CHAPTER III

RESULTS

3.1 Population genetic studies and identification of population origins of Thai

honey bees, A. cerana.

The amplified IrRNA gene segment of 4. cerana was approximately 750 bp in

length. The number of readable nuclegtigés sither 653 or 654. Similarity between

the sequences was 97.4% - 9 (BA S gntent of these sequences was

approximately 15.5%.

A total of 57 poi Besand 38 transversions) were

observed (Figure 3.1). gence between pairs of

sequences was 0.15 % - 1.70 ce = 1.13 %) indicating a

close relatedness among tHC ig#fcqfic

Based on the 5 differegf sl '.'. v ecognizes TTT/AAA) could

|
Y _ “
be used to differentiate A. cergia ‘i A ordiflg to their geographic origins.

1% :
Restriction analysis of the IrRNA ¢ “:;ﬂi with Dra I resulted in 4 different

rd L ﬂ"
7 2 a.between pairs of haplotypes

haplotypes (Figure 3.2)..1
ranged from 1.59% (/ ;_’_m"_ﬁ“_ﬁ I%e haplotypes can be
parsimoniously related by l St ct h sites. The A haplotype
was the most common, foun% in 98.08%, 95.12% and 86. 6 of bees from the north,
north-east and ce ples. Haplotype D

was also obseweﬂggqﬁm;ﬂ f‘Yjs Eable| E [ !ihe other common
I |0 L e 11T
Phuket Isl j plotype C

(47.06 %) in the Samui sample.

The average nucleotide divergence between the north-to-central and southern
latitude (peninsular Thailand, Phuket and Samui Island) A. cerana in Thailand
(2.657%) was greater than that within each region (0.005% and 0.144%, respectively)
(Table 3.2). Significant genetic differentiation was observed across overall samples

and between north-to-central and southern regions (P < 0.0001 for a Monte Carlo



North-to-Centrall
North-to-Central2
Phuket Island
Samui Island
A. mellifera

North-to-Centrall
North-to-Central2
Phuket Island
Samui Island

A. mellifera

North-to-Centrall
North-to-Central2
Phuket Island
Samui I Bland

A. mellifera

North-to-Centrall
North-to-Central2
Phuket Island
Samui Island

A. mellifera

North-to-Centrall
North-to-Central2
Phuket Island
Samui Island

A. mellifera

North-to-Centrall
North-to-Central2
Phuket Island
Samui Island

A. mellifera

North-to-Centrall
North-to-Central2
Phuket Island
Samui Island

A. mellifera

North-to-Centrall
North-to-Central2
Phuket Island
Samui Island

A. mellifera

North-to-Centrall
North-to-Central2

North-to-Centrall
North-to-Central2
Phuket Island
Samui Island

A. mellifera

North-to-Centrall
North-to-Central2
Phuket Island
Samui Island

A. mellifera

AAAGTATTAAAAATTTTA TCTAAATTAAA

Phuket Isl
Samui Isla
A. mellifer

13777 (A. mellifera)

ATAGAGACAGTTGTTATTTCATCAATTCATTCATTCAATTCTTCAATTAAAAGACAATTT
ATAGAGACAGTTGTTATTTCATCAATTCATTCATTCAATTCTTCAATTAAAAGACAATTT
ATAGAGACAGTTGTTATTTCATCAATTCATTCATTCAATTCTTCAATTAAAAGACAATTT
ATAGAGACAGTTGTTATTTCATCAATTCATTCATTCAATTCTTCAATTAAAAGACAATTT
TTAGAGACAGTTATTATTTCATTAATTCTTTCATACAATTCTTCAATTAAAAGACAATTT

khkhkhhhhhkhhhk *hhkhkhkhhhddx *hhhkdk ddhddx Fhkhhdhdhdhhhhhddrhhhhhhdrkx

ATTATGCTACCTTTGTACAGTCAATATACTGCAGCTATTTAAATTTATTTCATGGAGCAG
ATTATGCTACCTTTGTACAGTCAATATACTGCAGCTATTTAAATTTATTTCATGGAGCAG
ATTATGCTACCTTTGTACAGTCAATATACTGCAGCTATTTAAATTTATTTCATGGAGCAG
ATTATGCTACCTTTGTACAGTCAATATACTGCAGCTATTTAAATTTATTTCATGGAGCAG
ATTATGCTACCTTTGTACAGTCAACATACTGCAGCTATTTAAAAT-AATTCATTGAGCAG

dhhhkhkdhkhhhhhkhhhhhhhdhhdhhd hhhkhhddhdhhhhdhhdhdhhd * * *hdkddk *hhkhhx

ATCGACCTAAARATTATACTCAATAGGCCATGTTTTTGTTAAACAGGTGAATAATCAATTT
ATCGACCTAAAATTATACTCAATAGGCCATGTTTTTGTTAAACAGGTGAATAATCAATTT
ATCGACCTAAAATTATATTCAR

GCCATGTTTTTGTTAAACAGGTGAATAATCAATTT
GECATGTTTTTGTTAAACAGGTGAATAATCAATTT
A TETTTTTGATAAACAGGTGAATAATATATTT

*hhkk FIhkhkdkhhkhhkhkhhkhkkhkhk * ok ok k

ATCGACCTAAAATTATAT C/
ATCGACCTAAAATTAL

Kk k ok ok ok % Kk ok kK

TGCCGAGTT.CL T ; £ " ATTTATATATTATTAAATATACTTTT
TGCCGAGTTCC T raaa "

TGCCGAGTTEEY
TGCCGA

-GCCGAAT'

% % % %t

ATATATTATTAAATATACTTTT
ATATTATTAAATATACTTTT
--—ATTATAAAATATAACTTT

*hkhkhkk Khkhkhkhkkok * Kk k

ATATATGTTTTTATAGAAT
ATATATGTTTTTATAGAAT
AAATATATATTTTTATAGAAT
AAATATATATTTTTATAGAAT
ATATAAATTTTTATAGAA-

ik J %K ke ke ke ok ok dk ok okok ok ko ok ko

ATTACTZAS
ATTAQ
ATTACTARG
ATTACTS
ATTAGEFATJ

* %k * %k &

A---AATTATTAAATTTTTT
A---AATTATTAAATTTTTT
—-AATTATTAAATTTTTT
CTA---AATTATTAAATTTTTT
TAAATATTAAATTATTAAATTATTA

*k kK *hhkhkkxkhkhkhkkx *xk

AAATAZ
ARATARAAT
AAATAR
AAATAA?
AAATAAAATZ

* k ok k ok kkokx

ATATTAATAAAAAR ATAAATAAAATCAAAAATTTTTATAAAT
ATATTAATAAARS EAAATAAAATCAAAAATTTTTATAAAT
ATHRg AR TCAAAAATTTTTATAAAT
ATS ATA TATYE SSAJCAAAAATTTTTATAAAT
AR W AATTAAA-TTTTTATCT-T

%* . ‘ ‘ *khkk Khkkhkkhkk *
# TACTATAAA-TAAATTTT
AATACTATAAA-TAAATTTT
AAATTTA GTTTATCCCATAAATTTiTAATATAAAAATTAATACTATAAA TAAATTTT

AAATTTA ﬁTATiCiATAAATT TATAAAAATTAATAiTATAAA TAAATTTT

GGTATTAAAAATTTTAT TCTAAATTAAATTTATTTCTAAAAAAACTAGATATCAATA
TTTCTAAAAAAAC BAGATATCAATA

AAAT‘"‘ AGTTTATE

#ATAGTTTATCCCATAAATTTTTAATATAAAAA

TAAAATAAAATTT

* % Rk % x *hkkhk khkkk kokk

& % *k kkkkk **************************************** * %k ok x

ACTTCGAATGACATTTAATCTCTAAATTTATATTTATAATTTTATTGCAACAAAAAAAAT
ACTTCGAATGACATTTAATCTCTAAATTTATATTTATAATTTTATTGCAACAAAAAAAAT
ACTTCGAATGACATTTAATCTCTAAATTTATATTTATAATTTTTATGCAACAAAAAAAAT
ACTTCGAATGACATTTAATCTCTAAATTTATATTTATAATTTTTATGCAACAAAAAAAAT
AGTTCGTTTAACATTTAATTTCTAAATCTATATTTATAATTTTATTGCTACAAAAAAAAT

*  kkkk * Kkhkkhkhkhkhkhkk khkkhhkhk dhkkhkhkhkhkhkhkhkkhkkkx *hkk Khkhkhkhkkhkkhk

64

60

120

180

240

300

360

420

480

540

600

(A. mellifera)14422

ATTACAAATTTAGCTCACTTATTTTCGAGATATTTAAATTTATTAAATAAATTTTAAT
ATTACAAATTTAGCTCACTTATTTTCGAGATATTTAAATTTATTAAATAAATTTTAAT
ATTATAAACTTAGCTCACTTATTTTCGAGATATTTAAATTTATTAAATAAATTTTAAT
ATTATAAACTTAGCTCACTTATTTTCGAGATATTTAAATTTATTAAATAAATTTTAAT
AATATAAATTTAGCTCCCTTATTTTCGAGATATTTAAAATCATTAAATAAATTTTAAT

* kk hkhkk hhkhkhkhhkhk hhkhkhkhkhhkhkhkhkhkhhkkhkhhhkhhkd * Fhhdhkdhkhhhhhhhhhkk

658



cerana (GenBank

a sequence positions

Figure 3.1 Nucleotide seq
accession number 140508-1%0
13777-14422 (Crozier and
recognition sites are illustratec

group reference. Dra I-
identical nucleotides

among aligned sequences.

o

”!‘L Iy

i
o e =

[,- e

audinenineng
ANTAINA IR



65

M112345678910M2 M112345678910M2

500
—120
100_ 90
- 34
Figure 3.2 icti _ NA gene of A. cerana digested with

Dral. Four haplotypes ¥ \gere observ'ed'(Haplo & lane 8-9 in panel a,

.

Haplotype B = lanc 4 §anes < 1 panet b, Haplotype L jﬁe 1-3, 5 & 10 in panel

b, Haplotype D = lane 1, J|& 10 in panel a) and 4,':((!2 are 100 bp DNA ladder
=

and pBR322/Msp 1, respectlvely

At ANENTNY

i |
s

ARININ T N 1‘31«5- R}



66

o) 3l
"uo13a1 oua3 sy} ) p | | 341 o pa ,..'w.....,. 10U sem JuawdeJ S1y) 4
ovL 0 . I 4
0sL 0 0 0 a
LyL ! [ I ! 0 0 J
LyL I 0 [ [ 0 [ I I 0 q
0SL 0 0 ! [ 0 I 0 I 0 \4
d *L 0¥ 0¢ 09 08 06 | OCI | OTI | OET | 8¥I | TS 0S¢
ﬁwhu_ﬁwzoh sired aseq Ul 9zIs pajedIpul Je SJuSWSeIy Jo IquInN >dorder

PUR[IRY ], Ul DUD.12D " WO} U3 YN[ PAISITIP [ 147 JO 9ZIS JuswiTely uonousay '€ ?[qeL




67

- S69°v ELEY ey Slee IPe'S 01es DAYtjjouL
. 91T0 91C0 [42:%¢ 08T LY8'C  Ppug[s] Inweg
- 0000 98T £9C% 99¢°C  PUe[S] 19ynyYq

- st Wt 9952 Rosls
S5 2000 g3 100°0- 15e-YMON
€000 2100 [Enua)

H < - YyMoN
paofijjous y %oo M_ yuoN
oozcwﬂuomuﬁvuoo?: N €€9IqeL

- -—u‘h

(4% Mol

911 0

pue[Iey ]
puUE[S] INWES  PUB[S] }NNYJ  JONSUIUS]  JSB-YHON |

[el01, uonnquysip srydeidoan adKyordeq

s
hnan

pueprey [, ur ss[dwies vun.a2 'y Jo auald yNJI| pAsaSIp [ ».4(7 Jo uonnqusip drydeiSoan 7€9IqeL



68

“JUBdIJIUFIS JOU = Su

$8¥H°0 vTT reoL

. y . . So[dures

s C910°0 8¥8°0 60°G1 LL90'0 T oydei3008 uigpiy
sdnoad urgp

s €68°0 L000 zro $000 m.ﬂ... sojdues Suoury
1000°0> 6¥8°0 6LY8 £08¢€ q z sdnoi3 Buoury

o .z:ﬂ uauodwo))
sﬁl Wo

anjeA-d

_aoE P VAONV ¢'¢€ dlqel

'1000°0>d = *x

— "JuUBOJIUSIS JOU = SU

* % ﬁov 000°0>  Ppue[s] Inureg

*%. > 000°0>  pue|s]Inyd

| 1006:0> 000°0> -

e 2200 rensuluag

xx01L°0 -~ #x006°0 *%C96°0 9 - mﬂ.o @muwm.o 1Seqd-yuoN

*x819°0 +xV18°0 *x616°0 sul10°0 ﬂ qﬂ 20900 [enua)

*xV9L°0 *x996°0 *xC86°0 su 80070~ ut30°0 ﬂ - YHON
puejrey],

PUDIS| INWES  PUEIS[INNYJ e e ISEH-YHON enua) (g euroN

pueyrey [, ui pun.a2 y sajduwes o1ydei3oad XIs usamiaq

(reuoBe1p aaoqe) 2jeWNSI 15,/ puk (JeUOSLIP MO[2q) UOHB[NWIS O[IE)) JUOJA B UO Paseq 1S9} Arouagornlay orydeidoan ¥ € 2IqeL



69

Central
region North-East

North

Peninsular Thailand

Samui
Island Phuket
Island

_mﬁnéﬁ%mm
NI UM INNEY

Figure 3.3 A Neighbor-joining tree indicating genetic relationships of 4. cerana
in Thailand based on the percentage of sequence divergence of Dra I digested I'RNA

gene
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3.2 Isolation, purification and characterization of AcMRJPs
3.2.1 Production of RJ

Bee colonies originating from northern (N = 2) and peninsular Thailand (N =3)
were queen-reared to produce RJ. Alternatively, RJ was directly collected from the
colony (N = 1 from the Samui Island). A 100 % of queen cup-acceptance before
larvae grafting was observed in colonies originating ﬁ'bm both northern and
peninsular Thailand whereas the average queen cup-acceptance of 65.48% and 67.54

% was observed after larvae graftiy 9'¢" 36). The average quantity of RJ
=h \/ 7

ng/cup/day) was comparable
0.05). The RJ derived from

“was used for purification and

production derived from the pemimsilar Samples 28

to that of the northern sampleS (2246 mgfup = e
peninsular population (southgsi* Laftiiid:

characterization of AcMRJPs >

ined on SDS-PAGE and

compared to commercial 4 ghe i’ #a R Salicins “grude RJ proteins are shown in

Crude A. cerana
Figure 3.4. Different pattern<g®: A. cerana and A. mellifera
were observed. Crude RJ of 4 fera S/ a‘\l’hm ol three major discrete bands
(50, 80, 82 kDa) where a 50 kD2 :’ ost intense stained protein band
compared to a doublet of 80 ax 145 G hand, 2 pattern of A. mellifera
crude RJ proteins was 'vﬁ‘m*’"‘“;--‘ 4 65 and 80 kDa). The

t hand was a 80 kDa band.

Several additional faint bds exhibiting sizes less than 50 D a, were also found in RJ

[

of A. cerana and @‘gﬂ %wwwﬂﬁfﬂ?mteins are further

purified and chara

AR TN T

To determine suitable concentrations of ammonium sulfate for precipitation of

most intense stained band-ivas

AcMRIJPs, a step-wise increment (a 10 % increment from 20 % to 80 % saturation)
was performed. AcMRJPs (50 kDa and 80 kDa) were precipitated in all saturation
fractions up to a 70 % saturation (Figure 3.5). Only a 50 kDa protein was still

precipitated in 70-80 % saturation of ammonium sulfate.
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Figure 3.4 10 % SDS- PAGE
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Different precipitation rate of each protein was observed (Figure 3.5). The 50
kDa protein showed the heaviest staining in the 40-70 % saturation fraction (lane 5-7).
The availability of proteins with sizes smaller than 50 kDa and a larger protein (more
than 97.4 kDa in size) were also found in the 40-50 % saturated fraction (lane 5). The
80 kDa protein exhibited the highest stained intensity in the 50-60% saturation
fraction (lane 6). The ability to be precipitated in a broad range of ammonium sulfate
saturation resulted in a possible loss of parts of MRJPs during salting out. Therefore,

crude RJ was directly used as a starting material for purification of AcMRJPs by

column chromatography.
3.2.3 DEAE cellulose

Crude RJ dissolved i

followed by deionized watg

3 zed against 0.1 M EDTA
M Bris-HCl pH 7.5 and 1 mM
EDTA. Protein recovery - ' er dialysis. The dialyzed
solution was loaded offo & L qell and chromatographically
analyzed (Figure 3.6). Tv# p; SN o A DE 2) of bound protein were
eluted at 0.05 M and 0.15 Mgl Feoorns aunt of protein DEAEP! and
DEAEP2 was 14.20 % and #9 22720 0 profein eluted from the column,
respectively. Protein from each pe. S % ed by 10 % SDS-PAGE (Figure

idm), the protein DEAEP1

3.7). Three bands (55, 80
" \&Da. The 55 kDa bands

where 80 and 82 kDa baué
Jibiting a ghtly smaller molecular

also comigrated band 'L another band

weight. In contrast, only afge band with molecular weight of 50 kDA was

NETTNEA

respectively (Table 3.7).

observed in the protei
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3.2.4 Protein purification using Q-Sepharose and Sephadex-G200 column
Chromatography

Q-sepharose is a stronger anionic exchanger which was used instead of
DEAE-cellulose. Crude RJ was dialyzed against 20 mM Tris-HCI pH 7.5 and 1 mM
EDTA. The percentage of protein recovery after dialysis was 90.95 %. Any unbound

proteins were not found following protein monitoring at Azgo.

Three peaks (A, B and C) of Ac were eluted at 0.075 M, 0.175 M and

0.250 M NaCl, respectively (Figug ). S DE. analysis revealed that peak A
showed three bands of protein With.{ i ; lar weight of 55, 80 and 82

B. The peak C also containgd®ea i, 2 “the molecular weight of 80
kDa and 115 kDa. Fractions géPraf 428, yeal . ere pooled and concentrated
for a Sephadex G-200 cHfor RO 1
and C was 22.79 %, 3.15 4

respectively.

. fl protein in peaks A, B
'.1\\ &in of the starting crude RJ,

[abdoni s < 2}
Concentrated proteins peak ,.u.;-l eparately loaded onto a Sephadex

37, 7

G-200 column. Only the Q A p tein could be further
separated to sub-peak A ,;f'"‘ -“""‘""""""'""""""“*,i ot show any sub-peak

tlonal purification step,

respectively). The chromato phlc profile is shown in 1gure 3.10. Using SDS-
PAGE analysis ( )i m 1 showed a single
band with the eqm m 1md protein peaks Al
et vy

purification of the Al protein through a Sephadex G-200 column

(subsequently called pea l :

chromatography, degradation of the A1 was found. Degradation of the Al protein
under different conditions was studied, results revelaed degradation of the protein Al
when stored in the purification buffer (20 mM Tris-HCI pH 7.5 and 1 mM EDTA) A
similar effect was found when the protein A1 was stored in the same buffer containing
0.5 mM DDT or 5 mg of protein A2 (a co-purified protein from Q-Sepharose). Only
the buffer supplemented with 0.5 mM PMSF eliminated degradation of this protein.
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As a result, PMSF was added to a pooled Q-sepharose-purified protein A before
further chromatographic separation by Sephadex G-200 (Figure 3.12).

Purification of a pooled protein peak A through a Sephadex G-200 column did
not show complete separation of protein Al and A2 (Figure 3.10a). For further
purification of these proteins, ammonium sulfate added to a 50 % - 60 % saturated
level showed high quantity of a 80 kDa protein (in this case representing protein A1)
was used to purify through Sephadex G-200 column. The chromatographic profile is

shown in Figure 3.13. Protein peak Y i profile was nearly found in the same

W\l
mobility as that of the protein A \” .',;{;,v,{_-_,, > and Sephadex G-200 column
chromatography and the same #elecilar waight aftesa® lysis with 10 % SDS PAGE

(Figure 3.14). Moreover, oges .“f 5 (eaks & an8SE) were also isolated. Two
protein peaks exhibiting the#i ‘ ik Wi I %ol 300 kDa and 55 kDa were
observed. These proteins bi phadex-G200 to that of

proteins C1 and either A2 o

Al, A2, Bl and CI,
L dlecular weight markers. A
’

¢ (Figure 3.15). The native

To determine natiyg
Sephadex G-200 column wasg
molecular weight calibration YPeras
molecular weight of protein peak A ,,-,«E}?;? was examined and estimated to

be 115 kDa, 55 kDa, 50 RP

... i

§odh the molecular weight
of denatured and native {{# whults indicated that A1
and C1 naturally were ' nt in di 2"Oligomeric while A2 and Bl

exhibited natural monomeric o

AULTNENTNYING
AMANTN AN INYIAY
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Figure 3.11  10% SDS-k
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er purified by
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Figure 3.12  10% SD P A
stability (lane 1) of prol ;ﬁ*fff*—f B is 25 or ireated with

-H@ pH 7.5.

Audinuninens
NI AN

ada 'n (lane 2-4) and

EDTA (lane 3), DDT (lang #) a
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Log MW
1000 ]
Ferritin (440 kDa)
Catalase (232 kDa)
100 | 'w;,ﬁ JFSA (68 kDa)
— Ovalbumin (43 kDa)
*
Chymotrypsinogen
2
10 (25 kDa)
1 T T
0 0.1 0.6 0.7
Figure 3.15  Calibration Thrve | Jicular weight of purified
protein chromatographicalty’ analyzed on Sephadex G-200 used in this study.

Arrows indicate relative mobiligy, of purified preteins A1, A2, Bl and C1.

CAUDINENTREAN
MANTNUMINEIAY
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3.2.5 Determination of carbohydrate side chain

An aliquot of purified proteins Al, A2, Bl and C1 from Sephadex G-200
column was fractionated through 10 % SDS-PAGE and stained with PAS reagents
and Commassie blue (Figure 3.16). All purified proteins were positively stained with
PAS reagents, as was transferrin (a positive control). The result suggested that these
purified proteins were glycoproteins. Digestion of N-glycosidase F shifted the
mobility of these proteins to smaller sizes (Figure 3.17). This suggested that N-linked
oligosaccharides should have occurred j '\ || ' ,
were congruent to those predicte (38§ ?i “gino acid sequence inferred from

cloned AcMRIJP nucleotide sequences {5.3.1 a ’*—r e
?ﬁ"‘!! cMRJPs

I \ from Sephadex G-200

irophoresis (Figure 3.18).

ified proteins of A. cerana RJ. Results

3.2.6 Determinatior

An aliquot of p
column was analyzed for t§
ers (Figure 3.19), purified
| 8s of of 7.4-8.4 and 7.0-8.2,

oeidi proteins having pl values

Comparing with the relative
protein Al and A2 were basi
respectively, while purified pro
of 5.2-5.7 and 5.7, respectively. ,r.r_ & except C1 showed several bands

with different pl values. _ ff—‘;! - ,.“"

3.2.7 Effects of tefh

An aliquot of purl 1sd rotein Al, A2, Bl and C from Sephadex G-200
column was incub m 37 °C for 1 to 30
days) in 20 mM T p §;jsﬂescn ed in ﬁgﬂ result is shown in Figure
e mﬂﬁﬂim [ Inenas

11 purified proteins exhibited the highest stability when incubated at —20 °C.

Initially, protein A1 was not stable after stored at 4 °C. The band intensity of protein
Al was decreased by 50 % compared to that of the control at 4 °C for 7 days. In
addition, a more rapid degradation of the protein A1 was observed at 37 °C as

degradation of this protein was nearly complete after incubated for 3 days.
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Disregarding the protein A1, electrophoretic patterns of the remaining proteins
were identical throughout the storage time at 4 °C. Proteins A2, B1 and C1 did not
show any degradation when incubated at 4 °C for 15 days. At 37 °C, purified proteins
Al lost its stability after incubated at this temperature for only 1 days whereas protein
A2 and Cl1 lost their stability after 3 days. Basically, the protein Bl was the most
stable RJ protein followed by A2, C1 and A1l in order.

3.2.8 N-terminal amino acid sequences of AcMRJPs

N-terminal amino acid segu / /- igested and lysyl endopeptidase
digested AcMRJPs were used t0"8s8ign their prdles®™ amilies by compared with that
of A. mellifera. Sequences of T Cliins E PLand DEAEP2 purified from a DEAE
AmMRJP2 and AmMRIJP1,
© \ MRJP1 and AcMRIJP2

%, respectively (Table 3.7).

cellulose column chromatog;
respectively. Similarity of

compared to their homologus

When AcMRIPs pur; hromatographically loaded

on DEAE Cellulose column g ¢ 4 C1 were eluted from the
column at the same concenij & “illaos e DEAEP1 and DEAEP2,
respectively. Therefore, only th == .:.:' Otein Al and Bl were further
sequenced. N-terminal amino.g uences A1 and B1 showed 90% and
80% similarity to A "T—T__' :""“‘_—'==":-='*7' e protein DEAEP2

(referred as C1) and Bl th monomeric (B1) and

oligomeric (C1). Some u}) acid residues of Bl and Cl " for example, asparagine
lsequences were

111111111 o
(G”d*‘”@ﬁ’fa“@nﬁmwﬁwuﬂw
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Figure 3.16  10% SDSsP

glycoproteins. Purified pr

S ( assié blue (panel b.).
Transferrin (lane 1) and Hep lobin (lane 2) ?re included as the positive and

negative control, ﬂw ﬂ ﬂ VI w B’I ﬂ%
AANTAINI NG

respectively were stained |
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M 1 2 M 1 2 3 4 5 6 M 7 8 @
kDa
kDa
100
00 -
re— 50 -
Y
50— @
(@) (0

Figure 3.17  Undigested and PN :L/ Fu, ified AcMRJPs were analyzed
on 7.5% (panel a) and 10 SIS-PAGE ( S M = A BanchMark ™

o

protein Ladder. 1y 2 e

Panela Lafie 1 Undigested purified pr ein Al

LV iovivntin i o O
CUATE ek apyiiTuTr

(positive controls)
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pH

0 1

Figure 3.19  The calibration =P o on IEF gel. Arrows indicate the

mobility from the cathc | o
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Figure 3.20 = Effects of temperature at (-20 °C) on stability of purified AcMRJPs
peak Al, A2, Bl and CI (panel a, b, ¢ and d, respectively)
Lanes M = A standard protein marker
Lanes1-7 = purified proteins incubated for 0, 1, 3, 5, 7, 15,
30 days, respectively.
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kDa

100
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kDa

100__

50
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Al, A2, Bl and C1 (panels a, b, ¢ and d, respectively)
Lanes M Standard protein marker

Lanes 1 — 6 Purified proteins incubated for 0, 1, 3, 5, 7,
15 days, respectively.
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QkDa

\
©

. ﬂmm mmﬁ WS,

Al, A2, Bl and C1 (panels a, b, ¢ and d, respectively)

Lanes M A standard protein marker
Lanes1 -6 Purified proteins incubated for 0, 1, 3, 5, 7,
15 days, respectively.
Table 3.7 N-terminal amino acid sequences of undigested and lysyl

endopeptidase digested AcMRJPs.



Table 3.7 N-terminal amino acid sequences of undigested and lysyl
endopeptidase digested AcMRJPs.

Homology compared to

Peak Sequence AmMRIP

Al (G/A) AVNHQRKSA AmMRIP3 : 90%
DEAEPI (A2) | LHVFDLK AmMRIJP2 : 100%
GDALIVYQNSDDFEFHR AmMRIP2 : 100%
NLENSLNVIHEWK AmMRIP2 : 100%
Bl SILRGESLDE AmMRIPI : 80%
DEAEP2 (C1) | NILRGE ; HEEX AmMRIP1 : 70%
T1GDGG ¥ AmMRIP1 : 89%
SAVL AmMRIP1 : 83%

MENN MRIP1 : 71%

quuﬁwuniﬂuwns
ANANINIIN NG AL
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3.2.9 Ratio of purified RJ protein.

The ratio of total purified protein quantity (A1(AcMRIJP3) : A2(AcMRJP2) :
Bl(monomeric AcMRJP1) : CIl(Oligomeric AcMRJP1)) in RJ of different bee
populations (northern Thailand, Peninsular Thailand and Samui Island) was
determined after semi-purified by a Q-Sepharose column chromatography. Proteins
A, B and C were pooled. The protein content was measured. The protein A was
separated to two distinct protein bands when analyzed by 10 % SDS-PAGE. The
intensity ratio was further determined |y #o densitophotometer to quantify these
ation \‘AI' l A3 and C with a Sephadex G-200

_ these proteins, the protein

proteins. Since results from purifi
column chromatography did

=

content of B and C was usgg respectively.

sles derived from different

ohest quantity of ACMRJPs

The ratio between 3
populations of A. cerana wagy |
was C1. The percentage#1 nyi e ACMR P iparcdito oligomeric AcMRIJP1
varied greatly among RJ { \hulalions. Considering the ratio
of purified proteins accordigd tfftail D ’ 10508 \ulidant protein was ACMRJP1
followed by AcMRJP2 and 2 ¢ Different ratios of AcMRJPs in
the RJ from different populatlon 97 J' iferent quality of RJ per se. This
should be tested in the | ;, r

v, :““‘“

quaﬁwaniﬂuwn:
AMAN I INDNY
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3.3 Molecular cloning and characterization of AcMRJP ¢cDNAs

3.3.1 Establishment of Expression Sequence Taq (EST) Markers from a
Hypopharyngeal Gland ¢cDNA Library

The mRNA with the molecular weight ranging of 0.6 up to greater than 9.4 kb
was observed (Figure 3.23). High abundant transcripts were estimated at the
molecular weight of 1.5 kb. The concentration of mRNA was then determined by

spectrophometry at the wavelength of 2 } ’ ad calculated following the formula:
mRNA] = A260 x 40 pg/ml. A .{ RNA was obtained from 50
hypoharyngeal glands of 4. .

To establish a cD} : ophiaryngeal glands, 3 pg of
mRNA was used as the tery | 3 \ Fonic ctionated cDNAs (>500
bp) were obtained by colunf cl#f 4 - \ 24). The 9™ — 13™ fractions
were pooled and used to co ' h iz
colony PCR (Figure 3.25)#0

were recombinant clones.

,of insert were screened by
oC'(86.5 %) of 200 colonies
7 aving insert sizes greater
than 500 bp were randomly pi’ cdiiE s 1 bnally sequenced.

3\
Nucleotide sequegce aly ooy~ searches against the

GenBank database using 7 i‘-‘)‘;’» (BlastX). Results
are shown in Table 3.9. ;ﬂota . 0) Sigi i dificantly matched to gene
homologues, whereas the ge ﬁnmg (19.7 ° did not match to any sequences

ank E}m A& (63 Fere homologous of

previously depos1ﬂc
AmMRIJPs. These #icluded AmMRIJP (50 0 %), AmMRJP2 (6.06 %) AmMRIJP3

e AR Y Y

Others encoding protein homologues (16.7%) found in this library were
apisimin (3.03%), glucose oxidase (3.03%), a-glucosidase (1.52%), heat shock
protein (1.52%) and housekeeping genes such as elongation factor-1aF2, cytochrome

oxidase II, 16S ribosomal DNA, NADH 4L, 60 ribosomal RNA gene (7.6%).



Figure 3.23  The mR N ¢ olgnds of A. cerana

nurse bees. Abundant tr Wi AY

LZEMW AN ?ﬂifﬁﬁ%m .

hypoph ngeal glands

AT NN
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Figure 3.24 ging gel filtration

A 'rip
Lane M ﬂ A i ge l‘":; arker

Lanes 1-22 ’ﬁluted cDNA @tions no. 1-22

AUEAINENTNNT
AMANTNININGTAY

103



104

M12345678 9101112131415

kb

1.0
0.5

Figure 3.25  Colony PCR to dei i v i /a8 piiliscrt.

2

Lane M
Lane 1-3

OB = Products of colony PCR ﬁ

AULANENTNLNS
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Table 3.9 Gene homologues of ESTs from hypopharyngeal glands of 4. cerana nurse

bees

Gene homologues Closest species Redundancy % EST Probability

MRJPI1 A. mellifera 33 50.0 1x10""-0.0
MRJP2 A. mellifera 4 6.06 1x10"-0.0
MRJP RJP57-1 (MRJP3) A. mellifera 4 6.06 6x107°-0.0

MRJP RJP57-2 (MRJP4) A. me 152 216

Apisimin 3.03 1x10™%-1x
10"

Glucose oxidase 3.03 1x10"7°-0.0

a-glucosidase 1.52 0.0

Elongation factor-1¢F2 1.52 0.0

gene

Heat shock protein 86 1.52 1x1077

Cytochrome oxidase II 1.52 1x10™!

16S ribosomal DNA 1.52 4x10%

NADH 4L J 1.52 1x 10

60S ribosomal RNA gen€ 8 152 9x10°

Unknown 11 waﬂ’]nﬁm >1x10"

AR INY AL
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The full length of AcMRJP1 nucleotide sequence could be deduced from three
recombinant clones: pCUAC322 (accession no. 17086885), pCUAC 147 (accession
no. 17086860) and pCUAC171(accession no. 17086866). The open reading frame
(ORF) of AcMRIJP1 was 1299 nucleotide encoded for 433 amino acid residues
(Figure 3.26). AcMRJP1 showed high similarity (93.1 % and 90.3 % at nucleotide
and protein levels, respectively) to AmMRJP1. The deduced AcMRJP1 contained
44.6 % hydrophobic, 28.0 % neutral and 27.5 % hydrophilic amino acid residues. The

essential amino acid content was 48.3 %. The estimated pl-value of AcMRJP1 was

5.5. The cleavage site of signal peplla8eh §F€ cated after Seri. Three putative N-
like glycosylation sites were pregieios o o e Bositions of 124-132, 472-480
and 571-579, respectively. -

accession no. 17086895
and 94.9 % similarity at
ere also found. The ORF
gidues (Figure 3.27). Silent
position 110" and 143" of

.\, apisimin were composed of

In addition, two
and pCUACI165: accessig
the nucleotide and protei
of both sequences was 234 §
substitutions between these ¢
nucleotide sequences. Dedufed @ning XL

61.2 % hydrophobic, 27.5 % heu ﬁf"“ 2 philic and 2.5 % other groups of

amino acid residues. It is hig :Q,TT!{,,'_.I_,_ ' %), Ala (16 3 %) and Ser (13.8
%), where Pro, Trp, A i‘:—-—:—::ﬁ:i;-‘ 3 Stimated pl value and
molecular weight was 4.7-and pesition of signal peptidase

site was located between 2 a24 and Lysys. Transmembrane e gments were predicted at

the amino acid poﬁ)ﬁi] 771‘21’%?‘ M)

ESTs represénting a-gluc081d (1.52 %) d glucose o@ase (3.03 %)
oo QU AR HBAA T VR B -
TCG ACT TCT AGT TGG TAG CAT GAA GG -3’ and 5°-CCT TTC TCA TGT
GCA GCA CTG ACT AG-3’) (Ohashi et al 1996) was used to amplify the 1st strand
cDNA template synthesized from different developmental stages of 4. cerana. An
expected 350 bp fragment were found in hypopharyngeal glands of both nurse bees
and foragers (Figure 3.28). The 28S ribosomal RNA (a positive control amplified by a
pair of primers: 5’-AAA GAT CGA ATG GGG AGA TTC-3’ and 5’-CAC CGG
GTC CGT ACC TCC-3) was successfully amplified.



GTACAATATCCATTGCTTCGTTACTCGCAGCCTAGAAAAATGACAAGGTGGTTGTTTATG
M T R W L F M

GTGGTATGCCTTGGCATAGTTTGTCAAGGTACGACAAGCAGCATTCTTCGAGGAGAATCT
vV v L G I VvV C Q G T T s s I L R G E S

TTAAACAAATCATTAAGCGTCCTTCACGAATGGAAATTCTTTGATTATGATTTCGATAGC
L [:::::::] L S V L H E W K F F D Y D F D S

GATGAAAGAAGACAAGATGCAATTCTATCTGGCGAATACGACTACAGGAAAAATTATCCA
D E R R QDA ATI L S G E Y D Y R KN Y P

TCCGACGTTGATCAATGGCATGGTAAGATTTTTGTCACCATGCTAAGATACAATGGCGTA
s DV D Q W H G K I F VvV T ML R Y N G V

CCTTCCTCTTTGAACGTGATATCTAAAAA %‘we IGATGGTGGACCTCTTCTTCCACCT
P §$ S L N V I S Kg \ ‘#3) G G P L L P P

TATCCCGATTGGGCGTTTGCTAAZ Alf# 7 g @GATCGTGAGCGCCACARAR
Y P D W A F A ; S I V S A T K

CTTGCGATCGACAAATGCGAC ACHS 3 } z CCTCTTGTCAATAATACT

LRI D K C A L

CAACCCCTGTGTTCTCCCHAE GCAATTGCTCAAG
Q P L C S P Q L L K
CAAGTCGAAATACCGCA J { ACAGEGAAGGGGAGACTATCA

Q VvV E I P H G R L S

TCTCTAGCTGTTCAAC TATACATAGCA

S L AV Q P V Y I A
GACGAGAAAGGTGAAGH TCCATCGATTG
D E K G E G : F H R L
ACTTCCAAAACTTTCGA i Y A8GAMMCAATGGAGAAAGT

S K T F D BT N G E S
TTCACAACGCAAAGTGGAA] Nl TCCUMTE@ACTAACAATCTCTAT

F T T Q S G PR T N N L Y

TACAGTCCTGTAGCTTCTACC T T4 A GGAACAATTCAGAACATCC
Y S P vV A S T S = T E Q F R T S

AATTATGAACAAAAT AGATTHTAEA GG ALTTTGGATACCCRATCG

N Y E Q N B b T QS
TCTGCTAAAGTAGT Al it St C G AT TCAGCT
S A K V VS8 d o s A
CTTGGCTGCTGGAACGARGATCE R cc dacceTCGCTCAR

L G sFH R S R H 84T V A Q

AGTGATGAAACACTTC CGTTGGCATGAA! TAAGGAAGCCCTTCCACACGTG

AAAATGGCGAA TGACTATAACTTC GATGTAAACT ‘GAATTATGG
N D g Yo N - I
P 1IN *N
T T

CAATACATCTGTAAAATCTGTTTTTTTCGATATATATTAAATATTGTTCGAGA
L

TTTCTTATGAATGTATTATGAATGTATAARAATAAATATTGTTTTCGCATAAAAAAARARAA

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

Figure 3.26  Nucleotide and deduced amino acid sequences of ACMRJPI1.

Initiation and termination of translational codons and putative polyadenylation

signal are boldfaced. The signal peptide is underlined. N-liked glycosylation

sites are boxed.
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GAACCGAGCTTTCTAGAAGCAATTCCAAACAACACACAAATCAARATGAGCARAATCATT 60
M S K I T

GCTGTCGTCGTCCTAGCTGCCTTCTGCGTAGCCATGTTGGTCAGCGATGTATCCGCCAAA 120
AV V VL AAFCVAMTLV S DV S A K

ACATCGATCAGTGCCAAGGCCGAGTCGAATGTAGATGTCGTTTCCCARATCAACAGTTTG 180
T S I S A K A E S N v V. 5 @ I N S L

GTTTCATCTATCGTAGCTGGTGCCAE ¥ CTAGCTCAAACTTTAGTT 240
v S §$S I V A G o A Q T L V

AATATCCTCCARATTCTCAT it TATATTCTTTAGCT 300
N I L Q I L ;

TTGTATTGCGCGCATACALGEET £y JWARETCAAAAAAAARAA 360
AAAAAAAAAAAAA 373

Figure 3.27 Nucleotidg LV S8l 2 dseuences of 4. cerana

apisimin from clone pCU J&« #1635 1% i abd! ination of translational

codons and putative polyac aft 08 oldidced. The signal peptide

is underlined. N-liked glycosy ed. Silent mutations of

pCU AC 146 are illyst

quuﬁwuwiﬁuﬂns
AMANTNINN INYIAY



Figure 3.28  Expression of a-glus: igated by amplification of

I'QQ*J
Lane M E = A 100 bp DNA ladder
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hypopharyngeal gland WA of A. cerana il
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3.3.2 RT-PCR

To characterize the full length of other AcMRJPs (AcMRJP2 and AcMRIJP3),
family-specific primers were designed. The sequence of AmMRIP3 was retrieved
from the GenBank and used for amplification of its homologue in 4. cerana (5°-GTC
AAT TGG AAA ATA TCT GTA TTA T-3” and 5°-TTT TAA TTG ATA ATT GAT
TGA TTT AAT G-3°). The nucleotide sequence of AcMRJP2 was kindly provided by

C. Imjongjailuk (personal communication).

The expected full length of
1400 bp in length. The ampli ( SAtion
were mapped by digestion iﬂ"": tio -_1. wiees to confirm the inserts. A
7 sted with Ssp I, Sal 1 and Cla
identical to those expected

P2 were about 1,900 bp and

ned. Recombinant plasmids

recombinant plasmid contaigis®
I are shown in Figure 3.2°0 g '

from the AmMMRIP3 sequengé.
AcMRIJP3 cDNAs. Initifllly 4

reverse M13 primers. Inteffial g sob i S “ind 3’ directions of these

od! or sequencing of the entire
18nc d Using M13 forward and
genes were then designed frg I 3¢ @ined. Nucleotide sequences
of AcMRJP2 and AcMRJP3 ary AT Lol 0"nd 3.31, respectively.

AcMRIP2 contaiped &
residues. Eight repeate ToAS ;"""""l;'-dz /A)C” encoding “NQ

epcoding 463 amino acid

(K/N)N(N/T)” were fo Tat 0 parding this repeated sequences,
AcMRIP2 showed 92.1 % osnucleotide and 87.7 % of dedced amino acid similarity

to that of AmM X C‘E i e MRJP2 comprised
42.3 % hydrophm.’gﬁneutm;ﬁmmlﬂin acid residues. The
essential ami i ﬁ 3 m iﬁﬂjn with an
estimatedmﬂlmg ;y t€ o eﬂssﬂj as located
between Gly7 and Ala;g. Two putative N-link glycosylation sites were found.

The nucleotide sequence of AcMRJP3 were composed of 1824 bp ORF
enclosed 608 amino acid residues. Two sets of repeated unit, “NQN(A/D)(N/T)” and
“(R/K/N) (Q/R) N (G/D/A/S) N” were found and occurred in five and twenty-nine
times, respectively. Disregarding the repeated units, AcMRIJP3 sequences showed

91.5 % and 87.4 % similarity to AmMRJP3 sequence at the nucleotide and protein
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levels, respectively. The amino acid composition of AcMRIJIP3 was 33.1 %
hydrophobic, 39.1 % neutral and 27.8 % hydrophilic amino acid residues. The
essential amino acid content of AcMRJP3 was 39.5 %. The pl value was estimated to
be 8.8. The cleavage site of signal peptide was located between Sery and Alay;. Five

putative N-link glycosylation sites were observed.
3.3.3 Phylogenetic relationships between AcMRJP and AmMRJP families

Nucleotide and deduced amino 3 equences of AcMRJP1, AcMRJP2 and
AcMRIP3 found in this study we | e 3.32, 3.33). The 68.22 % and
55.7% of nucleotide and dedtieed Jole®" sences were conserved across
AcMRIJP families. Sequence” Ol S =_‘ -'-u. ed from the GenBank and
aligned with those of Ac : 5 \" RJP3 (Appendix H-L). Genetic
distances of each MRJP vyaf
lowest and highest diverggficy
AmMRIJP1) and 0.44994

the lowest divergence

ide and protein levels. The
vel was 0.0706 (AcMRJP1-
ly. At the protein level,
W\ REP 1) whereas the highest
divergence was 0.8239 (Ac \

e . .
The original data was theit s 000, and 200 times for nucleotide

BTN I

and protein data, respecti > r-j' ing trees were then

constructed (Figure 3. ;,‘_ “""_‘_'__‘_'__ ‘ iotide and protein levels
of MRJPs indicated phy T ip

families from different speiles rather than dlfferent famx ies of MRJPs within the

wense GUHINYNTNYING

The same families from differegt species w ag\ouped together. The different

el AT FU HAAR R ) B o

Clustering 'of AmMRIJP5 to a AmMRJP1-AcMRJP1 branch with the high

Hetween the same MRJIPs

bootstrapped value suggested the requirement for isolation and sequencing of MRJP5
from different bee species for unambiguously conclusion for phylogenetic

relationships of MRJPs in bees



M1 2 3 45 6 7

Figure 3.29  Restriction analysisic@asda sty asmid containing an
AcMRJP3 insert. :

Lane

Lane1 < =Undigested pPGEM

BT Hrins

= Recom®inant plasm§ ested wi

@maﬁ AV RD RS

Lane 6 = Recombinant plasmid digested with Sal |
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Figure 3.30

ATGACAAGGTGGTTGTTCATGGTGGCATGCCTTGGCATAGCT TGTCAAGGCGCCATTATT 60
M T R W L F M V A C L G I A C O G A I I

CGACAAAATTCTGCAAAAAACTTGGAAAATTCGTTGAACGTAATTCACGAATGGAAATAT 120
R Q N S A K N L E N S L N V I H E W K Y

ATCGATTATGATT TCGGTAGCGAAGAAAGAAGACAAGCTGCGATTCAATCTGGCGAATAC 180
I DY D F G S E ERIR QA AATI QS G E Y

GATCATACGAAAAATTATCCCTTCGATGTCGATCAATGGCATGATAAGACTTTTGTCACC 240
D H T K N Y P F DV D Q WUHDI K T F VT

ATACTAAAGTACGATGGTGTGCCTTCTACIE I TGATATCTAACAAAATCGGTAAG 300
I L K Y D G V P ' ’ S N K I G K

GGTGGACGCCTTCTACAACCATAM e e . GAATARAGATTGCTCT 360
€ 6 R L L Q B & ‘ ‘N K D C S

GGAATCGTGAGCGCTTTCALS ] LELGAC BIGTGGGTTTTGGAT 420
G I VvV S A F K ’ s W V L D

TCTTTGATCTG 480
vV F D L

TCAGGTCTTATCAATAG“C.f
56 1 1 [F R g8

AAAAACACAAAGCACCTTAL
K N T K H L

GTAAATGCCACC 540
v & T

ACAGGARAAGGGAGGGCTAG] ol \ ATGAATACTTTA 600
T G K G G L # . W M N T L

GTATACATAGCAGACCATAR@EEG | el ABAMMATTCCGATGATTCC 660
V Y I A D H ( - ' ® N s D D S

TTCCATCGAATGACTTCCAACACTT —= ATATGCCAAAATGACGATC 720

F H R M T S N T LM R Y A K M T I
2 ,;jzgsfc
AATGGAGAAAGTTTCACALMCARRAATCEARTIN gfCrecceTeace 780

AACAATCTTTATTACAG el T€ #WAACACGGAACCA 840
N N L Y Y sif L & Y N T E P
TTTATGAAATCACAATTTGQ' AATAATAACGT TATGAAGGATCCCAAGATACT 900
e <!§ijjtjc

TTGAACACGC A CGGACTT 960
L N T Q L A K A v S KD GV L F V G

Gmm‘&ﬁ?mﬁmﬁmz]mﬂ 1020

TGAAAARACACTTCARATGATCGCAGGTATGAARAATTAAGGAA 1080
V A Q N K T L ¢ M I A G M K I K E

GAGCTTCCACATTTCGTAGGAAGTAACAARACCTGTAAAGGACGAATATATGTTAGTTTTA 1140
E L P H F V G S N K P V K D E Y M L V L

AGTAACAAAATGCAGAAAATAGTAAATAATGATTTTAATTTCAACGACGTAAACTTCCGA 1200
S N KM Q K I VvV N ND FN F N D V N F R
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Figure 3.30 (continued)

ATTTTGGGTGCGAATGTAAAGGAATTAATGAGAAATACTCATTGCGCAAATTTTAACAAT 1260
I L G A NV K E L MU RNTHCA AN F NN

AAAAA 1320
K N

_ o
TTAG 1392
N *

Figure 3.30 Nucleotid®#nadeduceda 1 e equences of AcCMRJP2.
. . "sassboldfaced. The signal
»xed. The repeated

Initiation and termi
peptide is underlin
units are illustrated

quaﬁnawiﬁuﬂn:
AN TN INYIRY
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Figure 3.31

ATGACAAAGTGGTTGTTGCTGGTGGTGTGTCTTGGTATAGCTTGTCAAGATGTGACAAGC
M T K W L L L VvV CL G I A C Q D V T S

GCAGCTGTGAACCATCAAAGAAAATCTTCAAAAAATTTGGCACATTCGATGAAGGTGATC
A AV N HQ R K S S KNTILAHSMIKVI

TACGAATGGAAACATATTGATTATGATTTTGGTAGCGTTGAAAGAAGAGATGCTGCGATT
Y EW K H I DY DF G S V ERR DA AA ATI

AAATCTGGCGAATTTGATCACACAAAAAATTACLCTTTCGATGTGGATAGATGGCGTGAT
K s G E F D H T K A / F, D V. D R W R D

AAGACATTTGTCACCGTAGAAAGG! ' ] :;{;a‘i TTTGAACGTGGTAACT
K T F V T V E i S L N V V T

AATAAAAAAGGCAAAGGTGGF 2 : \ M GG TCGTGGGCGAAC
N K K G K G - S W A N

TATAAAGATTGCTCT . /f AT TGO \AATTCGACAGA
Y K D C S G K F D R

TTATGGGTTCTGGACTCAAG A A AR 0n TERGCTCTCCARAATTG
L WV L D S

GTAACCTTCGATTTGAATA

TTCAAGCTGTAGAT
Q A V D

CCTACGAATACTATGGTGTACATA Yivate AGCTTCAATCATCTATCAA
P T N T MV Y I 7 A S I I Y Q

AATTCCGACGATTCGIHEG RCFAT CCCAGATAT

N S D D S@e s St P R Y
v
ACCARACTGACAGTCGC %

T K L T V Z

g TGGAATTGCA

E : ~ flc ¢

I A

]
L

CTTAGTCCCGTGACGAACA'T TTATTACAGTCC GCTTCTCACAGTTTGTATTAT
e 1&1 jZIJElT 1151::115l::i‘¥ Y
GTTAACACA G G GAAGGA
V N T E F R N P Q“Y E E N N V Q Y E G

T:cggnmmmmﬁmmﬁ‘a

TTCTT CTCGTGAGTAATT! CATCAAGTACTTCAG
F L 6 L V S| N S TV G C V N E H Q V L Q

AAAGAAAATTTTGATGTTGTCGCTCAGAATGAAGAGACACTTCAAATGATCGTTAGTATG
K EN F DV VA QNZEETULOQMTIV S M
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Figure 3.31 (continued)

AAAATCATGCAAGATCTTCCACAATCCGGCAGAATTAATGATCCAGGAAATGAATATATG 1140
K I M ¢ DL P Q S G R INDUPGNE Y M

TTGGCTTTAAGTAACAAAATGCAAAAAATAATAAACAATGATTTTAATTTCAACGACGTA 1200
L AL S NKMOQK I I NNDVFNF N D V

AATTTCCGAATTTTGGGTGCGAATGTAAATCACTTAACAAGARACACTCGTTGCGCARAA 1260
N FRIULGANTVNTUHTLTTRNTRC A K
TCTAAT. c C 1320
1380
1440
1500
1560
1620
1680

1740

'CAGAATGATAATAAT 1800

CGAAATAATCAAGEES
R N N Q A

riees 335 SRR e ot
Initiation ﬂt ti 1 (ﬂ dfaced. The signal
i i N-li i ’ ated
Ssmintnride

for sequencing are illustrated in the purple boxes.




Figure 3.32

AcMRJP2
AcMRJP3
AcMRJP1
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—————————————————————————————————————————————————— ATGACAAGGT
—————————————————————————————————————————————————— ATGACAAAGT
GCAGTTCACGTACAATATCCATTGCTTCGTTACTCGC--AGCCTAGAAAAATGACAAGGT

hhkkkkkk kk

GGTTGTTCATGGTGGCATGCCTTGGCATAGCTTGTCAAG-~———==——~= GCGCCATTAT--
GGTTGTTGCTGGTGGTGTGTCTTGGTATAGCTTGTCAAGATGTGACAAGCGCAGCTGTGA
GGTTGTTTATGGTGGTATGCCTTGGCATAGTTTGTCAAGGTACGACAAGCAGCATTCT-~-

* k ok Kk ok ok k Fak-dek d % hd ddkkkdk Thkd kkrkkhkhhkd * % * Kk

-—--TCGACAAAATTCTGCAAAAAARIN EGAAAATTCGTTGAACGTAATTCACGAATGGA
ACCATCAAAGAAAATCTTCAAAAARRIN & ACATTCGATGAAGGTGATCTACGAATGGA
-——-TCGAGGAGAATCTT? N FF #F # CATTAAGCGTCCTTCACGAATGGA

*k  * F—— *  x * * * Kk ok ke k ok ok ok

AATATATCGATTATGE ; J ! ~CALUAAGCTGCGATTCAATCTGGCG
AACATATTGATTAS & CQT TG G TGCTGCGATTAAATCTGGCG
AATTCTTTGATTATCSE o i AR WCAAGATGCAATTCTATCTGGCG

* % * ok ok kK * ok k kok ok * Kk Kk ok ok ok kK

AATACGATCATAGCARMN i WS TECARC/AMY GGCATGATAAGACTTTTG

AATTTGATCACACAARALSE F "s..‘»h SATGGCGTGATAAGACATTTG

AATACGACTACAGEAL J J‘ ;E_”: PGA GGCATGGTAAGATTTTTG
ol ] [ 7 L & \ 1

* kK * * de o * hhkkkk kk  kokkkok * ok k ok

BAACATGATATCTAACAAAATCG
‘11 ACGTGGTAACTAATAAAAAAG
MM GAACGTGATATCTAAAAAGATCG

dedek: ek ek EAkRk dk & *

TCACCATACTAAAGTAE
TCACCGTAGAAAGGTHECH
TCACCATGCTAAGATAQ)

* ok k kK Kk * % *

GTAAGGGTGGACGCCTTCTUﬂW'"' “ ETGGTCGTGGGCAGAGAATAAAGATT
GCAAAGGTGGAGE TCA ECGRSGGCGAACTATAAAGATT
GTGATGGT GG A S S - TGCTAAATATGACGATT

% ek ok y .“ * * * * ok ok Kok ok ok

%

GCTCTGGAATCGHRGCGC T BRTTGACAMMI TCGACAGATTGTGGGTTT
GCTCTGGAATTGIGAGCGCTTTCAAAATTGCGGTCGACAARTTCGACAGATTATGGGTTC
GCTCTGGGATCGTG@ CACAAAACTTQCBATCGACAAATGCGACAGATTGTGGGGTC
* Kk ok k ok *k gmﬂ 1@3;***** *kkk ok

j l; cr ﬂ TTGCATGTCTTTG

ﬁ!”GTAACCTTCG

TGGATT
TGGACTC GTCTTGTCAP AATQBTCAACCCAT"

ATCTGAAAAACACAAAGCACCTTAAGCAAATCGAAATACCGCATGATATTGCCGTAAATG
ATTTGAATACCTCAAAATTGCTTAAGCAAGTCGAGATACCACATAATATTGCCGTAAATG
ATCTGACTACCTCGCAATTGCTCAAGCAAGTCGAAATACCGCATGATGTTGCCGTAAATG

* Kk kok Kk * ok K * dhk hkkkhkkk Khhkkk khkkkk kkk  kok  kokokokokokokokokokkok
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Figure 3.32 (continued)

AcCMRJP2
AcMRJP3
AcMRJP1

CCACCACAGGAAAGGGAGGGCTAGTCTCTCTAGTTGTTCAAGCCATGGATCCTATGA-——
CCACCACCGAATGGGGAGAATTAGTATCACTAGCTGTTCAAGCTGTAGATCCTACGA-——
CCACCACAGGGAAGGGGAGACTATCATCTCTAGCTGTTCAACCTTTAGATTGCAATATAA

*kkkkkk K * % % * ok *k khkkk Kkhkkkkkk K % ek * *

—————— ATACTTTAGTATACATAGCAGACCATAAGGGTGATGCTTTGATCGTCTATCAAA
—————— ATACTATGGTGTACATAGCAGACGAAAGAGGTGAAGCTTCAATCATCTATCAAA
ATGGTGATACTATGGTATACATAGCAGACGAGAAAGGTGAAGGTTTAATCGTGTATCATG

*hkhkkhkhk Kk hhk khkkhkhkhkhkkhkhkkhkk X Kk *khkkhk Kk kK dhkhk Kk kkk kK
ATTCCGATGATTCCTTCCATCGAATEACT TCCAACACTTTCGATTACGATCCCAGATATG
ATTCCGACGATTCCTTCCATCGAM L0 FAATACTTTCGATTACGATCCCAGATATA
ATTCTGATAATTCTTTCCAZ TS L BAAACTTTCGATTACGATCCTARATTTA

i I

kkxkk kk  kkkk Kkk )

”,‘r ‘r :**************** * kKk K

CCARAATGACGATCAMBSERAGAAN G T CL¢ SR A TGGAAT T TGTGGAATGGCTC
CCAAACTGACAGTCEMMEENCAR) EARARA TGGAAT T TGTGGAATTGCAC
CCARAATGACGATCAAZSE At (i [ ICACAACEEAAAGTGGAAT T TCTGGAATGGCTC

* ok ok ok k  k ok ok ok *hkhkkhk ok k khkkkkk K*k ok

TCEGBTCTCACGGTTTGTATTATG
CGCTTCTCACAGTTTGTATTATG
1; L AGOE TCTACCAGTTTGTACTATG

ok * % * hkhkkhkhkkhkk Kkhkkok

* k Kk Kk Kk Kk

. GA AATAACGTGCAATATGAAG

TCAACACGGAACGATT Tt
TTAACACAGAACAATHC, #6AN : MCARAATAA---CGTCCAATATGAAG
TTAACACGGAACAARFIC #F it ’\ JAMAATGC---CGTACATTATGAAG
* kkkkk khkkkx Kkkk - * %k * * ok hk kk kkkokkokok
GATCCCAAGATACTTTGAAGASEEA T 01 §C TAAAGCAGTATCGAAAGATGGCGTCC
GATCCCAAGATATTTIG A i f G AAAGCAGTATCGARARATGGCGTCG
GAGTTCAAAALALS G B 4G IATCGARAAGTGGCGTCC
* % * Kk kK \ln‘r- * % Kk Kk Kk ok * ok kK Kk k%

TCTTCGTCGGAC GTCoE CTIEAACGAGCATCAACCACTTC
TTTTCTTGGGAC GTGAGTAATTCAACTGTTGGCTGT EAATGAACATCAAGTACTTC
TCTTCTTCGGACTG GGCGATTCAGCT GGCTGCTGGAACGAACATCGATCACTTG
* Kk k Kk ok * K * % * % * ke * Kk kk Kk * %k dk
AGAGAG ﬂmmn TGATCGCAGGTA
AGAAAG TTTTGATGTTGTC TCAGAATGAAGAGACACTTCARR GATCGTTAGTA
ATGATCGTTGGCA

* % Kk * ok

e"'* AAATTAAGGAAGAGCTTCCACATTTCGTAGGAAGTAACAAACCTGTAAAGGACGAAT
TGAAAATCATGCAAGATCTTCCACAATCCGGCAGAATTAATGATCCAGGAAATGA--—-AT
TGAAGATTAAGGAAGCCCTTCCACACGTGCCCATATTCGATAGATATATAAACCGTGAAT

*hkhkk Kk ok K Kkkk * Kk ok Kk k ok ok ok * * * %k % * *

ATATGTTAGTTTTAAGTAACAAAATGCAGAAAATAGTAAATAATGAT TTTAATTTCAACG
ATATGTTGGCTTTAAGTAACAARAATGCAAAAAATAATAAACAATGAT TTTAATTTCAACG
ACATATTGGTTTTAAGTAACAGAATGCAAAAAATGGCGAATAATGACTATAACTTCAACG

* kk kk k kkkhkkkkkhkokk kkkkkok  kokokokok * ok kok ok ok ok * ok k ok kok ok ok ok ok
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Figure 3.32 (continued)

AcCMRJP2
AcMRJP3
AcMRJP1

Figure 3.32

ACGTAAACTTCCGAATTTTGGGTGCGAATGTAAAGGAATTAATGAGAAATACTCATTGCG 1320
ACGTAAATTTCCGAATTTTGGGTGCGAATGTAAATCACTTAACAAGAAACACTCGTTGCG
ATGTAAACTTCAGAATTATGGACGCTAATGTAAATGACTTGATATTGAACACTCGTTGCG

* kkkkk khkk kkkkk kokk *k ok ok ok ok ok ok ok ok *  kk ok * ok kkkk  kokkokk

CAAATTTTAACAATAAAAAT----A—ATCAGAAGAATACCAATCAGAAGAATAACAATC 1380
CAAAATCTAATAATCAGAATGCTAACAATCAGAATGCTAACAATCAAAATGCTACCAATC
AAAATCCTAATAATGATAACAC-ACCTTTCAAAA---TTTCAAT-ACATCTGTAA-AATC

* %k %k *khk kkk k Kk *kk  kKk * *hkkk Kk Kk * % * % %k

AGAACAATAACAATCAGAAGAATA ~CCAATCAGAAARAT---ACCAATCAGAAGA 1440
AGAATGATACCAACCAGAATGAIAM £ £ 92 ACAGGAGGAATGGTARCAACCARRATG
TGTTTTTTTCGATATATAR T

* * *

ATACCAATCAGAAGHNSNESRAT C1 AT/ BB otk it 1500
GTAACAGACAAALG o

————————————————————————————————— 1560

-------------- - (5 - S .

———————————————— O3 e ——- 1680

_____________ ‘ o g, S S TR SR, L, [

1800

ATAATAGACAGAM GATAACAAGCGGAATGGAAACAGG 8

1860

1920

Alignment of nucleotide sequence among AcMRJP families using Clustal X.

Asterisks indicate the same bases. The sequences used to estimate the homology are underlined.

The initial and terminal codons are bold-faced.
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AcMRJP2 MTRWLFMVACLGIACQG---AITIRQON--SAKNLENSLNVIHEWKYIDYDFGSEERRQAAT 60
AcMRJP3 MTKWLLLVVCLGIACQDVTSAAVNHQRKSSKNLAHSMKVIYEWKHIDYDFGSVERRDAAT
AcMRJP1 MTRWLFMVVCLGIVCQGTTSSILRGE---S--LNKSLSVLHEWKFFDYDFDSDERRQDAT

* k. dkoe ook dokokok ** e & e : * *o.*:o*** **** * *** * %

QSGEYDHTKNYPFDVDQWHDKTFVTILKYDGVPSTLNMISNKIGKGGRLLOPYPDWSWAE 120
KSGEFDHTKNYPFDVDRWRDKTFVTVERFDGVPSSLNVVTNKKGKGGPLLHPYPDWSWAN
. LSGEYDYRKNYPSDVDQWHGKIFVTMLRYNGVPSSLNVISKKIGDGGPLLPPYPDWAFAK

***:*: * Kk ok ***:*:.* ***: :::****-**::::* *.** *k hkkhkk e ok

NKDCSGIVSAFKIAIDKFDRLWVLDSGLINRTEPICAPKLHVFDLKNTKHLKQIEIPHDI 180
YKDCSGIVSAFKIAVDKFDRLWVLQ' 'NNNQPMCSPKLVTFDLNTSKLLKQVEIPHNT
YDDCSGIVSATKLAIDKCDRLWGE !!n JOPLCSPKLLTFDLTTSQLLKQVEIPHDV

Ckkkkkkkk kgkgkk kkkk ;,9’ b kkk _kkk | sa kkkokkkkg .

AVNATTGKGGLVSL SR L 1VYONSDDSFHRMTSNTEDYD 240
AVNATTEWGELVS LAV@AWDPSES - - vy SADBREEAS [ 1 YONSDDSFHRLTSNTEDYD
AVNATTGKGRLSSLE JADFRGRGILY Y HDSDNSFHRLTSKTFDY D

* Kk ok Kk ok k * Kk **.* - *:*::**:****:**:*****

PRYAKMT INGESFT LG L8t of g ASHGLYYVNTEPFMKSQFGDNNNV 300
4 NI ‘é_‘t; YVNTEQFRNPQYEENN-V
PKFTKMT INGESFTTABG2E 2 4118 o it ASBSLYYVNTEQFRTSNYEQNA-V

*:::*:*: * % Kk & dkkkk Kk Kk . .« x *

QYEGSQDTLNTQST JKA | NEBOPLORENLELVAQNEKTLOM 360
QYEGSQDILNTQS#AK/#' § HOVLOKENFDVVAQNEETLOM

HYEGVONILDTQSSAL#IV RSLERHNIRTVAQSDETLOM

ekhkhk ke Ko khkk i * ( - .. p 3 e kee ke ***.-.****
. . . . . o, .. . PR . ..

G

IAGMKIKEELPHFVGSNKP VNNDFNENDVNFRILGANVKELMRN 420
INNDEFNFNDVNFRILGANVNHLTRN

IVGMKIKEALPHVPIEDRE MRS L NDYNENDVNFRIMDANVNDLILN

KRk . ,'-"— Rl s ckkxk ok Kk *
Y, L

THCANFNNK--—== ~NQKNTNQKNTNQKNTN 480

TRCAKSNNQNAN T‘A NO h‘ONGNRQNDNKQNDNKQNAN

TRCENPNND--— & —NTPFKISIHL--—-—-=-—————--— - ——————————————— -

o %&iﬂﬂ 01111 e

ﬁﬁqﬂﬁﬁﬂﬁmet%mﬂ"mﬂga@;glq

Figure 3.33  Alignment of deduced amino acid sequence among AcMRJP families using
Clustal X. Asterisks indicate the same residues. The sequences used to estimate the homology

are underlined.
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AmMRIJIP4

AmMRIP3

AcMRIP3

AcMRIJP2

AmMRJP2

46

AmMRIJP5

AmMRJP1

AcMRIP1

Figure 3.34 A bootstiapps pight RIPs of A. cerana and

A. mellifera. The origin/ 7t {5t hpped 1000 times.

Values at the node indicaté the perces . ed but of 1000 trees.
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AmMRJP4

AmMRIJP5

AmMRIJP3

AcMRJP3

AmMRIJP2

AcMRJP2
AmMRIJP1

AcMRIP1

A. mellifera. The originald I pdu3s bootstrapped 200

times. Values at the nodeds sswfred out of 200 trees.
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3.4 Semi-quantification of AcMRJP mRNA levels using competitive PCR
3.4.1 Optimization of PCR conditions.

Family-specific primers for AcMRJP1, AcMRJP2 and AcMRIJP3 were
designed from A. cerana cDNA sequences. PCR reactions for each pair of primers
were optimized for the most appropriate primer and MgCl, concentrations and cycle
numbers. Optimal PCR conditions were previously described in Table 2.2. Specific

primers of each family provided diffeent sizes of products. Moreover, the

amplification product was also mappé B\ dF ith restriction endonucleases to
verify the target amplification fr 18w e Je 3.11).

al Wdigested with Rsa I, Dra 1
Pisizes as expected. The
d AcMRJP3 amplified

digestion patterns from

The AcMRIJP1 amp
and Sau3A 1 and showed
AcMRJP2 amplified prod
product digested with Sa
nucleotide sequences. This ¢ vispecific primers developed

by this study

For amplification of an AcNi&: bp) MgCl, concentration (0 - 4.0

mM) was optimized when a su .-;’,.f’;.,,_/;. g entration was constantly used at
0.15 uM of each primg '"','?j",;"i,',i':,‘,"',‘,i'iz LA PORTSReau4. firstly appeared at 0.5
mM MgCl, and gradual V -spec1ﬁc amplification
product was not observe An optimal MgCl, concentrati€ for an AcMRJP1 gene
was then chosen a ﬂﬂl tion (0.05 - 030 p
M) was evaluated% iﬁ‘ﬁ ﬂgﬂﬁi of 1.5 mM MgCl,
(Figure 3.37 panel b). PCR product wa# firstly visualiged at the primger concentration
o AR DRSATAR YT B e
non-specific was slightly observed, it did not significantly interfere the PCR reaction.

Thus, an optimal primer concentration for amplification of an AcMRJP1 gene was

used at 0.20 pM.

Likewise, amplification of an AcMRJP2 gene (440bp) was optimized with
MgCl, concentration ranging from 0 to 4.0 mM at the 0.15 uM primer concentration
(Figure 3.38 panel a). The PCR product was initially observed at 0.5 mM MgCl, and
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consistently increased with 0 - 1.5 mM MgCl, concentrations. Thus, the MgCl,
concentration used for amplification of an AcMRJP2 gene was 1.5 mM. Together
with this, an optimal primer concentration for this gene was also examined (0-0.30
uM at 1.5 mM MgCl, concentration; Figure 3.38 panel b). The PCR product was
gradually increased from 0.05 to 0.20 uM. Thus, the optimal primer concentration for
amplification of an AcMRJP2 gene was chosen at 0.20 pM.

Optimization of MgCl, and primer concentrations were also carried out for

amplification of an AcMRIJP3 (270 bR \ , / 9 panel a). Comparable amount of

the PCR product was obtaineg *.as of MgCl, but non-specific
products were increased in hj it weer ents io f‘f“'_";“ 5. The most suit_able MgCl,
concentration for an Ac ' " ' . The optimal primer
concentration was also ex#! » plification yield of an
AcMRJP3 was not increas€d 246 Jprife rat £ 0.15 uM. Therefore, a

primer concentration of 0 4 i 4 Felepre ; Mion of an ACMRIP3.

The cycle number &1 2t | #icatior WL ; gene was also determined
to ensure that the amplificati ‘\~ o reaction. As a result, PCR
th& PCR product was gradually

RJP1, AcMRJP2 and AcMRJP3

was carried out for 10 — 26
increased until the 16", 20" an

genes, respectively. FgroSimpshificaion="cERe=SXsSamSio the appropriate cycle

&

number for PCR was se ’i d “¥igure 3.40).

Ly

guiinenineng
AMANTHAMINYNY
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M1234 M123 M123

(@)

Figure 3.36  Restriction analy
AcMRJP2 (b) and ACMRIP3 (c). -

-----

Lane I\E g
Panel a gle - I
lage 2 = AcMRIJP1 djgested with Rsa I
AU S BNBAA
H lane 4 = AcMRJPl dlgested with Sau3A I
ARTSN IR NN
lane 2 = AcMRJP2 digested w1th Hinf 1
lane 3 = AcMRJP2 digested with Tagq |
Panel ¢c; lane 1 = Undigested AcMRIJP3
lane 2 = AcMRJP3 digested with Sau3A 1
lane 3 = AcMRIJP3 digested with Rsa |
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Figure 3.37

concentration at a cons Lapt primer concentratlon of 0 m 3{20 and optimization of

>

primer concentration a&ﬁWﬁor AcMRIJP1
amplification. | ~ f

{4

Lanes M # 9J ) —JAL‘PG’WWJ W

Panel a; Lanb 1-9 = Ampllt}catlon produ_ci using of O, 0.54 1.0, 1.5, 2.0,
ANININTO R TIV R
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0.20, 0.25 and 0.30 uM of each primer, respectively.
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Panel b; Lane 1-7 = Amplification products using 0, 0.05, 0.10, 0.15,
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0.20, 0.25 and 0.30 pM of each primer, respectively.
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Pangl a; Lane 1-9 = Amplification product using 6f 0, 0.5, 1.0, 1.5, 2.0,
2.5, 3.0, 3.5 and 4.0 mM of MgCl,, respectively.

Panel b; Lane 1-7 = Amplification products using 0, 0.05, 0.10, 0.15,
0.20, 0.25 and 0.30 uM of each primer, respectively.
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Figure 3.40  Determination of cycle number for amplification of AcMRIJP1 (a),
AcMRIJP2 (b)and AcMRJP3 (c).

Lane M = A 100 bp DNA ladder

Panel a,b Lane 1-7 = PCR product amplified at 10, 12, 14, 16, 18, 20 and
22 cycles, respectively.

Panelc Lane 1-7 = PCR product amplified at 12, 14, 16, 18, 20, 22 and

24 cycles, respectively.
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3.4.2 Internal standard DNA preparation

To produce the internal standard DNA, total DNA was individually extracted
from the thorax of each 4. cerana bee and was amplified by a pair of family-specific
primers separately. The PCR product of each AcMRJP gene family was then purified.
Subsequently, its quantity was estimated by comparing the fluorescent intensity to

known concentrations of ADNA (Figure 3.41).

A 10-fold serial dilution be g pl to 1 fg/ul was generated and

preliminary used in the PCR reacti \ I _yistence of intervening sequences

2 rpduct than that from cDNA
. —f"“""‘f IP2 and AcMRIJP3 was 450

in the genomic DNA, larger si
were found. Internal standa

bp, 660 bp and 450 bp in leg
3.4.3 Quantitative PCR aSs

The expression levg > § (AcMRJP1, AcMRJP2 and
AcMRJP3) in hypopharyhge R - ; ~ vas determined by semi-
quantitative PCR. The mRNA 1, sesre el k”. = 1o construct first and second
stranded AcMRJP1, AcMRJP : (sections 2.16.1, 2.23). This
second stranded cDNA was and co-ampliﬁed with known

concentrations of intermgEE e —— fT

As can be seen I Figure 37425 4, PCR products showed
competitive relationships b the 1nten51¥ the target and the internal standard

DNAs. Ratios of @ %E % wmﬁe densitometrically

~evaluated and plott€éd versus the kno amounts of the standar@)NAs At the

equivalen mﬁg %ﬁ%ﬁmﬁﬁl AcMRIJPI,
AcMRIJP2 Ac 3 expression were estimated to be 1 pg/ng 0.48 pg/ng

mRNA and 0.3 pg/ng mRNA, respectively. Therefore, a ratio of mRNA quantity
between different protein families (AcMRJP1: AcMRJP2 : AcMRJP3) was 3.3 : 1.6 :
1.

Expressions of the same AcMRJP family in hypopharyngeal glands of
different developmental stages of worker bees (newly emerged bees, nurse bees and

frager bees) were also determined by the same method. In this case, total RNA was
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extracted from 10 hypopharyngeal glands of each stage of 4. cerana workers and
briefly electrophoretically analyzed through a 1.0 % agarose gel to adjust the
concentration of total RNA from different samples (Figure 3.45).

In the newly emerged bees, the PCR product of each family in ACMRIJPs was
not found, while the PCR product of a positive control (28s ribosomal RNA) was
observed in 350 bp (Figure 3.46). In contrast, AcMRJP1, AcMRJP2 and AcMRIJP3
were expressed at different levels in both nurse bee and forager bees. The expression
level of AcMRJP1 in nurse bees was :\ : ! j imately 1.8 times higher than that in
forger bees (Figure 3.47 and 3.48 “ /f:; e

o

el of an AcMRJP2 transcript in
nurse bees was about 2.5 time “# forager bees (Figure 3.49 and
3.50). Determination of . not successful when total was
used. Therefore, mRNA

instead. The correspondi

geal glands was used
level of an AcMRJP3
than that in forager bees,
e3.51, 3.52).

transcript in nurse bees wz

conforming as results from

@uﬂﬁWﬂﬂ€WBﬂﬂs
AN TN [unineds
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Figure 3.41 Determination ¢
intensity comparison.

ation using ethidium bromide
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Lanes M = A 100 bp DNA ladder
Panel a; Lane 1-7 = AcMRJP1 co-amplified in the presence of

product in 0, 0.1, 0.5, 1, 5, 10 and 20 pg of
internal standard DNA, respectively.

Panel b; Lane 1-5 = AcMRIJP1 co-amplified in the presence of
1,2, 3, 4 and 5 pg of the internal standard
DNA, respectively.
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quantification of Ac P2 mRNA in hypopharyngeal gland of 4. cerana nurse bee

using competitive PCR at the constant 1 ng target DNA.

Lanes M = A 100 bp DNA ladder

Panel a; Lane 1-7 = AcMRJP2 co-amplified in the presence of 25,
50, 100, 250, 500, 1,000 and 2,000 fg of the
internal standard DNA, respectively.
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Figure 3.44 Y Agarose gel electrophoresis (a) and a semi Log graph (b) for

quantification of AcMRJP3 mRNA in hypopharyngeal gland of 4. cerana nurse bees

using competitive PCR at the constant 1.5ng of target DNA.

Lanes M = A 100 bp DNA ladder

Panel a; Lane 1-4 = AcMRIJP3 co-amplified in the presence of
100, 250, 500, and 750 fg of the internal
standard DNA, respectively.
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Figure 3.46  Amplification o RJP2 (lane 3) and AcMRJP3

(lane 4) of newly emerged 4. cera 1'.'%",_’ = -.00 bp DNA ladder. Lane 1 was
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of AcMRJP1 mRNA in hypopharyngeal gland of 4. cerana nurse bees using competitive
PCR at the constant 3.2 pl of the target DNA.

Lane M = A 100 bp DNA ladder
Panel a; lane 1-4 = AcMRJP1 co-amplified in the presence of 100, 250,
500 and 750 internal standard DNA, respectively.
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PCR at the constant 3.2 pl of the target DNA.

Lane M = A 100 bp DNA ladder
In panel a; Lane 1-4 = AcMRIJP1 co-amplified in the presence of 100, 250,
500 and 750 internal standard DNA, respectively.
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of AcMRJP2'mRNA in hypopharyngeal gland of 4. cerana nurse bees using competitive
PCR at the constant 3.5 pl of the target DNA.

Lane M = A 100 bp DNA ladder
In panel a; lane 1-4 = AcMRIJP2 co-amplified in the presence of 100, 250, 500
and 750 internal standard DNA, respectively.



143

i M 1 2 3 4

(b)

Log [TV[S]
0.2 -

0.1 1
Standard DNA (fg)

T L

700 800

0.0

¢
-0.1 1

R i
Pt i 1

-02 - f?.“d. J_:b:-" 1
e o

-0.3 1

0.4 4 E “

-0.5 1

< AUt Anendneang
rores s AR RN NA AT NIAR Sherission

of AcMRJP2 mRNA in hypopharyngeal gland of A. cerana foragers using competitive

PCR at the constant 3.5 pl of the target DNA.

Lane M = A 100 bp DNA ladder
In panel a; lane 1-4 = AcMRJP2 co-amplified in the presence of 100, 250, 500
and 750 internal standard DNA, respectively.
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of AcMRJP3 mRNA in hypopharyngeal gland of A. cerana nurse bees using competitive
PCR at the constant 4.0 pl of the target DNA.

Lane M = A 100 bp DNA ladder
In panel a; lane 1-5 = AcMRIJP3 co-amplified in the presence of 50, 100, 250,
500 and 750 internal standard DNA, respectively.




145

(@)

b
Log [TV[S] (b)
0.3 -

0.2 4

0.1 4
Standard DNA (fg)

700 800

-0.2 +

-0.3 4

0.4 -

Y ANENINYINg > —

J'@

Figure 3.52  Agarose gel electrophoresis (a) and semi Log graph (b) for quantification
of AcMRJP3 mRNA in hypopharyngeal gland of 4. cerana foragers using competitive
PCR at the constant 4.0 pl of the target DNA.

Lane M =100 bp DNA ladder

In panel a; lane 1-5 = AcMRIJP1 co-amplified in the presence of 50, 100, 250,
500 and 750 internal standard DNA, respectively.
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