube. 

After incubation at 94 oC for 3 min, the mixture was chilled on ice and 15 units (1 µl) 

of terminal deoxynucleotidyl transferase (Promega) was added. The reaction was 

incubated at 37 oC for 20 min. In order to heat inactivate the TdT the mixture was 

further incubated at 65 oC for 10 min.

                       2.5.2.4  Polymerase chain reaction (PCR)

                               Gene specific primers, 5End and N5End primers located in the 

second extracellular loop and transmembrane domain IV, respectively were used in 

the 5/ RACE experiment. The poly A tailed cDNA was used to perform the first PCR 

by using 5End and Oligo-dT primers to generate 5/ end of this gene. The second PCR 

was performed by using N5End and PM1 primers to increase specificity. The first 

PCR was conducted in the total volume of 25 µl. The reaction composed of 5 µl of 

poly A tailed cDNA, 1X thermophilic DNA polymerase buffer [50 mM KCl, 10 mM 

Tris-HCl (pH 9.0) and 0.1% Triton X-100], 0.4 µM of each primer, 0.2 mM dNTP

and 1.5 mM MgCl2. After denaturation at 94 oC for 5 min, 1.25 units of Taq DNA 

polymerase (Promega) was added. PCR amplification was performed with 30 cycles 

each of denaturation at 94oC for 30 sec, annealing at 50 oC for 30 sec and extension at 

74 oC for 1 min. The last PCR cycle was followed by a final extension at 74 oC for    

10 min. Then 1µl of the first PCR product was used to perform the second PCR. The 

second PCR was performed similar to the first PCR except that the annealing 

temperature was changed to 55 oC.
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Figure 14. A schematic diagram representation of the 5/ RACE experiment in 

reverse transcription, purification and poly-A tailing steps

        The arrows indicated the position of primers. The lines represent the untranslated 

regions (UTRs). The boxes represent the open reading frames (ORFs) and the black 

boxes indicated with Roman numerals represent the transmembrane domains of           

G-protein coupled receptor genes.
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Figure 15. A schematic diagram representation of the 5/ RACE experiment in a 

polymerase chain reaction step

       The arrows indicated the position of primers. The lines represent the untranslated 

regions (UTRs). The boxes represent the open reading frames (ORFs) and the black 

boxes indicated with Roman numerals represent the transmembrane domains of           

G-protein coupled receptor genes.

Polymerase Chain Reaction (Method 2.5.2.4)

5End

I II III IV
AAAAAAAAAA

TTTTTT
Oligo-dT primer

First PCR

Double strand cDNA
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I II III IV

N5End
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I II III IV
TTTTTT

5/ end product

Poly-A tailed
First strand cDNA
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       2.6  5/ End amplification of black tiger prawn’ s DraI Genome WalkerTM

library kit

               This Library was generated by digestion of black tiger prawn genomic DNA  

with the restriction enzyme DraI, followed by ligation to Genome Walker adaptors 

according to Universal GenomeWalkerTM kit user manual (CLONTECH). This 

genome walker library was kindly provided by Dr.Apinunt Udomkit (Institute of 

Molecular Biology and Genetics, Mahidol University). The 5End and N5End specific 

primers using in the PCR were the same primers used in 5/ RACE experiment. A first 

PCR was performed by using 5End primer and adaptor primer1 (AP1). Then, the PCR 

product was diluted (1:25) before used as a template in the second PCR. The second 

PCR was performed by using N5End primer and adaptor primer2 (AP2). Each PCR 

reaction composed of 1 µl of template DNA, 1X Tth PCR reaction buffer, 0.2 µM of 

each primer, 0.2 mM dNTP, 1.1 mM Mg(OAc)2 and 1X advantage genomic 

polymerase mix. The first PCR composed of 7 cycles of 2 sec of 94 oC and 3 min of 

72 oC and 32 cycles of 2 sec of 94 oC and 3 min of 67 oC. The second PCR composed 

of 5 cycles of 2 sec of 94 oC and 3 min of 72 oC and 20 cycles of 2 sec of 94 oC and   

3 min of 67 oC. The PCR products were subsequently cloned and sequenced.

               The procedures in construction of genome walker library and amplification 

are summarized in Figure 6A and 6B. The expected product is also shown in Figure 

6C.
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Figure 16 (Continued)

       A.  The genome walker library construction

               The black lines represent prawn genomic DNA. The gray lines represent 

adaptors.

        B.  5/ End amplification of black tiger prawn’s DraI Genome WalkerTM

library

               The white boxes represent prawn genomic DNA fragments. The black boxes 

represent adaptors. The arrows indicated the positions of each primer. This picture 

was redrawn based on Universal GenomeWalkerTM kit user manual (CLONTECH).

       C.  The diagram represents the expected product from 5/ end amplification 

of black tiger prawn’s DraI Genome WalkerTM library

               The hatched box represents the adaptor sequence. The line represents the 

uncoding regions. The white boxes represent the expected coding region and the black 

boxes indicated with Roman numerals represent the transmembrane domains of             

G-protein coupled receptor genes. This assumption was based on the intronless gene.
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       2.7  Purification of DNA fragments

                DNA fragments were fractionated by 1.2% agarose gel electrophoresis 

(Method 2.4). To avoid mutation from UV, the sample was divided into 2 parts. Part 

one was for detection the position of bands by staining with ethidium bromide and 

visualizing under UV light and part two was used for purification. Both of them were 

run parallel on the same gel. After the expected DNA was positioned, it was excised 

from the gel with a clean razor blade.

               2.7.1  QIAquick gel extraction kit

                       Purification of DNA fragment was performed by using QIAquick gel 

extraction kit (QIAGEN) according to the manufacturer’s protocol. The excised gel 

was transferred into a microcentrifuge tube. Three volumes of buffer QG was added 

to one volume of gel (100 mg ~ 100 µl). Then the mixture was incubated at 50 oC for 

10 min with vortexing the tube every 2-3 min. After the gel was completely dissolved, 

1 gel volume of isopropanol was added and mixed. Then the sample was applied to 

the QIAquick spin column with 2-ml collection tube and centrifuged at 13,000 rpm 

for 1 min at room temperature. The flow-through was discarded. In order to wash  

0.75 ml of buffer PE was added and the QIAquick spin column was centrifuged at 

13,000 rpm for 1 min at room temperature. The flow-through was discarded and the 

column was centrifuged for an additional 1 min at 13,000 rpm. The column was 

placed into a new microcentrifuge tube. In order to elute, 30 µl of buffer EB (10 mM 

Tris-Cl, pH 8.5) was added to the center of the QIAquick membrane. The column was 

incubated at room temperature for 1 min and centrifuged at 13,000 rpm for 1 min at 

room temperature. The eluted sample was collected in a microcentrifuge tube.

               2.7.2  Recovery of DNA from agarose gels using glass bead (77)

                       The excised gel was transferred into a microcentrifuge tube. Three 

volumes of 6 M sodium iodide solution were added to 1 volume of the gel (100 mg ~ 

100 µl). The agarose gel was melted by incubating at 55 oC for 5 min. After the gel 

slice was completely melted, the glass beads were added. The 5 µl of glass bead was 

used for DNA sample ≤ 5 µg and an additional 2 µl of glass bead was added per 1 µg 

of DNA in case of DNA > 5 µg. The mixture was incubated for 5 min at room 

temperature with occasional shaking. Then it was centrifuged at 13,000 rpm for 1 min 
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at room temperature. After centrifugation the supernatant was discarded. The glass 

bead pellet was washed three times with 500 µl of wash solution [10 mM Tris-Cl   

(pH 7.4), 0.5 mM EDTA 50, mM NaCl and 50% ethanol]. In order to elute 10 µl of 

TE buffer (pH 8.0) [100 mM Tris-Cl (pH 8.0), 10 mM EDTA (pH 8.0)] was added 

and the mixture was incubated at 45 oC for 3 min. Then, it was centrifuged at     

13,000 rpm for 2 min and the DNA-containing supernatant was transferred to a new 

microcentrifuge tube.

       2.8  Ligation of RT-PCR, 5/ sequence and 3/ RACE products

               The expected DNA fragment was directly ligated to pGEM-T easy vector. 

The ligation was performed in a final volume of 10 µl. The reaction was composed of 

the expected DNA fragment and pGEM-T easy vector in molar ratio of 2:1 to 5:1,   

1X rapid ligation buffer of T4 DNA ligase [30 mM Tris-HCl (pH 7.8), 10 mM MgCl2, 

10 mM DTT, 1 mM ATP and 5% polyethylene glycol (MW8000, ACS Grade)] and   

3 Weiss unit of T4 DNA ligase (Promega). The ligation was mixed by pipetting and 

incubated at 4 oC overnight.

In order to calculate the appropriate amount of PCR product to include in the 

reaction, the following equation was used.

      ng of insert =                                                               x  (insert : vector molar ratio)

       2.9  PCR amplification of full-length DNA fragment

               In order to avoid mutation from PCR amplification, Pfu DNA polymerse 

having proofreading activity was selected. The PCR reaction was performed by 

specific primers in 5/ and 3/ ends of the cloned sequence. Each PCR composed of 

genomic DNA template (1 µl), 1X pfu DNA polymerase buffer [20 mM Tris-HCl  

(pH 8.8), 10 mM KCl, 10 mM (NH4)2SO4, 2 mM MgSO4, 0.1% Triton X-100 and   

0.1 mg/ml nuclease-free BSA], 0.2 µM of each primer and 0.2 mM dNTP. After 

denaturation at 95 oC for 2 min, 1.25 units of pfu DNA polymerase was added. 

Amplification was performed with 30 cycles each of denaturation at 95 oC for 30 sec, 

annealing at varying temperature (A* oC, Table 5) for 30 secs and extension at 68 oC 

for varing time (B* min, Table 5) dependent on the primers pairs. The last PCR cycle 

ng of vector x kb size of insert

kb size of vector



Chetsada Pothiratana Materials and Methods / 44

was followed by final extension at 68 oC for 5 min. The PCR products were 

subsequently cloned and sequenced.

               The PCRs were performed in 3 pairs of primers for amplification of full-

length or partial sequence of the cloned genes. The conditions of each pair of primers 

are described in Table 5.

Table 5.  Conditions of PCR amplifications of full-length or partial sequence of

the cloned genes by 3 pairs of primers

Pair of primers Annealing temperature (A*) Extension time (B*)

f-OARFI

f-OARRI

45 oC 4 min

f-OARFII

f-OARRII

45 oC 4 min

t-OARF1-60III

f-OARRII

50 oC 3 min

       2.10 Ligation of the full-length or partial sequence of DNA fragment

               Thermostable DNA polymerase with proofreading activity such as Pfu DNA 

polymerse will generate blunt-ended fragments during PCR amplification. In order to 

ligate the blunt-ended PCR products, they must be performed the A-tailing reaction.

The PCR product was purified as described in method 2.5.2.2. The purified 

PCR product (1-7 µl) was added in the 10 µl A-tailing reaction which composed of 

1X thermophilic DNA polymerase buffer, 0.2 mM dATP and 1.5 mM MgCl2 and       

5 units of Taq DNA polymerase. The reaction was incubated at 70 oC for 30 min. 

Then, 1 to 2 µl of the A-tailed product was used in the ligation reaction as previously 

described in method 2.8.
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       2.11 Preparation of competent E. coli cells DH5α (78)

               A simple and efficient method (SEM) is an evaluated method for preparation 

of E. coli cells to be extremely competent for transformation. Competent cells 

prepared by this method are claimed to have the efficiency of 1-3 x 109 cfu/µg of 

pBR322 DNA and can be stored in liquid nitrogen for one month without loss of 

competence.

               An overnight culture of a single colony of E. coli DH5α cells from an LB 

agar plate was inoculated into 25 ml of SOB medium [2.0% (w/v) tryptone, 0.5% 

(w/v) yeast extract and 0.05% (w/v) NaCl, pH 7.0] and grown with vigorous shaking 

at 18 oC. After overnight growth, the starter culture was transferred to a 2-liter flask 

containing 250 ml of SOB medium and further grown under the same conditions until 

reaching the exponential phase (OD600 of 0.4-0.6). After placing the flask on ice for 

10 min, the culture was transferred to a 50-ml centrifuge bottle, followed by 

centrifugation at 3,000 rpm for 10 min at 4 oC. The pellets were resuspended in     

13.4 ml of ice-cold transfer buffer (TB; 10 mM pipes, 55 mM MnCl2, 15 mM CaCl2, 

250 mM KCl). After incubation on ice for 10 min, the pellets were sedimented by 

centrifugation at 3,000 rpm for 10 min at 4 oC. The cell pellets were gently 

resuspended in 3.4 ml of ice-cold transfer buffer. Then dimethyl sulfoxide (DMSO) 

was added with gently swirling to a final concentration of 7% and incubated on ice for 

10 min. Finally, the cell suspension was dispensed into 200 µl aliquots in 1.5-ml 

microcentrifuge tubes, and stored at -80 oC

       2.12 Transformation of competent E. coli cells DH5α

               Two hundred microliters of completent cells was carefully transferred into a 

l.5 ml microcentrifuge tube containning 2 to 10 µl of ligation mixture. The mixture 

was gently mixed by flicking the tube and incubated on ice for 20 min. The cells were 

heat shocked at exactly 42 oC for 45-50 sec and immediately placed on ice for 2 min. 

Eight hundred microliters of LB broth was added into the transformed cells, gently 

mixed and incubated for 1.5 hrs with shaking. Transformed cells were spreaded on a 

LB agar plate containing 100 µg/ml ampicillin by a sterile glass rod. The agar plate 

was incubated at 37 oC for 16-20 hr.
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       2.13  Screening of recombinant clones

               2.13.1  Blue-white colony screening

                       For Blue-white colony screening, The LB agar plate containing         

100 µg/ml ampicillin was spreaded over the surface with 100 µl of 100 mM IPTG and 

20 µl of 50 mg/ml X-gal and allowed to absorb for 30 min before performing 

transformation. In theory, the colony-harbouring insert will appear in white whereas 

the colony containing no insert will appear in blue.

               2.13.2  Simplified rapid size screening (79)

                       The simplified rapid size screening method was performed to check the 

approximate size of plasmid from transformed bacterial colony directly. A single 

colony of transformed bacteria was picked and lysed into 50 µl of pre-warmed lysis 

buffer (5 mM EDTA, 10% (w/v) sucrose, 0.25% (w/v) SDS, 100 mM NaOH, 60 mM 

KCl, 0.05% (w/v) bromophenol blue). The reaction was incubated at 37 oC for 5 min 

and placed on ice for 5 min. After a short spin for 1 min, 20 µl of supernatant was 

analyzed on 1% DNA agarose gel electrophoresis.

               2.13.3  Restriction enzyme digestion analysis

                       The recombinant plasmids were analyzed by digestion with EcoRI 

restriction endonuclease enzyme followed by electrophoresis. After electrophoresis, 

the insert was cut from the vector.

                       A single colony of each recombinant clone was cultured to perform 

plasmid extraction as described in method 2.14. About 1 µg of recombinant plasmid 

was added in 1X Buffer H [90 mM Tris-HCl (pH 7.5), 50 mM NaCl and 10 mM 

MgCl2], 1X BSA and 1 unit/1 µg DNA of EcoRI restriction endonuclease enzyme in a 

final volume of 10 µl at 37 oC for 3 hr. After that, it was inactivated by heating at     

65 oC for 15 min and analyzed by DNA agarose gel electrophoresis.

       2.14  Plasmid DNA extraction using CTAB method (80)

               Plasmid DNA was extracted by using CTAB method. A single colony was 

inoculated in 3 ml of LB broth [1% (w/v) casein hydrolysate, 0.5% (w/v) bacto-yeast 

extract, 0.5% (w/v) NaCl] containing 100 µg/ml ampicillin and incubated at 37 oC 

with vigorous shaking for 14-16 hrs. The cell pellets were collected in two 1.5 ml-

microcentrifuge tubes by centrifugation culture medium at 5,000 rpm for 1 min. They 



Fac. of Grad. Studies, Mahidol Univ.                                              M. Sc. (Mol. Genet. Genet. Eng.) / 47

were resuspended and pooled together in 200 µl of STET buffer (8% sucrose, 0.1% 

Triton® X-100, 50 mM EDTA, 50 mM Tris-HCl, pH 8.0). Ten microliter of lysozyme 

solution (10 mg/ml) was added and incubated at room temperature for 10 min. The 

cell mixture was boiled for 45 sec and subsequently centrifuged at 12,000 rpm for    

15 min at room temperature. The pellet (cell debris and chromosomal DNA) was 

removed with sterile toothpick. Plasmid and low molecular weight residual RNA were 

recovered by adding 20 µl of 5% CTAB. The mixture was inverted 5-6 times and 

centrifuged at 12,000 rpm for 15 min at room temperature. After removal of 

supernatant, the pellet was resuspended in 300 µl of 1.2 mM NaCl by vigorous vortex. 

In order to remove RNA, 5 µl of RNaseA solution (5 mg/ml) was added and 

incubated at 37 oC for 30 min. Protein was also removed by adding 300 µl of 

chloroform, vigorous vortex and centrifugation at 12,000 rpm for 5 min at room 

temperature. The upper aqueous phase was transferred to a new microcentrifuge tube. 

In order to precipitate plasmid DNA, two volume of absolute ethanol were added and 

incubated at room temperature for 10 min. Then, the mixture was centrifuged at 

12,000 rpm at room temperature. DNA pellet was washed in 70% (v/v) ethanol, air 

dried and resuspended in 20 µl of distilled water.

        2.15  Automated DNA Sequencing

               The recombinant clones harbouring PCR products were selected to perform 

DNA sequencing using DNA sequencing kit, Big Dye Terminator Cycle Sequencing 

(Applied Biosystem) based on fluorescent-labeled terminator method.

               The sequencing reaction was performed in 20 µl of reaction mixture 

composed of 1X terminator ready reaction mix, 300-500 ng of plasmid DNA 

template, 10 pmole of the sequencing primer and sterile water. Sequencing was 

performed by following this condition: denature at 96 oC for 3 min, 30 cycles of 96 oC 

for 10 sec, 50 oC for 5 sec, 60 oC for 4 min and final extension at 60 oC for 5 min. The 

DNA was precipitated with 1/10 volume of 3 M sodium acetate, pH 4.8 and two 

volume of absolute ethanol at room temperature for 30 min. The pellet was obtained 

by centrifugation at 13,000 rpm for 15 min and washed with 70% ethanol. The dye-

labeled DNA was analyzed by sending to BioServiceUnit (BSU).
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        2.16 Tissue distribution analysis

               2.16.1 Northern blot analysis

                       Approximately 20 µg of total RNA was run on a 1.5% agarose gel 

containing 3.5% formaldehyde as described in method 2.2.3. After electrophoresis, 

RNA was transferred to a nitrocellulose membrane (Gene screen plus membrane) by 

capillary transfer.

                       2.16.1.1 Capillary transfer

                               The nitrocellulose membrane was cut to a size slightly larger than 

the gel. It was soaked in distilled water for 5 min and subsequently soaked in         

10X SSC (1.5 M NaCl and 0.15 M sodium acetate) for 15 min. Whereas the gel was 

soaked in 0.05 N NaOH for 20 min, then rinsed with distilled water and soaked in 

20X SSC (3 M NaCl and 0.3 M sodium acetate) for 45 min. In order to set up the 

transferring apparatus, a glass plate was placed over a dish containing 20X SSC.  

Whatman paper was carefully placed on the glass plate as a wick. Then the gel was 

put upside down onto the wick ensuring that no air bubble was trapped between gel 

and Whatman paper. The soaked membrane was put onto the gel without air bubbles. 

The plastic sheet (saran wrap) was placed around the edges of the gel before a few 

sheets of gel sized Whatman paper were placed over the membrane. Then, a stack of 

blotting papers was put on the Whatman paper and a glass plate with 500 gm of 

weight was put on the top. The RNA was allowed to transfer overnight.

                       2.16.1.2  Probe preparation by random oligonucleotide primers (81)

                               This method is used to generate probes from denatured, closed 

circular DNA or denatured, linear, double-stranded DNA (e.g., restriction fragments 

purified by gel electrophoresis). 100 ng of purified DNA fragment and 50 ng of 

random hexamer were mixed together, boiled for 3 min and quick chilled on ice. The 

boiled mixture was added to the labeling reaction composing of 0.2 mM dithiothreitol 

(DTT), 0.5 mM of each dATP, dGTP and dTTP, 1X random priming (RP) buffer  [90 

mM HEPES (pH 6.6) and 10 mM MgCl2] and 5 µCi of (α-32P) dCTP in 20 µl of total 

reaction. Then 1 µl of Klenow fragment of E. coli DNA polymerase I (4 unit) was 

added and mixed by pipetting. The reaction was incubated at room temperature for    

3 hr. The labeled fragment was purified by using a microspinTM G-50 column 

(Amersham Pharmacia Biotech).
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                       2.16.1.3  Pre-hybridization, hybridization, washing and detection

                               The northern blot membrane was prehybridized in the 

hybridization tube containing 15 ml of pre-warmed hybridization solution [5X SSC 

(0.75 M NaCl and 0.075 M sodium acetate), 5X Denhardt’s solution (1% (w/v) ficoll, 

1% (w/v) polyvinylpyrolidone, 1% (w/v) BSA fraction V), 50% formamide, 1% SDS, 

50 mM sodium phosphate, 10% (w/v) dextran sulfate, 100 µg/ml salmon sperm DNA] 

at 42 oC for 2-4 hr with rotation. Then the purified probe was added in the 

hybridization mixture and incubated at 42 oC overnight with rotation. After overnight 

hybridization the membrane was washed twice with the first northern wash solution       

[2X SSC (300 mM NaCl and 30 mM sodium acetate) and 0.1% SDS] at 60 oC for    

30 min per wash. It was subsequently washed twice with the second northern wash 

[0.1X SSC (15 mM NaCl and 1.5 mM sodium acetate) and 0.1% SDS] at 60 oC for  

30 min per wash. Gentle agitation was applied during all steps of washing. The 

washed membrane was autoradiographed on X-ray film for 3-7 days. After each 

hybridization, the bound probe was stripped by careful boiling in the stripping 

solution  [0.1X  SSC (15 mM NaCl and 1.5 mM sodium acetate) and 0.5% SDS] for 

30 min.

                2.16.2  RT-PCR based on exclusive amplification of cDNA template 

(EXACT) (82)

                       Tissue distribution analysis was performed based on exclusive 

amplification of cDNA template (EXACT) RT-PCR that is able to avoid the 

amplification of psuedogenes from genomic DNA. Reverse transcription was 

performed a total RNA of each tissue (following method 2.3.1). In each tissue,       

RT-PCR was performed in the presence (+ reaction) and the absence (- reaction) of 

reverse transcriptase. PCR reactions for tissue distribution were subsequently 

performed by A* (Table 6), and PM1 primers. The first PCR was for specific 

amplification from reverse transcription product and avoiding amplification from 

genomic DNA. The first PCR product was diluted (1:50) before used as a template in 

nested PCR. The nested PCR was performed by B* and C* (Table 6) primers to 

increase specificity. Each PCR reaction composed of template (1 µl), 1X thermophilic 

DNA polymerase buffer [50 mM KCl, 10 mM Tris-HCl (pH 9.0) and                    

0.1% Triton X-100], 0.4 µM of each primer, 0.2 mM dNTP and 1.5 mM MgCl2. 
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After denaturation at 94 oC for 5 min, 1.25 units of Taq DNA polymerase (Promega) 

was added. Amplification was performed with 30 cycles, except for the second PCR 

of actin gene which was changed to 20 cycles. Denaturation was performed at 94oC 

for 30 sec, annealing at D* (Table 6) oC for 30 secs and extension at 74 oC for E* 

(Table 6) min. The last PCR cycle was followed by final extension at 74 oC for 7 min. 

The second PCR products were analyzed by 1.8% agarose gel electrophoresis. The 

EXACT procedure is summarized in Figure 7.

Tissue distribution analysis was performed for 3 genes (Pm-OA/TyrR-53, 

Part-Pm-OA/TyrR-60 and actin). The primers, conditions and product sizes of each 

gene are described in Table 6.

Table 6. Primers, conditions and product sizes of RT-PCR amplification of tissue 

distribution analysis in 3 genes: PmOA/TyrR-53, PmOA/TyrR-60 and actin

GenePrimers / Conditions

Pm-OA/TyrR-53 Part-Pm-

OA/TyrR-60

Actin

A* t-OARF1-53 t-OARF1-60 ActinF

B* t-OARF2-53 t-OARF2-60 ActinF

C* t-OARR t-OARR ActinR

First PCR 55 oC 55 oC 50 oCD*

Second PCR 53 oC 55 oC 52 oC

First PCR 2 min 1 min 30 sec 30 secE*

Second PCR 30 sec 30 sec 30 sec

Product size 355 bp 358 bp 144 bp
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Figure 17. A schematic representation for RT-PCR based on Exclusive 

Amplification of cDNA Template (EXACT) experiment

       This diagram is constructed based on G-protein coupled receptor genes. The 

arrows indicated the position of primers. The lines represent the untranslated regions 

(UTRs). The boxes represent the open reading frames (ORFs) and the black boxes 

indicated with Roman numerals represent the transmembrane domains of G-protein 

coupled receptor genes.
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TTTTTT

A*

I II III IV V VI 5/VII
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in various tissues

(method 2.3.1)

IV V VI 5/

TTTTTT
VII

B* C*

First PCR
(Amplify only newly synthesized cDNA)

Double strand cDNA

Run  second PCR products on
agarose gel electrophoresis

Second PCR



Chetsada Pothiratana Materials and Methods / 52

       2.17  Sequence analysis

               Cloned DNA sequences were aligned by the ClustalX Program. Cloned

DNA sequences were also translated into their deduced amino acid sequences by

Bioedit Sequence Alignment Editor version 5.0.9. The deduced amino acid sequences

were blasted in GENBANK database by NCBI website

(http://www.ncbi.nlm.nih.gov). The hydrophobicity plot was performed by Antheprot

program. Transmembrane domains were predicted by program at

http://www.ch.embnet.org/ software/TMPRED_form.html. Phosphorylation sites

were predicted by programs at http://www.cbs.dtu.dk. The amino acid sequences

alignment and dendrogram were generated by ClustalX Program.

http://www.ncbi.nlm.nih.gov/
http://www.ch.embnet.org/software/TMPRED_form.html
http://www.cbs.dtu.dk/databases/PhosphoBase/
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CHAPTER IV

RESULTS

1.  Total RNA Isolation
       Total RNAs were isolated from 4 tissues of juvenile prawns: brain and thoracic 

ganglia, whole ventral abdominal nerves, abdominal muscle and heart. Total RNAs 

were also isolated from 6 tissues of wild broodstock female prawn: brain and thoracic 

ganglia, ovary, abdominal muscle, heart, hepatopancreas, and gill. The final RNA 

concentrations were determined by the spectrophotometry at 260 nm. The absorbance 

ratio of A260/A280 of all samples ranged from 1.8-2.0 indicating that RNA samples 

were relatively pure. The quality of total RNAs was monitored by running on 1.5 % 

formaldehyde agarose gel (Figure 18 and 19). In most sample, a band corresponding 

to 18s rRNA was detected as the dominant band. A larger band was detected in ovary 

and hepatopancreas samples of female wild broodstock to varying degrees.

2.  Amplification of cDNA by RT-PCR Using Degenerate Primers
       To amplify fragments of a cDNA coding for a putative neurotransmitter receptor, 

total RNA from brain and thoracic ganglia, as shown in Figure 1, was reverse 

transcribed into cDNA using oligo-dT primer and reverse transcriptase.                     

An amplification was performed with Deg-TMIII and Deg-TMVII primers. The result 

of RT-PCR showed a single band product of about 850 bps corresponding to the PCR 

amplification product from genomic DNA (Figure 20). This 850 bp product was 

purified from the agarose gel, and cloned into pGEM-T Easy vector, and transformed 

to E. coli DH5α strain. Five recombinant clones, clone 13, 14, 53, 60 and 61, 

harboring PCR products were selected to perform DNA sequencing.
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Figure 18.  Total RNA from P. monodon’s tissues analyzed on 1.5% agarose gel 

containing 3 % formaldehyde

Lane M: RNA size marker 3 µg.

Lane 1  : Total RNA from brain and thoracic ganglia

Lane 2  : Total RNA from whole nerves

Lane 3  : Total RNA from abdominal muscles

Lane 4  : Total RNA from hearts

In lane 1-4, the amounts of RNA in each lane are 5 µg.

        In this gel, total RNA from thoracic nerves, muscles and hearts were extracted by 

acid guanidium thiocyanate-phenol-chloroform extraction and total RNA from whole 

nerves was extracted by TRI REAGENT.

M 1 2 43
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2604
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Figure 19.  Total RNA (5 µg) from tissues of female wild broodstock P. monodon

analyzed on 1.5% agarose gel containing 3% formaldehyde

Lane 1  : Total RNA from ovary

Lane 2  : Total RNA from brain and thoracic ganglia

Lane 3  : Total RNA from abdominal nerve

Lane 4  : Total RNA from hearts

Lane 5  : Total RNA from hepatopancreas

Lane 6  : Total RNA from abdominal muscle

Lane 7  : Total RNA from gill

1 2 3 4 5 6 7
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Figure 20.  The RT-PCR and PCR products amplified with Deg-TMIII and Deg-

TMVII primers analyzed on 1.8% agarose gel electrophoresis

Lane M : 100 bp DNA marker

Lane 1  :  RT-PCR product of total RNA from brain and thoracic ganglia

Lane 2  :  PCR product of genomic DNA

Lane 3  :  Negative control (primers alone)

M 1 2 3

500

1000

1500

bp

850 bp
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       2.1  Nucleotide and deduced amino acid sequences of RT-PCR products

               The nucleotide sequences from 5 recombinant clones were determined in both 

5/ and 3/ orientations (Figure 21 and 22). All clones showed high sequence identity at

both the 5/ and 3/ ends. However, they can be divided into two groups, four clones 

(clone 13, 14, 53 and 61) for the first and one clone (clone 60) for the second group, 

depended on variable DNA sequences in the middle part of the PCR product. In this 

study, complete DNA sequences of clone 53 and clone 60 that were representative for 

the first and the second group, respectively were obtained. The length of clone 53 was 

845 nucleotides encoding 281 deduced amino acids. The length of clone 60 was 838 

nucleotides encoding 279 deduced amino acids (Figure 23). In addition, the variations 

occur in the group of clone 53. The variations in this group are indicated in Figure 24. 

When excluding the primer regions, there were 14 nucleotide variations. Seven 

variations did not alter amino acid and the others encoded 6 different amino acids. 

The nucleotide sequences of clone 53 and 60 show 84% sequence identity (Figure 

25). Their deduced amino acid sequences showed 78% sequence identity and 85% 

sequence similarity (Figure 26).

       2.2  Sequence analysis of RT-PCR products

               In order to determine transmembrane regions of these clones, 

hydrophobicity plots were analysed from the deduced amino acid sequences of clones

53 and 60. Both clones contained 3 hydrophobic regions corresponding to the 

characteristics of transmembrane domains IV, V and VI of the G-protein coupled 

receptors (Figure 27). The deduced amino acid sequences of clone 53 and 60 were 

blasted in GENBANK database by using tblastn. Clone 53 and 60 showed the highest 

significant alignments to an octopamine receptor mRNA from Bombyx mori and from 

Heliothis virescens, respectively. In addition, they showed sequence similarity to 

other insect or invertebrate octopamine/tyramine receptors (Figure 28 and 29). From 

these results, these cloned RT-PCR products showed the characteristics of the 

neurotransmitter G-protein coupled receptors. Therefore, the cloned sequences were 

used to design specific primers to determine the 3/ and 5/ ends of these genes.
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Figure 21. 

harboring 

ClustalX pr
Deg-TMIII primer
 An alignment of 5/ end nucleotide sequences of five individual clones 

the RT-PCR product. This alignment was performed by using the 

ogram.
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Figure 22.  An alignment of 3/ end nucleotide seq

harboring the RT-PCR product This alignme

ClustalX program.
Deg-TMVII primer
uences of five individual clones 

nt was performed by using the 
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-Clone 53
 V   A   I   A   V   D   R   Y   W   A   I   T   D   P   I   N   Y   A   Q   K

    1 GTC GCC ATC GCG GTG GAT CGA TAT TGG GCC ATC ACG GAC CCC ATC AAC TAC GCG CAG AAG
 R   T   V   K   R   V   M   I   M   I   G   L   V   W   S   I   S   V   I   I

   61 CGC ACC GTC AAG CGC GTC ATG ATC ATG ATC GGC CTC GTG TGG AGC ATC AGC GTC ATC ATC
 C   L   P   P   L   F   G   W   N   D   W   P   D   V   F   T   S   D   T   P

  121 TGC CTG CCG CCG CTG TTC GGC TGG AAC GAT TGG CCC GAC GTG TTC ACC TCC GAC ACG CCC
 C   I   L   T   Q   E   R   G   F   V   I   Y   S   S   S   G   S   F   Y   C

  181 TGC ATC CTC ACG CAG GAG CGG GGC TTC GTC ATC TAC TCG TCG TCC GGC TCC TTC TAC TGC
 P   L   L   I   M   T   L   V   Y   V   K   I   F   T   A   T   R   R   R   L

  241 CCG CTG CTC ATC ATG ACC TTG GTC TAC GTC AAG ATC TTC ACG GCC ACG CGC CGG CGC CTG
 R   E   R   A   K   A   S   R   L   N   E   I   Q   N   A   G   K   P   K   D

  301 CGG GAG CGC GCC AAG GCC TCC AGG CTC AAC GAG ATT CAG AAC GCC GGG AAG CCC AAG GAC
 Q   K   D   E   D   S   G   G   S   E   N   G   Q   N   D   V   Q   N   G   Y

  361 CAG AAG GAC GAG GAC TCG GGA GGC AGC GAG AAC GGC CAG AAC GAC GTG CAG AAC GGC TAC
 N   E   T   Y   K   K   K   K   Q   R   R   R   K   G   K   A   G   N   T   T

  421 AAC GAA ACC TAC AAG AAG AAG AAG CAG AGG AGG CGG AAG GGG AAG GCC GGG AAC ACG ACC
 P   T   S   P   K   A   L   T   S   P   L   V   A   E   T   S   L   T   H   K

  481 CCG ACT TCC CCC AAG GCC TTG ACC TCG CCG CTC GTG GCA GAG ACA TCG CTG ACC CAC AAA
 A   L   N   P   K   T   E   V   Y   P   A   E   E   R   K   S   A   E   V   V

  541 GCC CTG AAT CCG AAG ACC GAA GTC TAT CCC GCT GAG GAG AGG AAA AGC GCG GAA GTC GTT
 V   R   V   N   P   K   D   G   S   Q   I   H   Q   F   I   E   Q   K   Q   K

  601 GTC AGA GTC AAC CCG AAG GAC GGC AGC CAA ATC CAC CAG TTC ATC GAG CAG AAG CAG AAG
 I   S   L   S   K   E   R   R   A   A   R   T   L   G   I   I   M   G   S   F

  661 ATC TCG CTG TCG AAG GAG CGT CGC GCC GCC CGG ACG CTG GGC ATC ATC ATG GGT TCG TTC
 V   V   C   W   L   P   F   F   L   M   Y   V   I   L   P   F   C   P   T   C

  721 GTG GTG TGC TGG CTG CCC TTC TTC CTG ATG TAC GTG ATC CTG CCC TTC TGC CCG ACG TGC
 P   V   P   N   D   K   L   I   N   F   I   V   W   F   G   Y   L   N   S   T

  781 CCG GTG CCC AAC GAC AAG CTC ATC AAC TTC ATC GTG TGG TTC GGC TAC TTA AAT TCT ACC
 L

  841 CTC AA

-Clone 60
 V   A   I   A   V   D   R   Y   W   A   I   T   D   P   I   N   Y   A   Q   K

    1 GTC GCC ATT GCA GTT GAT CGG TAT TGG GCC ATC ACG GAC CCC ATC AAC TAC GCG CAG AAG
 R   T   V   K   R   V   M   I   M   I   G   L   V   W   S   I   S   V   I   I

   61 CGC ACC GTC AAG CGC GTC ATG ATC ATG ATC GGC CTC GTG TGG AGC ATC AGC GTC ATC ATC
 C   L   P   P   L   F   G   W   N   D   W   P   D   V   F   T   S   D   T   P

  121 TGC CTG CCG CCG CTG TTC GGC TGG AAC GAC TGG CCC GAC GTG TTC ACC TCC GAC ACG CCC
 C   I   L   T   Q   E   R   G   F   V   I   Y   S   S   S   G   S   F   Y   C

  181 TGC ATC CTC ACG CAG GAG CGG GGC TTC GTC ATC TAC TCG TCG TCC GGC TCC TTC TAC TGC
 P   L   L   I   M   T   L   V   Y   V   K   I   F   T   A   T   R   R   R   L

  241 CCG CTG CTC ATC ATG ACC TTG GTC TAC GTC AAG ATC TTC ACG GCC ACG CGC CGG CGC CTG
 R   E   R   A   K   A   S   R   L   N   Q   I   P   N   S   G   K   A   R   L

  301 CGG GAG CGC GCC AAG GCC TCC AGG CTC AAC CAG ATC CCA AAC AGC GGA AAG GCC AGG CTT
 T   K   E   E   D   S   A   V   S   E   N   G   Q   N   G   Y   N   D   T   S

  361 ACC AAG GAG GAG GAC TCC GCC GTG AGC GAG AAC GGC CAA AAT GGT TAC AAT GAC ACC AGC
 T   K   K   L   V   Q   K   K   K   R   K   K   R   K   T   G   S   K   G   Q

  421 ACG AAA AAG CTG GTT CAG AAG AAG AAG CGA AAG AAG AGG AAG ACA GGA AGC AAG GGC CAA
 A   S   P   A   T   P   T   L   A   P   P   P   I   A   E   T   P   D   L   S

  481 GCC TCC CCA GCG ACG CCA ACC CTC GCC CCG CCT CCC ATT GCA GAA ACC CCG GAC TTG AGC
 N   P   K   D   E   A   S   P   L   E   E   K   K   G   A   D   V   I   V   R

  541 AAC CCG AAG GAC GAG GCC TCC CCA CTC GAA GAG AAG AAA GGC GCA GAC GTT ATT GTC AGA
 V   N   P   K   N   G   S   Q   I   H   Q   F   I   E   E   K   Q   K   I   S

  601 GTC AAC CCG AAG AAC GGC AGC CAA ATC CAC CAG TTC ATC GAG GAG AAG CAG AAG ATC TCG
 L   S   K   K   R   R   A   A   R   T   L   G   I   I   M   G   S   F   V   V

  661 CTG TCG AAG AAG CGT CGC GCC GCC CGG ACG CTG GGC ATC ATC ATG GGC TCG TTC GTG GTG
 C   W   L   P   F   F   L   M   Y   V   I   L   P   F   C   P   T   C   P   V

  721 TGC TGG CTG CCC TTC TTC CTG ATG TAC GTG ATC CTG CCC TTC TGC CCG ACG TGC CCG GTG
 P   N   D   K   L   I   N   F   I   V   W   L   G   -   L   N   S   T   L

  781 CCC AAC GAC AAG CTC ATC AAC TTC ATC GTG TGG CTG GGT -AT TTA AAT TCC ACA CTC AA

Figure 23.  Nucleotide and deduced amino acid sequences of clone 53 and

clone 60. Bold letters indicate the regions of degenerate primers.
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 V   A   I   A   V   D   R   Y   W   A   I   T   D   P   I   N   Y   A   Q   K
    1 GTC GCC ATC GCG GTG GAT CGA TAT TGG GCC ATC ACG GAC CCC ATC AAC TAC GCG CAG AAG
                    T   A   A   C   G   C
                            T

 R   T   V   K   R   V   M   I   M   I   G   L   V   W   S   I   S   V   I   I
                                                                   A               V
   61 CGC ACC GTC AAG CGC GTC ATG ATC ATG ATC GGC CTC GTG TGG AGC ATC AGC GTC ATC ATC
                                                        G         GC            G G

 C   L   P   P   L   F   G   W   N   D   W   P   D   V   F   T   S   D   T   P
121 TGC CTG CCG CCG CTG TTC GGC TGG AAC GAT TGG CCC GAC GTG TTC ACC TCC GAC ACG CCC
                                              C

 C   I   L   T   Q   E   R   G   F   V   I   Y   S   S   S   G   S   F   Y   C
181 TGC ATC CTC ACG CAG GAG CGG GGC TTC GTC ATC TAC TCG TCG TCC GGC TCC TTC TAC TGC
                                                      T

 P   L   L   I   M   T   L   V   Y   V   K   I   F   T   A   T   R   R   R   L
  241 CCG CTG CTC ATC ATG ACC TTG GTC TAC GTC AAG ATC TTC ACG GCC ACG CGC CGG CGC CTG

 R   E   R   A   K   A   S   R   L   N   E   I   Q   N   A   G   K   P   K   D
  301 CGG GAG CGC GCC AAG GCC TCC AGG CTC AAC GAG ATT CAG AAC GCC GGG AAG CCC AAG GAC

 Q   K   D   E   D   S   G   G   S   E   N   G   Q   N   D   V   Q   N   G   Y
               E

361 CAG AAG GAC GAG GAC TCG GGA GGC AGC GAG AAC GGC CAG AAC GAC GTG CAG AAC GGC TAC
            G

 N   E   T   Y   K   K   K   K   Q   R   R   R   K   G   K   A   G   N   T   T
  421 AAC GAA ACC TAC AAG AAG AAG AAG CAG AGG AGG CGG AAG GGG AAG GCC GGG AAC ACG ACC

 P   T   S   P   K   A   L   T   S   P   L   V   A   E   T   S   L   T   H   K
  481 CCG ACT TCC CCC AAG GCC TTG ACC TCG CCG CTC GTG GCA GAG ACA TCG CTG ACC CAC AAA

 A   L   N   P   K   T   E   V   Y   P   A   E   E   R   K   S   A   E   V   V
                                                                       N

541 GCC CTG AAT CCG AAG ACC GAA GTC TAT CCC GCT GAG GAG AGG AAA AGC GCG GAA GTC GTT
                                                                     A                C

  V   R   V   N   P   K   D   G   S   Q   I   H   Q   F   I   E   Q   K   Q   K
                                                   V

601 GTC AGA GTC AAC CCG AAG GAC GGC AGC CAA ATC CAC CAG TTC ATC GAG CAG AAG CAG AAG
                                  T             G

 I   S   L   S   K   E   R   R   A   A   R   T   L   G   I   I   M   G   S   F
661 ATC TCG CTG TCG AAG GAG CGT CGC GCC GCC CGG ACG CTG GGC ATC ATC ATG GGT TCG TTC
                                                                              C

 V   V   C   W   L   P   F   F   L   M   Y   V   I   L   P   F   C   P   T   C
                                                                               L

721 GTG GTG TGC TGG CTG CCC TTC TTC CTG ATG TAC GTG ATC CTG CCC TTC TGC CCG ACG TGC
                                                                             T

 P   V   P   N   D   K   L   I   N   F   I   V   W   F   G   Y   L   N   S   T
                                                               L

781 CCG GTG CCC AAC GAC AAG CTC ATC AAC TTC ATC GTG TGG TTC GGC TAC TTA AAT TCT ACC
                                                            C     T   T       C   C   A
                                                                  A

  L
841 CTC AA
          G

Figure 24.  The variations of nucleotide and deduced amino acid residues in

a group of clone 53
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Figure 25. 

clone 60 sh
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Figure 26.  A comparison of deduced amino acid sequences of clone 53 and clone

60 shows 78% sequence identity and 85% sequence similarity. This alignment was

performed by using the ClustalX program.

Deg-TMIII primer

Deg-TMVII primer
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Clone 53

Clone 60

Figure 27.  Hydrophobicity plots of the deduced amino acid sequences of clone 53 

and clone 60. Both sequences show three hydrophobic regions indicated by lines. The 

window used in these calculations is 15. These plots were undertaken using the 

Antheprot program.

IV V VI

IV V VI
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                                                           Score    E
Sequences producing significant alignments:                      (bits) Value

gi|1197191|emb|X95607.1|BMOCTOB96  B.mori mRNA for octopamin...   246   2e-63
gi|1197329|emb|X95606.1|HVOCTOK50  H.virescens mRNA for octo...   245   4e-63
gi|13173420|gb|AF343878.1|AF343878  Mamestra brassicae putat...   243   3e-62
gi|871406|emb|X69521.1|LMGCR2  L.migratoria gcr2 mRNA for G ...   238   5e-61
gi|871404|emb|X69520.1|LMGCR1  L.migratoria gcr1 mRNA for G ...   238   5e-61
gi|7159585|emb|AJ245824.1|AME245824  Apis mellifera mRNA for...   230   2e-58
gi|3717949|emb|AJ010743.1|BMAJ10743  Boophilus microplus mRN...   211   1e-52
gi|1507660|dbj|D83547.1|  Balanus amphitrite gene for G prot...   198   8e-49
gi|25150530|ref|NM_171978.1|  Caenorhabditis elegans tyramin...   172   4e-41
gi|23268624|gb|AF539813.1|  Caenorhabditis elegans tyramine ...   172   4e-41

gi|1197191|emb|X95607.1|BMOCTOB96   B.mori mRNA for octopamine receptor
          Length = 2575

 Score =  246 bits (628), Expect = 2e-63
 Identities = 136/310 (43%), Positives = 182/310 (58%), Gaps = 30/310 (9%)
 Frame = +2

Query: 2    AIAVDRYWAITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLFGWNDWPDVFTSDTPC 61
            AIA+DRYWAITDPINYAQKRT++RV+ MIG+VW +S++I  PPL GWNDWP+VF  DTPC
Sbjct: 902  AIALDRYWAITDPINYAQKRTLERVLFMIGIVWILSLVISSPPLLGWNDWPEVFEPDTPC 1081

Query: 62   ILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTXXXXXXXXXXXXXXLNEIQNA-----G 116
             LT + GFVI+SSSGSFY PL+IMT+VY +I+               ++ I +
Sbjct: 1082 RLTSQPGFVIFSSSGSFYIPLVIMTVVYFEIYLATKKRLRDRAKATKISTISSGRNKYET 1261

Query: 117  KPKDQKDEDSGGSENGQNDVQNGYNETYXXXXXXXXXXXAGNTTP---------TSPKAL 167
            K  D  D+DS  S+   N+ Q G                     P          S   L
Sbjct: 1262 KESDPNDQDSVSSDANPNEHQGGTRLVAENEKKHRTRKLTPKKKPKRRYWSKDDKSHNKL 1441

Query: 168  TSPLVA-ETSLTHKALNPKTEVYPAEER-------------KSAEVVVRVNPKDG--SQI 211
              P+++ E S+T    N +     +E               ++A V ++  PK    + +
Sbjct: 1442 IIPILSNENSVTDIGENLENRNTSSESNSKETHEDNMIEITEAAPVKIQKRPKQNQTNAV 1621

Query: 212  HQFIEQKQKISLSKERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLINFI 271
            +QFIE+KQ+ISL++ERRAARTLGIIMG FVVCWLPFF++Y+++PFC +C + N K INFI
Sbjct: 1622 YQFIEEKQRISLTRERRAARTLGIIMGVFVVCWLPFFVIYLVIPFCVSCCLSN-KFINFI 1798

Query: 272  VWFGYLNSTL 281
             W GY+NS L
Sbjct: 1799 TWLGYVNSAL 1828

Figure 28.  The results of blast in GENBANK database and the highest 

significant alignment of a deduced amino acid sequence of clone 53. The website 

(http://www.ncbi.nlm.nih.gov/blast) was used in this analysis.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01197191&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01197329&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=13173420&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=00871406&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=00871404&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=07159585&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=03717949&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01507660&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=25150530&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=23268624&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01197191&dopt=GenBank
http://www.ncbi.nlm.nih.gov/blast
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                                                                 Score    E
Sequences producing significant alignments:                      (bits) Value

gi|1197329|emb|X95606.1|HVOCTOK50  H.virescens mRNA for octo...   229   3e-58
gi|7159585|emb|AJ245824.1|AME245824  Apis mellifera mRNA for...   218   9e-55
gi|25150530|ref|NM_171978.1|  Caenorhabditis elegans tyramin...   157   1e-36
gi|23268624|gb|AF539813.1|  Caenorhabditis elegans tyramine ...   157   1e-36
gi|25150527|ref|NM_078134.2|  Caenorhabditis elegans tyramin...   156   2e-36
gi|23268626|gb|AF539814.1|  Caenorhabditis elegans tyramine ...   156   2e-36
gi|13173420|gb|AF343878.1|AF343878  Mamestra brassicae putat...   153   3e-35
gi|1197191|emb|X95607.1|BMOCTOB96  B.mori mRNA for octopamin...   151   8e-35
gi|1507660|dbj|D83547.1|  Balanus amphitrite gene for G prot...   147   1e-33
gi|24668473|ref|NM_079695.2|  Drosophila melanogaster CG7485...   145   4e-33

gi|1197329|emb|X95606.1|HVOCTOK50   H.virescens mRNA for octopamine receptor
          Length = 2557

 Score =  229 bits (584), Expect = 3e-58
 Identities = 130/311 (41%), Positives = 171/311 (54%), Gaps = 34/311 (10%)
 Frame = +1

Query: 2    AIAVDRYWAITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLFGWNDWPDVFTSDTPC 61
            AIA+DRYWAITDPINYAQKRT++RV++MIG+VW +S+II  PPL GWNDWPDVF  DTPC
Sbjct: 937  AIALDRYWAITDPINYAQKRTLERVLLMIGVVWVLSLIISSPPLLGWNDWPDVFEPDTPC 1116

Query: 62   ILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTXXXXXXXXXXXXXXLNQIPNSGKARLT 121
             LT + GFVI+SSSGSFY PL+IMT+VY +I+               ++ I +SG+ +
Sbjct: 1117 RLTSQPGFVIFSSSGSFYIPLVIMTVVYFEIYLATKKRLRDRAKATKISTI-SSGQNKYN 1293

Query: 122  K-----EEDSAVSENGQNGYNDTXXXXXXXXXXXXXXXXXXXXXASXX------------ 164
                  ++DS  SE   N +
Sbjct: 1294 NKDDHHDQDSVSSEANHNEHQGVTRLVSDNEKKKRTRKLTPKKKPKRKYWSKDDKSQNKL 1473

Query: 165  ---XXXXXXXXXXXXXDLSNPKDEASPLEEKKGADVIVRVN-------------PKNGSQ 208
                            +L N    +    ++   D ++ VN             P   S
Sbjct: 1474 IIPILSNENSVTDMGENLENRNTSSESNSKETHEDDLIEVNETVPVKTHHKKPKPNQQSA 1653

Query: 209  IHQFIEEKQKISLSKKRRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLINF 268
            ++QFIEEKQ+ISL+++RRAARTLGIIMG FVVCWLPFF++Y+++PFC +C + N K INF
Sbjct: 1654 VYQFIEEKQRISLTRERRAARTLGIIMGVFVVCWLPFFVIYLVIPFCASCCLSN-KFINF 1830

Query: 269  IVWLG-LNSTL 278
            I WLG  NS L
Sbjct: 1831 ITWLGYCNSAL 1863

Figure 29.  The results of blast in GENBANK database and the highest 

significant alignment of a deduced amino acid sequence of clone 60. The website 

(http://www.ncbi.nlm.nih.gov/blast) was used in this analysis.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01197329&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=07159585&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=25150530&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=23268624&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=25150527&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=23268626&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=13173420&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01197191&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01507660&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=24668473&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01197329&dopt=GenBank
http://www.ncbi.nlm.nih.gov/blast
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3.  Amplification of 3/ End of Clone Sequences by 3/ RACE
       To obtain the 3/ end of the cloned sequences, 3/ RACE was performed. For         

3/ RACE, specific primers were designed in the conserved regions between clones 53 

and 60. The 3RACE and N3RACE primers located in the transmembrane domain VI 

and the third extracellular loop, respectively, as shown in Figure 30. The reverse 

transcription was performed by using Oligo-dT primer. The PCR reaction was 

performed by using 3RACE and PM1 primer to generate 3/ end of this gene. Then the 

nested PCR was performed by using N3RACE and PM1 to increase specificity. The 

detail of this method was as previously described in method 2.5.1. The nested PCR 

products were cloned into pGEM-T easy vector.

       3.1  Nucleotide and deduced amino acid sequences of 3/  RACE products

               The result of 3/ RACE showed two products of about 700 and 500 bp. After 

nested PCR, two products of about 500 and 300 bp were obtained (Figure 31). After 

DNA purification and cloning, complete DNA sequences of these products were 

obtained. Three (500-bp) and two (300-bp) fragment-harboring recombinant clones 

were sequenced. In this study, 500-bp 3/ RACE is called “ Long-3RACE ” and 300-bp 

3/ RACE is called “ Short-3RACE ”.

               The three nucleotide sequences of the Long-3RACE clones showed high 

sequence identity. The lengths of three nucleotide sequences were 476-477 

nucleotides varied from some deletions in primer sequences and the length of poly-A 

tail. There were some variations occurring in the group of Long-3RACE (Figure 32). 

The 168 nucleotides until a stop codon was reached in the Long-3RACE fragments 

encode 56 deduced amino acids. When excluding the oligo-dT primer, the                  

3/ untranslated region (3/ UTR) has 266 nucleotides (Figure 33). The variations in this 

group are shown in Figure 33. When excluding the primer regions, there were            

5 nucleotide variations. Three nucleotide variations were in the coding regions and 

two variations were in 3/ UTR. One of the nucleotide sequence variations in the 

coding region did not alter encoded amino acid whereas the other two variations 

changed into 2 different amino acids.
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Figure 30.  Positions of N5End, 5End, 3RACE and N3RACE primers in deduced

amino acid sequences of clones 53 and 60

N3RACE

N5End

5End

3RACE
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Figure 31.  3/ RACE (A) and nested 3/ RACE (B) products amplified with pairs 

of 3RACE and PM1 and pairs of N3RACE and PM1, respectively from total 

RNA of brain and thoracic ganglia

Lane M1 : λ/BstEII Marker

Lane M2 : 100 bp DNA marker

Lane    1 :  3/ RACE products

Lane    2 :  Negative control of 3/ RACE (primer alone)

Lane    3 :  Nested 3/ RACE products

Lane    4 :  Negative control of nested 3/ RACE (primer alone)

A

M1 M21        2

500

1000

1500

bps bps

500 bp

B

1000

M2 3         4

500

1500

300

bps

500 bp

300 bp

700 bp
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Figure 32.  An alignment of Long-3RACE (L-3RACE) nucleotide sequences of 

three individual clones harboring the 3/ RACE product. This alignment was 

performed by using the ClustalX program.

N3RACE Primer

Oligo-dT Primer
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            N3RACE Primer       L   P   F   C   P   T   C   P   V   P   N   D   K   L   I
1 CTG CCC TTC TGC CCG ACG TGC CCG GTG CCC AAC GAC AAG CTC ATC
                                      C

 N   F   I   V   W   L   G   Y   I   N   S   S   L   N   P
                             H

46 AAC TTC ATC GTG TGG CTC GGC TAC ATC AAC TCG TCC CTC AAC CCC
                          A

 V   I   Y   T   I   F   N   L   D   F   R   R   A   F   A
                                                             L

91 GTC ATC TAC ACC ATC TTC AAC CTG GAC TTC AGG AGG GCC TTC GCC
                                                         C

 K   I   L   K   C   P   S   S   T   S   V  End
  136 AAG ATC CTG AAG TGT CCC AGC AGC ACT TCT GTG TAA CGA CGG AAA
  181 ATA GAG AAA AAA TTG CCT ACA AAG GCT TAT AGA TCT CAA GCT CTT
  226 TCT GAA AAG TGA CAT AGA GCT CTT CAA ACT ATC GAC ATC GTG GAA
  271 GGT TTA ATC AAA CCT TCT TTG TGT TCT CAT AGT ATT CAT AAA TGG
  316 TCA TGG TTA TAT ACA TGT GAT TGC AAA CAA GAT TCT GCC TTG TAA
361 AGA AGG AAT CCT TTT TAA AGG GGA AAC GCA CTT GGA TAT AAA ATA
                                        A
406 AAC GTA ATA AAA GCG ATG GTA AAT GCT TCA AAA AAA AAA AAA AAA
                    G

  451 GGA TCC TCT AGA AGC TTG AAT TCC GG
                                         Oligo-dT Primer

Figure 33.  Nucleotide and deduced amino acid sequences of Long-3RACE and 

variation in a group of Long-3RACE sequences. Underlines indicate the position of 

primers. Bold letter is the overlapping region in clones 53 and 60.



Chetsada Pothiratana Results / 72

                The two nucleotide sequences of the Short-3RACE clones showed high 

sequence identity. The lengths of two nucleotide sequences were 314-315 nucleotides 

and varied in the length of the poly-A tail (Figure 34). The 168 nucleotides until a 

stop codon was reached in Short-3RACE fragments encode into 56 deduced amino 

acids. When excluding the Oligo-dT primer, the 3/ UTR has 103 nucleotides (Figure 

35). There was no variation occurring in the group of Short-3RACE.

       3.2  Sequence analysis of 3/  RACE products

               Due to the two variants of 3/ RACE products, long and short variants, 

nucleotide sequences of long and short 3/ RACE products (L-3RACE and S-3RACE) 

excluding parts of Oligo-dT primers were compared together. The result showed that 

the whole sequences showed only 49 % sequence identity. However, these two 

sequences had high sequence similarity in the 5/ end corresponding to the coding 

region and were highly variable in 3/ end corresponding to 3/ UTR part (Figure 36). 

The nucleotide sequences of the two 3/ RACE products were translated into their 

deduced amino acid sequences. When compared together, these two amino acid 

sequences showed high sequence identity up to 91%. The differences were found in 

the C-terminal end (Figure 37).

4.  Amplification of 5/ End of Cloned Sequences by 5/ RACE and 5/ 

End Amplification of Black Tiger Prawn’s DraI Genome WalkerTM

Library
       4.1  Amplification of 5/ end of cloned sequences by 5/ RACE

               To obtain the 5/ end of cloned sequences, the 5/ RACE strategy was selected. 

For 5/ RACE, the specific primers were designed in the conserved regions between 

clone 53 and 60. 5End and N5End primers were located in the second extracellular 

loop and the transmembrane domain IV, respectively, as shown in Figure 13. A 

reverse transcription (RT) was performed by using 5End primer. The first strand RT 

product was purified by PCR purification QIAGEN kit. A poly A tail was added at the 

3/ end of the purified RT product by terminal deoxynucleotide transferase (TdT). 

Then PCR was performed by using 5End and oligo-dT primer to generate 5/ end of 

this gene. Nested PCR was performed by using N5End and PM1 to increase 
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specificity. The detail of this method was previously described in the method 2.5.2. 

No expected PCR products was detected by this approach. Therefore, an alternative 

approach using black tiger prawn’s DraI genome walker library was employed in the 

next step.

        4.2  5/ End amplification of black tiger prawn’s DraI Genome WalkerTM

Library

                PCR amplification was performed by using black tiger prawn’s DraI 

Genome WalkerTM library as a template. PCR was performed by using 5End and AP1 

primer, adaptor1 primer to generate 5/ end of this gene. Nested PCR was performed 

by using N5End and AP2 primer, adaptor2 primer, to increase specificity. The detail 

of this method was previously described in the method 2.6. The nested PCR product 

was cloned into pGEM-T easy vector.

        4.3 Nucleotide and deduced amino acid sequences of 5/ end amplification of

black tiger prawn’s library products

                The results of the first PCR showed several faint bands. After nested PCR, 

a major band product of about 800 bp was obtained (Figure 38). This PCR product 

was purified and cloned. Two recombinant clones harboring 800-bp 5/ end fragment 

were selected. These two nucleotide sequences showed high sequence identity. The 

lengths of two nucleotide sequences were 810 nucleotides. There were some 

variations between them. An adaptor-genomic DNA junction corresponded to the 

characteristic of ligation between adaptor and DraI-digested fragment, AAA at the 

end of digested fragment (Figure 39). When excluding the adaptor sequences, the 

length of 5/ end fragment was 774 nucleotides. The nucleotide sequences were 

translated to their deduced amino acid sequences in the same reading frame with 

clone 53 and clone 60. The deduced amino acid sequences showed three stop codons 

(Figure 40). In order to indicate the putative start site that produced the longest open 

reading frame, the deduced amino acid sequences were read from the 5/ end of the 

sequences to look for the first methionine codon (ATG) located downstream from the 

last stop codon in these sequences. The putative start site and the stop codon upstream 

from this start site are shown in Figure 40. From this strategy, the deduced amino acid 

sequences from genomic DNA were identified.
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Figure 34.  An alignment of Short-3RACE (S-3RACE) nucleotide sequences of 

two individual clones harboring the 3/ RACE product. This alignment was 

performed by using the ClustalX program.

N3RACE Primer

Oligo-dT Primer
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 L   P   F   C   P   T   C   P   V   P   N   D   K   L   I
    1 CTG CCC TTC TGC CCG ACG TGC CCG GTG CCC AAC GAC AAG CTC ATC

 N   F   I   V   W   L   G   Y   I   N   S   S   L   N   P
   46 AAC TTC ATC GTG TGG CTC GGC TAC ATC AAC TCG TCC CTC AAC CCC

 V   I   Y   T   I   F   N   L   D   F   R   R   A   F   A
   91 GTC ATC TAC ACC ATC TTC AAC CTC GAC TTC AGG AGG GCC TTC GCC

 K   I   L   R   C   P   N   T   T   A   L  End
  136 AAG ATC CTG AGG TGC CCC AAC ACC ACA GCT CTG TAA TCT CAT TAA
  181 AAT ATT ATG TTT AAA AGA CTA TGA AAT TGA TGT TGT TTA CGT TAT
  226 GTA GTT GTT TTT GTT TGA CTA CAT GAG ATA CAT ACT CAG AGG AGA
  271 CAA AAA AAA AAA AAA AAG GAT CCT CTA GAA GCT TGA ATT CCG G

Figure 35.  Nucleotide and deduced amino acid sequences of Short-3RACE 

product. Underlines indicate the position of primers. Bold letter is the overlapping 

region in clones 53 and 60.
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Figure 36.  A comparison of two cloned 3/ RACE products that are different in

their sizes. The deduced stop codon is indicated by the box and possible

polyadenylation signals are indicated by the labelled lines. This alignment was

performed by using the ClustalX program. The possible polyadenylation signals were

predicted by the program avaliable at (http://125.itba.mi.cnr.it/~webgene

/wwwHC_polya.html)

N3RACE primer

Poly-A signal of S-3RACE

Poly-A signal of L-3RACE

http://125.itba.mi.cnr.it/~webgene/wwwHC_polya.html
http://125.itba.mi.cnr.it/~webgene/wwwHC_polya.html


Fac. of Grad. Studies, Mahidol Univ.                                              M. Sc. (Mol. Genet. Genet. Eng.) / 77

Figure 37.  A comparison of the deduced amino acid sequences of two 3/ RACE

This alignment was performed by using the ClustalX program.
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Figure 38.  Amplification of 5/ end fragment of cloned sequences in P. monodon’s

Genome Walker DraI library

Lane M1 : λ/BstEII Marker

Lane M2 : pBR322/MspI Marker

Lane M3 : 100 bp DNA marker

Lane 1     : First PCR products

Lane 2     : Nested PCR product

Lane 3     : Purified second PCR product

M1 1 2 M2 M1 3 M3
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1500
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Figure 39.  An alignment of 5/ end (5-End) nucleotide sequences of two individual 

clones harboring the 5-End product. This alignment was performed by using the 

ClustalX program. The arrow indicates the adaptor-genomic DNA junction.

N5End primer

Adaptor region
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 K   G   P   L   A   C   V   N   L   H   A  End  V   L   I
    1 AAA GGG CCC TTG GCT TGT GTT AAT TTG CAC GCT TAA GTG TTG ATT

 V   V   A  End   P   C   I   C   S   N   T   L   M   S   V
   46 GTT GTC GCA TGA CCA TGT ATC TGC AGT AAT ACG CTA ATG AGT GTC

 C   Y   L   F   P   D   V   A   E   Q   R   E   I   Q   A
     F

   91   TGT TAC CTC TTT CCA GAT GTG GCA GAG CAA AGG GAG ATT CAA GCA
     T
End   D   C   R   Q   K   H   I   A   A   D   S   N   L   F

  136 TGA GAT TGC AGA CAG AAG CAT ATC GCT GCC GAC TCG AAT CTA TTT
 S   S   F   I   L   L   T   T   E   A   L   K   H   P   N
                         I

  181   TCG AGC TTC ATC CTG TTG ACC ACT GAA GCC TTG AAG CAC CCG AAC
                         T                            A
 E   C   P   I   S   C   D   H   S   V   V   K   M   S   R

  226 GAA TGC CCG ATA TCA TGT GAT CAC TCT GTT GTG AAG ATG TCG AGG
 M   N   S   K   D   A   L   P   S   F   V   E   S   D   L

  271 ATG AAC AGC AAA GAC GCG CTT CCT TCC TTC GTG GAG TCC GAC CTC
 N   V   S   G   L   E   E   E   A   T   L   S   E   Y   D

  316 AAC GTC TCC GGC CTC GAG GAG GAA GCC ACT CTC TCG GAG TAT GAC
 S   E   L   A   M   P   V   W   E   I   V   V   T   V   V
 F

  361   TCC GAG CTG GCG ATG CCC GTG TGG GAG ATC GTG GTG ACC GTC GTC
 T
 S   L   G   V   I   I   I   F   T   I   I   G   N   V   L

  406 TCC CTC GGC GTC ATC ATC ATC TTC ACC ATC ATC GGC AAC GTG CTG
 V   I   L   S   V   F   T   Y   R   P   L   R   I   V   Q

  451 GTG ATC CTG TCC GTG TTC ACG TAC CGG CCG CTG CGG ATC GTG CAG
 N   F   F   I   V   S   L   A   V   A   D   L   T   V   A
                     L

  496   AAC TTC TTC ATC GTG TCG CTG GCC GTG GCC GAC CTG ACG GTG GCC
                     T
 V   F   V   L   P   F   N   V   A   Y   S   I   I   G   K

  541 GTG TTC GTG CTG CCC TTC AAC GTG GCC TAC AGC ATC ATC GGC AAG
 W   V   F   G   I   H   L   C   Q   M   W   L   T   C   D

  586 TGG GTG TTC GGC ATC CAC CTG TGC CAG ATG TGG CTC ACG TGC GAC
 I   M   C   C   T   A   S   I   L   N   L   C   A   I   A

  631 ATC ATG TGC TGC ACG GCC TCC ATC CTC AAC CTG TGC GCC ATC GCC
 L   D   R   Y   W   A   I   T   D   P   I   N   Y   A   Q

  676 CTC GAC CGC TAC TGG GCC ATC ACG GAC CCC ATC AAC TAC GCG CAG
 K   R   T   V   K   R   V   M   I   M   I   G   L   V   W

  721 AAG CGC ACC GTC AAG CGC GTC ATG ATC ATG ATC GGC CTC GTG TGG
 S   I   S

  766 AGC ATC AGC

Figure 40.  Nucleotide and deduced amino acid sequences of 5-End product.

Underlines indicate the position of primers. Box indicates the putative start site. Filled 

box indicates the first stop codon upstream the putative start site. Bold letter is the 

overlapping region in clones 53 and 60. End means a stop codon.
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                For 5/ end (5-End) nucleotide sequences, the length of non-coding region 

was 261 nucleotides and the length of coding region was 513 nucleotides coding for 

171 amino acids. There were 5 variations between these sequences. Three variations 

were located in the non-coding region. Two variations that located in the coding 

regions changed into 2 different amino acids (Figure 41).

        4.4  Sequences analysis of 5-End products

                Hydrophobicity plot of the deduced amino acid sequences of 5/ end was 

analysed. The result showed 3 hydrophobic regions corresponding to the 

characteristics of transmembrane domains I, II and III of the G-protein coupled 

receptors (Figure 42). The deduced amino acid sequence of 5-End product was 

blasted in GENBANK database by using tblastn. The result of 5-End showed the 

highest significant alignments to Bombyx mori mRNA for octopamine receptor. It also 

showed the similarity to insect octopamine/tyramine receptors (one of the 

neurotransmitter G-protein coupled receptors). From the alignment of blast result, the 

high sequence identity was detected almost along the whole 171-amino acid sequence 

[amino acid 14-171] (Figure 43). These results suggested that this 5/ end fragment 

should derive from genomic DNA encoding the neurotransmitter G-protein coupled 

receptor without intron interruption.

5.  Amplification of Full-length and Partial DNA Fragments
        From the previous experiments, five nucleotide sequences were obtained. There 

were two middle sequences (clones 53 and 60) from RT-PCR using degenerate 

primers. There were two 3/ RACE products (L-3RACE and S-3RACE products) from 

3/ RACE. There was one 5-End product from 5/ end amplification of black tiger 

prawn’s DraI Genome WalkerTM library. The position of these products in 

relationship to each other is shown in Figure 44. In order to amplify the full-length 

sequence of this gene, the sequence in the 5/ end of 5-End product was used to design 

f-OARF primer and the sequences in the 3/ end of both L-3RACE and S-3RACE 

products were used to design f-OARRI and f-OARRII respectively. The location of 

these primers is indicated in Figure 45 and 46.
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    1 AAA GGG CCC TTG GCT TGT GTT AAT TTG CAC GCT TAA GTG TTG ATT
   46 GTT GTC GCA TGA CCA TGT ATC TGC AGT AAT ACG CTA ATG AGT GTC

91 TGT TAC CTC TTT CCA GAT GTG GCA GAG CAA AGG GAG ATT CAA GCA
 T

  136 TGA GAT TGC AGA CAG AAG CAT ATC GCT GCC GAC TCG AAT CTA TTT
181 TCG AGC TTC ATC CTG TTG ACC ACT GAA GCC TTG AAG CAC CCG AAC

                         T                            A
                                                 M   S   R

  226 GAA TGC CCG ATA TCA TGT GAT CAC TCT GTT GTG AAG ATG TCG AGG
 M   N   S   K   D   A   L   P   S   F   V   E   S   D   L

  271 ATG AAC AGC AAA GAC GCG CTT CCT TCC TTC GTG GAG TCC GAC CTC
 N   V   S   G   L   E   E   E   A   T   L   S   E   Y   D

  316 AAC GTC TCC GGC CTC GAG GAG GAA GCC ACT CTC TCG GAG TAT GAC
 S   E   L   A   M   P   V   W   E   I   V   V   T   V   V
 F

361 TCC GAG CTG GCG ATG CCC GTG TGG GAG ATC GTG GTG ACC GTC GTC
 T
 S   L   G   V   I   I   I   F   T   I   I   G   N   V   L

  406 TCC CTC GGC GTC ATC ATC ATC TTC ACC ATC ATC GGC AAC GTG CTG
 V   I   L   S   V   F   T   Y   R   P   L   R   I   V   Q

  451 GTG ATC CTG TCC GTG TTC ACG TAC CGG CCG CTG CGG ATC GTG CAG
 N   F   F   I   V   S   L   A   V   A   D   L   T   V   A
                     L

496 AAC TTC TTC ATC GTG TCG CTG GCC GTG GCC GAC CTG ACG GTG GCC
                     T
 V   F   V   L   P   F   N   V   A   Y   S   I   I   G   K

  541 GTG TTC GTG CTG CCC TTC AAC GTG GCC TAC AGC ATC ATC GGC AAG
 W   V   F   G   I   H   L   C   Q   M   W   L   T   C   D

  586 TGG GTG TTC GGC ATC CAC CTG TGC CAG ATG TGG CTC ACG TGC GAC
 I   M   C   C   T   A   S   I   L   N   L   C   A   I   A

  631 ATC ATG TGC TGC ACG GCC TCC ATC CTC AAC CTG TGC GCC ATC GCC
 L   D   R   Y   W   A   I   T   D   P   I   N   Y   A   Q

  676 CTC GAC CGC TAC TGG GCC ATC ACG GAC CCC ATC AAC TAC GCG CAG
 K   R   T   V   K   R   V   M   I   M   I   G   L   V   W

  721 AAG CGC ACC GTC AAG CGC GTC ATG ATC ATG ATC GGC CTC GTG TGG
 S   I   S

  766 AGC ATC AGC

Figure 41.  Nucleotide and deduced amino acid sequences by means of putative

start site of 5-End fragment and variation between two 5-End sequences
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Figure 42. Hydrophobicity plot of the deduced amino acid sequences of 5-End

fragment. This sequence shows three hydrophobic regions indicated by lines. The

window used in this calculation is 15. This plot was undertaken using the Antheprot

program.

I II III
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                                                                 Score    E
Sequences producing significant alignments:                      (bits) Value

gi|1197191|emb|X95607.1|BMOCTOB96  B.mori mRNA for octopamin...   231   2e-59
gi|1197329|emb|X95606.1|HVOCTOK50  H.virescens mRNA for octo...   231   2e-59
gi|13173420|gb|AF343878.1|AF343878  Mamestra brassicae putat...   231   2e-59
gi|158002|gb|M60789.1|DROOCR  D.melanogaster octopamine rece...   229   7e-59
gi|24668473|ref|NM_079695.2|  Drosophila melanogaster CG7485...   229   7e-59
gi|8761|emb|X54794.1|DMTYRDROG  D. melanogaster Tyr-dro mRNA...   229   7e-59
gi|16754884|dbj|AB073914.1|  Drosophila melanogaster tyrR mR...   229   7e-59
gi|871406|emb|X69521.1|LMGCR2  L.migratoria gcr2 mRNA for G ...   227   3e-58
gi|871404|emb|X69520.1|LMGCR1  L.migratoria gcr1 mRNA for G ...   227   3e-58
gi|7159585|emb|AJ245824.1|AME245824  Apis mellifera mRNA for...   221   2e-56

gi|1197191|emb|X95607.1|BMOCTOB96   B.mori mRNA for octopamine receptor
          Length = 2575

 Score =  231 bits (590), Expect = 2e-59
 Identities = 108/159 (67%), Positives = 135/159 (84%), Gaps = 1/159 (0%)
 Frame = +2

Query: 14  VESDLNVSGLEEEATLS-EYDSELAMPVWEIVVTVVSLGVIIIFTIIGNVLVILSVFTYR 72
           +E + +V  + +E  +   +   LA+P WE + T + L +III T++GN+LVILSVFTY+
Sbjct: 533 IEDEKDVCAVADEPNIPCSFGISLAVPEWEAICTAIILTMIIISTVVGNILVILSVFTYK 712

Query: 73  PLRIVQNFFIVSLAVADLTVAVFVLPFNVAYSIIGKWVFGIHLCQMWLTCDIMCCTASIL 132
           PLRIVQNFFIVSLAVADLTVA+ VLP NVAYSI+G+WVFGI++C+MWLTCDIMCCT+SIL
Sbjct: 713 PLRIVQNFFIVSLAVADLTVAILVLPLNVAYSILGQWVFGIYVCKMWLTCDIMCCTSSIL 892

Query: 133 NLCAIALDRYWAITDPINYAQKRTVKRVMIMIGLVWSIS 171
           NLCAIALDRYWAITDPINYAQKRT++RV+ MIG+VW +S
Sbjct: 893 NLCAIALDRYWAITDPINYAQKRTLERVLFMIGIVWILS 1009

Figure 43. The results of blast in GENBANK database and the highest significant 

alignment of the deduced amino acid sequences of 5-End sequence. The website 

(http://www.ncbi.nlm.nih.gov/blast) was used in this analysis.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01197191&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01197329&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=13173420&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=00158002&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=24668473&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=00008761&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=16754884&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=00871406&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=00871404&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=07159585&dopt=GenBank
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=01197191&dopt=GenBank
http://www.ncbi.nlm.nih.gov/blast
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5-End product sequence

    1 AAAGGGCCCTTGGCTTGTGTTAATTTGCACGCTTAAGTGTTGATTGTTGTCGCATGACCA
   61 TGTATCTGCAGTAATACGCTAATGAGTGTCTGTTACCTCTTTCCAGATGTGGCAGAGCAA
121 AGGGAGATTCAAGCATGAGATTGCAGACAGAAGCATATCGCTGCCGACTCGAATCTATTT

   f-OARF
  181 TCGAGCTTCATCCTGTTGACCACTGAAGCCTTGAAGCACCCGAACGAATGCCCGATATCA
  241 TGTGATCACTCTGTTGTGAAGATGTCGAGGATGAACAGCAAAGACGCGCTTCCTTCCTTC
  301 GTGGAGTCCGACCTCAACGTCTCCGGCCTCGAGGAGGAAGCCACTCTCTCGGAGTATGAC
  361 TCCGAGCTGGCGATGCCCGTGTGGGAGATCGTGGTGACCGTCGTCTCCCTCGGCGTCATC
  421 ATCATCTTCACCATCATCGGCAACGTGCTGGTGATCCTGTCCGTGTTCACGTACCGGCCG
  481 CTGCGGATCGTGCAGAACTTCTTCATCGTGTCGCTGGCCGTGGCCGACCTGACGGTGGCC
  541 GTGTTCGTGCTGCCCTTCAACGTGGCCTACAGCATCATCGGCAAGTGGGTGTTCGGCATC
  601 CACCTGTGCCAGATGTGGCTCACGTGCGACATCATGTGCTGCACGGCCTCCATCCTCAAC
  661 CTGTGCGCCATCGCCCTCGACCGCTACTGGGCCATCACGGACCCCATCAACTACGCGCAG
  721 AAGCGCACCGTCAAGCGCGTCATGATCATGATCGGCCTCGTGTGGAGCATCAGC

Figure 45. Position of f-OARF primer in 5-End nucleotide sequence. The position 

of f-OARF primer is indicated by underline. The bold letters indicate the coding 

region.
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L-3RACE product sequence

    1 CTGCCCTTCTGCCCGACGTGCCCGGTGCCCAACGACAAGCTCATCAACTTCATCGTGTGG
   61 CTCGGCTACATCAACTCGTCCCTCAACCCCGTCATCTACACCATCTTCAACCTGGACTTC
  121 AGGAGGGCCTTCGCCAAGATCCTGAAGTGTCCCAGCAGCACTTCTGTGTAACGACGGAAA
  181 ATAGAGAAAAAATTGCCTACAAAGGCTTATAGATCTCAAGCTCTTTCTGAAAAGTGACAT
  241 AGAGCTCTTCAAACTATCGACATCGTGGAAGGTTTAATCAAACCTTCTTTGTGTTCTCAT
  301 AGTATTCATAAATGGTCATGGTTATATACATGTGATTGCAAACAAGATTCTGCCTTGTAA
  361 AGAAGGAATCCTTTTTAAAGGGGAAACGCACTTGGATATAAAATAAACGTAATAAAAGCG
  421 ATGGTAAATGCTTCAAAAAAAAAAAAAAAAGGATCCTCTAGAAGCTTGAATTCCGG
            f-OARRI

S-3RACE product sequence

    1 CTGCCCTTCTGCCCGACGTGCCCGGTGCCCAACGACAAGCTCATCAACTTCATCGTGTGG
   61 CTCGGCTACATCAACTCGTCCCTCAACCCCGTCATCTACACCATCTTCAACCTCGACTTC
  121 AGGAGGGCCTTCGCCAAGATCCTGAGGTGCCCCAACACCACAGCTCTGTAATCTCATTAA
  181 AATATTATGTTTAAAAGACTATGAAATTGATGTTGTTTACGTTATGTAGTTGTTTTTGTT
  241 TGACTACATGAGATACATACTCAGAGGAGACAAAAAAAAAAAAAAAAGGATCCTCTAGAA
  301   GCTTGAATTCCGG   f-OARRII

Figure 46.  Position of f-OARRI primer and f-OARRII in L-3RACE and

S-3RACE nucleotide sequences, respectively. The position of f-OARRI and

f-OARRII primers are indicated by underline. The bold letters indicate the coding

region.
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        5.1  Amplification of full-length fragments from genomic DNA by using a 

pair of f-OARF, f-OARRI and a pair of f-OARF, f-OARRII primers

                The f-OARF primer was combined with f-OARRI or f-OARRII primers in 

PCR amplification. The expected products from the previous data for amplification 

products of pairs of f-OARF, f-OARRI primers and f-OARF, f-OARRII were about 

1750 and 1600 bp, respectively. The results showed that only a pair of f-OARF and   

f-OARRI was able to amplify the expected full-length product (Figure 47A).

        5.2  Amplification of a partial fragment from genomic DNA by using a pair 

of t-OARF1 and f-OARRII primers

                The other experiment for f-OARRII primer was performed. The t-OARF1-

60c primer locating in the conserved region between middle sequences of clones 53 

and 60 was combined with f-OARRII primer and the expected product should be 920 

bp. The result showed that a pair of t-OARF1-60c and f-OARRII primers was able to 

amplify the expected partial product (Figure 47B.).

        5.3  Verification of middle sequences of amplified full-length and partial 

fragments by re-amplification of specific primers

                From previous experiments, one full-length product from f-OARF,             

f-OARRI and one partial fragment product from t-OARF1-60c and f-OARRII were 

obtained. In order to verify which variants of the middle sequence (clone 53 and 60 

variants) were a part of amplified full-length and partial product, the amplified 

fragments were used to perform re-amplification by specific primers for each variant. 

In this experiment, t-OARF1-53 and v-OARR primers were specific for clone 53 

variant and generated the PCR product about 384 bp. The v-OARF-60 and v-OARR 

primers were specific for clone 60 variant and generated the PCR product about     

256 bp. For this experiment, the result showed that the full-length product was able to    

re-amplified by only specific primers for clone 53 variant and the partial product was 

re-amplified by only specific primers for clone 60 variant (Figure 48).
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Figure 47. PCR amplifications of genomic DNA to obtain full-length and partial

DNA sequences by pair of f-OARF, f-OARRI, pair of f-OARF, f-OARRII and

pair of t-OARF1-60c , f-OARRII

            Lane M1: λ/BstEII Marker

Lane M2: 100 bp DNA marker

        A.  Amplification by f-OARF and f-OARR primers

Lane 1: Amplification by f-OARF and f-OARRI primers

Lane 2: Amplification by f-OARF and f-OARRII primers

Lane 3: Negative control of f-OARF and f-OARRI primers

Lane 4: Negative control of f-OARF and f-OARRII primers

        B.  Amplification by f-OARF and f-OARRII primers

Lane 1: Amplification by f-OARF and f-OARRII primers

Lane 2: Negative control of f-OARF and f-OARRII primers

M1 1 M1 M2M22 3 4 65

Expected
Product
~920 bp

Expected
Product
~1750 bp

900 bp

1500 bp

1929 bp

A B
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Figure 48.  Re-amplifications of full-length and partial fragment products by 

specific primers for the middle sequence of clone 53 and 60 variants. Specific 

primers for clone 53 are t-OARF2-53 and v-OARR primers and specific primers for 

clone 60 are v-OARF-60 and v-OARR

Lane M: 100 bp DNA marker

Lane 1:  Re-amplification of  full-length product  for clone 53 variant

Lane 2:  Re-amplification of full-length  product  for clone 60 variant

Lane 3:  Re-amplification of partial fragment product for clone 53 variant

Lane 4:  Re-amplification of partial fragment product for clone 60 variant

Lane 5:  Negative control for clone 53 variant

Lane 6:  Negative control for clone 60 variant

M 1 2 3 4 5 6

500 bp
400 bp
300 bp
200 bp

100 bp

384 bp
256 bp
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                These results suggest that the full-length sequence was combined in order of 

5-End product, clone 53 variant of the middle product and L-3RACE of 3/ RACE 

product. On the other hand, the partial sequence was combined in order of clone 60 

variant of the middle product and S-3RACE of 3/ RACE product. This cloned partial 

product should have the other uncloned 5/ end fragment. Both expected products were 

purified and cloned into pGEM-T easy vector.

        5.4  Nucleotide and deduced amino acid sequences of full-length and partial 

DNA fragments from genomic DNA

                5.4.1 Nucleotide and deduced amino acid sequences of full-length DNA 

fragment

                        Three recombinant clones harboring 1750-bp full-length fragment 

were selected and sequenced in both directions. These three nucleotide sequences 

showed 99 % sequence identity. The lengths of three nucleotide sequences were 1756 

nucleotides and showed the sequence as expected from PCR. There were some 

variations among them and previous cloned sequences (Figure 49). The length of 5/

end non-coding region was 145 nucleotides. The longest open reading frame (ORF) 

was 1329 nucleotides encoding for 443 amino acids. The length of 3/ UTR was 266 

nucleotides. The restriction sites of EcoRI and BamHI were included in 5/ and 3/ end 

of this sequence, respectively. There were 5 nucleotide variations in 5/ end non-coding 

region, and 2 nucleotide variations in 3/ UTR region. There were 10 nucleotide 

variations in ORF region and only 3 variations demonstrated the different amino acid 

sequences. (Figure 50).
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                      *        20         *        40         *        60
PutFullSeq : AAAGGGCCCTTGGCTTGTGTTAATTTGCACGCTTAAGTGTTGATTGTTGTCGCATGACCA :   60
Full-Seq06 : ------------------------------------------------------------ :    -
Full-Seq09 : ------------------------------------------------------------ :    -
Full-Seq14 : ------------------------------------------------------------ :    -

                      *        80         *       100         *       120
PutFullSeq : TGTATCTGCAGTAATACGCTAATGAGTGTCTGTTACCTCTTTCCAGATGTGGCAGA-GCA :  119
Full-Seq06 : -------------------------------------------------AGGAATTCGCA :   11
Full-Seq09 : -------------------------------------------------AGGAATTCGCA :   11
Full-Seq14 : -------------------------------------------------AGGAATTCGCA :   11
                                                              aGGaAttcGCA

                      *       140         *       160         *       180
PutFullSeq : AAGGGAGATTCAAGCATGAGATTGCAGACAGAAGCATATCGCTGCCGACTCGAATCTATT :  179
Full-Seq06 : AAGGGAGATTCAAGCATGAGATTGCAGACAGAAGCATATCGCTGCCGACTCGAATCTATT :   71
Full-Seq09 : AAGGGAGATTCAAGCATGAGATTGCAGACAGAAGCATATCGCTGCCGACTCGAATCTATT :   71
Full-Seq14 : AAGGGAGATTCAAGCATGAGATTGCAGACAGAAGCATATCGCTGCCGACTCGAATCTATT :   71
             AAGGGAGATTCAAGCATGAGATTGCAGACAGAAGCATATCGCTGCCGACTCGAATCTATT
              f-OARF primer
                      *       200         *       220         *       240
PutFullSeq : TTCGAGCTTCATCCTGTTGACCACTGAAGCCTTGAAGCACCCGAACGAATGCCCGATATC :  239
Full-Seq06 : TTCGAGCTTCATCCTGTTGATCACTGAATCCTTGAAGCCCCCAAACGAATGCCCGATATC :  131
Full-Seq09 : TTCGAGCTTCATCCTGTTGATCACTGAAGCCTTGAAGCCCCCAAACGAATGCCCGATATC :  131
Full-Seq14 : TTCGAGCTTCATCCTGTTGATCACTGAAGCCTTGAAGCCCCCAAACGAATGCCCGATATC :  131
             TTCGAGCTTCATCCTGTTGAtCACTGAAgCCTTGAAGCcCCCaAACGAATGCCCGATATC

                      *       260         *       280         *       300
PutFullSeq : ATGTGATCACTCTGTTGTGAAGATGTCGAGGATGAACAGCAAAGACGCGCTTCCTTCCTT :  299
Full-Seq06 : ATGTGATCACTCTGTTGTGAAGATGTCGAGGATGAACAGCAAAGACGCGCTTCCTTCCTT :  191
Full-Seq09 : ATGTGATCACTCTGTTCTGAAGATGTCGAGGATGAACAGCAAAGACGCGCTTCCTTCCTT :  191
Full-Seq14 : ATGTGATCACTCTGTTCTGAAGATGTCGAGGATGAACAGCAAAGACGCGCTTCCTTCCTT :  191
             ATGTGATCACTCTGTT TGAAGATGTCGAGGATGAACAGCAAAGACGCGCTTCCTTCCTT

                      *       320         *       340         *       360
PutFullSeq : CGTGGAGTCCGACCTCAACGTCTCCGGCCTCGAGGAGGAAGCCACTCTCTCGGAGTATGA :  359
Full-Seq06 : CGTGGAGTCCGACCTCAACGTCTCCGGCCTCGAGGAGGAAGCCACTCTCTCGGAGTATGA :  251
Full-Seq09 : CGTGGAGTCCGACCTCAACGTCTCCGGCCTCGAGGAGGAAGCCACTCTCTCGGAGTATGA :  251
Full-Seq14 : CGTGGAGTCCGACCTCAACGTCTCCGGCCTCGAGGAGGAAGCCACTCTCTCGGAGTATGA :  251
             CGTGGAGTCCGACCTCAACGTCTCCGGCCTCGAGGAGGAAGCCACTCTCTCGGAGTATGA

                      *       380         *       400         *       420
PutFullSeq : CTCCGAGCTGGCGATGCCCGTGTGGGAGATCGTGGTGACCGTCGTCTCCCTCGGCGTCAT :  419
Full-Seq06 : CTTCGAGCTGGCGATGCCCGTGTGGGAGATCGTGGTGACCGTCGTCTCCCTCGGCGTCAT :  311
Full-Seq09 : CTTCGAGCTGGCGATGCCCGTGTGGGAGATCGTGGTGACCGTCGTCTCCCTCGGCGTCAT :  311
Full-Seq14 : CTTCGAGCTGGCGATGCCCGTGTGGGAGATCGTGGTGACCGTCGTCTCCCTCGGCGTCAT :  311
             CTtCGAGCTGGCGATGCCCGTGTGGGAGATCGTGGTGACCGTCGTCTCCCTCGGCGTCAT

                      *       440         *       460         *       480
PutFullSeq : CATCATCTTCACCATCATCGGCAACGTGCTGGTGATCCTGTCCGTGTTCACGTACCGGCC :  479
Full-Seq06 : CATCATCTTCACCATCATCGGCAACGTGCTGGTGATCCTGTCCGTGTTCACGTACCGGCC :  371
Full-Seq09 : CATCATCTTCACCATCATCGGCAACGTGCTGGTGATCCTGTCCGTGTTCACGTACCGGCC :  371
Full-Seq14 : CATCATCTTCACCATCATCGGCAACGTGCTGGTGATCCTGTCCGTGTTCACGTACCGGCC :  371
             CATCATCTTCACCATCATCGGCAACGTGCTGGTGATCCTGTCCGTGTTCACGTACCGGCC

Figure 49. An alignment of full-length nucleotide sequences of three individual 

clones harboring the full-length sequence product and putative full sequence 

(PutFullSeq) which was derived from the combination sequences from clone 6 of 

5-End sequence (5-End-06), middle sequence (clone 53) and L-3RACE 

sequences. This alignment was performed using the ClustalX program .
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                      *       500         *       520         *       540
PutFullSeq : GCTGCGGATCGTGCAGAACTTCTTCATCGTGTCGCTGGCCGTGGCCGACCTGACGGTGGC :  539
Full-Seq06 : GCTGCGGATTGTGCAGAACTTCTTCATCGTGTCGCTGGCCGTGGCCGACCTGACGGTGGC :  431
Full-Seq09 : GCTGCGGATCGTGCAGAACTTCTTCATCGTGTCGCTGGCCGTGGCCGACCTGACGGTGGC :  431
Full-Seq14 : GCTGCGGATCGTGCAGAACTTCTTCATCGTGTCGCTGGCCGTGGCCGACCTGAAGGTGGC :  431
             GCTGCGGATcGTGCAGAACTTCTTCATCGTGTCGCTGGCCGTGGCCGACCTGAcGGTGGC

                      *       560         *       580         *       600
PutFullSeq : CGTGTTCGTGCTGCCCTTCAACGTGGCCTACAGCATCATCGGCAAGTGGGTGTTCGGCAT :  599
Full-Seq06 : CGTGTTCGTGCTGCCCTTCAACGTGGCCTACAGCATCATCGGCAAGTGGGTGTTCGGCAT :  491
Full-Seq09 : CGTGTTCGTGCTGCCCTTCAACGTGGCCTACAGCATCATCGGCAAGTGGGTGTTCGGCAT :  491
Full-Seq14 : CGTGTTCGTGCTGCCCTTCAACGTGGCCTACAGCATCATCGGCAAGTGGGTGTTCGGCAT :  491
             CGTGTTCGTGCTGCCCTTCAACGTGGCCTACAGCATCATCGGCAAGTGGGTGTTCGGCAT

                      *       620         *       640         *       660
PutFullSeq : CCACCTGTGCCAGATGTGGCTCACGTGCGACATCATGTGCTGCACGGCCTCCATCCTCAA :  659
Full-Seq06 : CCACCTGTGCCAGATGTGGCTCACGTGCGACATCATGTGCTGCACGGCCTCCATCCTCAA :  551
Full-Seq09 : CCACCTGTGCCAGATGTGGCTCACGTGCGACATCATGTGCTGCACGGCCTCCATCCTCAA :  551
Full-Seq14 : CCACCTGTGCCAGATGTGGCTCACGTGCGACATCATGTGCTGCACGGCCTCCATCCTCAA :  551
             CCACCTGTGCCAGATGTGGCTCACGTGCGACATCATGTGCTGCACGGCCTCCATCCTCAA

                      *       680         *       700         *       720
PutFullSeq : CCTGTGCGCCATCGCCCTCGACCGCTACTGGGCCATCACGGACCCCATCAACTACGCGCA :  719
Full-Seq06 : CCTGTGCGCCATCGCCCTCGACCGCTATTGGGCCATCACGGACCCCATCAACTACGCGCA :  611
Full-Seq09 : CCTGTGCGCCATCGCCCTCGACCGCTACTGGGCCATCACGGACCCCATCAACTACGCGCA :  611
Full-Seq14 : CCTGTGCGCCATCGCCCTCGACCGCTACTGGGCCATCACGGACCCCATCAACTACGCGCA :  611
             CCTGTGCGCCATCGCCCTCGACCGCTAcTGGGCCATCACGGACCCCATCAACTACGCGCA

                      *       740         *       760         *       780
PutFullSeq : GAAGCGCACCGTCAAGCGCGTCATGATCATGATCGGCCTCGTGTGGAGCATCAGCGTCAT :  779
Full-Seq06 : GAAGCGCACCGTCAAGCGCGTCATGATCATGATCGGCCTCGTGTGGAGCATCAGCGTCAT :  671
Full-Seq09 : GAAGCGCACCGTCAAGCGCGTCATGATCATGATCGGCCTCGTGTGGAGCATCAGCGTCAT :  671
Full-Seq14 : GAAGCGCACCGTCAAGCGCGTCATGATCATGATCGGCCTCGTGTGGAGCATCAGCGTCAT :  671
             GAAGCGCACCGTCAAGCGCGTCATGATCATGATCGGCCTCGTGTGGAGCATCAGCGTCAT

                      *       800         *       820         *       840
PutFullSeq : CATCTGCCTGCCGCCGCTGTTCGGCTGGAACGATTGGCCCGACGTGTTCACCTCCGACAC :  839
Full-Seq06 : CATCTGCCTGCCGCCGCTGTTCGGCTGGAACGACTGGCCCGACGTGTTCACCTCCGACAC :  731
Full-Seq09 : CATCTGCCTGCCGCCGCTGTTCGGCTGGAACGACTGGCCCGACGTGTTCACCTCCGACAC :  731
Full-Seq14 : CATCTGCCTGCCGCCGCTGTTCGGCTGGAACGACTGGCCCGACGTGTTCACCTCCGACAC :  731
             CATCTGCCTGCCGCCGCTGTTCGGCTGGAACGAcTGGCCCGACGTGTTCACCTCCGACAC

                      *       860         *       880         *       900
PutFullSeq : GCCCTGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCCGGCTCCTTCTA :  899
Full-Seq06 : GCCCTGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCCGGCTCCTTCTA :  791
Full-Seq09 : GCCCTGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCCGGCTCCTTCTA :  791
Full-Seq14 : GCCCTGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCCGGCTCCTTCTA :  791
             GCCCTGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCCGGCTCCTTCTA

                      *       920         *       940         *       960
PutFullSeq : CTGCCCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCCACGCGCCGGCG :  959
Full-Seq06 : CTGCCCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCCACGCGCCGGCG :  851
Full-Seq09 : CTGCCCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCCACGCGCCGGCG :  851
Full-Seq14 : CTGCCCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCCACGCGCCGGCG :  851
             CTGCCCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCCACGCGCCGGCG

                      *       980         *      1000         *      1020
PutFullSeq : CCTGCGGGAGCGCGCCAAGGCCTCCAGGCTCAACGAGATTCAGAACGCCGGGAAGCCCAA : 1019
Full-Seq06 : CCTGCGGGAGCGCGCCAAGGCCTCCAGGCTCAACGAGATTCAGAACGCCGGGAAGCCCAA :  911
Full-Seq09 : CCTGCGGGAGCGCGCCAAGGCCTCCAGGCTCAACGAGATTCAGAACGCCGGGAAGCCCAA :  911
Full-Seq14 : CCTGCGGGAGCGCGCCAAGGCCTCCAGGCTCAACGAGATTCAGAACGCCGGGAAGCCCAA :  911
             CCTGCGGGAGCGCGCCAAGGCCTCCAGGCTCAACGAGATTCAGAACGCCGGGAAGCCCAA

                      *      1040         *      1060         *      1080
PutFullSeq : GGACCAGAAGGACGAGGACTCGGGAGGCAGCGAGAACGGCCAGAACGACGTGCAGAACGG : 1079
Full-Seq06 : GGACCAGAAGGACGAGGACTCGGGAGGCAGCGAGAACGGCCAGAACGACGTGCAGAACGG :  971
Full-Seq09 : GGACCAGAAGGACGAGGACTCGGGAGGCAGCGAGAACGGCCAGAACGACGTGCAGAACGG :  971
Full-Seq14 : GGACCAGAAGGACGAGGACTCGGGAGGCAGCGAGAACGGCCAGAACGACGTGCAGAACGG :  971
             GGACCAGAAGGACGAGGACTCGGGAGGCAGCGAGAACGGCCAGAACGACGTGCAGAACGG
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                      *      1100         *      1120         *      1140
PutFullSeq : CTACAACGAAACCTACAAGAAGAAGAAGCAGAGGAGGCGGAAGGGGAAGGCCGGGAACAC : 1139
Full-Seq06 : CTACAACGAAACCTACAAGAAGAAGAAGCAGAGGAGGCGGAAGGGGAAGGCCGGGAACAC : 1031
Full-Seq09 : CTACAACGAAACCTACAAGAAGAAGAAGCAGAGGAGGCGGAAGGGGAAGGCCGGGAACAC : 1031
Full-Seq14 : CTACAACGAAACCTACAAGAAGAAGAAGCAGAGGAGGCGGAAGGGGAAGGCCGGGAACAC : 1031
             CTACAACGAAACCTACAAGAAGAAGAAGCAGAGGAGGCGGAAGGGGAAGGCCGGGAACAC

                      *      1160         *      1180         *      1200
PutFullSeq : GACCCCGACTTCCCCCAAGGCCTTGACCTCGCCGCTCGTGGCAGAGACATCGCTGACCCA : 1199
Full-Seq06 : GACCCCGACTTCCCCCAAGGCCTTGACCTCGCCGCTCGTGGCAGAGACATCGCTGACCCA : 1091
Full-Seq09 : GACCCCGACTTCCCCCAAGGCCTTGACCTCGCCGCTCGTGGCAGAGACATCGCTGACCCA : 1091
Full-Seq14 : GACCCCGACTTCCCCCAAGGCCTTGACCTCGCCGCTCGTGGCAGAGACATCGCTGACCCA : 1091
             GACCCCGACTTCCCCCAAGGCCTTGACCTCGCCGCTCGTGGCAGAGACATCGCTGACCCA

                      *      1220         *      1240         *      1260
PutFullSeq : CAAAGCCCTGAATCCGAAGACCGAAGTCTATCCCGCTGAGGAGAGGAAAAGCGCGGAAGT : 1259
Full-Seq06 : CAAAGCCCTGAACCCGAAGACCGAAGTCTATCCCGCTGAGGAGAGGAAAAACGCGGAAGT : 1151
Full-Seq09 : CAAAGCCCTGAATCCGAAGACCGAAGTCTATCCCGCTGAGGAGAGGAAAAACGCGGAAGT : 1151
Full-Seq14 : CAAAGCCCTGAATCCGAAGACCGAAGTCTATCCCGCTGAGGAGAGGAAAAACGCGGAAGT : 1151
             CAAAGCCCTGAAtCCGAAGACCGAAGTCTATCCCGCTGAGGAGAGGAAAAaCGCGGAAGT

                      *      1280         *      1300         *      1320
PutFullSeq : CGTTGTCAGAGTCAACCCGAAGGACGGCAGCCAAATCCACCAGTTCATCGAGCAGAAGCA : 1319
Full-Seq06 : CGTCGTCAGAGTCAACCCGAAGGACGGCAGCCAAATCCACCAGTTCATCGAGCAGAAGCA : 1211
Full-Seq09 : CGTCGTCAGAGTCAACCCGAAGGACGGCAGCCAAATCCACCAGTTCATCGAGCAGAAGCA : 1211
Full-Seq14 : CGTCGTCAGAGTCAACCCGAAGGACGGCAGCCAAATCCACCAGTTCATCGAGCAGAAGCA : 1211
             CGTcGTCAGAGTCAACCCGAAGGACGGCAGCCAAATCCACCAGTTCATCGAGCAGAAGCA

                      *      1340         *      1360         *      1380
PutFullSeq : GAAGATCTCGCTGTCGAAGGAGCGTCGCGCCGCCCGGACGCTGGGCATCATCATGGGTTC : 1379
Full-Seq06 : GAAGATCTCGCTGTCGAAGGAGCGTCGCGCCGCCCGGACGCTGGGCATCATCATGGGCTC : 1271
Full-Seq09 : GAAGATCTCGCTGTCGAAGGAGCGTCGCGCCGCCCGGACGCTGGGCATCATCATGGGCTC : 1271
Full-Seq14 : GAAGATCTCGCTCTCGAAGGAGCGTCGCGCCGCCCGGACGCTGGGCATCATCATGGGCTC : 1271
             GAAGATCTCGCTgTCGAAGGAGCGTCGCGCCGCCCGGACGCTGGGCATCATCATGGGcTC

                      *      1400         *      1420         *      1440
PutFullSeq : GTTCGTGGTGTGCTGGCTGCCCTTCTTCCTGATGTACGTGATCCTGCCCTTCTGCCCGAC : 1439
Full-Seq06 : GTTCGTGGTGTGCTGGCTGCCCTTCTTCCTGATGTACGTGATCCTGCCCTTCTGCCCGAC : 1331
Full-Seq09 : GTTCGTGGTGTGCTGGCTGCCCTTCTTCCTGATGTACGTGATCCTGCCCTTCTGCCCGAC : 1331
Full-Seq14 : GTTCGTGGTGTGCTGGCTGCCCTTCTTCCTGATGTACGTGATCCTGCCCTTCTGCCCGAC : 1331
             GTTCGTGGTGTGCTGGCTGCCCTTCTTCCTGATGTACGTGATCCTGCCCTTCTGCCCGAC

                      *      1460         *      1480         *      1500
PutFullSeq : GTGCCCGGTGCCCAACGACAAGCTCATCAACTTCATCGTGTGGCTCGGCTACATCAACTC : 1499
Full-Seq06 : GTGCCCGGTGCCCAACGACAAGCTCATCAACTTCATCGTGTGGCTCGGCTACATCAACTC : 1391
Full-Seq09 : GTGCCCGGTGCCCAACGACAAGCTCATCAACTTCATCGTGTGGCTCGGCTACATCAACTC : 1391
Full-Seq14 : GTGCCCGGTGCCCAACGACAAGCTCATCAACTTCATCGTGTGGCTCGGCTACATCAACTC : 1391
             GTGCCCGGTGCCCAACGACAAGCTCATCAACTTCATCGTGTGGCTCGGCTACATCAACTC

                      *      1520         *      1540         *      1560
PutFullSeq : GTCCCTCAACCCCGTCATCTACACCATCTTCAACCTGGACTTCAGGAGGGCCTTCGCCAA : 1559
Full-Seq06 : GTCCCTCAACCCCGTCATCTACACCATCTTCAACCTGGACTTCAGGAGGGCCTTCGCCAA : 1451
Full-Seq09 : GTCCCTCAACCCCGTCATCTACACCATCTTCAACCTGGACTTCAGGAGGGCCTTCGCCAA : 1451
Full-Seq14 : GTCCCTCAACCCCGTCATCTACACCATCTTCAACCTGGACTTCAGGAGGGCCTTCGCCAA : 1451
             GTCCCTCAACCCCGTCATCTACACCATCTTCAACCTGGACTTCAGGAGGGCCTTCGCCAA

                      *      1580         *      1600         *      1620
PutFullSeq : GATCCTGAAGTGTCCCAGCAGCACTTCTGTGTAACGACGGAAAATAGAGAAAAAATTGCC : 1619
Full-Seq06 : GATCCTGAAGTGTCCCAGCAGCACTTCTGTGTAACGACGGAAAATAGAGAAAAAATTGCC : 1511
Full-Seq09 : GATCCTGAAGTGTCCCAGCAGCACTTCTGTGTAACGACGGAAAATAGAGAAAAAATTGCC : 1511
Full-Seq14 : GATCCTGAAGTGTCCCAGCAGCACTTCTGTGTAACGACGGAAAATAGAGAAAAAATTGCC : 1511
             GATCCTGAAGTGTCCCAGCAGCACTTCTGTGTAACGACGGAAAATAGAGAAAAAATTGCC

                      *      1640         *      1660         *      1680
PutFullSeq : TACAAAGGCTTATAGATCTCAAGCTCTTTCTGAAAAGTGACATAGAGCTCTTCAAACTAT : 1679
Full-Seq06 : TACAAAGGCTTATAGATCTCAAGCTCTTTCTGAAAAGTGACATAGAGCTCTTCAAACTAT : 1571
Full-Seq09 : TTCAAAGGCTTATAGATCTCAAGCTCTTTCTGAAAAGTGACATAGAGCTCTTCAAACTAT : 1571
Full-Seq14 : TTCAAAGGCTTATAGATCTCAAGCTCTTTCTGAAAAGTGACATAGAGCTCTTCAAACTAT : 1571
             T CAAAGGCTTATAGATCTCAAGCTCTTTCTGAAAAGTGACATAGAGCTCTTCAAACTAT
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                      *      1700         *      1720         *      1740
PutFullSeq : CGACATCGTGGAAGGTTTAATCAAACCTTCTTTGTGTTCTCATAGTATTCATAAATGGTC : 1739
Full-Seq06 : CGACATCGTGGAAGGTTTAATCAAACCTTCTTTGTGTTCTCATAGTATTCATAAATGGTC : 1631
Full-Seq09 : CGACATCGTGGAAGGTTTAATCAAACCTTCTTTGTGTTCTCATAGTATTCATAAATGGTC : 1631
Full-Seq14 : CGACATCGTGGAAGGTTTAATCAAACCTTCTTTGTGTTCTCATAGTATTCATAAATGGTC : 1631
             CGACATCGTGGAAGGTTTAATCAAACCTTCTTTGTGTTCTCATAGTATTCATAAATGGTC

                      *      1760         *      1780         *      1800
PutFullSeq : ATGGTTATATACATGTGATTGCAAACAAGATTCTGCCTTGTAAAGAAGGAATCCTTTTTA : 1799
Full-Seq06 : ATGGTTATATACATGTGATTGCAAACAAGATTCTGCCTTGTAAAGAAGGAATCATTTTTA : 1691
Full-Seq09 : ATGGTTATATACATGTGATTGCAAACAAGATTCTGCCTTGTAAAGAAGGAATCCTTTTTA : 1691
Full-Seq14 : ATGGTTATATACATGTGATTGCAAACAAGATTCTGCCTTGTAAAGAAGGAATCCTTTTTA : 1691
             ATGGTTATATACATGTGATTGCAAACAAGATTCTGCCTTGTAAAGAAGGAATCcTTTTTA

                      *      1820         *      1840         *      1860
PutFullSeq : AAGGGGAAACGCACTTGGATATAAAATAAACGTAATAAAAGCGATGGTAAATGCTTCAAA : 1859
Full-Seq06 : AAGGGGAAAAGCACTTGGATATAAAATAAACGTAATAAGAGCGATGGTAAATGCTTCGGA : 1751
Full-Seq09 : AAGGGGAAACGCACTTGGATATAAAATAAACGTAATAAGAGCGATGGTAAATGCTTCGGA : 1751
Full-Seq14 : AAGGGGAAACGCACTTGGATATAAAATAAACGTAATAAAAGCGATGGTAAATGCTTCGGA : 1751
             AAGGGGAAAcGCACTTGGATATAAAATAAACGTAATAA AGCGATGGTAAATGCTTCggA
                                                 f-OARRI primer
                      *      1880         *
PutFullSeq : AAAAAAAAAAAAGGATCCTCTAGAAGCTTGAATTCCGG : 1897
Full-Seq06 : TCCCT--------------------------------- : 1756
Full-Seq09 : TCCCT--------------------------------- : 1756
Full-Seq14 : TCCCT--------------------------------- : 1756
             tccc
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    1 AGG AAT TCG CAA AGG GAG ATT CAA GCA TGA GAT TGC AGA CAG AAG CAT ATC GCT GCC GAC
61 TCG AAT CTA TTT TCG AGC TTC ATC CTG TTG ATC ACT GAA GCC TTG AAG CCC CCA AAC GAA

                                         C          T            A    G
                                             M   S   R   M   N   S   K   D   A

121 TGC CCG ATA TCA TGT GAT CAC TCT GTT GTG AAG ATG TCG AGG ATG AAC AGC AAA GAC GCG
                                      C

 L   P   S   F   V   E   S   D   L   N   V   S   G   L   E   E   E   A   T   L
  181 CTT CCT TCC TTC GTG GAG TCC GAC CTC AAC GTC TCC GGC CTC GAG GAG GAA GCC ACT CTC

 S   E   Y   D   F   E   L   A   M   P   V   W   E   I   V   V   T   V   V   S
                   S

241 TCG GAG TAT GAC TTC GAG CTG GCG ATG CCC GTG TGG GAG ATC GTG GTG ACC GTC GTC TCC
                 C
 L   G   V   I   I   I   F   T   I   I   G   N   V   L   V   I   L   S   V   F

  301 CTC GGC GTC ATC ATC ATC TTC ACC ATC ATC GGC AAC GTG CTG GTG ATC CTG TCC GTG TTC
 T   Y   R   P   L   R   I   V   Q   N   F   F   I   V   S   L   A   V   A   D

361 ACG TAC CGG CCG CTG CGG ATC GTG CAG AAC TTC TTC ATC GTG TCG CTG GCC GTG GCC GAC
                          T
 L   T   V   A   V   F   V   L   P   F   N   V   A   Y   S   I   I   G   K   W

       K
421 CTG ACG GTG GCC GTG TTC GTG CTG CCC TTC AAC GTG GCC TAC AGC ATC ATC GGC AAG TGG

     A
 V   F   G   I   H   L   C   Q   M   W   L   T   C   D   I   M   C   C   T   A

  481 GTG TTC GGC ATC CAC CTG TGC CAG ATG TGG CTC ACG TGC GAC ATC ATG TGC TGC ACG GCC
 S   I   L   N   L   C   A   I   A   L   D   R   Y   W   A   I   T   D   P   I

541 TCC ATC CTC AAC CTG TGC GCC ATC GCC CTC GAC CGC TAC TGG GCC ATC ACG GAC CCC ATC
                                                  T
 N   Y   A   Q   K   R   T   V   K   R   V   M   I   M   I   G   L   V   W   S

  601 AAC TAC GCG CAG AAG CGC ACC GTC AAG CGC GTC ATG ATC ATG ATC GGC CTC GTG TGG AGC
 I   S   V   I   I   C   L   P   P   L   F   G   W   N   D   W   P   D   V   F

661 ATC AGC GTC ATC ATC TGC CTG CCG CCG CTG TTC GGC TGG AAC GAC TGG CCC GAC GTG TTC
                                                          T
 T   S   D   T   P   C   I   L   T   Q   E   R   G   F   V   I   Y   S   S   S

  721 ACC TCC GAC ACG CCC TGC ATC CTC ACG CAG GAG CGG GGC TTC GTC ATC TAC TCG TCG TCC
 G   S   F   Y   C   P   L   L   I   M   T   L   V   Y   V   K   I   F   T   A

  781 GGC TCC TTC TAC TGC CCG CTG CTC ATC ATG ACC TTG GTC TAC GTC AAG ATC TTC ACG GCC
 T   R   R   R   L   R   E   R   A   K   A   S   R   L   N   E   I   Q   N   A

  841 ACG CGC CGG CGC CTG CGG GAG CGC GCC AAG GCC TCC AGG CTC AAC GAG ATT CAG AAC GCC
 G   K   P   K   D   Q   K   D   E   D   S   G   G   S   E   N   G   Q   N   D

  901 GGG AAG CCC AAG GAC CAG AAG GAC GAG GAC TCG GGA GGC AGC GAG AAC GGC CAG AAC GAC
 V   Q   N   G   Y   N   E   T   Y   K   K   K   K   Q   R   R   R   K   G   K

  961 GTG CAG AAC GGC TAC AAC GAA ACC TAC AAG AAG AAG AAG CAG AGG AGG CGG AAG GGG AAG
 A   G   N   T   T   P   T   S   P   K   A   L   T   S   P   L   V   A   E   T

 1021 GCC GGG AAC ACG ACC CCG ACT TCC CCC AAG GCC TTG ACC TCG CCG CTC GTG GCA GAG ACA
 S   L   T   H   K   A   L   N   P   K   T   E   V   Y   P   A   E   E   R   K

1081 TCG CTG ACC CAC AAA GCC CTG AAT CCG AAG ACC GAA GTC TAT CCC GCT GAG GAG AGG AAA
                              C
 N   A   E   V   V   V   R   V   N   P   K   D   G   S   Q   I   H   Q   F   I

  S
1141 AAC GCG GAA GTC GTC GTC AGA GTC AAC CCG AAG GAC GGC AGC CAA ATC CAC CAG TTC ATC

 G                T
 E   Q   K   Q   K   I   S   L   S   K   E   R   R   A   A   R   T   L   G   I

1201 GAG CAG AAG CAG AAG ATC TCG CTG TCG AAG GAG CGT CGC GCC GCC CGG ACG CTG GGC ATC
                          C
 I   M   G   S   F   V   V   C   W   L   P   F   F   L   M   Y   V   I   L   P

1261 ATC ATG GGC TCG TTC GTG GTG TGC TGG CTG CCC TTC TTC CTG ATG TAC GTG ATC CTG CCC
          T
 F   C   P   T   C   P   V   P   N   D   K   L   I   N   F   I   V   W   L   G

1321 TTC TGC CCG ACG TGC CCG GTG CCC AAC GAC AAG CTC ATC AAC TTC ATC GTG TGG CTC GGC
 Y   I   N   S   S   L   N   P   V   I   Y   T   I   F   N   L   D   F   R   R

 1381 TAC ATC AAC TCG TCC CTC AAC CCC GTC ATC TAC ACC ATC TTC AAC CTG GAC TTC AGG AGG
 A   F   A   K   I   L   K   C   P   S   S   T   S   V  End

 1441 GCC TTC GCC AAG ATC CTG AAG TGT CCC AGC AGC ACT TCT GTG TAA CGA CGG AAA ATA GAG
1501 AAA AAA TTG CCT ACA AAG GCT TAT AGA TCT CAA GCT CTT TCT GAA AAG TGA CAT AGA GCT

                T
 1561 CTT CAA ACT ATC GAC ATC GTG GAA GGT TTA ATC AAA CCT TCT TTG TGT TCT CAT AGT ATT
 1621 CAT AAA TGG TCA TGG TTA TAT ACA TGT GAT TGC AAA CAA GAT TCT GCC TTG TAA AGA AGG
1681 AAT CAT TTT TAA AGG GGA AAC GCA CTT GGA TAT AAA ATA AAC GTA ATA AAA GCG ATG GTA

                          A
1741 AAT GCT TCG GAT CCC T

Figure 50. Nucleotide and amino acid of full-length sequences and their

variations. Underlines indicate the position of its primers.
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               5.4.2  Nucleotide and deduced amino acid sequences of partial DNA 

fragment

                        Two recombinant clones harboring 920-bp partial fragment were 

selected and sequenced in both directions. These two nucleotide sequences showed 

100% sequence identity. The lengths of two nucleotide sequences were 931 

nucleotides and showed the sequences as expected from PCR. However, there were 

some variations from the previous cloned sequence (Figure 51). The length of coding 

region was 820 nucleotides encoding for 273 amino acids. The length of 3/ UTR was 

103 nucleotides. The restriction sites of EcoRI and BamHI were included in 5/ and 3/

end of this sequence, respectively. There were 2 nucleotide variations in the coding 

region that changed into different amino acids (Figure 52).

                        From the previous experiment, full-length sequence and partial-

sequence would be called full-length-53 and partial-60 sequence for reference to the 

middle parts that were different.
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                      *        20         *        40         *        60
PutPartSeq : GTCGCCATTGCAGTTGATCGGTATTGGGCCATCACGGACCCCATCAACTACGCGCAGAAG :   60
Part-Seq12 : ------------------------------------------------------------ :    -
Part-Seq16 : ------------------------------------------------------------ :    -

                      *        80         *       100         *       120
PutPartSeq : CGCACCGTCAAGCGCGTCATGATCATGATCGGCCTCGTGTGGAGCATCAGCGTCATCATC :  120
Part-Seq12 : -----------------------------------------GAGCATCAGCGTCATCATC :   19
Part-Seq16 : -----------------------------------------GAGCATCAGCGTCATCATC :   19
                                                      GAGCATCAGCGTCATCATC
                                                       t-OARF1-60c primer
                      *       140         *       160         *       180
PutPartSeq : TGCCTGCCGCCGCTGTTCGGCTGGAACGACTGGCCCGACGTGTTCACCTCCGACACGCCC :  180
Part-Seq12 : TGCCTGCCGCCGCTGTTCGGCTGGAACGACTGGCCCGACGTGTTCACCTCCGACACGCCC :   79
Part-Seq16 : TGCCTGCCGCCGCTGTTCGGCTGGAACGACTGGCCCGACGTGTTCACCTCCGACACGCCC :   79
             TGCCTGCCGCCGCTGTTCGGCTGGAACGACTGGCCCGACGTGTTCACCTCCGACACGCCC

                      *       200         *       220         *       240
PutPartSeq : TGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCCGGCTCCTTCTACTGC :  240
Part-Seq12 : TGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCCGGCTCCTTCTACTGC :  139
Part-Seq16 : TGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCCGGCTCCTTCTACTGC :  139
             TGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCCGGCTCCTTCTACTGC

                      *       260         *       280         *       300
PutPartSeq : CCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCCACGCGCCGGCGCCTG :  300
Part-Seq12 : CCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCCACGCGCCGGCGCCTG :  199
Part-Seq16 : CCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCCACGCGCCGGCGCCTG :  199
             CCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCCACGCGCCGGCGCCTG

                      *       320         *       340         *       360
PutPartSeq : CGGGAGCGCGCCAAGGCCTCCAGGCTCAACCAGATCCCAAACAGCGGAAAGGCCAGGCTT :  360
Part-Seq12 : CGGGAGCGCGCCAAGGCCTCCAGGCTCAACCAGATCCCAAACAGCGGAAAGGCCAGGCTT :  259
Part-Seq16 : CGGGAGCGCGCCAAGGCCTCCAGGCTCAACCAGATCCCAAACAGCGGAAAGGCCAGGCTT :  259
             CGGGAGCGCGCCAAGGCCTCCAGGCTCAACCAGATCCCAAACAGCGGAAAGGCCAGGCTT

                      *       380         *       400         *       420
PutPartSeq : ACCAAGGAGGAGGACTCCGCCGTGAGCGAGAACGGCCAAAATGGTTACAATGACACCAGC :  420
Part-Seq12 : ACCAAGGAGGAGGACTCCGCCGTGAGCGAGAACGGCCAAAATGGTTACAATGACACCAGC :  319
Part-Seq16 : ACCAAGGAGGAGGACTCCGCCGTGAGCGAGAACGGCCAAAATGGTTACAATGACACCAGC :  319
             ACCAAGGAGGAGGACTCCGCCGTGAGCGAGAACGGCCAAAATGGTTACAATGACACCAGC

                      *       440         *       460         *       480
PutPartSeq : ACGAAAAAGCTGGTTCAGAAGAAGAAGCGAAAGAAGAGGAAGACAGGAAGCAAGGGCCAA :  480
Part-Seq12 : ACGAAAAAGCTGGTTCAGAAGAAGAAGCGAAAGAAGAGGAAGACAGGAAGCAAGGGCCAA :  379
Part-Seq16 : ACGAAAAAGCTGGTTCAGAAGAAGAAGCGAAAGAAGAGGAAGACAGGAAGCAAGGGCCAA :  379
             ACGAAAAAGCTGGTTCAGAAGAAGAAGCGAAAGAAGAGGAAGACAGGAAGCAAGGGCCAA

                      *       500         *       520         *       540
PutPartSeq : GCCTCCCCAGCGACGCCAACCCTCGCCCCGCCTCCCATTGCAGAAACCCCGGACTTGAGC :  540
Part-Seq12 : GCCTCCCCAGCGACGCCAACCCTCGCCCCGCCTCCCATTGCAGAAACCTCGGACTTGAGC :  439
Part-Seq16 : GCCTCCCCAGCGACGCCAACCCTCGCCCCGCCTCCCATTGCAGAAACCTCGGACTTGAGC :  439
             GCCTCCCCAGCGACGCCAACCCTCGCCCCGCCTCCCATTGCAGAAACCtCGGACTTGAGC

Figure 51. An alignment of partial- nucleotide sequences of two individual clones 

harboring the partial-sequence product and putative partial sequence

(PutPartSeq) which was derived from the combination sequences of middle 

sequence (clone 60) and S-3RACE sequence. This alignment was performed using 

the ClustalX program .
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                      *       560         *       580         *       600
PutPartSeq : AACCCGAAGGACGAGGCCTCCCCACTCGAAGAGAAGAAAGGCGCAGACGTTATTGTCAGA :  600
Part-Seq12 : AACCCGAAGGACGAGGCCTCCCCACTCGAAGAGAAGAAAGGCGCAGACGTTATTGTCAGA :  499
Part-Seq16 : AACCCGAAGGACGAGGCCTCCCCACTCGAAGAGAAGAAAGGCGCAGACGTTATTGTCAGA :  499
             AACCCGAAGGACGAGGCCTCCCCACTCGAAGAGAAGAAAGGCGCAGACGTTATTGTCAGA

                      *       620         *       640         *       660
PutPartSeq : GTCAACCCGAAGAACGGCAGCCAAATCCACCAGTTCATCGAGGAGAAGCAGAAGATCTCG :  660
Part-Seq12 : GTCAACCCGAAGAACGGCAGCCAAATCCACCAGTTCATCGAGGAGAAGCAGAAGATCTCG :  559
Part-Seq16 : GTCAACCCGAAGAACGGCAGCCAAATCCACCAGTTCATCGAGGAGAAGCAGAAGATCTCG :  559
             GTCAACCCGAAGAACGGCAGCCAAATCCACCAGTTCATCGAGGAGAAGCAGAAGATCTCG

                      *       680         *       700         *       720
PutPartSeq : CTGTCGAAGAAGCGTCGCGCCGCCCGGACGCTGGGCATCATCATGGGCTCGTTCGTGGTG :  720
Part-Seq12 : CTGTCGAAGGAGCGTCGCGCCGCCCGGACGCTGGGCATCATCATGGGCTCGTTCGTGGTG :  619
Part-Seq16 : CTGTCGAAGGAGCGTCGCGCCGCCCGGACGCTGGGCATCATCATGGGCTCGTTCGTGGTG :  619
             CTGTCGAAGgAGCGTCGCGCCGCCCGGACGCTGGGCATCATCATGGGCTCGTTCGTGGTG

                      *       740         *       760         *       780
PutPartSeq : TGCTGGCTGCCCTTCTTCCTGATGTACGTGATCCTGCCCTTCTGCCCGACGTGCCCGGTG :  780
Part-Seq12 : TGCTGGCTGCCCTTCTTCCTGATGTACGTGATCCTGCCCTTCTGCCCGACGTGCCCGGTG :  679
Part-Seq16 : TGCTGGCTGCCCTTCTTCCTGATGTACGTGATCCTGCCCTTCTGCCCGACGTGCCCGGTG :  679
             TGCTGGCTGCCCTTCTTCCTGATGTACGTGATCCTGCCCTTCTGCCCGACGTGCCCGGTG

                      *       800         *       820         *       840
PutPartSeq : CCCAACGACAAGCTCATCAACTTCATCGTGTGGCTCGGCTACATCAACTCGTCCCTCAAC :  840
Part-Seq12 : CCCAACGACAAGCTCATCAACTTCATCGTGTGGCTCGGCTACATCAACTCGTCCCTCAAC :  739
Part-Seq16 : CCCAACGACAAGCTCATCAACTTCATCGTGTGGCTCGGCTACATCAACTCGTCCCTCAAC :  739
             CCCAACGACAAGCTCATCAACTTCATCGTGTGGCTCGGCTACATCAACTCGTCCCTCAAC

                      *       860         *       880         *       900
PutPartSeq : CCCGTCATCTACACCATCTTCAACCTCGACTTCAGGAGGGCCTTCGCCAAGATCCTGAGG :  900
Part-Seq12 : CCCGTCATCTACACCATCTTCAACCTCGACTTCAGGAGGGCCTTCGCCAAGATCCTGAGG :  799
Part-Seq16 : CCCGTCATCTACACCATCTTCAACCTCGACTTCAGGAGGGCCTTCGCCAAGATCCTGAGG :  799
             CCCGTCATCTACACCATCTTCAACCTCGACTTCAGGAGGGCCTTCGCCAAGATCCTGAGG

                      *       920         *       940         *       960
PutPartSeq : TGCCCCAACACCACAGCTCTGTAATCTCATTAAAATATTATGTTTAAAAGACTATGAAAT :  960
Part-Seq12 : TGCCCCAACACCACAGCTCTGTAATCTCATTAAAATATTATGTTTAAAAGACTATGAAAT :  859
Part-Seq16 : TGCCCCAACACCACAGCTCTGTAATCTCATTAAAATATTATGTTTAAAAGACTATGAAAT :  859
             TGCCCCAACACCACAGCTCTGTAATCTCATTAAAATATTATGTTTAAAAGACTATGAAAT

                      *       980         *      1000         *      1020
PutPartSeq : TGATGTTGTTTACGTTATGTAGTTGTTTTTGTTTGACTACATGAGATACATACTCAGAGG : 1020
Part-Seq12 : TGATGTTGTTTACGTTATGTAGTTGTTTTTGTTTGACTACATGAGATACATACTCAGAGG :  919
Part-Seq16 : TGATGTTGTTTACGTTATGTAGTTGTTTTTGTTTGACTACATGAGATACATACTCAGAGG :  919
             TGATGTTGTTTACGTTATGTAGTTGTTTTTGTTTGACTACATGAGATACATACTCAGAGG
                                                        f-OARRII primer
*      1040         *      1060
PutPartSeq : AGACAAAAAAAAAAAAAAAAGGATCCTCTAGAAGCTTGAATTCCGG : 1066
Part-Seq12 : AGACGGATCCCT---------------------------------- :  931
Part-Seq16 : AGACGGATCCCT---------------------------------- :  931
             AGACggAtccct

Figure 51. (Continued)
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 S   I   S   V   I   I   C   L   P   P   L   F   G   W   N   D   W   P   D   V
    1 AGC ATC AGC GTC ATC ATC TGC CTG CCG CCG CTG TTC GGC TGG AAC GAC TGG CCC GAC GTG

 F   T   S   D   T   P   C   I   L   T   Q   E   R   G   F   V   I   Y   S   S
   61 TTC ACC TCC GAC ACG CCC TGC ATC CTC ACG CAG GAG CGG GGC TTC GTC ATC TAC TCG TCG

 S   G   S   F   Y   C   P   L   L   I   M   T   L   V   Y   V   K   I   F   T
  121 TCC GGC TCC TTC TAC TGC CCG CTG CTC ATC ATG ACC TTG GTC TAC GTC AAG ATC TTC ACG

 A   T   R   R   R   L   R   E   R   A   K   A   S   R   L   N   Q   I   P   N
  181 GCC ACG CGC CGG CGC CTG CGG GAG CGC GCC AAG GCC TCC AGG CTC AAC CAG ATC CCA AAC

 S   G   K   A   R   L   T   K   E   E   D   S   A   V   S   E   N   G   Q   N
  241 AGC GGA AAG GCC AGG CTT ACC AAG GAG GAG GAC TCC GCC GTG AGC GAG AAC GGC CAA AAT

 G   Y   N   D   T   S   T   K   K   L   V   Q   K   K   K   R   K   K   R   K
  301 GGT TAC AAT GAC ACC AGC ACG AAA AAG CTG GTT CAG AAG AAG AAG CGA AAG AAG AGG AAG

 T   G   S   K   G   Q   A   S   P   A   T   P   T   L   A   P   P   P   I   A
  361 ACA GGA AGC AAG GGC CAA GCC TCC CCA GCG ACG CCA ACC CTC GCC CCG CCT CCC ATT GCA

 E   T   S   D   L   S   N   P   K   D   E   A   S   P   L   E   E   K   K   G
           P

421 GAA ACC TCG GAC TTG AGC AAC CCG AAG GAC GAG GCC TCC CCA CTC GAA GAG AAG AAA GGC
         G
 A   D   V   I   V   R   V   N   P   K   N   G   S   Q   I   H   Q   F   I   E

  481 GCA GAC GTT ATT GTC AGA GTC AAC CCG AAG AAC GGC AGC CAA ATC CAC CAG TTC ATC GAG
 E   K   Q   K   I   S   L   S   K   E   R   R   A   A   R   T   L   G   I   I

                                       K
541 GAG AAG CAG AAG ATC TCG CTG TCG AAG GAG CGT CGC GCC GCC CGG ACG CTG GGC ATC ATC

                                    A
 M   G   S   F   V   V   C   W   L   P   F   F   L   M   Y   V   I   L   P   F

  601 ATG GGC TCG TTC GTG GTG TGC TGG CTG CCC TTC TTC CTG ATG TAC GTG ATC CTG CCC TTC
 C   P   T   C   P   V   P   N   D   K   L   I   N   F   I   V   W   L   G   Y

  661 TGC CCG ACG TGC CCG GTG CCC AAC GAC AAG CTC ATC AAC TTC ATC GTG TGG CTC GGC TAC
 I   N   S   S   L   N   P   V   I   Y   T   I   F   N   L   D   F   R   R   A

  721 ATC AAC TCG TCC CTC AAC CCC GTC ATC TAC ACC ATC TTC AAC CTC GAC TTC AGG AGG GCC
 F   A   K   I   L   R   C   P   N   T   T   A   L  End

  781 TTC GCC AAG ATC CTG AGG TGC CCC AAC ACC ACA GCT CTG TAA TCT CAT TAA AAT ATT ATG
  841 TTT AAA AGA CTA TGA AAT TGA TGT TGT TTA CGT TAT GTA GTT GTT TTT GTT TGA CTA CAT
  901 GAG ATA CAT ACT CAG AGG AGA CGG ATC CCT

Figure 52. Nucleotide and amino acid of partial sequences and their variations.

Underlines indicate the position of its primers.
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                5.4.3  Sequence analysis of the full-length-53 sequence

                        Hydrophobicity plot was analyzed from the deduced amino acid 

sequence of ORF. The full-length-53 sequence had 7 hydrophobic regions 

corresponding to the characteristics of 7 transmembrane domains of G-protein 

coupled receptors (Figure 53A). In addition, the deduced amino acids were used to 

predict their phosphorylation sites by two methods; 1) consensus sequence method at 

(http://www.cbs.dtu.dk/database/Phosphobase/) and 2) Netphose method 

(http://www.cbs.dtu.dk/services/NetPhos/). Only the positions of amino acids that 

were predicted by both methods are reported. The predicted seven transmembrane 

domains are indicated in Figure 53B. The topology was similar to G-protein coupled 

receptors which contained an extracellular N-terminal and an intracellular C-terminal 

region. Phosphorylation sites located only in the intracellular regions were indicated. 

There were 4 predicted protein kinase C (PKC) and 1 protein kinase A (PKA) 

phosphorylation sites. In addition, The putative N-glycosylation site [N-X-(S/T)] (83)

was found in an extracellular N-terminal part. The positions of transmembrane 

domains, phosphorylation sites and N-glycosylation site are shown in Figure 53B.

                        Deduced amino acid sequences of the full-length-53 fragment were 

blasted in GENBANK database by using tblastn. The result showed the highest 

significant alignments to Bombyx mori mRNA for octopamine receptor. It also 

showed the sequence similarity to other insect or invertebrate octopamine/tyramine 

receptors  (Figure 54).
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I II III IV V VI VII

A

B
MSRMNSKDALnPSFVESDLNVnSGLEEEATLSnEYDSELAMPVnWEIVVTVVSL

I    II   
GVIIIFTIIGnNVLVILSVFTnYRPLRIVQNFnFIVSLAVADLnTVAVFVLPFN
           III
VAYSIIGKWVnFGIHLCQMWLnTCDIMCCTASnILNLCAIALDnRYWAITDPIN

       IV
YAQKRTVKRVnMIMIGLVWSInSVIICLPPLFnGWNDWPDVFTnSDTPCILTQE

   V
RGFVIYSSSGnSFYCPLLIMTnLVYVKIFTATnRRRLRERAKAnSRLNEIQNAG
KPKDQKDEDSnGGSENGQNDVnQNGYNETYKKnKKQRRRKGKAnGNTTPTSPKA
LTSPLVAETSnLTHKALNPKTnEVYPAEERKSnAEVVVRVNPKnDGSQIHQFIE

  VI
QKQKISLSKEnRRAARTLGIInMGSFVVCWLPnFFLMYVILPFnCPTCPVPNDK

 VII
LINFIVWLGYnINSSLNPVIYnTIFNLDFRRAnFAKILKCPSSnTSV

Figure 53.  An analysis of deduced amino acid sequences of the full-length-53 

sequence. A) Hydrophobicity plot analysis of the full-length-53 sequence. Lines with 

Roman numerals indicate the number of putative transmembrane domains. B) 

Positions of transmembrane domains are indicated by black boxes. Positions of 

phosphorylation sites for protein kinase C (PKC) are indicated by gray boxes with 

black letter and for protein kinase A (PKA) is indicated by dark gray box with white 

letter. The putative N-glycosylation site is indicated by a circle.
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                                                                 Score    E
Sequences producing significant alignments:                      (bits) Value

gi|1197191|emb|X95607.1|BMOCTOB96  B.mori mRNA for octopamin...   450   e-124
gi|1197329|emb|X95606.1|HVOCTOK50  H.virescens mRNA for octo...   447   e-123
gi|13173420|gb|AF343878.1|AF343878  Mamestra brassicae putat...   445   e-123
gi|871406|emb|X69521.1|LMGCR2  L.migratoria gcr2 mRNA for G ...   444   e-122
gi|871404|emb|X69520.1|LMGCR1  L.migratoria gcr1 mRNA for G ...   444   e-122
gi|7159585|emb|AJ245824.1|AME245824  Apis mellifera mRNA for...   428   e-118
gi|3717949|emb|AJ010743.1|BMAJ10743  Boophilus microplus mRN...   403   e-110
gi|1507660|dbj|D83547.1|  Balanus amphitrite gene for G prot...   374   e-101
gi|25150530|ref|NM_171978.1|  Caenorhabditis elegans tyramin...   316   4e-84
gi|23268624|gb|AF539813.1|  Caenorhabditis elegans tyramine ...   316   4e-84
gi|16754884|dbj|AB073914.1|  Drosophila melanogaster tyrR mR...   315   8e-84

>gi|1197191|emb|X95607.1|BMOCTOB96   B.mori mRNA for octopamine receptor
          Length = 2575
 Score =  450 bits (1158), Expect = e-124
 Identities = 235/457 (51%), Positives = 306/457 (66%), Gaps = 33/457 (7%)
 Frame = +2

Query: 14  VESDLNVSGLEEEATLS-EYDSELAMPVWEIVVTVVSLGVIIIFTIIGNVLVILSVFTYR 72
           +E + +V  + +E  +   +   LA+P WE + T + L +III T++GN+LVILSVFTY+
Sbjct: 533 IEDEKDVCAVADEPNIPCSFGISLAVPEWEAICTAIILTMIIISTVVGNILVILSVFTYK 712

Query: 73  PLRIVQNFFIVSLAVADLTVAVFVLPFNVAYSIIGKWVFGIHLCQMWLTCDIMCCTASIL 132
           PLRIVQNFFIVSLAVADLTVA+ VLP NVAYSI+G+WVFGI++C+MWLTCDIMCCT+SIL
Sbjct: 713 PLRIVQNFFIVSLAVADLTVAILVLPLNVAYSILGQWVFGIYVCKMWLTCDIMCCTSSIL 892

Query: 133 NLCAIALDRYWAITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLFGWNDWPDVFTSD 192
           NLCAIALDRYWAITDPINYAQKRT++RV+ MIG+VW +S++I  PPL GWNDWP+VF  D
Sbjct: 893 NLCAIALDRYWAITDPINYAQKRTLERVLFMIGIVWILSLVISSPPLLGWNDWPEVFEPD 1072

Query: 193 TPCILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTXXXXXXXXXXXXXXLNEIQNA--- 249
           TPC LT + GFVI+SSSGSFY PL+IMT+VY +I+               ++ I +
Sbjct: 1073TPCRLTSQPGFVIFSSSGSFYIPLVIMTVVYFEIYLATKKRLRDRAKATKISTISSGRNK 1252

Query: 250 --GKPKDQKDEDSGGSENGQNDVQNGYNETYXXXXXXXXXXXAGNTTP---------TSP 298
              K  D  D+DS  S+   N+ Q G                     P          S
Sbjct: 1253YETKESDPNDQDSVSSDANPNEHQGGTRLVAENEKKHRTRKLTPKKKPKRRYWSKDDKSH 1432

Query: 299 KALTSPLVA-ETSLTHKALNPKTEVYPAEER-------------KSAEVVVRVNPKDG-- 342
             L  P+++ E S+T    N +     +E               ++A V ++  PK
Sbjct: 1433NKLIIPILSNENSVTDIGENLENRNTSSESNSKETHEDNMIEITEAAPVKIQKRPKQNQT 1612

Query: 343 SQIHQFIEQKQKISLSKERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLI 402
           + ++QFIE+KQ+ISL++ERRAARTLGIIMG FVVCWLPFF++Y+++PFC +C + N K I
Sbjct: 1613NAVYQFIEEKQRISLTRERRAARTLGIIMGVFVVCWLPFFVIYLVIPFCVSCCLSN-KFI 1789

Query: 403 NFIVWLGYINSSLNPVIYTIFNLDFRRAFAKIL--KC 437
           NFI WLGY+NS+LNP+IYTIFN+DFRRAF K+L  KC
Sbjct: 1790NFITWLGYVNSALNPLIYTIFNMDFRRAFKKLLFIKC 1900

Figure 54.  The result of blast in GENBANK database and the highest significant

alignment of deduced amino acid sequences of full-length-53 sequence

The website (http://www.ncbi.nlm.nih.gov/blast) was used in this analysis.

http://www.ncbi.nlm.nih.gov/blast
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                5.4.4  Sequence analysis of partial-60 sequence

                        Hydrophobicity plot was analyzed from the deduced amino acid 

sequences in the coding region of partial-60 sequence. In this analysis, the amino acid 

sequence in 5/ end part of clone 60 was included. The result showed that it contained 

4 hydrophobic regions corresponding to the characteristics of transmembrane domains 

IV, V, VI and VII of G-protein coupled receptors (Figure 55A). This deduced amino 

acids used to predict transmembrane domains and phosphorylation sites (Figure 55B). 

The results demonstrated 4 predicted transmembrane domains. Its topology was 

similar to the G-protein coupled receptors that contained the C-terminal region inside 

the cell. In addition, its position was at the same as in the full-length-53 sequence. In 

addition, phosphorylation sites were indicated only in the intracellular region. There 

were 4 predicted protein kinase C (PKC), 1 protein kinase A (PKA) and 1 protein 

kinase A/G (PKA/PKG) phosphorylation sites. However, the position of 

phosphorylation sites of the partial-60 sequence were different from that of the full-

length-53 sequence.

                        Deduced amino acid sequences of partial-60 fragment were blasted in 

GENBANK database by using tblastn. The result showed the highest significant 

alignments to Heliothis virescens mRNA for the octopamine receptor. It also showed 

the similarity to other insect or invertebrate octopamine/tyramine receptors (Figure 

56).

                        From the blast analysis, both full-length-53 and partial-60 sequences 

should encode for octopamine/tyramine receptors. Therefore, full-length-53 and 

partial-60 sequence would be called Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 to 

refer to their organism (Pm: Penaeus monodon) and putative gene (OA/TyrR: 

octopamine/tyramine receptor).
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IV V VI VII

A

B

NnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnAITDPIN
                     IV
YAQKRTVKRVnMIMIGLVWSInSVIICLPPLFnGWNDWPDVFTnSDTPCILTQE
            V
RGFVIYSSSGnSFYCPLLIMTnLVYVKIFTATnRRRLRERAKAnSRLNQIPNSG
KARLTKEEDSnAVSENGQNGYnNDTSTKKLVQnKKKRKKRKTGnSKGQASPATP
TLAPPPIAETnSDLSNPKDEAnSPLEEKKGADnVIVRVNPKNGnSQIHQFIEEK
                          VI
QKISLSKERRnAARTLGIIMGnSFVVCWLPFFnLMYVILPFCPnTCPVPNDKLI
         VII
NFIVWLGYINnSSLNPVIYTInFNLDFRRAFAnKILRCPNTTAnL

Figure 55.  An analysis of deduced amino acid sequences of the partial-60 

sequence. A) Hydrophobicity plot analysis of the partial-60 sequence. Lines with 

Roman numerals indicate the number of putative transmembrane domains. B) 

Positions of transmembrane domains are indicated by black boxes. Positions of 

phosphorylation sites for protein kinase C (PKC) are indicated by gray boxes with 

black letter, for protein kinase A (PKA) is indicated by dark gray boxes with white 

letter and for protein kinase A/G (PKA/PKG) is indicated by white box with black 

letter.
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                                                                 Score    E
Sequences producing significant alignments:                      (bits) Value

gi|1197329|emb|X95606.1|HVOCTOK50  H.virescens mRNA for octo...   255   4e-66
gi|7159585|emb|AJ245824.1|AME245824  Apis mellifera mRNA for...   245   6e-63
gi|25150530|ref|NM_171978.1|  Caenorhabditis elegans tyramin...   180   2e-43
gi|23268624|gb|AF539813.1|  Caenorhabditis elegans tyramine ...   180   2e-43
gi|25150527|ref|NM_078134.2|  Caenorhabditis elegans tyramin...   179   4e-43
gi|23268626|gb|AF539814.1|  Caenorhabditis elegans tyramine ...   179   4e-43
gi|1507660|dbj|D83547.1|  Balanus amphitrite gene for G prot...   162   5e-38
gi|6680316|ref|NM_008308.1|  Mus musculus 5-hydroxytryptamin...   162   5e-38
gi|1066325|gb|U39391.1|MMU39391  Mus musculus serotonin1A re...   162   5e-38
gi|26340615|dbj|AK049884.1|  Mus musculus adult male hippoca...   162   6e-38

>gi|1197329|emb|X95606.1|HVOCTOK50   H.virescens mRNA for octopamine receptor
          Length = 2557

 Score =  255 bits (652), Expect = 4e-66
 Identities = 140/323 (43%), Positives = 184/323 (56%), Gaps = 33/323 (10%)
 Frame = +1

Query: 1    AITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLFGWNDWPDVFTSDTPCILTQERGF 60
            AITDPINYAQKRT++RV++MIG+VW +S+II  PPL GWNDWPDVF  DTPC LT + GF
Sbjct: 961  AITDPINYAQKRTLERVLLMIGVVWVLSLIISSPPLLGWNDWPDVFEPDTPCRLTSQPGF 1140

Query: 61   VIYSSSGSFYCPLLIMTLVYVKIFTXXXXXXXXXXXXXXLNQIPNSGKARLTK-----EE 115
            VI+SSSGSFY PL+IMT+VY +I+               ++ I +SG+ +        ++
Sbjct: 1141 VIFSSSGSFYIPLVIMTVVYFEIYLATKKRLRDRAKATKISTI-SSGQNKYNNKDDHHDQ 1317

Query: 116  DSAVSENGQNGYNDTXXXXXXXXXXXXXXXXXXXXXASXXX---------------XXXX 160
            DS  SE   N +
Sbjct: 1318 DSVSSEANHNEHQGVTRLVSDNEKKKRTRKLTPKKKPKRKYWSKDDKSQNKLIIPILSNE 1497

Query: 161  XXXXXXXXDLSNPKDEASPLEEKKGADVIVRVN-------------PKNGSQIHQFIEEK 207
                    +L N    +    ++   D ++ VN             P   S ++QFIEEK
Sbjct: 1498 NSVTDMGENLENRNTSSESNSKETHEDDLIEVNETVPVKTHHKKPKPNQQSAVYQFIEEK 1677

Query: 208  QKISLSKKRRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLINFIVWLGYIN 267
            Q+ISL+++RRAARTLGIIMG FVVCWLPFF++Y+++PFC +C + N K INFI WLGY N
Sbjct: 1678 QRISLTRERRAARTLGIIMGVFVVCWLPFFVIYLVIPFCASCCLSN-KFINFITWLGYCN 1854

Query: 268  SSLNPVIYTIFNLDFRRAFAKIL 290
            S+LNP+IYTIFN+DFRRAF K+L
Sbjct: 1855 SALNPLIYTIFNMDFRRAFKKLL 1923

Figure 56.  The result of blast in GENBANK database and the highest significant

alignment of deduced amino acid sequences of partial-60 sequence.

The website (http://www.ncbi.nlm.nih.gov/blast) was used in this analysis.

http://www.ncbi.nlm.nih.gov/blast
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        5.5  Alignment and phylogenetic analysis of Pm-OA/TyrR-53 and Part-Pm-

OA/TyrR-60

                In order to construct the dendrogram, the octopamine and tyramine 

receptors sequences obtained from invertebrate species were aligned with the putative 

cloned sequences of P. monodon. The result showed that Pm-OA/TyrR-53 had high 

sequence homology to other insect/mullusc octopamine and/or tyramine receptors 

especially in the transmembrane domain regions (Figure 57). The dendrogram also 

showed that Pm-OA/TyrR-53 was clustered in the group of insect octopamine and/or 

tyramine receptors that were negatively coupled to adenylate cyclase and showed 

sequence similarity ranging from 54-64%. Octopamine receptors that were positively 

coupled to adenylate cyclase and to choride channel showed 32-37% amino acids 

sequence similarity to the cloned sequence (Figure 58).

                In order to compare to the Part-Pm-OA/TyrR-60 sequence, the regions of 

other invertebrate receptors from the N-terminal part to the conserved DRY-X motif 

in the end of the transmembrane domain III was excluded in order to produce the 

similar fragment to our cloned receptor before performing alignment. The result 

showed that Part-Pm-OA/TyrR-60 receptor had high sequence homology to the other 

insect/mullusc octopamine and/or tyramine receptors especially in the transmembrane 

domains (Figure 59). Pm-OA/TyrR-60 was clustered with insect octopamine and/or 

tyramine receptors that were negatively coupled to adenylate cyclase and had 

sequence similarity ranging from 49-63%. However, the cloned sequence showed 

only 27-34% similarity to invertebrate octopamine receptors that were positively 

coupled to adenylate cyclase and to choride channel (Figure 60).
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                      *        20         *        40         *        60
Pm-OA/TyrR : ------------------------------------------------------------ :   -
Bom-OAR    : ----------------------------------------------------MGQAATHD :   8
Hel-OAR    : ----------------------------------------------------MGQAATHV :   8
AmTry1     : ------------------------------------------------------------ :   -
Loc-Tyr    : ------------------------------------------------------MVRVEL :   6
Dro-Tyr    : MPSADQILFVNVTTTVAAAALTAAAAVSTTKSGSGNAARGYTDSDDDAGMGTEAVANISG :  60
Lym-OAR1   : ------------------------------------------------------------ :   -
OAMB       : ------------------------------------------------------------ :   -
Lym-OAR2   : ---------------------------MMSFPIALFADVNQSFRANLVVSSYHHAITFPT :  33

                      *        80         *       100         *       120
Pm-OA/TyrR : --MSRMNSKDALPSFVESDLNVS----GLEEEATLSEYDSELAMPVWEIVVTVVSLGVII :  54
Bom-OAR    : ANNYTSINYTEIYDVIEDEKDVCA--VAD-EPNIPCSFGISLAVPEWEAICTAIILTMII :  65
Hel-OAR    : DANYTLINYTE--EVIEDDRDACA--VAD-DPKYPSSFGITLAVPEWEAICTAIVLTLII :  63
AmTry1     : -----MNSSGESGGTMTEDYDMTG--CG---PPEE-ETGSNL--PVWEAAAASLTLGFLV :  47
Loc-Tyr    : QAASLMN--GSSAAEEPQDALVGGDACGGRRPPS--VLGVRLAVPEWEVAVTAVSLSLII :  62
Dro-Tyr    : SLVEGLTTVTAALSTAQADKDSAGECEGAVEELHASILGLQLAVPEWEALLTALVLSVII : 120
Lym-OAR1   : ---------------MSRDIFMKR------LRLHLLFDEVAMVTHIVGDVLSSVLLCAVV :  39
OAMB       : -----------------------------MNETECEDLIKSVKWTEPANLISLAVLEFIN :  31
Lym-OAR2   : VRGANFSTFFPRNFSVSADVWLCG-ANFSQEWQLMQPVCSTKYDSITIFITVAVVLTLIT :  92
                               d                                    L  6

                      *       140         *       160         *       180
Pm-OA/TyrR : IFTIIGNVLVILSVFTYRPLRIVQNFFIVSLAVADLTVAVFVLPFNVAYSIIGKWVFGIH : 114
Bom-OAR    : ISTVVGNILVILSVFTYKPLRIVQNFFIVSLAVADLTVAILVLPLNVAYSILGQWVFGIY : 125
Hel-OAR    : ISTIVGNILVILSVFTYKPLRIVQNFFIVSLAVADLTVAILVLPLNVAYSILGQWVFGIY : 123
AmTry1     : LATVLGNALVILSVFTYRPLRIVQNFFIVSLAVADLAVAILVMPFNVAYLLLGKWIFGIH : 107
Loc-Tyr    : LITIVGNVLVVLSVFTYKPLRIVQNFFIVSLAVADLTVAVLVMPFNVAYSLIQRWVFGIV : 122
Dro-Tyr    : VLTIIGNILVILSVFTYKPLRIVQNFFIVSLAVADLTVALLVLPFNVAYSILGRWEFGIH : 180
Lym-OAR1   : LLVLVGNTLVVAAVATSRKLRTVTNVFIVNLACADLLLGVLVLPFSAVNEIKDVWIFGHV :  99
OAMB       : VLVIGGNCLVIAAVFCSNKLRSVTNFFIVNLAVADLLVGLAVLPFSATWEVFKVWIFGDL :  91
Lym-OAR2   : LWTILGNFFVLMALYRYGTLRTMSNCLIGNLAISDLLLAVTVLPISTVHDLLGYWVFGEF : 152
             6 t6 GN lV6  6 ty  LR 6 NffIv LA aDL 6a6 V6P      6   W FG
                   I                              II
Figure 57. An alignment of the deduced amino acid sequences of Pm-OA/Tyr-53

with other insect or mullusc octopamine/tyramine receptors

Abbreviation:

Pm-Tyr/OAR (53): The full-length-53 sequence from P. monodon (black tiger prawn)

Bom-OAR:              Octopamine receptor of Bombyx mori (moth)

Hel-OAR:                Octopamine receptor of Heliothis virescens (moth)

AmTry1                   Tyramine receptor of Apis melifera (honey bee)

Loc-Tyr:                  Tyramine receptor of Locusta migratoria (locust)

Dro-Tyr:                  Tyramine receptor of Drosophila melanogaster (fruit fly)

Lym-OAR1              Octopamine receptor 1 of Lymnaea stagnalis (snail)

OAMB                     Octopamine receptor in mushroom body of D. melanogaster

Lym-OAR2              Octopamine receptor 2 of L. stagnalis

        Transmembrane regions are indicated by underlines with Roman numerals. Some

regions in the third intracellular loop are not shown.
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                       *       200         *       220         *       240
Pm-OA/TyrR : LCQMWLTCDIMCCTASILNLCAIALDRYWAITDPINYAQKRTVKRVMIMIGLVWSISVII : 174
Bom-OAR    : VCKMWLTCDIMCCTSSILNLCAIALDRYWAITDPINYAQKRTLERVLFMIGIVWILSLVI : 185
Hel-OAR    : VCKMWLTCDIMCCTSSILNLCAIALDRYWAITDPINYAQKRTLERVLLMIGVVWVLSLII : 183
AmTry1     : LCKLWLTCDVLCCTASILNLCAIALDRYWAITDPINYAQKRTLKRVLATIAGVWILSGAI : 167
Loc-Tyr    : VCKMWLTCDVLCCTASILNLCAIALDRYWAITDPINYAQKRTLRRVLAMIAGVWLLSGVI : 182
Dro-Tyr    : LCKLWLTCDVLCCTSSILNLCAIALDRYWAITDPINYAQKRTVGRVLLLISGVWLLSLLI : 240
Lym-OAR1   : WCQVWLAVDVWLCTASILNLCCISLDRYLAITRPIRYPGLMSAKRAKTLVAGVWLFSFVI : 159
OAMB       : WCRIWLAVDVWMCTASILNLCAISLDRYVAVTRPVTYPSIMSTKKAKSLIAGIWVLSFFI : 151
Lym-OAR2   : TCTLWLCMDVLYCTASIWGLCTVAFDRYLATVYPVWYHDQRSVRKAVGCIVFVWIFSIVI : 212
              C 6WL  D6  CT SIlnLCa6alDRY A t P6 Y   r3  4    6  6W  S  I
                       III                                       IV

                                                                         
                      *       260                *       320          360
Pm-OA/TyrR : CLPPLFGWNDWPD------------------VFTSDTP---------------------- : 194
Bom-OAR    : SSPPLLGWNDWPE------------------VFEPDTP---------------------- : 205
Hel-OAR    : SSPPLLGWNDWPD------------------VFEPDTP---------------------- : 203
AmTry1     : SSPPLAGWNDWPE------------------ELEPGTP---------------------- : 187
Loc-Tyr    : SSPPLIGWNDWPM------------------EFNDTTP---------------------- : 202
Dro-Tyr    : SSPPLIGWNDWPD------------------EFTSATP---------------------- : 260
Lym-OAR1   : CCPPLIGWNDGGDGIMDYNGTT----ATPIPVTTTQTPVTGRDDVLCDNGFNYS(18)-- : 227
OAMB       : CFPPLVGWKDQKAVIQPTYPKG(37)IGNGNAYNPYDPGFAPIDGSAEIRIAAI(31)AP : 271
Lym-OAR2   : SFAPFIGWQHMIP---------------SFFSFNASIQR--------------------- : 236
               pPl GWnd

                      *       380         *       400         *       420
Pm-OA/TyrR : ---------------CILTQERGFVIYSSSGSFYCPLLIMTLVYVKIF------------ : 227
Bom-OAR    : ---------------CRLTSQPGFVIFSSSGSFYIPLVIMTVVYFEIY------------ : 238
Hel-OAR    : ---------------CRLTSQPGFVIFSSSGSFYIPLVIMTVVYFEIY------------ : 236
AmTry1     : ---------------CQLTRRQGYVIYSSLGSFFIPLLLMSLVYLEIY------------ : 220
Loc-Tyr    : ---------------CQLTEEQGYVIYSSLGSFFIPLFIMTIVYVEIF------------ : 235
Dro-Tyr    : ---------------CELTSQRGYVIYSSLGSFFIPLAIMTIVYIEIF------------ : 293
Lym-OAR1   : -------------TTCELTNSRGYRIYAALGSFFIPMLVMVFFYLQIYRAAVKTISAYAK : 274
OAMB       : PQNRPQTISGSCPWKCELTNDRGYVLYSALGSFYIPMFVMLFFYWRIYR----------- : 320
Lym-OAR2   : -------------YQCILFTSSSYVLYSSMGSFVIPAILMAFMYVRIF------------ : 271
                            C Lt   g5v65ss GSF iP  6M   Y  I5
                                               V

                      *       440         *       460         *       480
Pm-OA/TyrR : --TATRRRLRER-AKASRLN------------------EIQNAGK--------------- : 251
Bom-OAR    : --LATKKRLRDR-AKATKIS------------------TISSGRNKYETKES-------- : 269
Hel-OAR    : --LATKKRLRDR-AKATKIS------------------TISSGQNKYNNKD--------- : 266
AmTry1     : --LATRRRLRER-ARQSRIN------------------AVQSTRHR-------------- : 245
Loc-Tyr    : --IATKRRLRER-AKASKLNS-----------AMKQQMAAQAVPSS-------------- : 267
Dro-Tyr    : --VATRRRLRER-ARANKLNTIALKSTELEPMANSSPVAASNSGSKSRLLASWLCCGRDR : 350
Lym-OAR1   : GELKTKYSVRENGSKTNSVTLRIHRGGR----GPSTGSSVYRHGSTYGGSAAG------- : 323
OAMB       : AAVRTTRAINQG-FKTTKGSPR-----------ESGNNRVDESQLILRIHRGR------- : 361
Lym-OAR2   : --VVLHNQSRGVKFKSGLKISS----------SKYNGCPVINEPSREGINGLG------- : 312
                 t    r    4
                      *       620         *       640         *       660
Pm-OA/TyrR : HKALNPK----TEVYPAEERKS------------AEVVVRVNPKDGSQIHQFIEQKQKIS : 356
Bom-OAR    : SSESNSKETHEDNMIEITEAAPVKIQ--------KRPKQN----QTNAVYQFIEEKQRIS : 397
Hel-OAR    : SSESNSKETHEDDLIEVNETVPVKTHH-------KKPKPN----QQSAVYQFIEEKQRIS : 395
AmTry1     : TSSRRTT--------------------------GSRAAAT-----TTTVYQFIEERQRIS : 318
Loc-Tyr    : TTTTTTTTTTAVTDSPRSRTASQK---------GSTAPPTPVQPKSIPVYQFIEEKQRIS : 401
Dro-Tyr    : ESGSDPKGCIQVCVTQADEQTSLKLTPPQSSTGVAAVSVTPLQKKTSGVNQFIEEKQKIS : 520
Lym-OAR1   : SGECSPRTKRIKEHARATQHNSLPVTPSLS---SQNEETDAVFVRGTSNSEYKPRRSRLS : 496
OAMB       : SSANGRRASFKTSLFDIGET-TFN---------LDAAASGPGDLETGLSTTSLSAKKRAG : 503
Lym-OAR2   : NLDVSKHELLISNVCHRSKSATALTSETGDPLGSLAGPRRSLQCNVGGLVRNKHMTLSMK : 482
                                                                        s

Figure 57. (Continued)



Chetsada Pothiratana Results / 110

                      *       680         *       700         *       720
Pm-OA/TyrR : --------------LSKERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLI : 402
Bom-OAR    : --------------LTRERRAARTLGIIMGVFVVCWLPFFVIYLVIPFCVSC-CLSNKFI : 442
Hel-OAR    : --------------LTRERRAARTLGIIMGVFVVCWLPFFVIYLVIPFCASC-CLSNKFI : 440
AmTry1     : --------------LSKERRAARTLGVIMGVFVVCWLPFFLMYVIVPFC-PDCCPSDRMV : 363
Loc-Tyr    : --------------LSKERRAARTLGIIMGVFVVCWLPFFLMYVIVPFCNPSCKPSPKLV : 447
Dro-Tyr    : --------------LSKERRAARTLGIIMGVFVICWLPFFLMYVILPFCQTC-CPTNKFK : 565
Lym-OAR1   : AHKPGHAMRLHMQKFNREKKAAKTLAIIVGAFIMCWMPFFTIYLVGAFCENC--ISPIVF : 554
OAMB       : K----RSAKFQVKRFRMETKAAKTLAIIVGGFIVCWLPFFTMYLIRAFCDHC--IQPTVF : 557
Lym-OAR2   : R-----------RFELREQRATKRMLLIMACFCVCWMPFLFMYILRSVCDTC-HMNQHFV : 530
                              E 4Aa4t6 6I6g F 6CW6PFf 6Y66  fC  c
                                              VI

                      *       740         *       760         *       780
Pm-OA/TyrR : NFIVWLGYINSSLNPVIYTIFNLDFRRAFAKILK-CPSSTSV------------------ : 443
Bom-OAR    : NFITWLGYVNSALNPLIYTIFNMDFRRAFKKLLF-IKC---------------------- : 479
Hel-OAR    : NFITWLGYCNSALNPLIYTIFNMDFRRAFKKLLC-MKP---------------------- : 477
AmTry1     : YFITWLGYVNSALNPLIYTIFNLDYRRAFRRLLR-IR----------------------- : 399
Loc-Tyr    : NFITWLGYINSALNPIIYTIFNLDFRRAFKKLLH-FKT---------------------- : 484
Dro-Tyr    : NFITWLGYINSGLNPVIYTIFNLDYRRAFKRLLG-LN----------------------- : 601
Lym-OAR1   : SVAFWLGYCNSAMNPCVYALFSRDFRFAFRKLLT-CSCKAWSKNRSFRPQTSDVPA(29) : 638
OAMB       : SVLFWLGYCNSAINPMIYALFSNEFRIAFKRIVCRCVCTRSGFRASENFQMIAARA(24) : 637
Lym-OAR2   : AAIIWLGYVNSSLNPVLYTLFNDDFKVAFKRLIGARSPSAYRSPGPRR------------ : 578
                 WLGY NS 6NP 6Yt6Fn d54 AF 466
                        VII

Figure 57. (Continued)
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Figure 58.  Phylogenetic analysis of the putative octopam

53 (Pm-OA/TyrR-53) and other cloned invertebrate octop

receptors. Full-length amino acid sequences of Pm-OA/TyrR

other species sequences and construct  this dendrogram.

           Accession number, percent similarity to our cloned s

transduction of each receptor are indicated.

        : Pm-Penaeus monodon, Dro-Drosophila melanogaster, 

Am-Apis melifera, Hel-Heliothis virescens, Bom-Bombyx mor

stagnalis.

        : OA- octopamine receptor, Tyr-tyramine receptor, Numb

        : OAMB- octopamine receptor in mushroom body of Dro
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                      *        20         *        40         *        60
Part-PmR60 : AITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLFGWND-------------WP---- :  43
Bom-OAR    : AITDPINYAQKRTLERVLFMIGIVWILSLVISSPPLLGWND-------------WP---- :  43
Hel-OAR    : AITDPINYAQKRTLERVLLMIGVVWVLSLIISSPPLLGWND-------------WP---- :  43
AmTry1     : AITDPINYAQKRTLKRVLATIAGVWILSGAISSPPLAGWND-------------WP---- :  43
Loc-Tyr    : AITDPINYAQKRTLRRVLAMIAGVWLLSGVISSPPLIGWND-------------WP---- :  43
Dro-Tyr    : AITDPINYAQKRTVGRVLLLISGVWLLSLLISSPPLIGWND-------------WP---- :  43
OAMB       : AVTRPVTYPSIMSTKKAKSLIAGIWVLSFFICFPPLVGWKDQKAVIQPT-----YPKGNH :  55
Lym-OAR1   : AITRPIRYPGLMSAKRAKTLVAGVWLFSFVICCPPLIGWNDGGDGIMDYNGTTATP---- :  56
Lym-OAR2   : ATVYPVWYHDQRSVRKAVGCIVFVWIFSIVISFAPFIGWQH------------MIP---- :  44
             A t P6 Y   r3  4    6  6W  S  I  pPl GWnd              P
                                       IV
                      *        80         *       100         *       120
Part-PmR60 : ---------------------------------------DVFTSDTP------------- :  51
Bom-OAR    : ---------------------------------------EVFEPDTP------------- :  51
Hel-OAR    : ---------------------------------------DVFEPDTP------------- :  51
AmTry1     : ---------------------------------------EELEPGTP------------- :  51
Loc-Tyr    : ---------------------------------------MEFNDTTP------------- :  51
Dro-Tyr    : ---------------------------------------DEFTSATP------------- :  51
OAMB       : TLYYITTMSSSEDGQLGLDSIKDQGEASLPPSPPHIGNGNAYNPYDPGFAPIDGSAEIRI : 115
Lym-OAR1   : --------------------------------------IPVTTTQTPVTGRDDVLCDNG- :  77
Lym-OAR2   : -------------------------------------SFFSFNASIQR------------ :  55
                                                          tp

                      *       140         *       160         *       180
Part-PmR60 : ---------------------------------------------------CILTQERGF :  60
Bom-OAR    : ---------------------------------------------------CRLTSQPGF :  60
Hel-OAR    : ---------------------------------------------------CRLTSQPGF :  60
AmTry1     : ---------------------------------------------------CQLTRRQGY :  60
Loc-Tyr    : ---------------------------------------------------CQLTEEQGY :  60
Dro-Tyr    : ---------------------------------------------------CELTSQRGY :  60
OAMB       : AAIDSTSTSTTATTTTTASSSSTTETEMDLDLLNAPPQNRPQTISGSCPWKCELTNDRGY : 175
Lym-OAR1   : ---FNYSTNSNMNTTCTYSGDSS--------------------LS----TTCELTNSRGY : 110
Lym-OAR2   : -------------------------------------------------YQCILFTSSSY :  66
                                                                C Lt   g5

Figure 59.  An alignment of the deduced amino acid sequences of

Part Pm-OA/Tyr-60 with other insect or mullusc partial octopamine/tyramine

receptors

Abbreviation:

Part-PmR60:           The partial 60 sequence from P. monodon (black tiger prawn)

Bom-OAR:              Octopamine receptor of Bombyx mori (moth)

Hel-OAR:                Octopamine receptor of Heliothis virescens (moth)

AmTry1                   Tyramine receptor of Apis melifera (honey bee)

Loc-Tyr:                  Tyramine receptor of Locusta migratoria (locust)

Dro-Tyr:                  Tyramine receptor of Drosophila melanogaster (fruit fly)

OAMB                     Octopamine receptor in mushroom body of D. melanogaster

Lym-OAR1              Octopamine receptor 1 of Lymnaea stagnalis (pond snail)

Lym-OAR2              Octopamine receptor 2 of L. stagnalis

Transmembrane regions are indicated by underlines with Roman numerals. Some

regions in the third intracellular loop are not shown.
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                      *       200         *       220         *       240
Part-PmR60 : VIYSSSGSFYCPLLIMTLVYVKIFTATRRRLRERAK------------ASRLN------- : 101
Bom-OAR    : VIFSSSGSFYIPLVIMTVVYFEIYLATKKRLRDRAK------------ATKIS------- : 101
Hel-OAR    : VIFSSSGSFYIPLVIMTVVYFEIYLATKKRLRDRAK------------ATKIS------- : 101
AmTry1     : VIYSSLGSFFIPLLLMSLVYLEIYLATRRRLRERAR------------QSRIN------- : 101
Loc-Tyr    : VIYSSLGSFFIPLFIMTIVYVEIFIATKRRLRERAK------------ASKLNSAMKQ-- : 106
Dro-Tyr    : VIYSSLGSFFIPLAIMTIVYIEIFVATRRRLRERAR------------ANKLNTIALKST : 108
OAMB       : VLYSALGSFYIPMFVMLFFYWRIYRAAVRTTRAINQ------------GFKTTK------ : 217
Lym-OAR1   : RIYAALGSFFIPMLVMVFFYLQIYRAAVKTISAYAKGELKTKYSVRENGSKTNSVTLRIH : 170
Lym-OAR2   : VLYSSMGSFVIPAILMAFMYVRIFVVLHNQSRGVKFKSG-----LKISSSKYNGCPVINE : 121
             v65ss GSF iP  6M   Y  I5 a     r  a               4
                       V

                      *       440         *       460         *       480
Part-PmR60 : ----------------------NGSQIHQFIEEKQ-KISLSK-----ERRAARTLGIIMG : 227
Bom-OAR    : ----------------KRPKQNQTNAVYQFIEEKQ-RISLTR-----ERRAARTLGIIMG : 259
Hel-OAR    : ----------------KKPKPNQQSAVYQFIEEKQ-RISLTR-----ERRAARTLGIIMG : 259
AmTry1     : --------------------------VYQFIEERQ-RISLSK-----ERRAARTLGVIMG : 198
Loc-Tyr    : ---RSRTASQKGSTAPPTPVQPKSIPVYQFIEEKQ-RISLSK-----ERRAARTLGIIMG : 266
Dro-Tyr    : LKLTPPQSSTGVAAVSVTPLQKKTSGVNQFIEEKQ-KISLSK-----ERRAARTLGIIMG : 327
OAMB       : -----LDAAASGPGDLETGLSTTSLSAKKRAGKRSAKFQVKRF--RMETKAAKTLAIIVG : 409
Lym-OAR1   : ---NEETDAVFVRGTSNSEYKPRRSRLSAHKPGHAMRLHMQKF--NREKKAAKTLAIIVG : 398
Lym-OAR2   : --------------SLAGPRRSLQCNVGGLVRNKHMTLSMKRRFELREQRATKRMLLIMA : 320
                                                   s6 4     E 4Aa4t6 6I6g

                      *       500         *       520         *       540
Part-PmR60 : SFVVCWLPFFLMYVILPFCPTCPVPNDKLINFIVWLGYINSSLNPVIYTIFNLDFRRAFA : 287
Bom-OAR    : VFVVCWLPFFVIYLVIPFC-VSCCLSNKFINFITWLGYVNSALNPLIYTIFNMDFRRAFK : 318
Hel-OAR    : VFVVCWLPFFVIYLVIPFC-ASCCLSNKFINFITWLGYCNSALNPLIYTIFNMDFRRAFK : 318
AmTry1     : VFVVCWLPFFLMYVIVPFC-PDCCPSDRMVYFITWLGYVNSALNPLIYTIFNLDYRRAFR : 257
Loc-Tyr    : VFVVCWLPFFLMYVIVPFCNPSCKPSPKLVNFITWLGYINSALNPIIYTIFNLDFRRAFK : 326
Dro-Tyr    : VFVICWLPFFLMYVILPFC-QTCCPTNKFKNFITWLGYINSGLNPVIYTIFNLDYRRAFK : 386
OAMB       : GFIVCWLPFFTMYLIRAFC--DHCIQPTVFSVLFWLGYCNSAINPMIYALFSNEFRIAFK : 467
Lym-OAR1   : AFIMCWMPFFTIYLVGAFC--ENCISPIVFSVAFWLGYCNSAMNPCVYALFSRDFRFAFR : 456
Lym-OAR2   : CFCVCWMPFLFMYILRSVC-DTCHMNQHFVAAIIWLGYVNSSLNPVLYTLFNDDFKVAFK : 379
              F 6CW6PFf 6Y66  fC               WLGY NS 6NP 6Yt6Fn d54 AF
                   VI                                 VII

                      *       560         *       580         *
Part-PmR60 : KILRCPNTTAL------------------------------------------- : 298
Bom-OAR    : KLLFIKC----------------------------------------------- : 325
Hel-OAR    : KLLCMKP----------------------------------------------- : 325
AmTry1     : RLLRIR------------------------------------------------ : 263
Loc-Tyr    : KLLHFKT----------------------------------------------- : 333
Dro-Tyr    : RLLGLN------------------------------------------------ : 392
OAMB       : RIVCRCVCTRSGFRAS--ENFQMIAARALMAPATFHKTIS--GCSDDGEGVDFS : 517
Lym-OAR1   : KLLTCSCKAWSKNRSFRPQTSDVPAIQLHCATQDDAKSSSDIGPTASGGNGGYT : 510
Lym-OAR2   : RLIGARSPSAYRSPGPRR------------------------------------ : 397
             466

Figure 59. (Continued)
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Figure 60.  Phylogenetic analysis of the putative partial 

receptor 60 (Part-Pm-OA/TyrR-60: Part-PmR60 in den

cloned invertebrate octopamine and/or tyramine recepto

sequences of Pm-Tyr/OAR was used to compare to other specie

        Accession number, percent similarity to our cloned seq

transduction of each receptor are indicated.

        : Pm-Penaeus monodon, Dro-Drosophila melanogaster, L

Am-Apis melifera, Hel-Heliothis virescens, Bom-Bombyx mori 

stagnalis.

        : OA- octopamine receptor, Tyr-tyramine receptor, Numbe
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        5.6  Comparison of Pm-OA/Tyr-53 and Part-Pm-OA/Tyr-60

                The previous analysis suggests that both Pm-OA/Tyr-53 and Part-Pm-

OA/Tyr-60 are octopamine/tyramine receptors that are negatively coupled to 

adenylate cyclase. To distinguish the difference between these two clones, their 

nucleotide sequences were compared together as shown in Figure 61. The results 

show that they have 69% nucleotides sequence identity when the 5/ end region of Pm-

OA/Tyr-53 was excluded before comparison. In the coding region, both of them have 

85% sequence identity.

                The amino acid sequences comparison of these 2 clones was also analyzed 

and shown in Figure 62. These two clones have 79% and 87% amino acid sequence 

identity and similarity, respectively when the N-terminal part of Pm-OA/Tyr-53 was 

excluded before comparison. The positions of the transmembrane regions and 

phosphorylation sites in both sequences were compared together. Both sequences 

showed the identical positions of the conserved transmembrane domains IV, V, VI 

and VII . However, the phosphorylation sites of both sequences are quite different in 

positions and numbers in the variable region in the third intracellular loop (Figure 63).



Chetsada Pothiratana Results / 116

                                                                               
                     *       560         *       580         *       600
FullPmR53 : TCCATCCTCAACCTGTGCGCCATCGCCCTCGACCGCTACTGGGCCATCACGGACCCCATC :  600
PartPmR60 : ------------------------------------------------------------ :    -

                     *       620         *       640         *       660
FullPmR53 : AACTACGCGCAGAAGCGCACCGTCAAGCGCGTCATGATCATGATCGGCCTCGTGTGGAGC :  660
PartPmR60 : ---------------------------------------------------------AGC :    3
                                                                     AGC

                     *       680         *       700         *       720
FullPmR53 : ATCAGCGTCATCATCTGCCTGCCGCCGCTGTTCGGCTGGAACGACTGGCCCGACGTGTTC :  720
PartPmR60 : ATCAGCGTCATCATCTGCCTGCCGCCGCTGTTCGGCTGGAACGACTGGCCCGACGTGTTC :   63
            ATCAGCGTCATCATCTGCCTGCCGCCGCTGTTCGGCTGGAACGACTGGCCCGACGTGTTC

                     *       740         *       760         *       780
FullPmR53 : ACCTCCGACACGCCCTGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCC :  780
PartPmR60 : ACCTCCGACACGCCCTGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCC :  123
            ACCTCCGACACGCCCTGCATCCTCACGCAGGAGCGGGGCTTCGTCATCTACTCGTCGTCC

                     *       800         *       820         *       840
FullPmR53 : GGCTCCTTCTACTGCCCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCC :  840
PartPmR60 : GGCTCCTTCTACTGCCCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCC :  183
            GGCTCCTTCTACTGCCCGCTGCTCATCATGACCTTGGTCTACGTCAAGATCTTCACGGCC

                     *       860         *       880         *       900
FullPmR53 : ACGCGCCGGCGCCTGCGGGAGCGCGCCAAGGCCTCCAGGCTCAACGAGATTCAGAACGCC :  900
PartPmR60 : ACGCGCCGGCGCCTGCGGGAGCGCGCCAAGGCCTCCAGGCTCAACCAGATCCCAAACAGC :  243
            ACGCGCCGGCGCCTGCGGGAGCGCGCCAAGGCCTCCAGGCTCAAC AGAT C  AAC  C

                     *       920         *       940         *       960
FullPmR53 : GGGAAGCCCAAGGACCAGAAGGACGAGGACTCGGGAGGCAGCGAGAACGGCCAGAACG-- :  958
PartPmR60 : GGAAAGGCCAGGCTTACCAAGGAGGAGGACTCCGCCGTGAGCGAGAACGGCCAAAATGGT :  303
            GG AAG CCA G      AAGGA GAGGACTC G  G  AGCGAGAACGGCCA AA G

                     *       980         *      1000         *      1020
FullPmR53 : -ACGTGCAGAACGGCTACAACGAAACCTACAAGAAGAAGAAGCAGAGGAGGCGGAAGG-- : 1015
PartPmR60 : TACAATGACACCAGCACGAAAAAGCTGGTTCAGAAGAAGAAGCGAAAGAAGAGGAAGACA :  363
             AC    A A C GC   AA  A        AGAAGAAGAAGC  A GA G GGAAG

                     *      1040         *      1060         *      1080
FullPmR53 : GGAAGGCCGGGAACACGACCCCGACTTCCCCCAAGGCCTTGACCTCGCCGCTCGTGGCAG : 1075
PartPmR60 : GGAAGCAAGGGCCAAGCCTCCCCAGCGACGCCAA--CCCTCGCCCCGCCTCCCATTGCAG :  421
            GGAAG   GGG   A    CCC A    C CCAA  CC T  CC CGCC C C T GCAG

                     *      1100         *      1120         *      1140
FullPmR53 : AGACATCGCTGACCCACAAAGCCCTGAATCCGAAGACCGAAGTCTATCCCGCTGAGGAGA : 1135
PartPmR60 : AAACCTCG--GACT---TGAGC----AACCCGAAGGACGAGGCCTCCCCACTCGAAGAGA :  472
            A AC TCG  GAC      AGC    AA CCGAAG  CGA G CT  CC    GA GAGA

                     *      1160         *      1180         *      1200
FullPmR53 : GGAAAAACGCGGAAGTCGTCGTCAGAGTCAACCCGAAGGACGGCAGCCAAATCCACCAGT : 1195
PartPmR60 : AGAAAGGCGCAGACGTTATTGTCAGAGTCAACCCGAAGAACGGCAGCCAAATCCACCAGT :  532
             GAAA  CGC GA GT  T GTCAGAGTCAACCCGAAG ACGGCAGCCAAATCCACCAGT

Figure 61.  An alignment of Pm-OA/TyrR-53 (FullPmR53) and Part-Pm-

OA/TyrR-60 (PartPmR60) nucleotide sequences. The percent sequence identity is

69 % sequence identity. In coding region, they show 85 % sequence identity.
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                     *      1220         *      1240         *      1260
FullPmR53 : TCATCGAGCAGAAGCAGAAGATCTCGCTGTCGAAGGAGCGTCGCGCCGCCCGGACGCTGG : 1255
PartPmR60 : TCATCGAGGAGAAGCAGAAGATCTCGCTGTCGAAGGAGCGTCGCGCCGCCCGGACGCTGG :  592
            TCATCGAG AGAAGCAGAAGATCTCGCTGTCGAAGGAGCGTCGCGCCGCCCGGACGCTGG

                     *      1280         *      1300         *      1320
FullPmR53 : GCATCATCATGGGCTCGTTCGTGGTGTGCTGGCTGCCCTTCTTCCTGATGTACGTGATCC : 1315
PartPmR60 : GCATCATCATGGGCTCGTTCGTGGTGTGCTGGCTGCCCTTCTTCCTGATGTACGTGATCC :  652
            GCATCATCATGGGCTCGTTCGTGGTGTGCTGGCTGCCCTTCTTCCTGATGTACGTGATCC

                     *      1340         *      1360         *      1380
FullPmR53 : TGCCCTTCTGCCCGACGTGCCCGGTGCCCAACGACAAGCTCATCAACTTCATCGTGTGGC : 1375
PartPmR60 : TGCCCTTCTGCCCGACGTGCCCGGTGCCCAACGACAAGCTCATCAACTTCATCGTGTGGC :  712
            TGCCCTTCTGCCCGACGTGCCCGGTGCCCAACGACAAGCTCATCAACTTCATCGTGTGGC

                     *      1400         *      1420         *      1440
FullPmR53 : TCGGCTACATCAACTCGTCCCTCAACCCCGTCATCTACACCATCTTCAACCTGGACTTCA : 1435
PartPmR60 : TCGGCTACATCAACTCGTCCCTCAACCCCGTCATCTACACCATCTTCAACCTCGACTTCA :  772
            TCGGCTACATCAACTCGTCCCTCAACCCCGTCATCTACACCATCTTCAACCT GACTTCA

                     *      1460         *      1480         *      1500
FullPmR53 : GGAGGGCCTTCGCCAAGATCCTGAAGTGTCCCAGCAGCACTTCTGTGTAACGACGGAAAA : 1495
PartPmR60 : GGAGGGCCTTCGCCAAGATCCTGAGGTGCCCCAACACCACAGCTCTGTAATCTC----AT :  828
            GGAGGGCCTTCGCCAAGATCCTGA GTG CCCA CA CAC  CT TGTAA   C    A

                     *      1520         *      1540         *      1560
FullPmR53 : TAGAGAAAAAATTGCCTACAAAGGCTTATAGATCTCAAGCTCTTTCTGAAAAGTGACATA : 1555
PartPmR60 : T----AAAATATTATGTTTAAAAGACTATGAAATTGATGTTGTTT-----ACGTTATGTA :  879
            T    AAAA ATT   T  AAA G  TAT  A  T A G T TTT     A GT A  TA

                     *      1580         *      1600         *      1620
FullPmR53 : GAGCTCTTCAAACTATCGACATCGTGGAAGGTTTAATCAAACCTTCTTTGTGTTCTCATA : 1615
PartPmR60 : GTTGTTTTTG----TTTGACTACATGAGATACATACTCAGAGGAGACG---GATCCCT-- :  930
            G   T TT       T GAC  C TG  A    TA TCA A          G TC C

                     *      1640         *      1660         *      1680
FullPmR53 : GTATTCATAAATGGTCATGGTTATATACATGTGATTGCAAACAAGATTCTGCCTTGTAAA : 1675
PartPmR60 : ------------------------------------------------------------ :    -

                     *      1700         *      1720         *      1740
FullPmR53 : GAAGGAATCCTTTTTAAAGGGGAAACGCACTTGGATATAAAATAAACGTAATAA-AGCGA : 1734
PartPmR60 : ------------------------------------------------------------ :    -

                     *      1760
FullPmR53 : TGGTAAATGCTTCGGATCCC : 1754
PartPmR60 : -------------------- :    -

Figure 61.(Continued)
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                     *        20         *        40         *        60
FullPmR53 : MSRMNSKDALPSFVESDLNVSGLEEEATLSEYDFELAMPVWEIVVTVVSLGVIIIFTIIG :  60
PartPmR60 : ------------------------------------------------------------ :   -

                     *        80         *       100         *       120
FullPmR53 : NVLVILSVFTYRPLRIVQNFFIVSLAVADLTVAVFVLPFNVAYSIIGKWVFGIHLCQMWL : 120
PartPmR60 : ------------------------------------------------------------ :   -

                     *       140         *       160         *       180
FullPmR53 : TCDIMCCTASILNLCAIALDRYWAITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLF : 180
PartPmR60 : -----------------------AITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLF :  37
                                   AITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLF

                     *       200         *       220         *       240
FullPmR53 : GWNDWPDVFTSDTPCILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTATRRRLRERAKA : 240
PartPmR60 : GWNDWPDVFTSDTPCILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTATRRRLRERAKA :  97
            GWNDWPDVFTSDTPCILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTATRRRLRERAKA

                     *       260         *       280         *       300
FullPmR53 : SRLNEIQNAGKPKDQKDEDSGGSENGQNDVQNG--YNETYKKKKQRRRKGKAGNTTPTSP : 298
PartPmR60 : SRLNQIPNSGKARLTKEEDSAVSENGQNGYNDTSTKKLVQKKKRKKRKTGSKGQASPATP : 157
            SRLN2I N GK 4  K EDS  SENGQN   1        KKK4 4R4 G  G  3P 3P

                     *       320         *       340         *       360
FullPmR53 : KALTSPLVAETSLTHKALNPKTEVYPAEERKSAEVVVRVNPKDGSQIHQFIEQKQKISLS : 358
PartPmR60 : -TLAPPPIAETSDLS---NPKDEASPLEEKKGADVIVRVNPKNGSQIHQFIEEKQKISLS : 213
              L  P 6AETS      NPK E  P EE4K A V6VRVNPK1GSQIHQFIE2KQKISLS

                     *       380         *       400         *       420
FullPmR53 : KERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLINFIVWLGYINSSLNPV : 418
PartPmR60 : KERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLINFIVWLGYINSSLNPV : 273
            KERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLINFIVWLGYINSSLNPV

                     *       440
FullPmR53 : IYTIFNLDFRRAFAKILKCPSSTSV : 443
PartPmR60 : IYTIFNLDFRRAFAKILRCPNTTAL : 298
            IYTIFNLDFRRAFAKIL4CP 3T 6

Figure 62.  An alignment of Pm-OA/TyrR-53 (FullPmR53) and Part-Pm-

OA/TyrR-60 (PartPmR60) amino acid sequences. The percent sequence identity 

and similarity are 79% and 87%, respectively.
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                     *        20         *        40         *        60
FullPmR53 : MSRMNSKDALPSFVESDLNVSGLEEEATLSEYDFELAMPVWEIVVTVVSLGVIIIFTIIG :  60
PartPmR60 : ------------------------------------------------------------ :   -
             I

                                                                               
                     *        80         *       100         *       120
FullPmR53 : NVLVILSVFTYRPLRIVQNFFIVSLAVADLTVAVFVLPFNVAYSIIGKWVFGIHLCQMWL : 120
PartPmR60 : ------------------------------------------------------------ :   -
                                           II

                     *       140         *       160         *       180
FullPmR53 : TCDIMCCTASILNLCAIALDRYWAITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLF : 180
PartPmR60 : -----------------------AITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLF :  37
                                   AITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLF
                   III                                      IV
                     *       200         *       220         *       240
FullPmR53 : GWNDWPDVFTSDTPCILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTATRRRLRERAKA : 240
PartPmR60 : GWNDWPDVFTSDTPCILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTATRRRLRERAKA :  97
            GWNDWPDVFTSDTPCILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTATRRRLRERAKA
                                            V
                     *       260         *       280         *       300
FullPmR53 : SRLNEIQNAGKPKDQKDEDSGGSENGQNDVQNG--YNETYKKKKQRRRKGKAGNTTPTSP : 298
PartPmR60 : SRLNQIPNSGKARLTKEEDSAVSENGQNGYNDTSTKKLVQKKKRKKRKTGSKGQASPATP : 157
            SRLN I N GK    K EDS  SENGQN            KKK   R  G  G   P  P

                     *       320         *       340         *       360
FullPmR53 : KALTSPLVAETSLTHKALNPKTEVYPAEERKSAEVVVRVNPKDGSQIHQFIEQKQKISLS : 358
PartPmR60 : -TLAPPPIAETSDLS---NPKDEASPLEEKKGADVIVRVNPKNGSQIHQFIEEKQKISLS : 213
              L  P  AETS      NPK E  P EE K A V VRVNPK GSQIHQFIE KQKISLS

                     *       380         *       400         *       420
FullPmR53 : KERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLINFIVWLGYINSSLNPV : 418
PartPmR60 : KERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLINFIVWLGYINSSLNPV : 273
            KERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDKLINFIVWLGYINSSLNPV
                             VI                                 VII
                     *       440
FullPmR53 : IYTIFNLDFRRAFAKILKCPSSTSV : 443
PartPmR60 : IYTIFNLDFRRAFAKILRCPNTTAL : 298
            IYTIFNLDFRRAFAKIL CP  T

Figure 63.  The comparison of Pm-OA/TyrR-53 (FullPmR53) and Part-Pm-

OA/TyrR-60 (PartPmR60) amino acid sequences

        Positions of transmembrane domains are indicated by black boxes. Positions of 

phosphorylation sites are indicated. Protein kinase C (PKC)s are indicated by gray 

boxes with black letter. Protein kinase A (PKA)s are indicated by dark gray boxes 

with white letter. Protein kinase A/G (PKA/PKG) is indicated by white box with 

black letter. The putative N-glycosylation is indicated by a circle.
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6.  Tissue Distribution Analysis of Pm-OA/Tyr-53 and Pm-OA/Tyr-

60 genes
        In order to study the expression of Pm-OA/Tyr-53 and Part-Pm-OA/Tyr-60 gene 

in different tissues of P. monodon, Northern blot containing total RNAs of various 

tissues of juvenile prawn were hybridized with α-[32P]dCTP labeled clone 53 cDNA 

probe. Unfortunately no specific hybridization signal was observed. Therefore, PCR 

was selected as an alternative approach to study the expression of these genes.

        PCR technique used in this study is exclusive amplification of cDNA template 

(EXACT) as described in method 2.16.2. The specific primers used in this study were 

located in the variable regions as indicated in Figure 64. Various tissues from brain 

and thoracic ganglia, ovary, abdominal muscle, heart, hepatopancreas and gill of a 

female wild broodstock prawn were studied. Actin primers were used as an internal 

control. The results are shown in Figure 65 and summarized in Table 7.

Table 7. Summary of the tissues distribution analysis experiment by EXACT-

PCR from Figure 65.

GeneTissue types

Pm-OA/TyrR-53 Pm-OA/TyrR-60 Actin

Brain and thoracic ganglia + + +

Ovary + – +

Abdominal muscle – + +

Heart + + +

Hepatopancreas – – +

Gill – – +

+ : detectable, - : undetectable. All – RT reaction no specific bands.
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Figure 64. Positions of specific primers used for tissue distribution analysis of

Pm-OA/TyrR-53 and Pm-OA/TyrR-60

t-OARF1-60

t-OARF1-53

t-OARF2-53
t-OARF2-60

t-OARR
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Figure 65. Tissue expression distribution analysis of Pm-OA/TyrR 53, 60 and 

actin in female wild broodstock black tiger prawn

Abbreviation :

M: 100 bp DNA Marker.

Tg: Brain and thoracic ganglia, Ov: Ovary, Ms: Abdominal muscle

Ht: Heart, Hp: Hepatopancreas and Gl: Gill

+ : RT reaction with reverse transcriptase - : RT reaction without reverse transcriptase

-ve  no template,    + ve   plasmid containing gene.

M + +- + - + - + - + -

-ve +veTg Ov Ms Ht Hp Gl

Pm

OA/Tyr-53

gene

Pm

OA/TyrR-60

gene

-

Actin gene

355
bp

358
bp
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CHAPTER V

DISCUSSION

       The objectives of this study were to clone a neurotransmitter receptor from brain 

and thoracia ganglia of black tiger prawn (Penaeus monodon) and to study the tissue 

distribution of this receptor. In this study, the putative octopamine/tyramine receptor 

has been cloned and studied in various tissues of P. monodon.

1.  Total RNA Isolation
       In this study, total RNA from various tissues; brain and thoracic ganglia, 

abdominal nerve cord, abdominal muscle, heart, hepatopancreas, and gill were mainly 

extracted by TRI REAGENT solution. TRI REAGENT is a complete reagent for the 

isolation of total RNA or the simultaneous isolation of RNA, DNA and protein from 

samples of human, animal, plant, yeast, bacterial and viral origin and it gives a high 

quality undegraded mRNAs greater than RNA extraction with the other methods. 

Therefore, it was selected for this study.

       The pattern of total RNA of P. monodon when analyzed on 1.5% agarose gel 

electrophoresis containing formaldehyde showed a single main band at about 2.0 kb. 

In some tissues such as hepatopancreas, a few faint larger bands also appeared (Figure 

18 and 19). The 2.0 kb RNA band corresponds to the characteristic 18S rRNA. The 

sizes of 18S rRNA are varied in different organisms. Saccharomyces cerevisiae

(yeast), Drosophila melanogaster(fruit fly), Mus musculus (mouse) and Homo sapiens

(human) have the sizes of 18S rRNA equaled to 1800, 1980, 1870 and 1870 

nucleotides, respectively (84). From Figure 18, the 18S rRNA band of P. monodon is 

slightly larger than the 1908-bp RNA marker band. It indicates that 18S RNA of       

P. monodon is about 2.0 kb and is closely equivalent to D. melanogaster (arthropod) 

in the same phylum. For 28S rRNA, no or faint corresponding band was observed in 
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total RNA extracted by TRI-REAGENT or acid guanidium thiocyanate-phenol-

chloroform of all tissues. It indicates that this phenomenon might be the characteristic 

of rRNA in P. monodon and not dependent upon the method of RNA isolation. From 

the previous study, the 28S rRNAs from insects and most other protostomes including 

one of the crustaceans, Procambarus clarkii, were demonstrated to dissociate into 18S 

products under denaturing heat conditions at 45 oC for 10 min. This phenomenon 

came from the presence of a hidden break in the 28S rRNA of these organisms (85). 

This phenomenon may happen in P. mononon which is also a crustacean. In this study 

total RNA of  P.monodon was dissolved in RNA running buffer which is composed of  

MOPS, formamide, formaldehyde and pre-heated at 65 oC before running on 1.5% 

agarose gel electrophoresis containing formaldehyde. This denaturing condition may 

result in the dissociation of 28S rRNA to 18S products in black tiger prawn.

2. Molecular Cloning of Neurotransmitter Receptors
       In order to clone the full-length cDNA of the neurotransmitter receptor in prawn, 

RT-PCR and RACE techniques were chosen to be the method of choice. A cDNA 

library from neural tissues of the black tiger prawn is not available. However, the 

amino acid sequences of vertebrate and invertebrate neurotransmitter receptors can be 

obtained from databases. Therefore, the receptor sequences for neurotransmitters such 

as serotonin or 5-HT, dopamine, octopamine and/or tyramine were aligned and used 

to design degenerate primers in order to clone the full-length cDNA. In this study, 

degenerate primers were designed from the most conserved regions in the 

transmembrane domains III and VII of these receptors. Total RNA from brain and 

thoracic ganglia was used as a template for RT-PCR. It is possible that brain and 

thoracic ganglia contains the receptors for neurotransmitters.

       In this study, a single band at about 850 bp was observed in RT-PCR (Figure 20). 

Two variants (clone 53 and 60) of RT-PCR products were obtained and demonstrated 

the characteristics of G-protein coupled receptors. The blast result showed a 

significant alignment to octopamine and/or tyramine receptors as expected (Figure 27, 

28 and 29). Therefore, 5/ and 3/ ends of these sequences were further determined.

        In order to determine the 3/ end of these sequences, the 3/ RACE method was 

selected. The conserved regions between the two variants were used to design 3RACE 
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and N3RACE primers. The first 3/ RACE showed two bands at about 700 and 500 bp 

and the nested 3/ RACE showed two bands at about 500 and 300 bp (Figure 31). From 

the design of the 3/ RACE primers, the sizes of nested 3/ RACE products should be 64 

nucleotides shorter than the first 3/ RACE products. For the cloned nested 3/ RACE 

products, the approximate 500-bp fragment (L-3RACE product) had 476-477 

nucleotides (Figure 32). Its first 3/ RACE product was slightly larger than 500-bp 

fragment. Therefore, the difference in size between these 2 RACE products was 

expected. The 300-bp cloned nested 3/ RACE products (S-3RACE product) had 314-

315 nucleotides (Figure 34). However, the expected first 3/ RACE product was not 

observed. It might be possible that the amount of cDNA corresponding to this            

3/ RACE was low and could not be observed in the first 3/ RACE reaction. For the 

700-bp band in the first 3/ RACE, the expected product in nested 3/ RACE could not 

be observed. This may be due to the region of the 3RACE primer that located in the 

conserved transmembrane domain VI (46). Therefore, 700-bp band in the first           

3/ RACE might be amplified from the related G-protein coupled receptor gene. An 

increase in the specific amplification by nested N3RACE primer located in the third 

extracellular loop did not result in a specific product. However, both nested 3/ RACE 

products had identical sequences to the overlapping regions in the previous cloned 

RT-PCR products. These sequences should be 3/ end parts of the cloned RT-PCR 

products.

       In order to determine the 5/ end of these RT-PCR products, the 5/ RACE was 

selected in the beginning. However, no any product was appeared. The 5/ RACE 

technique involves three sequential enzymatic steps (reverse transcriptase, addition of 

homopolymeric tails, and PCR). The population of amplified DNAs is therefore 

enriched for 5/ sequences of the target mRNA but is by no means pure. In addition, 

the amplified DNAs are of such variable length that they usually appear as a smear on 

an agarose gel. Finally, the fraction of amplified DNAs that extends to the 5/ end of 

the target RNA is small, perhaps because reverse transcriptase has difficulty in 

transcribing RNA templates that have a high degree of secondary structure in their    

5/ regions (86). Due to the complexity and difficulty of 5/ RACE technique, it is 

possible that 5/ RACE product could not be obtained. Therefore, the determination of 

5/ end of this gene was amplified by using genome walker library. The result from 
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genomic sequence showed the exact identical sequences to the overlapping regions of 

the previous cloned RT-PCR products. It also revealed the characteristic of intronless 

gene (Figure 42 and 43). The sequence in the 5/ end from genomic DNA was used to 

determine the secondary structure of RNA. The 837-bp sequence corresponding to the 

region of 5/ end to the 5RACE primer was used to predict the secondary structure by 

Mfold program from GCG. The equivalent size of 3/ end until poly-A tail of clone 53 

variant was also compared. The results showed that energy of the secondary structure 

of 837-bp 5/ and 3/ end fragments was –257 and –221.4 kcal/mole, respectively 

(Figure 66).

A B

Figure 66. Predicted secondary structures of 837-bp 5/ end (A) and 3/ end (B) 

fragments

       The energy of 5/ end fragment was lower than the energy of 3/ end fragment 

indicating that the secondary structure of 5/ end fragment was more stable than 3/ end.  

Predicted stem loops by Stemloop program from GCG of 837-bp 5/ end fragment and 

the rest 1034-bp 3/ end fragment of clone 53 variant were 119 and 105 stem loops, 

respectively. From this analysis, it indicated that the secondary structure of 5/ end was 

more complex than that of the 3/ end which may resulted in the difficulty in 

performing 5/ RACE.

       Black tiger prawn’s DraI genome walkerTM library can be used to amplify 5/ end 

of this gene. The obtained 5/ end genomic fragment also revealed the adaptor-genome 

junction corresponding to the ligation between adaptor-DraI digested fragment 

(Figure 39). This indicated that the obtained fragment derived from specific DraI-
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digestion fragment, not from non-specific digested or partially degraded fragment of 

genomic DNA.

       In order to amplify full-length gene, primers designed from the 5/ end of fragment 

derived from genomic DNA and 3/ ends of both L-3RACE and S-3RACE products 

were designed. The results of the full-length amplification in genomic DNA suggested 

that the cloned 5/ end from genomic DNA, middle variant of clone 53 and L-3RACE 

products were joined together. On the other hand, the middle variant of clone 60 and 

S-3RACE product were joined together. The 5/ end of the clone 60 could not be 

obtained (Figure 45-52). This may be due to the limitation of Genome WalkerTM kits 

that can be used to amplify only less than 6.0 kb. It might be possible that the 5/ end 

of clone 60 variant located in the long fragment of DraI genome library. In order to 

clone this 5/ end, the other libraries should be selected.

       The full-length-53 and partial-60 fragments revealed the characteristic of 

intronless genes that could be translated in receptor sequences and no sequence 

interruption when they were aligned to the previous cloned from RT-PCR and           

3/ RACE was detected (Figure 49-52). Both of them also encoded for putative 

octopamine/tyramine receptors which were neurotransmitter receptors that we 

expected (Figure 53-60).

       In this study, nucleic acid variations were also found. Most variations should be 

from polymorphisms because most of them were found between both RT-PCR and   

3/ RACE and amplification from genomic DNA. Some of them were found in either 

RT-PCR and 3/ RACE or amplification from genomic DNA. Even though some of 

these did not affect at the amino acids level (Figure 23, 24, 33, 35, 41, 50 and 52). 

However, some variations might occur from an error of PCR amplifications from Taq 

DNA polymerase [2.0 x 10-5 errors/bp (87)] or DNA sequencings. However, the 

sequences that were amplified from genomic DNA should be used because they were 

amplified from pfu DNA polymerase, a proofreading thermostable DNA polymerase 

[1.6 x10-6 errors/bp (87)].
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3.  Nucleotide and Amino Acid Sequences of Octopamine/tyramine 

Receptors from Penaeus monodon
       3.1  Nucleotide sequences

               3.1.1 Gene structures

                       Both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 nucleotide sequences 

were obtained from genomic DNA and encoded for octopamine/tyramine receptors. 

Even though they had conserved sequences between each other (Figure 61), each of 

them was cloned and showed independent sequences (Figure 47-49 and 51). Both 

sequences of clone 53 and 60 variants should not be derived from an alternative 

splicing process but rather from a duplication event. It has been proposed for example 

that a duplication event may occur in some invertebrate neurotransmitter receptors,   

5-HT-dro2A and 5-HT-dro2B in Drosophila melanogaster (88), Ap5-HTB1 and    

Ap5-HTB2, in Aplysia californica. (89). Both variants of these receptors have high 

nucleotide sequence homology and are different in the tissue distribution profiles. 

Clone 53 and 60 have 85% sequence identity and the tissue distribution profiles are 

slightly different (Figure 65). Therefore, both sequences of clone 53 and 60 variants 

might be related genes derived from a duplication event.

                       In addition, they also showed no intron in their sequences. Most 

mammalian G-protein coupled recepors (GPCRs) (>90%) are intronless (90). On the 

other hand, G-protein coupled receptors of C. elegans which make up almost five 

percent of the organism’s total gene content contain introns in their open reading 

frames. It may be evolutionarily advantageous for the GPCRs in higher organisms to 

be encoded by intronless genes (90). For the octopamine/tyramine receptors 

negatively couple to adenylate cyclase, Drosophila gene has 4 introns whereas         

C. elegans gene has 9 introns with 2 splice variants (Table1). It indicates that introns 

are not conserved in these genes. Furthermore, the neurotransmitter receptors 

serotonin and adrenergic receptors, in barnacle were cloned from genomic DNA and 

also revealed no introns (Table 3). Therefore, these cloned genes of P. monodon are 

intronless genes, unlike those of D. melanogaster and C. elegans.
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                        Pseudogenes are defined by their possession of sequences that are 

related to those of the functional genes but they cannot be translated into a functional 

protein (91). Operationally, pseudogenes are identified as regions of the chromosome 

that are similar to known proteins but contain obvious disablements such as stop 

codons or frameshift in mid-domain (92). In this study, both of Pm-OA/TyrR-53 and 

Part-Pm-OA/TyrR-60 fragments had no stop codons or frameshift interruptions in 

coding sequences. Therefore, they should be functional genes.

                3.1.2  3/ Untranslated regions

                        3/ Untranslated regions (3/ UTR) of Pm-OA/TyrR-53 and Part-Pm-

OA/TyrR-60 nucleotide sequences were determined as L-3RACE and S-3RACE, 

respectively in Figure 36. 3/ UTRs of Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 

were 266 and 103 nucleotides, respectively. Their 3/ UTRs were quite different 

(Figure 36). In G-protein coupled receptors, the 3/ UTR plays a role in agonist-

mediated destabilization of mRNA (93). For human β1-adrenergic, angiotensin II 

(AT1A) and muscarinic acetylcholine receptors, the half-life or decay rate of mRNA 

decreased when agonists of their receptors were treated into the host cells that 

expressed these receptors (93, 94, 95). Different subtypes of muscarinic acetylcholine 

receptors (m1 and m3 mAChRs) also showed the differences in down-regulation 

indicated by the times in stability of mRNA (12 and 24 hrs for m1 and m3, 

respectively) (94). Therefore, the differences in 3/ UTR of both Pm-OA/TyrR-53 and 

Part-Pm-OA/TyrR-60 might be responsible for controlling mRNA stabilities by 

agonist treatments. These differences might determine the specific function of each 

gene.

                       Poly-A tail signaling of Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 

were indicated in L-3RACE and S-3RACE, respectively in Figure 36. Poly 

adenylation signal of L-3RACE, 3/ UTR of 53 variant sequences, and S-3RACE,       

3/ UTR of 60 variant sequences, were predicted by using HC_polya program. The 

predicted polyadenylation signaling of L-3RACE and S-3RACE located 24 and 88 

nucleotides upstream from poly-A tail, respectively. In vertebrates, an AAUAAA or 

AUUAAA signal sequence is located 10-30 nucleotides upstream of the 

polyadenylation of the pre-mRNA. However, these hexamers are not strictly 

conserved (96).
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                       For L-3RACE, the indicated poly-A signal is AATAAA and 27 

nucleotides upstream from polyadenylation site that corresponds to a common     

poly-A signal. Furthermore, the other AATAAA signal was detected 3 nucleotides 

downstream from the first one. The polyadenylation sites of Pm-OA/TyrR-53 showed 

the characteristic of polyadenylation site as previously described. The human mRNA 

containing two or more polyadenylation sites displayed about 28.6% (96).

                       For S-3RACE, the indicated poly-A signal is ATTAAA and 91 

nucleotides upstream from polyadenylation site. This site was far from the 

polyadenylation site and close to stop codon that was not corresponding to the define 

characteristics. However, known polyadenylation signals were found in only 73% of 

the 3/ fragments (96). Therefore, the regulation signal in 3/ UTR of Part-Pm-

OA/TyrR-60 might be the unknown or other variant sequences.

                       The differences in each signal type suggested that the variant signals  

(including the common AUUAAA) are processed less efficiently than the canonical 

AAUAAA signal and could be selected for regulatory purposes (96). Therefore, these 

suggest that the difference in the presence of polyadenylation signals between        

Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 might reflect the different regulation of 

these two genes.

        3.2  Amino acid sequences

               The open reading frame of Pm-OA/TyrR-53 contains 1329 nucleotides 

coding for 443 amino acids (Figure 53). The coding region of Part-Pm-OA/TyrR-60 

contains 894 nucleotides coding for 298 amino acids (Figure 55). Due to the 

prediction of transmembrane domains, phosphorylation sites and N-glycosylation site, 

the topology models of G-protein coupled receptor were constructed for both Pm-

OA/TyrR-53 and Part-Pm-OA/TyrR-60 (Figure 67 and 68).
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                3.2.1  G-protein coupled receptors-Octopamine/tyramine receptors

                       Both of them showed the characteristics of G-protein coupled receptors 

that had hydrophobic regions and predicted transmembrane regions corresponding to 

transmembrane domains of this receptor (Figure 53 and 55). Furthermore,              

Pm-OA/TyrR-53 was searched by MOTIFS program in GCG. The result showed that 

Pm-OA/TyrR-53 had a motif of G-protein coupled receptor as shown here.

       Pm-OATyrR-53  Check: 277   Length: 443   ! Pm-OATyrR-53  Length: 443

            G_Protein_Receptor (G,S,T,A,L,I,V,M,F,Y,W,C)(G,S,T,A,N,C,P,D,E)~

(E,D,P,K,R,H)x2(L,I,V,M,N,Q,G,A)x2(L,I,V,M,F,T)(G,S,T,A,N,C)

(L,I,V,M,F,Y,W,S,T,A,C)(D,E,N,H)R(F,Y,W,C,S,H)x2(L,I,V,M)

(A)(S)~(E,D,P,K,R,H)x{2}(L)x{2}(I)(A)(L)(D)R(Y)x{2}(I)

       129: IMCCT   ASILNLCAIALDRYWAI   TDPIN

                       Unfortunately, Part-Pm-OA/TyrR-60 had no motif of G-protein 

coupled receptor because the N-terminal part of this gene has not yet been cloned. 

However, both of them also reveal the characteristics of G-protein coupled receptors. 

From the blast results, they showed the highest significant alignment to octopamine 

receptors of moth and the sequence is similar to invertebrate or insect 

octopamine/tyramine receptors (Figure 54 and 56). When each of them was aligned to 

other octopamine/tyramine receptors and constructed the dendrogram, both of them 

showed high percent sequence similarity (49-64%) and clustered to 

octopamine/tyramine receptors negatively coupled to adenylate cyclase. From these 

analysis, both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 should be 

octopamine/tyramine receptors negatively coupled to adenylate cyclase.

               3.2.2  Comparison of Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60

                       Both amino acid sequences were compared together. They had 79% and 

87 %sequence identity and similarity, respectively (Figure 62). They also showed 

identical transmembrane domains and were highly variable in the third intracellular 

loop and the end of the C-terminus (Figure 63).

                       Transmembrane domains have been shown to be involved in ligand 

binding of biogenic amine receptors. By mutagenesis studies, the β2-adrenergic 

receptor, one of the neurotransmitter G-protein coupled receptors, showed that the 
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extracellular and intracellular loops were not required for ligand binding to the 

receptor. It seemed that the ligand binding site was located in the hydrophobic 

transmembrane core of the receptor in a pocket formed by the side chains of amino 

acids on various transmembrane helices (97). Very little is known about the 

interactions between octopamine and its receptor (65). Tyramine and octopamine are 

structurally similar to norepinephrine, a ligand of adrenergic receptors (59). 

Therefore, the interaction of the α- and β-adrenergic receptors with their ligands can 

possibly be applied to the octopamine receptor. The significant amino acids that 

potentially involved in biogenic amine binding (50, 59, 65) are indicated in Figures 67 

and 68 as circles in the transmembrane domains. They are (D123 S207 W378 F381 W407

Y410) in Pm-OA/TyrR-53 and (S64 W233 F236 W262 Y265) in Part-Pm-OA/TyrR-60. All 

of them are located in the conserved region between them (Figure 63) and also 

showed conserved among octopamine/tyramine receptors (Figure 57 and 59). The 

putative ligand binding sites of these two genes are located at the same exact 

positions. It is possible that the properties in ligand binding of these genes are 

identical.

                       From the topology model of Pm-OA/TyrR-53, the putative disulfide 

bond between the first and second extracellular loops which is a common 

characteristic of G-protein coupled receptors for the packing and for the stabilization 

of a restricted number of conformations of these seven transmembrane domains (98)

was identified. These two cysteine residues were identified as C116 and C195. The 

putative N-glycosylation site that is commonly found in G-protein coupled receptor is 

also found in this gene. For octopamine/tyramine receptors, the N-glycosylation site 

in each receptor ranges from 0 to 2 sites. This N-glycosylation site, asparagine residue 

was identified in Pm-OA/TyrR-53 for one position at N19 (Figure 53 and 67).

                       The cysteine residue at the C-terminal ends of both Pm-OA/TyrR-53 

and Part-Pm-OA/TyrR-60 were identified. In some G-protein coupled receptors, 

cysteines residue(s) play a role in the palmytoylation(s) by covalent attachment of 

palmitic acid. This provides a lipophilic membrane anchor to create a fourth 

intracellular loop (99). The putative palmytoylated cysteines were identified in both 

genes. Putative cysteins of Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 were C437 and 

C292, respectively. From sequence comparison, these two cysteines are located at the 
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same position (Figure 63). Cysteine residues at the C-terminal ends were found only 

in octopamine receptors negatively coupled to adenylate cyclase; Bom-OAR and Hel-

OAR. However, it is not observed in tyramine receptors; Loc-Tyr, Dro-Tyr and 

Amtyr1. In addition octopamine receptors positively coupled to adenylate cyclase; 

OAMB and Lym-OAR2, also contain cysteine at the C-terminal end. The existence of 

cysteine residues at the C-terminal ends of most of octopamine receptors suggests that 

the cloned octopamine/tyramine receptors from Penaeus monodon is possibly an 

octopamine receptor rather than tyramine receptor.

                       In addition, from the alignments of these receptors to other 

octopamine/tyramine receptors, the C-terminal ends of both genes are slightly longer 

than the other octopamine/tyramine receptors negatively coupled to adenylate cyclase 

(Figure 57 and 59). Unlike the other octopamine/tyramine receptors negatively 

coupled to adenylate cyclase, both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 genes 

contain the motif of PDZ binding domains. Proper localization of signaling 

components in polarized cells is essential for their function. The proper targeting of 

signaling molecules in polarized cells is achieved and maintained via a complex 

network of protein-protein interactions, frequently mediated by PDZ (postsynaptic 

density-95, disc large, zonula occludens) domain containing proteins (100). In 

general, PDZ domain-containing proteins appear to assemble various functional 

entities, including ion channels and other transmembrane receptors, at specialized 

subcellular sites such as epithelial cell tight junction, neuromuscular junctions, and 

post-synaptic densities of neurons (101). The PDZ domain binds to its target protein, 

PDZ binding protein. The first and second class of PDZ domains are specific for    

S/T-X-φ-COOH and φ-X-φ-COOH (φ-hydrophobic residue), respectively (100). The 

sequences in C-terminal ends of both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 are 

T-S-V and T-A-L, respectively that correspond to the target of PDZ domain class one. 

Some of G-protein coupled receptors also contain PDZ-binding domain. 5-HT2C and 

5-HT2B contain the PDZ-motif at the C-terminal ends and interacting to MUPP1 

(multiple-PDZ-domain protein) and iNOS (102, 103), respectively. The β2-adrenergic 

receptor also interacts with the Na+/H+-exchanger regulatory factor via PDZ domain 

(104). Even though both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 displayed the 

target of PDZ-domain class one, they might play different roles in interactions. In     
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5-HT receptor of group 2, the 5-HT2A receptor which expressed a PDZ domain-

binding motif similar to that of the 5-HT2C receptor (SCV instead of SSV), revealed a 

different profile of protein interaction (105). From this evidence, both 53 and 60 

variant genes might also reveal a different profile of protein interaction that 

determined their specific function.

                       The main differences between these two genes are located in the middle 

part of the third intracellular loop (Figure 63). This loop of Pm-OA/TyrR-53 is two 

amino acids longer than that of Part-Pm-OA/TyrR-60. The predicted phosphorylation 

sites of Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 were 4 and 6 sites, respectively. 

Most of them located in different positions. The phosphorylation site in the third 

intracellular loop was shown to be involved in desensitization. For examples, in α2A-

adrenoreceptor, the phosphorylation of S360 in the third intracellular loop has been 

shown to be involved in desensitization via protein kinase C (PKC). It presents one 

mechanism by which these receptors undergo regulation by heterologous means such 

as pathogenic processes which activate PKC or crosstalk with other receptor (106). 

Therefore the presence of different phosphorylation sites might imply to the 

differences in the regulation of each receptor.

                        Even though there are differences in third intracellular loop of both 

variants, they should show the similarity in the G-protein coupling process. Previous 

studies have shown that the selectivity of G-protein recognition is determined by 

multiple intracellular receptor regions. The most critical regions are the second 

intracellular loop and the N-terminal and C-terminal parts of the third intracellular 

loop (107). In some cases, the membrane-proximal portion of the C-terminal end and 

residues within the first intracellular loop may also modulate the selectivity and 

efficiency of receptor/G-protein interactions (108). In these regions, both Pm-

OA/TyrR-53 and Part-Pm-OA/TyrR-60 gene are identical (Figure 63). Therefore, the 

G-protein recognition between these two receptors should be similar. The G-protein 

coupled receptor negatively coupled to adenylate cyclase has been demonstrated to 

couple to Gi. Similary, Dro-Tyr receptor has also been shown to couple to Gαi in 

Xenopus oocyte expression system. Therefore, it is possible that both genes are 

coupled to Gαi.
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                        In conclusion, both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 genes 

should be octopamine/tyramine receptors negatively coupled to adenylate cyclase via 

Gαi. Their binding properties should be identical. However, they might have different 

regulations in polyadenylation and agonist-mediated destabilization via 3/ UTR, 

desensitization by phosphorylation in the third intracellular loop and protein 

interaction to their PDZ-binding domains. These differences might determine their 

specific functions.

4.  Tissue Distribution Analysis
       Tissue distribution analysis of both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 

were performed using EXACT method with specific primers for each gene as 

previously described in method 2.16. The tissues that used in this study were brain 

and thoracic ganglia, ovary, abdominal muscle, heart, hepatopancreas and gill of 

female wild broodstock prawn.

        The expression of both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 were 

detected in brain and thoracic ganglia and heart. Only Pm-OA/TyrR-53 was detected 

in ovary whereas only Part-Pm-OA/TyrR-60 was detected in abdominal muscle.  

Neither Pm-OA/TyrR-53 nor Part-Pm-OA/TyrR-60 was detected in hepatopancreas 

and gill.

       4.1  Brain and thoracic ganglia

               Brain and thoracic ganglia were shown to express both Pm-OA/TyrR-53 and 

Part-Pm-OA/TyrR-60. Octopamine is involved in the sensory system of crustacean. 

Visual system in horse shoe crab has been shown to be modulated by octopamine 

(21). In Drosophila melanogaster, an octopamine/tyramine receptor that is negatively 

coupled to adenylate cyclase (Dro-Tyr) has been shown to be involved in olfactory 

behavior. The knock out fly showed defective olfactory behavior compared to wild 

types (55). Taken together, both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 genes 

might play roles in olfactory or other sensory behavior similar to D. melanogaster. 

However, Dro-Tyr was strictly found in head part, not in the body. The other cloned 

octopamine/tyramine receptor from insects is also expressed strictly in central nervous 

system and brain. Unlike other octopamine/tyramine receptors, both 53 and 60 
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variants are also expressed in peripheral tissues. These indicated that these two genes 

might have general roles in P. monodon, a member of crustaceans, than in insects.

        4.2  Ovary

               Ovary was found to express only Pm-OA/TyrR-53. In Homarus americanus, 

octopamine stimulated ovarian muscle contraction. Due to the expression of           

Pm-OA/TyrR-53 in ovary, this receptor may be involved in ovarian muscle 

contraction of P. monodon. In addition, the elevation of cAMP inhibited the 

contraction (23). This is also related to the putative second messenger of Pm-

OA/TyrR-53 that negatively coupled to adenylate cyclase. It is possible that 

octopamine interacts with Pm-OA/TyrR-53 and decreases cAMP levels in ovarian 

muscle cells and subsequently triggers the contraction.

              However the receptors might also present in oocytes. The ovary (stage 3) is 

not only composed of ovarian muscle layers but also developing oocytes and 

granulosa cells. Therefore, Pm-OA/TyrR-53 may also be expressed in oocytes. 

Previous studies showed that oocytes themselves also respond to octopamine by 

changing their membrane potential (34). Further study in the expression of this gene 

in isolated oocyte should be performed.

        4.3  Abdominal muscle

               Abdominal muscle was found to express only Part-Pm-OA/TyrR-60. 

Muscles also respond to octopamine and result in an alteration of muscle tension. 

Unlike Part-Pm-OA/TyrR-60 which is an octopamine/tyramine receptor negatively 

coupled to adenylate cyclase, octopamine has been shown to increase cAMP level in 

lobster exoskeleton muscles (38). It is possible that there are more than one type of 

octopamine and/or tyramine receptors in exoskeleton muscles. The overall responses 

to octopamine may integrate from the total octopamine receptors in muscle. Each type 

of receptor may play a specific role in response to octopamine.

        4.4  Heart

                Heart was found to express both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-

60. Several neurohormones such as dopamine, serotonin and octopamine have an 

effect on heart performance via acting on various effectors such as cardiac ganglia or 

myocardium (36). It is possible that both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 
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are involved in controlling heart function. However, the function of these two 

receptors is still unknown.

        Both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 have different tissue 

distribution patterns. This suggests that these two genes may not be allelic and may 

have specific functions on different tissues. In the Drosophila melanogaster genome, 

the predicted octopamine/tyramine receptors are found only 2 types, Dro-Tyr 

(BAB71788) and OAMB (AF065443) (46). No other predicted octopamine/tyramine 

receptors are found in Drosophila. Octopamine and/or tyramine receptors are 

restricted in head and central nervous system part. This suggests that the physiological 

mechanism regulated by octopamine/tyramine receptor in P. monodon, which is a 

member in the crustacean group, is different from that of insect.
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CHAPTER VI

CONCLUSION

1. The molecular cloning of a neurotransmitter G-protein coupled receptor from 

Penaeus monodon was successfully performed.

2. RT-PCR with degenerate primers designed from the conserved regions of 

neurotransmitter receptors in brain and thoracic ganglia was successfully 

performed. Two variants (53 and 60 variants) of middle sequences from 

transmembrane domains III to VII were obtained. They show conserved 

sequences at 5/ and 3/ ends and highly variable sequences in the middle part. Both 

sequences show sequence homology to octopamine/tyramine receptors.

3. The 3/ end of these cloned genes were determined by 3/ RACE. Two 3/ RACE 

products were obtained. These two 3/ RACE products had the different sizes      

(L-3RACE and S-3RACE) that show conservation in the coding region and are 

highly variable in the 3/ UTR part.

4. The 5/ end of these cloned genes were determined by 5/ end amplification of a 

black tiger prawn DraI Genome WalkerTM library. One 5/ end product was 

obtained. The 5/ end product contains the putative start site and no intron 

interruption.

5. Full-length fragment amplifications were performed in genomic DNA by using 

specific primers designed from 5/ end product and two 3/ RACE products as 

forward and reverse primers, respectively. One full-length sequence was obtained. 

The full-length sequence corresponds to the 5/ end product, 53-variant middle 

sequence and L-3RACE. The other partial sequence was amplified by the forward 

primer in the middle sequence and reverse primer in S-3RACE. The partial 

sequence contains sequences corresponding to 60-variant middle part and            

S-3RACE. The 5/ end sequence of this partial sequence has not been cloned.
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6. The full-length sequence is called “ Pm-OA/TyrR-53 ”. The longest open reading 

frame is 1329 nucleotides encoding for 443 amino acids. The length of 3/ UTR is 

266 nucleotides. The partial sequence is called “ Part-Pm-OA/TyrR-60 ”. The 

coding region is 894 nucleotides encoding for 298 amino acids.  The length of      

3/ UTR is 103 nucleotides.

7. The Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 show highest sequence similarity 

to octopamine/tyramine receptor negatively coupled to adenylate cyclase, ranging 

from 54-64 % and 49-63 %, respectively.

8. Tissue expression distribution analysis of Pm-OA/TyrR-53 and Part-Pm-

OA/TyrR-60 were performed in brain and thoracic ganglia, ovary, abdominal 

muscle, heart, hepatopancreas and gill of female wild broodstock prawn. The 

expression of both Pm-OA/TyrR-53 and Part-Pm-OA/TyrR-60 was detected in 

brain and thoracic ganglia and heart. Only Pm-OA/TyrR-53 was detected in ovary 

whereas only Part-Pm-OA/TyrR-60 was detected in abdominal muscle.  Neither 

Pm-OA/TyrR-53 nor Part-Pm-OA/TyrR-60 was detected in hepatopancreas and 

gill.
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Appendix A. The result of transmembrane domains analysis

The result of transmembrane domains analysis of Pm-OA/TyrR-53
http://www.ch.embnet.org/software/TMPRED_form.html
min=17 | max=33 | html | Put-PmOA%2FTyrR | plain_text |
MSRMNSKDALPSFVESDLNVSGLEEEATLSEYDSELAMPVWEIVVTVVSLGVIIIFTIIGNVLVI%0D%
0ALSVFTYRPLRIVQNFFIVSLAVADLTVAVFVLPFNVAYSIIGKWVFGIHLCQMWLTCDIMCCTAS%0
D%0AILNLCAIALDRYWAITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLFGWNDWPDVFTSDTP%
0D%0ACILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTATRRRLRERAKASRLNEIQNAGKPKDQKDE
%0D%0ADSGGSENGQNDVQNGYNETYKKKKQRRRKGKAGNTTPTSPKALTSPLVAETSLTHKALNPK%0
D%0ATEVYPAEERKSAEVVVRVNPKDGSQIHQFIEQKQKISLSKERRAARTLGIIMGSFVVCWLPFFL%
0D%0AMYVILPFCPTCPVPNDKLINFIVWLGYINSSLNPVIYTIFNLDFRRAFAKILKCPSSTSV%0D%
0A%0D%0A

TMpred output for Pm-OA/TyrR-53
[ISREC-Server] Date: Fri Dec 27 5:28:47 MET 2002

---------------------------------------------------------------------
Sequence: MSR...TSV, length: 443
Prediction parameters: TM-helix length between 17 and 33
---------------------------------------------------------------------

1.) Possible transmembrane helices
The sequence positions in brackets denominate the core region.
Only scores above 500 are considered significant.

Inside to outside helices :   7 found
      from        to    score center
  43 (  47)  66 (  63)   2650     55
  80 (  84) 106 ( 102)   1903     93
 115 ( 119) 139 ( 136)   1583    128
 160 ( 160) 182 ( 180)   3219    171
 202 ( 204) 222 ( 222)   1436    212
 366 ( 369) 387 ( 385)   3073    377
 404 ( 404) 420 ( 420)   1107    412

Outside to inside helices :   7 found
      from        to    score center
  43 (  48)  68 (  65)   2845     56
  80 (  87) 107 ( 103)   1860     95
 118 ( 120) 139 ( 139)   1995    128
 160 ( 164) 180 ( 180)   2338    172
 203 ( 205) 224 ( 221)   2127    213
 367 ( 369) 385 ( 385)   2410    377
 404 ( 404) 423 ( 420)   1422    412

---------------------------------------------------------------------

2.) Table of correspondences
Here is shown, which of the inside->outside helices correspond to
which of the outside->inside helices.

Helices shown in brackets are considered insignificant.
A "+"-symbol indicates a preference of this orientation.
A "++"-symbol indicates a strong preference of this orientation.
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           inside->outside | outside->inside
    43-  66 (24) 2650      |    43-  68 (26) 2845  +
    80- 106 (27) 1903      |    80- 107 (28) 1860
   115- 139 (25) 1583      |   118- 139 (22) 1995 ++
   160- 182 (23) 3219 ++   |   160- 180 (21) 2338
   202- 222 (21) 1436      |   203- 224 (22) 2127 ++
   366- 387 (22) 3073 ++   |   367- 385 (19) 2410
   404- 420 (17) 1107      |   404- 423 (20) 1422 ++

---------------------------------------------------------------------

3.) Suggested models for transmembrane topology
These suggestions are purely speculative and should be used with
extreme caution since they are based on the assumption that all
transmembrane helices have been found.
In most cases, the Correspondence Table shown above or the prediction
plot that is also created should be used for the topology assignment
of unknown proteins.

2 possible models considered, only significant TM-segments used

-----> STRONGLY prefered model: N-terminus outside
 7 strong transmembrane helices, total score : 16584
 # from   to length score orientation
 1   43   68 (26)    2845 o-i
 2   80  106 (27)    1903 i-o
 3  118  139 (22)    1995 o-i
 4  160  182 (23)    3219 i-o
 5  203  224 (22)    2127 o-i
 6  366  387 (22)    3073 i-o
 7  404  423 (20)    1422 o-i

------> alternative model
 7 strong transmembrane helices, total score : 13384
 # from   to length score orientation
 1   43   66 (24)    2650 i-o
 2   80  107 (28)    1860 o-i
 3  115  139 (25)    1583 i-o
 4  160  180 (21)    2338 o-i
 5  202  222 (21)    1436 i-o
 6  367  385 (19)    2410 o-i
 7  404  420 (17)    1107 i-o

---------------------------------------------------------------------
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The result of transmembrane domains analysis of Part-Pm-OA/TyrR-60
min=17 | max=33 | html | Part-Put-PmOA%2FTyr1 | plain_text |
AITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLFGWNDWPDVFTSDTPCILTQERGFVIYSSSGSF
YCPLLIMTLVYVKIF%0D%0ATATRRRLRERAKASRLNQIPNSGKARLTKEEDSAVSENGQNGYNDTST
KKLVQKKKRKKRKTGSKGQASPATPTLAPPPI%0D%0AAETPDLSNPKDEASPLEEKKGADVIVRVNPK
NGSQIHQFIEEKQKISLSKKRRAARTLGIIMGSFVVCWLPFFLMYVILPFC%0D%0APTCPVPNDKLIN
FIVWLGYINSSLNPVIYTIFNLDFRRAFAKILRCPNTTAL

TMpred output for Part-Pm-OA/TyrR-60
[ISREC-Server] Date: Fri Dec 27 7:55:52 MET 2002

---------------------------------------------------------------------
Sequence: AIT...TAL, length: 298
Prediction parameters: TM-helix length between 17 and 33
---------------------------------------------------------------------

1.) Possible transmembrane helices
The sequence positions in brackets denominate the core region.
Only scores above 500 are considered significant.

Inside to outside helices :   4 found
      from        to    score center
  17 (  17)  39 (  37)   3219     28
  59 (  61)  79 (  79)   1436     69
 221 ( 224) 242 ( 240)   3073    232
 259 ( 259) 275 ( 275)   1107    267

Outside to inside helices :   4 found
      from        to    score center
  17 (  21)  37 (  37)   2338     29
  60 (  62)  81 (  78)   2127     70
 222 ( 224) 240 ( 240)   2410    232
 259 ( 259) 278 ( 275)   1422    267

---------------------------------------------------------------------

2.) Table of correspondences
Here is shown, which of the inside->outside helices correspond to
which of the outside->inside helices.

Helices shown in brackets are considered insignificant.
A "+"-symbol indicates a preference of this orientation.
A "++"-symbol indicates a strong preference of this orientation.

           inside->outside | outside->inside
    17-  39 (23) 3219 ++   |    17-  37 (21) 2338
    59-  79 (21) 1436      |    60-  81 (22) 2127 ++
   221- 242 (22) 3073 ++   |   222- 240 (19) 2410
   259- 275 (17) 1107      |   259- 278 (20) 1422 ++

---------------------------------------------------------------------
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3.) Suggested models for transmembrane topology
These suggestions are purely speculative and should be used with
extreme caution since they are based on the assumption that all
transmembrane helices have been found.
In most cases, the Correspondence Table shown above or the prediction
plot that is also created should be used for the topology assignment
of unknown proteins.

2 possible models considered, only significant TM-segments used

-----> STRONGLY prefered model: N-terminus inside
 4 strong transmembrane helices, total score : 9841
 # from   to length score orientation
 1   17   39 (23)    3219 i-o
 2   60   81 (22)    2127 o-i
 3  221  242 (22)    3073 i-o
 4  259  278 (20)    1422 o-i

------> alternative model
 4 strong transmembrane helices, total score : 7291
 # from   to length score orientation
 1   17   37 (21)    2338 o-i
 2   59   79 (21)    1436 i-o
 3  222  240 (19)    2410 o-i
 4  259  275 (17)    1107 i-o

---------------------------------------------------------------------
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Appendix B. The result of phosphorylation sites analysis

The result of phosphorylation sites analysis of Pm-OA/TyrR-53

1. Consensus sequences method.
http://www.cbs.dtu.dk/databases/PhosphoBase/predict/predict.html
Method Consensus sequence
Phosphorylation site prediction for sequence Pm-OA/TyrR-53

---------------------------------------------------------------------

Sequence identifier: Pm-OA/TyrR-53
Number of residues: 443
Full sequence:

MSRMNSKDALPSFVESDLNVSGLEEEATLSEYDSELAMPVWEIVVTVVSLGVIIIFTIIGNVLVILSVFTYRPLRIVQNF
FIVSLAVADLTVAVFVLPFNVAYSIIGKWVFGIHLCQMWLTCDIMCCTASILNLCAIALDRYWAITDPINYAQKRTVKRV
MIMIGLVWSISVIICLPPLFGWNDWPDVFTSDTPCILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTATRRRLRERAKA
SRLNEIQNAGKPKDQKDEDSGGSENGQNDVQNGYNETYKKKKQRRRKGKAGNTTPTSPKALTSPLVAETSLTHKALNPKT
EVYPAEERKSAEVVVRVNPKDGSQIHQFIEQKQKISLSKERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDK
LINFIVWLGYINSSLNPVIYTIFNLDFRRAFAKILKCPSSTSV

The prediction is based on the consensus sequence motifs. For the
list of the used motifs see here.

The consensus sequences for 10 different protein kinases are scanned
for potential phosphorylation sites.

Potential phosphorylation sites for protein kinase CaMII:

 S-6 RMNSKDA

Potential phosphorylation sites for protein kinase CKI (N-terminal
S/T must be prephosphorylated):

 S-6 SRMNSKDA
 S-16 SFVESDLN
 S-34 SEYDSELA
 S-49 TVVSLGV
 T-70 SVFTYRP
 T-193 TSDTPCI
 S-211 SSSGSFYC
 S-263 SGGSENG
 S-297 TTPTSPKA
 T-312 TSLTHKA

Potential phosphorylation sites for protein kinase CKII:

 S-12 ALPSFVE
 S-21 LNVSGLE
 T-28 EEATLSE
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Potential phosphorylation sites for protein kinase GSK3 (C-terminal
+4 S must be prephosphorylated):

 S-12 ALPSFVES
 S-30 ATLSEYDS
 S-207 VIYSSSGS
 T-293 AGNTTPTS

No phosphorylation sites for protein kinase MLCK found.

No phosphorylation sites for protein kinase p34cdc2 found.

No phosphorylation sites for protein kinase p70s6k found.

Potential phosphorylation sites for protein kinase PKA:

 S-6 RMNSKDA
 S-330 RKSAEV

Potential phosphorylation sites for protein kinase PKC:

 T-70 SVFTYRP
 T-156 QKRTVKR
 T-230 FTATRRR
 T-277 YNETYKK
 S-297 TPTSPKA
 T-312 TSLTHKA

No phosphorylation sites for protein kinase PKG found.

2. NetPhos method
http://www.cbs.dtu.dk/services/NetPhos/
NetPhos 2.0 Prediction Results
  443 Pm-OA/TyrR-53
MSRMNSKDALPSFVESDLNVSGLEEEATLSEYDSELAMPVWEIVVTVVSLGVIIIFTIIGNVLVILSVFTYRPLRIVQNF  80
FIVSLAVADLTVAVFVLPFNVAYSIIGKWVFGIHLCQMWLTCDIMCCTASILNLCAIALDRYWAITDPINYAQKRTVKRV 160
MIMIGLVWSISVIICLPPLFGWNDWPDVFTSDTPCILTQERGFVIYSSSGSFYCPLLIMTLVYVKIFTATRRRLRERAKA 240
SRLNEIQNAGKPKDQKDEDSGGSENGQNDVQNGYNETYKKKKQRRRKGKAGNTTPTSPKALTSPLVAETSLTHKALNPKT 320
EVYPAEERKSAEVVVRVNPKDGSQIHQFIEQKQKISLSKERRAARTLGIIMGSFVVCWLPFFLMYVILPFCPTCPVPNDK 400
LINFIVWLGYINSSLNPVIYTIFNLDFRRAFAKILKCPSSTSV                                      480

.....S.....S........S......T.S.......................................T..........  80

......................Y......................................................... 160

................................T.................S..................T.......... 240

.....................................Y..................S.....S........T........ 320

.........S.........................S.S.......................................... 400

.........Y.................................                                      480
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Phosphorylation sites predicted: Ser: 10 Thr: 5 Tyr: 3

                Serine predictions

Name           Pos   Context    Score  Pred
_________________________v_________________
Put_PmOA_Ty      2   ---MSRMNS  0.013    .
Put_PmOA_Ty      6   SRMNSKDAL  0.973  *S*
Put_PmOA_Ty     12   DALPSFVES  0.972  *S*
Put_PmOA_Ty     16   SFVESDLNV  0.033    .
Put_PmOA_Ty     21   DLNVSGLEE  0.963  *S*
Put_PmOA_Ty     30   EATLSEYDS  0.996  *S*
Put_PmOA_Ty     34   SEYDSELAM  0.260    .
Put_PmOA_Ty     49   VTVVSLGVI  0.012    .
Put_PmOA_Ty     67   LVILSVFTY  0.006    .
Put_PmOA_Ty     84   FFIVSLAVA  0.003    .
Put_PmOA_Ty    104   NVAYSIIGK  0.073    .
Put_PmOA_Ty    130   CCTASILNL  0.011    .
Put_PmOA_Ty    169   GLVWSISVI  0.009    .
Put_PmOA_Ty    171   VWSISVIIC  0.003    .
Put_PmOA_Ty    191   DVFTSDTPC  0.018    .
Put_PmOA_Ty    207   FVIYSSSGS  0.055    .
Put_PmOA_Ty    208   VIYSSSGSF  0.110    .
Put_PmOA_Ty    209   IYSSSGSFY  0.015    .
Put_PmOA_Ty    211   SSSGSFYCP  0.696  *S*
Put_PmOA_Ty    241   RAKASRLNE  0.216    .
Put_PmOA_Ty    260   KDEDSGGSE  0.343    .
Put_PmOA_Ty    263   DSGGSENGQ  0.135    .
Put_PmOA_Ty    297   TTPTSPKAL  0.994  *S*
Put_PmOA_Ty    303   KALTSPLVA  0.731  *S*
Put_PmOA_Ty    310   VAETSLTHK  0.013    .
Put_PmOA_Ty    330   EERKSAEVV  0.993  *S*
Put_PmOA_Ty    343   PKDGSQIHQ  0.350    .
Put_PmOA_Ty    356   KQKISLSKE  0.532  *S*
Put_PmOA_Ty    358   KISLSKERR  0.948  *S*
Put_PmOA_Ty    373   IIMGSFVVC  0.002    .
Put_PmOA_Ty    413   GYINSSLNP  0.002    .
Put_PmOA_Ty    414   YINSSLNPV  0.007    .
Put_PmOA_Ty    439   LKCPSSTSV  0.039    .
Put_PmOA_Ty    440   KCPSSTSV-  0.109    .
Put_PmOA_Ty    442   PSSTSV---  0.075    .
_________________________^_________________
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                Threonine predictions

Name           Pos   Context    Score  Pred
_________________________v_________________
Put_PmOA_Ty     28   EEEATLSEY  0.788  *T*
Put_PmOA_Ty     46   EIVVTVVSL  0.103    .
Put_PmOA_Ty     57   IIIFTIIGN  0.032    .
Put_PmOA_Ty     70   LSVFTYRPL  0.648  *T*
Put_PmOA_Ty     91   VADLTVAVF  0.361    .
Put_PmOA_Ty    121   QMWLTCDIM  0.029    .
Put_PmOA_Ty    128   IMCCTASIL  0.022    .
Put_PmOA_Ty    146   YWAITDPIN  0.021    .
Put_PmOA_Ty    156   AQKRTVKRV  0.368    .
Put_PmOA_Ty    190   PDVFTSDTP  0.138    .
Put_PmOA_Ty    193   FTSDTPCIL  0.831  *T*
Put_PmOA_Ty    198   PCILTQERG  0.266    .
Put_PmOA_Ty    220   LLIMTLVYV  0.040    .
Put_PmOA_Ty    228   VKIFTATRR  0.039    .
Put_PmOA_Ty    230   IFTATRRRL  0.827  *T*
Put_PmOA_Ty    277   GYNETYKKK  0.421    .
Put_PmOA_Ty    293   KAGNTTPTS  0.094    .
Put_PmOA_Ty    294   AGNTTPTSP  0.457    .
Put_PmOA_Ty    296   NTTPTSPKA  0.444    .
Put_PmOA_Ty    302   PKALTSPLV  0.311    .
Put_PmOA_Ty    309   LVAETSLTH  0.013    .
Put_PmOA_Ty    312   ETSLTHKAL  0.609  *T*
Put_PmOA_Ty    320   LNPKTEVYP  0.022    .
Put_PmOA_Ty    366   RAARTLGII  0.055    .
Put_PmOA_Ty    393   PFCPTCPVP  0.049    .
Put_PmOA_Ty    421   PVIYTIFNL  0.121    .
Put_PmOA_Ty    441   CPSSTSV--  0.130    .
_________________________^_________________

                Tyrosine predictions

Name           Pos   Context    Score  Pred
_________________________v_________________
Put_PmOA_Ty     32   TLSEYDSEL  0.116    .
Put_PmOA_Ty     71   SVFTYRPLR  0.031    .
Put_PmOA_Ty    103   FNVAYSIIG  0.883  *Y*
Put_PmOA_Ty    142   ALDRYWAIT  0.376    .
Put_PmOA_Ty    151   DPINYAQKR  0.269    .
Put_PmOA_Ty    206   GFVIYSSSG  0.300    .
Put_PmOA_Ty    213   SGSFYCPLL  0.086    .
Put_PmOA_Ty    223   MTLVYVKIF  0.079    .
Put_PmOA_Ty    274   VQNGYNETY  0.231    .
Put_PmOA_Ty    278   YNETYKKKK  0.951  *Y*
Put_PmOA_Ty    323   KTEVYPAEE  0.115    .
Put_PmOA_Ty    385   FFLMYVILP  0.492    .
Put_PmOA_Ty    410   VWLGYINSS  0.530  *Y*
Put_PmOA_Ty    420   NPVIYTIFN  0.427    .
_________________________^_________________
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The result of phosphorylation sites analysis of Part-Pm-OA/TyrR-60

1. Consensus sequences method.
Sequence identifier: Part-Pm-OA/TyrR-60
Number of residues: 298
Full sequence:

AITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLFGWNDWPDVFTSDTPCILTQERGFVIYSSSGSFYCPLLIMTLVY
VKIFTATRRRLRERAKASRLNQIPNSGKARLTKEEDSAVSENGQNGYNDTSTKKLVQKKKRKKRKTGSKGQASPATPTLA
PPPIAETPDLSNPKDEASPLEEKKGADVIVRVNPKNGSQIHQFIEEKQKISLSKKRRAARTLGIIMGSFVVCWLPFFLMY
VILPFCPTCPVPNDKLINFIVWLGYINSSLNPVIYTIFNLDFRRAFAKILRCPNTTAL

The prediction is based on the consensus sequence motifs. For the
list of the used motifs see here.

The consensus sequences for 10 different protein kinases are scanned
for potential phosphorylation sites.

No phosphorylation sites for protein kinase CaMII found.

Potential phosphorylation sites for protein kinase CKI (N-terminal
S/T must be prephosphorylated):

 T-50 TSDTPCI
 S-68 SSSGSFYC
 S-120 SAVSENG
 T-156 SPATPTL
 S-171 TPDLSNPK

Potential phosphorylation sites for protein kinase CKII:

 T-112 ARLTKEE
 S-178 DEASPLE

Potential phosphorylation sites for protein kinase GSK3 (C-terminal
+4 S must be prephosphorylated):

 S-64 VIYSSSGS
 T-167 IAETPDLS

No phosphorylation sites for protein kinase MLCK found.

No phosphorylation sites for protein kinase p34cdc2 found.

No phosphorylation sites for protein kinase p70s6k found.

Potential phosphorylation sites for protein kinase PKA:

 T-112 RLTKEE
 T-146 RKTGSK

Potential phosphorylation sites for protein kinase PKC:

 T-13 QKRTVKR
 T-87 FTATRRR
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 S-106 IPNSGKA
 S-131 NDTSTKK
 S-213 ISLSKKR

Potential phosphorylation sites for protein kinase PKG:

 T-146 KKRKTGSK

2. NetPhos method
NetPhos 2.0 Prediction Results
  298 Part-Pm-OA/TyrR-60
AITDPINYAQKRTVKRVMIMIGLVWSISVIICLPPLFGWNDWPDVFTSDTPCILTQERGFVIYSSSGSFYCPLLIMTLVY  80
VKIFTATRRRLRERAKASRLNQIPNSGKARLTKEEDSAVSENGQNGYNDTSTKKLVQKKKRKKRKTGSKGQASPATPTLA 160
PPPIAETPDLSNPKDEASPLEEKKGADVIVRVNPKNGSQIHQFIEEKQKISLSKKRRAARTLGIIMGSFVVCWLPFFLMY 240
VILPFCPTCPVPNDKLINFIVWLGYINSSLNPVIYTIFNLDFRRAFAKILRCPNTTAL                       320

.................................................T.................S............  80

......T..................S.....T....S..S..........ST.............T.S....S....... 160

......T..........S................................S.S........................... 240

........................Y.................................                       320

Phosphorylation sites predicted: Ser: 10 Thr: 6 Tyr: 1

                Serine predictions

Name           Pos   Context    Score  Pred
_________________________v_________________
Part_Put_Pm     26   GLVWSISVI  0.009    .
Part_Put_Pm     28   VWSISVIIC  0.003    .
Part_Put_Pm     48   DVFTSDTPC  0.018    .
Part_Put_Pm     64   FVIYSSSGS  0.055    .
Part_Put_Pm     65   VIYSSSGSF  0.110    .
Part_Put_Pm     66   IYSSSGSFY  0.015    .
Part_Put_Pm     68   SSSGSFYCP  0.696  *S*
Part_Put_Pm     98   RAKASRLNQ  0.314    .
Part_Put_Pm    106   QIPNSGKAR  0.808  *S*
Part_Put_Pm    117   KEEDSAVSE  0.771  *S*
Part_Put_Pm    120   DSAVSENGQ  0.527  *S*
Part_Put_Pm    131   YNDTSTKKL  0.984  *S*
Part_Put_Pm    148   RKTGSKGQA  0.848  *S*
Part_Put_Pm    153   KGQASPATP  0.850  *S*
Part_Put_Pm    171   TPDLSNPKD  0.276    .
Part_Put_Pm    178   KDEASPLEE  0.994  *S*
Part_Put_Pm    198   PKNGSQIHQ  0.159    .
Part_Put_Pm    211   KQKISLSKK  0.550  *S*
Part_Put_Pm    213   KISLSKKRR  0.965  *S*
Part_Put_Pm    228   IIMGSFVVC  0.002    .
Part_Put_Pm    268   GYINSSLNP  0.002    .
Part_Put_Pm    269   YINSSLNPV  0.007    .
_________________________^_________________
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                Threonine predictions

Name           Pos   Context    Score  Pred
_________________________v_________________
Part_Put_Pm      3   --AITDPIN  0.009    .
Part_Put_Pm     13   AQKRTVKRV  0.368    .
Part_Put_Pm     47   PDVFTSDTP  0.138    .
Part_Put_Pm     50   FTSDTPCIL  0.831  *T*
Part_Put_Pm     55   PCILTQERG  0.266    .
Part_Put_Pm     77   LLIMTLVYV  0.040    .
Part_Put_Pm     85   VKIFTATRR  0.039    .
Part_Put_Pm     87   IFTATRRRL  0.827  *T*
Part_Put_Pm    112   KARLTKEED  0.985  *T*
Part_Put_Pm    130   GYNDTSTKK  0.237    .
Part_Put_Pm    132   NDTSTKKLV  0.772  *T*
Part_Put_Pm    146   KKRKTGSKG  0.517  *T*
Part_Put_Pm    156   ASPATPTLA  0.330    .
Part_Put_Pm    158   PATPTLAPP  0.390    .
Part_Put_Pm    167   PIAETPDLS  0.862  *T*
Part_Put_Pm    221   RAARTLGII  0.055    .
Part_Put_Pm    248   PFCPTCPVP  0.049    .
Part_Put_Pm    276   PVIYTIFNL  0.121    .
Part_Put_Pm    295   RCPNTTAL-  0.065    .
Part_Put_Pm    296   CPNTTAL--  0.015    .
_________________________^_________________

                Tyrosine predictions

Name           Pos   Context    Score  Pred
_________________________v_________________
Part_Put_Pm      8   DPINYAQKR  0.269    .
Part_Put_Pm     63   GFVIYSSSG  0.300    .
Part_Put_Pm     70   SGSFYCPLL  0.086    .
Part_Put_Pm     80   MTLVYVKIF  0.079    .
Part_Put_Pm    127   GQNGYNDTS  0.452    .
Part_Put_Pm    240   FFLMYVILP  0.492    .
Part_Put_Pm    265   VWLGYINSS  0.530  *Y*
Part_Put_Pm    275   NPVIYTIFN  0.427    .
_________________________^_________________
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