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CHAPTER 1

INTRODUCTION

Rationale of the study

Rice is one of the most important agricultural products of Thailand and also
very important for Thai’s life (Srinives, Charinpanitkul and Tanthapanichakoon,
2005). It is the most important staple food crop of Thai’s population. In addition, it is
played a pivotal role in economy of Thailand throughout its history (Chongkid, 2004;
Pitathawatchai, 2005; Choeun, Godo and Hayami, 2006). Thais have cultivated rice
for a long time and have improved it continuously. Rice cultivation has many caused
that reduce productivity such as rice diseases, rice insect pests, animal pests.
Furthermore, stored-grains product have interfered with insect pests for example
Angoumonis grain moth (Boshra, 2007), Rice moth (Coelho, Marangoni and Macedo,
2007), Lesser grain borer (Bashir, et al., 2003) and Rice Weevil (Sitophilus oryzae)
(Grenier, Mbaiguinam and Delobel, 1997; Jutharat Attajarusit, 2003; Ministry of
Agriculture and Cooperatives, 2005).

Rice weevil (Sitophilus oryzae) is one of the main disasters which cause rice
damage in many countries. It is considered a primary stored-grain insects in warm
climate areas and cause significant losses to stored grains, especially cereals (Batta,
2004). Moreover, this specie is a primary pest that can easily infest within the hollow
husk of the grain kernel (Athanassiou, 2006).

The rice insect pest can produce alpha-amylase enzyme to hydrolyze alpha
(1, 4) glycosidic bonds of amylose and amylopectin in rice grains for their growth and
development. Alpha-amylase plays an important role in carbohydrate metabolism.
Organisms with a starch-rich diet depend on the effectiveness of it amylases for
survival (Titarenko, et al., 2000; Grossi DE SA, M. F. and Chrispeels, M. J., 1997;
MacGrego, et al., 1993; Strobl, et al., 1997).



The current trend about stored-product pest management is to use chemical
control (insecticides), which are the most efficient and effective methods. However,
several problems have emerged with the use of conventional chemical control methods
such as the increasing cost of inorganic chemical, hazards to the environmental
inclﬁding the resistance of many species of storéd-product pests (Vardeman, et al.,
2006). A recent review describes that plant inhibitors active towards insect a-amylases
and includes aspects of transgenic plants against insect predators in order to control
endogenous alpha-amylase activity or defend against pathogens and pests (Svensson,
et al., 2004). | o T ’

Plant seeds are rich sources of a large number of different proteinaceous
inhibitors acting on alpha-amylase or other polysaccharide processing enzymes.
Therefore, alpha-amylase inhibitors are effective against stored-product pests that rely
on starch as a major food source (Pytelkova, et al., 2009). The alpha-amylase
inhibitors are found in nature, it can recognize to different alpha-amylases. In addition,
some alpha-amylase inhibitors have high affinity to both mammalian and insect alpha-
amylases (Svensson, et al., 2004).

Understanding biochemical properties of alpha-amylase enzyme will
probably help us control the damage of stored rice grains by rice weevil in the future.
Moreover, cloning and analyse nucleotide sequence of alpha-amylase from rice weevil
(Sitophilus oryzae) has not been investigated. Therefore, the objective of this research
is cloning and analysing nucleotide sequences of alpha-amylase genes from rice
weevil to get the information for further study of its susceptibility to alpha-amylase

inhibitor in rice.

Objectives of this study

1. To clone and analyse nucleotide sequence of alpha-amylase genes from
rice weevil (Sitophilus oryzae). '

2. To investigate biochemical properties of alpha-amylases from rice weevil

(Sitophilus oryzae) against rice alpha-amylase inhibitor.



Scope of this study

1. The insect used in this experiment was adult stage of rice weevil
(Sitophilus oryzae).

2. The RNA was extracted from rice weevil (Sitophilus oryzae).

3. The total RNA was used as a template for generating complementary DNA
using Reverse transcriptase-polymerase chain reaction (RT-PCR) method.

4. The cDNA was cloned by TA cloning and nucleotide sequences were
analyzed by DNA sequencing.

5. The full-length of alpha-amylase gene was generated using 5°/3° RACE
PCR amplification.

6. The protein expression and biochemical properties were investigated.

Hypotheses

The rice weevil is one of the rice damage causes by alpha-amylase enzyme
that hydrolyses alpha (1,4) glycosidic bonds of amylose and amylopectin in rice
grains. If nucleotide sequences, enzyme activity and biochemical properties of alpha-
amylase enzyme from rice weevil are known, relevance measures can be developed to

protect rice damage from this insect pest.

Anticipated Outcomes
1. To provide Nucleotide sequences of rice weevil (Sitophilus oryzae) and
information for studying alpha-amylase of other insect.

2. To study biochemical properties of rice weevil alpha-amylase.



CHAPTER I

REVIEW OF RELATED LITERATURE AND RESEARCH

Rice (Oryza sativa L.)

Rice (Oryza sativa) is the most important food crops and staple food of the
world’s living populations, especially in Asia, Middle East, Latin America and the
West Indies (Chun-hong, et al., 2010). Cultivated rice is the Gramineae or grass family
and the clan Oryzeae. There are two distinct types of rice, Oryza sativa (Asian rice)
and Oryza glaberrima (African rice) as shown in Figure 1 (Sweeney and Mccouch,

2007; Samuel, 1991).
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Figure 1 Oryza sativa (Asian rice) and Oryza glaberrima (African rice)

Source: http://www.hongthongrice.com/knowledge detail-28.html



Components of rice seed

Rice is composed of protein, starch, lipids, minerals, and other constituents.
The most components of rice seed are starch by found that milled ﬁce has about 84 to
over 90% starch. Starch consists of two types of molecules, amylose and amylopectin
(Figure 2). Amylose is necessary a linear o-1,4-linked glucan, whereas amylopectin
has various branch points that form by «-1,6 linkages joining linear chains (Yao,
Zhang and Ding, 2002; Samuel, 1991).

Amylopectin
Polymers of a<(1-4)-D-glycopyranosyl units with
CHzOH approximstely 4% a-{1-6) branching.

0
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§ a OH
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) a-Amylase
Amylogiucosidase - Amylase T > >
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CHzOH CHzOH CH’OS -
OH
0
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Polymer of a-(1 -4)-D glycopyranosyl units

Figure 2 Structure of starch consist of amylopectin and amylase.

Source: http://www.sigmaaldrich.com/life-science/metabolomics/enzymatic-kits.html



Rice pest
The problems of rice cultivation in tropical area are rice diseases, rice animal
pests, rice weeds and rice insect pests. They happen every year and effect to rice yield
loss (Ministry of Agriculture and Cooperatives, 2005). Moreover, the pathogens such
as fungi, bacteria and virus cause rice damage (Franco, et al., 2002).
1. Rice diseases
Rice diseases consist of fungal, bacterial, viral, mycoplasma and nematode
diseases. The example fungal diseases are Blast, Narrow brown spot, Brown spot and
Sheath blight. The example bacterial diseases are Bacterial blight and Bacterial leaf
streak. The example viral diseases are Yellow orange leaf disease, tugro and Ragged
stunt. The example mycoplasma disease is Orange leaf disease. The example
nematode diseases are Rice root nematode, Hirschmanniella oryzae, Rice stem
nematode, Ditylenchus angustus, and White tip nematode, Aphelenchoides besseyi
(Figure 3) (Zhan-yu, Jing-feng and Rong-xiang, 2008; Samuel, 1991).
Rice diseases management has several methods such as host resistance,

cultural management and chemical control (Mongkol Chan, 1993).
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Figure 3 Typical leaf lesions of seven rice diseases

Source: Samuel, 1991



2. Rice animal pests

Rice animal pests that found in Thailand are spoted munia, ricefield crab,
roof rat, ship rat, ricefield rat, great bandicoot, lesser bandicoot and golden apple snail.
The golden apple snail (Pomacea canaliculata Lamarck) (Figure 4) is a major rice
pest in a number of Asian countries, including Taiwan, Japan, the Philippines,
Indonesia and Thailand. If it is not controlled it can cause devastative damage to rice
crops, thus incurring huge loss to farmers. The adult snails cut the young paddy
seedlings or tillérs that are less than 21 days old. Attacks mainly take place during the
night. The signs of the attack are the cut rice tillers floating in the water. Attacks tend
to be worse in areas where the water is more than 1 cm deep, or in stagnant water.

Controlling the snails is difficult and costly. The snails are prolific and
females may lay 2000 - 3000 eggs in one year. The natural predator is unknown and
the use of pesticides may kill other types of beneficial snails and aquatic organisms.
Current measures to control the snails are quarantine action, collecting, destroying
eggs and adults, as well as introducing ducks to feed on the snails. Sometimes the

snails are gathered in the field, crushed and fed to penned ducks (Zubir Bidin, 2002).

Figure 4 Golden apple snail (Pomacea canaliculata Lamarck)

Source: Food and agriculture organization of the United Nations



3. Rice weeds

Rice weeds are a co-major problem in rice production in Thailand. The
results of weed have effected to yield loss, thus incurring huge loss to farmers
(Vongsaroj, 1993). Weeds that found in rice field, there are varied species such as
Echinochloa spp., Ageratum conyzoides L., Paspalum distichum L., and Cyperus
difformis L. Some weeds compete more with cereals because of their similar growth
behavior, rooting profile and nutrient requirements (Manandhar, Shrestha and Lekhak,
2007).

Considerable progress in weed control has been achieved with various
measures such as ensuring the purity of rice seed, proper selection of cultivar and
seeding rate, proper planting method, good land preparation and water management,
hand weeding and chemical weed control and crop rotation used together in a system
of integrated weed management (Samuel, 1991).

4. Rice insect pests

Many insects are found in rice field and stored-product. Only a few insects
are considered as rice pests. Insect pests damage rice by feeding on the leaves, stems,
roots, and grain (University of Arkansas, 2010). The rice insect pests can be classified
into 2 groups. The first group is insect pests that attack all stages of plant growth and
the second group is insect pests of stored-product. The examples of the insect pest that
attack all stages of plant growth are rice stem borers, leafhoppers and plant hoppers
and grain sucking insects and root feeders. The examples of the insect pests of stored-
product are Angoumois grain moth, Rice moth, Lesser grain borer and Rice Weevil.

4.1 The insect pests that attack all stages of plant growth

4.1.1 Rice stem borers
The rice stem borers are important pests of rice-growing
throughout Asia. Rice stem borers infest plants from the seedling stage to maturity.
The larvae can inflict three forms of damage consisting of yellowing leaf sheaths, exit
holes on the stemr and broken stems. Stem borers are difficult to control with
insecticides because they hide within the stems where they are protected (Sudhir,
2003).



4.1.2 Leafhoppers and Plant hoppers

Leathoppers are one of the largest families of plant-feeding
insects. The nymphs and adults of the leathopper pierce and suck the sap of tender
plant shoots. The female adults lay eggs into the tender stems which results in leaf
edge yellowing, leaf tine curling, vein reddening, plant shoot growing slowly and
stagnating and withering. The leathopper usually causes significant yield loss and
deterioration in plant quality. They can move very quickly when disturbed. Therefore,
it is very difficult to control (Jin, M. and Baoyu, H, 2007).

Plant hoppers in the order Hemiptera remove xylem and phloem
sap from the leaves and stems of rice. Excessive feeding causes plants to wilt. It acts
as vectors in transmitting rice viruses that cause rice diseases.

4.1.3 Grain sucking insects and Root feeders

Grain sucking insects are several species in the Heteroptera
suborder attack developing rice grains. Both nymphs and adults feed on the grain by
inserting their sucking mouthparts between the lemma and the palea. They prefer rice
at the milk stage but will also feed on soft and hard dough rice grains. Removal of the
liquid milky white endosperm results in small and unfilled grains. When the bugs feed
on soft or hard dough endosperm, they inject enzymes to predigest the carbohydrate.
In the process, they contaminate the grain with microorganisms that cause grain
discoloration or “pecky” rice. Damage from feeding at this stage reduces grain quality
rather than weight. Pecky rice grains are prone to break during milling (Heinrichs and
Barrio, 2004).

Root feeders are normally found in well-drained fields and are not
a problem in irrigated environments. The example root feeders are termites (order
Isoptera) and the rice water weevil; Lissorhoptrus oryzophilus (order Coleoptera).
Termites occur in patches and often kill the plants, especially when rainfall is lacking.
The water weevil is a major insect pest of irrigated rice in the USA. The adult water
weevil feeds on the leaves and causes little damage while the larvae feed on the roots
and severely reduce the root system. Plants with reduced root systems grow poorly and

have low yields (Heinrichs and Barrio, 2004).
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4.2 Stored-product insects
4.2.1 Angoumois grain moth, Sitotroga cerealella Oliv, Lepidoptera:
Gelechiidae

The Angoumois grain moth, Sitotroga cerealella (Olivier), is a
cosmopolitan pest of stored corn, wheat, rice, barley, sorghum, and other cereals, and
it also attacks cereals in the field before harvest. This insect develops within grain
kernels, causing considerable direct damage, as well as making the grain a more
suitable medium for reproduction of secondary insect pests (Boshra, 2007).

The Angoumois grain moth deposits its eggs singly or in groups
on or near grain, and newly hatched larvae burrow into the kernels or enter through
cracks in the pericarp (Figure 5). Larval-pupal development is completed within the
kernel and pupation occurs in a silk-lined chamber in the burrow. Before pupation, the
larva cuts a channel to the outside, leaving only a weakly fastened flap of pericarp
through which the adult moth will emerge (Arbogast and Mullen, 1987).

The life cycle of this insect varies with temperature, relative
humidity and diet. Previous study reported that total development time of this insect
from egg to adult was completed in 25 days when reared in sorghum at 30°C and 70%
RH. Total development time was 28 days when the insects were reared on corn kernels
mixed with some flour at 30°C and 80% RH and 36 days when the insects were reared
in corn at ambient temperature and relative humidity. The larva is dormant for 4 to 5
months during the winter in colder climates. There are generally 4 to 5 generations per
year, although in heated warehouses there may be as many as 10 to 12 generations
(Perez-mendoza, Weaver and Throne, 2004; Mason, 2003).
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10-15 mm.

Figure 5 Angoumois grain moth, Sitotroga cerealella Oliv
Source: Linda, 2003

4.2.2 Rice moth, Corcyra cephalonica Stal, Lepidoptera: Pyralidae

‘Rice moth, Corcyra cephalonica Stal is a worldwide-distributed
insect adapted to warm humid environments. The larvae are general feeders and
considered one of the key pests of rice, cocoa, biscuits, pearl millet, sorghum and
seeds. Larvae also contaminate foods by secreting silken threads that web together
food particles, dusts and frass “debris or excrement produced by insects”.

The adult moth has pale buff-brown forewings with 12-15 mm.
wingspan, hindwings almost transparent and uniform in colour (Figure 6). The wing
tips are rounded and tightly folded to the body when at rest. There are no distinctive
markings on the wings, although veins may be slightly darkened. The larvae are dull
white with long fine hair and dark brown head. Cocoons are white in colour. Adults do
not feed and live for 1 to 2 weeks. Through this period and within short-range, rice
moth males are attracted to the female abdominal-tip pheromone that causes the male
moths to search for a mate and attempt copulation. Mated females lay from 100 to 200
eggs near food sources. Eggs hatch in 4-10 days. Larvae spin silken threads as they
fe'ed and web grains, debﬁs and other particles into gélieries in which they live énd
feed. When they are fully-grown, they form dense white cocoons to pupate. Pupae are
usually found in food or they may be found between pallets and sacks. Adults emerge

from pupae within 4 to 8 weeks and repeat their life cycle. At optimal temperatures of
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86 - 90.5°F and relative humidity of 70%, the life cycle lasts 28-35 days. The low
minimum temperature and low relative humidity (RH) of the rice moth are 60°F and
20%, respectively. However, there are up to six generations per year in tropical
countries and one generation in temperate climate. Control of these insects generally
requires the use of chemical insecticides that are toxic to humans and domestic

animals and harmful to the environment (Coelho, Mérangoni and Macedo, 2007).

Figure 6 Rice moth, Corcyra cephalonica Stal, Lepidoptera

Source: www.ricethailand.go.th

4.2.3 Lesser grain borer, Rhyzopertha dominica F., Coleoptera:
Bostrichidae
Lesser grain borer (Rhyzopertha dominica (F.)) is a strong flyer
and is commonly found flying outside and inside grain-handling facilities during warm
months. It is a destructive pest of stored grains throughout the world. Both larvae and
adults are able to attack whole grain (Bashir, et al., 2003; Wright and Morton, 1995).
Appearance of Lesser grain borer is a beetle of 2-3 mm length,
red-brown to black-brown, slim, cylindrical in body. The hood-shaped, rounded neck
shield extends beyond the head; the spots on the shield gradually become smaller
towards the rear. The three last segménts of the antennae form a loose club. The larvae
are white, similar to grubs and have brown head capsules. The white pupal stage is

passed inside the grain kernel.
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Adults are long-lived and lay an average of one to seven eggs per
day over several months by female deposits 300-500 eggs in grain and similar crops.
Eggs are laid externally on the wheat kernels. After hatching, larvae bore into and feed
inside the kernels. Larvae pupate inside the kernels and adults remain inside for

several days after eclosion (Perez-Mendoza, et al., 1999; Vardeman, et al., 2007).

Figure 7 Lesser grain borer, Rhyzopertha dominica F.
Source: www.grainscanada.gc.ca

4.2.4 Rice Weevil, Sitophilus oryzae L., Coleoptera: Curculionidae

Rice weevils (Sitophilus oryzae) are considered primary stored-
grain insects in warm climate areas. They cause significant loss to stored-grains. This
species infest sound kernels of various cereals such as wheat, barley, rice, and maize at
conditions favourable to their development (25-35°C and low RH) (Grenier,
Mbaiguinam band Delobel, 1997; Batta, 2004; Athanssiou, et al., 2006; Athanassiou,
et al., 2008). Both the adults and larvae feed on whole grains. The adult rice weevil
can fly and is attracted to lights. When disturbed, adults pull in their legs, fall to the
ground, and feign death. The larval rice weevil must complete its development inside a
seed kernel or a man-made equivalent, like macaroni products. Larval rice weevils
have been known to develop in hard caked flour. The adult female bores a cavity into
a seed and then deposits a single egg in the cavity, sealing in the egg with secretions

from her ovipositor.
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Appearance of rice weevil (Figure 8) is small 2.5 to 4 mm and
stout in appearance. It is very similar in appearance to the granary weevil (Peng, et al.,
2003). However, the rice weevil is reddish-brown to black in color with four light
yellow or reddish spots on the corners of the elytra (the hard protective forewings).
The snout is 1 mm long, almost 1/3 of the total length. The head with snout is as long
as the prothorax or the elytra. The prothorax (the body region behind the head) is
strongly pitted and the elytra have rows of pits within longitudinal grooves. The larva
is legless and stays inside the hollowed grain kernel. It is fat with a cream colored

body and dark head capsule.

<

2225 mm.

2-3 mm.

Figure 8 Rice Weevil, Sitophilus oryzae L.

Source: Department of Ministry of Agriculture and Cooperatives Rice

The life cycle of rice weevil may live for 7 to 8 months (Figure
9). The adult female lays an average of 4 eggs per day (producing 250-400 eggs). A
single generation can be completed in around 30 to 34 days. The eggs hatch in about 3
to 6 days. The larvae feed inside the grain kernel for an average of 18 days. The pupal
stage lasts an average of 6 days (5 to16 range). The new adult will remain in the seed

for 3 to 4 days.
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The previous study found that the insect in genus Sitophilus
(Coleoptera, Curculionidae) can produce alpha-amylase enzyme to hydrolyze alpha
(1, 4) glycosidic bonds of amylose and amylopectin in rice grains. Alpha-amylases
play an important role in carbohydrate metabolism (Titarenko and Chrispeels, 2000;
Grossi DE SA and Chrispeels, 1997; MacGrego, 1993; Strobl, et al., 1997).

: Totallife cycle
E  30to 34 days ah

3to 6 days

Figure 9 Life cycle of Rice Weevil, Sitophilus oryzae L.

Amylase

Amylases (E.C: 3.2.1.0) are enzyme which hydrolyse starch molecules to
give diverse products including dextrins and progressively smaller polymers
composed of glucose units. They can be derived from several sources such as plants,
animals, insect (Zverlov, Holl and Schwarz, 2003) and micro-organisms for example
Bacillus species and Aspergillus species (Gouda and Elbahloul, 2008; Pandey, et al.,
2000). Then they can specifically cleave the O-glycosidic bonds in starch, a storage
polysaccharide present in seeds, tubers etc. of various plants. Starch consists of two
components, a linear glucose polymer, amylose which contains a-1,4 linkages and a
branched polymer, amylopectin in which linear chains of a-1,4 residues are inter
linked by a-1,6 linkages. Starch depolymerization by amylases is the basis for several
industrigl processes such as the preparation of glucose syrupse, bread making and
brewing. Amylases are instrumental in starch digestion in animals resulting in the
formation of sugar, which are subsequently used in various metabolic activities

(Nirmala and Muralikrishna, 2003).
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Amylases compose of alpha, beta and gamma-amylases and can be classified
into two categories, endoamylases and exoamylases. Endoamylases are alpha-amylase
to catalyse hydrolysis in a random manner in the interior of the starch molecule
producing linear and branched oligosaccharides of various chain lengths. Exoamylases
are beta-amylase and glucoamylase to act from the non-reducing end successively
resulting in short end product (Reddy, Nimmagadda and Sambasiva, 2003; Pandey,
et al., 2000).

1. Alpha-amylase

Alpha-amylases (a-1,4-glucan-4-glucanohydrolase, EC 3.2.1.1) constitute
a family of endoamylases that catalyze the hydrolysis of a-D-(1,4)-glucan linkages in
starch components, glycogen and various other related carbohydrates. They play a
vital role in carbohydrate metabolism of animals, plants and microorganisms (Strobl,
et al. 1998). Alpha-amylases belong to family 13 in the classification of glycoside
hydrolases. Family 13 is the most diverse of all glycoside hydrolase families
(Nahoum, et al., 2000). It is a group of enzymes that occur in a wide variety of
organisms such as animal, fungi, plant, bacteria and insect (Grossi De Sa and
Chrispeels, 1997; Oliveira-Neto, et al., 2003; Kekos and Macris, 1983). The structures
of these a-amylases commonly consist of three domain, a structurally conserved (B/a)
g-barrel domain first observed in triose phosphate isomerase (Domain A), an additional
domain inserted within Domain A (Domain B) and the C-terminal domain (Domain
C). All known a-amylases contain calcium ions that contribute to stabilization of the
structures (Nonaka, et al., 2003).
1.1 Alpha-Amylase in animals
For alpha-amylase of animals, it is found in saliva, pancreatic juice
and other tissues (Brayer, Luo and Withers, 1995). This enzyme is a digestive enzyme
classified as a saccharidase (an enzyme that cleaves polysaccharides) and is calcium
metalloenzymes, completely unable to function in the absence of calcium. By acting at
random locations along the starch chain, alpha amylase enzyme of animal breaks
down long-chain carbohydrates, ultimately yielding maltotriose and maltose from

amylose, or maltose, glucose and "limit dextrin" from amylopectin.
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The structure of human pancreatic a-amylase has been using X-ray
diffraction techniques. This enzyme is a 56 kDa protein consisting of 496 amino acids
in a single polypeptide chain and is found to be composed of three structural domains
(Figure 10). The largest is Domain A (residues 1-99, 169-404), which forms a central
eight-stranded parallel B-barrel, to one end of which are located the active site
residues Asp 197, Glu 233 and Asp 300. Also found in this vicinity is a bound chloride
ion that forms ligand interactions to Arg 195, Asn 298 and Arg 337. Domain B is the
smallest (residues 100-168) and serves to form a calcium binding site against the wall
- of the B-barrel of Domain A. Domain C (residues 405-496) is made up of anti-parallel
B-structure and is only loosely associated with Domains A and B (Brayer, Luo and
Withers, 1995).

The structure of saliva a-amylase consists of three domains: domain A
(residues 1-99, 170-404), domain B (residues 100-169) and domain C (residues 405-
496). The domain A adopts a (B/a)s barrel structure bearing three catalytic residues
Aspl97, Glu233 and Asp300. The domain B occurs as an excursion from domain A
and contains one calcium-binding site. Domain C forms an all B-structure and seems to

be an independent domain with as yet unknown function (Ramasubbu, et al., 2005).

Domain B

Domain A

Domain C

Figure 10 Stereo drawing of a schematic representation of the polypeptide chain
fold of human pancreatic a-amylase. Also indicated are the relative
positionings of the three structural domains present in this protein
(Domain A, Domain B and Domain C). Along with locations of the

calcium and chloride binding sites.

Source: Brayer, Luo and Withers, 1995
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1.2 Alpha-Amylases in fungi

The alpha-amylases are found in fungi and are typically three domain
structures consisting of the catalytic core domain linked to a C-terminal eight-stranded
pB-sheet domain A third domain, termed domain B, is found inserted between the third
B-sheet and the helix of the (B/u)g-barr.el and may play a role in both enzyme stability
and substrate binding. A single structural calcium ion is found bridging the A and B
domains. For example a-amylase in fungal is Aspergillus oryzae (TAKA-amylase) and
has been determined by X-ray crystallography. The TAKA-amylase structure consists
of three domains. The catalytic core A domain is comprised of a (B/a)s-barrel; the
catalytic center of the enzyme being located on the C-terminal side of the barrel is the
case in all (B/a)s-barrel enzymes. A short decoration occurs between the third barrel
strand and helix. This forms domain B (residues 122-176), whose main structural
feature is a short three-stranded antiparallel B-sheet. The interface between the A and
B domains is maintained by a structural, conserved, “high-affinity” calcium site,
whose ligands are donated by both the A and B domains. The final domain in the
TAKA-amylase structure is an eight-stranded p-sandwich domain (residues 384-478).
The substrate binding groove is formed by the fissure along the A and B subunit

interface (Figure 11) (Brzozowski and Davies, 1997).
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Figure 11 Schematic diagram of the TAKA-amylase structure drawn with the
MOLSCRIPT program (Kraulis, 1991). The hexasaccharide ligand is
shown in ball-and-stick mode and the single calcium ion as a shaded

sphere, and the A-C domains are labeled.

Source: Brzozowski and Davies, 1997

1.3 Alpha-Amylase in plants

Alpha-Amylase (EC 3.2.1.1) of the plant plays a key role in the
metabolism by hydrolyzing starch in the germinating seed and in other tissues. This is
finished primarily through the 1,4-a endoglycolytic cleavage of amylose and
amylopectin, the principal components of starch granules in plant cells (Huang,
Stebbins, Rodriguez, 1992).

There is the study of the barley alpha-amylase. The o-amylase in
germinating barley seed contains two main isozymes, AMY1 and AMY2, both of
which are involved in starch degradation to provide energy for the development of the
plant embryo, of the barley alpha-amylase, insight into the catalytic mechanism is
gained from the X-ray crystal structure of its molecular complex with acarbose. For

example, the overall structure of AMY?2, including the two acarbose-binding sites, is
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shown in Figure 12. In brief, the structure folds into three domains. The largest of the
three domains (domain A) consists mainly of a parallel (B/a)s-barrel supersecondary
structure. A small irregular loop domain (domain B) protrudes from domain A
connecting strand f; and helix a3. In AMY2, domain B binds three calcium ions,
which are most probably critical for proper folding and conformational stability. The
carboxy-terminal domain (domain C) is organized as a five-stranded anti-parallel -

sheet (Kadziola, et al., 1998; Vallee, et al., 1998).

Figure 12 Ribbon diagram of the AMY2 structure in complex with acarbose
fragments shown as ball-and-sticks. White spheres correspond to the
calcium ions. This Figure was produced with MOLSCRIPT and
Raster3D

Source: Kadziola, et al., 1998

1.4 Alpha-amylase in Bacteria
The alpha-amylase is found in bacteria and has been studied
extensively from various aspects, including structure, function, secretion and industrial
application. Alpha-amylase has two aspartic residues and one glutamic-acid residue
that are conserved among species and are presumed to be the catalytic residues

(Kagawa, et al., 2003).
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The previous study determined the crystal structures of Wild-type
Bacillus sp. Strain KSM-K38 (AmyK38) as shown in Figure 13. The main chain
folding of AmyK38 is almost homologous to that of Bacillus licheniformis a-amylase
and it consists of 473 amino acid residues. The AmyK38 molecule consists of three
domains (A, B, and C) containing a (B/a)s-barrel motif (Domain A) commonly

observed in various glycosidases (Nonaka, et al., 2003).

Figure 13 Stereo view of the ribbon model of the overall structure of AmyK38.
Three domains (A, B, and C) are shown in red, blue, and green,
respectively. Three sodium ions, Na I, Na II, and Na III, are shown as
yellow spheres. These figures were drawn by MOLSCRIPT and
Raster3D.

Source: Nonaka, et al., 2003

1.5 Alpha-Amylase in insect
Alpha-amylase from insect plays a central role in carbohydrate
metabolism with a starch-rich diet depend on the effectiveness of their mylases for
serious. This is certainly the case for insects that are serious agricultural pests because
they consume starch-rich plant organs such as seed and roots (Titarenko and
Chrispeels, 2000). Many insects, especially those that feed on grain products during

larval and adult life depend on their amylases for survival.
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The previous study of the three-dimensional structure of the a-amylase
from Tenebrio molitor (TMA) (Figure 14) found that the three-dimensional structure
consists of a single polypeptide chain of 471 amino acid residues with a molecular
mass of 51 kDa, one calcium ion, one chloride ion and 261 water molecules. TMA is
an acidic protein with a calculated pl of 4.3 and the pH optimum for the cleavage of
starch was determined to be 5.8. It has been composed of 3 domains that are domain
A, domain B and domain C. Domain A is composed of two segment and forms an
eight stranded, parallel B-barrel, which is embraced by a concentric circle of eight
helical segments, thus displaying the fold of a (B/Q) g-barrel. Domain B, inserted into
domain A between the third p-sheet and third a-helix and forms a cavity against the p-
barrel of domain A in which the calcium ion is bound. The cation is of furidamental
importance for the structural integrity of molecule. Domain C is located exactly
opposite to domain B on the other side of domain A. No contact exists between
domain B and C. The C domain comprises the C-terminal and a Greek key motif and

its functional role is yet to be established (Tripathi, et al., 2007; Strobl, et al., 1998).

Figure 14 Ribbon plot of TMA. Domain A is shown in blue, domain B in green,
and domain C in red. The chloride anion and the calcium cation are
represented by a purple and a yellow sphere, respectively, and the

active site residues Asp 185, Glu 222, and Asp 287 are depicted in pink.

Source: Strobl, et al., 1998
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2. Beta-amylase
Beta-amylase (a-1, 4-glucan maltohydrolase, E.C.3.2.1.2) is an exohydro-
lases that attacks the non-reducing ends of starch molecules, producing B-maltose and
B-limit dextrin as product (Douglas, Stanley and Laurens, 1982; Ziegler, 1999).
3. Gamma-amylase (Glucoamylase)
Gamma-amylase (EC.3.2.1.3) is a group of exoamylase that catalyses the
hydrolylsis of a-1, 4-linkages and a-1,6-linkages in starch components. It has been

found in several microorganisms like bacteria and fungi.

Application of amylase enzyme

The property of amylase enzyme has been applied in many other fields such
as clinical, medicinal and analytical chemistries, as well as their widespread
application in starch saccharification and in the textile, food, brewing and distilling
industries (Kumar, Singh and Rao, 2005; Pandey, et al., 2000).

Alpha-amylase inhibitor

The number of proteinaceous alpha-amylases inhibitors isolated and
identified so far is extremely large. They occur in microorganisms, higher plants and
animals (Payan, 2004). The enzyme inhibitors impede digestion through their action
on insect gut digestive alpha-amylases and proteinases, which play a key role in the
digestion of plant starch and proteins. The natural defences of crop plants may be
improved through the use of transgenic technology (Franco, et al., 2002).

Proteinaceous alpha-amylase inhibitors can have different polypeptide
scaffolds and can be grouped by their tertiary structures into six classes: lectin-like,
knottin-like, cereal-type, Kunitz-like, y-purothionin-like and thaumatin-like. Plant
seeds are rich sources of a large number of different proteinaceous inhibitors acting on
a-amylases or other polysaccharide processing enzymes. They abundant in cereals and
leguminosae, have been extensivelystudied. The present mini-review addresses the
diverse group of alpha-amylase inhibitors with focus on recent insights in structure
and function. Some alpha-amylase inhibitors show strict target enzyme specificity and
recognize only one out of several closely related isozymes or enzymes from different

species (Sensson, et al., 2004).
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CHAPTER III

RESEARCH METHODOLOGY

1. Insect

Rice weevil (Sitophilus oryzae)

2. Equipment

2.1
22
23
24
2.5
2.6
2.7
2.8
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-2.10
2.11
2.12
2.13
2.14

Horizontal gel electrophoresis (Sunrise Garment Co., LTD., USA)
Heating block (Labnet International, Inc., USA)

Px2 Thermal cycle (Applied Biosystem Co., LTD., UAS)
Refrigerated Centrifuge (Tomy kogyo Co., LTD., Japan)

Gel documentation system (Biolmaging Systems Co., LTD., England)
Hot air oven (MMM Medcenter Einrich-tungen GmbH Co.,L.TD., Germany)
Autoclave (Sanyo electric Co., LTD., Japan)

Microcentrifuge (Labnet International, Inc., USA)

Microwave oven (Sharp, Japan)

Water bath (Julabo Labortechnik GMBH Co., LTD., Germany)

pH meter (Mettler-Toledo International Inc., Switzerland)

Incubator (ShelLab Co., LTD., USA)

UV/Vis Spectrophotometer (Beckman Coulter Co., LTD., USA)
High intensity ultrasonic processor (Becthai Bangkok Equipment &

Chemical Co., LTD., USA)

2.15
2.16
2.17
2.18
2.19
2.20
221
222

Micro pipette
Pipette tips
Beakers

Magnetic Bar
Plastic culture dish
Spreader

Loop

Tube, PCR tube



2.23 Cutter
2.24 Duran bottle
2.25 Erlenmeyer flasks
2.26 Cylinders

3. Chemicals

3.1

3.2

33

3.4

RNA isolation ‘

3.1.1 Trizol reagent (Invitrogen, USA)

3.1.2 Chloroform (BDH, England)

3.1.3 Isopropanol (TEDIA, USA)

3.1.4 Ethanol (Merck, Germany)

Removal of genomic DNA from RNA preparation
3.2.1 DNasel

3.2.2 10X DNase I reaction buffer with MgCl,

3.2.3 DEPC-treated Water

Complementary DNA (cDNA) synthesis kit (Fermentas, USA)
3.3.1 RevertAid™ M-MuLV Reverse Transcriptase (200 U/ul)
3.3.2 RiboLock™ RNase Inhibitor (20 U/ul)

3.3.3 5X Reaction Buffer

3.3.4 Oligo(dT) Primer

3.3.5 Random Hexamer Primer

3.3.6 Forward GAPDH Primer

3.3.7 Reverse GAPDH Primer

3.3.8 Control GAPDH RNA

3.3.9 DEPC-treated Water

Polymerase chain reaction (PCR) (Invitrogen, USA)
3.4.1 10X PCR buffer

3.42 50 mM MgCl,

3.4.3 Taq-DNA polymerase 5 U/pl

3.4.4 10 mM dNTP mix

25



3.5

3.6

3.7
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Terminal Transferase (BIO-RAD, USA)

3.5.1 10X Terminal transferase reaction buffer

3.5.2 Terminal transferase (20 U/ul)

Agarose gel electrophoresis

3.6.1 Tris base (Usb, USA)

3.6.2 Boric acid (Usb, USA)

3.6.3 Ethylenediaminetetraacetic acid (EDTA) (BIO-RAD, USA)
3.6.4 Agarose (Usb, USA)

3.6.5 Ethidium bromide (BIO-RAD, USA)

illustra™ GFX™ PCR DNA and Gel Band Purification Kit (GE

Healthecare, UK)

3.8
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3.10

3.7.1 Capture buffer type 2

3.7.2 Wash buffer type 1

3.7.3 Elution buffer type 4

3.7.4 Elution buffer type 6

TA cloning kit (Fermentas, UAS)

3.8.1 Vector pTZ57/T, 55 ng/ul

3.8.2 5X Ligation Buffer

3.8.3 T4 DNA Ligase, 5 U/ul

3.8.4 Control PCR Fragment, 42 ng/ul

3.8.5 Vector pTZ57R (without insert), 0.1 pg/ul

3.8.6 Control DNA (pTZ57R with insert), 0.1 ug/ul

3.8.7 Water, nuclease-free

LB broth and LB agar

3.9.1 Agar powder (Himedia Laboratories Pvt. Ltd., India)

392 Difco™LB broth, Lennox (Becton, Dickinson and Company, USA)
eparation of competent cell

3.10.1 Calcium chloride (Ajax Finechem Pty Ltd., New Zealand)
3.10.2 Glycerol (MERCK, Germany)



3.11

3.12

striction enzyme (Invitrogen, USA)

3.11.1 Xba 1

3.11.2 Hind 111

3.11.3 Xho 1

3.11.4 Nde 1

3.11.5 10X REact®

3.11.6 10X REact®6

emical for protein analysis

3.12.1 Glycine (BIO-RAD, USA)

3.12.2 Tween 20 (SIGMA, USA)

3.12.3 Triton X-100 (BIO-RAD, USA)

3.12.4 Acetic Acid (Merck, Germany)

3.12.5 Acrylamide/Bis Solution 19:1 (BIO-RAD, USA)
3.12.6 Ammonium persulfate (BIO-RAD, USA)

3.12.7 2-Mercaptoethanol (BIO-RAD, USA)

3.12.8 Methanol (LAB-SCAN, Ireland)

3.12.9 Sodium dodecyl sulphate (SDS) (Amersham, USA)
3.12.10 Coomassie Billiant Blue G-250 (BIO-RAD, USA)
3.12.11 Ponceau S Solution (SIGMA, USA)

3.13 DNA ladder

3.14

3.13.1 100 bp Plus DNA ladder (Fermentas, USA)
3.13.2 200 bp DNA ladder (Bio basic inc., Canada)
3.13.3 ADNA/HindIll (Fermentas, USA)

rotein marker (BIO-RAD, USA)

3.14.1 Precision Plus Protein™ All Blue Standards

3.14.2 Precision Plus Protein™ Unstained Standards

27
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Methods
1. Sample preparation
Rice weevil (Sitophillus oryzae) was maintained in rice at room
temperature for 28 days. About 200 mg of Sitophilus oryzae as adult stage were
selected and transferred to 1.5 ml steriled microgentrifuge tube. The samples were
stored at -80°C for further use.
2. RNA extraction
Total RNA was extracted from adult stage of Sitophilus oryzae using
Trizol reagent (Invitrogen, USA) according to the instruction’s manual. Briefly, 200
mg of Sitophilus oryzae were ground in liquid nitrogen. The sample was incubated
with 700 pl of Trizol reagent at room temperature for 5 min. Mixing solution was
rapidly mixed with 200 pl of chloroform and incubated at room temperature for 3 min.
After incubation, sample tube was centrifuged at 10,000xg for 15 min at 4°C. The
RNA was collected from the aqueous phase and precipitated with 600 pl of
isopropanol, and incubated at room temperature for 10 min. Following centrifugation
at 10,000xg for 15 min at 4°C, the pellet was washed with 700 ul of 75% ethanol.
Then the RNA pellet was centrifuged at 5,000xg for 5 min at 4°C and air dried.
Finally, the RNA pellet was dissolved with 12 ul of RNase free water.
3. Complementary DNA (cDNA) synthesis
For RT-PCR applications, RNA template must be free of DNA
contamination. Prior to ¢cDNA synthesis, 1pug of RNA template was incubated with
solution component of 1 pl 10X DNase I buffer, 1 ul DNase I and adjusted with
DEPC-treated water to 9 ul at 37°C for 30 min. Then, 1 pl of 25 mM EDTA was
added to sample solution and incubated at 65°C for 10 min. Pure RNA was directly
used in first-strand cDNA synthesis reaction using RevertAid™ First strand cDNA
synthesis kit (Fermentas, USA) according to manufacture’s protocol. Firstly, reagent
components of 1 pl Oligo (dt;s) primer and 1 pug total RNA was incubated at 65°C for
5 min. After that, the sample was incubated with mixture of 4 pl 5X reaction buffer,
1 pl of 20 units Ribolock Ribonuclease Inhibitor, 2 pl 10 mM dNTP mix and 1 pul 200
units RevertAid M-MuLv Reverse transcriptase at 42°C for 60 min. Finally, the

reaction mixture was then incubated at 70°C for 5 min for stopping the reaction. The
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reverse transcription reaction product was directly used in polymerase chain reaction
(PCR) amplification.
4, Polymerase chain reaction (PCR) amplification

The primers for PCR amplification were designed from sequence
information of nine known insect alpha-amylases, Anthonomus grandis (Amylag2),
Anthonomus grandis (Amylagl), Tribolium castaneum, Zabrotes subfasciatus,
Callosobruchus chinensis, Diabrotica virgifera virgifera, Blaps mucronata (Amy?2),
Blaps mucronata (Amy1) and Phaedon cochleariae (Figurel5).

PCR amplification was performed using 10-100 ng of the first-strand
cDNA reaction as a template. The reaction mixture composed of 0.5 ul first-strand
cDNA, 0.5 ul of 10 pmol primer as a putative alpha-amylase insects and B-actin
(internal control), 2.5 pl of 10X PCR buffer, 0.5 pl of 10mM dNTPs, 0.75 ul of 50
mM MgCl,, 0.25 pl of 5 U/ul Taq DNA Polymerase and distilled water to make the
volume up to 25 ul. Samples were incubated for 2 min at 94 °C and followed by 40
cycles of 30 sec at 94°C, 30 sec at 49°C, 1 min at 72°C with a final 10 min extension
step at 72°C. The resulting DNA fragments were separated with 1% agarose gel

electrophoresis.

Table 1 Oligonucleotide primers used for DNA amplification of partial alpha-

amylase gene and B-actin

Primer name Direction Sequence(5’—» 3’)

B-actin primer Forward GTTCCCATCCATCGTAGGTCG
B-actin primer Reverse GCAGAGCGTAACCTTCGTAGAT
Alpha-amylase primer Forward TGGTGGGARAVRTACCA
Alpha-amylase primer Reverse GGATGVGCYADC ATRAA

Alpha-amylase primers are degenerate primer. D: A+T+G, R: A+G, V:
A+C+Gand Y: C+T



Zabrotessub fasciatus
Diabrotica_virgifera virgifera
Phaedon_cachleariae
Anthoncmus_grandis_ Amylagl_
Callogcbruchus_chinensis
Tribolium castaneum
Anthonemus_grandia _Amylag2_
Blaps_mucronata_ Amyl
Blaps_mucronata__ Amy2_

Zabrotez3ub_fasciatus
Diabrotica_virgifera virgifera
Phaedon_cochleariae
Anthoncmus _grandis  Amylagl_
Calloscbruchus_chinenaia
Tribolium castaneum
Antheonomus_grandis_ Amylag2
Blaps_mucronata_ Amyl
Blaps_mucronata_ Amy2_

Zabrotessub fasciatus
Diabrotica_virgifera virgifera
Phaedeon_cochleariae
Anthonomus_grandis_ Amylagl_
Calloscbruchus_chinensis
Tribolium_castaneum
Anthcnomus_grandis__ Bmylag2_
Blapa_mucronata_ Amyl_
Blaps_mucronata_ Amy2

Zakrotessub_fasciatus
Diabrotica_virgifera virgifera
Fhaedeon_cochleariae
Anthoncmus_grandis__ Amylagl
Callescbruchus_chinenasis
Tribolium castaneum
Anthonemus_grandis  Amylag2?
Blaps_mucrcnata_ Amyl
Blaps_mucronata_ Amy2_

Zabrotessub_fasciatus
Diabreotica_virgifera virgifera
Fhaedon_cochleariae
Anthenomus_grandis_ Amylagl_
Calloacbruchus_chinensis
Tribeolium castaneum
Anthoncmus_grandis_ Amylag2
Blaps_mucrcnata_ Amyl
Blapa_mucronata  Amy2

Forward primer

GGGAGACCETGETGGEAGAGGTACCHGCCACTCAGTTATCAGCTGACCAC
GGCAGACCUTGGIGGGARAGATAT!

GACAGACCYTGGIGEGAAAGGTACCH

GGAAGGCCHTGGIGEGAAARATACCMACCGGICAGCTATGTCCICACTAC
-GGAGRCCETIGETGGGAAAGATAL CACTCAGCTATGATCICACTAC
AACMSACCATGETGGGAGAGGTACCHACCGGTGAGTTACATCCTCAATAC

GACAGACCATGEIGGGAGGCATACCHACCTGTTAGT TATAAGTTGGARAA
GGCCGACCATGGTGGGAAAGGTACH
AAGAGACCATGGTGGGAAAGGTACCAACCAGTCAGTTACGATTTAGGGAG

SRk ARk R ek kM dedk kAR kK * *

TAGATCAGGCGRCGARGGTGCCCTTGCIGATATGATCAAGCGTTGCAATA
CCGATCTGGAGRATGAAACTGCATTTGCGARTATCGTACGACGTTATAATA
CAGATCIGGAGACGAATCCGCCCTCGCCAGCATGATCAGACGITGCAACA
CCGATCTGGAGATCAAGCTGCTTTAGCTGACATGATCAAGCGTTGTAATA
CAGATCIGGAGATGRAGGGGCACTCARALGTATGCTAAGTCGETGTAACA
GCGATCAGGGGACCANGCGECTITGECTGACATGATCAGTCGATGCAATG
TAGGCATGGAARTCAAGAAGCT I TTAAGGATATGGT TAAGCGGTGTAATG
TAGATCTGEGGACCAAGGTGCCTTCACTGATATGACCAGCAGATGCRATG
TAGATCGGGARCGGRGAGAGAATTTGCGGATATGACTCGICGCTIGCARTT

» e ke * * N L

a¥a . . s e .o

.
<«— Reverse primer

TTTAACATACAAGGAGGCTAAGCAGTACARAATGGCTAATGCITTICATGT
TCTTICATATAAGRACCCARAACCTTACAAGATGGCAACAGCTTITCATGT
TITGACCTACARGAACCCCAGGCCTITACAAGATGGCGATCGGRTITCATGC
CITAAACTATAAAGAAGACAAGGCTTATARAGCGGCTATCGCITTTATGT
ACTTACCTACAAAMAGGCCAGGGAGTACAAMATGGCEETCGCYTITCATIGT
CCTCACGTACAAARACCCARRACCGTACARAATGGCCATTGCYTICATGC
TITAAATTACARAGATGGTAACCTTTACCGCGEAGCTGTAGCYTTTAIGT
CATCACTTACARGARTCCAAARCCGTACAMALTGGCCATCGCTTICATGT
TITGACTTACRARGAGGCTAAGCGGTACAARATGGCTGTIGGCATTICTGA

LR T * L N L L

TAGCTCATCGGTATGCCGARATTCCARAACTGTTITCTGECTACTACTIC
TGGCTCATCOGTAT --~GGAACCACGAGGATAATGTCAAGTTATGCATIT
TGGECGCATCOGTACEG~-~CACCACTAGAATCATGTCGAGCTITCICCTIC
TGECTCATCOITATGAGGECCTICCTAMGGTCATGTCCTICATTITACTIT
TGGCCCATCOCCATGGGGAAACGACAAAGCTGTICICAGGCTACAGTTAC
TAGCGCACCOATATGG---TACCACCCGACTGATGTCGAGCTICGCCTIT
IGGCICATTHITATGCIGGAGTTCCAAAGGTTATGTCIGGATTIGAGTTT
IGGCTCATCOTIIATSG~~~-TACCACAAGAGTTATGTCTAGTTICGCTITIC
TGGCGCATCOATAT GG~ ~GATCACCAGGATCATTTCGAGTTTTAAGTIT

% _ek ik & L] * sk kk da L3
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Figure 15 The comparison of alpha-amylase nucleotide sequence from nine
known insects. The boxed regions represented sequences for primer

design.
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5. Gel electrophoresis
PCR products were analyzed by electrophoresis on 1% agarose gel in 0.5X
TBE buffer. PCR samples were mixed with 6X loading dye. Electrophoresis was
performed at constant 75 volt for 90 min using 0.5X TBE buffer. After
electrophoresis, the gel was sta'ined with 10 pg/ml of ethidium bromide solution for 15
min and destained with distilled water. The band in the gel was visualized by Gel
documentation system (Biolmaging Systems Co., LTD., England).
6. Purification of PCR product from agarose gels
PCR products in agarose gel were extracted using the FXTM PCR DNA
and Gel Band Purification kit (GE, UK). PCR products were cut out of the gel and
transferred into 1.5 ml steriled microcentrifuge tubes. The sample was dissolved with
400 pl capture buffer type 2 and incubated at 60° C until the agarose was completely
dissolved. Then, the sample mixture was centrifuged briefly to collect the liquid at the
bottom of the tube. 600 pl of sample mixture was transferred to the column and
incubated at room temperature for 1 min. After centrifugation at 16,000xg for 30 sec,
sample was washed with 600 pl of wash buffer type 1 and centrifuged again at
16,000xg for 30 sec. The flow-through was discarded and centrifuged again to dry the
column matrix. Finally, the purified DNA was eluted with 40 pl of sterile water. The
resulting purified DNA was determined by measuring the absorbance at 260 nm.
7. cDNA Cloning and DNA sequencing
7.1 Preparation of competent cells
Competent E. coli DH5a. cells were prepared using the CaCl,. A single
colony of E. coli was transferred to 3 ml of LB broth and incubated at 37°C for 16-18
hr in shaking incubator. The next day, 1 ml of the growing cells was transferred into
100 ml LB broth and incubated at 37°C for 3 hr or mid log phase (ODgpp~0.4-0.5). The
cells were transferred to a cold centrifuge tube and centrifuged at 6,000xg at 4°C for
10 min. The culture medium was decanted from the cell pellet, and pellet was
suspended in 50 ml-of cold 50 mM CaCl, and stored on ice for 20 min. The cells were
centrifuged again at 6,000xg at 4°C for 10 min and suspended in 10 ml of cold 50 mM
CaCl, (15% glycerol). The sample was held on ice for 2-3 hr. The aliquots of 50 pl

sample were transferred to 1.5 ml steriled tubes and stored at -80° C until used.
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7.2 Ligation reaction
Purified DNA was ligated to pTZ57R/T plasmid vector according to
the plasmid supplier’s recommendation. The reaction mixture was contained of 1.5 pl
of pTZ57R/T plasmid vector, 2 pl of purified DNA, 3 ul of 5X T4 DNA ligase buffer,
0.5 pl of T4 DNA ligase and 3 pl of steriled water. The reaction mixture was
incubated at 4°C overnight.
7.3 Transformation and selection
Competent cells were thawed on ice. The product of a ligation reaction
was pipetted to the thawed competent cells and incubated for 30 min on ice. The cells
were heat shocked at 42° C for 90 sec, then immediately transferred to ice bath for
2 min and 200 pl of LB medium were added to the cells. The cultures were incubated -
at 37° C for 1.5 hr. The cells were spreaded on LB medium agar contained 50 mg/ml
ampicillin, 40 pl of 100 mM IPTG and 40 pl of 20 mg/ml X-Gal. The agar plate was
incubated at 37°C overnight, recombinant clones were identified as white colonies.
The cells contained intact vector DNA gave blue colonies. The recombinant clones
were confirmed by restriction enzyme digestion.
7.4 Isolation and purification of plasmid DNA from E.coli
The plasmid DNA was isolated from an overnight bacterial culture
using nucleic acid extraction kit (Vivantis, USA) following the supplier’s protocols. A
white colony was grown in LB broth with 50 pg/ml of ampicillin at 37°C overnight.
The cells were collected by centrifugation at 6,000xg for 2 min. The cell pellets were
resuspended in 250 pl of S1 buffer by vortex or pipette up and down, followed by
adding 250 pl of S2 buffer. The mixture was gently mixed by inverting the tube 5
times. Then 400 ul of buffer NB was added and gently mix by inverting the tube for 8
min. The DNA solution was separated by centrifugation at 14,000xg for 10 min at
room temperature. The supernatant was transferred to column, followed by
centrifugation at 10,000xg for 1 min. The plasmid solution was packed into column
and it was washed with 600 pl of wash buffer. Plasmid was eluted from column by
adding 80 pl of steriled water to the column, leaving it to stand for 1 min and
centrifuging at 10,000xg for 1 min. The purified plasmid DNA was confirmed by

restriction enzyme digestion and automated DNA sequencing.
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7.5 Restriction analysis
The plasmid DNA was digested using restriction enzyme according to
the manufacture’s recommendation. The reaction mixture contained 1 pg of purified
plasmid DNA, 3 pl of 10X buffer, 10 U/pl of restriction enzyme (Xbal and HindIIl)
and adjusted volume to 15 ul by steriled water. After incubation at 37°C for 2 hr, the
reaction was stopped by adding agarose gel loading dye. Finally, the products of
restriction enzyme digestion were analyzed by agarose gel electrophoresis.
7.6 DNA sequencing and Comparison of database
The recombinant clone was analyzed by DNA sequencing (1% Base,
Malaysia). The resulted nucleotide sequences were blasted in the GenBank database.
This software is available on the internet: http://blast.ncbi.nlm.nih.gov/Blast.cgi. The
nucleotide sequence was translated into the protein sequence using the ‘ORF Finder’
at the NCBI site (http://www.ncbi.nlm.nih.gov/projects/gorf/). The signal peptide
cleavage site was determined using SignalP 3.0 (http://www.cbs.dtu.dk/services/
SignalP/). The theoretical pI and Mw (molecular weight) were estimated using the
‘Compute p/Mw tool’ option on the ExPasy server (http://www.expasy.ch/tools/
pitool.html). Sequence alignments were obtain using website (http://www.ebi.ac.uk/
Tools/clustalw2/index.html).
8. 5°/3’ Rapid Amplification of cDNA End (RACE PCR amplification)
8.1 5’ RACE PCR amplification
The partial sequence was used for design 5° RACE primer (Table 2).
The 5° RACE utilized a gene-specific and Oligo (dT) primer for DNA amplification.
The total RNA was isolated from rice weevil (Sitophilus oryzae) as described in
section 2.2, and used as a template for cDNA synthesis using gene-specific primer.
The reaction mixture for cDNA synthesis contained 10 pl of total RNA, 0.3 pl of
gene-specific primer and 1.7 pl of DEPC-treated water. The sample was mixed, briefly
centrifuged and incubated at 65°C for 5 min. Then 4 ul of 5X reaction buffer, 1 pl of
- RiboLock™ RNase inhibitor, 2 pl of 10 mM dNTP mix and 1 pl of RevertAid™ M-
MuLV Reverse transcriptase were added to the reaction mixture, followed by
centrifugation and incubation at 65°C for 60 min. The reaction was stopped by heating
at 70°C for 5 min. After that, the cDNA was purified using the FXTM PCR DNA and
Gel Band Purification kit (GE, UK) as described in section 2.6. The dA homopolymer
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was added to purified cDNA at 3’ end using terminal deoxynucleotidyl transferase
(TdT) enzyme. The DNA tailing reaction was composed of 5 ul of 10X TdT buffer,
5 ul of 2.5 mM COC]I, solution provided, 20 pl of DNA, 0.5 ul of 10 mM dNTP, 0.5 ul
of terminal transferase and 19 pl of steriled water. Then DNA was amplified using
gene-specific primer and Oligo(dT) primer. The total volume of PCR reaction
contained 5 pl of 10X PCR buffer, 1 pl of 10 mM dNTP mix, 1.5 ul of 50 mM MgCl,,
0.4 ul of Taq polymerase, 1 pul of Oligd—dT primer, 1 pul of gene-specific primer, 2.5 ul
of DNA template and 37.6 pul of sterile water. Amplification conditions were 35 cycles
of 30 sec at 94°C, 30 sec at 56°C and 1 min at 72°C. Then the PCR product was
analyzed by agarose gel electrophoresis.
8.2 3’ RACE PCR amplification

The partial sequence was for design 3’ RACE primers (Table X). The
3’ RACE was utilized a gene-specific and Oligo(dT) primer for DNA amplification.
The total RNA was isolated from rice weevil (Sitophilus oryzae) as described in
section 2.2, and the first strand cDNA was synthesized from total RNA as described in
section 2.3. After that, the 50 pl total volume of PCR reaction contained 5 pl of 10X
PCR buffer, 1 ul of 10 mM dNTP mix, 1.5 ul of 50 mM MgCl,, 0.4 pl of Taq
polymerase, 1 pl of Oligo-dT primer, 1 pl of gene-specific primer, 2.5 ul of DNA
template and 37.6 pl of steriled water. Amplification conditions were 32 cycles of 30
sec at 94°C, 30 sec at 56°C and 1 min at 72°C. Then the PCR product was analyzed by

agarose gel electrophoresis.

Table 2 Oligonucleotide primers used for DNA amplification of 5> RACE and

3’RACE
Primer name Direction Sequence(5’ 3’)
gene-specific primer Reverse CCAAACAAGAACTCGCACAC
(5’RACE)
gene-specific primer Forward TTCATCTTCCAGGAAGTCAT
(3’RACE)

Oligo-dT primer ITTTTTTTTTTTITTTITTITITITITI
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Figure 16 The method of 5’ RACE PCR amplification for full-length

of alpha-amylase gene.
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9. Amplification of full length alpha-amylase gene

The nucleotide sequence of 5° RACE and 3’ RACE were used for design
primer using in full length alpha-amylase gene PCR amplification. The
oligonucleotide primers were shown in table 3. The cDNA in 2.3 was as a template for
amplification of full length alpha-amylase gene. The 50 pl total volume of PCR
reaction contained 5 ul of 10X PCR buffer, 1 pl of 10 mM dNTP mix, 1.5 pl of 50
mM MgCl,, 0.4 pl of Taq polymerase, 1 pl of Oligo-dT primer, 1 pl of gene-specific
primer, 2.5 ul of DNA template and 37.6 pul of steriled water. Amplification conditions
were 35 cycles of 30 sec at 94°C, 30 sec at 56°C and 1 min at 72°C. The PCR product
was analyzed by agarose gel electrophoresis. After that, purification of DNA fragment
was done as described in section 2.6. The DNA fragment was inserted into TA cloning

vector and then determined by DNA sequencing as described in section 2.7.

10. Expression of alpha-amylase gene in E.coli
10.1 Construction of pET-21b(+) — alpha-amylase gene

cDNA coding for putative alpha-amylase of Sitophilus oryzae was
expressed in E.coli expression system (Novagen, Madison, WI). The pET-21b(+)
expression vector was digested by Nde | and Xho | restriction enzyme. The restriction
mixture was composed of 2 pl of pET-21b(+) vector, 1 pl of Nde 1 (5 unit/ml), 1 pl of
Xho 1 (10 unit/ml), 2 pl of 10X REact®2 and 14 ml of distilled water. The mixture was
incubated at 37°C overnight. The samples were analyzed by 1% agarose gel
electrophoresis and then DNA was purified from gel as described in section 2.6. The
recombinant plasmid from section 2.9 was digested by Nde 1 and Xho 1 restriction
enzyme. The DNA fragment was subcloned into the expression vector pET-21b(+)
between Nde | and Xho | multiple cloning site. The pET-21b(+)-alpha-amylase
plasmid was transformed into E.coli strain BL21(DE3)pLysS. The plasmid was added
to 100 pl of thawed Origami (DE3) competent cells and the tube was stored on ice for
30 min. The cells were heat shocked at 42°C for 90 sec. After incubation, sample tube
was transferred to ice bath for 2 min: The transformed cells were grown by adding 400
ml of LB medium and incubated at 37°C for 90 min, then plated directly on LB plate
containing 50 pg/ml of ampicillin, followed by overnight incubated at 37°C. The

recombinant clones were confirmed by DNA sequencing.
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Table 3 Oligonucleotide primers used for DNA amplification of alpha-amylase
gene expression. The restriction endonuclease recognition sites are

underlined.

Primer name  Direction Sequence(5' 3°)

Alpha-amylase Forward CGCCATATGAAGGTACTAGCCCTTTTAG
(Ndel)

Alpha-amylase Reverse GTCTCGAGCAATTTAGCATTGACATGGATGG
(Xhol) CA

10.2 Expression of recombinant pET-21b(+)-alpha-amylase and variants

in E. coli BL21(DE3)pLysS
The alpha-amylase gene was cloned into the NedI-Xhol site of pET-

21b(+) to construct pET-21b(+)-alpha-amylase. E.coli BL21(DE3)pLysS transformed
with pET-21b(+)-alpha-amylase was grown in LB medium containing 50 mg/ml of
amplicilin at the 37°C overnight. 1% bacterial culture was incubated in fresh medium
and cultured at 37°C until OD at 600 nm reach 0.5-0.8. The culture was induced by
adding 1 mM IPTG and then incubated for 4 hr at 28°C. Precooled bacterial cells were
collected by centrifugation at 4,000 rpm for 15 min, and then kept at -80°C.

10.3 Extraction of recombinant pET-21b(+)- alpha-amylase from E.
coli BL21(DE3)pLysS

After growth and induction as described above, the cells were
resuspended in lysis buffer and lysed by sonication on ice at highest output (100 W)
for 30 sec, 5 times using probe sonicator (Becthai Bangkok Equipment & Chemical,
USA). Soluble and insoluble proteins were separated by centrifugation at 14,000xg for
15 min. Protein concentration were determined by Bradford assay (Bradford, 1976).
Samples were analyzed by SDS-PAGE.
11. Protein determination

Protein concentration was measured according to the method of Bradford
(Bradford, 1976) using bovine serum albumin (Bio-Rad, Germany) as a protein
standard. The concentration of BSA standard was varied at 1, 0.75, 0.5, 0.25, 0.125
and 0 mg mL’. The diluted sample (5 pl) was mixed with 1X dye reagent
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(250 pl) and then incubated for 15 min at room temperature. After that, the mixture
was measured the absorbance at 620 nm by using microplate reader.
12. Sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS-
PAGE) for alpha-amylase
The recombinant alpha-amylase protein from rice weevil was determined
by SDS-PAGE. Protein samples (~10 pg) were mixed with 4 volumes of 5X SDS
sample buffer (6.0 mM Tris-HCl, pH 6.8, 2% SDS, 25% glycerol, 0.1% bromophenol
blue, and 14.4 mM 2-mercaptoethanol), and boiled at 95°C for 5 min to denature the
protein. The samples were analyzed on 4% stacking gel and 10% separating gel for 2
hr at 20 mA. Protein bands were visualized by staining in staining solution containing
0.1% (w/v) Coomassie brilliant blue R-250, 50% (v/v) methanol and 10% (v/v) acetic
acid for 1 hr, followed by several washes with destaining solution containing 40%
(v/v) methanol and 10% (v/v) acetic acid. Prestained SDS-PAGE standard (BIO-RAD,
USA) ranging from 10 to 250 kDa was used as a protein marker.
13. Western blot analysis
For western blot analysis, separated proteins were transferred from
polyacrylamide gel to polyvinylidene fluoride (PVDF) membrane (Amersham, USA)
with a wet blotting apparatus for 2 hr at 400 mA. After blotting, the gel was stained
with Coomassie Brilliant blue, while membrane was stained with Ponceau S to
confirm complete transferring of protein from gel to membrane. After that, stained gel
was destained with Coomassie blue destaining solution. The stained membrane was
wash 3 times for 5 min with 1X Tris Buffer Saline Tween20 (TBST). The membrane
was incubated with protein blocking solution containing 5% (w/v) non-fat milk in
TBST at 4°C overnight. After decantation of blocking buffer, the membrane was
incubated with primary antibody (anti-His Tag antibody) (Millipore, USA) for 2 hr at
room temperature. The primary antibody was used at a dilution of 1:1,500 in blocking
solution. The membrane was washed 3 times for 5 min with 1X TBST and then
-membrane was incubated with secondary antibody (goat anti-mouse antibody)
(Millipore, USA) at a dilution of 1:5,000 in blocking solution for 2 hr at room
temperature. Following 3 washes for 5 min with 1X TBST, the membrane was

detected with chemiluminescence (GE Healthcare, UK).
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14. Identification of protein by Liquid chromatography- mass spectrometry
(LC-MS/MS)

The protein band of about 54kDa from SDS-PAGE was excised and
subjected to in-gel digestion using an in-house method developed by Proteomics
Research Laboratory, Genome Institute, National Center for Genetic Engineering and
Biotechnology (BIOTEC) (Jaresitthikunchai, et al., 2009). The gel plugs were
dehydrated with 100% acetonitrile (ACN), reduced with 10 mM DTT in 10mM
ammonium bicarbonate at room temperature for 1 hr and alkylated at room
temperature for 1 hr in the dark in the presence of 100 mM iodoacetamide (IAA) in 10
mM ammonium bicarbonate. After alkylation, the gel pieces were dehydrated twice
with 100% ACN for 5 min. To perform in-gel digestion of proteins, 10 pl of trypsin
solution (10 ng/ul trypsin in 50% ACN/ 10 mM ammonium bicarbonate) was added to
the gels followed by incubation at room temperature for 20 min, and then 20 ul of
30% ACN was added to keep the gels immersed throughout digestion. The gels were
incubated at 37°C for a few hours or overnight. To extract peptide digestion products,
30 pl of 50% ACN in 0.1% formic acid (FA) was added into the gels, and then the
gels were incubated at room temperature for 10 min in a shaker. Extracted peptides
were collected and pooled together in the new tube. The pool extracted peptides were
dried by vacuum centrifuge and kept at -80°C for further mass spectrometric analysis.

The digested protein was injected into Ultimate 3000 LC System
(Dionex, USA) coupled to ESI-lon Trap MS (HCT Ultra PTM Discovery System
(Bruker, Germany) with electrospray at flow rate of 300 nl/min to a nanocolumn
(Acclaim PepMap 100 C18, 3 um, 100A, 75 pm id x 150 mm). A solvent gradient
(solvent A: 0.1% formic acid in water; solvent B: 0.1% formic acid in 80%
acetonitrile) was run in 40 min. The MS/MS data were submitted to database search
using MASCOT (http://www. matrixscience.com). The data was searched against the

NCBI database for protein identification.
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15. Nondenaturing gel electrophoresis (Native PAGE) for alpha-amylase
Native-PAGE analysis of alpha-amylase protein was carried out by
loading samples with an average of 0.2 ug per well. The running was carried out at the
current of 10 mA for the stacking gel and the 15 mA for the separating gel. Both
electrophoresis chamber and running buffer were pre-chilled in refrigerator before the
sample has been loaded and the gel was run at 1-5°C. The stacking gel, separating gel,
and the running buffer were prepared in the same way as the SDS-PAGE, except that
no SDS and 2-mercaptoethanol was used. The gel was directly used in zymogram
analysis.
16. Zymogram analysis
Zymogram analysis as a procedure that modified from those described by
Dojnov, et al. (2008). After protein samples were electrophoresed in Native-PAGE,
the gel was washed in distilled water before renaturing protein by soaking the gel in
the 2% Triton-X 100 for 45 min at room temperature. The gel was transferred to
substrate buffer solution (1.0% (w/v) starch, 50 mM Sodium acetate, 2.0 mM NaCl,
0.1 mM CaCl,, pH 5.0) at 30°C for 30 min, follow by washing the gel in sodium
acetate buffer with 20 mM NaCl and 0.1 mM CaCl, for 30 min at 30°C. After rinsing
in water, amylolytic activity was stopped by addition staining solution (1.3% (w/v) I,
3% (w/v) KI). Alpha-amylase activity appeared as clear bands on a dark background.
17. 3, S-Dinitrosalicylic acid (DNS) assay
Alpha-amylase activity was analyzed by 3, 5-Dinitrosalicylic acid (DNS)
procedure using soluble starch as a substrate. 25 pl of smples were incubated in 250 ul
of 50 mM acetate buffer pH 5.0 containing 1.0% (w/v) starch, 2.0 mM NaCl and 0.1
mM CaCl, at 30°C for 10 min. The reaction was stopped by addition 250 pl of DNS
reagent and heated in boiling water for 10 min. 3, 5-Dinitrosalicylic acid is a color
reagent that the reducing groups were released from starch by alpha-amylase action
are measured by the reduction of 3, 5-Dinitrosalicylic acid. The boiling water was
used for stopping the alpha-amylase activity and catalyzing the reaction between DNS
and reducing groups of starch. After that samples were added 2.5 ml of distilled water
and measured the absorbance at 550 nm. Then, absorbance was read at 550 nm after
cooling on ice for 5 min. Maltose was used as a standard. Serial dilutions of maltose

(Sigma, USA) in substrate solution at pH 5.0 were made to give following range of
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concentration of 2, 1, 0.5, 0.25, 0.125 mg mL™! (Figure 18). A blank without substrate
but with alpha-amylase extract and a control containing no alpha-amylase extract but
with substrate were run simultaneously with the reaction mixture. All assays were

performed in triplicate.
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Figure 18 Standard calibration curve for the determination of maltose released in

the alpha-amylase assay

18. 2-Chloro-4-nitrophenyl-a-D-maltotrioside substrate

Alpha-amylase activity was analyzed by 2-Chloro-4-nitrophenyl-a-D-
maltotrioside substrate (Sigma, USA). This method is based on the principle that the
hydrolysis of 2-Chloro-4-nitrophenyl- a-D-maltotrioside is catalyzed by a-Amylase,
and then yields 2-Chloro-4-nirophenol that is quantitatively measured by its
absorbance at 405 nm. 25 pul of samples were adding to 1 ml of the substrate solution
(2-Chloro-4-nitrophenyl-a-D-maltotrioside) and incubated the mixture at 30°C for 10
min. After that, samples were added 1 ml distilled water and measured the absorbance

at 405 nm.



CHAPTER 1V

RESULTS AND DISCUSSION

Cloning and Analysis of nucleotide sequence of alpha-amylase genes from rice
weevil (Sitophilus oryzae)

To clone the alpha-amylase from rice weevil, DNA sequences from nine
known insect alpha-amylases were used to design oligonucleotide primers
corresponding to conserved sequences. The oligonucleotide primers were used to
amplify cDNA fragment obtained from adult stage of rice weevil by RT-PCR. The
size PCR products were shown the 950 bp, as shown in Figure 19.

The PCR products of conserved alpha-amylase gene obtained from eluted
agarose gel electrophoresis was ligated to the pTZ57R/T vector and the ligated product
was transformed into E.coli as described in Methods. After that, a number of
transformants were screened for the recombinant clone. Recombinant clones were
screened with Xbal and HindIll restriction enzyme analysis as described in Methods.
It was analyzed by agarose gel electrophoresis, as shown in Figure 20. To determine
nucleotide sequences of positive clones, the nucleotide sequences of partial alpha-
amylase contains 776 bp open reading frame encoding a predicted protein of 234
amino acids starting from the first ATG (see Figure 21). The obtained nucleotide
sequences were compared with GenBank database of National Center for
Biotechnology Information (NCBI). The result shows sequence similarity with alpha-
amylase of Coleopteran such as Anthonomus grandis (Amylagl), Anthonomus grandis
(Amylag2), Tribolium castaneum, Phaedon cochleariae and Scirpophaga incertulas
which was almost 70%. The deduced nucleotide sequences were subsequently used for
5’ and 3’ RACE to extend the fragment in both directions.

The 5’ end was obtained by ‘5’ RACE using antisense primer, as described in
Methods. The result of amplification cDNA fragment showed the appearance of 850
bp (Figure 22). After that, PCR product was eluted from agarose gel electrophoresis
and used to clone into cloning vector, as described in Method. The recombinant clones

were analyzed by Xbal and HindIll restriction enzyme analysis. Figure 23 shows the
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result of restriction enzyme analysis. The derived nucleotide sequence of 5> end DNA
fragment contains 856 bp open reading frame encoding a predicted protein of 263
amino acids starting from the first ATG (Figure 24). The obtained nucleotide
sequences were compared with GenBank database of National Center for
Biotechnology Information (NCBI). The result shows sequence similar with alpha-
amylase of Coleopteran which was almost 80%.

The 3° end was obtained by 3’ RACE using sense primer, as described in
Methods. The result of amplification cDNA fragment showed the appearance of 900
bp (Figure 25). After that, PCR product was eluted from égarose gel electrophoresis
and used to clone into cloning vector, as described in Method. The recombinant clones
were analyzed by Xbal and HindIIl restriction enzyme analysis. Figure 26 shows the
result of restriction enzyme analysis. The derived nucleotide sequence of 3’ end DNA
fragment contains 807 bp open reading frame encoding a predicted protein of 159
amino acids starting from the first ATG (Figure 27). The obtained nucleotide
sequences were compared with GenBank database of National Center for
Biotechnology Information (NCBI). The result shows sequence similar with alpha-
amylase of Coleopteran which was almost 80%.

The obtained nucleotides 5°/3° end were used as the information to design
primers for full-length alpha-amylase gene. The result of PCR product was determined
by agarose gel electrophoresis. The expected PCR product size was 1,500 bp as shown
in Figure 28. The eluted full-length alpha-amylase gene was used in cloned by using
TA cloning. After that, recombinant clones were screened by colony PCR. The results
of colony PCR showed approximately 1,700 bp (Figure 29). The result of DNA
sequencing analysis showed 1,571 bp in length. The derived nucleotide sequence from
start codon contains 1,458 bp open reading frame encoding a predicted protein of 485
amino acids (Figure 30). After blasted with the GenBank database, the sequence of
this clone showed almost 70% identities to Coleopteran alpha-amylases.

A comparison with other alpha-amylase amino acid sequences shows that a
glutamic acid residue and two aspartic acid residues that are known to be at the active
site of porcine pancreatic alpha-amylase (Asp 197, Glu 233, Asp 300) and are
conserved in most other alpha-amylase, are found in Sitophilus oryzae alpha-amylase
as Asp 202, Glu 238, Asp 303. These residues are boxed in Figure 32. In addition, the



44

derived amino acid sequence has a single N-glycosylation site (AsnGlySer) close to

the C-terminus (Figure 33).

1000 bp RN 950 bp

500 bp

Figure 19 Agrose gel electrophoresis of PCR amplification of conserved alpha-
amylase gene from rice weevil, lane 1: 100 bp Plus DNA ladder, lane
2: B-actin gene, lane 3: alpha-amylase gene and lane 4: Negative
control, lane 3 and 4 using degenerate primer, resulted in the

amplification of approximately 950 bp PCR product in lane 3.

6557 bp

1000 bp

Figure 20 Agrose gel electrophoresis of recombinant plasmid digested with
Xbal and HindIII restriction enzyme, lane 1: 100 bp Plus DNA
ladder, lane 2: A HindIII marker, lane 3: recombinant plasmid
digested with Xbal, lane 4: recombinant plasmid digested with
HindIII and lane 5: recombinant plasmid digested with Xbal and
HindIll, resulted in the digested DNA fragments of approximately
2,800 bp and 1,000 bp.
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1 Itggtggg agaagtaccalacccgtcagc
Forward primer ——>
tacacactaaataacaggggtggagatgaagcagecttctetgac

atggtcagtcecgttgcaacaatgttggaatcagaatectacgttgac
cttgtcgcaaaccacatggocacctcaaatggacaaggttcagea

ggaaacacctgtgatccaagctceccaaatectacecagecagtateg
tacacgagcgaaaacttccacacttectgegacatecgactacace
gactcctcgﬁctatcagaaactgcgagctcacaggcttgaaggac
ttggaccagagtcaagactacgtcaggggcaagatecgaggagtac
atgaaccacctgatcagtecttggagttgetggattececgtgtggac
gcagecaagecacatgtggececcgetgatttgcaagetatetttgge
agtttgaatgatctgagcactgaccatgggttecgetagtggaget
agggctttcatetteocaggaagtecattgatacatcaactgacect
gtcaaaaacaccgaatacactggtttcecggaaaagtgtgegagttce
ttgtttggaaatgatettggaccagetttcagaggtgaaaatect
ctecactacttgaagaattggggaactgaatggggtctettagac
gggggtgacactgtttcctttgtagacaaccatgacaacgagaga

gacagccaagtettcttgecattacaccaacgacaagecctacaaa

gctgccatggcﬂttcatgttggctcatccl776
<+—— Reverse primer

45

Figure 21 The partial nucleotide sequences and derived amino acid sequences of

Sitophilus oryzae. The boxed regions represented the primer binding

region.
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10000p [t

Figure 22 Agrose gel electrophoresis of PCR amplification of 5’ end alpha-
amylase gene, lane 1: 100 bp Plus DNA ladder, lane 2: B-actin gene,
lane 3: alpha-amylase gene of S5’ end and lane 4: negative control,

resulted in the amplification of approximately 850 bp PCR

product in lane 3.

3,800 bp
sss7ee 2,850 bp
1000 op 950 bp

$00bp

Figure 23 Agrose gel electrophoresis of recombinant plasmid digested with
Xbal and HindIIl restriction enzyme, lane 1: 100 bp Plus DNA
ladder, lane 2: A HindIII marker, lane 3: recombinant plasmid
Undigested, lane 4: recombinant plasmid digested with Xbal,
lane 5: recombinant plasmid digested with HindIII and
lane 6: recombinant plasmid digested with Xbal and HindII]l,

resulted in the digested DNA fragments of approximately 2,850 bp
and 950 bp.
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GCATCTAGATCAAACAAGAACTCGCACACARTATTCAGTICTTATAGIACT
GATACACCARTAAARCATGAAGGTACTAGCCCTITITAGTTACIGITIGCTIT
TAGIGIGGCTICTGCCCAAARAGACCCACATTTTITGGATGGCAGGAACA
CCATAGTCCATCIGTTCAAATGGAAATGGGCAGATATAGCCICAGAATIGT
GAARACTTCCIGAGCGICAAARAACTTITGCGGGIGITCAGGIATCICCICC
CGCIGARAGCGTTGTCGIAGAAGGCAGACCATGGTGGCGAAAAATACCAAC
CCGICAGCT. ACACACT AAATAACAGGGGTGGAGATGARGCAGCCTICICT

GACAIGGICAGTCGTTGCAACAATGITGGAATCAGANTCTACGTTIGACCT

TGICGCAAACCACATGGCCACCTCAMATGGACAAGGTTCAGCAGGAANCA

CCIGIGATCCAAGCTCCAAATCCTACCCAGCAGTATCGTACACGAGCGAR

AACTTICCACACTICCIGCGACATCGACTACACCGACICCTICGICTAICAG

AAACTGCGAGCTCACAGGCTTGAAGGACTTGGACCAGAGTICAAGACTACG

TCAGGGGCAAGATCGAGGAGTACATGAACCACCTGATCAGICTIGGEAGTT

GCIGGATICCGTIGIGCACGCAGCCARGCACATGIGGCCGGCIGATTIGCA

AGCTATCITIGGCGGTITTGAATGATCTGAGCACTIGACCATGGGTTCGCTA

GIGGAGCTAGGGCITICATCITCCAGGAAGICATTIGATACATCGACTIGAC

CCTGTCAAANACACCGARTACACTGGITTCGGANANGTGTGCGAGTICTT|
“+— Reverse primer

851 856
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Figure 24 The nucleotide sequences and derived amino acid sequences 5° RACE,

the boxed regions represented the primer.
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1000 bp [N

Figure 25 Agrose gel electrophoresis of PCR amplification of 3’ end alpha-
amylase gene, lane 1: 100 bp Plus DNA ladder, lane 2: alpha-
amylase gene of 3’ end, resulted in the amplification of

approximately 900 bp PCR product in lane 2.

Figure 26 Agrose gel electrophoresis of recombinant plasmid digested with
Xbal and HindllI restriction enzyme, lane 1: 100 bp Plus DNA
ladder, lane 2: A HindIII marker, lane 3: recombinant plasmid
undigested, lane 4: recombinant plasmid digested with Xbal, lane 5:
recombinant plasmid digested with HindIIlI and lane 6:
recombinantQplasmid digested with Xbal and HindIll, resulted in
the digested f;lgments of approximately 2,850 bp and 950 bp.



1 | TI‘CMCTTCCAGGMGTCAWGACACAGGMCTGACCCTGTCTACAACAC
Forward primer —» X ] . . . .
51 CGAATATACCAGCIITIGGARAGGITTGCGAATTCAAGTITCGGTANCTTIT

101 TGGGACCAGTATTCAGAGGAGAAARCGGACTTAAGTACCTGACCAACTGG
151 GGTACTGCCTGEGGTCTTTTGGACGGTGRAGACACAGTTTCCTTICGTAGA
201 CAACCACGACAACGAGAGAGACAGTGATGTCTACTTGCACTACAAARACG
251 CCAAGCCATACARGGCIGCTATCGCTTICATGTTGGCICACAGCTACGAC
301 ACCACTACTAGAGTACIGICCAGITACTACITCCGATGEACACGACCAAGE

351 TCCTCCAGCTIGACGGTGACAACATICTCICCCCIGGCTITCAATGATGACG

401 GARGCIGCACCAAIGGCIGGGTATGTCAACATAGATGGICTICCCATICTAC

E 451 ARCATGGICGAATITTAGAAACGTAGTGICTIGGTACCGAACIGACCAACIG
i 501 GIGGCRACAATGGIGACAACCAGATTGCCTICAGCAGAGGCGACAAAGGAT
551 TCTICGCTGCCACAACCAGCGGTIGATATCAACAGCAGTATCCCAACCGGA

601 CIGCCCGAIGGTICITACTGIGACGTCATCCCTGGTAGICTITTCCAGIGG
651 TICTTGIACCGGCAARACTTITCACAGTTAGCGGCGGARATGTCAACGTCC

701 AGCTIGAGCAGIGGTIGACGAAGAAGCGGCTIGTITGCCATCCATGTICAATGCT
751 ARATIGTAAACTGATGIITGATATCCACCITGATGACTICCTIGGAAGATS

801 AARATICGG 807

Figure 27 The nucleotide sequences and deduced amino acid sequences

of 3’ RACE, the boxed regions represented primer binding site.
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Figure 28 Agrose gel electrophoresis of PCR amplification of full-length alpha-
amylase gene, lane 1: 200 bp DNA ladder, lane 2: B-actin gene, lane 3:
full-length alpha-amylase gene and lane 4: negative control,
resulted in the amplification of approximately 1,500 bp PCR product

in lane 3.

Figure 29 Agrose gel electrophoresis of PCR amplification of recombinant
plasemid by colony PCR, lane 1: 200 bp DNA ladder,
lane 2, 3 and 4: clone 1-3, respectively, resulted in the amplification

of approximately 1,700 bp PCR product.
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full-length alpha-amylase gene. The first seventeen amino acids in

the red boxed represent the signal peptide.
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Figure 31 Schematic diagram of primer positions for alpha-amylase gene.
This diagram shows primers design for alpha-amylase gene
amplification. Primers of partial nucleotide sequence of alpha-
amylase gene amplification an shown in red, primers of 5°/3’ end
nucleotide sequence of alpha-amylase gene amplification an shown in
blue and primers of complete nucleotide sequence of alpha-amylase

gene amplification an shown in green.
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Figure 32 Amino acid sequences of alpha-amylase from Blaps mucronata,

Tenebrio molitor, Tribolium castaneum, Sitophilus oryzae,

Anthonomus grandis, Anthonomus grandis 2, Anthonomus grandis 1,

Zabrotes subfasciatus and Porcine pancreatic. The active site

residuces (Aps, Glu, Aps) are shown in boxed.

53



Blaps

Jenebrio
Trlbollum
Sltgghllus
Anthonomus
Diabrotica2
Diabrutizal

AL
Porcine pancreatic

Blaps

I‘euebr:. -3

Tr:.bo.ll Lm
S;‘N\g,gbl 1 us
Anthonomus
Diabroticaz
Diabrotical
Zabrotes

Porcine pancreatic

Blagw

Tenebrio

Trlbollum
SlquhllLS
Anthonomus
Diabrotica2
Diabrotical
Zabrotes

Parcine pancrsatic

Tenebrio
Tribolim
Sitophilus
Antbouoggg
Disbrotica2
Diabrotical
Zabrotes

ARSTISTARS,

Porcine pancreatic

Tenebria
TrwhoTlum
Sitopaiius
Antbonomuq
Diahroticaz2
Disbrotircal
Zabrotes

R

Borcine pancreatic

YGF SGSERPFIFQEVIDLGGEPI TKQEY TGFGAVLEFQFGVS LGNAF Q--GGNQLKN LON
DLGGEARI SKNEY TGFGCVLEFQ FGVSLGNAFQ--GGNOLKN LAN
HGF LDGQKPFIFQEVIDLGGEAL SKHEY TGFGTVIEFQ YGLS LGNAFQ--GGNQLANLAN
JIDT STDPVENTEY TGFGKVCEFLFGNDLGPAFR--GENPLHYLEN

¥GFADGRRPFIYQE

HGFASGARAFIFQE

235
266
235
232

F-FPSGSRAMYYQEVIDTGSDPVYNTEY TGFGRVCEFKYGME LAKCFR-~GSNPLKYLTN
G-L5G--RPFIYQEVIDLGGEAVKKTEYNSFGIVLEFKYGIE LGNAF Q-~GHNALHWLEN
G-L5G--RPFVYQEVIDLGGEAVKKIEY TSFGAVLEFKYGSE LGNAF Q--GRNDLHWLKS
EVIDY GITEPIKKGEY TGFGRVLDFVHGGQLINVF R-~-GQNQLKNLQOS
TOLGGEATQSSEY FGNGRVIEFKYGAKLGTVVRKWSGEKMSY LKN

Y-FPGGSRPLFYQ
W-FPAGSRPFIFQEY

B Y

WEPEWNLLDGLDAVAFVY
WGPEWGLLEGLDAVVEV]
WGPEWNLLDGLDAVAET

WGTEWGLLDGGDT VSFVI
WGVGWEMRDGSKT AVEIL
WGPLWGLLAGTDAVAFII
WEPOWGLLDGLOAVVEIL
WGT SHELASGIOTVVFI]
WGEGHWGFMPSCRALVEV]

P L e o g

2 e kiR
. .

281
282
233
234
294
S L L L P I T

341
322
341
333
337
333

DNQRTG——~G5QT ITYKN PKFYKMATAFMLAH PYGTIT -RV
MNQRIG~--GSQILTYKN PKPY KMATAFMLAHPYGIT-RI
DNQRTG——-GSQI LTYKN PKPY KMAIAFMLRH PYGTT -RL
DNERD---~SQIFLHYTNDKPY KRAMA FMLRH SYDIT TRV
AS-——-NSAYLNYKE DKAYKRATA FMLAH PYEGLPKV
NORDG——-SSATLTYKN PKFY KMATA FMLAH PYGTT -RL
NQRDG——-55AT LSYKN PKEYKMATAFMLAHPYGTT -RI 339
DTQRD—~—-NGRVLTYKE AKQY KMANAFMLAHPYAET PXL 340
DNQRGHGAGGASI LTFWDARLYKVAVGFMLAHPYGFT -RV 353

%k LI - ok kkk ik = 2 =2 v hk k dkdedd &

MSSFAFDN ---NDA----—GPPQDGNGNIISPSINDDETCGNG--WVCEHRWRQIY IRV
MSSFDFTD~—NDQ--————GPPQDGSGNLISPGINDDNTCSNG—-YVCEHRWRQVY AV
MSSFAFDN -—-NDQ-—-—GPPQDGAGNLISE SINDDGICGNG-~YVCEHRWRQIF MMV
LSSYKFDS -~-3DQ~-----GPPENGD-DILSPEFGSDGACT NG—-WVCQHRWS FVE MMV
MSSFYFDS —-5DQ———~-APPANGD-DVLSPGINDDGTCTRG--WVCQHRWSPIF IRV
MSSYAFDS —--HDQ-———-—GPPEQQ~— ———PGENRADGTCTRG—WVCEHRWREI FNMV
MSSYAFDH---RDQ--——--GPPVKQ— - ——AGFNTDNTCTNG--W ICEHRWRQIYNMV
FSGYYFND———NKQ GPPGQ DNICAEGSGWVCEHRWRQIANMV
MSSYRWARNFVNGQDVNDWIGPPNNNG-VIKEVTINAD TTCGND--WVCEHRWRQIRNMV

ks s T LI Hu A B

GERNAVEGTDIZNWWSNDONQIA FGRGS HGEVAFING-GDINQTLOTGLPAGTYCIVIIG
GFRNAVEGTQVENWWSNDINQIA FIRGS QGEVAFING~GDLNONLNTGLPAGTYCOVISG
GFRNAVOGTGIENWWSDGNQQIAFGRGNKGFVAFTIG- YDLNQHLQTGLPAGSYCDVISG
EFRNVVSGTELTNWWDNG SQQIAFSRGDKGFYAATVN-EDIATSITTIGLPDG SYCDVMSG
EFRNTVSGTELINWWEGGINQIAFSRGDKGLIAISIN-GDINSNIPIGLPDGTYCIVISG
GERNAVAGTDVINWWSDGNQQIAFGRGHKGF IAFTLQ-GDINQSIQTSLPAGTYCDVISG
GEFRNAVDGTGINNWWSNGHQQIAFGRENKGF IR FTLY-GDIKQSLQT SLPAGTYCDVISG
GFRNRVIGTOMINWRIDGYQQIAFGRGNKGFVAFSLS-GDIKADLOT SLEPGTYCOVITG
WERNVVDGQPFANWWANG SNQVAFGRGNRGE IV FNNDDWQLS STLOT GLPGGTYCDVISG

LA N | o kR -n :f:*‘i‘** ¥ H *_** *:k*'ﬁ*::*

NLEGGSCTGKIVT VDGDGNRNISLEAAE DDGVLAIHINAKV -~~~ 490
ELSGGESCTGHSVIVGDNG SADISIGSAE DDGVLAIHVNAKTL - -—- 471
NRAENGSCSGRTITVGEDG YADLS LGANE DDGVI ATHVNAKL, ~—~~ 490
SLVNGRCT GKTLTVSG-GQVYVE LGGAELEARVATHVNAKL~--~- 485
SLENGSCIGKIVIVSG-GSAYISISSGDTNAAVATHVNAKC -~~~ 484
SLENGSCT GKTVNVDGSGKRAATSLSTNE DDGVVATHVNAKL---~ 481
SLEKGSCT GKIVNVDISGKAATSLIINEEDGVVAIHVNAKL--—— 432
DISNNSCIGKTVIVRGDGEATIHLSSGE PDGILATHVSAKTTSKL 433
DKVGMSCTGIKVYVSSDGTAQFS ISNSAEDPFIATHAE SKL--— 51t

IS TR ] . W * . b4

LT T

Figure 32 (Cont.)
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MXVALLVTVCF SVASAQKD PEFLDGRE IVEL FERKWAD IASECENFLSVENFACVQVSPPARSVVEGRRHHEKYORV 80
S Y TLNNRCCDEAAR SDMVSRCNNVGIRT YD LVANEMATSNGOGSAGNTCDRS SKSYPAVS YRSENFHESCOIDYIDSSS 160
TRYCEL LD LD QD TVRGKI BB YMNHL I SLGVAGFRVDARKEMHPADLOAT PGS LND LS TDHGFASGARAP TEQEVT 240
DS D BVKNTE Y PGF GKVCEF L FGNDLGRAFRGENP LAY LKNHGTERGLLOGGDTVSFVONEDNERDSQLFLAYTNDKRY 320
KA FULAR S YD PR IRVLS S YXFDSSDOGRPSNGDD LS PEFGSDGACTNGHVCQHRHS EVENMVEFRVVSGIELTH 400
H@JQIAFSRGDKGFYAAMEDLATSITTGLPDGSYCDVMSGSLVNGACTGKTLTVSGGQVYVBLGGAELEAAVMH 480

Figure 33 The predicted N-glycosylation site (AsnGlySer) of amino acid
sequences of Sitophilus oryzae close to the C-terminus is in the

box.

Biochemical property investigation of alpha-amylase from rice weevil (Sitophilus
oryzae)
1. Construction of pET-21b(+)-alpha-amylase gene
The recombinant pTZ57R/T-alpha-amylase gene plasmid was digested
with Xhol and Ndel restriction enzymes. It was analyzed by agarose gel
electrophoresis, as shown in Figure 34. After that, the DNA fragment of alpha-
amylase gene was ligated to the pET-21b(+) expression vector as described in
Methods. The recombinant plasmid clones were screened by colony PCR. The results
of colony PCR showed approximately 1,500 bp PCR product (see Figure 35).
2. Expression of recombinant pET-21b(+)-alpha-amylase protein in E.coli
BL21(DE3)pLysS
2.1 Optimization of the expression time for the recombinant pET-
21b(+)-alpha-amylase protein in E.coli expression system
In order to optimize the protein expression system, E.coli BL21(DE3)
pLysS harbouring the pET-21b(+)-alpha-amylase was grown at 28°C and induced with
1mM IPTG. Ceils were harvested at various times ©, 1, 2, 3, 4, 5,'6, 16) before
subjected to SDS-PAGE analysis. Figure 36 shows SDS-PAGE analysis of the total
protein from whole-cell extracts of IPTG-induced cell cultures. In induced cells, an

intense band of about 54 kDa can easily see.
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2.2 Optimization of the expression temperature for the recombinant
pET-21b(+)-alpha-amylase protein in E.coli expression system
In order to acquire the condition which yielded satisfactory amount of
protein expression from the recombinant pET-21b(+)-alpha-amylase protein,
comparative analysis was performed at various expression temperatures between 28°C,
37°C and 42°C and induced with 1mM IPTG. The cultures were induced for 4 hr.
The expression pattern illustrated that the expression level at 28°C provided higher
amount of alpha-amylase protein than 37°C (Figure 37). Therefore, the suitable
condition for the recombinant pET-21b(+)-alpha-amylase expression was executed
28°C and 1mM IPTG induction for 4 hr (Figure 38).
2.3 Western blot analysis of the expression of recombinant pET-21b(+)-
alpha-amylase protein in E.coli BL21(DE3)pLysS
After induction of recombinant plasmids pET-21b(+)-alpha-amylase
in E.coli BL21(DE3)pLysS, the proteins were analyzed by SDS-PAGE. After that,
protein samples were transferred to polyvinylidene fluoride (PVDF) membrane and
detected by monoclonal antibodies against His-tagged protein. The 54 kDa reacted
with the antibodies, as shown in Figure 39. These results revealed that alpha-amylase
protein was expressed as a fusion protein with the C-terminal (His)s.
2.4 Identification of protein by LC-MS/MS
The obtained protein was identified by LC-MS/MS. After induction of
recombinant plasmids pET-21b(+)-alpha-amylase in E.coli BL21(DE3)pLysS host.
The protein band about 54 kDa was excised from SDS-PAGE, trypsin digested and
analyzed by LC-MS/MS. Mascot search of MS/MS of protein band after induction for
4 hr showed the matched peptide to the alpha-amylase of Sitophilus oryzae (Figure 40
and 41).
3. Analysis of alpha-amylase enzyme activity
The alpha-amylase activity in the expressed protein was determined
biochemically using starch ‘and 2-Chloro-4-nitrophenyl-a-D-maltotrioside as a
substrate. The alpha-amylase activity cannot be detected in the expressed protein of
E.coli strain BL21(DE3)pLysS. The expressed protein was also analyzed by
zymograms (activity gels) using starch as a substrate. The alpha-amylase activity

cannot be detected by this method (Figure 41). In addition, the expressed protein was
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also analyzed by 3, 5-Dinitrosalicylic acid (DNS) assay and 2-Chloro-4-nitrophenyl-a-
D-maltotrioside substrate. The alpha-amylase activity cannot be detected by these
methods (Table 4 and 5). The E.coli-expressed alpha-amylase protein should be
purified before further activity assessment or the gene should be expressed in other
expression systems because of the obtained amino acid sequences have N-
glycosylation site which localize at 403 amino acid residues when predicted N-

glycosylation was determined from amino acid sequences using online program.

4361 bp

1400 bp

Figure 34 Agrose gel electrophoresis of recombinant pTZ57R/T-Alpha-amylase
gene plasmid by restriction enzyme digestion with Xhol and Ndel,
lane 1: 200bp DNA ladder, lane 2: A HindIIl marker, lane 3: Xhol
and Vdel digested pET21b(+) (-5,400 bp) and lane 4: digested alpha-
amylase recombinant plasmid with Xhol and Ndel shown three

different size fragments containing with 2,300 bp, 1,600 bp and 300
bp.
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Figure 35 Agrose gel electrophoresis of colony PCR, lane 1: 200 bp DNA ladder,

lane 2, 3 and 4: clone 1-3, respectively, resulted in the amplification of

approximately 1,500 bp PCR product.

75kDa

Time (hr)

Figure 36 10% SDS-PAGE gel of recombinant pET-21b(+)-alpha-amylase was
induced with 1mM IPTG at 28°C for 4 hr. lane M: Bio-Rad Precision
Plus Protein™ Unstain Standards, lane 0- 16: induced pET-

21b(+)-alpha-amylase cells from 0- 16 hr, respectively.
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M 37°C 28°C 37°C 42°C

75 kDa

50%Da 54xDa

37kDa

Figure 37 10% SDS-PAGE gel of recombinant pET-21b(+)-alpha-amylase was
induced with 1mM IPTG at the various temperature for 4 hr. lane M:
Bio-Rad Precision Protein™ Unstain Standards, where S is the

Supernatant and P is the pellet.

1 2 3 4

150kDa
100kDa

75 kDa
S0kDa

S4kDa

37kDa

25kDa

Figure 38 10% SDS-PAGE gel of recombinant pET-21b(+)-alpha-amylase was
induced with 1mM IPTG at 28°C for 4 hr. lane 1: Bio-Rad Precision
Plus Protein™™ Unstain Standards, lane 2: induced pET-21b(+) cell,
lane 3: non- induced pET-21b(+)-alpha-amylase cell and lane 4:
induced pET-21b(+)- alpha-amylase cell, resulted in the intense band
of approximately 54 kDa.
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75kDa

50kDa

37kDa

25kDa

Figure 39 Western bolt analysis of recombinant pET-21b(+)-alpha-amylase that
was induced with ImM IPTG at 28°C for 4 hr. lane 1: Bio-Rad
Precision Plus Protein™ Unstain Standards, lane 2: induced pET-
21b(+)-alpha-amylase cells, resulted in the western bolt of
approximately 54 kDa and lane 3: non-induce pET-21b(+)-alpha-

amylase cells.

Mascot Score Histogram

Tons score 15 -10*Log(P), where P is the probability that the observed match is a random event.
Individual 1ons scores > 61 indicate identity or extensive homology (p<0.05).
Protein scores are denved from jons scores as a non-probabilistic basts for ranking protein hits.

Numbd e of Hits
coaghBNSN3A

™7 T TrT T Trrerm
20 0 =00 o

Protein Score

Figure 40 Mascot search of LC-MS/MS result showing that the tryptic digests of
54 kDa protein have exactly matched to alpha-amylase of
Sitophilus oryzae.
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Figure 41 Identification of peptide mass fingerprints of alpha-amylase protein
that was induced with 1ImM IPTG at 28°C for 4 hr by LC-MS. The

protein have exactly matched to alpha-amylase of Sitophilus oryzae.

75kDa

50kDa

37kDa

25kDa

Figure 42 Zymogram analysis of recombinant pET-21b(+)-alpha-amylase that
was induced with 1mM IPTG at 28°C for 4 hr. lane 1: Bio-Rad
Precision Plus Protein™ Unstain Standards, lane 2: induced pET-
21b(+)-alpha-amylase cell and lane 3: non-induce pET-21b(+)-
alpha-amylase cell, lane 4: purified alpha-amylase after DEAE
sepharose of adult Sitophilus oryzae (positive control) and Saliva from

human (positive control).



Table 4 Activity of alpha-amylase as determined by the DNS assay

Sample

Alpha-amylase from

Sitophilus oryzae (U/ml)

Induced pET21b(+) cell at 28°C for 4 hr

Non-induce pET-21b(+)-alpha-amylase cell at
28°C for 4 hr

Induced pET-21b(+)-alpha-amylase cell at
28°C for 4 hr

Purified alpha-amylase after DEAE sepharose

of adult Sitophilus oryzae (positive control)

Saliva from human (positive control)

0.021

0.021

0.021

3.638

5.766

62

U/ml of enzyme activity was calculated using the formula: U/ml = (4550

control - Asso sample) + Asso/ mg maltose ~ 10 min + 0.025 ml, where Ass( control is

the absorbance obtained from the substrate without the addition of enzyme, Asso

sample is the absorbance for the starch digested with enzyme, 4550/ mg maltose is the

absorbance for 1 mg of maltose as derived from the standard curve in Figure 18, 10

min is assay incubation time and 0.025 ml is the volume of the enzyme used in the

assay.
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Table S Activity of alpha-amylase as determined with the 2-Chloro-4-

nitrophenyl-a-D-maltotrioside substrate

Alpha-amylase from

Sample Sitophilus oryzae (U/1)

Induced pET21b(+) cell at 28°C for 4 hr- 19

Non-induce pET-21b(+)-alpha-amylase cell at

13
28°C for 4 hr
Induced pET-21b(+)-alpha-amylase cell at
28°C for 4 hr 19
Purified alpha-amylase after DEAE sepharose
of adult Sitophilus oryzae (positive control) 75
Saliva from human (positive control) 100

U/l of enzyme activity was calculated using the formula: U/l = (AAbs
sample x TV x 1000) + (MMA x SV x LP), where AAbs sample is the absorbance for
the starch digested with enzyme, TV is the total assay volume, 1000 is the conversion
of U/ml to U/L, MMA is the millimolar absorptivity of 2-chloro-p-nitrophenol (12.9),
SV is the sample volume, LP is the light path (1 cm).
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Discussion

Cloning and analyzing nucleotide sequence of alpha-amylase genes from
rice weevil (Sitophilus oryzae)

Alpha-amylase from insect plays a central role in carbohydrate metabolism
with a starch-rich diet depend on the effectiveness of their amylases (Titarenko and
Chrispeels, 2000). Rice weevil can cause considerable damage to rice grain and other
economically important seeds. Previous reports have shown nucleotide sequences of
insect’s alpha-amylases such as Zabrotes subfasciatus (Grossi DE SA and Chrispeels,
1997), Diabrotica virgifera virgifera (Titarenko and Chrispeels, 2000), Scirpophaga
incertulas Walker (Sharma, et al., 2009), and Tenebrio molitor (strobl, et al., 1997). In
this study, the primers were designed from conserve region of nine known insect
alpha-amylases to obtain the nucleotide of Sitophilus oryzae alpha-amylase. For
nucleotide sequences, the results show nucleotide sequences of partial alpha-amylase
contains 776 bp open reading frame encoding a predicted protein of 234 amino acids
starting from the first ATG. The obtained nucleotide sequences were compared with
GenBank database of National Center for Biotechnology Information (NCBI). The
result shows sequence similar with alpha-amylase of Coleopteran which was almost
70%.

The full coding sequences of alpha-amylase gene were amplified with
specific primers. The specific primers were designed based on our previous primary
fragment. Then, we obtained the full coding sequence fragment by extended the
primary fragment in both directions by RACE-PCR. The complete coding sequences
gene contains 1,458 bp open reading frame encoding a predicted protein of 485 amino
acids. This protein was predicted the molecular weight of 53,051.75 Daltons and
theoretical pl of 4.69. bThe GenBank accession number of our alpha-amylase gene is
HQ158012. This protein has putative signal peptide of 17 amino acid residues in
length by SignalP 3.0 (http://www.cbs.dtu.dk/services/SignalP/). The amino acid
sequences of this alpha-amylase have 71%, 62% and 60% sequence identity to
Anthonomus grandis, Diabrotica virgifera virgifera and Tribolium castaneum,
respectively. Our results and other studies lead to the conclusion that the active site of
this enzyme is situated in a large groove or cleft that contains the catalytic site with

three conserved residues Asp, Glu and Asp. Moreover, this important catalytic site is
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found in Sitophilus oryzae alpha-amylase at Asp 202, Glu 238 and Asp 303 (Figure
28). On the other hand, porcine pancreatic alpha-amylase contains Asp 197, Glu 233
and Asp 300 (The numbering in porcine pancreatic excludes the signal peptide)
(Grossi DE SA and Chrispeels, 1997) and vEphestia kueniella alpha-amylase contains
Asp 193, Glu 230 and Asp 295 (Pytelkova, et al., 2009). In addition, Strobl, et al.
- (1998) analyzed the 3D structure of the yellow mealworm (Tenebrio molitor) alpha-
amylase and indicated the similar residues (Asp 185, Glu 222, Asp 287). Furthermore,
importance of these three amino acid residues has been confirmed by site-directed
mutagenesis (Grossi DE SA and Chrispeels, 1997).

Biochemical property investigation of alpha-amylase from rice weevil
(Sitophilus oryzae)

In this study, the alpha-amylase gene of Sitophilus oryzae was expressed in
E.coli strain BL21(DE3)pLysS by used pET21b(+) vector. The result of protein
expression was visualised by Coomassie staining at approximately 54 kDa. The
Sitophilus oryzae alpha-amylase gene was expressed by transcription of the T7
promoter from pET21b(+) plasmid. The activity of alpha-amylase protein was
determined by Zymogram, DNS assay and 2-Chloro-4-nitrophenyl-o-D-maltotrioside
substrate. Unfortunately, the activity of Sitophilus oryzae alpha-amylase expressed in
E.coli strain BL21(DE3)pLysS cannot be detected by these methods. Obtained alpha-
amylase protein should be purified before further activity assessment. In addition, N-
glycosylation of putative amino acid sequences was predicted by the NetNGlyc 1.0
program (http://www.cbs.dtu.dk/services/NetN Glyc/). The result shows that a putative
alpha-amylase amino acid sequences have N-glycosylation sites, which localize at 403
amino acid residues. Furthermore, a post-translational protein modification was
determined in the Tenebrio molitor (TMA) (Stobl, et al., 1997 and Stobl, et al., 1998),
Bruchid (Zabrotes Subfasciatus) (Grossi DE SA and Chrispeels, 1997) and Ephestia
kueniella (Pytelkova, et al., 2009). They found that the alpha-amylase has been post-
translational modified. In addition, there are the predictions of O-glycosylation site on
alpha-amylase from different insects based on protein and DNA sequence data. The
study of Effio, et al. (2003) found that the insect alpha-amylase of Zabrotes
subfasciatus, Phaedon cochleriae, Lutzomyia longipalpis and Anopheles merus have

O-glycosylation site.
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In the expression of alpha-amylase gene in E.coli, there is the study that
expressed alpha-amylase of Lipomyces starkeyi in E.coli strain BL21(DE3)pLysS. The
obtained protein can be determined the enzyme activity (Kang, et al., 2004).
Moreover, Hyperthermophilic Archaeon Pyrococcus sp. was successfully cloned and
expressed in E.coli and the obtained protein can be determined the enzyme activity
(Tachibana, et al, 1996).

Recently, there are studies that reported the expression of insect alpha-
amylase in insect cell lines with a baculovirus vector (Grossi DE SA and Chrispeels,
1997; Titarenko and Chrispeels, 2000). Furthermore, Zabrotes subfasciatus alpha-
amylase was expressed in Spodoptera frugiperda (SF9) cells. The molecular mass of
Zabrotes subfasciatus alpha-amylase was estimated to be 50 kDa and the expression
produced the active alpha-amylase (Fatma and Maarten, 1997). Moreover, alpha-
amylase of Western comn rootworm (Diabrotica virgifera vigifera (Dval)) was also
successfully expressed in Sf9 insect cells (Titarenko and Chrispeels, 2000). Therefore,
the expression of Sitophilus oryzae alpha-amylase gene should be expressed in the
eukaryotic cells such as insect cells, yeast cells. After that, the activity of this alpha-
amylase will be confirmed by Zymogram, DNS assay and 2-Chloro-4-nitrophenyl-a-

D-maltotrioside substrate.



CHAPTER V

CONCLUSION

The full coding sequence of alpha-amylase gene contains 1,458 bp open
reading frame encoding a predicted protein of 485 amino acids starting from the first
ATG. The amino acid sequence of this clone shows almost 70% identities to
Coleopteran alpha-amylases. The GenBank accession number of our alpha-amylase
gene is HQ158012. The catalytic residues of Sitophilus oryzae alpha-amylase are Asp
202, Glu 238 and Asp 303.

Sitophilus oryzae alpha-amylase gene was expressed in E.coli strain
BL21(DE3)pLysS using pET21b (+) vector. The expressed protein was analyzed by
SDS-PAGE and visualized by Coomassie blue staining. The protein band at
approximately 54 kDa was observed. The activity of alpha-amylase protein was
determined by Zymogram, DNS assay and 2-Chloro-4-nitrophenyl-o-D-maltotrioside
substrate. Unfortunately, the activity of Sitophilus oryzae’s alpha-amylase cannot be
detected by these methods. Obtained alpha-amylase protein was determined a putative
amino acid sequences using predicted N-glycosylation. The N-glycosylation localizes
at 403 amino acid residues. However, E.coli cannot generate post-translational protein
modifications. Therefore, in further study, the Sitophilus oryzae alpha-amylase protein
should be purified before further activity or the gene should be expressed in eukaryote
cell because of post-translational protein modifications. Then, this alpha-amylase
enzyme will be investigated its biochemical properties against rice alpha-amylase
inhibitor.
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ABSTRACT

Rice is one of the important agricultural products of Thailand and also very important for Thai's
life. However, the major problem of rice production is insect pest. Rice weevil is a pest that can produce
alpha-amylase enzyme in order to utilize starch from rice grains as carbohydrate source for their growth
and development. The alpha-amylase produced from the insect can hydrolyze alpha (1,4) glycosidic
bonds of amylose and amylopectin. Understanding biochemical properties of this enzyme will help us to
control the damage of stored rice grains by this insect in the future. Therefore, we aim to clone and
analyse nucleotide sequences of alpha-amylase gene from rice weevil. Total RNA was extracted from
rice weevil and RT-PCR was performed using primers which were designed from the conserved regions
of Coleopteran alpha-amylase genes. The resulted PCR product was cloned into pTZ57R/T vector. Then,
the nuclectide sequences of inserted gene were confirmed by DNA sequencing analysis. Our resuits
showed the expected size of approximately 950 bp of the PCR product obtained from RT-PCR. The
nucleotide sequences were blasted in the GenBank database. The result showed 68% identity with
coleopteran alpha-amylases. We, therefore, will perform further experiments to obtain the full-length clone

so that its biochemical properties can be studied.
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