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4.1 Expression level of alpha glucosidase (A G ) in A p is  f lo r e a
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. 4.1 A) while the 28S RNA band was visible on 
formaldehyde gel (Fig. 4.1 B).

(A) (B)

Figure 4.1 Total RNA extracted from heads of A. florea at different stages 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
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the optimum condition of RT -  PCR, the expression profile of AG was obtained (Fig. 
4.2). The quantity of products was assayed due to intensity of the bands by Quanlity 
one software (Table 4.1). 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. 4.2, lanes 1 -  2) and small amounts of amplified product from 
nurse bee RNA (Fig. 4.2, lanes 3 -  4). The highest amount of amplified products was 
obtained from forager bees (Fig. 4.2, lanes 5 -  6).

bp M 1 2 3 4 5 6 7
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300 —►

Figure 4.2 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 4.1 Intensity of amplified product bands from Fig. 4.2.
Stage Average volume intensity*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 (28ร RNA) were obtained from all samples, 
respectively (Fig. 4.3).

bp

400
300
200
Too

Figure 4.3 Control experiment by using primers from EF and 28S RNA genes. Total 
RNA for all reactions were from forager bee.
Lane 1 ะ 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

4.2 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. 4.4 A), 1,000 bp from FW1/ R2 primers (Fig. 4.4 B), and 850 bp from FW2/ R3 
primers (Fig. 4.4 C). Three bands (200, 300, and about 380 bp; Fig. 4.4 D) were 
obtained from FW3/ R3 primers but only the 200 bp product was excised from the 
agarose gel, purified, and sequenced (Fig. 4.4 E).
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Figure 4.4
Lane M (all 
Lanes 1 - 2 
Lanes 1 - 2 
Lane 1 (C): 
Lanes 1 - 2 
Lanes 1 - 2

RT - PCR product amplified by 3 different pairs of primers.
Figs.): 100 bp ladder marker
(A) : the 350 bp product by FW1/ R1 primers
(B) : the 1,000 bp product by FW1/ R2 primers

the 850 bp product by FW2/ R3 primers
(D) : the 200, 300, and about 380 bp products by FW3/ R3 primers
(E) : the excised and purified target band (200 bp)
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The nucleotide sequences and deduced amino acid sequences of AG were 
aligned (Figs. 4.5 and 4.6) by using Clustal พ.

AG.A f.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltasa.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

TA C G A CTTCTA G TT G G T A G C A T G A A G G C G G T A A TC G T G TT TT G C C TT -A T G G C A T TG TC C  5 9  
T T C G A C TT C T A G T TG G T A G C A T G A A G G C A G T A A TC G TA TT T TG C C T T-A T G G C A T TG T C C  5 9  
TTG TA G TG A A A A TA G C TTTCA TTTTG A G TG TG G G C C TA G TA G G C A T— A T T G — — G CCC 5 4 
T A T A A A A G A A A A A T G A TTC CA TTTA A A A A A TTA A C A A TTTTA CTA TC A A TTG CA T-G TTC  5 9
------------------------------------------------A TG A A G A G C C TC G TC G TG G TC G TA CTT---------------- C TG C T C  3 3
G TTTA G TTTG G G CTTA TCA A A C G TTA G G TG C A G TC G G TA TG G G G A TTTTTG G CC TG G G TT 6 0  

★  *  ใ*- ไ*โ *

AG.A f.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Ca.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

A TT -G TG G A C G C A G C A TG G A A G CC A C TCC C TG A A A — A CTTG A A G G A G G A C TTG A TCTT3 1 1 6  
A TT-G TG G A C G C A G C A TG G A A G CC G C TCC C TG A A A — ACTTGAA G GA GG ACTTG ATCG TG  1 1 6  
A TA -A G CA CCA GTCA AA GG A GCTG GA TGCGA AA TATAA TTGG TGG CA GCA CG AG GTCTTC 1 1 3  
T G T -A T TG G C A G C A C CTG A A G G TG C A C G TG A A A A A -G A TTG G TG G G A A A TTG G A A A C TTT 1 1 7  
G CG -G TCG G C C TTG -G CG CC G G C CA A A A CA A C A A G -G G TTG G TG G A A G A A C G C G A TCTTC  9 0  
A TTCA G CA A TTG TCTTA A C TG G CTTA C A TCA A A G CTTC C CG G C A A TTG A A A CG A C A C TTT 1 2 0

★  ★  ★  ★

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltasa.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls .nuc

T A TCA G G TTTA C C CG A -------- GGA GCTTCAA GG ATAG CAA TG GA G ATGG TA TTG GTGA TA T 1 7 2
TATCA G G TCTA C C CG A -------- GAAGCTTCAA GG ATAG CAA TG GA G ATGG TA TTG GT GATAT 1 7 2
T A TCA G A TCTA TC CG A -------- G A T CC TTTCA G G A CA G C A A TG G TG A TG G TA TTG G TG A TCT 1 6 9
TA T CA A G T CT A T C CA C -------- G A A G TTTCA TG G A TTCTG A TG G CG A TG G TG TTG G C G A TTT 1 7 3
TA T CA G G T A T A T CC C C -------- G CA G TTTCA TG G A TTCCA A TA G TG A TG G CA TCG G G G A TTT 1 4 6
T G G CA G A T A T TG CCA A A A CTG G TG G A TCG TTTA TTTTTCCCG TTG CA G CG A TG G CA A A TA  1 8 0  
★  ★  ★  ★  ★  ★  ★  ★ ★ ไ * :  ★  ★  ★ ★  ★

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltasa.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

CA TA G G TA TTA A A G A A A A A TTG G A TC A T-TTTC TCG A A A TG G G CG TC G A C A TG TTTTG G T 2 3 1  
C G A A G G T A TTA A A G A A A A A TTG G A TCA T-TTTCTCG A A A TG G G G G TCG A CA TG TTTTG G T 2 3 1  
TCA A G G TA TTA C TTC TA G G C TA CA G TA C-TTC A A G G A TA CG G G C A TCA CG TCC G TA TG G T 2 2 8  
G AA AG GA ATTTCAG AA AA A GTCG GTTAT-TTAA AG GA AA TCG GCA TG GA TG GTG TTTG GC 2 3 2  
A A A A G G TA TTA A G G A TA A G CTTTCA CA C-TTCA TCG A A TCTG G A A TA A CA G CG A TA TG G T 2 0 5  
TTG CTC A A G G G G CTG CA A CTTTCG CTG TA TTCTTCG TTA CTA A G A A TA A A CA A CA A A A G T 2 4 0  

★  ★  ★  ★  ★  ★  ★

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltasa.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

TA TCC C CTA TTTA TC C A A G C C C T A T G G TC G A T TT T G G TT A C G A C A T TT C C A A T T A C A C C G  2 9 1  
TA TCC C CTA TTTA TC C A A G C C C T A T G G TC G A T TT T G G TT A C G A C A T TT C G A A T TA C A C C G  2 9 1  
T G A G TCC C A TTTA TG A G TC A CC A A TG G TA G A CTTTG G A TA C G A TA TA TCTA A C TA TA CA A  2 8 8  
T T T C A C C G A T T T T T G A T TC A C C T A T G G C A G A T TT TG G T T A T G A C A T TT C A A A T TT C A C C A  2 9 2  
TA TCA CCA A TTA A TCG A A G TCC TA TG G TA G A TTTTG G A TA C G A TA TA TCTG A CTTTA A A G  2 6 5  
C A TTA A C G A C TTC TG C T G G G A T TT C TG C -G A T G T TG G G A A T TA C TG A A C C A G C A T TA T TT  2 9 9  

* * * * * *■ * * * * *  * *  * *

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltasa.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls .nuc

A CG TTCATCCCA TA TTTG G C A C C A TA TCA G A TTTA G A TG A C CTA G TCA G TG CTG C A CA T 3  3 5 1  
A CG TTC A TCC C A TA TTTG G C A C C A TA TCA G A C TTA G A TA A TCTA G TCA G TG CTG C A CA T3  3 5 1  
A TA TA CA G CCGG AA TATGG CA CCCTTG AG GA CTTTG ACGCCTTGA TAG CCAA G GCCA AT 3  3 4 8  
A A G TCTTCCCTCA A TTC G G A G A CTTG TCTTCA A TTG A TG A A CTTG TA G CG G A A TTCA A TA  3 5 2  
A TG TA GA TCCAA TA TTTGG TA CTA TA AA A GA TCTTG AA GA TCTCA CTGCA GA AG CG A AG A  3 2 5  
G GG G- . A A T TT A A A A TTG A A G TTTC — C A T TC T TT A T TG G TT TA A T T G C A T C A G G A A T C T  3 5 7  

* * * *

AG.A f.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltasa.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

a GAAAGGACTGA— A G A TA A TCTTG G A TTTC G TTC C G A A TC A TA C A TC TG A TC A A CA CA A  4 0 9  
A G A A A GG ATTGA - -A G A T A A TCTTG G A TTTCG TCC C G A A TCA TA C A TCTG A TCA A C A CG A  4 0 9  
A ACTGGGCGTGA— A A G TTA TTTTG G A C TTTG TTC C CA A TC A C A G C TC A A A TA A G CA TC C  4 0 6  
AAAAAGATATGA— A ACTCATTCTG G A CTTTG TTCC A A A TC A TA C A A G TG A C C A A TG TG A  4 1 0  
A ACAG AA TTTAA — A G G TTA TTCTA G A TC TT G T C C C TA A T C A T A C T TC TG A TC A A C A T A A  3 8 3  
C A TCG TTTA TTA T TG G T TT A TT A C A T G TT TT A T C A G TA TC A A T G G G A C C T G C A G G A A TT A  4 1 7  

* * * » *  * * * *

AG.A f.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltasa.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

A T G G -T TC C A G TT G A G T TT G A A A A A C G TT G A A C C T ------------------------------------------TATAACAA 4 5 1
A TG G -T TC C A G TT G A G T TT G A A A A A C A TT G A A C C T ------------------------------------------ TATAACAA 4 5 1
C T G G -T T C — A TA A A G TCA G TA G CCCG A -G A G CCA G G -----------------------------------GTACGAGGA 4 4 8
G T G G -T T C — A A A A A A TC A A TT C A G C G T-G A T C C T G A -----------------------------------GTACAATGA 4 5 2
A TG G -TTC CA A A TG A G TA TA A A TA A TA C TA A TA A TA A TA A TA C — TAATAAATATAAAGA 4 4 0  
T TG G G TT TA TTG CG A TTG C A C C TA A G A G C A TCC C TA G TTTTA TG A TG G G A G C TA TTA TTA  4 7 7  

★ ★ ★ ★ ★  ★ ★  ★ ★ ★ ★

Figure 4.5 (continued)



AG.Af.nuc 
AG.Am.nue 
AG.Dm.nue 
maltase.Cs.nuc 
maltase.Am.nuc 
ScrA.Ls.nuc

AG.Af .nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltasa.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls .nuc

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltasa.Am. nuc 
ScrA.Ls.nuc

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltase.Am.nuc 
ScrA.Ls.nuc

AG.Af.nuc 
AG-Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltase.Am.nuc 
ScrA.Ls.nuc

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltase.Am.nuc 
ScrA.Ls.nuc

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltase.Am.nuc 
ScrA.Ls.nuc

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltase.Am.nuc 
ScrA.Ls.nuc

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nua 
maltase.Cs.nuc 
maltase.Am.nuc 
ScrA.Ls.nuc

C T A T T A T A T T T G G C ------A T C C A G G A A A A A T ----------------- T G T A A A T ------ G G T A A A C G T G T T C C
C T k T T A C A T T T G G C ------A T C C A G G A A A A A T ----------------- T G T A A A T ------ G G C A A A C G T G T T C C
T T T C T A T G T G T G G G ------A G G A T G G T A T T C T --------- C C T G G A G A A C ------G G A A C T C G T G T G C C
T T A C T A T A T T T G G C -------A T C C G G G T A A G C C A A A T C C T G A T G G T -------G G T C G A A A T T T A C C
T T kT T A C A T A T G G G T T G A T C C T G T C A A A G A C G A T A A A G G A A A T C C A A T T A A A G A C A A A T A
G T T T C G T A A T T G C C T T T G T G G G G A C A T A C T T A T A C G G T A A A A A G G C A A T G A A G A C A A C T G

A C C A A A T A A T T G G G T A G G C G T A T T T G G T G G A T C A G C T T G G T C A T G G C G G G A A G A A C G A C A
A C C A A C T A A T T G G G T A G G C G T G T T T G G T G G A T C A G C T T G G T C G T G G C G G G A A G A A C G A C A
G C C C A A C A A T T G G C T G T C G G T G T T C T C C G G A T C C G C T T G G A T G T G G A A C G A T G A G A G G C A
C C C A A C T A A T T G G G T A A G T G C C T T C A G A A G T A G T G C C T G G G A A T G G A A C G A A G A A C G T G G
T C C T A A T A A T T G G C T T A G T G T A T T C A A T G G T A C A G G A T G G A C T T T C C A C G A G G G T A G G A A
A A G A A G A A A T A A T C A A T G A A G C A C C A G C T A C C C C A G A -A G T A G T G G A G A G A T T A C A A G A T

k  k  k  k  k  k  k  k

G G C A T A T T A T C T G C A C C A A T T T G C A C C A G A A C A A C C A G A T T T A A A T T A C T A — T A A T C C A  
G G C A T A T T A T C T G C A T C A A T T T G C A C C A G A A C A A C C A G A T C T A A A T T A C T A --T A A T C C A  
G C A G T A C T A T C T C A G G C A G T T C A C T T A T G G A C A A C C C G A T T T G A A C T A C C G — A A A T C C C  
C G JA T A T T A T T T A C A T C A A T T T T T G G C A C A A C A A C C C G A T T T G A A T T A C C G — C A A TC C A  
A C A A T T T T A T T T C C A T C A A T T T T A T A A G C A A C A A C C A G A C T T G A A C T A C A G — A A A C T C G  
G A A A A G A T T A G T G C A C C A G T T A C C G G A C G A A T T G T T G A C T T A G C A T C A G T A C C T G A T C C A

k  k k k  k k  k  k  k  k  k

G C T -------G T A C T G G A T G A A A T G C -A A A A C G T T C T T A G A T T C T G G T T G A A -G A G A G G A C T T G
G T T -------G T A C T G G A T G A T A T G C -A A A A T G T T C T C A G A T T C T G G C T G A G -A A G G G G A T T T G
G C C ------G T G A T T A A G G C C A T G G -A T G A T G T G A T G C T C T T C T G G C T A A A - C A A G G G T A T T G
A A A -------G T G G T T G A A A C A A T G A -A A A A C G T T T T A A G A T T C T G G C T T A G -C A A A G G T A T C A
G A T -------G T G A G A G A A G A G A T G A -A G A A T A T A A T G A A A T T T T G G T T G G A -T A A A G G A A T C G
G T T T T T G C A A G T G A A G C A A T G G G A A A A G G C A T T G C G A T T A T G C C A A C T T C T C A G G A T G T A  

* * * * *  * * * ★ + * *  * *

A T C G T T T C A G A -G T A G A T G C  T  C T C -C C T T A C — A T T T G C G A A G A T A T G C G A T -T C T T A G A C  
A T C G T T T C A G A -G T A G A T G C T C T G C C T T A C — A T T T G C G A A G A C A T G C G A T  -T C T T A G A C  
C C C -G C T T C C G C -A T C G A T G C — C A T T A T A T A T A T T T A C G A G G A T G C T C A A C -T G A G G G A T  
A T C -G A T T C A G A -A T T G A T G C G G T A C C A T A T T T G T T T G A A G T G G G A C C A G A T G C G A A T G G A  
A T G G A T T C C G C -A T A G A T G C T G T A C C A C A T T T A T T C G A A A G C G C T A A C A T A T C G T T A G A T  
C T T G C A C C A G T T A C C G G T G T G A T A A C A A T T G C G G C T A A T A C T G G T C A C G C A -T A C G G G A T

k  k  k  k  k  k  k

G A A C C C C T A T C A G G --------T G A A A C A A A T G -----A T C C C -A A C A A -------- A A C T G A G ------- T A C A C
GAA C C T C T A T C A G G --------T G A A A C A A A T G -----A T C C C -A A T A A -------- A A C C G A G --------T A C A C
GAC C C T C C G A G T G G C A C T -------A C C G A T G ------A T C C A -A A T A A T G A G G C C -----------------T A C T T
A A 7 T A T C C A G A T G A A A T T G A A A C C C A T G C A T G C T C A -G A T C C T T T A T C T C A A T G T T A C T T
G A A C C A C C T T T G G G --------T A A A A A T C T C A -----A C T T A -A G T C T C C A C G C T -----------------T C T T T
A A A A T C G G A T G A T G G T G C A G A A G T G C T A -------A T T C A T A T T G G T T T A G A T A C A G T T A A T T T

k  k

T C 1 C A A G A T C T A C A C T C A C G A T A T -C C C A G A A A C C T A C A A T G T A G T T --------------------------------
T C T C A A G A T C T A C A C T C A C G A T A T -C C C A G A A A C C T A C A A T G T A G T T --------------------------------
G A C -C C A C A T C T A T A C C A G A A A T C A -G C C T G A G G A T T A C G G T C T A C T T -C A G C --------- A T T G
G T A T C A C G A T T A C A C T C A A A A C A G -G C C T G A A A C T T T T G A A A T G G T C A C G G A --------- A TG G
A A A T C A C A C T T T A A C G A A A G A T C A -A C C C G A G A C T T A C G A A T T G G T A A A A G A --------- A T - G
A A A T G G T A T A G G T T T T G A A A A G A T T G T C C A A C A G G G A C A A C A T G T T A G C G A A G G C G A T T T  

* + * * *

— C G C A A A T T T A G A G A T G T G T T A G A C G A A T T C C C G -----------C A A C C A A A A C A C A T G C T T A -—c G C A A A T T T A G A G A T G T G T T A G A C G A A T T C C C G -----------C A A C C A A A A C A C A T G C T T A -
G C C -G C A A C T T C T G G A T A A T T A T A C A G C T A A C C A C G A T G G G C C A T T G A G G A T A A T G A T G A -
A G A G C G A C T T T G G A G G A A T T -T A A A C A A A A G A A T G G A G G A C C A A C A A G A G T T T T A A T G G -
G C C A G A T T T T G T G G A C A A C T A T G C A G A A G A A A A T A A G C G G G A T G A A A T A G T A C T T T T G A -
A T 1A G G T C A T T T T G A T A T T G A T A A G A T T A A A C A A G C C G G G C T A A C A C C G C T A A C A A T G A C

— T C G A G G C A T A C A C G A A -------- T T T G T C C A T G A C G A T G A A A T A T T A C G A T --------------------------
— T C G A G G C A T A C A C G A A -------- T T T A T C G A T G A C G A T G A A A T A T T A C G A T --------------------------
— C C G A G G G T T A T G C T T C -------- G G T G T C G C A A C T A A T G G A A T A C T A T G A A -G A T T C G A A T
— 1A G A A G C T T A T G C T C C -------- A T T A A C A A A A G T A A T T C A A A T T T A T G G T C A A A A T G G A C
— C A G A G G C G T A T T C T T C -------- T T T A G A G A A C A C T C T C A A A T A T T A C G A A --------------------------
T A IT G T G A C G A A T A C A G C G G G A T A T G C A C A A G T T G A T C C G C T T T T A A C A G T C G A C A A G G C

k  k  k  k  k  k  k

4 9 9
4 9 9
4 9 9  
5 0 6
5 0 0  
5 3 7

5 5 9
5 5 9
5 5 9  
5 6 6
5 6 0  
5 9 6

6 1 7
6 1 7
6 1 7  
6 2 4
6 1 8  
6 5 6

6 7 2
6 7 2
6 7 2  
6 7 9
6 7 3  
7 1 6

7 2 8
7 2 8
7 2 8
7 3 8
7 3 2
7 7 5

7 7 5
7 7 5
7 7 5
7 9 7
7 7 9
8 3 2

18 5 2
8 3 3
8 9 2

8 7 3
8 7 3
888
9 1 0
8 9 2
9 5 2

9 1 7
9 1 7
9 4 1
9 6 4
9 3 6
1012

Figure 4.5 (continued)
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AG. A f. ท-น c 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

AG. A f. nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltasa.Cs.nuc 
maltase. Am.nuc 
ScrA.Ls.nuc

A G . A f . nuc 
A G . A m . nuc 
A G . D m . nuc 
m a l t a s a .Cs.nuc 
m a l t a s e . A m .nuc 
S c r A .Ls.nuc

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltase.Am.nuc 
ScrA.Ls.nuc

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltase.Am.nuc 
ScrA.Ls.nuc

AG.A f.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltase.Am.nuc 
ScrA.Ls. nuc

AG.Af.nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltasa.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

AG.Af .nuc 
AG.Am.nuc 
AG.Dm.nuc 
maltase.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

-------------- T A C G G A G C A G A T T T T C C C T T C A A T T T T G C A T T C A T C A A G A — A C G T C T C T A G G A
-------------- T A C G G A G C A G A T T T T C C C T T C A A T T T T G C A T T C A T C A A G A — A T G T T T C T A G G G
G G T G T A C A G G G C C C C C A G T T T C C C T T C A A C T T T G A C T T C A T C A C C G — A A C T G A A T G C C A  
A G C -T A A A T G G A G C T C A A A T T C C A T T T A A T T T C G A G T T C T T G A A T A — A T T T G G G A G C O G
-------------- G T T G G T T C A A A T G T T C C C T T C A A T T T T A A A T T T A T A A C A G — A T G C A A A T T C A T
T G C -T A T G C A A G G C G A A G A A A T T A T T C A A T T A C A C G C T A A A A A G G A T T A A G G G G T A G T T A  

*  ไ*- ไ*โไ* ' ไ * ' *  *  *  *  *

A T T C A A A T T C A T C A G A C T T C A A A A -------A A T T G G T C G A T A A T T G G A T G A C G T A C A T G C C A C
A T T C A A A T T C A T C A G A C T T C A A A A -------A A T T G G T C G A T A A T T G G A T G A C G T A C A T G C C A C
A T T C G A C A G C T G C G G A C T T T G T C T -------T C T A T A T C T C C A G G T G G C T C A T C T A T A T G C C A C
T A A G T A A T G C T C G T G A T T T C A A A G -------A C G T A A T T G A C A A T T A T C T C A G C A C A A T C C C A G
C T T C C A C G C C A G A A C A A T T T A A A G -------T A A T T A T A G A C A A T T G G A T A A A A G G A A C G C C C C
C A T G C A A A C T A A C T G G T G G C A A A A T G C A G T A T T T T A T C A A G T C T A T C C A A G A A G T -T T T C  

* + * * +

C A A N T G G T A T T C C T A A C T G G G T G C C C G G A A A C C A N G A C C N A T T G A G A T N G G T G T C G A G A T  
C A A G T G G T A T T C C T A A C T G G G T G C C C G G A A A T C A C G A T C A A T T G A G A T T G G T G T C G A G A T  
A T G G T C A T G T G G C C A A C T G G G T G A T G G G A A A T C A C G A C A A T C C T C G A G T G G C A T C A C G A T  
A A G G A G C A A C A C C A A A T T G G G T T C A A G G A A A T C A C G A T C A A C A T C G A T C A G C A T C A C G A C  
A A A A T A A T G T T C C A A A T T G G G T G A T G G G A A A C C A T G A T C G A G T T C G T G T C G G T A C A C G T T  
A A 3A T A G T A A T G G A G A T G G A A T T G G T G A T A T T C A A G G T A T T A T T C A A A G A T T A G A T T A C C  

* * * * * * * *

T T 3G A G A A G A G A A G G G C C G T A T G A T C A C C A C G A T G T C G C T T T T G C -------T G C C A G G T G T T T
T T G G A G A G G A G A A G G C C C G T A T G A T C A C C A C G A T G T C G C T T T T G C ------T G C C A G G T G T T  3
T C 3G T G A G A A A T C T G T G G A C G C C A T G A A T A T G C T G C T G A T G A C A T -------T G C C A G G A A T 7G
T C 3 G T C C A C A A A A A G C T G A T G C A G T T A A T A T G T T A C T T C A A G T T C -------T T C C C G G A G C T G
A T 3 C T G G T A G G G C G G A T C A C A T G A T A A -------T G T T G G A G A T G A T T T ------- T G C C T G G A G T C G
T A 3 C T G A T C T G G G T G T A A A T G C A A T T T G G C T A T C A C C A G T T T A T C A A T C C C C T A A T G T T G

C C 3 T G A A T T A T T A C G G T G A T G A — A A T T G G T A — T G T C ------G G A T A C T T A T A T C T C G T G G
C C 3 T G A A T T A C T A C G G T G A T G A — A A T T G G T A — T G T C ------G G A T A C T T A T A T C T C G T G G
G T A T T A C T T A T A A T G G C G A G G A — G T T G G G C A — T G A C T G A C T A C A G G G A C A T C A G C T G G
C A 3 T C A C T T A T T A T G G T G A A G A — A C T T G C A A -- T G ------G A A G A C G T T T T C G T T C C A T G G
C G 3T C A C G T A T T A T G G A G A A G A — A A T C G G T A — T G G T  — ------------------------ —  — — — G
A T A A T G G C T A T G A T A T T T C A G A T T A T C A G G C A A T T A A T C C G G A A T A T G G T T C T A T G G T G G  

* * * * *  * * *  *

G -A G G A C A C G C A G G A T C C A C A G G G A T G C G G T G C C G G T A A A G A A A A C T A T C A A A C A A T -6T
G -A G G A T A C G C A G G A T C C G C A G G G A T G C G G C G C C G G T A A A G A A A A C T A T C A A A C G A T -G T
A -3 C G A T A C G G T G G A T C A G C C C G C T T G T G A G G C T G G A A T C G A C A A C T A C A A G A C G A T -T T
T -3 T C G T A C T G T C G A T C C A C A A G C A T G T A C A A C A G A T C C A A A T A T T T T C C A T G C C A A -G T
G - A T A A C A C T  -A C G A T A T A T A A A T A T G A T G T A C ----------- G T G A T G G T T G T C G T A C A C C -A T
A T A T G G A G C A G T T A A T T G A A G C G G C G A A G A T T C G T A A G A T T A A A A T T G T T A T G G A C T T À G  

* * * * * *

C G A G A G A T C C C G C G A G ------------ A A C G C C A T T C C A A T G G G A C G A C T C A C T T T C T G C T G G A T T
C G A G A G A T C C C G C G A G ------------ A A C G C C A T T C C A A T G G G A C G A C T C A G T T T C T G C T G G A T T
C T A G A G A T C C T G A G C G ------------ A A C T C C C A T G C A A T G G A G T A G T G A T G T G A A T G C A G G A T T
C A 3G T G A T C C C G C A A G ------------ A A C A C C C A T G A T T T G G A C T T C A C A A A A A A A C G C A G G A T T
T C 3 A A ------------T G G G A T ------------ A A C T C C A T T A A T G C A G G C T T T A G T A A -A A T C G C T G A A A A
T T 3 T T A A T C A T A C A A G T G A C C A A C A T C C A T G G T T T T T A G A A G C A C G A A A A T C A A A A G A T A  

* * * * *  *

T T  1 C -------- T C A A G C T C T A A T A C G T G G C T T C G T G T C A A T G A A A A T T A C A A G A C -------- T G T C A
T T  1 C -------- T C A A G C T C T A A T A C C T G G C T T C G T G T C A A C G A A A A T T A C A A G A C -------- T G T C A
C T  1 C -------- T C C G C C G A T C G C A C T T G G T T G C C T G T C A A T C C G A A T T A T A A G G A -------- A C T T A
T T 1 A -------- A G T T C A A A T T A C A C A T G G C T T C C A A C T G G A C C A G A T T A T C G C A A -------- A A A TA
T T T G -------- C T T G A A A A G A A T --------T G G C T A C C T G T T C A T A C A T C G T A C A A A A G T G G A C T A A
A T IC G T A T C G T G A T T T T T A T A T T T G G C G A G A C C C T G C A A C C G A T G G T A G T G T T C C G A A C G

A T 'IT A G C T G C T G A A A — A G A A G G A C A A ----- G A A C T C G T T C T T C A A T A T G T A C A A G A A A "T
A T C T A G C T G C T G A A A — A G A A G G A C A A ----- G A A C T C G T T C T T C A A T A T G T T C A A G A A A C T
A T 1 T T C G G A A T C A G C — A G C A G G C G A G ----- G C G A A G T C A T T A C A A G A T C T A T C A G T C C C T
A T G T T G A A G T G C A G C — G T A G T C A G A G ----- A G G C A G T C A C T T G A A T A T C T T T A A A A A G T T
A T T T G G A G C A A G A G A --A A A A A G A T A G ------T A T T T C T C A T T A T C A T C T T T A T A C C A A C T T
A T T T A C A A A G T A A T T T T A A A G G A T C A G C T T G G G C G T T T G A T G C G G T T A C T G G G C A A T A T T  
** * * * * *  »

9 ©
9 ©
9 5 9
1 C 2 1
9 6 8
1C71

1C-26 
1 C 2 6  
1 C 5 6  
1 C 7 8  
1C 4 5  
1 1 3 0

I C S  6 
IC S  5 
105 
1 1 3 3  
1 * 0 5  
1 1-90

1 1 4 3
1 1 4 3
1 1 7 3
1 1 9 5
1 1 5 9
1 2 5 0

1 1 3 5  
1 1 3 5  
122 9 
1 3 4 3  
1 1 3 4  
1210

1 3 ?
1 3 ?
1 3 7
1 2 0 5
1 2 4 5
1 3 7 0

1 2 0 9  
1 2 0 9  
1 3 4 2  
1 * 1  
1 2 9 5  
1 4 3 0

1 3 S 2
1 * 2
1 3 9 5
1 4 1 4
1 3 4 3
1 4 9 0

1 4 1 7
1 4 1 7
1 4 5 0
1 4 È 9
1 4 0 3
1 5 5 0

Figure 4.5 (continued)
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A G . A f . n u c  
A G .A m .n u e  
A G .D m .n u e  
m a l t a s e . C s . n u c  
m a l t a s e . A m . n u c  
S c r A . L a . n u c

C G C G T T G C T ----------------G A A A A A A T C G C C A T A T T T T A A A G A G G C C A A T T T A A G T A C G A G G A  1 4 7 0
T G C G T C G C T ----------------G A A A A A A T C G C C A T  A C T T T A A A G A G G C C A A T T T A A A T  A CGAGGA 1 4 7 0
T C T G A A G C T ----------------C A G A C A A C T G C C A G T T C T G A A G A A C G G A T C C T T T G T T C C A G A A G  1 5 0 3
G A C T C A A C T ----------------T C G T A A G C A A G A C A T T T T G A T G T A T G G C A C T T A T G A T A G T T A C T  1 5 2 2
G A C C G C T T T ----------------A A G A A A G A G A G A T G T G T T G A A A A A A G G A A A C T T T A C T A T A G A A A  1 4 5 6
A T T T A C A T T T T T A T G C G A A A G A A C A A C C G G A T T T A A A T T G G C A A A A T C C T A A A G T T A G A G  1 6 1 0  

* *  *  *

AG.Af.nuc 
AG.Am.nuc 
AC.Dm.nuc 
maltase.Cs.nuc 
maltasa.Am.nuc 
ScrA.Ls.nuc

T G C T G A A C G A C A A T G T T T T C G C N T T C T C T A G G -G A A A C C G A A G A C A A T G G A T C T C T T T A C  1 5 2 ร 
T G C T G A A C G A C A A T G T T T T C G C A T T C T C T A G G -G A A A C C G A A G A T A A T G G A T C T C T T T A C  1 5 2  9 
T G G T T A A T C G C A G G G T C T T C G C T T T C A A G C G A -G A A C T G A A G A A C G A G C A C A C T C T G C T C - 1 5 6 2  
T G G C A A A T G A T G A C G T T T T G G T G A T T A A A C G T -G A A A T T G A G A A T A A T C G A A C T T T G A T T  1 5 8 1  
T T T T A A A C A A A A C T G T T C T G G C T G T C G T G C G A C A A A G C G A A G A A G A A G C G G T A T C T C T T T  1 5 1 6  
A A G C T G T C T A C C A G A T G A T G A C T T G G T G G C T T -C A A A A A G G G A T T G G T G G T T T T A G G A T G  1 6 6 9  

★  ★  ★  ★  *•

AG.Af.n u e  G T A A T A A T G A A C T T C T C G A A -------- C G A G G A A C A A A T C G T G G A T T T G A A A G C G T T T G ------------ 1 5 8 1
AG.Am.n u e  G C A A T A T T G A A C T T C T C G A A ---------C G A G G A A C A A A T C G T G G A T T T G A A A G C G T T C A ------------1 5 8 1
AG.Dm.n u e  A C C A T T G T G A A C G T G A G C A A C C G C A C T G A A C T G G T T G A C A T C G C G G A C T T T A ------------------------ 1 6 1 4
maltasa.Cs . n u e  G C T G T C C T T A A C T T G G G T — T T C A C T G A A C A A G T C G T C A A T T T G A A T T T A A A T G A C C G A  1 6 3 8
maltase. Am. n u c  --------- T G A T C A A C T T C T C T A A A A A T A A T A C T A T C G T G G A T A T A T C A A A G T T G G T ----------------- 1 5 6 5
ScrA.Ls . n u e  G A C G T T A T T G A T T T G A T A G G — G A A G G A A C C TG A C C G C A A A A TT A A G G A A A A C G G A C C G C  1 7 2 7

A G . A f . n u c  
A G . A m . n u c  
A G . D m . n u c  
m a l t a s e . C s . n u c  
m a l t a s e . A m . n u c  
S c r A . L s . n u c

--------- A T C -----------A C G T G C C G A A G A -G A T T G A A T A T G T T T T A C A A C A A T T T T A A C T C ---------- 1 6 2 7
--------- A T A ----------- A C G T G C C G A A A A -A A T T G A A T A T G T T T T A C A A C A A T T T T A A C T C -----------1 6 2 7
-------T A G A ----------- A C A G C C C A -A T C -G A T T G A G T G T C C T T G T G G C G G G A G T G G A C T C G C A A  1 6 6 4
G A T T G G A -----------A A G T T C C A G A G A -G A A T G G A A G T T G C A A C A G C T T C A G T T A A C G C A G G A  1 6 9 2
------------G A ------------ A C A A A A G A A A T A -A T G C T A A A A T T T A C A C A A G C A G C G T A A A C T C C A A - 1 6 1 3
A A T T A C A T G C G T A T C T T C A A G A G A T G A A C G C A A G G G T A C T T T C A C A G T A T G A T G T A G T A A  1 7 8 7

A G . A f . n u e  
A G .A m . n u c  
A G . D m . n u c  
m a l t a s e . C s . n u c  
m a l t a s a . A m . n u c  
S c r A . L s . n u c

--------- T G A T A T  A A A A T C C A T C T C C A A C A A C G A G A A A A T A A A -A G T T C C T G C T T T A A G A T T T  1 6 8 2
--------- T G A T A T A A A G T C C A T C T C C A A C A A T G A A C A A G T A A A -A G T T T C T G C T T T A G G A T T T  1 6 8 2
C A C C G G G T G G G G G A T C G A C T T A A G G C C G A G A C A A T T G A A T T G G C G C C C A A C G A G G G A T T  A  1 7 2 4  
A T G T T C G A G A G A C A A C C C G T T G T G A C A A G T G A A G T C T A C G T A T C A G C T G G C G T T G G A G T T  1 7 5 2  
— T T T G A C A G T A A A T C A A A C T G T A A A T C C A G T G G C T A T C A A T A T T C C T G G A G A T A C A T C T  1 6 7 1  
C G G T T G G A G A G A C A T -G G G G G G C A A C A C C C G A A A T T G G C C A G A T G — T A C A G T A A T C C T A  1 8 4 4

A G . A f . n u c  
A G . A m . n u c  
A G . D m . n u c  
m a l t a s e . C s . n u c  
m a l t a s e . A m . n u c  
S c r A . L s . n u c

N T A A T C T T A A T C T C T C A — A G A T G C T A A A T T T G A A A A C A T T T A A T T T C T T C T T G A A C A T G  1 7 4 0  
T T C A T C T T A A T T T C T C A — A G A T G C T A A A T T T G G A A A C T T T T A A T T T C T T C C T G A A T A T G  1 7 4 0
G T T A T T C A G C T G A A T A A G C G A A A G T A A ------------------------------------------------------------------------------------ 1 7 5 1
G T T -C T C G A T T A T C A A G T A G G G C G T C A A A T T C C C G A A C C A A G A G G T G A C G A T C C A G G A C T  1 8 1 1
A T A A T T G T A G A T T C A T C -------C A C T T C A G G C G C T A C T A T A G T C A A T T A T T C A A T C A T G A T - 1 7 2 7
A T C G C C A C G A A C T A T C G A T G A T C T T T C  A A T T T G A A C A A A T T A A T T T A G A T A A A C A A T C A G  1 9 0 4

A G .A f.  n u c  T C T A T N C T T T G A A G C G G C G A ---------------------------------------------------------  1 7 6 0
AG .A m . n u c  T C T A T T C T T T G A A G C G G C G A ---------------------------------------------------------  1 7 6 0
A G .D m . n u c  --------------------------------------------------------------------------------------
m a l t a s e . C s  . n u c  A T A C G A A T A A G A A A T A T T C C ---------------------------------------------------------  1 8 3 1
m a l t a s e - A m .  n u c  T T T C T T A T C C G C A G T G T T C A T A T C T T T T T T C C A A C G G --------------1 7 6 4
S c r A . L s . n u c  G G A T G A C T C G C T G G G A T T T A A A A C C A C T T A T T C C A G C A G A G T  1 9 4  6

Figure 4.5 The multiple ฟignment of nucleotide sequences of AG in A. florea with 
other organisms. Common residues are indicated by asterisks below the sequences.



35

AG. A f . n u c  
AG. Am. n u c  
A G .D m .n u c  
m a l t a s e  Cs 
m a l t a s e  Am. 
S c r A . L s . ทน 
C l u s t a l  Co

----- I -------I ------- I ------- I -------I ------- I -------I ------- I -------I ------- I ------- I ------- I ------- I -------I
1 0  2 0  3 0  4 0  5 0  6 0  7 0

------ M K A V IV F  C L M A L S IV D A  A W K PLP EN —  - - L K E D L I L Y  Q V Y P R S FK D S  N G D G IG D IIG  IK E K L D H F L E
------ M K A V IV F  C L M A L S IV D A  A W K PLP EN —  — LK E D  L IV Y  Q V Y P R S FK D S  N G D G IG D IE G  IK E K L D IIF L E
M V W K I A F IL  S V G L V G IL A H  K H Q S K E LE A K  YNWWQHEVFY Q IY P R S F Q D S  N G D G IG D LQ G  IT S R L Q Y F K D
M IP F K K L T IL  L S IA C S V L A A  PEGAREKE------------ W W EIG NFY Q VYPRSFM DS DG DGVGDLKG IS E K V G Y L K E
------ M K S L V W  V L L L A V G L G A  GQN— NKG------------W W KN AIFY  Q VYPRSFM DS N S D G IG D LK G  IK D K L S H F IE
---------F V P L IP  A LT A G G LL M A  IN N V L T G Q G --------- L F G A Q S IV  Q M FP------------------  QWKG F A E IV N M M S S

AG. A f . n u c  
AG. Am. n u c  
AG. Dm. n u c  
m a l t a s e  C s 
m a l t a s e  Am 
S c r A . L s . ทน 
C l u s t a l  Co

AG. A f . n u c  
A G . Am. n u c  
A G .D m .n u c  
m a l t a s e  C s 
m a l t a s e  Am 
S c r A . L s . ทน 
C l u s t a l  Co

A G . A f . n u c  
A G . Am. n u c  
A G . Dm. n u c  
m a l t a s e  C s 
m a l t a s e  Am 
S c r A . L s .ทน 
C l u s t a l  Co

AG . A f . n u c  
AG . Am. n u c  
AG . Dm. n u c  
m a l t a s e  C s 
m a l t a s e  Am 
S c r A . L s .n u  
C l u s t a l  Co
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Figure 4.6 (continued)
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Figure 4.6 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.

The cDNA sequence was 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 in A. mellifera (D79208), maltase 1 in A. 
mellifera (XM 393379), AG, a - amylase, and transporter activity in Drosophila 
melanogaster CG14934 - PA (NM 135678), sucrose - specific enzyme II of the PTS 
(ScrA) and dextran glucosidase (dexB) genes in Lactobacillus sakei (AF401046), and 
Culicoides sonorensis clone CsMALl maltase (AY603565). The similarity between 
sequences was presented in table 4.2.

Table 4.2 Similarity of the AG sequence in A. florea (1,739 bp) and that in other 
organisms.

Organisms Length (bp) Score
AG in A. mellifera 1,760 95
maltase 1 in A. mellifera 1,764 38
AG in Drosophila melanogaster 1,751 46
ScrA in Lactobacillus sakei 1,946 19
maltase in Culicoides sonorensis 1,831 41
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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. 4.7) was indicated distance 
between AG of A. florea among that in other organisms. Furthermore, a phylogenetic 
tree from NJ method (Fig. 4.8) was represented three major clades. Clade I was 
comprised of the AG of A. florea and A. mellifera. Clade II was comprised of the AG 
in Drosophila melanogaster and maltase in Culicoides sonorensis. Clade III was 
comprised of maltose 1 in A. mellifera.
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0.444 dex 3 and sea A L. sakai

Figure 4.7 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.
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NJ
0.024 AG A. florea

AG A. mellifera

AG D. melanogaster

Maltase c. sonorensis

Maltase 1 A. mellifera

dex B and sea A L  sakai

Figure 4.8 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 ,0 0 0  replicates.
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4.3 Major protein pattern of crude extract
Protein of head (12 heads) and honey crop (20 honey crops) of forager bat

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 4.9.

Figure 4.9 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)
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4.4 Ammonium sulfate precipitation
Various concentrations of ammonium sulfate (AS) were added into crude 

protein. Due to Fig. 4.10, the highest specific activity (1 น/ mg) was obtained froo 
crude without AS precipitation. High specific activity (0.7 น/ mg) was also fron 
precipitation of 80 - 95% AS. The lowest specific activity (0.2 น/ mg) was appears! 
from precipitation in 40 - 50% AS. Due to SDS -  PAGE, different patterns of prcteLi 
was observed in each lane. Common band of 100 kDa was observed in ฟ! lanes 
(Fig. 4.11).

Figure 4.10 Specific activity of crude precipitation by various concentrations of 
ammonium sulfate.
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Figure 4.11 Protein profile of precipitate from various concentrations of atnmonhn 
sulfate (AS). Protein (20 pg) of all precipitates were electrophoresed by SDS 
polyacrylamide gel and CBB stained.
Lane 1 ะ precipitate by 0% AS
Lane 2: precipitate by 0 - 30% AS
Lane 3ะ 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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4.5 AG purification
4.5.1 Crude protein with ammonium sulfate precipitation

4.5.1.1 Anion exchange (DEAE -  cellulose)
Crude protein with AS precipitation 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 shown in lanes 1 -  4 
in Figure 4.15 (B). The AG activity was eluted within unbound (fraction# 6  -  8 ) an J 
bound peaks (fraction# 22 -  24) as in Figure 4.12. Positive fractions were poo ed an l 
desalted by dialysis with 30 mM sodium phosphate buffer (pH 6.3).

Figure 4.12 AG on DEAE -  cellulose. Crude protein, 300 mg; column, 1.6 X  13 cnr 
equilibrium, 30 mM sodium phosphate buffer (pH 6.3); elution, 0 -  1 M NaCt 
flow rate, 60 ml/ h; fraction size, 10 ml; •  ODat280nm; —o— , AG activiiy: 
........  , molarity of NaCl.
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4.5.1.2 Gel filtration (Superdex 200)
The dialyzed sample of bound peak from DEAE -  cellulose was Eppied 

to a gel filtration column on Superdex 200 equilibrated by 30 mM sodium phrsphate 
buffer containing 100 mM NaCl (Fig. 4.13). Low AG activity (less than 1 น/ ml) of 
bound peak sample (fraction# 14) was calculated. SDS -  PAGE was shown in lane 1 
in Figure 4.15 (A).

Fraction number

Figure 4.13 AG on a gel filtration (Superdex 200) column. Bound peak sample of 
DEAE -  cellulose, 10 mg protein; column, 1.6 X 51 cm; equilibrium and elutbn. 3C 
mM sodium phosphate buffer containing 100 mM NaCl (pH 6.3); flow rate, 3C mV h: 
fraction size, 10 ml; — , OD at 280 nm; —o— 5 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 น/ ml) was obtained as in Figure 4.14. SDS -  PAGE was shown in lane 5 in 
Figue 4.15(B).

Figure 4.14 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, 10ml; —• — , OD at 280 nm; —O— , AG activity.

Fraction (from Superdex 200) containing highest AG activity were 
concentrated and desalted by centrifugal filter (MWCO 10,000 Du). The retentive 
solution was separated by SDS -  PAGE as in Figure 4.15. Bands of AfL (55 kDa), 
Af2 (52 kDa), and Af3 (73 kDa) were excised from the gel for MAL ว! -  TOF MS.
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Figure 4.15
Lane 1(A):

Lane 1(B):
Lane 2(B):
Lane 3(B):
Lane 4(B):

Lane 5(B):

Lane 6 (B):
Lane Ml:
Lane M2:

CBB staining of SDS - PAGE.
concentrated sample (40 |ig) from fraction# 14 of Superdex 200 (from 
bound DEAE cellulose) (Fig. 4.13)
unbound sample (3 mg) from DEAE cellulose (fraction3* 6 ) (Fig. 4.12) 
unbound sample (3 mg) from DEAE cellulose (fraction- 7) (Fig. 4.12) 
unbound sample (3 mg) from DEAE cellulose (fraction3* 8 ) (Fig. 4.12) 
pooled unbound sample (3 mg) from DEAE cellulose before 
Superdex 200
highest activity fraction (0.3 mg) from Superdex 200 (fraction# 12)
from unbound DEAE cellulose) (Fig. 4.14)
concentrated sample (3.6 mg) from lane 5
broad range protein MW marker
low molecular weight marker
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4.5.1.3 Gel filtration (Sephadex G - 150)
The dialyzed unbound peak sample (Fig. 4.12) was chromatographed on a 

Sephadex G -  150 column equilibrated by 30 mM sodium phosphate buffer 
containing 100 mM NaCl. Due to Figure 4.16, activity was found in fraction# 
40 -  46. The highest fraction contains activity 3.7 น/ ml. Protein in fractions 
containing activity was separated by SDS -  PAGE to determine the purity of 
purification (Fig. 4.17). Only one band (50 kDa) was visible.

4 .0

E
3jg
aบท
(5< * 15

Fraction number

Figure 4.16 AG on a gel filtration (Sephadex G -  150) column. Unbound peak 
sample of DEAE -  cellulose, 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; — , protein concentration (Bradford’s assay);
—o— , AG activity.
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Figure 4.17 SDS -  PAGE of high activity fractions from Sephadex G -  150. Lanes 
1 -  7 contained fraction# 40 -  46 (1 no Jg), respectively.

4.5.1.4 Cation exchange (CM -  cellulose)
Due to the chromatography on DEAE -  cellulose, the protein was not 

bound on the column. The unbound sample (Fig. 4.13) was dialyzed by 100 mM 
sodium acetate buffer (pH 5.8) and 20 mM sodium acetate (pH 4.7} overnight, 
respectively. The dialyzed sample 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 ฝ! fractions although protein was eluted from the column 
(Fig. 4.18). In each fraction, the amount of protein was low (less than 100 mAu by 
OD 280).
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Figure 4.18 AG on CM -  cellulose. Unbound peak sample of DEAE -  cellulose, 
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;

OD at 280 nm; —o — , AG activity; ........  5 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 unbcunc peak (Fig. 
4.19). The obtained activity was low (less than 1 น).
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Figure 4.19 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; ODat280nm; —o— , AG activity;

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

4.5.2 Crude protein without ammonium sulfate precipitation
4.5.2.1 Anion exchange (DEAE -  cellulose)
In order to avoid the loss of AG activity before chromatography (date 

from Fig. 4.10), crude protein without being precipitated with ammonium sulfate was 
applied directly on a DEAE -  cellulose under the same condition. The high protein 
was obtained in unbound (fraction# 2 - 7 )  and bound (fraction# 28 -  32) peaks. High 
AG activity was assayed from the unbound peak. SDS -  PAGE was shown in lanes 
3 -  4 in Figure 4.21.
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Figure 4.20 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 rats, 60 ml/ h; 
fraction size, 10 ml; •  ,O D at280nm ; —o — , AG activity;

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

From all procedures of AG purification, it can be summarized in Table 
4.3. Specific activity of AS precipitate was lower than crude. Specific activity after 
DEAE -  cellulose was the lowest but it was not greatly different from AS precipitate. 
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.
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Table 4.3 Summary of purification procedures of AG.

Procedure
Total

protein
(mg)

Total
activity

Specific 
activity 
(๙  mg)

Yield
(%)

Purification
fold

Crude 4,065 1,228.5 0.302 1 0 0 1

Ammonium sulfate
( 95% saturation) 1,075 195.2 0.182 15.89 0.603
DEAE -  cellulose
- 95% AS 780 133.52 0.171 10.87 0.566
- no AS 2 0 90 4.5 7.327 14.901
Superdex 200
- Bound DEAE 44.1 2 2 .8 0.517 1.856 1.712
- Unbound DEAE 52 124 2.385 10.095 7.89

and ultrafiltration 10.46 42.29 4.043 3.443 13.387
Sephadex G -  150
- Unbound DEAE 60 81.3 1.355 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 .1 2 2 2.109

Protein in fractions containing highest AG activity of DEAE -  cellulose 
and Sephadex G -  150 was separated by SDS -  PAGE and CBB stain (Fig. 4.21 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. 4.21 A) but only one positive band was 
visible in lanes 2 -  3 of activity gel (Fig. 4.21 B). No AG activity at all in lanes 1 and 
4 (Fig. 4.21 B) although lots of protein were detected in Figure 4.21 A.
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1 2 3 4 M  _ 1 2 3 4kDa

(A) (B)

Figure 4.21 CBB staining (A) and activity staining (B) of fractions containing 
highest activity from DEAE -  cellulose and Sephadex G -  150.
Lane 1 ะ unbound fraction with AS (3 mg) on DEAE ( Fig. 4.12)
Lane 2: unbound fraction (1 mg) on Sephadex G -  150 (Fig. 4.16)
Lane 3: unbound fraction without AS ( 1 mg) on DEAE (Fig. 4.20)
Lane 4: bound fraction without AS ( 1 mg) on DEAE (Fig. 4.20)
Lane M: broad range protein MW marker

Three bands on SDS polyacrylamide gel (Fig. 4.15) were excised. Arrows 
indicate locations of 3 bands, Afl, Af2. and Af3. Due to the Rf value and log MW of 
protein marker, MW of Afl, Af2, and Af3 were calculaied to be 55, 52, and 73 IcDta, 
respectively (Fig. 4.23). The bands of Afl and Af2 were selected because they were 
always found from any chromatography. The Af3 band was excised because its MW 
(about 73 kDa) was highest MW in SDS -  PAGE. The MW of positive band was 
93 kDa (Figs. 4.21 and 4.22). Molecular weight of purified AGI, A3II, and AGIO «  
A. m ellifera were 98, 76, 6 8  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 BioscTvice unit, Thailand.
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Figure 4.22 Relationship between R f  value and log MW of troad range prwtein MW 
marker. MW of AG from Fig. 4.21 was estimated.

Figure 4.23 Relationship between R f va:ue and log MW of lew MW marker MW of 
Afl, A£2, and Af3 from Fig. 4.15 was calculated. The -MW staidard marker 
contains phosphorylase b (97 kDa), b®vine serum albumir ( 6 6  kDi), o /albumin 
(45 kDa), carbonic anhydrase (30 kDa), trypsin inhibitor (20.1 kDa). anc ฝpha -  
lactalbumin (14.4 kDa).
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4.6 MALDI - TOF peptide mass mapping
Whole body of honeybee was partial purified by 1) various 

chromatographies; anion exchange (DEAE cellulose), gel permeation (ธนperdex 200) 
and 2) by ultrafiltration with centrifugal filter MWCO 10,000 Da. Then, the obtained 
protein was separated by SDS -  PAGE. The protein complement of partial purified 
AG was sequenced for peptide by matrix assisted laser desorption ioni^ation/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, 1,756.725 m/z, 1977.753 m/z, and 
2111.86 m/z, [M+H]+ which were matched to those of AG in A. mellifera cQ 17058). 
The score is 70 which is accepted to be significant (p < 0.05) since it is greater than 
67. According to Figure 4.24, the matched peptide is 12% coverage with AG in A. 
mellifera (based on the Mr of 65.5 kDa).

5;
101
151
201
251
301
351
401
451
501
551

MKAVIVFCLM
IEGIKEKLDH
DLDNLVSAAH
GKIVNGKRVP
VLDDMQNVLR
YTLKIYTHDI
GADFPFNFAF
RLVSRFGEEK
CGAOKENYQT
AEKKDKNSFF
SLYAILNFSN
ALGFFILISQ

ALSIVDAAWK
FLEMGVDMFW
EKGLKIILDF
PTNWVGVFGG
FWLRRGFDGF
PETYNW RKF
IKNVSRDSNS
ARMITTMSLL
MSRDPARTPF
NMFKKFASLK
EEQIVDLKAF
DAKFGNF

PLPENLKEDL
LSPIYPSPMV
VPNHTSDQHE
SAWSWREERQ
RVDALPYICE
RDVLDEFPQP
SDFKKLVDNW
LPGVAVNYYG
QWDDSVSAGF
KSPYFKEANIi
NNVPKKLNMF

IVYQVYPRSF KDSNGDGIGD 50 
DFGYDISNYT DVHPIFGmIS  100 
WFQLSLKNIE PYNNYYIWHP 150 
AYYLHQFAPE QPDLNYYNPV 200 
DMRFLDEPLS GETNDPNETE 250 
KHMLIEAYTN LSMTMKYtTDY 300 
MTYMPPSGIP NWVPGNHDQL 350 
DEIGMSDTYI SWEDTQDPQG 400 
SSSSNTWLRV NENYKTVFLA 450 
NTRMLNDNVF AFSRETEDNG 500 
YNNFNSDIKS ISNNEQVFVS 550

Figure 4.24 The amino acid sequence of AG in A. mellifera (Q17958). Matched 
peptides are shown in bold letter.

http://www.matrixscience.com
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4.7 Comparison of 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 from MALDI -  TOF MS, most of residues of amino acid are the 
same except one residue at the position of 32. It is Leucine (L) in deduced amino acid 
sequence from cDNA but it is Valine (V) from MALDI -  TOF MS. However the 2 
amino acids have close MW. MW of Valine is 117 Da while Leucine is 131 Da.

1 MKAVIVFCLM ALSIVDAAWK PLPENLKEDL ILYQVYPRSF KDSNGDGIGD 50
EDL IVYQVYPRSF K

51 IEGIKEKLDH FLEMGVDMFW LSPIYPSPMV DFGYDISNYT DVHPIFGTIS 100
101 DLDNLVSAAH EKGLKIILDF VPNHTSDQHE WFQLSLKNIE PYNNYYIWHP 150
151 GKIVNGKRVP PTNWVGVFGG SAWSWREERQ AYYLHQFAPE QPDLNYYNPV 200
201 VLDDMQNVLR FWLRRGFDGF RVDALPYICE DMRFLDEPLS GETNDPNKTE 250
251 YTLKIYTHDI PETYNWRKF RDVLDEFPQP KHMLIEAYTN LSMTMKYYDY 300

IYTHDI PETYNWR YYDY
301 GADFPFNFAF IKNVSRDSNS SDFKKLVDNW MTYMPPSGIP NWVPGNHDQL 350

GADFPFNFAF IK
351 RLVSRFGEEK ARMITTMSLL LPGVAVNYYG DEIGMSDTYI SWEDTQDPQG 400
401 CGAGKENYQT MSRDPARTPF QWDDSVSAGF SSSSNTWLRV NENYKTVNLA 450
451 AEKKDKNSFF NMFKKFASLK KSPYFKEANL NTRMLNDNVF AFSRETEDNG 500

NSFF NMFKK EANL NTRMLNDNVF AFSR
501 SLYAILNFSN EEQIVDLKAF NNVPKKLNMF YNNFNSDIKS ISNNEQVKVS 550
551 ALGFFILISQ DAKFGNF

Figure 4.25 Comparison of amino acid sequences between deduced amino acid 
sequence from cDNA (upper line) and amino acid sequence from MALDI -  TOF MS 
(lower line). The different amino acid was showed by underline letter.

4.8 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 Figure 4.26. 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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kDa

97 —► 
66 —►

45 —►

30 —►

20.1 —►

14.4 —►

Figure 4.26. Two - D electrophoresis of crude protein (2 mg). Lane M contained 
low MW marker.

4.9 Optimum conditions for AG
A fraction containing activity peak from Superdex 200 (Fig. 4.14) พ»ร 

selected to study optimum conditions for AG activity. The optimum parameters <3*H, 
temperature, selective concentration of substrate, and incubation time) were measured 
as mentioned in Materials and Methods. Three replications were performed. H e  
average value was calculated and used to plot a graph.

The obtained optimum pH of partial purified AG was 5 (Fig. 4.27), l i e  
optimum temperature was 55°c (Fig. 4.28). The selective concentration of substrate 

was 80 mM (Fig. 4.29) and the optimum incubation time was 40 min (Fig. 4.30).
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4.9.1 Optimum pH

Figure 4.27 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 was 5.0.

4.9.2 Optimum temperature

Figure 4.28 The optimum temperature of partial 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 was 55°c.
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4.9.3 Selective concentration of substrate for partial purified AG

Figure 4.29 The optimun sucrose concentration of partial purified AG in 4. florea. 
The reaction mixture was incubated with sucrose at various concentrations }f 10, 20, 
30, 40, 50, 60, 70, 80, 90, and 100 fflM, respectively. The optimum concentration of 
sucrose was 80 mM.

4.9.4 Optimum incubation time of partial purified AG

Figure 4.30 The optimun incubation time of partial purified AG in A. flobea. The 
reaction mixture was incubated at 55°c for 10, 20, 30, 40, 60, and 90 min, 
respectively. The optimum incubation time was 40 min.
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