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dwart honeybee (Apis florea)

workers

Honeybee (Apis) workers cannot mate, but retain functional ovaries. When
colonies have lost their queen, many young workers begin to activate their ovaries and
lay eggs. Some of these eggs are reared, but most are not and are presumably eaten by
other workers (worker policing). Here we explore some of the factors affecting the
reproductive success of queenless workers of the red dwarf honeybee Apis florea. Over
a 2 — year period we collected 40 wild colonies and removed their queens. Only two
colonies remained at their translocated site long enough to rear males to pupation while
all the others absconded. Absconding usually occurred after worker policing had
ceased, as evidenced by the appearance of larvae. Dissections of workers from eight
colonies showed that in A. florea, 6% of workers have activated ovaries after 4 days of
queenlessness, and that 33% of workers have activated ovaries after 3 weeks. Worker-
laid eggs may appear in nests within 4 days and larvae soon™ after, but this is highly
variable. As with Apis mellifera, we found evidence of unequal reproductive success
among queenless workers of A. florea. In the two colonies that reared males to pupation
and which we studied with microsatellites, some subfamilies had much higher
proportions of workers with activated ovaries than others. The significance of absconding
and internest reproductive parasitism to the alternative reproductive strategies of

qgueenless A. florea workers is discussed. (N1ANYAN 2)

1.2.3  Ecological Behavior of Dwarf honeybees; Apis florea and Apis andreniformis

Abstract
Apis florea and Apis andreniformis construct a single comb on a twig exposed to
sun in the summer and rain in the rainy season. In this study, temperature control and
rain proof behaviors of A. florea and A. andreniformis were observed in the northern part
of Thailand. When the nest was directly exposed to the sun light, curtain-forming bees of
A. florea fanned, deformed the curtain and took a short flight to reduce brood

temperature. A. andreniformis, fanned but did not deform the curtain and formed a tail-
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like structure from the bottom of the nest. During rainy periods, all the curtain-forming
bees of A. florea came up on the dancing floor and formed an umbrella shape by
spreading wings upon wings and formed a roof-like structure of waterproof jacket to
protect the nest from rain. In case of A. andreniformis, curtain-forming bees oriented their
heads upwards and rested compactly against-the brood cells and spread the wing in a
[ |-shape, so that one wing overlaid up on the wing of another curtain-forming bee. In
both species, the honey cells are double in size than the brood cells, serve as the roof of

the nest.

Introduction

The little honeybee; Apis florea (Fab.), and the dwarf honeybee; Apis
andreniformis (Smith) construct a single comb of 38cmX50cm on a flexible twig about
0.8cm diameter (Akratanakul, 1977; Rinderer, et al., 1996, Wongsiri, et al., 1996), a water
pipe or the wall of a house. However, A. florae use a widely variety of nesting substrate.
A. florea has a particular adaptational feature for surviving in tropical rainy weather
(Akratanakul, 1977, Wongsiri, et al., 1996). A. florea and A. andreniformis nests have 20-
30cm deep honey-storage cells (Akratanakul, 1977), but the honey-storage cells above
the twig are gradually reduced (16mm) in depth in order to form a take off and landing
and dancing platform (Lindauer, 1957; Akratanakul, 1977) which also serve as a roof to

protect rain seep into the comb in rainy season.

Tirgari (1971) observed the biology and behavioral characters of the Iranian
dwarf honeybee; A. florea. Akratanakul (1977) studied the natural history of A. florea in
Thailand. Wongsiri, et al., (1996) studied the comparative biology of A. florea and A.
andreniformis. Rinderer, et al., (1996) studies the comparative morphology of A. florea
and A. andreniformis. Previous studied did not mention the rain-proof behavior of A.
florea and A. andreniformis against rain. We hypothesized that A. florea and A.
andreniformis have a particular rain-proof adaptational feature to cope with monsoons in

tropical deciduous forest Thailand.
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Objective
The purpose of this research was to:-
= understand how the open-nest species, A. florea and A.

andreniformis, protect their nest against the rain.

Materials and methods

1. Materials
® Thermometer
® Stop watch

® Sony digital camera

2. Methods

In this study, three colonies of Apis florea; two nests at Mae Fah Luang University
(MFLU), Chiang Rai and one colony was on a mango tree (Mangifera indica L.) in
Government Residential area, 700" National Stadium in Chiang Mai the northern part of
Thailand, were observed. A swarm of A. florea around 150 meters on 4" floor of E-1
building of MFLU on 16" of March 2004, whereas one colony nested on the window top
of The President building. There was a heavily rain with thunderstorm on 16 July at 16:45
hrs. In this study, all A. florea nests were observed in natural habitats. Subsequently,

rain-protecting behavior of A. andreniformis was observed in Chantaburi.

Results

1. Nest temperature control

In summer (March-May), when ambient temperature reached above 40°C, the
curtain formation bees of A. florea first fanned and as the ambient nest temperature lies
above 40°C, then curtain deformed, whereas in A. andreniformis curtain formation bees

formed a double layers curtain by forming tail-like structure (Figure 6).
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(b)

Figure 6 Combs cover during rain (a) Apis florea without tail (b) Apis andreniformis with

a tail.

2. Comb protection in raining times
During the raining time, the curtain formation bees moved up to the dancing floor
and formed an umbrella shaped by spreading wings up on wings (waterproof jacket)

(Figure 7).

(a) " (b)

Figure 7 Rain proof curtain formation of A. florea (a). Abandon

comb after heavy rain (b). Position of curtain formation bees
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3. Position of curtain formation bees during rain

During the raining, curtain formation bees of A. florea and A. andreniformis
oriented their heads upwards and spread their wings in inverted V-shaped over the
dorsum at 45° angle (Figure 8a). The curtain formation bees kept their head under the
body of upper bees and raise their abdomen at about 15°C against the comb surfaces,
so that the bottom bees can hid their head from physical impact of rain drops, thus

forming tile-like structure of roof (Figure 8b).

(@)

Figure 8 Top view during raindrops on the colony (a) dancing floor

damaged by raindrops (b) curtain formation bees’ position during rain
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Discussion

In summer, nests are directly exposed to the sun because, the tropical
deciduous forest drop their leaves in dry season. So, the nest temperature gradually
increases as the ambient temperature rises. First the curtain formation bees deployed
physical process like fanning and watering to control the brood nest temperature, as the
ambient temperature gradually increase along with the ambient temperature, the curtain
is deformed, and if the brood nest temperature is not decreased, the curtain formation

bees take a short flight to drop brood temperature.

The Cu.rtain formation bees have (temporal) waterproof hair cover and waxed
body surface which help to dried the rain. However, if the rain is continues for several
days the curtains are broken, as a consequence, bee could not survive and starts
absconding. The heavy rain can destroy the dancing floor and found many bees were
dead. Lindauer (1957) was also made similar observation. However, A. florea and A.
andreniformis construct their nests on small flexible and partially concealed twigs
(Ruttner, 1986; Akartanakul, 1977; Wongsiri et al., 1996), the nest swing with air and rain

in order to minimize the rain fall impact on the nest.

Conclusion
A. florea and A. andreniformis have several climatic adaptations fanning for
reducing brood nest temperate and form rain proof jacket to cop against environmental

stresses such as heavy rain fall, and drought.
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1.3.1 Purification of alpha-glucosidase (AG) in Apis florea

1. An expression level of alpha glucosidase (AG) in Apis florea

Honeybees from 3 different stages (egg, nurse bee, and forager bee) were
sampled. Total RNA was isolated. The quality of total RNA was determined by (1) native
agarose gel and (2) formaldehyde gel. The 18S and 28S rRNA bands were detected on
1.2% agarose gel (Fig.9A) while the 28S RNA band was visible on formaldehyde gel
(Fig.9B).
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(A) (B)

Figure 9. Total RNA extracted from different stages heads of A. florea on native agarose

gel (A) and formaldehyde gel (B).

Lane 1 (A): total RNA of egg

Lane 2 (A): total RNA of nurse bee
Lane 3 (A): total RNA of forager bee
Lanes 1 -2 (B): total RNA of forager bee

In order to determine the expression level of AG by RT — PCR, 200 ng of
RNA sample (egg, nurse bee, and forager bee) were used for 1 reaction. Primers were
designed from the AG cDNA sequence of A. mellifera as described in Materials and
Methods. The primers for determination of expression are FW1/ R1 primers. Under the
optimum condition of RT — PCR, the expression profile of AG was obtained (Fig. 10). The
quantity of products was assayed due to intensity of the bands by Quanlity one software
(Table 4). The result presented that the expression level of AG in three stages (egg,
nurse bee, forager bee) was different. There was no amplified product from egg RNA
(Fig. 10, lanes 1 - 2) and small amounts of amplified product from nurse bee RNA (Fig.
10, lanes 3 — 4). The highest amount of amplified products was obtained from forager

bees (Fig. 10, lanes 5 — 6).



bp

400
300

Figure 10. Expression profile of AG.

Lane M: 100 bp ladder marker

Lanes 1-2: amplified products from egg RNA

Lanes 3-4: amplified products from nurse bee RNA
Lanes 5-6: amplified products from forager bee RNA

Lane 7: negative control

Table 4. Intensity of amplified product bands from Fig. 10.

.Stage Average volume intr—;nsity*mm2
Eggs 16.082
Nurse bees 386.633
Forager bees 760.589
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As control experiments, primers specific to elongation factor gene (EF) in A. cerana and
28S RNA in A. mellifera were designed. Under the optimum condition, the products of

200 bp (EF) and 350 bp (28S RNA) were obtained from all samples, respectively (Fig. 11).

bp

400
300
200
100

Figure 11. Control experiment by using primers from EF and 28S RNA genes. Total
RNA for all reactions were from forager bee.

Lane 1: Negative control

Lanes 2-3: RT — PCR product by using EF primers

Lanes 4-5: RT — PCR product by using 28S RNA primers

Lane M: 100 bp ladder marker

2. The cDNA sequence
Total RNA of forager bee was amplified by 3 pairs of primers for RT - PCR.
The sizes of RT - PCR product were 350 bp from FW1/ R1 primers (Fig. 12A), 1,000 bp
from FW1/ R2 primers (Fig. 12B), and 850 bp from FW2/ R3 primers (Fig. 12C). Three
bands (200, 300, and about 380 bp; Fig. 12D) were obtained from FW3/ R3 primers but
only the 200 bp product was excised from the agarose gel, purified, and sequenced

(Fig. 12E).
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200 —»
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1,000 =P

900
800
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300 =—P
200 =—p

(D) (E)

Figure 12. RT - PCR product amplified by 3 different pairs of primers.

Lane M (all Figs.):
Lanes 1 -2 (A):
Lanes 1 -2 (B):

Lane 1 (C):

Lanes 1 -2 (D):
Lanes 1 -2 (E):

100 bp ladder marker

the 350 bp product by FW1/ R1 primers

the 1,000 bp product by FW1/ R2 primers

the 850 bp product by FW2/ R3 primers

the 200, 300, and about 380 bp products by FW3/ R3 primers

the excised and purified target band (200 bp)
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The cDNA sequences were blasted and aligned with AG in A. mellifera. The
result of blast showed 95% identity. Furthermore, the cDNA sequence was multiple
aligned with sequences of AG sequence in A. mellifera (D79208), maltose 1 in A.
mellifera (XM 393379), AG, OL - amylase, and transporter activity in Drosophila
melanogaster CG14934 - PA (NM 135678), sucrose - specific enzyme Il of the PTS
(ScrA) and dextran glucosidase (dexB) genes in Lactobacillus sakei (AF401046), and
Culicoides sonorensis clone CsMAL1 maltase (AY603565). The similarity between

sequences was presented in table 5.

Table 5. Similarity of the AG sequence in A. florea (1,773 bp) and that in other

organisms.
Organisms Length (bp) Score
AG sequence in A. mellifera 1,760 / 95
maltose 1 in A. mellifera 1,764 38
Drosophila melanogaster 1,751 46
dexB in Lactobacillus sakei 1,946 19
Maltase in Culicoides sonorensis 1,831 41
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The nucleotide sequences and deduced amino acid sequences of AG were aligned (Figs. 13 and 14)

by using Clustal X.
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TTCGACTTCTAGTTGGTAGCATGAAGGCGGTAATCGTGTTTTGCCTT-ATGGCATTGTCC
TTCGACTTCTAGTTGGTAGCATGAAGGCAGTAATCGTATTTTGCCTT-ATGGCATTGTCC
TTGTAGTGAAAATAGCTTTCATTTTGAGTGTGGGCCTAGTAGGCAT--ATTG----GCCC
TATAAAAGAAAAATGATTCCATTTAAAAAATTAACAATTTTACTATCAATTGCAT-GTTC
———————————————————— ATGAAGAGCCTCGTCGTGGTCGTACTT-------CTGCTC
GTTTAGTTTGGGCTTATCAAACGTTAGGTGCAGTCGGTATGGGGATTTTTGGCCTGGGTT

* * * * *

ATT-GTGGACGCAGCATGGAAGCCACTCCCTGAAA--ACTTGAAGGAGGACTTGATCTTG
ATT-GTGGACGCAGCATGGAAGCCGCTCCCTGAAA--ACTTGAAGGAGGACTTGATCGTG
ATA-AGCACCAGTCAAAGGAGCTGGATGCGAAATATAATTGGTGGCAGCACGAGGTCTTC
TGT-ATTGGCAGCACCTGAAGGTGCACGTGAAAAA-GATTGGTGGGAAATTGGAAACTTT
GCG-GTCGGCCTTG-GCGCCGGCCAAAACAACAAG-GGTTGGTGGAAGAACGCGATCTTC
ATTCAGCAATTGTCTTAACTGGCTTACATCAAAGCTTCCCGGCAATTGAAACGACACTTT

* * *  K*

TATCAGGTTTACCCGA----GGAGCTTCAAGGATAGCAATGGAGATGGTATTGGTGATAT
TATCAGGTCTACCCGA----GAAGCTTCAAGGATAGCAATGGAGATGGTATTGGTGATAT
TATCAGATCTATCCGA----GATCCTTTCAGGACAGCAATGGTGATGGTATTGGTGATCT
TATCAAGTCTATCCAC----GAAGTTTCATGGATTCTGATGGCGATGGTGTTGGCGATTT
TATCAGGTATATCCCC----GCAGTTTCATGGATTCCAATAGTGATGGCATCGGGGATTT
TGGCAGATATTGCCAARACTGGTGGATCGTTTATTTTTCCCGTTGCAGCGATGGCAAATA

* * % *  K* * % * * * * * * % *

CATAGGTATTAAAGAAAAATTGGATCAT-TTTCTCGAAATGGGCGTCGACATGTTTTGGT
CGAAGGTATTAAAGAAAAATTGGATCAT-TTTCTCGAAATGGGGGTCGACATGTTTTGGT
TCAAGGTATTACTTCTAGGCTACAGTAC-TTCAAGGATACGGGCATCACGTCCGTATGGT
GAAAGGAATTTCAGAARAAGTCGGTTAT-TTAAAGGAAATCGGCATGGATGGTGTTTGGC
AAAAGGTATTAAGGATAAGCTTTCACAC-TTCATCGAATCTGGAATAACAGCGATATGGT
TTGCTCAAGGGGCTGCAACTTTCGCTGTATTCTTCGTTACTAAGAATAAACAACAAAAGT

* * * * * * *

TATCCCCTATTTATCCAAGCCCTATGGTCGATTTTGGTTACGACATTTCCAATTACACCG
TATCCCCTATTTATCCAAGCCCTATGGTCGATTTTGGTTACGACATTTCGAATTACACCG
TGAGTCCCATTTATGAGTCACCAATGGTAGACTTTGGATACGATATATCTAACTATACAA
TTTCACCGATTTTTGATTCACCTATGGCAGATTTTGGTTATGACATTTCAAATTTCACCA
TATCACCAATTAATCGAAGTCCTATGGTAGATTTTGGATACGATATATCTGACTTTAAAG
CATTAACGACTTCTGCTGGGATTTCTGC-GATGTTGGGAATTACTGAACCAGCATTATTT

* *x * * * * * * % % % * * * *

ACGTTCATCCCATATTTGGCACCATATCAGATTTAGATGACCTAGTCAGTGCTGCACATG
ACGTTCATCCCATATTTGGCACCATATCAGACTTAGATAATCTAGTCAGTGCTGCACATG
ATATACAGCCGGAATATGGCACCCTTGAGGACTTTGACGCCTTGATAGCCAAGGCCAATG
AAGTCTTCCCTCAATTCGGAGACTTGTCTTCAATTGATGAACTTGTAGCGGAATTCAATA
ATGTAGATCCAATATTTGGTACTATAAAAGATCTTGAAGATCTCACTGCAGAAGCGAAGA

GGGGTTAATTTAAAATTGAAGTTTC--CATTCTTTATTGGTTTAATTGCATCAGGAATCT
* * * *

AGAAAGGACTGA--AGATAATCTTGGATTTCGTTCCGAATCATACATCTGATCAACACAA
AGAAAGGATTGA--AGATAATCTTGGATTTCGTCCCGAATCATACATCTGATCAACACGA
AACTGGGCGTGA--AAGTTATTTTGGACTTTGTTCCCAATCACAGCTCAAATAAGCATCC
AAAAAGATATGA--AACTCATTCTGGACTTTGTTCCAAATCATACAAGTGACCAATGTGA

AACAGAATTTAA--AGGTTATTCTAGATCTTGTCCCTAATCATACTTCTGATCAACATAA
CATCGTTTATTATTGGTTTATTACATGTTTTATCAGTATCAATGGGACCTGCAGGAATTA
*  * * ok k * * * *
ATGG-TTCCAGTTGAGTTTGAAAAACGTTGAACCT-——-———-——=———=——-— TATAACAA
ATGG-TTCCAGTTGAGTTTGAAAAACATTGAACCT----—-—=—=—————-— TATAACAA
CTGG-TTC--ATAAAGTCAGTAGCCCGA-GAGCCAGG-———-—————=———— GTACGAGGA
GTGG-TTC--AAAAAATCAATTCAGCGT-GATCCTGA--~-——-———=—=—-— GTACAATGA

ATGG-TTCCAAATGAGTATAAATAATACTAATAATAATAATAC--TAATAAATATAAAGA

TTGGGTTTATTGCGATTGCACCTAAGAGCATCCCTAGTTTTATGATGGGAGCTATTATTA

* Kk Kk kK *  * * * * *
CTATTATATTTGGC---ATCCAGGAAARAAT--——-~- TGTAAAT---GGTAAACGTGTTCC
CTATTACATTTGGC---ATCCAGGAAARAAT--——-~- TGTAAAT---GGCAAACGTGTTCC

TTTCTATGTGTGGG---AGGATGGTATTCT---CCTGGAGAAC---GGAACTCGTGTGCC
TTACTATATTTGGC---ATCCGGGTAAGCCAAATCCTGATGGT---GGTCGAAATTTACC
TTATTACATATGGGTTGATCCTGTCAAAGACGATAAAGGAAATCCAATTAAAGACAAATA
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Figure 13. (continued)
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GTTTCGTAATTGCCTTTGTGGGGACATACTTATACGGTAAAAAGGCAATGAAGACAACTG
* * % * *

ACCARATAATTGGGTAGGCGTATTTGGTGGATCAGCTTGGTCATGGCGGGAAGAACGACA
ACCAACTAATTGGGTAGGCGTGTTTGGTGGATCAGCTTGGTCGTGGCGGGAAGAACGACA
GCCCAACAATTGGCTGTCGGTGTTCTCCGGATCCGCTTGGATGTGGAACGATGAGAGGCA
CCCAACTAATTGGGTAAGTGCCTTCAGAAGTAGTGCCTGGGAATGGAACGAAGAACGTGG
TCCTAATAATTGGCTTAGTGTATTCAATGGTACAGGATGGACTTTCCACGAGGGTAGGAA
AAGAAGAAATAATCAATGAAGCACCAGCTACCCCAGA-AGTAGTGGAGAGATTACAAGAT

* * * k * * * *

GGCATATTATCTGCACCAATTTGCACCAGAACAACCAGATTTAAATTACTA--TAATCCA
GGCATATTATCTGCATCAATTTGCACCAGAACAACCAGATCTAAATTACTA--TAATCCA
GCAGTACTATCTCAGGCAGTTCACTTATGGACAACCCGATTTGAACTACCG--AAATCCC
CGAATATTATTTACATCAATTTTTGGCACAACAACCCGATTTGAATTACCG--CAATCCA
ACAATTTTATTTCCATCAATTTTATAAGCAACAACCAGACTTGAACTACAG--AAACTCG
GAAAAGATTAGTGCACCAGTTACCGGACGAATTGTTGACTTAGCATCAGTACCTGATCCA

* * * Kk  kk * * * * *

GCT~---GTACTGGATGAARATGC-AAAACGTTCTTAGATTCTGGTTGAA-GAGAGGACTTG
GTT---GTACTGGATGATATGC-AAAATGTTCTCAGATTCTGGCTGAG-AAGGGGATTTG
GCC---GTGATTAAGGCCATGG-ATGATGTGATGCTCTTCTGGCTAAA-CAAGGGTATTG
AAA---GTGGTTGAAACAATGA-AAAACGTTTTAAGATTCTGGCTTAG-CAAAGGTATCA
GAT---GTGAGAGAAGAGATGA-AGAATATAATGAAATTTTGGTTGGA-TAAAGGAATCG
GTTTTTGCAAGTGAAGCAATGGGAAAAGGCATTGCGATTATGCCAACTTCTCAGGATGTA

* * * * %k * * *k  kk * %

ATGGTTTCAGA-GTAGATGCTCTGCCTTAC--ATTTGCGAAGATATGCGAT-TCTTAGAC
ATGGTTTCAGA-GTAGATGCTCTGCCTTAC--ATTTGCGAAGACATGCGAT-TCTTAGAC
CCGGCTTCCGC-ATCGATGC-~-CATTATATATATTTACGAGGATGCTCAAC-TGAGGGAT
ATGGATTCAGA-ATTGATGCGGTACCATATTTGTTTGAAGTGGGACCAGATGCGAATGGA
ATGGATTCCGC-ATAGATGCTGTACCACATTTATTCGAAAGCGCTAACATATCGTTAGAT
CTTGCACCAGTTACCGGTGTGATAACAATTGCGGCTAATACTGGTCACGCA-TACGGGAT

* * Kk * Kk *k *

GAACCCCTATCAGG---TGAAACAAATG---ATCCC-AACAA---AACTGAG---TACAC
GAACCTCTATCAGG---TGAAACAAATG---ATCCC-AATAA---AACCGAG---TACAC
GAGCCTCCGAGTGGCACT---ACCGATG---ATCCA-AATAATGAGGCC-—-—-—-- TACTT
AATTATCCAGATGAAATTGAARACCCATGCATGCTCA-GATCCTTTATCTCAATGTTACTT
GAACCACCTTTGGG---TAAAAATCTCA---ACTTA-AGTCTCCACGCT------ TCTTT

AAAATCGGATGATGGTGCAGAAGTGCTA---ATTCATATTGGTTTAGATACAGTTAATTT

* x

TCTCAAGATCTACACTCACGATAT-CCCAGAAACCTACAATGTAGTT-———=—=——=—————
TCTCAAGATCTACACTCACGATAT-CCCAGAAACCTACAATGTAGTT————==—=—===——
GAGCCACATCTATACCAGAAATCA-GCCTGAGGATTACGGTCTACTT-CAGC----ATTG
GTATCACGATTACACTCAAAACAG-GCCTGAAACTTTTGAAATGGTCACGGA----ATGG
ARATCACACTTTAACGAAAGATCA-ACCCGAGACTTACGAATTGGTAAAAGA----AT-G

AAATGGTATAGGTTTTGAAAAGATTGTCCAACAGGGACAACATGTTAGCGAAGGCGATTT
* * * * *

-~CGCARATTTAGAGATGTGTTAGACGAATTCCCG-——-~ CAACCAAAACACATGCTTA-

--CGCAAATTTAGAGATGTGTTAGACGAATTCCCG-—- - CAACCAARACACATGCTTA-

GCGGCAACTTCTGGATAATTATACAGCTAACCACGATGGGCCATTGAGGATAATGATGA -
AGAGCGACTTTGGAGGAATT-TAAACAAAAGAATGGAGGACCAACAAGAGTTTTAATGG-
GCGAGATTTTGTGGACAACTATGCAGAAGAAAATAAGCGGGATGAAATAGTACTTTTGA-
ATTAGGTCATTTTGATATTGATAAGATTAAACAAGCCGGGCTAACACCGCTAACAATGAC

* * -

——-TCGAGGCATACACGAA----TTTGTCCATGACGATGARATATTACGAT ——=—==—=———
——-TCGAGGCATACACGAA----TTTATCGATGACGATGAAATATTACGAT - ———=—=————
—-CCGAGGGTTATGCTTC-~-~-~-GGTGTCGCAACTAATGGAATACTATGAA-GATTCGAAT
—-TAGAAGCTTATGCTCC----ATTAACAAAAGTAATTCAAATTTATGGTCAAAATGGAC
——-CAGAGGCGTATTCTTC----TTTAGAGAACACTCTCAAATATTACGAA-————===——
TATTGTGACGAATACAGCGGGATATGCACAAGTTGATCCGCTTTTAACAGTCGACAAGGC

* * * * * * %

—————— TACGGAGCAGATTTTCCCTTCAATTTTGCATTCATCAAGA--ACGTCTCTAGGA
—————— TACGGAGCAGATTTTCCCTTCAATTTTGCATTCATCAAGA--ATGTTTCTAGGG
GGTGTACAGGGCCCCCAGTTTCCCTTCAACTTTGACTTCATCACCG--AACTGAATGCCA
AGC-TAAATGGAGCTCAAATTCCATTTAATTTCGAGTTCTTGAATA--ATTTGGGAGCCG
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Figure 13. (continued)
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------ GTTGGTTCAAATGTTCCCTTCAATTTTAAATTTATAACAG--ATGCAAATTCAT
TGC-TATGCAAGGCGAAGARATTATTCAATTACACGCTAAAAAGGATTAAGGGGTAGTTA

* * *k kk ok * * *

ATTCAAATTCATCAGACTTCAAAA---AATTGGTCGATAATTGGATGACGTACATGCCAC
ATTCAAATTCATCAGACTTCAAAA---AATTGGTCGATAATTGGATGACGTACATGCCAC
ATTCGACAGCTGCGGACTTTGTCT---TCTATATCTCCAGGTGGCTCATCTATATGCCAC
TAAGTAATGCTCGTGATTTCAAAG---ACGTAATTGACAATTATCTCAGCACAATCCCAG
CTTCCACGCCAGAACAATTTAAAG---TAATTATAGACAATTGGATAAAAGGAACGCCCC
CATGCAAACTAACTGGTGGCAAAATGCAGTATTTTATCAAGTCTATCCAAGAAGT-TTTC

* * * * *

CAANTGGTATTCCTAACTGGGTGCCCGGAAACCANGACCNATTGAGATNGGTGTCGAGAT
CAAGTGGTATTCCTAACTGGGTGCCCGGAAATCACGATCAATTGAGATTGGTGTCGAGAT
ATGGTCATGTGGCCAACTGGGTGATGGGAAATCACGACAATCCTCGAGTGGCATCACGAT
AAGGAGCAACACCAAATTGGGTTCAAGGAAATCACGATCAACATCGATCAGCATCACGAC
AAAATAATGTTCCAAATTGGGTGATGGGAAACCATGATCGAGTTCGTGTCGGTACACGTT
AAGATAGTAATGGAGATGGAATTGGTGATATTCAAGGTATTATTCAAAGATTAGATTACC

* * * * * * Kk Kk

TTGGAGAAGAGAAGGGCCGTATGATCACCACGATGTCGCTTTTGC---TGCCAGGTGTTT
TTGGAGAGGAGAAGGCCCGTATGATCACCACGATGTCGCTTTTGC---TGCCAGGTGTTG
TCGGTGAGAAATCTGTGGACGCCATGAATATGCTGCTGATGACAT-~--TGCCAGGAATTG
TCGGTCCACAAAAAGCTGATGCAGTTAATATGTTACTTCAAGTTC---TTCCCGGAGCTG
ATCCTGGTAGGGCGGATCACATGATAA---TGTTGGAGATGATTT---TGCCTGGAGTCG
TAGCTGATCTGGGTGTAAATGCAATTTGGCTATCACCAGTTTATCAATCCCCTAATGTTG

* * * *

CCGTGAATTATTACGGTGATGA--AATTGGTA--TGTC---GGATACTTATATCTCGTGG
CCGTGAATTACTACGGTGATGA--AATTGGTA--TGTC--~-GGATACTTATATCTCGTGG
GTATTACTTATAATGGCGAGGA--GTTGGGCA--TGACTGACTACAGGGACATCAGCTGG
CAGTCACTTATTATGGTGAAGA--ACTTGCAA--TG---GAAGACGTTTTCGTTCCATGG
CGGTCACGTATTATGGAGAAGA--AATCGGTA--TGGT-———————=——===———————— G
ATAATGGCTATGATATTTCAGATTATCAGGCAATTAATCCGGAATATGGTTCTATGGTGG

* * * * Kk * * * *

G-AGGACACGCAGGATCCACAGGGATGCGGTGCCGGTAAAGAAAACTATCAAACAAT-GT
G-AGGATACGCAGGATCCGCAGGGATGCGGCGCCGGTAAAGAAAACTATCAAACGAT-GT
A-GCGATACGGTGGATCAGCCCGCTTGTGAGGCTGGAATCGACAACTACAAGACGAT-TT
T-CTCGTACTGTCGATCCACAAGCATGTACAACAGATCCAAATATTTTCCATGCCAA-GT
G-ATAACACT-ACGATATATAAATATGATGTAC----- GTGATGGTTGTCGTACACC-AT
ATATGGAGCAGTTAATTGAAGCGGCGAAGATTCGTAAGATTAAAATTGTTATGGACTTAG

* * * * * *

CGAGAGATCCCGCGAG----- AACGCCATTCCAATGGGACGACTCACTTTCTGCTGGATT
CGAGAGATCCCGCGAG--—--- AACGCCATTCCAATGGGACGACTCAGTTTCTGCTGGATT
CTAGAGATCCTGAGCG-----— AACTCCCATGCAATGGAGTAGTGATGTGAATGCAGGATT
CACGTGATCCCGCAAG----- AACACCCATGATTTGGACTTCACAAAAAAACGCAGGATT
TCCAA----- TGGGAT-~--~ AACTCCATTAATGCAGGCTTTAGTAA-AATCGCTGAAAA
TTGTTAATCATACAAGTGACCAACATCCATGGTTTTTAGAAGCACGAAAATCAAAAGATA

* %k * * *

TTCC----TCAAGCTCTAATACGTGGCTTCGTGTCAATGAAAATTACAAGAC---TGTCA
TTCC----TCAAGCTCTAATACCTGGCTTCGTGTCAACGAAAATTACAAGAC---TGTCA
CTCC----TCCGCCGATCGCACTTGGTTGCCTGTCAATCCGAATTATAAGGA---ACTTA
TTCA----AGTTCAAATTACACATGGCTTCCAACTGGACCAGATTATCGCAA---AAATA
TTTG----CTTGAAAAGAAT---TGGCTACCTGTTCATACATCGTACAAAAGTGGACTAA
ATCCGTATCGTGATTTTTATATTTGGCGAGACCCTGCAACCGATGGTAGTGTTCCGAATG

* * Kk ok

ATCTAGCTGCTGAAA--AGAAGGACAA---GAACTCGTTCTTCAATATGTACAAGAAATT
ATCTAGCTGCTGAAA--AGAAGGACAA---GAACTCGTTCTTCAATATGTTCAAGAAATT
ATCTTCGGAATCAGC--AGCAGGCGAG---GCGAAGTCATTACAAGATCTATCAGTCCCT
ATGTTGAAGTGCAGC--GTAGTCAGAG---AGGCAGTCACTTGAATATCTTTAAAAAGTT
ATTTGGAGCAAGAGA--AAAAAGATAG---TATTTCTCATTATCATCTTTATACCAACTT
ATTTACAAAGTAATTTTAAAGGATCAGCTTGGGCGTTTGATGCGGTTACTGGGCAATATT

** Kk * * * * *
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Figure 13. (continued)
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CGCGTTGCT—--—--- GAAAAAATCGCCATATTTTAAAGAGGCCAATTTAAGTACGAGGA

TGEGTCGCT -~~~ GAAAAAATCGCCATACTTTAAAGAGGCCAATTTAAATACGAGGA

TCTGAAGCT------- CAGACAACTGCCAGTTCTGAAGAACGGATCCTTTGTTCCAGAAG

GACTCAACT-------— TCGTAAGCAAGACATTTTGATGTATGGCACTTATGATAGTTACT

GACCGCTTT——=~~-~ AAGAAAGAGAGATGTGTTGAAAAAAGGAAACTTTACTATAGAAA

ATTTACATTTTTATGCGAAAGAACAACCGGATTTAAATTGGCAAAATCCTAAAGTTAGAG
* * x* %

TGCTGAACGACAATGTTTTCGCNTTCTCTAGG-GAAACCGAAGACAATGGATCTCTTTAC
TGCTGAACGACAATGTTTTCGCATTCTCTAGG-GAAACCGAAGATAATGGATCTCTTTAC
TGGTTAATCGCAGGGTCTTCGCTTTCAAGCGA-GAACTGAAGAACGAGCACACTCTGCTG
TGGCAAATGATGACGTTTTGGTGATTAARACGT-GAAATTGAGAATAATCGAACTTTGATT
TTTTAAACAAAACTGTTCTGGCTGTCGTGCGACAAAGCGAAGAAGAAGCGGTATCTCTTT
AAGCTGTCTACCAGATGATGACTTGGTGGCTT-CAARAAAGGGATTGGTGGTTTTAGGATG

* * * * *

GTAATAATGAACTTCTCGAA---CGAGGAACAAATCGTGGATTTGAAAGCGTTTG----~
GCAATATTGAACTTCTCGAA---CGAGGAACAAATCGTGGATTTGAAAGCGTTCA----~
ACCATTGTGAACGTGAGCAACCGCACTGAACTGGTTGACATCGCGGACTTTA---—————
GCTGTCCTTAACTTGGGT---TTCACTGAACAAGTCGTCAATTTGAATTTAAATGACCGA
----TGATCAACTTCTCTAAARAATAATACTATCGTGGATATATCAAAGTTGGT——----—

GACGTTATTGATTTGATAGG--GAAGGAACCTGACCGCAARATTAAGGAARACGGACCGC
* * * * »
----ATC----- ACGTGCCGAAGA-GATTGAATATGTTTTACAACAATTTTAACTC--——
-—--ATA----- ACGTGCCGAAAA-AATTGAATATGTTTTACAACAATTTTAACTC-———
---TAGA----- ACAGCCCA-ATC-GATTGAGTGTCCTTGTGGCGGGAGTGGACTCGCAA
GATTGGA----~- AAGTTCCAGAGA-GAATGGAAGTTGCAACAGCTTCAGTTAACGCAGGA
————— GA-----ACAAAAGAAATA-ATGCTAAAATTTACACAAGCAGCGTARACTCCAA-
AATTACATGCGTATCTTCAAGAGATGAACGCAAGGGTACTTTCACAGTATGATGTAGTAA
* * *

—-—-——TGATATAAAATCCATCTCCAACAACGAGAAAATAAA-AGTTCCTGCTTTAAGATTT
——--TGATATAAAGTCCATCTCCAACAATGAACAAGTAAA-AGTTTCTGCTTTAGGATTT
CACCGGGTGGGGGATCGACTTAAGGCCGAGACAATTGAATTGGCGCCCAACGAGGGATTA
ATGTTCGAGAGACAACCCGTTGTGACAAGTGAAGTCTACGTATCAGCTGGCGTTGGAGTT
--TTTGACAGTAAATCAAACTGTAAATCCAGTGGCTATCAATATTCCTGGAGATACATCT
CGGTTGGAGAGACAT-GGGGGGCAACACCCGAAATTGGCCAGATG--TACAGTAATCCTA

NTAATCTTAATCTCTCA--AGATGCTAAATTTGAAAACATTTAATTTCTTCTTGAACATG
TTCATCTTAATTTCTCA--AGATGCTAAATTTGGAAACTTTTAATTTCTTCCTGAATATG
GTTATTCAGCTGAATAAGCGAAAGTAA——— === === === e e e
GTT-CTCGATTATCAAGTAGGGCGTCAAATTCCCGAACCAAGAGGTGACGATCCAGGACT
ATAATTGTAGATTCATC---CACTTCAGGCGCTACTATAGTCAATTATTCAATCATGAT-
ATCGCCACGAACTATCGATGATCTTTCAATTTGAACAAATTAATTTAGATAAACAATCAG

L

TCTATNCTTTGAAGCGGCGA-————————————————————u 1760
TCTATTCTTTGAAGCGGCGA——————==——=——=————————u 1760
ATACGAATAAGAAATATTCC-—-——————————————————— 1831
TTTCTTATCCGCAGTGTTCATATCTTTTTTCCAACGG-—-—-— 1764

GGATGACTCGCTGGGATTTAAAACCACTTATTCCAGCAGAGT 1946
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Figure 13. The multiple alignment of nucleotide sequences of AG in A. florea with other

organisms. Common residues are indicated by asterisks below the sequences.
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Figure 14. (continued)
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Dm.CG.nuc Q---PNRLSV LVAGVDSQHR VGDRLKAETI ELAPNEGLVI QLNKRK---- ————-——lee ———
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Clustal Co . 2 3

Figure 14. The multiple alignment of amino acid sequences deduced from the cDNA
sequences of AG in A. florea with other organisms. Common residues are indicated by

asterisks below the sequences.

A preliminary phylogenetic tree from deduced amino acid of AG among
these organisms was reconstructed using UPGMA and neighbor-joining (NJ) methods as
implemented in the program PAUP* version 4.0b (Phylogenetic Analysis Using
Parsimony methods*). To investigate support for nodes estimated in the trees, bootstrap
analysis was undertaken in PAUP (heuristic search). The bootstrap analysis with 50%
deletion was used as indications of branch support for individual clades. The bootstrap
values was calculated by using 1,000 replicates. The dexB in Lactobacillus sakei
sequence was selected as an outgroup in NJ and bootstrap methods. A phylogenetic
tree from UPGMA method (Fig. 15) was indicated distance between AG of A. florea
among that in other organisms. Furthermore, a phylogenetic tree from NJ method (Fig.
16) was represented three major clades. Clade | was comprised of the AG of A. florea
and A. mellifera. Clade Il was comprised of the AG in Drosophila melanogaster and

maltase in Culicoides sonorensis. Clade Ill was comprised of maltose 1 in A. mellifera.
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UPGMA
~ 0025 AG A. florea

0.258

[ 0025 AG A. mellifera

0.003

0.283

AG D. melanogaster
0.005

0.154 0:286 Maltase C. sonorensis

0 | 0.291 Maltase 1 A. mellifera

0.444

dexB and scaA L. sakai

Figure 15. A phylogenetic tree of deduced amino acid sequence of AG in A. florea
among other organisms by UPGMA method. A number on each branch indicate

differential.

differential.
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NJ
0.024 AG A. florea
0.250
100
0.026 AG A. mellifera
0.009
65,
0.277 AG D. melanogaster
0.009
63
0.293 Maltase C. sonorensis
0.288 Maltase 1 A. mellifera
0.596 dexB and scaA L. sakai

Figure 16. A phylogenetic tree of deduced amino acid sequence of AG in A. florea
among that in other organisms by NJ method. The upper numbers on each branch
indicate the differential between genes. The lower numbers (in bold type) were the full

heuristic bootstrap percentages of 1,000 replicates.
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3. Maijor protein pattern of crude extract
Proteins of head (12 heads) and honey crop (20 honey crops) of forager bee
was extracted by buffer insect saline. Crude protein was separated by SDS - PAGE.
Different bands of major protein (50 kDa from head and 15 kDa from honey crop) were

observed as in Figure 17.
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Figure 17. Pattern of major proteins in crude of head and honey crop.

Lane M: broad range protein MW markers
Lanes 1-2: crude protein of head (1 mg protein)
Lanes 3-4: crude protein of head (0.5 mg protein)

Lanes 5-6: crude protein of honey crop (1 mg protein)

4. Ammonium sulfate precipitation
Various concentrations of ammonium sulfate (AS) were added into crude
protein. Due to Fig. 18, the highest specific activity (1 u/ mg) was obtained from crude
without AS precipitation. High specific activity (0.7 u/ mg) was also from precipitation of
80 - 95% AS. The lowest specific activity (0.2 u/ mg) was appeared from precipitation in
40 - 50% AS. Due to SDS - PAGE, different pattern of protein was observed in each

lane. Common band of 100 kDa was observed in all lanes (Fig. 19).
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Figure 18. Specific activity of crude precipitation by various concentrations of

ammonium sulfate.
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Figure 19. Protein profile of precitate from various concentrations of ammonium sulfate

(AS). Protein (20 pg) of all precipitates were electrophoresed by SDS polyacrylamide gel

and CBB stained.

Lane 1: precipitate by 0% AS

Lane 2: precipitate by 0 - 30% AS
Lane 3: precipitate by 30 — 40% AS
Lane 4: precipitate by 40 - 50% AS
Lane 5: precipitate by 50 - 60% AS
Lane 6: precipitate by 60 - 70% AS
Lane 7: precipitate by 70 - 80% AS
Lane 8: precipitate by 80 - 90% AS

Lane M: broad range protein MW markers
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5. AG purification
5.1 Crude protein with ammonium sulfate precipitation
5.1.1 Anion exchange (DEAE - cellulose)
Crude protein was injected to DEAE - cellulose equilibrated by 30
mM sodium phosphate buffer (pH 6.3). The column was developed by a linear gradient
of 0 — 1.0 M NaCl. SDS - PAGE was represent in Figure 3.15 on lane 1 - 4 (B). The AG
activity was eluted within unbound (fraction# 4 - 7) and bound peaks (fraction# 21-24) as

in fig. 20. Positive fractions were pooled and desalted by dialysis.

3500 - . 76

3000— SN EEEENEEREEEB-

'.ﬁll 5
= 2500 - T
= -_—
£ R
= 2000 - 2
£ 3 &
c S
© 1500 { b3
R , ®
8 1000 - 2

500 - T

0 0

5 10 15 20 25 30 35 40 45 50 55 60 65 70

Fraction number

Figure 20. AG on a DEAE-cellulose column. Crude protein, 300 mg; column, 1.6 x 13
cm; equilibrium, 30 mM sodium phosphate buffer (pH 6.3); elution, 0 - 1 M NaCl;
flow rate, 60 ml/ h; fraction size, 10 ml;, —e—  OD at 280 nm; —O0— , alpha

glucosidase activity; .auuee. , molarity of NaCl.



5.1.2 Gel filtration (Superdex 200)
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The dialyzed sample of bound peak from DEAE cellulose was

applied to a gel filtration column on Superdex 200 equilibrated by 30 mM sodium

phosphate buffer containing 100 mM NaCl (Fig. 21). Low AG activity (less than 1 u/ ml)

of bound peak sample (fraction# 14) was calculated. SDS — PAGE was represent in

Figure 23 on lane 1 (A).
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+ 0.5
+ 04
+ 0.3
+ 0.2

- 0.1

AG activity (U/ml)

Figure 21. AG on a gel filtration (Superdex 200) column. Bound peak solution of DEAE,

10 mg protein; column, 1.6 x 51 cm; equilibrium and elution, 30 mM sodium phosphate

buffer containing 100 mM NaCl (pH 6.3); flow rate, 30 ml/ h; fraction size, 10 ml: —e—

OD at 280 nm; —0— , AG activity.
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The dialyzed sample of unbound peak from DEAE - cellulose was applied to
a gel filtration column on Superdex 200 with the same condition. High AG activity (4 u/ ml) was
obtained from unbound peak of protein as in Fig. 22. SDS — PAGE was represent in

Figure 23 on lane 5 (B).
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Figure 22. AG on a gel filtration (Superdex 200) column. Unbound peak sample of DEAE
- cellulose, 18 mg protein; column, 1.6 x 38 cm; equilibrium and elution, 30 mM sodium
phosphate buffer containing 100 mM NaCl (pH 6.3); flow rate, 30 ml/ h; fraction size, 10

ml; —e— ,OD at 280 nm; —O—, AG activity.

Fractions (from Superdex 200) containing highest AG | activity were
concentrated and desalted by centrifugal filter (MWCO 10,000 Da). The retentive
solution was separated by SDS — PAGE as in Fig. 3.15. Bands of Af1 (55 kDa), Af2 (52
kDa), and Af3 (73 kDa) were excised from the gel for MALDI — TOF MS.
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Figure 23. CBB staining of SDS - PAGE.

Lane 1 (A): filtered sample (40 ug) from fraction# 14 of Superdex 200 (from bound DEAE
cellulose) i

Lane 1 (B): unbound sample (3 mg) from DEAE cellulose (fraction# 6)

Lane 2 (B): unbound sample (3 mg) from DEAE cellulose (fraction# 7)

Lane 3 (B): unbound sample (3 mg) from DEAE cellulose (fraction# 8)

Lane 4 (B): pooled unbound sample (3 mg) from DEAE cellulose before Superdex — 200

Lane 5 (B): highest activity fraction (0.3 mg) from Superdex - 200 (fraction# 12) from
unbound DEAE cellulose)

Lane 6 (B): concentrated sample (3.6 mg) from lane 5

Lane M1: broad range protein MW marker

Lane M2: low molecular weight marker
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5.1.3 Gel filtration (Sephadex G — 150)

The dialyzed unbound peak sample (Fig.20) was chromatographed
on a Sephadex G - 150 column equilibrated by 30 mM sodium phosphate buffer
containing 100 mM NaCl. AG was eluted in bound peak. Due to figure 16, activity was
found in fractions# 40 - 46. The highest fraction contains 3.7 u/ ml of activity. Protein in
fractions containing activity was separated by SDS PAGE to determine the purity of

purification (Fig. 25). Only one band (50 kDa) was visible.
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Figure 24. AG on a gel filtration (Sephadex G - 150) column. Unbound peak sample of
DEAE, 10 mg protein; column, 1.5 x 87 cm; equilibrium and elution, 30 mM sodium
phosphate buffer containing 100 M NaCl (pH 6.3); flow rate, 15 ml/ h; fraction size,

3 ml; —e@—, protein concentration (Bradford’s assay); —O— , AG activity.
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Figure 25. SDS - PAGE of positive fractions from Sephadex G - 150. Lanes 1-7
contained fraction# 40 — 46 (100 pg), respectively.

5.1.4 Cation exchange (CM cellulose)

Due to the chromatography on DEAE, the protein was not bound
on the column. Instead, the dialyzed unbound sample (Fig. 21) was chromatographed
on a CM cellulose column equilibrated by 20 mM sodium acetate buffer and eluted by
0-1 M NaCl. Almost same activity was found in all fractions although protein was eluted
from the column (Fig. 26). In each fraction, the amount of protein was low (less than 100

mAu by O.D. 280).
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Figure 26. AG on CM'¢8llulose. Unbound peak sample of DEAE, 100 mg protein;
column, 1.6 x 13 cm; equilibrium, 20 mM sodium acetate buffer (pH 4.7): elution, 0- 1 M
NaCl; flow rate, 60 ml/ h; fraction size, 10 ml; —e— OD at 280 nm:—O0— , AG activity;

......... , molarity of NaCl

Furthermore, crude protein was injected onto CM cellulose equilibrated by
20 mM sodium acetate buffer (pH 4.7). The column was developed by a linear gradient
of 0 =1 M NaCl. The AG activity was eluted at second unbound peak (Fig. 27). The

obtained activity was low (less than 1 U).
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Figure 27. AG on CM cellulose. Crude protein, 300 mg; column, 1.6 x 13 cm
equilibrium, 20 mM sodium acetate buffer (pH 4.7); elution, 0 - 1 M NaCl; flow rate, 60
ml/ h; fraction size, 10 ml; —@— OD at 280 nm; —O— , AG activity; «ssseses

, molarity of NaCl.

5.2 Crude protein without ammonium sulfate precipitation
5.2.1 Anion exchange (DEAE cellulose)

In order to avoid the loss of AG activity before chromatography
(data from Fig. 18), crude protein without being precipitated with ammonium sulfate was
applied directly on a DEAE column under the same condition. The high protein was
obtained in unbound (fractions# 3-8) and bound (fractions# 28-32) peaks. High AG
activity was assayed from the unbound peak. SDS - PAGE was represent in Figure 29

onlane 3 - 4.
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Figure 28. Unprecipitated AG on DEAE cellulose. Crude protein without precipitation
with ammonium persulfate, 250 mg; column, 1.6 x 13 cm; equilibrium, 30 mM sodium
phosphate buffer (pH 6.3); elution, 0 - 1 M NaCl;flow rate, 60 ml/ h; fraction size, 10 ml:

—e—, OD at 280 nm; —o— , AG activity; === » molarity of NaCl.

From all procedures of AG purification, it can be summarized in Table 6.
Specific activity of AS precipitate was lower than crude. Specific activity after DEAE
cellulose is the lowest but it is not greatly different from crude. AG activity in both bound
and unbound peaks from DEAE - cellulose was assayed. The bound peak was
separated on Superdex 200 while the unbound peak was separated on Superdex 200,
Sephadex G - 150, and CM - cellulose. After second times of purification by gel

filtration, specific activity was higher.



Table 6. Summary of purification procedures of AG.
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Total  Total activity Specific Yield Purification
Procedure protein (u) activity (%) fold
(mg) (u/ mg)
Crude 4,065 1,228.5 0.302 100 1
Ammonium sulfate
(95% saturation) 1,0¢5 195.2 0.182 15.89 0.603
DEAE - celluldse 780 183.52 0.171 10.87 0.566
Superdex 200
- Bound DEAE peak 441 22.8 0.517 1.856 1712
- Unbound DEAE 52 124 2.3846 10.095 7.89
and ultrafiltration 10.46 42.29 4.043 3.443 13.3874
Sephadex G - 150
- Unbound DEAE 60 81.3 #8855 6.619 4.487
CM - cellulose
- Unbound DEAE 25 38.95 1.558 3.171 5.159
- Crude protein 40.92 26.07 0.637 2.122 2.109
DEAE - cellulose 20 90 4.5 7.327 14.901

(no AS)

Protein in fractions containing highest AG activity of DEAE — cellulose and

Sephadex G — 150 was separated by SDS — PAGE and CBB stain (Fig. 29 A). A major

band of 100 kDa and minor bands of 35 and 50 kDa were observed in lane 1 but a major

band (35 kDa) and a minor band (50 kDa) were observed in lane 3. This may indicate

that AS precipitation affects high MW protein.

Protein was denatured and renatured.

Many bands of protein were

observed on SDS polyacrylamide gel (Fig. 29A) but only one positive band was visible in

lanes 2 — 3 of activity gel (Fig. 29 B). No AG activity at all in lanes 1 and 4 (Fig. 29 B)

although lots of protein were detected in Fig. 29 A.
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Figure 29. CBB staining (A) and activity staining (B) of fractions containing highest
activity from DEAE - cellulose and Sephadex G — 150.

Lane 1: unbound fraction with AS (3 mg) on DEAE (Fig. 12)
Lane 2: unbound fraction (1 mg) on Sephadex G - 150 (Fig. 16)
Lane 3: unbound fraction without AS (1 mg) on DEAE (Fig. 20)
Lane 4: bound fraction without AS (1 mg) on DEAE (Fig. 20)
Lane M: broad range protein MW marker

Three bands on SDS polyacrylamide gel (Fig. 23) were excised. Arrows
indicate locations of 3 bands, Af1, Af2, and Af3. Due to the Rf value and log MW of
protein marker, MW of Af1, Af2, and Af3 were calculated to be 55, 52, and 73 kDa,
respectively (Fig. 31). The bands of Af1 and Af2 were selected because they were
always found from any chromatography. While the Af3 band was excised because its
MW (about 93 kDa) is closed to MW of AG in A. mellifera (Fig 30). Molecular weight of
purified AGI, AGII, and AGIII were 98, 76, 68 kDa, respectively (Takewaki et al., 1980
and Nishimoto et. al., 2001). Those bands were later digested by trypsin and analysed
for peptide by MALDI - TOF MS at Bioservice unit, Thailand.
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Figure 30. Relationship between R: value and log MW of broad range protein MW
marker. MW of AG from Fig. 21 was estimated.
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Figure 31. Relationship between R; value and log MW of low MW marker. MW of Af1,
Af2, and Af3 from Fig. 15 was calculated. The LMW standard marker contains
phosphorylase b (97 kDa), bovine serum albumin (66 kDa), ovalbumin (45 kDa),
carbonic anhydrase (30 kDa), trypsin inhibitor (20.1 kDa), and alpha - lactalbumin (14.4
kDa).
6. MALDI - TOF peptide mass mapping

Whole body of honeybee was partial purified by 1) various

chromatographies; anion exchange (DEAE cellulose), gel permeation (Superdex 200)

and 2) by ultrafiltration with centrifugal filter MWCO 10,000 Da. Then, the obtained
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protein was separated by SDS - PAGE. The protein complement of partial purified AG
was sequenced for peptide by matrix assisted laser desorption ionization/time of flight
(MALDI — TOF) mass spectrometer.

The peptide mass was searched in SwissProt database in Mascot program
(www.matrixscience.com). Peptide matching for sample mass spectra was based on an
accuracy of +1 Da. The MALDI - TOF mass spectrum of Af3 showed six peptide
masses, 1163.543 m/z, 1313.55 m/z, 1719.779 m/z, 1977.753 m/z, and 2111.86 m/z,
[M+H]" which were matched to those of AG in A. mellifera (Q17958). The score is 70
which is accepted to be significant (p < 0.05) since it is greater than 67. According to

Fig. 32, the matched peptide is 12% coverage with AG in A. mellifera (based on the M, of
65.5 kDa).
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Figure 32. The amino acid sequence of AG in A. mellifera (Q17958). Matched peptides

are shown in bold and underline letter.

7. Compare amino acid sequence between deduced amino acid sequence from

cDNA and amino acid from MALDI — TOF MS

Comparing amino acid sequence between deduced amino acid sequence from
cDNA and amino acid from MALDI — TOF MS. Most of residues is same amino acid
except only one residue at 32. It is Leucine (L) in deduced amino acid sequence from
c¢DNA and Valine (V) amino acid from MALDI — TOF MS. However the 2 amino acids

have close molecular weight. Molecular weight of Valine is 117 Da while Leucine is 131 Da.
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Figure 33. Compare amino acid sequence between deduced amino acid sequence from

cDNA (upper line) and amino acid from MALDI — TOF MS (lower line)

8. Two - dimensional electrophoresis

Crude protein precipitated by 95% ammonium sulfate was desalted and

separated on 2 - D electrophoresis. Most MW of protein was low in the range of 14.4 - 45

kDa as in Fig. 34. The distinguished spots were detected in range of pH 3 - 8.5. Owing

to result of MALDI — TOF, MW of AG is about 73 kDa. Affirmatively, the assumed AG

protein is marked in circle with the expected MW of about 73 kDa at pH 5.5.
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Figure 34. Two - D electrophoresis of crude protein (2 mg). Lane M contained

low MW marker.

9. Optimum conditions for AG

A fraction containing activity peak from Superdex 200 (Fig. 22) was selected
to study optimum conditions for AG activity. The optimum parameters (pH, temperature,
selective concentration of substrate, and incubation time) were measured as mentioned
in Materials and Methods. Three replications were performed. The average value was
calculated and used to plot a graph.

The obtained optimum pH of purified AG is 5 (Fig. 35). The optimum
temperature is 55°C (Fig. 36). The selective concentration of substrate is 80 mM

(Fig. 37) and the optimum incubation time is 40 min (Fig. 38).
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Figure 35. The optimum pH of partial purified AG in A. florea. Briton - Robinson buffer

at various pHs ranging between 3.0 - 7.5 was used. The optimum pH is 5.0.

9.2 Optimum temperature

specific activity (U/mg protein)

25 30 35 40 45 50 55 60 65 70 75 80
temperature (°C)

Figure 36. The optimum temperature partial of purified AG of A. florea. The reaction
mixture in acetate buffer (pH 5.0) containing 0.1 M sucrose was incubated at various
temperatures ranging among 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, and 80°C for 10 min.

The optimum temperature is 55°C.
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9.3 Selective concentration of substrate for partial purified AG

specific activity (U/mg protein)
n

0 10 20 30 40 50 60 70 80 90 100 110

concentration of sucrose (mM)

Figure 37. The optimun concentration of sucrose of partial purified AG in A. florea. The
reaction mixture was incubated with sucrose at various concentrations of 10, 20, 30, 40,
50, 60, 70, 80, 90, and 100 mM, respectively. The optimum concentration of sucrose is
80 mM.

9.4 Optimum incubation time of partial purified AG

specific activity (U/mg protein)

0 20 40 60 80 100

time (min)

Figure 38. The optimun incubation time of purified AG in A. florea. The reaction mixture
was incubated at 55 °C for 10, 20, 30, 40, 60, and 90 min, respectively. The optimum

incubation time is 40 min.
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Conclusions

1) Alpha - glucosidase (AG) expression is highest in forager bee.
Quantitative analysis by RT — PCR indicates that an expression profile of AG gets
increased in nurse bee (386.633) and forager bee (760.589), respectively. But no
express in egg (16.082).

2) The cDNA sequence of AG (1,739 bp) was obtained by RT - PCR. In
addition, the deduced amino acid sequence of AG (568 amino acids) was obtained.

3) By blast, alignment of AG sequence in A. florea with related genes in
other organisms presents the highest similarity of 95% to that in A. mellifera.

4) Phylogenetic trees of amino acid sequence by UPGMA and Neighbor -
Joining were constructed. The result also supports that the AG from A. florea was closed
to AG in A. mellifera.

5) The suitable purification procedure of AG in A. florea was
chromatographied on DEAE cellulose (0.171 u/ mg), Superdex- 200 (2.3846 u/ mg), and
concentrated by centrifugal filter at MWCO 10,000 Da (4.043 u/ mg). This procedure
provides the highest activity

6) The specific activity of AG was obtained from DEAE cellulose at 0.171 u/
mg (with 95 % ammonium sulfate, AS, saturation) and at 4.5 u/ mg (without AS
precipitation). It is possible that AS causes the loss of AG activity.

7) From Sephadex G — 150 protein in active fractions was separated by SDS
- PAGE and renatured. The activity band of AG (93 kDa) could be recovered.

8) The most active fraction from Superdex 200 was concentrated and
separated by SDS - PAGE. After the plot of Rf value and log MW, the MW of candidate
AG was about 73 kDa. Then, the band was excised and sequenced by MALDI - TOF
MS.

9) MALDI - TOF peptide mass maps of purified AG showed six matching
masses of AG in AG in A. mellifera (gi|58585164), score 70, with 12% coverage (based
on the M, of 65523 Da).
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10) The optimum condition for partial purified AG was at pH 5, at
temperature of 55°C, at incubation time of 40 min, and in sucrose concentration of 80
mM.

1.3.2 Purification of alpha-glucosidase (AG) in Apis cerana
1. Alpha glucosidase cDNA sequence

Total RNA was extracted from hypopharyngeal glands of forager bees and
determined by 1.2% (w/ v) agarose gel and formaldehyde gel. After electrophoresis,
18S and 28S rRNA were visible on agarose gel (Fig. 39A) while only 28S rRNA was
observed on formaldehyde gel (Fig. 39B).

1 1 2

288

28S
18S

(A) (B)

Figure 39. Total RNA extracted from HPGs of forager bees was electrophoresed on

1.2% (w/v) agarose gel (A) and formaldehyde gel (B).
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2. Partial cDNA sequence

According to RT - PCR amplification, all primers worked at the same condition as
mentioned in Materials and Methods. The PCR product of 850 bp was obtained from
FW2 and R3 primers (Fig. 40A). The product of 750 bp was amplified by FW2 and oligo
dT primers (Fig. 40B). Also, the product of 220 bp was amplified from FW3 and R3

primers (Fig. 40C). Those PCR products were sequenced by Bioservice unit, Thailand.

(A) (B) (C)

Figure 40. The RT - PCR product of AG from HPGs. Lanes 1 in all figures contained
100 bp ladder marker. Lane 2 contained product by FW2 and R3 primers (A) and
product by FW2 and oligo dT primers (B). Lane 3 contained product by FW3 and R3

primers (C).
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Control experiments were performed by using primers of 28S RNA and
Elongation factor (EF) genes. The sizes of 350 bp and 100 bp RT - PCR products were
obtained, respectively (Fig. 41).

Figure 41. Control primers for RT - PCR amplification.
Lane 1: 100 bp ladder marker
Lane 2: product amplified by 28S rRNA primers

Lane 3: product amplified by Elongation factor (EF) primers

The sequences of all above RT - PCR products were shown in Fig. 42. The
obtained cDNA length of AG is 1,740 bp. In addition, the derived amino acid sequence

(567 amino acids) is obtained and represented in Fig. 43.
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Figure 42. The cDNA sequence of alpha — glucosidase obtained by RT — PCR.
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Figure 43. The amino acid sequence of alpha — glucosidase deduced from the cDNA

ALSTIVDAAWK
FLEMGVDMEW
EKGLKIILDF
PTNWVGVEGG
FWLRRGLDGF
PETYNIVRKF
TKNVSRDSNS
ARMITAMSLL
MSRDPARTPF
NMFKKFAMLK
EEQIVDLKAF

DAKFGNF

PLPENLKEDL

LSPIYPSPMV

VPNHTSDQHE

SAWSWREERQ

RVDALPYICE

RDVLDEFPQP

SDFKKLVDNW

LPGVAVNYYG

QWDDSVSAGF

KSPYFKEANL

NNVPKKLNMF

IVYQVYPRSF
DFGYDISNYT
WEQLSLKNIE
AYYLHQFAPE
DMRFLDEPLS
KHMLIEAYTN
MTYMPPSGIP
DEIGMSDTYI
SSSSNTWLRV
NTRMLNDSVF

YTIFNSDIKS

KDSNGDGIGD
DVHPIFGTIS
PYNNYYIWHP
QPDLNYYNPV
GETNDPNKTE
LSMTMKYYDY
NWVPADHDQL
SWEDTQDPQG
NENYKTINLA
AFSRETEENG

ISNNEQIKVS

50

100

150

200

250

300

350

400

450

500

550

567

58

sequence. The underline amino acid sequences were different from amino acid of AG in

A. mellifera recorded in Genbank.

3. Sequence homology and phylogenetic trees

The cDNA sequences alignment were compared with the sequences of AG in A.

mellifera (D79208), maltase 1 in A. mellifera (XM_393379), Drosophila melanogaster

CG1493 _ PA (NM_135678), sucrose specific enzyme Il of the PTS (ScrA) and dextran

glucosidase (dexB) genes in Lactobacillus sakei (AF401046), and Culicoides sonorensis

clone CsMAL1 maltase (AY603565). As shown in Fig. 44, the multiple alignments were

sequenced and compared for homology. The deduced amino acid sequences of AG

were aligned with other organism (Fig. 45). The consensus sequences are obtained.
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Figure 44. (continued)
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Figure 44. (continued)
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Figure 44. (continued)

Am.AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

Am.AG.nuc
AC.AG
Cs.Maltase
Dm.CG.nuc
Am.maltasel
Ls.ScrA.nu
Clustal Co

| ol By

760

-ATTCTTAGA
-ATTCTTAGA
-AGATGCGAA
—-ACTGAGGGA
TATCGTTAGA
CATACGGGAT

*

i | o i
810
CCGAGTACAC
CCGAGTACAC
TCAGATCCTT
TGAGGCCTAC
CCACGCTTCT

TTAGATACAG

o | Ve .|
860
CCC--AGAAA
CCC--AGAAA
GCC--TGAAA
GCC--TGAGG
ACC--CGAGA

TCCAACAGGG

* *

o | 5w

910
GAATTCCCGC
GAATTCCCGC
GAATTTAAAC
AATTATACAG
AACTATGCAG

ATTGATAAGA

il e i s |

960
GGCATACACG
GGCATACACG
AGCTTATGCT
GGGTTATGCT
GGCGTATTCT

GACGAATACA

* *

ool (PR

770

CGAACCTCTA
CGAACCCCTA
TGGAAATTAT
TGAGCCTCCG
TGAACCACCT
AARAATCGGAT

ko |

T--CTCAAGA
T--CTCAAGA
TATCTCAATG
TTGAGCCACA
TTAAATCACA
TTAATTTAAA

* *

5 i o ey |

CCTACAATGT
CCTACAATAT
CTTTTGAAAT
ATTACGGTCT
CTTACGAATT
ACAACATGTT

820

870

S| we e, |

780

TCAGGT--GA
TCTGGT--GA
CCAGAT--GA
AGTGGC--AC
TTGGGT--AA
GATGGTGCAG

*

sgeies: | lhs s 5 |

Sreve | o I
AGTTCGCA--
AGTTCGCA--
GGTCACGG--
ACTTCAGC--
GGTAAAAG--
AGCGAAGGCG

880

o o dh |

AACAAATGAT
AACAAATGAT
AATTGA-AAC
TACCGATGAT
ARAATCTCAAC
AAGTGCTAAT

* *

*

AP
AATTTAGAGA
AATTTAGAGA
AATGGAGAGC
ATTGGCGGCA
AATGGCGAGA
ATTTATTAGG

* ok

CATGCTLT——-
CATGCTT——-

9,0

840

890

800
CCCAATAAAA
CCCAATAAAA
CCATGCATGC
CCAAATAA--
TTAAGTCT--
TCATATTGGT

M| ‘S
850
CTCACGATAT
CTCACGATAT
CTCAAAACAG
CCAGAAATCA
CGAAAGATCA

GAAAAGATTG

23

il o o8 8l
900
TGTGTTAGAC
TGTGTTAGAC
GACTTTGGAG
ACTTCTGGAT
TTTTGTGGAC

TCATTTTGAT

* Kk k

950

ARAAGAATGG AGGACCAACA
CTAACCACGA TGGGCCATTG
AAGAAAATAA GCGGGATGAA
TTAAACAAGC CGGGCTAACA

*

SRR SRR g e

: |
97.0

980

AGAGTTTTAA TG---GTAGA
AGGATAATGA TG---ACCGA
ATAGTACTTT TG---ACAGA
CCGCTAACAA TGACTATTGT

*

wliwmwe s | swew s

990

1000

AA----TTTA TCGATGACGA TGAAATATTA CGATTA----

AA----TTTA TCGATGACGA TGAAATATTA CGATTA----

CC----ATTA ACAAAAGTAA TTCAAATTTA TGGTCAAAAT

TC----GGTG TCGCAACTAA TGGAATACTA TGAAGATTCG

TC----TTTA GAGAACACTC TCAAATATTA CGAAGT----

GCGGGATATG CACAAGTTGA TCCGCTTTTA ACAGTCGACA
* * * %



Figure 44. (continued)
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Figure 44. (continued)
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Figure 44. (continued)
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Figure 44. (continued)
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Figure 44. The multiple alignment of the nucleotide sequences of AG in A. cerana and

that in other organisms. ' Residues in that column are identical in all sequences in the

alignment.
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Figure 45. (continued)
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Figure 45. (continued)
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Figure 45. The multiple alignments of amino acid sequences deduced from cDNA

sequence of AG in A. cerana and that in other organisms.
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Aligned sequences were imported into a phylogenetic analysis program, PAUP

(version 4.0b). One tree was founded from each program when UPGMA and Neighbor -

joining programs were used for the analysis. As shown in Figs. 46 and 47, phylogenetic

trees from deduced amino acid were constructed. A pattern of genetic distance was

observed from both Figs. 46 and 47. The obtained trees from each program share

similar characters. AG amino acid sequence of A. cerana is mostly closed to AG amino

acid sequence of A. mellifera.
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Apis cerana AG
100
Apis mellifera AG
66
Culicoides sonorensis
maltase
54

Drosophila melanogaster

cG

Apis mellifera maltase1

Lactobacillus sakei
ScrA & DexB
Figure 46. Phylogenetic trees illustrating the genetic relationship among amino acid
sequences of various species by Neighbor - joining. Numbers above branches indicate
bootstrap support percentage over 50% in 1000 replicates. Amino acid sequences of AG

from A. mellifera maltase 1 and Lactobacillus sakei were used as outgroups.
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’— Apis cerana AG

— Apis mellifera AG

Drosophila melanogaster
i CcG

Culicoides sonorensis
maltase

Apis mellifera maltase1

Lactobacillus sakei
0.1 changes ScrA & DexB

Figure 47. UPGMA tree of the genetic relationship among amino acid sequences of

various species. Lactobacillus sakei was used as an outgroup.
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4. Denaturation and renaturation of AG
4.1. SDS - polyacrylamide gel electrophoresis of crude extract
Crude extract of hypopharyngeal glands (HPGs) and honey crops was
quantitated for protein by Bradford's assay. Due to standard curve of BSA, higher protein

content (1.03 g/ g) was obtained from honey crops (table 7).

Table 7. Protein content in crude of HPGs and honey crop.

Protein source Amount (g/ g)
HPGs <0.33
Honey crop 1.03

Later, crude was separated by SDS — PAGE and stained by coomassie brilliant
blue (CBB). Different pattern of protein in crude extract was visible on SDS - PAGE as in
Fig. 48. Honey crop crude shows widely MW ranging from 10 to 225 kDa while HPGs
crude has two major proteins with approximate MW of 50 and 75 kDa.

1. 273
_— kDa
HH
iR _:
- 50
. 35
e , 25
- 15
— 10

Figure 48. SDS - PAGE of HPGs and honey crop.
Lane 1: crude extract of HPGs (50 pg)
Lane 2: Broad range protein marker

Lane 3: crude extract of honey crop (50 ug)
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Then, the CBB gel was renatured and stained for AG activity. Only single activity
band was appeared in both HPGs and honey crop (Fig.49).

1 2 K 4 3

‘e

R BLL

=

Figure 49. Renaturation of AG from HPGs and honey crops. Arrows indicate two
major subunit bands.

Lane 1: crude of honey crop (50 ug; CBB gel)

Lane 2: crude of HPGs (50 ug; CBB gel)

Lane 3: protein marker

Lane 4: renatured crude of HPGs (50 pg)

Lane 5: renatured crude of honey crops (50 pg)

5. Ammonium sulfate precipitation

Crude extract was slowly added by solid ammonium sulfate (AS) to be 0 - 30, 30
- 40, 40 - 50, 50 - 60, 60 - 70, 70 - 80, and 80 - 95% saturation, respectively. Later, the
suspension was dialyzed by dialysis bag at MWCO 3500. As shown in Fig. 50 and table
8, the specific activity of AG was high in unprecipitated suspension (0.87 u/ mg). Low

specific activity was assayed from suspension with low concentration of AS. The specific
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activity got increasing when the concentration of AS was increased. Saturation of AS

(95%) was used for purification since it provided the highest specific activity.

Table 8. Specific activity of AG after various AS saturation.

% Ammonium sulfate saturation Specific activity (u/ mg)
Not precipitated 0.87
0-30 @17
30-40 0.15
40-50 0.21
50-60 0.28
60-70 0.46
70-80 1.23
80-95 1.36

Specific activity (U/mg protein

0 0-30  30-40 40-50 50-60 60-70 70-80  80-95

% Ammonium sulphate saturation

Figure 50. Specific activity of AG precipitated by a stepwise increase of AS

concentration.
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Precipitated crude was separated by SDS — PAGE. Less protein bands were
observed than in unprecipitated crude. Protein band of 100 kDa was observed in
unprecipitated crude only while protein band of 75 kDa was observed in all samples

(Fig.51).

Wa 1 2 3 4 5 6 7 8 9 10

225 :;:... “ L " M
150 a8
100 -

75— wmm““as.& .

35_

Figure 51. SDS - PAGE of protein (50 pg/ lane) saturated by various concentrations of
AS.
Lane 1: Protein marker Lane 2: unprecipitated protein

Lane 3: 0 - 30% AS saturation Lane 4: 30 - 40% AS saturation

Lane 5: 40 - 50% AS saturation Lane 6: 50 - 60% AS saturation
Lane 7: 60 - 70% AS saturation Lane 8: 70 - 80% AS saturation
Lane 9: 80 - 95% AS saturation Lane 10: Protein marker

6. Purification of AG
6.1 lon Exchange Chromatography

Crude protein was applied to DEAE - cellulose column (1.6 x 17 cm) as
mentioned in Materials and Methods. After elution and AG assay, it showed that activity
in Peak | (fractions no. 2 - 12) was not bounded to DEAE - cellulose column. While being
eluted by gradient of 0 - 1 M NaCl, activity from Peak Il (fractions no. 28 - 33) was eluted
at 0.13 M NaCl (Fig. 52).
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Figure 52. Purification of AG on DEAE - cellulose. Equilibrium, 30 mM sodium
phosphate buffer (pH 6.3); elution, 1 M NaCl; flow rate 60 ml/ h; fraction size 10 ml/

fraction.

Furthermore, active and unbound fractions (fractions no. 2 - 12) from DEAE -
cellulose column (20 ml) were subjected to CM - cellulose column (1.6 x 17 cm)
equilibrated by 20 mM sodium acetate buffer (pH 4.7). Bound materials were eluted by
a linear gradient of 0 to 1 M NaCl at flow rate of 0.5 ml/ min and maintained at 4°C. Two
main peaks of protein were eluted from CM - cellulose column but there was no activity

peak as shown in Fig. 53.
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Figure 53. Purification of AG on CM - cellulose. Equilibrium, 100 mM sodium acetate

buffer (pH 4.7); elution, 1 M NaCl; flow rate 30 ml/ h; fraction size 5 ml/ fraction.

6.2 Gel filtration chromatography
Unbound (peak |) and bound peaks (peak IlI) from Fig.52 were
concentrated and injected onto a gel filtration column (Superdex 200). Considering Fig.
54, AG activity was eluted after the protein peak. Highest peak containing the specific
activity of 1.804 u/ mg was collected. The purification fold was calculated to be 2.59
(table 9). Due to Fig. 55, AG activity was discovered after the protein peak. The highest
peak (fractions no. 17 — 22) contained the specific activity of 1.032 u/ mg. Also, the

purification fold was 1.48 as shown in table 9.
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Alpha-glucosidase activity
(U/ml)
w
OD. 280 nm

1 4 71013161922252831343740434649 52555861

Fraction number

—=— Alpha-glucosidase activity (U/ml) —-A—- OD. 280 nm

Figure 54. Pooled bound fractions containing AG activity were applied to gel filtration
Sephadex 200 column. Equilibration and elution, 30 mM sodium phosphate buffer (pH

6.3); flow rate 30 ml/ h; fraction size 5 ml/ fraction.
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Alpha-glucosidase activity
(U/ml)
OD. 280 nm

1 4 7 101316 19 22 2528 31 34 37 40 43 46 49 52 55 58

Fraction number

——&— Alpha-glucosidase activity (U/ml) —-a—- OD.280 nm

Figure 55. Pooled unbound fractions containing AG activity was applied to a gel filtration
Sephadex 200 column. Equilibration and elution, 30 mM sodium phosphate buffer (pH

6.3); flow rate 30 ml/ h; fraction size 5 ml/ fraction.
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Table 9. Summary of purification procedures of AG.

Total Specific
Total activity Yield | Purification
Procedure protein b activity
p (unit) (%) (fold)
(mg) (unit/ mg)
Crude protein’ 5951.2 4145.2 0.696 100 1
95% sat. (NH,),SO, 1302 306 0.235 7.382 0.34
DEAE cellulose 137.5 298.5 2171 7.201 311
Superdex 200 (bound) 75.9 136.92 1.804 3.303 2.59
Superdex 200
93 96 1.032 2.315 1.48
(unbound)
CM cellulose (unbound) 77.7 12 0.154 0.289 0.22

"This was calculated on the basis of the fact that E'” 1em @t 280 nm.
bAlpha - glucosidase activity

“This corresponded to the amount of protein from 430 g of honey bees.

In order to avoid the loss of AG activity during AS precipitation, crude extract
(150 mg) was directly applied to DEAE - cellulose and CM - cellulose columns. The
result of purification was presented in Figs. 56 and 57.

Due to fig. 56, specific activity (0.757 u/ mg) in fractions no. 6 - 11 was
determined. The purification fold was 1.21. Also, in Fig. 19, specific activity (0.53 u/ mg) in
fractions no. 7 — 12 from CM - cellulose was observed but purification fold was 0.85. The

result was in table 10.
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Figure 56. Chromatography of AG on DEAE — cellulose. Equilibrium, 30 mM sodium
phosphate buffer (pH 6.3); elution, 1 M NaCl; flow rate 60 ml/ h; fraction size 10 ml/

fraction.
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Figure 57. Chromatography of AG on CM - cellulose.

Equilibrium, 20 mM sodium

acetate buffer (pH 4.7); elution, 1 M NaCl; flow rate 30 ml/ h; fraction size 5 ml/ fraction.

Table 10. Purification procedures of unprecipitated crude.

Total Total activity Specific Yield | Purification
Procedure protein (unit)b activity (%) (fold)
(mg)® (unit/mg)
Crude protein’ 1044 654.9 0.627 100 1
DEAE - cellulose 139.2 105.4 0.757 16.09 1.21
CM - cellulose
65 34.5 0.530 5.27 0.85
(unbound)

“This was calculated on the basis of the fact that EW"1cm at 280 nm.

bAlpha - glucosidase activity

“This corresponded to the amount of protein from 100 g of honey bees.
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7. SDS - PAGE of purified AG

Purity of AG (from precipitated crude of 95% AS) was checked by SDS - PAGE
as shown in Figs. 58 (A), (B), and 60. The R, and mass weight (MW) was plotted (Figs.
59 and 61). The molecular mass of AG was preliminarily estimated to be 68 kDa.
Activity staining was performed in order to determine the AG (Figs. 62 and 63). After
SDS - PAGE, the first part of the gel was CBB stained. The copied gel was renatured in
Triton X - 100 and activity stained as mentioned in Materials and Methods. The activity

band of MW between 50 - 75 kDa was clearly visible.

4= 68 kDa

Figure 58. SDS - PAGE and CBB.

A:
Lane 1: broad range protein marker
Lane 2: crude protein (100 Llg)
Lane 3: 95% saturated (NH,),SO, precipitate (50 Llg)
Lane 4: pooled active fraction of DEAE - cellulose (30 JAg)
B:

Lane 1: broad range protein marker

Lane 2: pooled active fractions of Superdex 200 (50 Jig)



225 kDa AG
100 kDa

25 kDa

Figure 59. Relationship between Log and R; of standard MW of broad range protein

marker.

84



85

201 =

144 ‘

Figure 60. SDS - PAGE and CBB.
Lane 1: low molecular weight (LMW) marker

Lane 2: pooled active fractions of Superdex 200 (20 [Lg)

5.5
S ¢ 97kDa
=
= 451 4G oy
o0 20.1 kDa
-] ¢ 14.4kDa
4 ]
3.5 T T | | | I
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Figure 61. Relationship between Log and R of low molecular weight (LMW). The LMW
standard containing phosphorylase b (97 kDa), bovine serum albumin (66 kDa),
ovalbumin (45 kDa), carbonic anhydrase (30 kDa), trypsin inhibitor (20.1 kDa), and alpha
- lactalbumin (14.4 kDa).
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(B)

Figure 62. CBB (A) and activity stain (B) of SDS polyacrylamide (12.5%). An
arrow indicates an activity band of AG after renaturation.
Lane 1: broad range protein marker
Lane 2: pooled active fractions from Superdex 200 (10 LLg); bound peak
from DEAE - cellulose
Lane 3: pooled active fractions from Superdex 200 (50 LLg); unbound peak
from DEAE - cellulose
Lane 4: pooled active fractions from CM - cellulose (10 LLg); unbound peak
from DEAE - cellulose
Lane 5: pooled active fractions from DEAE - cellulose (120 LLg) from
unprecipitate

Lane 6: represents CM-cellulose (80 Lg) from unprecipitate
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(A) (B)

Figure 63. CBB (A) and activity stain (B) of SDS polyacrylamide (10%). Arrows

indicate AG bands in both conditions.

Lane 1: broad range protein marker

Lane 2: crude protein (20 LLg)

Lane 3: precipitate with 95% AS saturation (50 lLg)

Lane 4: pooled active fractions from unbound peak of DEAE - cellulose
(30 Ug)

Lane 5: pooled active fractions from Superdex 200 (fractions no. 12 — 16);
unbound peak from DEAE — cellulose (10 LLg)

Lane 6: pooled active fractions from Superdex 200 (fractions no. 17 — 23);

unbound peak from DEAE — cellulose (20 1g)
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8. Optimum conditions of purified AG
8.1 Optimum pH
The effect of pH on AG activity was determined by using purified AG.

Sucrose was used as the substrate. Briton-Robinson buffer solution was used as the
buffer to adjust pH. As shown in Fig. 64, the highest specific activity was at pH 5.0. This

pH was then used for other conditions.

12

Specific activity (U/mg protein)
(o))

3 35 4 45 5 55 6 6.5 7 7.5 8
pH

Figure 64. The optimum pH of purified AG. Briton - Robinson buffer at various pHs

ranging between 3.0 - 7.5 was used. The optimum pH was 5.0.
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8.2 Optimum temperature
The result of optimum pH (pH 5.0) for AG activity was used for this
experiment. Acetate buffer (pH 5.0) containing 0.1 M sucrose was used as the substrate
buffer. The highest specific activity was at 50°C as shown in Fig. 65. This temperature

was further used for selective concentration of substrate.

14

12

10

Specific activity (U/mg protein)
(o)}

(0] T T T T T T
25 30 35 40 45 50 55 60 65 70 75

Te mpe rature (C°)

Figure 65. The optimum temperature of purified AG. The reaction mixture in acetate
buffer (pH 5.0) containing 0.1 M sucrose was incubated at various temperatures ranging
between 25, 30, 35, 40, 45, 50, 55, 60, 65, and 70°C for 10 min. The optimum

temperature was 50°C.
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8.3 Selective concentration of substrate
The results of optimum pH (pH 5.0) and optimum temperature (50°C)
were used for this experiment. The mixture was prepared in various concentrations of
sucrose from 10, 20, 30, 40, 50, 60, and 70 mM. The reaction was continued for 10 min.

The highest specific activity was in a reaction containing 60 mM sucrose (Fig. 66).

Specific activity (U/mg protein)
W

0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Concentration of sucrose (mM)

Figure 66. The optimum concentration of sucrose as substrate. The reaction mixture
was incubated with sucrose at various concentrations of 10, 20, 30, 40, 50, 60, 70, 80,

90, and 100 mM, respectively. The optimum concentration of sucrose was 60 mM.
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8.4 Optimum incubation time

The effect of incubation time was studied. The reaction mixture in acetate
buffer (pH 5.0) containing 60 mM sucrose was incubated at 50°C. The incubation time
was varied from 10, 20, 30, 40, 50, 60, and 70 min, respectively. The highest specific

activity was obtained from the incubation time of 50 min (Fig. 67).

Specific activity (U/mg protein)

0 T T T T T T T
0 10 20 30 40 50 60 70 80

Time (min)
Figure 67. The optimum incubation time of purified AG. The reaction mixture was
incubated for 10, 20, 30, 40, 50, 60, and 70 min, respectively. The optimum incubation

time was 50 min.

9. Protein identification

A two - dimensional (2 — D) gel of AG with the different immobilized pH gradients
(IPG; pH 3 - 10) was demonstrated in Fig. 68. A 2 — D gel was spotted by many types of
protein with various molecular mass ranging between 14.4 — 97 kDa. There were more
protein spots in CBB - stained gel (12.5% T, 2.6% C, and pH 3 — 10). Most of protein
spots are grouped in the bottom region, which range between pH 4.0 — 8.0. The circle
protein spot in Fig. 68 is interesting, it is molecular mass ranging between 66 — 97 kDa
and ranging of pH 6 — 7. Some of protein spots are grouped in right region, which is the

basidic (hight pl) region. These can be presumed that most of proteins from A. cerana
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are basidic proteins. The narrow pl range (pH 6 — 8) gel image reveals the protein much
clearer than a wide pl range (pH 4 - 9) gel.

The protein bands of interest [Figs. 20B (lane 2) and 25A (lane 4)] were manually
excised and in — gel digested with trypsin. In contrast, for in — solution digestion with
trypsin, fraction no. 17 of Superdex 200 (bound peak from DEAE - cellulose) was used.
The tryptic fragments from both digestions were used for protein identification via a
peptide mass mapping technique. The amino acid of AG from A. mellifera digested by
trypsin was simulated by the MassLynx software of BioLynx, Protein/ peptide editor.
Therefore, both in — gel and in — solution digestions were used for the peptide mass
mapping technique. MALDI - TOF mass spectra of tryptic fragments are shown in

Appendix H. The significant peaks in mass spectra were shown in table 11 and Fig. 69.

pl3 4 5 6 7 8 9 10
/ -
kDa
97 -
- (D
30
20.1 k
_W\
144 .

Figure 68. A 2 - D gel of AG by CBB - stained gel (12.5% T, 2.6% C, and pH 3 - 10).
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Table 11. Peptide mass (Da) from MALDI — TOF analysis of trypsin — treated AG of A.

cerana compared to tryptic fragments of AG in A. mellifera, +1 Da mass accuracy.

Observed Mass* (m/ z)

A. mellifera Sequences of tryptic
[Mass (Da)] A. cerana [Mass (Da)] fragments
In —gel In — solution
530.32 350.97 530.59 IVNGK
609.29 608.36 FGEEK
641.33 641.87 SPYFK
686.43 686.56 686.31 IVNGKR
693.43 693.36 FASLKK
698.33 698.9 GFDGFR
754.40 754.20 TEYTLK
766.37 766.09 VNENYK
777.45 777.41 FWLRR
789.43 789.27 AFNNVPK
817.42 816.68 EANLNTR
836.43 836.38 FGEEKAR
845.47 845.71 TVNLAAEK
973.57 973.95 TVNLAAEKK
1028.45 1027.59 DSNSSDFKK
1034.48 1033.59 NSFFNMFK
1064.57 1064.25 LVSRFGEEK
1467.67 1468.27 ENYQTMSRDPAR
1756.93 175758 EDLIVYQVYPRSFK




1
51
101
151
201
251
301
351
401
451
501
551

MKAVIVFCLM
IEGIKEKLDH
DLDNLVSAAH
GKIVNGKRVP
VLDDMQNVLR
YTLKIYTHDI
GADFPFNFAF
RLVSRFGEEK
CGAGKENYQT
AEKKDKNSFF

ALSIVDAAWK
FLEMGVDMEFW
EKGLKIILDF
PTNWVGVFGG
FWLRRGFDGF
PETYNVVRKF
IKNVSRDSNS
ARMITTMSLL
MSRDPARTPF
NMFKKFASLK

SLYATLNFSN
ALGFFILISQ

EEQIVDLKAF
DAKFGNF

PLPENLKEDL
LSPIYPSPMV
VPNHTSDQHE
SAWSWREERQ
RVDALPYICE
RDVLDEFPQP
SDFKKLVDNW
LPGVAVNYYG
QWDDSVSAGF
KSPYFKEANL
NNVPKKLNMF

IVYQVYPRSF

DFGYDISNYT
WFQLSLKNIE
AYYLHQFAPE
DMRFLDEPLS
KHMLIEAYTN
MTYMPPSGIP
DEIGMSDTYI
SSSSNTWLRV

NTRMLNDNVF

YNNENSDIKS

KDSNGDGIGD

DVHPIFGTIS
PYNNYYIWHP
QPDLNYYNPV
GETNDPNKTE
LSMTMKYYDY
NWVPGNHDQL
SWEDTQDPQG
NENYKTVNLA
AFSRETEDNG
ISNNEQVKVS

94

Figure 69. From NCBI blast search, it indicates an amino acid sequence of JC4714
alpha - glucosidase (EC. 3.2.1.20) — honeybee by using the mascot search. The
underline amino acid sequences are derived from in — solution digestion. For in — gel

digestion, matched peptides are shown in bold.

Conclusions

1) Various primers of alpha — glucosidase (AG) for RT — PCR were designed from
AG in A. mellifera. Under the optimum condition, the length of 1,740 bp was obtained.
The similarity of the sequence to that in A. mellifera is 96%, to maltase 1 in A. mellifera at
53.44%, to maltase in Culicoides sonorensis at 48.75%, and to CG in Drosophila
melanogaster at 53.66%.

2) The deduced amino acid of AG (567 amino acid) in A. cerana was obtained.

3) Due to phylogenetic trees of amino acid sequence by UPGMA and NJ, it
supports the data of blast. It can be summarized that A. cerana AG is mostly similar to
A. mellifera AG.

4) Crude protein was extracted and determined by Bradford’s assay (Bradford,
1976). There is less than 0.33 g/ g protein in hypopharyngeal glands (HPGs) but there is
1.03 g/ g protein in honey crop. Due to SDS — PAGE, different patterns of crude protein

from both sources were obtained. Protein at MW of about 75 kDa was found in both
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sources while protein at MW of 50 kDa was found only in HPGs crude. After renaturation
of AG in crude, a positive band at the MW of 75 kDa was visible.

5) The AG activity (by Momose's method) was assayed from honeybee worker
(500 g). They were homogenized to be crude (0.696 u/ mg), precipitated with 95%
ammonium sulfate (0.235 u/ mg), and purified by DEAE - cellulose (2.171 u/ mg), CM -
cellulose (0.154 u/ mg), and Superdex 200 gel filtration chromatographies (1.804 u/ mg).
The activity fold was 0.34, 3.11, 0.22, and 2.59, respectively.

6) According to positive fractions of Superdex 200, mass weight of AG was
clarified to be 68 kDa.

7) The optimum pH, temperature, and incubation time for AG activity were at 5.0,
at 50°C, and for 50 min, respectively. The proper concentration of sucrose for AG
activity was 60 mM.

8) Unprecipitated crude of A. cerana was separated by 2 — D electrophoresis.
Pattern was obtained in a range of pH 4.0 — 8.0.

9) AG was analyzed by in — gel and in — solution digestions (or trypsin digestion)
and peptide analysed by MALDI/ TOF MS. The peptide masses showed that there are at
least 4 matching masses with 4% coverage matched to AG in NCBI blast search (score
of 37). Furthermore, there are at least 18 matching masses with 19% coverage matched
to AG in NCBI blast search (score of 153). The peptide sequence is corresponded to

the amino acid sequence of AG in A. mellifera.
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(A) Three most common haplotypes
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_: T. collina (N=CM, MHS, PH, LP, PL, SK, TK), (NE = SR, NM, LO), (C = RB, KB) (E = CB,CHB))
T. collina (N = Phetchabun), (NE = Si Sa Ket)
T, collina (N = Phayao, Nan, Uttaradit)
T. collina (NE = Khon Kaen)
_ET. collina (C = Kanchanaburi)
—T. collina (NE = KS, KK, NK, MS, RE)
___:T. collina (NE = Roi Et), (S = Surat Thani)
T. collina (S = Chumphon, Ranong)
r—7T. collina (NE = Kalasin, Khon Kaen)
L—T. collina (NE = Khon Kaen)
_:T. minor (NE = Ubon Ratchathani), (E = Rayong), (S = Song Khla)
T. minor (NE = Si Sa Ket)
_ET. minor (N = Chiang Mai)
T. minor (N = Uttaradit, Nan)
T. laeviceps (N = Chiang Mi)
_ET. laeviceps (N = NN, SK, PY), (C = AT, AY, SB), (NE = KK, MS, RE)
T. laeviceps (NE = Surin), (C = Ayutthaya, Bangkok), (E = Chachongsao, Chanthaburi)
T. laeviceps (N = Phitsanulok), (C = Nakhonsawan)
—T. laeviceps (N = Chiang Mai), (C = Saburi), (NE = Surin)

L——7. Jaeviceps (C = Kanchanaburi)
_: T. laeviceps (NE = Ubon Ratchathani, Si Sa Ket), (S = Phatthalung, Songkhla)
T. laeviceps (C = Prachuapkirikhan), (S = Surat Thani, Phuket)

— T |aeviceps (C = Ratchaburi)
r—7. laeviceps (C = Samut Songkharm)
L—7. /aeviceps (S = Chumphon, Nakhon Si Thammarat, Surat Thani)
_:T. fuscobalteata (C = KB), (E =CS), (N = CM, PY), (NE = NK, MS)

T. fuscobalteata (N = Uttaradit)
T. terminata (NE = Loei, Roi Et, Ubon Ratchathani)
T. doipaensis (N = Chiang Mai)
T. terminata (C = RB), (E = CB), (N = CM, PY, PH, UD)
__:T. thoracica (C = Kanchanaburi, Ratchaburi), (S = Song Khla, Surat Thani)
T. thoracica (C = Kanchanaburi)
T. ventralis (N = Uttaradit)
T. ventralis (N = Phetchabun), (NE = Loei)
T. apicalis (N = Chiang Mai, Tak), (C = Ratchaburi), (S = Surat Thani)
_:T. apicalis (S = Nakhon Si Thammarat)

Trigona sp.2 (N = Chiang Mai)

T. binghami (N = Mae Hong Son)
Trigona sp.1 (S = Surat Thani)
T fimbriata (N = Mae Hong Son, Chiang Mai, Phrae)

__:TA fimbriata (N = Phitsanulok)

T. fimbriata (NE = Si Sa Ket)
—T. siridhornae (S = Surat Thani)
L——7. hirshimai (NE = Nong Khai)

T. itama (S = Chumphon, Surat Thani, Song Khla)
T. canifrons (S = Surat Thani)

__:Lisotrigona cacciae (N = Phitsanulok)
Lisotrigona furva (NE = Nakornratchasima, Surin)

mwﬁ 80 Nighbor-joining tree (bootrap 1000 replications) by using Mega 3.0 program
(Kumar et al. 1993)
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Concentration of
dichloromethane crude | Inhibition (%) SD ICs
extract (ppm) (ppm)
0 0.0 +0.00
150 3.3 +0.23
170 20.7 +0.32
190 51.3 +0.23 190.0
200 74.3 +0.51
230 83.3 +0.29
250 98.3 +0.29
500 100.0 +0.00
1000 100.0 +0.00
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Fraction Weight

- Eluent Remarks ®
1 Hexane — 1:9 EtOAc/Hexane yellow 0.14
2 2:8 EtOAc/ Hexane pale yellow 5.43
3 3:7EtOAc/Hexane yellow viscous 2.1
4 4:6 EtOAc/Hexane orange 2.68
5 6:4 EtOAc/Hexane light brown 1.92
6 8:2 EtOAc/Hexane brown 0.55
7 EtOAc — 1:9 MeOH/EtOAc dark brown 0.98
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1.6.2 Effects of bioactive of Thai propolis against the pathogenic bacteria

Abstract

Propolis is a resinous substance collected by the honeybee: Apis mellifera from the
plants, has different color from yellow green to dark brown depending on the plants as well
as pharmacological properties. The objective of this research was to determine effects of
bioactive compound (flavonoids) against the pathogenic bacteria isolated from the skin
disease of cats and dogs. Bacteria were collected from the skin diseases of cats and dogs
from Veterinary Hospital, Chiang Rai by swabbing technique. The three different
concentrations; 5, 20 and 30 (% w/v) of ethanolic extraction of propolis were prepared.
These different concentrations (5, 20 and 30%) of propolis against Staphylococcus
gallinarum, S. auricularis, S. felis, S. schleiferi, S. intermedius, and S. aureus and P.
diminuta were tested in in-vitro. The results show that S. gallinarum was highly sensitive to
all three different concentrations whereas S. felis was found less sensitive to 5, 20 and 30%
of EEP. The results show that 20 and 30 percentage has high zone of inhibition compared to
5 percentages. In conclusion, Thai propolis has antibacterial effect against seven species of

bacteria that cause skin diseased in small animals.

Introduction

Propolis is a resinous substance collected by the honeybee: Apis mellifera from the
plants, particularly from flowers and leaf buds. The propolis has different color from yellow
green to dark brown depending on the plants. More than 300 constituents have been
identified in different propolis samples (Bankova, et al.,, 2000). Generally, the propolis
contains 45-55% flavonoids, 25-35% waxes and fatty acids, 5% other organics and minerals
(Bankova, et al., 1987; Papay, et al, 1987). The propolis is commonly used in
dermatological and cosmetic (Lejeune et al., 1988). The propolis is also used as medicines
for anticancer (Marcucci, 1995), antiinflammatory (Wang, et al., 1993), antibiotic (Koo et al.,
2000), antioxidative (Basnet, et al., 1997; Moreno, et al., 2000), antivirus (Kujumgiev et al.,
1999; Marcucci, 1995), antifungus (Kujumgiev, et al., 1999; Thapa and Wongsiri, 2004),

antibacteria (Moreno, et al., 1999; Sforcin, et al., 2000). Skin diseases are usually caused
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by bacteria; Staphylococcus aureus and Streptococci species. Previous studies show that
the propolis can kill: S. aureus and Streptococci species (Chernyak, 1973; Dimov, et al.,
1991). Bacterial skin infection in dogs and cats is called Pyodermas, which is mainly
caused by Staphylococci species, can be controlled but not cured, and require frequent
treatment. There has been no research conducted to test the bioactive (antibacterial)
effects of Thai propolis against the skin diseases caused bacteria. It is an important to know
that whether Thai propolis has as antibacterial effect against the skin disease of dogs and

cats.

Objective
The main objective of this research was to -
® determine antibacterial effect of Thai propolis against of the pathogenic skin

disease of cats and dogs.

Methods
1. Propolis
Propolis samples were collected from Chiangsen, Chiang Rai, northern part
of Thailand.
2. Preparation of ethanolic extraction of propolis
Three different concentrations; 5, 20, and 30 (% w/v) of ethanolic extraction
of propolis (EEP) was prepared using 95% ethanol alcohol according to the guideline of a

FAO bulletin (Krell, 1996).

3. Collection of bacteria
Bacteria were collected by swabbing the infected skin of three dogs and
cats from veterinary hospital, Rajabhat University, Chiang Rai.
4. In vitro antimicrobial activity test
Bacteria isolated from skin diseases were cultured at 37°C for 18-20 hour in
the nutrient broth. The sterile paper discs (6mm diameter) were impregnated in three
different concentrations 5, 20, and 30% of propolis and placed on the agar plates. The

ethanol alcohol (95%) and distilled water were used as control solvents. The plates were
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incubated at 37°C for overnight. The zone of inhibition (ZI) of bacterial growth was
measured by using a vernier caliper and photographed.
5. Statistical analysis
The ZI of each bacterial species was subjected to Analysis of variance
(ANOVA). Different among the samples, between samples and controls were determined by
LSD. A level of p<0.05 was used as criteria for statistical significance.
Results
1. Isolation and identification of bacteria
Seven types of pathogenic bacteria from skin diseases of dogs and cats
isolated is presented in Table 19. Six out of seven; Staphylococcus gallinarum, S.
auricularis, S. felis, S. schleiferi, S. intermedius, and S. aureus were gram-positive bacteria
and P. diminuta was a gram-negative bacteria. P. diminuta was occurred in both cats and

dogs.

Table19. Bacterial species isolated from diseased skin of cats and dogs.

Small animals Sampling sites Bacterial species
skin Staphylococcus gallinarum
Cats skin S. auricularis
skin S. felis
skin S. schleiferi
skin S. intermedius
Dogs skin S. aureus
Cats and Dogs skin P. diminuta

2. Antimicrobial activity of ethanolic extraction of propolis
The antimicrobial activity of 5, 20, and 30 percent of EEP against seven
species of pathogenic bacteria; S. gallinarum, S. auricularis, S. felis, S. schleiferi, S.
intermedius, S. aureus and P. diminuta is presented in Figure 85. S. gallinarum was found
highly activate (12.4mm) against three different tested concentrations than six other

species of bacteria; S. auricularis (9.7mm), S. felis (8mm), S. schleiferi (9.6mm),
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S.intermedius (9.1mm), S. aureus (8.8mm) and P. diminuta (9.2mm). However, there is
significant differences among the treatments (p>0.05), but significant different between

treatments and control (ethanol) (p<0.05).
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Figure 85. Effects of three different concentrations (% w/v) of ethanolic extraction of propolis
against seven pathogenic bacteria. Zone of inhibition of S. gallinarum, S. auricularis, S.
felis, S. schleiferi, S. intermedius, S. aureus and P. diminuta against 5, 20 and 30 percent of

EEP are expressed in mean+S.D.
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Discussion

This is a first report that Thai propolis has been tested against the pathogenic
bacteria of skin diseases of cats and dogs. The results show that the Thai propolis can
inhibit the growth of pathogenic bacteria; S. gallinarum, S. auricularis, S. felis, S. schieiferi,
S. intermedius, S. aureus and P. diminuta those caused skin diseases in cats and dogs.

The results show that Thai propolis inhibited both gram-positive and gram-negative
bacteria. The gram-positive bacteria are highly susceptible than grams-negative bacteria,
whereas the gram-negative bacteria is less susceptible. The results of this research support
the previous reports reported by several researchers (Marcucci, 1995; Kujumgiev, et al.,
1999) and weak activity against gram-negative bacteria (Sforcin et al., 2000).

One of the most interesting findings of this research is that Thai propolis can
successfully inhibit the growth of S. aureus. S. aureus, which is highly resistance to several
drugs, has shown sensitive to even to the lowest concentration (5%) of propolis. The zone of
inhibitioﬁ of S. aureus (8.7mm) was however less than previous report reported from Kazan
(11mm) and Marmaris (8mm) (Kartal, et al., 2003). The most plausible explanation for the
difference between Thai propolis and Turkey is that the propolis from Kazan (Turkey) might
have different species of plant sources for propolis, so do the chemical composition than
the propolis from Chiangsen, Chiang Rai, Thailand. Even though, the propolis from the
same location in different seasons might have different chemical composition as a
consequence different zone of inhibition (Bankova, et al., 2000). Another different reason is
that (Kartal, et al., (2003) used 5 days ethanolic extraction of propolis whereas in this
research 24 hours ethanolic extraction of propolis was used. That's means, 24 hours
extraction is not enough to extract all biological activity hydrophobic components.
Resulting, Thai propolis shows less qualitatively and/or quantitatively bioactive compounds
than Turkey propolis. S. aureus, however, had large zone of inhibition than Marmaris

propolis.
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Conclusion

Thai propolis has shown antibacterial effect against seven pathogenic bacteria; S.
gallinarum, S. auricularis, S. felis, S. schleiferi, S. intermedius, S. aureus and P. diminuta
isolated from skin diseases of cats and dogs. One species o bacterium; S. gallinarum has
found highly sensitive to the lowest test concentration (%w/v), whereas S. felis out of seven

has found more resistance to all three different concentrations.
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6.3 Reinforcing a barrier-a_specific_social defense of the dwarf honeybee (Apis florea)

released by the weaver ant (Oecophylla smaragdina)

In the arboreal habitat of Apis florea one of the dominant insectivorous predators is
the weaver ant, Oecophylla smaragdina. The main mechanism of A. florea to protect its nest
against ants and other crawling arthropods are “barriers” of sticky material (sticky bands)
which the bees build around the branches and all structures which connect the comb to the
outside. We studied whether the presentation of an O. smaragdina ant on the comb
releases a specific behavioral response of the bees. After the exposure of a living O.
smaragdina worker, held by forceps on the top of the A. florea comb, the number of bees at
the sticky band zone increased and remained on higher level for 2 hours compared to
control experiments (presentation of an empty forceps, Tenebrio molitor larva or another
arboreal ant species, Crematogaster rogenhoferi). Further, more sticky material was

deposited by the bees after exposure of a weaver ant. This behavior seems to be a specific
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reaction of A. florea to it most important predator O. smaragdina. (Duangphakdee et al.,

2005)

1.7 Bumble bees (hymenoptera, apidae, bombinae) of the upper northern parts of
Thailand

Bumblebees are social insects that are characterized by black and yellow body

hairs, often in bands found in the mountainous areas. We have investigated that the number
of species of bumblebees in the northern parts of Thailand particularly from Chiang Mai (Doi
Inthanon, Doi Suthep, Doi Pui, Chiang Doi, Doi Inching), Chiang Rai (Doi Mae Salon, Doi
Tong, Doi Nygem) and Nan. The specimens were caught and chilled in an ice-cooler box.
After 20 minutes of chilling, the specimens were examined. The results show that three
species of bumblebees; B. haemorrhoidalis, B. trifasciatus, and B. breviceps were found in

the mountainous of the upper northern parts of Thailand. (N1ANYAN 3)
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