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Enzyme activity of a-glucosidase (a-G) from worker bees, A. cerana, at
different stages was assayed. Emerged bees were marked with painting color and
counted as O day. Bees at desired ages were collected during 0-29 days with the time
interval of 3 days. The sample collection had been performed from February to April
2003. Low activity was obtained from samples of all stages collected in February but
not from those collected in March and April. Considering the activity profile from those
3 groups, they are similar. Briefly, the low activity was found in emerged bees. Then,
the activity got increased in 18-day and 24-day workers. Older bees show decreasing
activity of [0-G. The optimum condition for a-G activity in the crude extract was at pH
5.0, at temperature of 45°C, and at incubation of 30 min. The concentration of sucrose
at 50 mM was used. The molecular mass was estimated to be 96 kDa by SDS-PAGE
and renaturation. In addition, the expression of a-G from 18-day and 29-day worker
bees could be detected by Native-PAGE. The expression level of a-G cDNA was high
in foragers. According to the measurement of acini, the size was increased from 3-day
to 6-day worker bees but was decreased in 18-day worker bees. The a-G cDNA
sequences (357 bp) isolated from hypopharyngeal glands were obtained by RT-PCR.
Two groups were observed when maximum parsimony, UPGMA, and Neighbor joining
programs were used. The first group contains all samples collected in Thailand
including those from Samui Island. The other group contained samples collected in
Bangkok only. The obtained cDNA sequence shows closely relationship to the cDNA
in A. mellifera.
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CHAPTERI

INTRODUCTION

Biology of honey bees
Honey bees, genus Apis, are highly evolved and behaviorally complexing

insects. Apis species can be classified into groups due to the difference of morphology
and behavior. They are classified into three lineages.

- The first lineage is the cavity-nesting bee, A. mellifera, A. cerana, and
A. koschevnikovi.

- The second lineage is the dwarf bee, A. florea and A. andreniformis.

- Thelast lineage isthe giant bee, A. dorsata (Smith, 1991).

In a colony, highly eusocial insects as honey bees are divided into 3 castes which
are a female queen, female workers, and male drones (Fig. 1.1). A queen and workers
are heterozygous (diploid, 2n=32). They came from fertilized eggs. In contrast, adrone
was grown from an unfertilized egg so it is haploid (Wongsiri, 1989). In a colony, the
gueen is the mother of all members including drones, workers, and daughter queens. It
can lay eggs and release pheromone to control workers to be sterile. Most of population
in a colony are workers those are responsible for all tasks such as brood rearing, wax
secretion and comb building, food handling and storing, pollen or nectar foraging, and
the community defense. The division of labor in honey bee colonies is based on worker
ages. The workers change jobs when their age changes. A form of behavioral
development is called “age polyethism” (Huang et al., 1991).

Juvenile hormone (JH) is involved in the control of age polyethism in adult
worker honey bees. JH was first purified by Huber and Mathison (1976). Huang et al.

(1991) reported similarities and differences in parameters of JH biosynthesis between



nurse bees and foragers. Rates of JH biosynthesis were low in newly emerged bees, 7-9
day old nurse bees, and 14-15 day old bees collected from the nest periphery, but very
highin foragers. JH isvery low in winter bees (found in December and January) but not
in summer bees. Furthermore, it was reported that haemolymph-protein contents and
vitellogenin were very high in winter bees (Fluri et al., 1982)

During the warm season (about April-August), the colony consists mainly of
summer bees. Their lives are short and lasts only about 30 days. In the first 20 days,
they act as hive bees by cleaning cells, rearing larvae, building combs, putting food
reserves in the cells, and guarding the hive entrance. In the cold season (about
November-February), mainly long live bees are in a hive. They survive in this period
by forming a winter cluster. No brood is reared at this time. After February, there are
more workers beginning to rear broods and forage pollen and nectar. During February
to April, the number of winter bees diminishes and the population of summer bees
increases. During this period aso, the two categories cannot be distinguished
morphologically. Based on physiological characteristics, there are some clear
differences not only between summer and winter bees, but also between hive and field

bees (Rutz et al., 1976).



Apis cerana and population geneticsin Thailand

The closest relative of Apismellifera L., western bees, is A. cerana. This species
IS native to southern and eastern Asia. In general, A. cerana is gentle, deligent,
industrious, and managed easily. These include their docile and industrious nature, their
being less prone to attacks of wasps, and a high level of resistance to nosema disease
and the parasitic Asian mites, Varroa jacobsonii and Tropilaelaps clarae which plague
A. mellifera (Verma, 1992). The hive bees, A. mellifera and A. cerana do not show any
major differences in nest construction. Both species can nest several paralel combsin
cavities (Fig. 1.2). The combs are built under the ceiling of the cavity and attached to

the cavity’ swalls (Koeniger, 1995).

Taxonomy identification of A. ceranais below (Wongsiri, 1989):

Kingdom Metazoa

Phylum Arthropoda
Class Insecta
Order Hymenoptera
Super-family Apoidea
Family Apidae
Subfamily Apinae
Genus Apis

Species cerana



Furthermore, based on morphology and geographic distribution, A. cerana has
been classified into 4 subspecies.

1) Northern subspecies, A. cerana cerana, from Afghanistan, Pakistan, north
India, China, and north Viet Nam

2) Southern subspecies, A. c. indica, from south India, Sri Lanka, Bangladesh,
Burma, Malaysia, Thailand, Indonesia, and the Philippines

3) Japanese subspecies, A. c. japonica

4) Himalayan subspecies, A. c. himalaya (Ruttner, 1988).

In recent years, Hepbern et al. (2001) used morphometric information to group A.
cerana population into 8 subspecies. The four more subspecies are

1) A. cerana skorikovi, from Tibet

2) A. c. abaensis, from central China

3) A. c. hainanensis, from Hainan island

4) A. c. philippina, from the Philippines.

In Thailand, based on the multivariant statistical analysis (Canonical analysis) of
morphometric characteristics, A. cerana was divided into 3 groups as followed:

1) Northern latitude bees, from Chiang Rai — Phetchaburi

2) Southern latitude bees, from Chumporn — Song Kla

3) Samui Island bees

In contrast, if Clustering analysisisused, A. ceranais divided into two groups:
Northern latitude bees and Southern latitude bees including Samui Island bees
(Limbipichai, 1990).

Genetic variability and population structure of Thai honeybees, A. cerana, was
investigated by using PCR—-RFLP. Some regions of mitochondrial genome were used

(Songrum, 1997). Then, A. cerana could be genetically divided into 3 groups. They are



5

1) northern group (north, northeast, and central); 2) southern group, and 3) Samui Island
group. Furthermore, Sihanuntavong (1999) also genetically allocated A. cerana into 3
groups. Both (Songrum, 1997 and Sihanuntavong, 1997) share the same grouping of A.

cerana population in Thailand.

Warker

Figurel.l Three castesof beesin acolony.

Figurel.2 A. ceranain nature (A) and in managed hives (B).



Hypopharyngeal glands

Hypopharyngeal glands (HPGs) of worker bees is a paired long tuberous organ
connected to many acini (secretory glands). Each acinusis composed of approximately
one dozen of secretory cells. HPGs are located in the head of honeybees as shown in
Fig. 1.3. In emerged bees, the acini look plump and creamy. HPGs synthesize and
secrete a substance rich in protein, that is fed to al larvae for the first 3 days. Only
larvae in queen cells receive brood food until they pupate. At this period, worker bees
become nurse bees and are responsible for feeding broods (Dade, 1994). Later, HPGs
change to produce digestive enzymes, including a-glucosidase (a-G), invertase, etc
(Brouwers, 1982). At this stage, worker bees will become foragers.

Due to protein purification from HPGs of A. mellifera, three major proteins with
molecular masses of 50, 56, and 64 kDa were restrictively found in nurse bees, whereas
a maor 70-kDa protein was specifically found in foragers. Immunoblotting analysis
against 50, 56, and 64 kDa proteins confirmed that they were only detected in HPGs of
nurse bees and also existent in royal jelly (RJ). It suggested that these proteins were
synthesized in HPGs of nurse bees and secreted as constituents of RJ. In addition, a 70
kDa protein was purified and immunaoblotted, this protein was positively detected in
HPGs of foragers only. Subsequently, the 70 kDa protein was characterized and
identified as a-G (Kubo et al., 1996).

In A. mellifera, the mRNA for the 56 kDa protein and a-G were detected, cloned,
and characterized. The deduced amino acid sequence of 650 residues revealed 41.9%
identity to maltase of mosquito (Aedes aegypti) and 42.2%, 46.3%, and 46.2% of
maltase 1, 2, and 3 of fruit fly (Drosophila melonogaster), respectively (Ohashi et al,

1996).



Ohashi et al. (1997) used HPGs to study differential expression of protein in
accordance with a change in behavior. They also reported that there were two kinds of
sucrases (a-G) in HPGs. One of the mentioned sucrase might be invertase found in
honey. The 56 kDa one was a glycoprotein which its amino acid sequence shared
63.2% and 56.9% identities to proteins encoded by cDNA for RJrelated proteins,
pRJIP57-1 and pRJP57-2. The 64 kDa protein encoding cDNA was identical to pRIP57-
1. The gene for the 64 kDa protein/pRJP57-1 was expressed specifically in the nurse-
bee gland, whereas that for the 56 kDa protein was expressed in both nurse bee and
forager bee glands.

Recently, proteins at molecular masses of 57 and 85 kDa were aso purified from
HPGs of A. mellifera foragers and determined by SDS-PAGE. These proteins were
already characterized as amylase and glucose oxidase, respectively (Ohashi et al, 1999).
They are members of the sequence-related family of a-glycohydrolases (family 13)

containing many important digestive enzymes (Y ao et al., 2003).
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Figure 1.3 Longitudinal section of worker bees showing various glands (O’ Toole and Raw, 1991).
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Honey

Honey is one of the important products obtained from bees. The demands of
honey also increase for food, phamaceutica use, cosmetics, etc. Honey is a
supersaturated solution containing sugars such as fructose, glucose, and maltose with
traces of sucrose, glucose oxidase, hydrogen peroxide, phenalics, flavonoids, terpenes,
etc. The composition sugar make honey hygroscopic (moisture absorbing) and viscous.
Furthermore, sugar concentration and other factors including low pH, hydrogen
peroxide, and flavonoids, phenolics, and terpenes make honey antimicrobial or prevent
microbial growth (Schmidt, 1997).

Nectar secreted by flowers is bee's natural source of carbohydrates. Nectar
consists of 1) sugar solution, mainly sucrose (cane sugar, beet sugar, etc.), at various
concentrations and 2) traces of essentia oils which contribute their distinctive flavors to
honey. Honey bees possess enzymes necessary to digest large molecule sugars such as
sucrose and maltose to be simpler sugars such as glucose and fructose. Simple sugar
can be absorbed through intestine walls without further ateration. Honey is the product
of inversion of nectar. It is concentrated by evaporation of water in nectar so the
composition of final product is variable. It may contain 80 percent of sugars, mainly

glucose and fructose, and up to 18 percent of water (Dade, 1994).
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10
Purification and characterization of a-glucosidasein honey bees

Alpha-glucosidases (a-G) iswidely studied in various insects. Its other common
names are invertase, sucrase, and matase. This enzyme is a-D-glucoside
glucohydrolase and belongs to EC 3.2.1.20. Like sucrase from mammalian intestinal,
a-G is not B fructofuranosidase which is B-D-fructofuranoside fructohydrolase and
belongs to EC 3.2.1.26. However, honey is still composed of small amount of -
fructofuranosidase which probably comes from nectar (Takewaki, 1979). Insect -G
are characterized and described in Table 1.1 (Terra and Ferreira, 1994). Alpha-G
catalyzes the hydrolysis of terminal, non—educing a-1, 4-linked glucose residues from
aryl-glucosides, disaccharides or oligosaccharides.

Huber and Mathison (1976) purified a-G from whole bodies of honey bees. The
A. mellifer a-G, Mr 82,000, is found in the head and abdomen of honey bees and its
properties are similar to that of o-G found in honey. Thus, this enzyme is probably
synthesized in HPGs and converts nectar sucrose into glucose and fructose in the crop.
The pH optimum of each honey bee sucrases was different from each other according to
the substrates as sucrose (pH 5.5) and p-nitrophenyl-a-glucoside (pH 6.5).

Alpha-G catalyzes a-glucosyl linkage in non-reducing terminal of various
substrates. The enzyme was purified from various sources. For example, three forms of
o-G 1, Il, and 111 were purified from the whole body extracts of adult flies, Drosophila
melanogaster at yields of 2.1, 5.3, and 6.7%, respectively. Both a-G Il and Il can
hydrolyze sucrose and p-nitrophenyl-a-D-glucoside (PNPG) but o-G | is capable of
hydrolyzing PNPG much less extent than sucrose. For sucrose as substrate, the
optimum pH for a-G I, Il, and 111 were at 6.0, 5.0, and 6.0, respectively (Tanimuraet al.,

1979).
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Order purification Km TrisKi
Species (Family) Stage Source degree M, pl pH (mM) (mM) Reference
Hemiptera
Rhodnius prolixus (Reduviidae) Nymph G, M Crude 140,000 (V) - 45 3.6 (NPG) 24 Terraet al. (1988a)
Dysder cus perucianus (Pyrrhocoridag) Adult M, G Homogeneous 138,000 (SP) - 5.0 26 (Md) 0.85 Silvaand Terra (1994b)
Coleoptera
Pheropsophus aequinoctialis (Carabidag)  Adult G, S Crude 120,000 (V) 4.7 55 3.0 (Md) 0.61 Ferreiraand Terra (1989)
Tenebrio molitor (Tenebrionidae) Larva G S Crude 60,000 (U) 3.6 5.3 3.7 (Mad) - Terraet al. (1985)
Pyrearinus termitilluminans (Elateridee) Larva G, S Crude 79,000 (U) 52 6.0 3.5 (NPG) - Colepicolo-Neto et al
(1986)
Stophilus zea mais (Curculionidag) Adult G S Partial 130,000 (V) 49 55 13 (Md) - Baker (1991a)
Hymenotera
Apis mellifera (Apidae) Adult WB, S Homogeneous 82,000 (F) 6.5 6.5 4 (NPG) - Huber and  Mathison
(1976)
Apis mellifera (Apidae) Adult WB, S Homogeneous 100,000 (F) 7.3 6.5 0.5 NPG) - Huber (1975)
Scaptotrigona bipunctata (Apidae) Larva G, S Crude 75,000 (U) - 5.0 - - Schumaker et al. (1993)
Scaptotrigona bipunctata (Apidae) Larva G, S Crude 110,000 (V) - 5.0 - - Schumaker et al. (1993)
Diptera
Aedes aegypti (Culicidae) Adult SG, S Crude 68,000 (U) - 6.0 - - Marinotti and James (1990)
Trichosia pubescenc (Sciaridae) Larva G, M Crude 95,000 (U) - 55 6.2 (NPG) 89 Espinoza-Fuenyes and
Terra (1986)
Trichosia pubescenc (Sciaridae) Adult G, M Crude 156,000 (V) - 5.8 2.3 (NPG) 0.2 Espinoza-Fuenyes and
Terra (1986)
Drosophila melanogaster (Drosophilidae) Adult WB, S Homogeneous 56,000 (U) - 50 8.9 (Suc) - Tanimuraet al. (1979)
Drosophila melanogaster (Drosophilidag) Adult WB, S Homogeneous 200,000 (F) - 6.0 13 (Suc) Tanimura et al. (1979)
Musca domestica (Muscidae) Larva G, S Partial 72,700 (U) - 6.3 5.2 (Mal) 4 Terraand Jordao (1989)
Musca domestica (Muscidae) Larva G, S Partial 330,000 (V) - 6.1 4.6 (Md) 0.7 Terraand Jordao (1989)
Musca domestica (Muscidae) Larva G, M Partial 240,000 (U) - 6.6 1.0 (Mal) - Terraand Jordao (1989)
Lepidoptera
Thaumetopoea pityocampa (Notodontidae) Larva WB, S Homogeneous 190,000 (F) 37 6.0 0.5 (NPG) - Praviel-Sosa et al. (1986)
Erinnyis ellos (Sphingidae) Larva G, S Crude 134,000 (V) - 5.8 1.4 (NPG) - Santos and Terra (1986b)
Spodoptera frugiperda (Noctuidae) Larva G, S Crude 70,000 (F) 7.2 5.0 - - Ferreiraet al. (1994q)

The source of enzmes was the soluble (S) or membrane (M) fraction of homogenates from midgut (G), salivary glands (SG) or whole bodies (WB), pH optima were determined using maltose (mal), NPOGlu

(NPG) or sucrose (Suc).

Table1.1. Propertiesof o-G isolated from insect guts.
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Takewaki et al. (1980) reported the purification and some properties of both a-G
(I and 1) from adult honey bees. Two kinds of the enzymes could be
chromatographically separated according to their solubility in ammonium sulfate. The
molecular mass of a-G | and Il were estimated to be approximately 98 and 76 kDa,
respectively, by SDS disc electrophoresis. Their pH optimum were 5.0. Both a-G
readily hydrolyzed phenyl-o-glucoside, sucrose and maltose.

Both o-G | and Il were monomeric glycoproteins containing 25% and 15%
carbohydrate, respectively. They showed allosteric properties for the cleavages of
several kinds of substrates. The former indicated the negative kinetic cooperativity for
sucrose, maltose, and p-nitrophenyl a-glucoside. It also indicated the positive kinetic
cooperativity for turanose and maltodextrin. In contrast, the latter indicated only the
positive kinetic cooperativity for sucrose, turanose, kojibiose, and soluble starch
(Nishimoto, 2001).

For substrate specificity, a-G is known to be greatly different to enzyme
sources. Takewaki et al. (1993) studied substrate specificity of o-G Il that can
hydrolyse glucose-1-phosphate. Two enzymes (a-G | and Il) are difference in
molecular mass, pH-stability, and sugar content. Their substrate specificities also differ
greatly. They found -G | in the ventriculus (midgut), o-G Il in the ventriculus and
hemolymph, and o-G I1l in the HPGs. That is involved in the aging of honey by
hydrolyzing sucrose.

Later, Nishimoto et al. (2001) reported the purification and substrate specificity
of «-G Il from honey bees. Using maltose as substrate, the molecular mass was
estimated to be approximately 68 kDa and the optimum pH was 5.5. Alpha-G Ill was

different in substrate specificity from honey bee o-G | and I1. The enzyme was
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characterized by the ability to rapidly hydrolyze sucrose, phenyl a-glucoside, maltose,
and maltotriose (Nishimoto et al., 2001).

Alpha-G specificaly hydrolyzes a-glucosidic linkages, preferably o-1,4-
linkages. It can attack a-1,6 linkages slowly while it is able to attack [J-glucosidic

linkages (Bergmeyer and GraB1, 1983). Alternatively, a-G can hydrolyse sucrose into

glucose and frutose as follow:

+ H,0O

As mentioned above, sucrose was used as substrate for a-G in crude extract
(Sasagawa et al., 1989 and Kubo et al., 1996). Furthermore, 3,6-Dinitrophthalic acid is
used for determination of glucose. Using small amount of samples, 3,6-Dinitrophthalic
acid can provide a sensitive and stable color reaction with reducing sugar after heat in
sodium carbonate solution in the presence of sodium thiosulfate (Momose et al., 1960).

The red color in wine originated from the product of glucose in sodium thiosulfate
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(Momose and Inaba, 1961). This basic iswidely applied to microdetection of reducing
sugar. The reagent solution is easily prepared, easy to use and stable for a long time

(Momose and Nakamura, 1963)

The objective of this research is to study o-G in A. cerana which is native to
Thailand. It isinvolved in the morphology of HPGs, optimum condition, and enzyme
activity in crude extract. The profile of enzyme activity at different stages of worker
bees was performed. The expression levels of a-G at different stages of honey bees
were presented. The activity is high in foragers. In addition, partial cDNA sequences of
a-G (357 bp) from various provinces in Thailand were indicated. The obtained results
may involve in the duty of A. cerana workersin a hive. At present, divisions of labor
has been extensively studied in A. mellifera but not A. cerana. In the future, a-G from

A. cerana will be purified and characterized.
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MATERIALSAND METHODS

2.1 Equipments
¢ Autoclave, model: Conbraco, Conbraco Ind. Inc., USA
e Automatic micropipette P10, P20, P200, and P1,000, Gilson, France
e Centrifuge, model: Centrifuge 5410, Eppendorf, Germany
e Centrifuge, model: universal 32R, Hettich zentrifugen GmbH & Co. KG,
Germany
e Cuvette, model: 1.5 ml Semi-micro cuvette, Brand, Germany
e Electronic U. V. transilluminator, Ultralum Inc., USA
e Electrophoresis, model: Mupid, Advance Co., Ltd., Japan
e Incubator, Germany
e |ncubator waterbath, model: 3575-1, Lab-line instruments Inc., USA
e Maxima ultra pure water, model: Maxima UF, ELGA, England
¢ Microincubator, model: M-36, Taitec, Japan
e Microwave, model: Sharp carousel R7456, Sharp, Thailand
¢ Minishaker, model: MS1, IKA Works Inc., USA
e Optimawater purifier, model: Eigastat optima 60, ELGA, England
¢ PCR, model: Hybaid omnigene, OmniGene HBTR3cm hybaid Ltd., UK
¢ Polaroid, model: Direct screen instant camera DS 34 H-34, Peca products, UK
e Power supply, EC 570-90 LVD CE, E-C Apparatus corporation, USA
e pH meter, Cyberscan 500, Eutech cybernetics, Singapore

e Waterbath, model: 20 H, Gallenkamp, Germany



e SDS-Electrophotometry, mini VE, Hoefer, Pharmacia biotech, USA
e Spectrophotometer, model: Ultraspec |1, LKB biochrom, England

¢ Stereomicroscope, Olympus optical Co. Ltd., Japan

Chemicals

¢ 3,6-Dinitrophthalic acid, CgH4N,0gs.CsHsN, F. W. = 335.2, Sigma,
Germany

¢ 2-Mercaptoethanol, BDH laboratory supplies, England

e 2,3,5-Triphenyltetrazolium chloride, C19H15CINg, Mr = 334.81, Fluka
biochemica, Switzerland

e Access RT-PCR system (catalog# A1250), Promega, USA

¢ 100 % Acetic acid, CH3;COOH, M. W. = 60.05, Merck, Germany

e Acrylamide, M. W.= 71.08, Promega, USA

e Ammonium peroxydisulfate (APS), (NH4)2S;0g, M. W. = 249,
BDH laboratory supplies, England

¢ Bovine serum albumin (BSA), Fraction V, pH 7.0, Serva feinbiochemica
GmbH & Co., USA

¢ Bromophenol blue, C19H10Br,OsS, M. W. = 670, BDH laboratory supplies,
England

e Coomassie brilliant blue G-250, C47H4sN307S;Na, M. W = 854, BDH
laboratory supplies, England

e Coomassie brilliant blue R-250, C4sH44N30;S;Na, M. W = 826, Serva
feinbiochemica GmbH & Co., USA

e Calcium chloride dihydrate, CaCl,.2H,0, M. W. = 147, Merck, Germany
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¢ Ethylene diamine tetra-acetic acid (EDTA), C10H16N20g, M. W. =292.2,
Serva feinbiochemica GmbH & Co., USA

e 95% (v/v) Ethanol, CH3CH,OH, M. W. = 46, Thailand

e 37% (v/v) Formaldehyde, CH,O, M. W. = 30, Thailand

¢ 99.5% (v/v) Glycerol, C3HgO3, M. W. = 92.10, BDH laboratory supplies,
England

¢ Glycine, NH,CH,COOH, M. W. = 75.07, BDH laboratory supplies,
England

¢ Hydrochloric acid fuming 37% (v/v), HCI, Merck, Germany

o Leupeptin, CxH3sNeO4.HCI, F. W. = 463.0, Sigma, Germany

e Methanol, CH30OH, M. W. = 32.04, Merck, Germany

¢ N, N’-methylene-bis-Acrylamide (Acrylamide/Bis), Sigma, USA

¢ Octylphenol-polyethyleneglycol ether (Triton X-100), Serva feinbiochemica
GmbH & Co., USA

¢ PCR purification kit (catal og# 28104), Qiagen, Germany

o Pepstatin A, C34He3sNsOg, F. W. = 685.9, Sigma, Germany

¢ Phenylmethylsulfonylfluoride (PMSF), C;H;FO,S, F. W. = 174.2, Sigma,
Germany

¢ 85% (v/v) Phosphoric acid, H3PO4, M. W. = 98, Mallinckrodt, USA

¢ Potassium carbonate, K,COs3, F. W. = 138.2, Sigma, Germany

e Sodium acetate, CH;COONa.3H,0, M. W. = 136.09, M&B Ltd., England

¢ Sodium dodecy! sulfate, BDH laboratory supplies, England

e Sodium chloride, NaCl, M. W. = 58.4, Merck, Germany

¢ Sodium hydroxide, NaOH, M. W. = 40, Merck, Germany

e Sodium thiosulfate, NaxS,03.5H,0, F. W. = 248.2, Sigma, Germany
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e SV Total RNA isolation system (catalog# Z23100), Promega, USA

e Sucrose, C12H2041, M. W. = 342.30, Merck, Germany

e TEMED, Promega, USA

e Tris-(hydroxymethyl)-aminomethane, NH,C(CH,OH)3, M. W. = 121 4,

Pharmacia biotech, USA

2.3 Sample collection

One colony of Apis cerana honey bees was taken from Nakhon Sri Thammarat
province and maintained at Nonthaburi province for enzyme assay. All samples were
collected during February - April, 2003. Newly emerged workers were marked on their
thorax by using paint markers (waterproof) and introduced into a free-flying colony
(Fig. 2.1 and 2.2, respectively). The colony was fed with sugar candy everyday.
Thereafter, marked bees were collected for 29 days with the time interval of 3 days and
were immediately stored at —20 °C until use.

For RNA extraction, nurse bees were collected while they were feeding broods.
Forager bees were collected when they returned to the colony after foraging for nectar
and pollen. Foragers from 14 colonies were collected from various provinces in
Thailand: one colony each from Bangkok, Rayong, Udornthani, Chumporn, Trang,
Phuket, Pa-ngan Island, Nakhon Sri Thammarat, Pang-nga, and 5 colonies from
different location on Samui Island (Fig. 2.3). The colonies were collected from nature
or apiaries (Table 2.1). Samples were frozen in either liquid nitrogen or dry ice during

field trips. Then, they were stored at -80°C in laboratory.
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A: Nurse bees (9 - 12 days).

They are in different color and are feeding a queen and broods.

B: Forager bees (18 days). They are in green and are at a hive entrance.

Figure 2.1 The du'y of bees in a colony depends on age.



Table 2.1. Foragers from 14 colonies were collected from nature or apiaries.

Sampling area nature apiaries
North, Northeast, and Middle
Rayong (RY) | v
Udornthani (UD) v
Bangkok (BK) v
South and P_huke: — .
| Chumporn (CH) v
| Phuket (PH) v
Pang-nga (PN) v
Trang (TR) v
Nakhon Sri Thammarat (NA) v
Samui Island (SA)
Location 1 (SAl) v
Location 2 (SA2) v
Location 3 (SA3) 4
Location 4 (SA6) v
Location 5 (SA7) v
. v

Pa-ngan Island (PA)

20



Figure 2.2 The sampling colonies of 4. cerana locating in various places.

A: a hive from Pa-ngan Island A
B: a hive from Phuket
B
C: a natural hive from Rayong
C D

D: a hive from Samui Island
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2.4 Preparation of hypopharyngeal glands

Heads of all bees were dissected under a binocular microscope. A point of a
knife was used to cut through wall of the mask. around the edges of the compound eyes.
The mask then was lifted off. The hypopharyngeal glands (HPGs) would be visible as
shown in figure 2.3,

For enzyme assay. a HPGs were dissected out. stored in buffer insect saline (20
glands/500 pl) (Appendix A) and mixed with | mM phenylmethylsulfonyl fluoride, 0.1
pg/ml pepstating and 100 pg/ml leupeptin.  The glands were homogenized and
centrifuged 2 times at 4°C, 700 x g for 10 min. The supernatant was stored at —20°C.

For RNA isolation, HPGs were dissected out of each head and stored at -20°C

(10 glands/reaction).
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2.5 Morphological characterization and measurement of HPGs

The morphology of HPGs from nurse bee and forager bee was examined by
Scanning Electron Microscopy (SEM) (JSM-35CF). The HPGs were stored in 70%
alcohol. Then, the samples were washed in a sonicator bath for 5 min, 3 times, and
treated in 100% alcohol. Later, the HPGs were coated with gold particles(JFC-1100)
and photographed under SEM.

For measurement of HPGs, the HPGs were dissected out of each bee and stored
in 0.85% (w/v) NaCl solution. The shortest diameter (a) and the longest diameter (b)
(um) of acini were measured by using light microscope and an ocular scale. The area of

HPGs was evaluted as S (um?) = rt xa/2 x b/2 (Sasagawa et al.; 1989).

2.6 Activity assay of o - glucosidase (o - G) in HPGs of A. cerana
2.6.1 Enzyme assay

Alpha-glucosidase (a-G) activity was determined by measuring glucose
liberated from sucrose. The method was modified from Momose’s method (Kubo et al.,
1996). According to 2.4, the supernatant containing o~-G (2-10 ul) was incubated with
20 ul of 10 mM phosphate buffer containing 0.1 M sucrose pH 5.0 at 30°C for 10 min.
Then, the sample was boiled for 3 min to stop a reaction. Fifty ul of 0.3% {w/v) 3,6-
dinitrophthalic acid and 50 pl of alkaline solution [5% (w/v) sodium thiosulfate and
25% (w/v) potassium carbonate] were added to the sample. Then, the mixture was
boiled for 10 min and was filled up to 1 ml by dd-H,O. The absorbance of the mixture
was measured at 450 nm. One unit is defined as an enzyme activity which can
hydrolyze 1 uM of sucrose per minute under the assay conditions. All measﬁrements

were conducted in duplication, and the mean value was calculated for the analysis.
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2.6.2 Optimum conditions for a-G activity

2.6.2.1 Optimum pH of -G in crude extract

The reaction mixture was prepared similar to that described in 2.6.1 except
pH of a reaction. Ten mM Briton-Robinson buffer scﬂution (Nishimoto ef al, 2001,
Appendix A) at various pHs ranging between 3.0-7.5 were used instead of phosphate
buffer. The mixture was conducted in duplication or triplication. The absorbance of the
mixture was measured at 450 nm.

2.6.2.2 Optimum temperature of a-G in crude extract

The reaction mixture was prepared similar to that described in 2.6.1. Alpha-
G was incubated at various temperatures (20, 30, 35, 40, 45, 50, 55, 60, and 70°C) for
10 min. Due to the results of 2.6.2.1, 10 mM sodium acetate buffer at pH 5.0 was used
instead of 10 mM Briton-Robinson buffer solution. The mixture was conducted in
duplication and triplication. The absorbance of the mixture was measured at 450 nm.

2.6.2.3 Selective concentration of substrate in crude extract

The reaction mixture was prepared as mentioned in 2.6.1 but the
concentration of sucrose was varied from 10, 20, 30, 40, 50, 60, and 70 mM, _
respectively. The mixture was incubated at 45°C with 10 mM sbdium acetate buffer
(pH 5.0) according to the results obtained from experimnt 2.6.2.1 and 2.6.2.2. The .
mixture was conducted in duplication and triplication. The absorbance of the mixture
was measured at 450 nm.

2.6.2.4 Optimum incubation time of -G in crude extract

The reaction mixture was the same prepared as described in 2.6.1 and the
sucrose concentration was 50 mM according to the result of 2.6.2.3. The mixture was
incubated at 45°C with 10 mM sodium acetate buffer (pH 5.0). The incubation time for

o~G was varied from 10, 20, 30, 40, 60, and 90 min, respectively. The mixture was
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conducted in duplication and triplication. The absorbance of the mixture was measured
at 450 nm.
2.6.3 Specific activity of o-G in crude extract

A standard series of glucose solution were prepared in 5 different
concentrations which were 0.02, 0.05, 0.08, 0.11, and 0.14 pM, respectively. The
reaction mixture was prepared as described in 2.6.1. Fifty pl of 0.3% (w/v) 3,6-
dinitrophthalic acid and 50 pl of alkaline solution were added to the mixture. Then, the
mixture was boiled for 10 min and was filled up to | ml by H,O. The O.D. of the
mixture was measured at 450 nm. The o -G activity was calculated by the standard
curve of glucose. The o -G activity was determined from the absorbance difference
between a blank and the reaction mixture.

Protein concentration was determined by the Coomassie Blue method
(Bradford, 1976). A. standard curve was established by using bovine serum albumin
(BSA) at various concentrations from 2, 4, 6, 8, and 10 pg/ul, respectively (Appendix
C). One hundred m! of sample were mixed with 1 ml of protein reagént (Appendix A)
and left for 5 min before recording the absorbance at 595 nm. Due to Boliag er al.
(1996), the color is fuily developed afier 5 min. The specific activity of a-G was

reported as units/mg protein,

2.6.4 Polyacrylamide gel electrophoresis of crude extract
An electrophoresis of both non-denaturing and denaturing gels was

performed by using a discontinuous buffer system.
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2.6.4.1 Non-denaturing Polyacrylamide Gel Electrophoresis
(Native-PAGE)

Four and 12% polyacrylamide were used for a stacking gel and a separating
gel, respectively. Tris-glycine, pH 7.8, was used as electrode buffer (Appendix B). The
sample in native buffer (Appendix B) was kept on ice until loading. After
electrophoresis at 100 V, a-G activity was stained as described in 2.6.4.4.

2.6.4.2 Sodium Dodecyl Sulfate Polyacrylamide Electrophoresis

(SDS-PAGE)

For discontinuous SDS—PAGE,.a 4% polyacrylamide stacking gel (pH 6.8)

with a 12% polyacrylamide separating gel (pH 8.8) was placed in electrophotometfy. e

Samples in sample buffer (Appendix B) were denatured by heating for 5 min. Broad
Range Protein marker (Promega) was used as a standard marker. A constant voltage of
100 V was applied .at room temperature. The gel was siiver stained as described in
2.6.4.3.

2.6.4.3 Siiver. staining for protein

When electrophoresis is completed, the gel was placed in fix a solution [50%
(v/v) methanol and 10% {v/v) acetic acidj about 1 h at RT. Then,-_-t_'he gel was
transferred into 5% (v/v) methanol for 10 min and 160 mM HNOs for 10 min. The gel
was washed with dd-H>O and soaked by shaking for 10 min in 0.1% (w/v) silver nitrate.
The gel was briefly rinsed by milli-Q H2O for 2-3 sec before developing the gel in a
cool developing solution [3% (w/v) sodium carbonate and 50 pl of 37% (v/v)
formaldehyde]. The gel was developed until prbtein bands were visible. Then, the
developing reaction was stopped by soaking the gel with 1 M citric acid for 5 min.

Later, the gel was rinsed with dd-H,O and dried by a cellophane paper at RT.
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2.6.4.4 Activity staining for -G [modified from Tanimura ez al. (1979)]

After electrophoresis of Native-PAGE, the gel was incubated in 10 mM
sodium acetate buffer containing 0.5 M sucrose (pH 5.0) at 45°C for 30 min. The gel
was washed by dd-H;O, then, boiled in freshly prepared solution of 0.1% (W/v)
triphenyltetrazolium chioride in 0.5 N NaOH for 3 min. Alpha-G activity on tﬁé gel
was appeared in red. For SDS-PAGE, the gel was soaked in 1.0% (v/v) Triton X-100 at
RT with gentle shaking for 2 h. Finally, the gel was incubated with 10 mM sodium

acetate buffer containing 0.5 M sucrose (pH 5.0).

2.7 Partial cDNA sequence and phylogenetic tree.
2.7.1 Primer design

The primers of a-G in 4. cerana for RT-PCR were from parts of cDNA
sequences of a-G in 4. mellifera (Ohashi et al., 1996; Appendix E). Thé primers were
synthesized by Bioservice unit, Thailand. The prirﬁér sequences are as followed:. '
o - G: Forward primer (FW): 5’-TCGAC TTCTA GTTGG TAGCA TGAAG G-3°

Reverse priiaer (R): 57-CCTTT CTCAT GTGCA GCACT GACTA G-¥

In addition, control primers were designed from 28S RNA in A mellifera
and Elongation factor (EF) genes in A. cerana. The primer sequences are as followed:
28S RNA: FW :5-AAAGA TCGAA TGGGG ATATT C-3°

R :5-CACCG GGTCC GTACC TCC-3’

EF: FW : 5°-TCGCT TTTAC TCTTG GTGTG A-3°

R :5-AAACT CCCAA CATAT TATCT CCA-3°
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2.7.2 Isolation of total RNA from HPGs of A. cerana

Followed from 2.4, HPGs weré homogenized with liquid N, in a mortar. The
grided tissue was transferred to a tube containing 175 ul SV RNA lysis buffer, “Then,
the protocol was followed by the SV total RNA isolation kit (Promega, catalog#
73100). Briefly, the mixture was mixed by inversion. Three hundreds and 50 pl of
RNA dilution buffer (blue) was added and mixed by inverting 3-4x. The mixture was
incubated at 70°C for 3 min. The mixture was then centrifuged at 12,000-14,000 x g for
10 min. The supernatant was transferred to a new tube. Two hundred ul of 95%
ethanol were added and mixed by pipeting 3-4X. Later, the mixture was transferred to
spin column assembly and centrifuged at 12,000-14,000 x g for 1 min. Flow thru in a
collection tube was discarded. Six hundreds pl of SV RNA wash solution were added
to the previous spin column assembly. Again, it was centrifuged at 12,000-14,000 x g
for 1 min. The DNase incubation mix was prepared by 40 ul yellow core buffer, 5 ul of
0.09 M MﬁClz, and 5 ul of DNase | enzyme per sampie.. Then, the DNase incubation
mix was transferred to the memBrane inside the spin basket. The mixture was incubated
at 20-25°C for 15 min. Two hundred pl of SV DNase stop solution were added to the
spin .basket and centrifuged at 12,000-14,000 xg for 1 min. Then, 600 ul of SV RNA
wash solution were added and centrifuged at 12,000-14,000 xg for 1 min. Also, 250 pl
of SV RNA wash solution were added again and centrifuged at 12,000-14,000 xg for 2
min. The spin basket from the collection tube was transferred to the elution tube. Later,v\
100 pl of nuclease-free H,O were added to the membrane and centrifuged at 12,000-
14,000 xg for 1 min. Finally, the spin basket was removed and discarded. The purified

RNA was stored at -20°C.
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The extracted total RNA was electrophoresed on 0.8% (w/v) agarose gel in
IXTBE buffer (0.05 M Tris-HCI, 0.05 M Boric acid, and 0.65 mM EDTA) as running
buffer. The electrophoresis was operated at 100 V for 45 min. Lmﬁbda Hind 111 DNA
was used as standard DNA marker. Loading sample was composed of 5 ul of total
RNA and | plof loading dye [SX DNA BlueRun™ which contains 150 mM EDTA, 25
mM Tris-HCI (pH 7), 25% (v/v) glycerol, and 0.05% (w/v) bromopheno! blue]. " After
electrophoresis, the gel was stained with ethidium bromide (EtBr) solution and
destained in dd-H,O water. Then, the RNA bands would be visible under UV light and

photographed.

2.7.3 RT-PCR amplification

The reaction mixture of RT-PCR was prepared by 1X AMV/7fl reaction
buffer, 0.2 mM dMTP mix, 0.4 mM of each a-G primer (FW and R), 1 mM MgSQq, 0.1
U of AMV reverse transcriptase and 71 DNA polymerase, and 2 ul of total RNA. Final
volume was quantitated to be 25 ul by nuclease-free. H,O. The RT-PCR cycling profxle
was modified from OChashi ef al. (1996).

The first strand cDNA was synthesized at 48°C for 45 min. Then, the PCR
amplification was as followed: 1 cycle of denaturation at 94°C for 2 min; 20 cycles of
denaturation at 94°C for 30 sec, of annealing at 50°C for 30 sec, and of extension at
72°C for 45 sec. At last, the final extension Was at 68°C for 7 min.

As a control, 28S RNA and EF primers were used as RNA reference
markers. The PCR amplification was at the same condition as of a-G primers.

When PCR amplification completed, loading sample was prepared by 5 ul of

PCR product and 1 ul of loading dye. The electrophoresis was performed on 1.5%
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agarose gel at 100 V for 45 min. One hundred bp DNA ladder was used as DNA

standard marker. The gel was then EiBr stained and U.V. transilluminated.

2.7.4 Examination of expression levels of a-G in 4. cerana

The mRNAs of emerged bees, nurse bees, worker bees of 6 days old, and
forager bees were examined. The reaction mixtures of RT-PCR and PCR amplification
were the same as described in 2.7.3. except the volume of total RNA.. Two hundreds ng-
of each total RNA were used per reaction. The yield of total RNA and PCR préducts
were determined by spectrophotometry at 260 nm. One absorbance unit (Azo) equals to
40 pg of single stranded RNA/ml and 50 pg of double stranded DNA/ml, respectively. -
The 28S and EF primers of honeybees were used as a control for total RNA preparation

and RT-PCR reaction.

2.7.5 Purification of PCR product for sequencing

PCR product was purified by following the protocol of the QlAquick PCR
purification kit (Qiagen, catalog# 28104). Five hundreds pl of Buffer PB were added to
100 p! PCR reaction. The QlAquick spin column was placed into a provided 2-mi
collection tube. The sample was transferred to the QlAquick spin column and -
centrifuged for 30-60 sec. Then, flow thru was discarded and the QIAquick column was .
put back into the same tube. The column was washed by 0.75 ml buffer PE and_:
centrifuged for 30-60 sec. Then, the effluent was discarded. The column was
centrifuged again at maximum speed for i min. The QlAquick column was placed into |
a clean 1.5 ml tube. The column was filled by 50 ul milli @ H2O and spun for 1. min.'.
The purified ¢cDNA was stored at ~20°C. PCR product was checked by.l.S% (w/v)

agarose gel as described in 2.7.2 before sequenced at Bioservice unit, Thailand.
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Forward and reverse primers of a-G were used to sequence the products from Bangkok
and Samui3. Only forward primer was used to sequence the rest of 12 RT-PCR

products.

2.7.6 Sequence alignment and phylogenetic analyses

The nucleotide and deduced amino acid sequences were aligned by using
Clustal W program. The cDNA sequences were aligned and compared to the sequences
of maltase in fruit fly (Drosophila melanogaster), -G in mosquito (Aede; aegypti), and
a—(G in Culex pipiens. Those cDNA sequences were from GenBank. Genetic
relatedness between o-G in 4. cerana and A. mellifera (accession number: D79208 in
GenBank) was performed by phylogenetic tree construction using PAUP (version 4.0b).
The reliability of the tree was tested by bootst_rap for 1000 replicates. Data frorh
sequences were used to reconstruct a phylogeny with maximum parsimony.v Genetic

distances were computed by neighbor-joining method and UPGMA.



CHAPTER 111
RESULTS

3.1 Morphological characteristics and measurement of HPGs

The samples were collected according to their duties in a colony. Nurse bees
were collected when they were feeding broods. Forager bees were collected when they
returned to the colony after foraging for nectar and pollen. The HPGs were
photographed by SEM. The acini of HPGs in nurse bees were well developed and
swolen as shown in Fig. 3.1. In contrast, those in forager bees were shrunks and
covered with membrane as shown in Fig. 3.2.

The acini of HPGs at developmental size were used for enzyme assay. The acini
from the age-defined bees were measured by a light microscope as shown in Fig. 3.5—
3.15. The shortest diameter decreased on day-12 and increased again on day-15 (Fig.
3.3). Thereafter, both of the shortest and longest diameters decreased until the day of
29th. The size of HPGs rapidly increased during day-3 to day —9 and became largest on
day-15 as shown in Fig. 3.4. The size of most of acini on day-0 to day-9 were similar to
each other, as shown in Fig. 3.5 — 3.8). In contradiction, the size of acini on day-12 to

day-15 were changeable (Fig. 3.9 and 3.10).
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Figure 3.1 SEM of HPGs in nurse bees (4. cerana).
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Figure 3.2 SEM of HPGs in forager bees (4. cerana).
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Figure 3.3 The change of acinus sizes in worker bees at various ages. Ten acini from

one bee at each stage were measured.
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Figure 3.4 The sizes of acini in worker bees at various ages. Ten acini from one bee
at each stage were measured. Asterisks indicate the significance of mean difference at

the 0.05 level when the size on day-15 was used as the standard.
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Figure 3.5 The HPGs of emerged bees were photographed with a light microscope

(LM) at the 4x magnification of objective lens.

Figure 3.6 The HPGs of worker bees on day-3 were photographed with a light

microscope (LM) at the 4x magnification of objective lens.
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Figure 3.7 The HPGs of worker bees on day-6 were photographed with a light
microscope (LM) at the 4x magnification of objective lens.
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Y
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Figure 3.8 The HPGs of worker bees on day-9 were photographed with a light
microscope (LM) at the 4x magnification of objective lens.
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Figure 3.9 The HPGs of worker bees on day-12 were photographed with a light

microscope (LM) at the 4x magnification of objective lens.

Figure 3.10 The HPGs of worker bees on day-15 were photographed with a light
microscope (LM) at the 4x magnification of objective lens.
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Figure 3.11 The HPGs of worker bees on day-18 were photographed with a

light microscope (LM) at the 4x magnification of objective lens.

Figure 3.12 The HPGs of worker bees on day-21 were photographed with a

light microscope (LM) at the 4x magnification of objective lens.
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Figure 3.13 The HPGs of worker bees on day-24 were photographed with a

light microscope (LM) at the 4x magnification of objective lens.

Figure 3.14 The HPGs of worker bees on day-27 were photographed with a

light microscope (LM) at the 4x magnification of objective lens.



Figure 3.15 The HPGs of worker bees on day-29 were photographed with a

light microscope (LM) at the 4x magnification of objective lens.

41
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3.2 Activity assay of a—G in HPGs of A. cerana
3.2.1 Optimum pH of 0—G in crude extract
The effect of pH for a—G activity was determined by using crude extract of
HPGs. Sucrose was used as the substrate. Briton-Robinson buffer solution was used as
the buffer to adjust pH. As shown in Table 3.1 and Fig. 3.16, the highest specific
activity was at pH 5.0. This pH was then used to determining optimum temperature of
a—G activity in acetate buffer.
3.2.2 Optimum temperature of 0—G in crude extract
Acetate buffer (pH 5.0) containing 0.1 M sucrose was used as the substrate
buffer in this experiment. The activity was fluctuated between 35-55°C, after that it
was decreased. Nevertheless, the highest specific activity was at 45°C as shown in
Table 3.2 and Fig. 3.17. This temperature was further used to determining selective
concentration of sucrose as substrate in crude extract.
3.2.3 Selective concentration of substrate in crude extract
The results of optimum pH (pH 5.0) and optimum temperature (45°C) for a -G
activity in crude extract were used for this experiment. The mixture was prepared but in
various concentrations of sucrose from 10, 20, 30, 40, 50, 60, and 70 mM. The reaction
was continued for 10 min. The highest specific activity was in a reaction containing 50
mM sucrose (Table 3.3 and Fig. 3.18). Thus, 50 mM sucrose in acetate buffer at pH 5.0
was used for next experiments.
3.2.4 Optimum incubation time of a-G in crude extract
The effect of incubation time was studied. The reaction mixture in acetate buffer
(pH 5.0) containing 50 mM sucrose was incubated at 45°C. The incubation time was
varied from 10, 20, 30, 40, 60, and 90 min, respectively. The highest specific activity

was obtained from the incubation time of 30 min (Table 3.4 and Fig. 3.19). However,
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the specific activity at 30 min was also high. Thus, the incubation of 30 min was used
for other related experiments.

3.2.5 Alpha—G activity in crude extract of developmental stages of

worker bees

The o—G activity was examined from crude extract of HPGs at various ages
from 0 day to 29 days. The samples had been collected from Febuary to April, 2003.
The activity of 0—G was computed by comparing to the standard curve of glucose. The
specific activity was mentioned as units/mg protein (U/mg protein). The total protein of
crude extract in 1 gland in crude extract are shown in Table 3.5. Amount of total
protein were different in each developmental stage of worker bees and in each month.
The lowest amount of protein were from emerged bees. The total protein at worker bees
on day-0 to day-12 increased rapidly. At worker bees on day-15 to day-29, the amount
of protein is fluctuated. =~ As shown in Table 3.6 and Fig. 3.20, the specific activity of
0—G collected in Febuary increased very slowly from day-0 (emerged bee) to day-24. It
decreased very slowly on day-27 and increased slowly again on day-29. For the
samples collected in March, the specific activity was highest on day-24 while for those
collected in April, the highest specific activity was on day-27. On the other hand,
specific activity of o—G of HPGs in forager bees of A. mellifera was 14.19 U/mg

protein.



Table 3.1

various pHs.
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The table indicates the specific activity of a -G in crude extract at

Specific activity (U/mg protein)
pH
Experiment 1 Experiment 2 Experiment 3

3.0 0.148 0.076 0.351
3.5 0.122 0.328 0.114
4.0 0.140 0.328 0.305
4.5 25tk 1.090 0.757
5.0 5.143 2.070 1.014
5.5 2.951 1.523 0.676
6.0 2.970 0.490 0.926
6.5 0.223 0.809 0.290
7.0 0.090 0.200 0.133
7.5 0.144 0.238 0.014
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Figure 3.16 The optimum pH of a -G of HPGs in 4. cerana. Briton-Robinson buffer
at various pHs ranging between 3.0-7.5 was used. The optimum pH was 5.0.
Asterisks indicate the significance of mean difference at the 0.05 level when specific

activity at pH 5.0 was used as the standard.
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various temperatures.
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The table indicates the specific activity of a -G in crude extract at

Specific activity (U/mg protein)

Temperature

0 Experiment 1 Experiment 2 Experiment 3

20 0.638 11.314 4.782
30 5.861 12.253 5.084
35 8983 21.936 11.245
40 6.100 17.687 13.830
45 13.098 32.312 14.649
50 9.170 25.494 9.823
55 9.589 23.122 13.701
60 1.184 8.745 3.662
70 0.646 1.280 0.963
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Figure 3.17 The optimum temperature of a -G of HPGs in 4. cerana. The reaction
mixture in acetate buffer (pH 5.0) containing 0.1 M sucrose was incubated at various
temperatures ranging between 20, 30, 35, 40, 45, 50, 55, 60, and 70°C for 10 min. The
optimum temperature was 45°C.  Asterisks indicate the significance of mean difference

at the 0.05 level when specific activity at 45 °C was used as the standard.
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Table 3.3 The table indicates the specific activity of a -G in crude extract at

various concentrations of sucrose.

Concentration of

sucrose (mM)

Specific activity (U/mg protein)

Experiment 1

Experiment 2

Experiment 3

10

0.626 1.052 0.738
20 1.237 1.389 0.288
30 1.296 0.863 1.123
40 5.449 1.346 0.894
50 8.563 15.037 16.857
50 8.563 15.037 16.857
60 6.895 2.601 9.142

6.505 8.004 8.989

70
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Figure 3.18 The optimum concentration of sucrose as substrate. The reaction mixture
was incubated with sucrose at various concentrations of 10, 20, 30, 40, 50, 60, 70 mM,
respectively. The optimum concentration of sucrose was 50 mM. Asterisks indicate the
significance of mean difference at the 0.05 level when specific activity at 50mM was

used as the standard.
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Table 3.4 The table indicates the specific activity of a -G in crude extract at

various incubation times.

Specific activity (U/mg protein)

Incubation
time . . .
Experiment 1 Experiment 2 Experiment 3
(min)

10 2.936 6.818 6.167
20 2.820 7215 5.360
30 3.131 9.365 6.945
40 1.009 4.525 2.656
60 1.186 3.071 0.567
90 0.698 1.853 0.554
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Figure 3.19 The optimum incubation time of a —G of HPGs in A. cerana. The reaction
mixture was incubated for 10, 20, 30, 40, 60, and 90 min, respectively. The optimum
incubation time was 30 min. Asterisks indicate the significance of mean difference at

the 0.05 level when specific activity at 30 min was used as the standard.
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Table 3.5 The table indicates the total protein (mg) in 1 gland in crude extract of o —
G from worker bees at developmental stages.
Days after Total protein (mg) in 1 gland sample
emergence
February, 2003 | March, 2003 April, 2003

0 2.666 1.814 2.073
3 29.480 14.793 14.474
6 38.530 34.609 34.689
9 73.477 57.416 47.348
12 75.605 92.404 97.089
15 44.892 18.620 28.788
18 54.435 33.692 16.846
21 69.780 48.545 34.191
24 44.131 6.738 23.365
27 76.501 115.331 6.180
29 20.296 17.564 12.540




Table 3.6 The table indicates the specific activity of a -G from worker bees at

developmental stages.

Specific activity
Days after (U/mg protein)
emergence
February, 2003 | March, 2003 April, 2003
0 0.0426 0.0292 0
3 0.0524 0.0435 0.0120
6 0.0654 0.0284 0.0203
9 0.0229 0.0438 0.6399
12 0.0340 0.3115 0.7412
15 0.1471 1.6517 0.5131
18 0.4787 4.3283 15.4020
21 =526 4.0574 5.6223
24 1.3183 18.6623 7.2626
27 0.3030 1.3711 15.7819
29 2.3254 0.3159 8.0801

53
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Figure 3.20 The specific activity of a -G of worker bees at developmental stages. The

samples for each graph line were collected at different time (February to April, 2003).
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3.3 Polyacrylamide Gel Electrophoresis (PAGE) of a-G

3.3.1 Non-denaturing Polyacrylamide Gel Electrophoresis

(Native-PAGE)

The crude extract from worker bees at different stages (0, 6, 12, 18, 24, and
29 days) were analysed. The activity of a—G on native-PAGE was detected by 0.1%
(w/v) triphenyltetrazolium chloride in 0.5 N NaOH for 3 min. As shown in figure 3.21,
the activity on the gel was appeared in red. One activity band was visible on the lane
containing crude extract of forager bees. In addition, an activity band on the lane
containing crude extract of 18-day, 24-day, and 29-day old workers is more intensed
than those of 6-day, and 12-day old workers (Fig. 3.22).

3.3.2 SDS Polyacrylamide Gel Electrophoresis (SDS-PAGE)

The crude extract from 6-day old workers and forager bees were used. Many
protein bands were detected by silver staining [Fig. 3.23 (B)]. Before activity staining,
the gel was treated with 0.1% (v/v) Triton X-100 for about 3 h. Only single activity
band was visible on SDS-PAGE [Fig. 3.23 (A)]. The molecular mass of denatured o—G
of 6-day old workers and foragers was compared by activity staining. The calibration
curve of molecular mass was constructed (Fig. 3.24).  The molecular mass of a—G in

A. cerana was estimated to be about 96 kDa.
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Figure 3.21 Native-PAGE of 0—G in crude extract of 4. cerana.
A: Silver staining
Lane 1: 6-day old worker bee (8 pg)
Lane 2: forager bee (8 pug)
B: Activity staining by 0.1% (w/v) triphenyltetrazolium chloride in 0.5 N NaOH
Lane 1: 6-day old worker bee (30 nug)

Lane 2: forager bee (8 pg)
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Figure 3.22  Native-PAGE of 0—G in crude extract of A. cerana at developmental
stages. The activity was stained with 0.1% (w/v) triphenyltetrazolium
chloride in 0.5 N NaOH.

Lane 1: 6-day old worker

Lane 2: 12-day old worker
Lane 3: 18-day old worker
Lane 4: 24-day old worker

Lane 5: 29-day old worker
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Figure 3.23 SDS-PAGE of 0—G in crude extract of 4. cerana.

A: activity staining by 0.1% (w/v) triphenyltetrazolium chloride in 0.5 N NaOH
Lane 1: 6-day old worker (8 png)
Lane 2: forager bee (8 ng)

B: Silver staining
Lane 1: 6-day old worker (8 ng)
Lane 2: forager bee (8 pug)
Lane 3: commercial a—G from Bakers Yeast

Lane 4: Broad Range Protein marker
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3.4 The expression level of a-G in A. cerana

The expression of a-G mRNA in HPGs was examined by RT-PCR experiment.
Total RNA was obtained from emerged bees, 6-day old worker bees, nurse bees, and
forager bees. Quality of total RNA was determined by 0.8% (w/v) agarose gel. After
electrophoresis, 18S and 28S rRNA were visible (Fig. 3.25). The concentrations of
total RNA and cDNA were determined by spectrophotometry at 260 nm and calculated
as followed (Table 3.2):

Total RNA = A260 x 40 ug/ml
cDNA = A260 x 50 pg/ml

As shown in Fig. 3.26, the expression of a-G was not detectable in emerged bees
while the expression in worker bees was less than that in nurse bee. The expression of
a-G in forager was high.

As control, 28S RNA in 4. mellifera and elongation factor genes in A. cerana
was successfully amplified (Fig. 3.27). The sizes of 350 bp and 100 bp RT-PCR

products amplified by 28S RNA and EF primers were obtained, respectively.



Table 3.7 Concentrations of total RNA and cDNA from emerged bees,

worker bees, nurse bees, and forager bees.

Sample Concentration Concentration
of total RNA ([/g/ml) | of cDNA ([Ig/ml)

Emerged bee (1) 79.2 15
Emerged bee (2) 124.8 15
Emerged bee (3) 205.6 45
6-day old worker bee (1) 409.6 200
6-day old worker bee (2) 305.6 160
6-day old worker bee (3) 349.6 175
Nurse bee (1) 784 175
Nurse bee (2) 742.4 275
Nurse bee (3) 671.2 250
Forager bee (1) 251.2 220
Forager bee (2) 57.6 265
Forager bee (3) 82.4 160

61
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28S
18S

Figure 3.25 Total RNA extracted from HPGs was electrophoresed on 0.8% (w/v)

agarose gel.
Lane 1: total RNA of sample from Phuket

Lane 2: total RNA of sample from Nakhon Sri Thammarat

Lane 3: A Hindlll marker
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Figure 3.26 The RT-PCR product of a-G from samples at each developmental stage.
Lane 1: 100 bp ladder marker
Lane 2: Negative control
Lane 3-5: Emerged bees
Lane 6-8: 6-day old worker bees
Lane 9-11:  Nurse bees

Lane 12—-14: Forager bees
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A: 28S
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B: EF
Figure 3.27 As control, 28S RNA and EF primers were used for RT-PCR. The same
RNA samples for RT-PCR of a-G were used for this experiment.

Lane 1: 100 bp ladder marker

Lane 2: Negative control

Lane 3-5: Emerged bees

Lane 6-8: 6-day old worker bees

Lane 9-11:  Nurse bees

Lane 12-14: Forager bees
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3.5 Partial cDNA sequence and phylogenetic tree

Forager bees were obtained from 14 colonies. Each colony was collected from
Bangkok, Rayong, Udornthani, Chumporn, Trang, Phuket, Pa-ngan Island, Nakhon Sri
Thammarat, and Pang-nga. In addition, 5 colonies were from Samui Island. Total
RNA was extracted as mentioned in Materials and Methods. Quality of total RNA was
assayed as in Fig. 3.27. After RT-PCR amplification, the PCR products of 357 bp were
visible on a 1.5% (w/v) agarose gel as shown in Fig. 3.28. Partial cDNA sequences
from foragers of 14 colonies were obtained by Bioservice unit, Thailand (Appendix F).

In Fig. 3.29, the alignment of the nucleotide of 14 samples together with oG
cDNA of A. mellifera from GenBank are present. A total of 12 base substutions (9
transitions and 3 transversions) were observed. The consensus sequences are obtained.
There are a few bases changed in the sequences. When oG cDNA of 4. cerana is
compared to that cDNA from other organisms. The a-G sequence of 4. cerana is
partially similar to the maltase sequence in fruit fly (Drosophila melanogaster) at 5%, to
a-G cDNA in mosquito (4edes aegypti) at 39-47%, and to -G cDNA in Culex pipiens
at 40%, respectively, as shown in Fig. 3.30. Furthermore, the deduced amino acid
sequences of a—G were aligned (Fig. 3.31). Two positions (position 52 and 95) of
amino acid sequences of A. cerana (14 samples) and A. mellifera were different.
Glutamic acid and isoleucine in 4.mellifera sequence were changed to be glutamine and
leucine in A4.cerana sequence, respectively.

Aligned sequences were imported into the phylogenetic analysis program PAUP
(version 4.0b). The oG cDNA sequence of 4. mellifera (accession number: D79208 in
GenBank) was used as an outgroup. One tree was founded from each program when
maximum parsimony, UPGMA, and neighbor-joining program were used for the
analysis. The maximum parsimony analysis phylogram and the strict concensus tree

are shown in Fig. 3.32 and 3.33, respectively. The consistency index (CI), retention
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index (RI) and rescaled consistency index (RC) were the same value,1.0. The patterns
of genetic distance from maximum parsimony, UPGMA, and neighbor-joining
programs are indicated as shown in Fig. 3.34. The trees of each program share similar
characters. Thirteen cDNA sequences of A. cerana can be classified into one group
while cDNA sequence from Bangkok is separated to be other group. The sequence of
cDNA in 4. cerana is distinguishly seperated from the sequence of A. mellifera. The
maximum parsimony analysis phylogram of deduced amino acid sequences of o—-G
were shown in Fig. 3.35. Fourteen deduced amino acid of 4. cerana were classified

into single group.
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Figure 3.28 The RT-PCR product of o—G of foragers.
Lane 1: 100 bp ladder
Lane 2: a—G PCR product of the sample from Udornthani

Lane 3: o—G PCR product of the sample from Bangkok
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Figure 3.29 The multiple alignment of the nucleotide sequences of o—G
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from various provinces and that of 4. mellifera. Asterisks indicate the consensus bases.
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Figure 3.29 (continued)
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Figure 3.29 (continued)
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Phuket 0 meememmmmmoooooo - GATAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 39
Samui3 =000 mmmmmmmmmm oo GATAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 39
Pang-nga  mmmemmemmmmmmmm———ooo- GATAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 39
Samui7?7 0 mmmmm e GATAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 39
Samui6 0 memee e GATAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 39
Nak  mmmmmmm e ATAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 38
Rayong  mmmmmmmmm o GATAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 39
Bangkok = mmmmmmmmmmm oo GATAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 39
Pa-ngan o mmmmmmmmm—mmo————o - GATA-TCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 38
Samui2 =000 e CGATA-TCGTATTTTGCCTTATGGCAT - TGTCCATTGTGGA 39
Samuil 0000 e CGATAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 40
Udornthani o —--mmmmmmeme—o- CGATAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 40
Chumporn 0 o mmmmmmmmmmm—————o——o- GTAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 38
Trang  memmmmmmmmmm—mmmoo oo GTAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 38
A.mellifera = = = mmmmmmmmmmmmmmm—oo- GTAATCGTATTTTGCCTTATGGCAT-TGTCCATTGTGGA 38
C. PIPENS e oo oo e e — - -
A.aegypti 000 @ mmmmmmm———-- ATCGGAACAGGCAGAATGAAGATCTTTGTTCCAC-TTCTAAGCTTCCT 47
Drosophila maltase @ -------------—-"--——-"-——~—~—~~—~—~—~—~—~—~ "~~~
Phuket CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 96
Samui3 CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 96
Pang-nga CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 96
Samui? CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 96
Samuib CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 96
Nak CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 95
Rayong CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 96
Bangkok CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 96
Pa-ngan CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 95
Samui2 CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 96
Samuil CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 97
Udornthani CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 97
Chumporn CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 95
Trang CGCAGCATGGAAGCCGCTCCCTAAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 95
A.mellifera CGCAGCATGGAAGCCGCTCCCTGAAAACTTGAAGGAGGACTTGATCGTGTATCAGGT--- 95
C. pipens = —mm-—------ AACCGGACGCCAAGGACTGGTATCAGCACGCGACGTTCTACCAGAT--- 46
A.aegypti CCTAGCAGGACTAACCACCGGGTTGGACTGGTGGGAACATGGAAACTTCTACCAAGT--- 104
Drosophila @ -------- CAATGAGTTCTGGCAGGAGAATATTGGCGACTTT-ACGEGTGGACAAGGCCAG 51
* *

Phuket -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG----- - ATGGTATTGGTGATAT 144
Samui3 -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG--- - - - ATGGTATTGGTGATAT 144
Pang-nga -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG----- - ATGGTATTGGTGATAT 144
Samui? -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG------ ATGGTATTGGTGATAT 144
Samuib -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG------ ATGGTATTGGTGATAT 144
Nak -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG----- - ATGGTATTGGTGATAT 143
Rayong -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG----- - ATGGTATTGGTGATAT 144
Bangkok -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG----- - ATGGTATTGGTGATAT 144
Pa-ngan -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG------ ATGGTATTGGTGATAT 143
Samui?2 -CTACCCA- - AGAAGCTTCAAGGATAG- - -CAATGGAG--- - - - ATGGTATTGGTGATAT 144
Samuil -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG----- - ATGGTATTGGTGATAT 145
Udornthani -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG------ ATGGTATTGGTGATAT 145
Chumporn -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG----- - ATGGTATTGGTGATAT 143
Trang -CTACCCA- -AGAAGCTTCAAGGATAG- - -CAATGGAG----- - ATGGTATTGGTGATAT 143
A.mellifera -CTACCCG- -AGAAGCTTCAAGGATAG- - -CAATGGAG----- - ATGGTATTGGTGATAT 143
C. pipens -CTACCCG- -AGGTCGTTTTTGGACAG- - - CAACGGCG------ ATGGGATAGGGGATTT 94
A.aegypti -TTACCCA- -AGATCCTTCAAGGACTC- - -CGACGGCG------ ACGGTATCGGGGATCT 152
Drosophila GTTTCCCA------ CCCTCAAGGACAC- - -CATCGATG- - - - - TGCTGCACAGGCGGGGA 97

* k% * k% * * * *

Figure 3.30 The multiple alignment of the nucleotide sequences of a—G from various
provinces, A. mellifera, Drosophila melanogaster, and mosquitoes (Culex pipens and

Aedes aegypti). Asterisks indicate the consensus bases.
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CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 203
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT -GTTTTGGT 203
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 203
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT -GTTTTGGT 203
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 203
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 202
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 203
CGAAGGTATTAAACAAAAATTGGATCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 203
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 202
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 203
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 204
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 204
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT-GTTTTGGT 202
CGAAGGTATTAAACAAAAATTGGACCATTTTCTCGAAATGGGCGTCGATAT -GTTTTGGT 202
CGAAGGTATTAAAGAAAAATTGGATCATTTTCTCGAAATGGGGGTCGACAT -GTTTTGGT 202
GGCGGGGATCACCTCCAAGATGAAGTACCTGGCGGATATTGGGATTGACGC-GACGTGET 153
GGACGGAGTCACCGAAAAGCTGAAATATCTGAAAGACATCGGCATGGACGG-AGTTTGGT 211
T-TCAAGGTGGTCCTGACCATCCAACCGTTCATCAGCACGGACAGTGCCAA---CTTCAA 153

* * * *

TATCTCCTATTTATCCAA-GTC- - CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 260
TATCTCCTATTTATCCAA-GTC--CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 260
TATCTCCTATTTATCCAA-GTC--CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 260
TATCTCCTATTTATCCAA-GTC- - CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 260
TATCTCCTATTTATCCAA-GTC- -CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 260
TATCTCCTATTTATCCAA-GTC- -CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 259
TATCTCCTATTTATCCAA-GTC- -CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 260
TATCTCCTATTTATCCAA-GTC--CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 260
TATCTCCTATTTATCCAA-GTC- - CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 259
TATCTCCTATTTATCCAA-GTC- - CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 260
TATCTCCTATTTATCCAA-GTC- -CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 261
TATCTCCTATTTATCCAA-GTC--CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 261
TATCTCCTATTTATCCAA-GTC--CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 259
TATCTCCTATTTATCCAA-GTC- - CTATGGTCGATTTTGGTTATGACATTTCGAATTACA 259
TATCCCCTATTTATCCAA-GCC- -CTATGGTCGATTTTGGTTACGACATTTCGAATTACA 259
TGAGCCC- -GCCGTTCAA-GTCACCGCTGAAGGACTTTGGGTACGATGTGTCGGATTTCT 210
TGTCACCGATTTTCTCTT-CTC- -CGATGGCTGATTTTGGCTATGACATCTCGAACTTCC 268

GGATGCAGTGAAACGCAA-GCTGCTGATCTACGAACGCCACTCGGAG- - - -CGGAGTATT 208
* * * * * % *
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC- -~~~ ~===----~~~ 304
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGA-AAC- -~~~ --=----—-—-=~~- 303
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC------------—--- 304
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC- - === == === =-==~~ 304
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC- - -~~~ -==--- -~~~ 304
CCGATGTTCATCCCATATTTGGCACCTTATCAAACTTAAATAAC- -~~~ ~~=---- -~ 303
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC- -~~~ -~=----——-~ 304
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC- - = - === === =—~~~~ 304
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC- -~~~ -~=—=----—~~ 303
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC---—--—--—=-—--- 304
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC-------=-------~ 305
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC- -~~~ === - -~ —==-~ 305
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC- -~~~ =-=----~—=--~ 303
CCGATGTTCATCCCATATTTGGCACCTTATCAGACTTAGATAAC- -~~~ ~-=---~—==-~ 303
CCGACGTTCATCCCATATTTGGCACCATATCAGACTTAGATAAT - -~~~ -==---- -~~~ 303

ACGCTATCCAGCCGGAGTACGGGAACTTGACGGATTTTGACAAGTTGGTGGAGGAAGCGC 270
GAGAGATTCAAACGGAATACGGGGATCTAGATGCTTTCCAGCGGTTGTCCGATAAGTGTA 328
CC- -CGCCCTGACCAGGTACAAGAGTAGCTCCAGCGCCGGCGTTCTGGACATAACCAACA 266

* *

Figure 3.30 (continued)
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Figure 3.31 The multiple alignment of amino acid sequences deduced from the partial

cDNA sequence of a—G in A. cerana and that in A. mellifera. Asterisks indicate the

consensus amino acids.
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Udorn

A. mellifera Samui3 Samui7 Rayong Pang -nga Samui6 Phuket Nak Pa-ngan Samui2 Samuil thani Chumporn Trang Bangkok
A. mellifera - 0.03401 0.03401 0.03401 0.03401 0.03401 0.03401 0.3741 0.03401 0.03401 0.03401 0.03401 0.03401 0.03741 0.03061
Samui3 10 - 0.00000 0.00000 0.00000 0.00000 0.00000 0.00340 0.00000 0.00000 0.00000 0.00000 0.00000 0.00340 | 0.00340
Samui7 10 0 - 0.00000 0.00000 0.00000 0.00000 0.00340 0.00000 0.00000 0.00000 0.00000 0.00000 0.00340 | 0.00340
Rayong 10 0 0 - 0.00000 0.00000 0.00000 0.00340 0.00000 0.00000 0.00000 0.00000 0.00000 0.00340 | 0.00340
Pang -nga 10 0 0 0 - 0.00000 0.00000 0.00340 0.00000 0.00000 0.00000 0.00000 0.00000 0.00340 | 0.00340
Samui6 10 0 0 0 0 - 0.00000 0.00340 0.00000 0.00000 0.00000 0.00000 0.00000 0.00340 | 0.00340
Phuket 10 0 0 0 0 0 - 0.00340 0.00000 0.00000 0.00000 0.00000 0.00000 0.00340 | 0.00340
Nak 11 1 1 1 1 1 1 - 0.00340 0.00340 0.00340 0.00340 0.00340 0.00680 | 0.00680
Pa-ngan 10 0 0 0 0 0 0 1 - 0.00000 0.00000 0.00000 0.00000 0.00340 | 0.00340
Samui2 10 0 0 0 0 0 0 1 0 - 0.00000 0.00000 0.00000 0.00340 | 0.00340
Samuil 10 0 0 0 0 0 0 1 0 0 - 0.00000 0.00000 0.00340 | 0.00340
Udornthani 10 0 0 0 0 0 0 1 0 0 0 - 0.00000 0.00340 | 0.00340
Chumporn 10 0 0 0 0 0 0 1 0 0 0 0 - 0.00340 | 0.00340
Trang 11 1 1 1 1 1 1 2 1 1 1 1 1 - 0.00680
Bangkok 9 1 1 1 1 1 1 2 1 1 1 1 1 2 -

Table 3.8 Estimation of genetic distances among 15 samples obtained from oG cDNA sequences in 4. cerana and 4. mellifera.

Above numerics = Total character differences; Below numerics = Mean character differences
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Figure 3.32 The parsimony phylogram of partial cDNA sequences of o—G from various

provinces. The number on each branch indicates base differences.
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Figure 3.33  The strict consensus tree derived from 15 parsimony trees of 305 bp of
0—G in A. cerana. The number on each branch indicates the percentage of bootstrap

replicates out of 1000 which supports the branch.
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Figure 3.34 Phylogenetic trees illustrating the genetic relationship among partial
cDNA of a—G from various provinces by UPGMA (A) and neighbor-joining (B). The

cDNA sequence of A. mellifera was used as an outgroup.
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Figure 3.35 The parsimony phylogram of deduced amino acid sequences of a—G

from various provinces.
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CHAPTER IV
DISCUSSION

4.1 Sample collections

Marking bees is a very important method to collect bees at specfically desired
age. In this research, worker bees at various ages were needed, so emerged bees were
marked and counted as 0 day. There are some problematic concerns, for example, new
born bees could die easily. Furthermore, a marked bee may be loosen because of its
natural enemies, life spand ending, cleaning behavior, external factors, etc. Since the
temperature has an effect on the longevity of bees, the age control of collecting samples
during February to April may be hard (Fluri ef al., 1982). This period was chosen
because it is a season of flower blooming in Thailand. It provides a convenience and
easiness to manage a colony since there are plenty of food sources. Sometimes, bees
were fed with sugar and water in order to provide abundant food. At this point, a
problem of bee absconding and migration could be avoided.

In addition, healthy bees are very important for an experiment. A colony needs

to be checked everyday to confirm the situation.

4.2 Morphological characteristics of HPGs

The HPGs were photographed by SEM. The glands in nurse bees were well
developed while they were shrunk in forager bees. The size of the glands should
involve in the duty of nurse bees because bees at this stage have to feed royal jelly (RJ)
to broods and a queen. The glands are known to be responsible for synthesizing RJ.
Considering the diameter of the acini, it increases during the first few days, but it turns

to decrease after the 15™ day. The result was the same as the measurement of the
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diameters and the sizes of acini. They increased from day-3 to day-15 and decreased
after day-18. The size of acini on day-12 and day-15 were changable. This may imply
to the task change of worker bees in a colony. Sometimes, worker bees do foraging,
then, switch to rear broods (or vice versa). The data are the same as those found in A.
mellifera (Sasagawa et al., 1989). They reported that treatment of methoprene (a JH
analogue) can affect the size and degree of HPGs development in the different ways.
For example, stimulation is from lower dosages while inhibition is from higher dosages.
However, the size of HPGs depends on tasks of workers at that time which is up to the

colony demand or environmental factors.

4.3 Activity assay of a-G in crude extract of A. cerana

The crude enzyme was extracted by buffer insect saline which is used to
preserve protein (Kubo et al., 1996; Ohashi ef al., 1996 and 1997). The optimum pH is
5.0 when sucrose is used as substrate. The result is the same as a-G II of D.
melanogaster and a-G I and II of 4. mellifera when p-nitrophenyl-[-glucoside is used
as substrate. In 4. mellifera and D. melanogaeter, the optimum pH of purified a-G I, II,
and III were 5.0 - 6.5 but different substrates were used (Huber and Mathison, 1976;
Tanimura et al., 1979; Takewaki et al., 1980; Nishimoto et al., 2001). The optimum pH
of honey bee sucrase is different from others according to substrate types (Huber and
Mathison, 1976). The optimum pH is also dependent on substrate concentrations.
However, crude enzyme in this study may contain other enzymes which can interfere
pH optimum of a-G. The temperature optimum of the crude enzyme was 45°C, which
is not greatly different from o-G III. The stability of a-G III activity is up to 40°C but is

lost completely by incubation at 60°C for 15 min (Nishimoto et al., 2001).
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The a-G activity in crude extract was measured by the hydrolysis of sucrose as
substrate.  In this research, Momose’s method was chosen for enzyme assay because
3, 6-Dinitrophthalic acid can provide a very sensitive color in a reaction with a reducing
sugar. Also, it is successfully used in the microdetection, approximate estimation, and
determination of sugar. When the reagent dissolved in aqueous alkaline solution is
heated with a small amount of reducing sugar, a deep wine-red color appears in a few
minutes (Momose and Inaba, 1961; Momose and Nakamura, 1963).

The a-G activities from samples in February, 2003 are low. This may imply that
the cold weather affect labor division. That may stop the behavior of foraging. Also,
although there are flower blooming in this month, there may be less food sources than in
other 2 months. Alternatively, bees may spend most of their time in a hive. In March,
the activities are higher than those in February and similar to the amount of activities in
April. During March and April, the weather is warm. So foragers prefer to collect
pollen and nectar. In addition, the flowers in Thailand are blooming so there are plenty
of pollen and nectar for bees to collect. But in the winter season, bees are mainly in a
hive (Fluri, 1982). The result of activity is consistent to the incorporation activity from
HPGs that summer bees showed highly synthetic activity. The winter bees showed
reduced activity (Brouwers, 1982). Although the activities of a-G during these 3
months are not closely similar, the pattern of specific activities flows in the same way.
Briefly, the a-G activities of emerged bee of 15-day bees are low, while the a-G

activities of 18-day bees to 29-day bees get increased.

4.4 Molecular mass of a-G in crude extract of A. cerana
The crude extract from HPGs in A. cerana was studied. Total protein in crude

extract of 0-day to 15-day worker bees were high while of others were low. Although
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total protein obtained from 18-day to 29-day worker bees were low, the a-G specific
activity became very high. The latter period coincides with the behavior of foraging of
worker bees. The a-G activity was studied by Native-PAGE and SDS-PAGE. Later, the
activity was stained by using sucrose as substrate. For Native-PAGE, the a-G activity
was high from samples on day—18 to day—29. This data is similar to the result obtained
from enzyme assay. Native-PAGE is not a method for determining native molecular mass
because protein separation do not depend on molecular mass. This method allows native
proteins to be separated by the difference of charge density. The buffer in the gel can
maintain the quality of protein. Thus, the enzyme activity can be assayed by staining,
especially after electrophoresis. For activity stain in SDS-PAGE, the activity in forager
was higher than that in worker bee at day-6. Only one protein band was on an activity gel.
The molecular weight of this protein band was estimated to be 96 kDa. The result was
different from [J-G I, II and III in 4. mellifera (98, 76 and 68 kDa, respectively)
(Takewaki et al., 1980; Nishimoto et al., 2001). In the future, o-G from HPGs of  A.

cerana will be purified.

4.5 Theexpression level of a-Gin A. cerana

After total RNA isolation, the quality of RNA was determined. The first check
was by electrophoresis. Ribosomal RNA of 18s and 28s have to be visible on an
agarose gel. Normally, the largest amount in total RNA is rRNA. If degraded rRNA is
observed, this indicates that mRNA (lowest amount in total RNA) should be degraded
already. The second check is by measuring the optical density at 260 and 280 nm. The
purity of RNA was indicated by the ratio of O. D. 260/280 which it should be 1.8. The
third check is by detecting housekeeping mRNA which have to be found in all stages of

development. Here, the 28s RNA and Elongation factor (EF) genes were used as
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control. RT-PCR products of both genes (350 bp and 100 bp, respectively) were
obtained in all samples. It means that the mRNA quality is good enough. If there is no
band or less intensed bands of a-G amplification, it presents the exact amount of o-G at
that time. The concentration of total RNA and cDNA of oG was determined as
described in Materials and Methods. After RT-PCR amplification, the cDNA product in
foragers was higher than that in nurse bees and worker bees younger than 6 days old.
The result of RT-PCR pattern is the same as the data obtained from the enzyme assay by
the hydrolysis of 3,6-Dinitrophthalic acid. Forager bees have more high specific activity
and cDNA product than worker bees at day-6 and nurse bees. According to the obtained
expression profile of -G, it indicates that -G is partially expressed in nurse bees and
fully expressed in foragers. This result of expression is the same as in A. mellifera

(Ohashi et al., 1996 and 1997).

4.6 Partial cDNA sequence and phylogenetic tree

The partial cDNA sequences of -G in 4. cerana collected from many provinces
in Thailand were obtained. This is to confirm that there are conserved regions in -G
and sampling locations have no effect on the coding sequence of a-G. In the future, if
the full length of o-G sequence and the function of a-G enzyme are performed, there
will be no problem on locations of sampling. Then, -G cDNA sequence in 4. cerana
obtained from one area can be the best representative to compare to a-G cDNA
sequences from other organisms. That will provide the best relationship of o-G among
species.

Based on the results, the cDNA and deduced amino acid sequences of a-G were
aligned as shown in Fig 3.29, 3.30 and 3.31, respectively. The genetic relationship of

all obtained sequences were studied by maximum parsimony and the genetic distance
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was analyzed by UPGMA and neighbor-joining. The result showed that all cDNA
sequences are obviously the same, except the cDNA sequence from Bangkok. This
might be from the result of mutation. When the partial oG cDNA sequence in
A. cerana and that in 4. mellifera were compared, there are 9 transitions and 3
transversions. Comparing between the cDNA sequence of Bangkok and the rest to the
cDNA sequences of a-G in A. mellifera, it is interesting that there is a closer similarity
between the cDNA sequence obtained in Bangkok and that in 4. mellifera from
GenBank.

From this research, nurse bees with completely filled acini showed reduced a -G
activity. In forager bees, acini are shrunk but a -G activity increases. The season have
effect on a -G activity. The partial cDNA sequence of a -G in A. cerana from Thailand
were obtained. In the future, a -G will be purified and may apply to the sweetened

industry or food additives.
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CHAPTER YV
CONCLUSIONS

When samples from all stages were needed, samples at defined age were collected
according.to the marking with painting color. When nurse bees and forager bees
were required, they were collected according to their responsibility mainly. It is
because the duty in a colony always depends on the need of the colony first.
Considering the morphology of HPGs by SEM, HPGs from nurse bees are larger
and more swollen than those from foragers.

Considering the HPGs of workers at various ages, the size and diameter of acini
were increasing during day-3 to day-9, were the largest on day-15, and were
decreasing after day-18.

For analysis of a-G in crude extract, HPGs from foragers were used. The optimum
pH, temperature, and incubation time for a-G activity were at 5.0, at 45°C, and for
30 min, respectively. The proper concentration of sucrose for a-G activity was 50
mM.

The specific activity of a-G in crude extract at developmental stages were high in
forager bees (18-29 days) but low in emerged bees (0 day) and nurse bees (6-15
days).

After SDS-PAGE and protein renaturation, the positive band of a-G was visible. Its
molecular mass is about 96 kDa. The result is coincided to the data obtained from

activity staining.
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7) Furthermore, it is obvious that, from activity staining, the activity of a-G was visible
in foragers, especially day-24 workers. The result coincides to the RT-PCR
experiment that will be mentioned in (9).

8) In order to amplify mRNA of -G in A. cerana, conserved regions of -G in A.
mellifera were used to design for RT-PCR primers. The 357 bp PCR product was
obtained and sequenced as concluded in (10).

9) According to the profile of RT-PCR products, the most intensed band was obtained
from the amplification of forager’s mRNA.

10) The partial cDNA sequences of a-G in A. cerana were obtained from foragers
collected from various provinces, Bangkok, Rayong, Udornthani, Chumporn,
Trang, Phuket, Pa-ngan Island, Nakhon Sri Thammarat, Pang-nga, and Samui
Island.

11) According to construction of the phylogenetic tree, -G from A. cerana collected
from 13 samples of Thailand were classified into one group. Also, the cDNA
sequence is clearly different from the sequence of A. mellifera. Among a-G of A.
cerana, the sequence from Bangkok is separated from others but it is most closely to
the sequence in A. mellifera.

12) In addition, partial &—G cDNA of 4. cerana is compared to that cDNA from other
organisms. The partial o--G sequence of A. cerana is similar to the maltase
sequence in fruit fly (Drosophila melanogaster) at 5%, to oG cDNA in mosquito

(Aedes aegypti) at 39-47%, and to o—G cDNA in Culex pipiens at 40%, respectively.
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Appendix A: Preparation of solutions

1. Buffer insect saline

1) 0.1 M Tris (10 mM) 10 ml
2) 1.3 M NacCl (130 mM) 10 ml
3) 0.05 M KCl (5 mM) 10 ml
4) 0.01 M CaCl; (1 mM) 10 ml

Adjusted pH to be 7.4 by 1 M HCI and adjusted volume to be 100 ml by dd-H,O.

2. Briton-Robinson buffer

1) 1 M Acetic acid (10mM) 1 ml
2) 1 M Phosphoric acid (10 mM) 1 ml
3) 0.1 M Boric acid (10 mM) 10 ml

Adjusted pH to be 3.0-7.5 by 0.2 M NaOH and adjusted volume to be 100 ml by

dd-H,O.

3. Bradford solution

1) 95% Ethanol (5% v/v) 50 ml
2) 85% Phosphoric acid (8.5% v/v) 100 ml
3) Coomassie Brilliant blue G-250 (0.01% w/v) 0.1g

Adjusted volume to be 1,000 ml by dd-H,O and filtered before use.



Appendix B: Preparation for polyacrylamide gel electrophoresis
1. Stock reagents
1) 30% Acrylamide and 0.8% bis-acrylamide
Acrylamide
N, N’—methylene-bis-acrylamide
Adjusted volume to be 100 ml by d-H,O.
2) 1.5 M Tris-HCI, pH 8.8

Tris (hydroxymethyl)-aminometane

93

100 ml

292¢g

18.17 g

Adjusted pH to be 8.8 by 1 M HCl and adjusted volume to be 100 ml by d-H,O.

3) 0.5 M Tris-HCI, pH 6.8

Tris (hydroxymethyl)-aminometane

6.06 ¢

Adjusted pH to be 6.8 by 1 M HCI and adjusted volume to be 100 ml by d-H,O.

4) 1 M Tris-HCI, pH 6.8

Tris (hydroxymethyl)-aminometane

12.1¢g

Adjusted pH to be 6.8 by 1 M HCl and adjusted volume to be 100 ml by d-H,O.

2. Non—denaturing PAGE
1) 12% Separating gel
30% Acrylamide solution (12%)
1 M Tris-HCI, pH 8.8 (0.375 M)
dd-H,O
10% (NH4)2S,05 (0.05%)

TEMED (0.05%)

6.0 ml
5.6 ml
3.3 ml
75 ul

7.5u



2) 4.0% Stacking gel
30% Acrylamide solution (4%)
0.5 M Tris-HCI, pH 6.8 (0.125M)
dd-H,O
10% (NH4)2S,05 (0.05%)
TEMED (0.1%)
3) Sample buffer (5X loading dye)
1 M Tris-HCI, pH 6.8 (0.312 M)
Glycerol (50% v/v)
1% Bromophenol blue
dd-H,O
One part of sample buffers was added to four parts of sample.
4) Electrophoresis buffer (25 mM Tris and 192 mM glycine)
Tris (hydroxymethyl)-aminometane
Glycine

Dissolved in d-H,O to be 1 litre (final pH should be 7.3).

3. SDS-PAGE
1) 12% Separating gel
30% Acrylamide solution (12%)
1 M Tris-HCI, pH 8.8 (0.375 M)
10% (w/v) SDS
dd-H,O
10% (NH4)>S,05 (0.05%)

TEMED (0.05%)

0.80 ml
0.75 ml
4.4 ml
30 pl

6 ul

3.1 ml
5.0 ml
05¢g

1.4 ml

30¢g

14.4 g

6 ml
5.6 ml
150 ul
3.16 ml

75 ul

7.5 ul

94
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2) 4.0% Stacking gel

30% Acrylamide solution (4%) 0.80 ml
0.5 M Tris-HCI, pH 6.8 (0.125M) 0.75 ml
10% (w/v) SDS 60 ul
dd-H,O 4.3 ml
10% (NH4)2S,05 (0.05%) 30 pl
TEMED (0.1%) 6 ul

3) Sample buffer (5X loading dye)

1 M Tris-HCI, pH 6.8 (0.312 M) 0.6 ml
Glycerol (50% v/v) 5.0 ml
10% (w/v) SDS 2.0 ml
2-Mercaptoethanol 0.5 ml
1% Bromophenol blue 05¢g

dd-H,O 0.9 ml

One part of sample buffer was added to four parts of sample. The mixture was
heated for 5 min in boiling H,O before loading to the gel.

4) Electrophoresis buffer (25 mM Tris and 192 mM glycine)

Tris (hydroxymethyl)-aminometane 30g
Glycine 144 ¢
SDS 12g

Adjusted volume to be 1 litre by d-H,O and adjusted pH to be approximately

7.3.
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Appendix C: Standard curvefor protein determination by Bradford’s method

0.D.595nm

0 2 4 6 8 10
concentration of BSA (ug/ul)



Appendix D: Standard curvefor glucose deter mination

O.D. 450 nm

O | |
0 0.05 0.1

concentration of glucose (uM)

0.15

97



98
Appendix E: Amino acid sequence of o -G in A. mellifera (accession number :

D79208 in GenBank)

DEFINITION A. mellifera mRNA for a-G, complete cds.
ACCESSION: D79208

/translation=

"MKAVIVFCLMALSIVDAAWKPLPENLKEDLIVYQVYPRSFKDSNGDGIGDIEGIKEKLDHFLEMGVDMFWLSPIYPSPMV
DFGYDISNYTDVHPIFGTISDLDNLVSAAHEKGLKIILDFVPNHTSDQHEWFQLSLKNIEPYNNY YIWHPGKIVNGKRVPPT
NWVGVFGGSAWSWREERQAYYLHQFAPEQPDLNY YNPVVLDDMQNVLRFWLRRGFDGFRVDALPYICEDMRFLDEPLS
GETNDPNKTEYTLKIYTHDIPETYNVVRKFRDVLDEFPQPKHMLIEAYTNLSMTMKYYDY GADFPFNFAFIKNVSRDSNSS
DFKKLVDNWMTYMPPSGIPNWVPGNHDQLRLVSRFGEEKARMITTMSLLLPGVAVNYYGDEIGMSDTYISWEDTQDPQG
CGAGKENYQTMSRDPARTPFQWDDSVSAGFSSSSNTWLRVNENYKTVNLAAEKKDKNSFFNMFKKFASLKKSPYFKEAN
LNTRMLNDNVFAFSRETEDNGSLYAILNFSNEEQIVDLKAFNNVPKKLNMFYNNFNSDIKSISNNEQVKVSALGFFILISQD
AKFGNF"
BASE COUNT
ORIGIN

586a 351c 387g 549t

!/

=

61

181

241

tgatattaac

tcgtattttg

acttgaagga

gagatggtat

gggtcgacat

acatttcgaa

gtactactat

ccttatggca

ggacttgatc

tggtgatatc

gttttggtta

ttacaccgac

FW

>

taatatattc

gacttctagt

tggtagcatg

aagpgcagtaa

ttgtccattg

gtgtatcagg

gaaggtatta

tegectakttt

gttcatccca

Gatcagtcac

gacgtgtactc tttcc

421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861

tagtcagtgc

catctgatca
attacatttg
taggcgtgtt
atcaatttgc
tgcaaaatgt
tgccttacat
atcccaataa
atgtagttcg
tcgaggcata
ccttcaattt
aattggtcga
gaaatcacga
ccacgatgte
tgtcggatac
aagaaaacta
cagtttctgc
agactgtcaa
aatttgcgtc
tgaacgacaa
tattgaactt
aaaaattgaa
aacaagtaaa
gaaactttta
tcgttaaaat
tattttgaaa

tgcacatgag

acacgaatgg
gcatccagga
tggtggatca
accagaacaa
tctcagattc
ttgcgaagac
aaccgagtac
caaatttaga
cacgaattta
tgcattcatc
taattggatg
tcaattgaga
gcttttgctg
ttatatctcg
tcaaacgatg
tggattttcc
tctagctgcet
gctgaaaaaa
tgttttcgca
ctcgaacgag
tatgttttac
agtttctgcect
atttcttcct
ctctctatat
cgt

aaaggattga

ttccagttga
aaaattgtaa
gcttggtcgt
ccagatctaa
tggctgagaa
atgcgattct
actctcaaga
gatgtgttag
tcgatgacga
aagaatgttt
acgtacatgc
ttggtgtcga
ccaggtgttg
tgggaggata
tcgagagatc
tcaagctcta
gaaaagaagg
tcgccatact
ttctctaggg
gaacaaatcg
aacaatttta
ttaggatttt
gaatatgtct
tattatatat

tggacgcagc

tctacccgag

aagaaaaatt

atccaagccc

tatttggcac

atggaagccg

aagcttcaag

ggatcatttt

tatggtcgat

catatcagac

primer

agataatctt

gtttgaaaaa
atggcaaacg
ggcgggaaga
attactataa
ggggatttga
tagacgaacc
tctacactca
acgaattccc
tgaaatatta
ctagggattc
caccaagtgg
gatttggaga
ccgtgaatta
cgcaggatcc
ccgcgagaac
atacctggct
acaagaactc
ttaaagaggc
aaaccgaaga
tggatttgaa
actctgatat
tcatcttaat
attctttgaa
atatatatgt

ggatttcgtc

cattgaacct
tgttccacca
acgacaggca
tccagttgta
tggtttcaga
tctatcaggt
cgatatccca
gcaaccaaaa
cgattacgga
aaattcatca
tattcctaac
ggagaaggcc
ctacggtgat
gcagggatgc
gccattccaa
tcgtgtcaac
gttcttcaat
caatttaaat
taatggatct
agcgttcaat
aaagtccatc
ttctcaagat
gcggcgaaag
attagctaat

ctccctgaaa

gatagcaatg

ctcgaaatgg

tttggttacg

ttagataatc

ccgaatcata

tataacaact
actaattggg
tattatctgc
ctggatgata
gtagatgctc
gaaacaaatg
gaaacctaca
cacatgctta
gcagattttc
gacttcaaaa
tgggtgcccg
cgtatgatca
gaaattggta
ggcgccggta
tgggacgact
gaaaattaca
atgttcaaga
acgaggatgc
ctttacgcaa
aacgtgccga
tccaacaatg
gctaaatttg
gaaacatata
aaattttaaa
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Appendix F: The DNA sequencing profiles of a -G
A: The DNA sequencing profile of a-G from Bangkok (FW)

B: The DNA sequencing profile of a-G from Bangkok (R)

C: The DNA sequencing profile of a-G from Chumporn (FW)

D: The DNA sequencing profile of a-G from Nakhon Sri Thammarat (FW)
E: The DNA sequencing profile of a-G from Pa-ngan Island (FW)
F: The DNA sequencing profile of a-G from Phuket (FW)

G: The DNA sequencing profile of a-G from Pang-nga (FW)

H: The DNA sequencing profile of a-G from Rayong (FW)

I: The DNA sequencing profile of a-G from Samui Island 1 (FW)
J: The DNA sequencing profile of a-G from Samui Island 2 (FW)
K: The DNA sequencing profile of a-G from Samui Island 3 (FW)
L: The DNA sequencing profile of a-G from Samui Island 3 (R)
M: The DNA sequencing profile of a-G from Samui Island 6 (FW)
N: The DNA sequencing profile of a-G from Samui Island 7 (FW)
O: The DNA sequencing profile of a-G from Trang (FW)

P: The DNA sequencing profile of a-G from Udornthani (FW)
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Modal 377 16~a-glucosidasa/iw a-gluces Signal G:52 A:23a T:22 C:16 Page1of 3

ABIA Version 3.4 DT {BD Set Any-Primer} Mon, Apr 29, 2002 08:33
ABI100 a-glucosidase/fw a-glucosidasd BD Matrix Std.Jan31,01. Fri, Apr 26, 2002 16:08

Version 3.2 Lane 16 Points 1197 to 106816 Pk 1 Loc: 1197 Spacing: 10.63{10.63})
CAPATCCINT TTIC A T ING GEAT TGN CCATTErGEANG CRGCA TEGAAG COCC TC (U TEARAAL TTGAAGGAGE GACT TGATCOGTGTATCAG GT CTRE CCARG AAGC TTCAARE ATARGCART(

10 20 30 40 50 60 70 ﬂ =ju) 90 100 110 120

uth nk n] D
SGAGATG GTAT TGETGATATC GAAG GTAT TAAACA AR ATTGGANCA TTTT CTC GARATGGEC GICGATAT GTTTTGGTTATCTCC TATT TATC CRAGTC CTAT GGTC GATT TTGGTTA'
}30 140 150 160 170 180 190 200 210 220 230 240

ITGA CATT TCCAATTACADT GATGT TCATC CCATATTTEECAC CTTAT (R GACT TAGATARC CTAGTCAGTGEC TETAC ATGAGA A AZGNNMNTON CTUCE. TNC G- T TCNCCC CI']INI‘CND
250 260 270 280 290 300 314 320 330 3440 350 60

I Mh g ““l “

! 1-'*-1.1 [ -tl'
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Model 3100 14-5-03_A03_Bankkok(Bk1)_s-glucosidase{RW)_01.ab1 Signal G:3628 A:4618 T;4024 C:3195 Page 10f2
ABlA Version 3.7 DT3100POPG{BEDv3}vi.mob Thu, May 15, 2003 12:18 PM
Basecaller-3100P0OPESFBankkok(Bk1)_a-glucosidase(RW) demo_3100 Wed, May 14, 2003 3:23 PM
BC 1.5.0.0 Cap 1 Points 450 1o 5000 Pk 1 Loc: 450 Spacing: 11.91{11.91}

GITICT AGTC TG AT AG GTOOCARATAIGE G ATG ARCATCG G TG TART TCGRARAATGTCATARCCAAAATCGACCATAGE ACTTG G ATARAT AG G AG ATAACCAR
10 20 30 40 50 ad 70 g0 20 1og [

e A

LACATAT CGACGCCCAT TTCCAGAMAMT GNT CCRATT TT TGTT TAAT AC CT TCG AT AT CAC CAATACCATC 'EE}CF\T TGCTATCCTTE AAMGC TTCTTEEGET A ACCTG AT AL ACG ATCRAMNG TOC TC
11 120 130 140 150 1e0 170 180 150 Z00 210 220

——

o [ AJ AldallA1A \ L LLn i i _ M

240 250 2e0 270 330 340 350

: |

b Tg‘CMG TTTTCAGGE AGCEGEC TTOC ATGC TGCG TCCRCAATES .FCF-.ATG(EZ(SZF&TEAG GCP.?.S_S\TMG AT nggec:c T TCA% fg'm I‘IJCNTEJI;SNMRET CGAMA NNNMHNMHH NN NN MG HN NN M
0 : g

1oL LA JLLJIALTAL PN 1 Ll [\ I
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Model 377 2T7Chumpom-a-glucosidase. ab1 Signal G:341 A201 T:182 C:87 Page 1 of 3

A Version 3.7 DT377{BD}.mob Thu, Jun 20, 2002 8:03 PM
AH . Basecaller-377 .bcp Chumpom-a-glucosidase BD_MatrixV'2. mitx Thu, Jun 20, 2002 11:42 AM
m'w BC 1.3.0.0 Cap 27 Points 1122 t0 10818 Pk 1 Leoc: 1122 Spacing: 10.96{10.96}

GTaATNGr I‘m "“I"I‘Iﬂtll&‘l‘ TE{ITNHTTGI‘G mﬂGmG@.TGmECCGL‘ 'ICECTE%AMCTEGA.PGGF!GGMT IETCGI'GTATmGGT CTAC 'E%%MMGCT'IMG AIAGCAATGGAGAT(EG

I 1A | | |

’\f.ﬂ

LM U L M

'&ATTGGTGAE‘%TCGRAGG'%:AT TRARCHER MA‘I‘ TGGMC&?TTTC TCM&‘-]!AIGMCG‘ICGETAT G'.[‘T']’T% ERTCTCCT&ETTAICCA%GECCTMGGI‘C SATTTTG TETGMATTZ!S'_‘E!

l | f

mw m ) L L Ui me .l‘i d ‘“ _l‘.‘_. ..uﬂl‘“_kl_ll “m

CCATATTTEECACT TTATCS BACT TAGATAAC CTAGTCAGT GCTECACAT A A PGENGE NNNN
a 280 29 ] 330

I
o o

N (1

AATTACAC CGATGET TCATC
280 27

Wik

Lil.l_!'— Llh [ i T



111111

Wlt J\'J'i‘l W “& “WW&WM J».MM L “MVJ' '(‘ 4'.

CARARCT mm J\GI‘ PGGGHT ?«m GNNI?INNNNNM‘IHNINM‘INNM‘IN HNNN

il ‘»;“‘ ity W MJ W,).Amw”
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Model 3100 H11_PA-NGAN_a-glucosidase_15.ab1 Signal G:2321 A:2101 T:2195 C:1499 Page 10of2
ABI A Version 3.7 DT3100POP&{BLV3}vi.mob Tue. Feb 25, 2003 8:14 AM
Basecaller-3100SR.bcp PA-NGAN_a-glucosidase 3100_GA Mon, Feb 24, 2003 9:03 AM
BC 1.3.00 Cap 15 Points 350 to 4500 Pk 1 Loc: 350 Spacing: 13.00{-13.00}

GIT AT G TATTTTGOC TTATESGCAT TE TECAT TG TEE AGCAGC ATGE ARGCC GC TCCC TGAARRACT TGARG GRGG AT TGATCG TG TAT (ARG GTCTACCCARGARAGC T TCAAGE AT
10 20 a0 40 50 80 B0 50 i00 110

0

Lot R .‘i“.‘}l‘.d, WNMM il h hmll““ ) Wm“ﬂ i

CAATGHE AGATGGTATT GETGATATC GAAG GTAT T AAACAAARAT TGGACCATTTTCT CEARANT GEGCETCGATATGTT TT GGTTATC TCCTAT T TAT CCARGTCCT ATGG TCG AT TT TGGT TR
20 130 140 150 160 170 180 180 200 210 220 230 240

G
1

-

TG ACATET CGAATT FCZAE{C;G ATG TTC? T‘g CCATAT Tz'I‘gé}CACC TT A‘g g AG R TTRAG ?gﬁhﬂ CTRG T‘g %TMW%WA@GGWWWMMWWW
=14 £l a a 1

WA

b2



Model 377 02PHUKET-a-glucosidase-fw.abi Siy'ld G:2362 A:1906 T:1578 C:1092 Page 10f 2

_ """‘ "‘MM m..»\m«wm M,mu.,mlu

WMMM MW N\W IWWMM“ WMludNMJ"WM“MN'

AIARC CT mmmmm




Model 377 O4PANG-NGA-a-glucosidase-fw.ab3
Version 3.7

=  Basecaller-377.bcp p.NGHG“‘ ——
BC 1.3.0.0

Gmmwmmm

- MM‘I\“‘I‘JM‘ “‘\I‘,’W‘

mmm




Signal G:1643 A: 1487 T:1538 C:1 -of.}:... Page10f2

DT377(BDv3}v1.mob Thu, Sep 26, 2002 8:25 AM

. BOD_MatrixV3.mix , Sep 25, 2002 9:10 AM

Points 1281 to 5500 Pk 1 Loc: 128 Spacing: 10.62{10.62}

GAG GTC CARAG R 1 AMGG EWGGNi

{

i

i |

SATGGTAT TGGTGATATCG ARGGTATT ARRCARARRTTG }\T ATATGTTTTGGTTATCTC AT CAMGTCCTRIGGTCG AT TTTGGTITATGACATT
130 140 150 160 200 220 23% 240 25

MAAGAMAEAEMETWM




hu.m st Mm wMmmmuummmm.umu Tt

TGCIC T AGARAAGS Gmmwnmn

LHMMm.ﬂlMJMAML‘AL‘L\U.L‘a\ﬂﬂll.nJ!m:l!\i




Model 3100 F12_SAMUIZ_a-glucosidase_12.ab1 Signal G:659 A:479 T:436 C:292
ABI A Version 3.7 DT3100POPS{BDV3jv1.mob

Basecaller-3100SR.bcp SAMUI2_a-glucosidase 3100_GA

BC 1.3.0.0 Cap 12 Points 400 to 4500 Pk 1 Loc: 400

109

Page 10f2

Tue. Feb 25, 2003 8:12 AM
Mon, Feb 24, 2003 6:35 AM
Spacing: 13.00{-13.00}

50 a 70

e

CGAT AL G TAITTTEC TTANGEGCATTG TCCATTG TGG ACGCAGCATGGE AAGCCGE TCOC TG ARARACTTGARG GAGGACTTGATC GT GTATCAGGT CIAOCCAAGARAGCTTCRAGGATAG C
10 20 30 40 & BO 90 100 110 120

430

RATGG MG ATGGTATTGGTGAT ATCGARGGTAT TRAACARAAAT TGGACCAT TTTCTCGARR TG GGCGTOGATATGTTTTGGT TATCTCCTATTTATCCAAG TCCTATGG TCGATTTTGGTI TATG
130 140 150 1690 170 180 190 200 210 220 230 240

-

o .

270

LU

ACATTTC GRATTACHC OF ATG TTCATCCCATATT TEGCASC TTATCAG ACT TAG AT ARCCTAG TCAG TGS TEOCDT ATG AG AAME GANNNNNNNN NNNNN NNIRINHNNNMNN NN NN NN NN NNNTT
250 260 37 280 290 300 a0 20 330 340 350 360 370

“
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Model 377 265AMUl-a-glucosidase.ab1 Signal G471 A197 T:208 C:59 Page 1 of 1
AHA Version 2.7 DT377{BD}.mob Thu, Jun 20, 2002 8:03 PM
Basecaller-377.bcp SAMUl-a-glucosidase BD_MatrixV2.mix Thu, Jun 20, 2002 11:42 AM

PRISM BC 1.3.0.0 Cap 26 Puoints 1225 to 4500 Pk 1 Loc: 1225 Spacing: 10.82{10.82}

GTAAT CEAT TTTECCT TATGECAT TETC B T TG GGA QG GCA TEGAAGC COC TCCCEGYAARAC T TGARGEAGGAC TTGAT CGT GTATCAGGE TOTAS CCAAGAAGT TTCARGATA %MTGG}&G
1d 20 3a %0 50 (1] 740 BO Do 100 120

I

NI

AMARAARTTGGACCAT TT TCTCGAAAT GEEC GTC GRTATGT'I'I‘TGEZ'TATC TC%TRTTTP«T CCAAGTC CTATGENCNAT 'I‘TTGGI‘TATGRCATTP%T
160 170 180 150 20 10 220 230 240 25

h{g?T‘J’LT TGEET ﬁg‘a'}'c ERRG ?‘g D'T_' TR

T .L.LL n .le. ALWA_;..MMMJ 0 Y N, Y

AATAACNCN GATEN TCAT COCATATIT 00 ONC OT TAT (L AAC T TRINATAN C CCATC o0
260 270 280 290 30a 310
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Model 3100 14-5-03 A0S_Samui3(SA3)_a-glucosidase(RW) 02.ab1 Signal G:2305 A:2726 T:3124 C:2017 Page 10of 2
ABIA Version 3.7 DT3100POPB{BOV3}v1.mob Thu, May 15, 2003 12:19 PM
Basecaller-3100POP8SFSamui3{SA3)_a-glucosidase(RW) demo_3100 Wed, May 14, 2003 3:23 PM
BC 1.5.0.0 Cap 2 Points 500 to 5500 Pk 1 Loc: 500 Spacing: 12.19{12.19}

T TCTHG T TG AARGGTEOC AMATATG GG ATG ARCATCG G TG TRATTCGAAAT GTCATAACCARARTC GRCCATAG GACTTGG ATAAAT AGGAGATAAC CAARACAT
10 20 a0 40 50 &0 70 B0 90 100

) m.lm,.lmumMl,uhmhnu.nllL.mththhth hmml.huum

'ATCGACGCCCATT TCGAG AAAAT GETCCARTT TT TG T TTAATACCTTCG ATATCACCANT AC CATCT CCATTGCTATCCT TG ARGCTTIC TIGGGTAG ACCTGATACACGATCAAGTCCTCCTT
10 120 130 140 50 1 170 180 150 200 210 220 230

- -

MM!UAJUHJ DT IM.U

CAAG TT TTCAGGE AGCGEC TTCCATGCTGOE TCCACAATGS ACAATGCCAT AAGGCARRATACGAT TAT CGCCT T CATGC T COC TINANNARAAG TCGARANNNNNNNN MR IMINIIMCN NN NNNG G N
z 50 260 270 2B0O 280 00 ilo 320 330 340 350 360

240

JM.J"!I_ | ] ol




FRCATT TCGAATTACACCGATGET TC ATCCCATATTTGGC ACCTT ATC
250 280 270 280 280

Juinlai]
370
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Model 3100 G12_SAMUI7_a-glucosidase_14.ab1 Signal G:825 A:650 T:605 C:417 Page 1 0f 2
ABIA Version 3.7 DT3100POPS{BDVaV1.mob Tue, Feb 25, 2003 8:13 AM
Basecaller-3100SR.bcp SAMUI7_a-glucosidase 3100_GA Mon, Feb 24, 2003 6:35 AM
BC 1.3.0.0 Cap 14 Points 400 to 4500 Pk 1 Loc: 400 Spacing: 10.56{10.56}

GRTRAT GTATTTTEIC TTAIGGC AT TG TCCAT TG TG G AC GCAGCATGE ARGCC GO TCCC TG AAAACTTGAAGGAGG ACT TG ATCEG TG TATCAGGTCTACCCARG ARG TTCRAAGGAT.
10 20 o 40 50 &0 70 80 90 100 110

110

et L |

AGCARAT GG AGATGETATT GETGATATC GARGGTAT TAAACRAAART TG GACCATTTTCT CGARRTGEECGTCGATATETTTT GGTTATCTCC TATTTAT CCAAGTCCT ATGG TCGAT TTTGGTTF
L20 130 140 150 160 170 180 190 200 210 220 230 2

Hl I AT “‘

TGACATTTCG BATTACAC OG ATG TTCATCCC ATATTTGGCACC TTATCAG AC TTAGATAACC TAG TCAGTGC TELCAT TG AGLAA MGG A NINMINNNNININN M BN RN 1NN R MR N N NN N N N e
250 260 270 280 290 300 310 320 330 340 350 3s0 370

R, G .




Page 10of 2
ABIA am Tue, Nov 05, 2002 9:39

Ba.m::a -377bcp TRAN -g-glucosidase-fw BD_Matrixv3.ml Mon, Nov 04, 2002 8:48

Spacing: 10.52{10.

ﬁfﬁEE

mmmmﬂc 'IT'A CATTG AMF-M mms

)1‘ M“»l‘dh\mmf'“ml‘f\l\ﬂl'WW\l vulmmmmlu olWH\MM
u.mmM.MMM1 WWWM. sttt

'I\G'.:TGCR: mmessmmmmmm MWMWM

M\‘H | ““0 l"MMMNM“J\" ‘h““ Ntl!
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Model 377 09UDORN(UD1)-s-glucosidase(F).ab1 Signal G:1540 A-1241 T:1224 C:853 Page 1 of 2
. Version 3.7 DT377{BDv3}v1.mob Thu, Sep 26, 2002 8:25 AM
Basecaller-377.bcp  UDORN(UD1)-a-glucosidase(F) ‘BD_MatrixV3.mix Wed, Sep 25, 2002 9:10 AM

BC 1.3.0.0 Cap9 'Points 1189 to 5500 Pk 1 Loc: 1189 Spacing: 10.56(10.56)

oG AAACGTAT TITE C T TRIG GCATTG TC CAT TG TG G /TG CAG C ATGG A AGC CGC TCCC TG AARFCT TGARG GAGG ACT TG ATCG TG TATCAG G TC TAC CCARG ARG CT TCARGEARTAGCART GG PGE
10 20 30 40 50 60 70 + 80 0 100 110 120 13§

JATG GTAT TS5 GTGAT ATCG ARGG TATTAAACAARAATTGG IC CAT TT TC TCGARARTGGGCE TCGATATGTTTTGGTTATC TC CTATTTATCCAAG TCCTATGGTICGATTTTGGTTATGACAT T
10 140 150 160 170 180 190 200 210 220 230 240 250

Ly

TCG AATTACACCGATG TTCATCCCATATTT GGCAC CT TATCAS ACT TAG ATARCCTAG TCAGTGC TGCAC mmgsmmmmm
260 2790 280 290 300 310 k eda] 330 340 3e0 370 380




116

BIOGRAPHY

Miss Prapaipit Srimawong was born on July 13® , 1978 in Saraburi. She
graduated with the Bachelor Degree of Science in Department of Biotechnology,
Faculty of Science and Technology, Thammasat University in 2000. Then, she has been
a graduate student in the Master’'s Degree in Biotechnology program, Faculty of

Science, Chulalongkorn University since 2000.



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Content
	Abbreviations
	Chapter I Introduction
	Biology of honey bees
	Apis cerana and population genetics in Thailand
	Hypopharyngeal glands
	Honey
	Purification and characterization of α-glucosidase in honey bees

	Chapter II Materials and methods
	2.1 Equipments
	2.2 Chemicals
	2.3 Sample collection
	2.4 Preparation of hypopharyngeal glands
	2.5 Morphological characterization and measurement of HPGs
	2.6 Activity assay of α-glucosidase (α-G) in HPGs of A. cerana
	2.7 Partial cDNA sequence and phylogenetic tree

	Chapter III Results
	3.1 Morphological characteristics and measurement of HPGs
	3.2 Activity assay of α–G in HPGs of A. cerana
	3.3 Polyacrylamide Gel Electrophoresis (PAGE) of α–G
	3.4 The expression level of α-G in A. cerana
	3.5 Partial cDNA sequence and phylogenetic tree

	Chapter IV Discussion
	Chapter V Conclusions
	References
	Appendix
	Vita



