CHAPTER I

MATERIALS AND METHODS

2.1 Chemicals
Absolute ethanol (Merck, Germany)

Acrylamide (Merck, Germany)

Activated carbon (Aldrich, hﬂl.
Agarose gel (FMC Biggt® A
: Seakem
: MetaPhot*
Ammonium persulfatg
Ammonium sulfate (Jf#Cr

Ampicillin (Sigma, Ug# )

AMV First Strand cDN,

Inc., Canada)

ology Department Bio Basic

Aquasorb (Fluka.2

-

AR

"l
Bacto-agar (DIFCS, U

mn

100 Base pair DN lidder (Promaga Coperation, USA)

sose ool BRI BT IHR R T

BenchMark™ Protein Ladder (Iflvitrogen Lifgslechnologies, IS A
AAAOIUNE NN

Boric acid (Merck, Germany)

Bovine serum albumin; BSA (Sigma, USA)

Broad plI Calibration kit: pH 3-10 (Amershem Pharmacia Biotech Inc., USA)
5-bromo-4-chloro-3-indoyl-beta-D-galactopyranoside; X-gal (Sigma, USA)

Bromophenoal blue (Merck, Germany)
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Catalase (Sigma, USA)

Chloroform (Merck, Germany)

Coomassie brilliant blue R-250 (Sigma, USA)
Copper (II) sulfate (Carlo Erba Reagenti, Italy)
Cytochrome C (Sigma, USA)

DEAE-Cellulose (Sigma, USA)

Deoxynucleotide triphosphata; AN E gPgomega Corperation, USA)

w

Diethyl pyrocarbonate (&

Dithiothreitol; DTT Rﬂ'"*“
Ethylene diamin

Ferritin (Amersh // iy

-h-

A (Fluka, Switzerland)

Ficoll type 400 (S
Glycine (Sigma, USA

Hydrochloric acid ( I er gk,
Isoamyl alcohol (Merck, G

N, N- methyle .

-

v
N, N, N, N’ Tetralua!

Ovalbumin (Slgma, SA)

Phenol cryqum e Y 1 WaINT

Phenylme sulfonyl fluoride: PMSF (UBSiﬁ
AHIALIALNIA) 48 Y
QIAquick Gel Eaxtraction kit (QIAGEN, Germany)

QuickPrep® Micro mRNA Purification kit (Amershem Pharmacia Biotech
Inc., USA)

Sephadex G-200 (Sigma, USA)

Sodium acetate (Merck, Germany)
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Sodium chloride (BDH, England)

Sodium dodecyl sulfate: SDS (Sigma, USA)
Sodium metabisulphite (BDH, England)
Sodium hydroxide (Carlo Erba Reagenti, Italy)

SuperScript™ Plasmid System with Gateway™ Technology for cDNA
Synthesis and Cloning (Life Technology Inc., USA)

SV total RNA isolation kit (Progié#dCprperation, USA)

Thermo Sequenase flugg cycle sequencing kit with 7-

deaza-dGTP (Amershamha i mitcd, USA)
Tris-(hydroxy meth I/r:// (e S erland)

Tryptone (DIFCO, \
Xylene cyanol FF (3

Yeast extract (DIF

2.2 Equipments
Autoclave: H-88LL (Koku : ------- 4 td., Japan)
Automatic microfip ,":1,- Medical Electronics
S.A., France) §26 2

Camera: Pentax K800 (Asahi Opt.

ﬁpw NOTINENS

Conductivitiimeter: CDM83 (Rﬂdlometer A/S, Denmark)

P BHMATNENA Y

i 3
Electronic balance Alsep EY22OA (A&D Co. Ltd., Japan)

0., Japan)

Electrophoresis apparatus (BioRad Laboratories, USA)
- Horizontal gel electrophoresis
- Vetrical gel electrophoresis

- 20 °C Freezer (Krungthai Ltd., Thailand)



- 80 °C Freezer (Bara laboratory Co. Ltd., Thailand)

Fraction collector: FRAC-100 (Amershem Pharmacia Biotech Inc., USA)
Ultrasonic: 28H (Ney Dental Inc., USA)

High speed microcentrifuge: MC-15A (Tomy-Seiko Co. Ltd., Japan)
Incubator: BM-600 (Memmert GambH, Germany)

Incubator shaker: GALLENK AMP

i gany)
: "1"

Incubator water bath: M20S
Magnetic stirrer and hea __;7
Microwave Oven: TP
pH meter: PHM 9
Power supply: POW
Pump: P1 (Pharm#Cia j§
Spectophotometer: Spe

\
Thermocycler: GeneA ¢tkin Elmer Cetus, USA)

UV transilluminator: 20011 E’J‘W abriel California, USA)

Vortex: K-550-GRSeientific Industre: : -

-
%

2.3 Inventory supplies | I

Black and wi te prin Tmax-400 (Bastman Kodak Company, USA)

Dialysis tu ”ﬂﬂ?“ﬁ"ﬂs
Filtprpaparmhat
M1c emnﬁlge tubes 0. SWMJaywn USA)

Pipette tips 10, 20, 100 pl (Axygen Hayward, USA)

PVDF membrane (Amershem Pharmacia Biotech Inc., USA)

Thin-wall microcentrifuge tubes 0.2 ml (Axygen Hayward, USA)

2.4 Enzymes

N-glycosidase F (Boehringer Mannhemn, Germany)
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Proteinase K (Life Technologies, Inc., USA)

Restriction endonucleases
: Dra 1, Hinf I (Boehringer Mannhemn, Germany)
:Ssp 1, Taq I (Promega Coperation, USA)

Taq DNA Polymerase (Invitrogen Life Technologies, USA)

2.5 Primers

Oligonucleotides (Life Teg ‘ L / yUSA or Invitrogen Japan K.K.,
Japan or QIAGEN Operon, ‘

2.6 Bactirial Strains

E. coli DH5a co
E. coli IM109

2.7 Sample preparations

2.7.1 Honeybee sa i e

The cavity-nesting ':4:,@#7 grana, were collected from each
fhjiland (Figure 2.1, N =

of population origins.

colony originating fron V;- .

225) and used for populid

In addition, bees ex 1t1ng different roles in the colomes were also collected.

Newly emerged overs Nurse bees
were collected wi re fee mg the broo onto the queen cup while forager

e mm 0]

Population origins of bees were initially examined by PCR-RFLP analysis of
the large subunit of ribosomal (Ir) RNA gene using Dra I (TTT/AAA) as described in
PART I of experiment (Figure 2.2).

bees were eeolleeted
) ’H‘

pollen. Bees were i

further used.
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AUETNININENS

Figure 2.1 Map“of Thailand showing sample collection sites of “;erana used in

this S‘“ﬁﬁﬂﬂ'@‘m‘ﬁd W‘q Ua a ﬂh location.

Abbreviat C = the central region, N = north, NE = north-east, PT = peninsular
Thailand, PK = Phuket Island and SI = Samui Island
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225 colonies from six different

geographic locations in Thailand

Dissected

Quﬁ’! e NS
AN iy ...

origins of 4. cerana.
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2.7.2 Royal jelly (RJ) samples

RJ was produced using a modification of the method of queen rearing
described by Kavinseksan, 1994. Six healthy colonies of 4. cerana were chosen.
These were composed of two colonies from Samutt Songkhrom and Chuntaburi
provinces, which represent the northern bee population, three colonies from
Chumporn provinces, which represent peninsular bee population and one colony from
Samui Island located in Surajthani province, which represents the non-mainland
population of 4. cerana in Thailand was directly collected from queen

cells in the natural field.

"o

Table 2.1 Sampling d for the production of

royal jelly used for purifi

Colony no. Population origin
1 Peninsular Thailand
2 Peninsular Thailand
3 Peninsular Thailand
g .‘;J North to central

Thailand

North to central

Ausdnemingni.
A LIEEITI T Ny e

(9, ]

A bee colony was firstly stimulated by removing the queen outside. Forty to
sixty wax queen cups were prepared from the wood stick template and adhered onto
the queen frame. After that, the frame was incubated in the hive for 4-6 hours without
the availability of the queen. This technique greatly enhanced the new queen cup

acceptance. Then, newly emerged worker larvae (one-day-old larvae) were transferred
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into the queen cups with the grafting tool and the queen frame was then returned to
the original position in the hive. The larvae were left in the queen cups for 2-3 days.
Finally, RJ was harvested from each queen cell, mixed and quickly frozen in liquid

nitrogen and stored at —80 °C until used.

Approximately 0.3 g of frozen RJ was dissolved in 10 ml of 50 mM phosphate
buffer (NaH,PO4/Na;HPOy; pH 7.5, 10 mM NaCl and 20 mM EDTA), gently mixed
and centrifuged at 10,000xg for 20 minutes at 4 °C. The supernatant was then
orkflow of the PART II experiment

collected and used as crude RJ soluti

(isolation, purification and chazaét o "ﬁf"" gna Major Royal Jelly Proteins,

AcMRJPs)) is shown in Figuie 2
2.7.3 Hypopharyng

A hypopharyngea!” g the head of each worker
under a binocular microsgfpe #* o A - 0 ‘guty gh the wall of the mask,
across the vertex, round tk ' l nt , and round the edges of
the mask. The mask was theg k 1 \deal gland located in front of
the brain was removed and pla ' pre-chilled buffer constituting

of guanidium thiocyanate and N-latlres and stored in liquid nitrogen.

.."5‘” 2/
Fifty hypophaigSeeal=Slands= Wara = eaa==s “t mRNA extraction.
> == ‘
Construction of a cDNZ f_'-‘ b 5L Clones and RT-PCR are

shown in the workflo f the PART III experiment (#igure 2.4) while twenty

SO 71 1X01 111 e 4 112 AN
expression levels ﬂ hown in the work
flow of the PAR IV experiment.

A EHSalun Inenas

;r;r-" 2
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PART I: POPULATION GENETIC STUDIES AND IDENTIFICATION OF
POPULATION ORIGINS OF THAI HONEY BEES, A. cerana

2.8 Total DNA extraction

Total DNA was extracted from the thorax of each forager bee using a
modification of the method of Smith and Hagen (1997). Briefly, a thorax was
homogenized in 500 ul of STE buffer (100 mM NaCl, 50 mM Tris-HCIl pH 7.5, 1 mM
EDTA). After that, 20 % SDS andh ) \ 7' proteinase K were added to final

\ /2

concentrations of 1 % SD #laeteinase K, respectively, The
homogenate was incubated “‘:? : » sesbhermixture was centrifuged at
8,000xg for 5 minutes art r001 S ant was removed to a new
microcentrifuge  tube

phenol/chloroform/isoant§l = . [é 1,

minutes and centrifugatigafat # ’\ “ oo temperature. The upper

equal volume  of

was gently mixed for 15

aqueous phase was colleg A 7y aﬁ' @ .,\. a new sterile tube. This
phenol/chloroform extractig & ;5‘ {; '\ \- pernatant from the 2™
phenol/chloroform extraction f"‘f : ——.": ed ‘Ohce with an equal volume of

chloroform/isoamyl alcohol (24:1) a® enth volume of 3 M sodium acetate

pH 7.5 was added. DN A

7

i e ———
ethanol. The mixture w 7 I pellet was recovered by

Jyvolume of cold absolute

centrifugation at 12,000 empgr ture and briefly washed
with 1 ml of 70 % ethanc* Zhe DNA pell%was air dned and dissolved in the

appropriate volunq‘we w Wq ﬂﬁnM EDTA). DNA

concentration was roughly estimated by‘comparmg the intensity mtwat of a A/Hind

Il DNA ﬁﬂ g: ﬁ ﬁ 36! ined with
ethidium concen ation was finally adjusted to a final

concentration of 25 ng/pl and kept at 4 °C until further used.

2.9 Polymerase Chain Reaction (PCR) - Restriction Fragment Length
Polymorphism (RFLP) analysis

Previously, nucleotide sequences of 4. cerana mitochondrial IrRNA gene was

reported (Sihanuntavong, 1997). Aligned sequences of IrRNA gene of representative
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A. cerana individuals from different geographic origins indicated that Dra I
(recognition site TTT/AAA) could differentiate A. cerana originating from different
regions accurately. Analysis of population origins was then simplified to restriction

analysis of the IrRNA gene with the informative restriction enzyme Dra 1.

The mitochondrial IrRNA gene segment of each bee was amplified by PCR
using forward (5’-CTA TAG GGT CTT ATC GTC CC-3’) and reverse (5’-TTT TGT
ACC TTT TGT ATC AGG GTT G-3”) primers designed from A. mellifera sequence
at the position 13708™ and 14447, eIpe iWq | (Hall and Smith, 1991; Crozier and
Crozier, 1993). PCR was ca § *u 4
DNA template, 20 mM Tri -i--—-:-- 34450 x@ 0 mM MgCly, 100 uM of
cach dNTP (dATP, dCTP, 4@ ” v
AmpliZag DNA polymetdse
predenatured at 94 °C for*

ion volume containing 50 ng

h primer and 0.6 units of
ication conditions were
. denaturation step at 92
°C for 1 minute, an anneaiifig #< " | ; M\ extension step at 72 °
C for 2 minutes. The final gt i O o At same temperature for 10

minutes.

Five microlitres of the’ PO gt i sacli individual was analyzed on
0.7% agarose gels to dete | ation was successful. Eight
microlitres of the PCR® V-.---.-'--‘«:-'-:-—'-s:w'--'-:-‘-“'-‘--':-'—'--; -------- : ‘ 2 -3 units of Dra |
(Boehringer Manheim) Tha re &°C for 4 — 5 hours. The

digests were then by electiC horetlcally analyzed through 3% Metaphor agarose gels

oot 1100111111
o AR 0 11N TNURY

Agarose gel electrophoresis was used to size-fractionate total DNA, the
amplification product and Dra I-digested IrRNA gene segment. Different
concentrations of agarose gel were prepared depending on sizes of DNA fragments.
Generally, 0.7-1.0 % agarose gels were used for general purposes whereas 2.5-3.0 %
Metaphor agarose gels were used to determine digestion patterns of the IrRNA gene
segment. An appropriate amount of agarose was weighted out and dissolved in the
appropriate volume of 1X TBE buffer (89 mM Tris-HCI, 8.9 mM boric acid and 2.5
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mM EDTA pH 8.0). The gel slurry was heated until completed solubilization. The
agarose gel solution was incubated at 65°C and further left to 50°C before poured into
the electrophoretic gel mould. The comb was inserted. For Metaphor agarose,
solidified gel are required to pre-chilled at 4°C for 30-60 minutes to achieve the
sieving ability of the gels. When needed, the comb was carefully removed. The gel
was placed in the chamber. An enough volume of 1X TBE was poured to cover the
gel for 2-3 cm. One-fifth volume of loading dye (0.25 % bromophenol blue, 0.25 %
xylene cyanol FF and 15 % Ficoll 400)
gel. Electrophoresis was usually op & ts for 0.7-1.5% gel or 130 volts

added into the sample and loaded into the

for 2.5-3.0 % Metaphhor agarg sSvel | lue reached approximately 1
cm from the bottom of gel. [Le gelSvas sfaincd g 2.5 pg/ml ethidium bromide
solution for 5 minutes and dest® e 4/, @30 minutes. The DNA was
BN throngh & red filter

Nucleotide sequenc " gene of A. cerana from
different geographic origins (afce 508-140511) were retrieved from
the GenBank and aligned using

Genetyx 3.1. — -7
| y Y

Restriction patte Camp INA gene gested with Dra 1 were

ion sites were searched using

assigned alphabetlcally (A C and D) in Wier of discovery. Sequences of the

IrRNA gene of A4. sw &wt% w r&;ﬁ‘:ﬂ%stnctmn sites. The

percent nucleotid 1vergences betwgen geographlc samples e', 1987) were

987) using elghbor in 3 S6c¢ (Felsenstein,

joining tree gSaitou and

calculated A

1993). Geographic heterogenelty among different geographic samples was analyzed
using a Monte Carlo simulation (Roff and Bentzen, 1989) routine in REAP 4.0
(McEroy et al., 1991). An analysis of molecular variance (AMOVA) and F-statistics
were calculated using Arlequin 1.1 (Schneider et al., 1997).
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PART II: ISOLATION, PURIFICATION AND CHARACTERIZATION OF
AcMRJPs

2.12 Isolation and Purification of AcMRJPs
2.12.1 Ammonium sulfate precipitation

Crude RJ proteins were precipitated with different concentrations of
ammonium sulfate (0-20, 20-30, 30-40, 40-50, 50-60, 60-70 and 70-80 % saturation,
ly added to the RJ solution to 20 %
he precipitate was collected by

respectively). Solid ammonium sulfate
saturation with continuous stirnig :
centrifugation at 10,000xg for 257 lLites : " ~ Subsequently, the supernatant was
sequentially brought to ’ 56,360 0 7 and 80% saturation. The
precipitate of each concentry P e t 4 Wifugation at 10,000xg at 4 °C
for 25 minutes and dissof¥ec ,/rr 00 QA *HCI, pH 7.5 and 10 mM
EDTA. Five microlitres #y ?\ horetically analyzed by 10 %
SDS-PAGE. The precipita Of"r ; faclion contained high quantity
of 80 kDa AcMRIPs was LS Y b
chromatography. The purifiel piFiss Y as AcMRJP3 afterwards)
obtained after 51ze-fract10nate aphoresed through 10% SDS-

det ifWeight of this AcMRJP.
2122 Ion-exch o f’l .~1 cellulose

Wha Sephadex G-200 column

polyacrylamide gel for deter

o g

DEAE-cellulose, su@ was hydrated with deionized water

for approx1matel>% %(g%?w&smgseveml times with
deionized water to' remove residual fme p

articles, The slurry @tnx was then
activated ﬁlﬁﬂ)ﬁaﬂvashes with
deionized% @:Sﬂomlutmn reached to 7.0. The slurry was then
washed with 0.5 N NaOH for 30 minutes followed by several washes with deionized
water until the pH of the solution was lowered to 7.0. Finally, it was resuspended with
the buffer containing 20 mM Tris-HCI pH 7.5 and 1 mM EDTA and packed into a 2.5
@ x 12 cm column. The packed column was equilibrated with 3-5 column volume of

the same buffer at the constant flow rate of 0.5 ml/min.
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A crude RJ solution was prepared by dialyzed against 0.1 M EDTA at 4 °C
until the ratio of A280/A260 reached 1.8. Dialysis was further carried out against
deionized water at 4 °C for 24 hours. The pH of crude RJ solution was adjusted with 1
M Tris-HCI pH 7.5 and 0.5 M EDTA to the final concentration of 20 mM Tris-HCl
pH 7.5 and 1 mM EDTA, respectively. Dialyzed RJ was loaded onto the DEAE
column and washed with at least 3 column volumes of a 20 mM Tris-HCI pH 7.5 and
1 mM EDTA solution to remove unbound proteins. Bound proteins were eluted out
with a linear gradient of 0.0 - 0.3 M Na(l i ' a total volume of 400 ml at the flow rate

of 0.5 ml/min. Two-milliliter fractigng i\if 7 ied. The protein elution profile was

—

monitored using the absorbanc®at 280 nm. Cela#®™ yity of each fraction was also

measured and converted to 15 BGCH condgentration, T iCtions representing the same

protein peak were pooled. as determined by a Lowry et al
(1951) method. Five microg
by 10 % SDS-PAGE. 1Twg

terminal and internal pep#fte 4

Jin _each peak were analyzed

oin, were further used for N-

2.12.3 Ion-exchaged AT S g Q- Sepharose

Purification of AcMR#T’s Gie .19 ofimn chromatography was not
successful and was replaced b Sepharose was supplied as a pre-
swollen form in 20 %4 shancl Bihano! CCANISATanE Seplaced with an enough
volume of a 20mMT o

!1 J
‘-u

was degassed in vacuo » d poured into a column (1. ”*
continuous motion aw % fw ﬂ % same buffer at the
constant flow rateqI Lﬁ ﬂ
CATpID T
mM EDTA nt olumn. The

column was washed with 20 mM Tris-HCI pH 7.5 and 1 mM EDTA for at least 3

on. The matrix solution

X 20 cm) in a single

column volumes to remove unbound proteins. A linear gradient of 0.0 - 0.3 M NacCl in
the same buffer was used to elute bound proteins. Two milliliter fractions were
collected and protein elution profiles were monitored using the absorbance at 280 nm.
The concentration of NaCl in each fraction was converted from conductivity.
Fractions representing the same protein peak were pooled. The protein concentration

was determined by a Lowry ef al (1951) method. An aliquot of 5 pg protein from each
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peaked protein was analyzed by 10 % SDS-PAGE. The remaining protein of each
peak was then filled in the dialysis tube and covered with aquasorb at 4 °C until the
volume reduced to approximately 1 ml. This solution was further purified using

Sephadex-G200 column chromatography.
2.12.4 Size-exclusion chromatography using Sephadex-G200

Sephadex G-200 was added to an enough volume of deionized water and left

overnight at 50 °C. The equilibrated gel wasjthen degassed and packed into a column

(2.5 D x 80 cm.) using a peristalg ! gnstant flow rate of 20 ml/hr. The

Sephadex G-200 column waswthets équilibrated wile2@mM Tris-HCI pH 7.5, 1 mM
EDTA and 0.1 M NaCl for,gueMifis wolufies it theeonsgant flow rate of 12 ml/hr to
allow column stability. Blae o & ‘U dichromate were used to
determine the void and 4/.7 5 g théjgbsorbance at 630 nm and

‘5& i
410 nm, respectively. -

Concentrated protes od i Harose column chromatography
{ s were eluted out with the

DTA and 0.1 M NaCl at the

ons were collected. Protein elution

were loaded onto the Sephi

buffer containing 20 mM TrigfiC
tant fl te of 12 ml/hr. T

cons ow rate o m w ;. -J} ._

profiles were monltor ’ﬁl in concentration was

determined by the Lo .\./ | ‘_"ﬂ:) of each fraction was
dialyzed against 20 I Tris-1 : yand store t —20 °C until further

characterization. Native 1@ ular welght each protein was estimated by

comparing with a@\ gq.\ﬁgght of each protein
d by 10 %SDS P GEasdesc

(5 pg) was dete

2.13 Char@ﬂnﬂ)ﬁiﬁ H w ﬁl%eiﬁ tgf;'; %@3.2,

2.13.1 Protein concentrations

The concentration of each protein sample was determined according to a
Lowry et al (1951) method (Appendix A). A 0.5-ml sample solution was mixed with
2.5 ml of solution C (1 ml of 0.5 % CuSO4 and 1 % sodium citrate into 50 ml of 2 %
Na,COj3 in 0.1 M NaOH) and left at room temperature for 5-10 minutes. Two hundred

and fifty microlitres of solution D (two fold dilution of Folin-Ciocalteau reagent) was
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added to the mixture, mixed and left at room temperature for 20-30 minutes. The A7so
of each sample was measured. Protein concentrations of samples were estimated from

a standard curve of BSA (Appendix B).
2.13.2 Molecular weight determination

Native molecular weight of purified proteins in RJ was determined by
Sephadex G-200 column chromatography. The elution volume (V.) of protein was

compared with those of standard protein gparkers; ferritin (440 kDa), catalase (233

kDa), bovine serum albumin (68

(23 kDa). Blue dextran 2000 gad™

position of void (Vo) and tofel Sgiumes , Tespeciive v, The relative mobility, Kay,

derived from (Ve - Vo) / (§ / ¢ e

standard protein to make @ Calf #F fn. \~ _protein samples was then
sent

calculated and used to esti

as\determined by SDS-PAGE

cd\proteins based primarily on

The molecular weig
(Laemmli, 1970; Appendix @. |
their sizes. A discontinuous sla g composed a 10 % separating
(w/v) was prepared and placed in

Biis, 192 mM glycine; pH 8.3

and 5 % stacking gels in the preserite= >
A 2
the eletrophoretic tank.-Lhe ¢ TRRN

and 0.1 % SDS) was fill# B sample buffer (60 mM
Tris-Hcl (pH 6.8), 25 % c 0 —rcaptoethanol and 0.1 %
bromophenol blue) was a (Fd to each samplchhe mixture was boiled for 10 min

before applying t ﬁﬂl%ﬂﬁquﬂﬁ constant current
per slab gel. Aﬁtﬂlec ophoresis, the gel was stained with a Coomassie brialliant
blue R-25 g m i ﬁ i

% acetic agmaﬁn tﬂ\m a’so tﬂ(ﬂg

and 10 % acetic acid overnight on slow rocking shaker. A BenchMark™ Protein

anol and 10

% methanol

Ladder was used as the standard molecular weight marker.
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2.13.3 Determination of carbohydrate side chain

2.13.3.1 Qualitative analysis using a Periodic Acid-Stiff (PAS) staining
method (Segrest and Jackson, 1972)

Purified proteins were firstly electrophoresed on 10 % SDS-PAGE as
described in section 2.13.2. The gel was then fixed in the fixative (7.5 % acetic acid),

left at room temperature for 1 hour and carefully rinsed with deionized water. The gel

was then immersed in a 0.2 % periodic ggig solution and incubated at 4 °C for 45
minutes. The gel was immediae s v","/'} hiff’s reagent and chilled at 4 °C
for 45 minutes and destained WO or three changes of 10 %
acetic acid. For a faster destaiy
HCl and 0.5% potassiugg

preparation of PAS staini

4.2 solution containing 0.05 N
(see Appendix D for

2.13.3.2 Qualitatig® auhti ' &b PldAselE digestion

Five micrograms ¢ : eated with 1 unit of N-
glycosidase F and incubated at r é“:’-: ¥ 1 L‘} > digested products were then
electrophoretically analyzed to det€: | he molecular weight was shifted
on 8-10 % SDS-PAGE. abin were used as positive and

negative, respectively. #=
%

2.13.4 Isoelectri l focusing po ylamide ;’7: electrophoresis (IEF-

PAGE)

e BHE AN niweAns
AN AIAHIN SV .

hydrophob1 ide of the gel supporting film was then coated against the glass plate
and smoothly rolled with a test tube to remove any excess water and air bubble. It was

then placed on the casting tray by the gel support film side facing down.
2.13.4.2 Preparation of the IEF gel

The gel solution composed of 30 % acrylamide, 1 % bis-acrylamide, 240 pl of
ampholyte pH 3-10, 50 % sucrose, 10 % ammonium persulfate and TEMED was
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gently mixed and carefully pipetted to the space between the gel support film coated
glass plate and the casting tray (Appendix E). The gel was then left at room
temperature about 45 minutes for polymerization and fixing on the gel support film.
After complete polymerization, the gel was lifted from the casting tray using of

spatula.

2.13.4.3 Sample preparation and IEF electrophoresis

Purified protein derived from Sepghadex G-200 column was dialyzed against
deinoized water for 2 hours and coseent :\] i ¥ #peed vacuum. Samples were then
loaded on a small piece of filtez Pamer placed crlh #% and allowed its diffusion into

the gel for 5 minutes. The HllEigapes wag caréiully e noved from the gel. The gel
with adsorbed samples was & : Wirecil placed on the top of the
voltage condition in a
stepwise procedure. The focyir 00 V for 15 minutes. The
voltage was then increaSCd #€ £0g-> r”’ ’\\ i, I'inally, the voltage was
increased to 450 V a L offid ¢ \ Ig M‘, nal 60 minutes. After
electrophoresis, the gel was g .% "» \iént Blue R-250 (0.1 % W/V

Coomassie brialliant blue R-23 ,.;i:)g&lr. a aid 1 % acetic acid). Standard

electrodes. The focusing

etically analyzed in parallel. The

pibbility with the standard
Ry

proteins with known pl of 3-10 we 7
pl values of proteins
calibration curve (a pl i marker versus their

distances from the cathod

H as
NN
Stablllty of each AcMRJP family at differengstemperatures vgas studied. Five
microgmﬂ AR TR AR w1
days. At the end point of incubation, one-fifth volume of sample buffer (60 mM Tris-
Hcl; pH 6.8, 25% glycerol, 2% SDS, 14.4 mM 2-mercaptoethanol, 0.1% bromophenol
blue) was added and boiled for 10 minutes. The mixtures were electrophoretically

analyzed through 10 % SDS-PAGE.
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2.13.6 N-terminal amino acid sequencing

N-terminal amino acid sequences of purified protein were analyzed. The
proteins purified from Q-Sepharose followed by Sephadex G-200 column
chromtography (peak Al and Bl) were electrophoresed through 10 % SDS-PAGE
and transferred onto a piece of PVDF membrane (Towbin et al., 1979).

The gel was soaked in the electroblotting buffer (25 mM Tris, 192 mM glycine

piece of PVDF membrane cut to the

and 10 % methanol) for 15-30 minutes
! L o/ anol was transferred to the

dimensions of the gel and pres .

electroblotting buffer and left foi #6<3¢ rring of proteins on the gel to

the PVDF membrane was cau ,
Transfer Cell (BioRad Labgat® -/; o/

that, the membrane was wx

L1z s-Blot® Electrophoretic

oy S 0 V for 90 minutes. After
ed with 100 % methanol
illiant Blue R-250 in 1 %

o rohe was destained in 50 %

A
(

for a few seconds and staiggtl

acetic acid and 40 % miethdhiol _‘
methanol, rinsed with de#hi g ® N-terminal amino acid

sequences were analyzed by#iu @ dencer at the Department of

Biological Sciences, National U e, Singapore.

Two nanomoles-af p 3 AE cellulose column

chromatography (peak | ; ‘1! peptide sequencing at
the Department of Bioresdilrces S¢ IWCrsityy apan. Each protein was
evaporated and dissolved in %O &l of 8 M urea W incubated at 37 °C for 1 hour prior

o e s o 0P| B TN oo

endopeptidase. The 8olution was mixed‘and incubates at 37 °C for 16 hours before

applying tﬁﬂﬂﬁmﬁwﬁﬁl WB%\& collected

for further sequencing analysis.
2.13.7 Data analysis

For homology searching, N-terminal amino acid sequences of RJ proteins
were blasted against amino acid sequences that were previously submitted to
GenBank (http://www.ncib.nlm.nih.gov/).
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PART III: MOLECULAR CLONING AND CHARACTERIZATION OF
AcMRJPs ¢cDNAs

2.14 mRNA extraction

The mRNA was extracted from 50 hypopharyngeal glands of nurse bees using
QuickPrep® Micro mRNA Purification kit (Amershem Pharmacia Biotech Inc.,
USA). Hypopharyngeal glands were homogenized in 0.4 ml of extraction buffer
containing guanidinium thiocyanate and N-lauroyl sarcosine. The homogenate was
diluted with 0.8 ml of the elution is-HCI pH 7.5 and 1 mM EDTA),
mixed and centrifuged at 10,01

can be done in parallel with

centrifugation of 1 ml Oli ogenate was obtained and

transferred to the tube con peliet and mixed for 3 minutes

and centrifuged at 10,000xg

a_\\. .
ihe Hligh-salt buffer (10 mM Tris-
s With 1 ml of the low-salt

%
%,
L

#NaCl). In each step, Oligo

The pellet was wash
HCl pH 7.5, 1 mM ED
buffer (10 mM Tris-HCI g

(dT)-cellulose was mixed aj

7

2

r 1 minute. After washing,
Oligo(dT)-cellulose was resusgCngptizit ow-salt buffer and transferred
to MicroSpin column which was i7005) 4 4 entrifuge tube. The column was

then centrifuged at 10,000%¢ iobal times of of low-salt

washing were performé V A crocentrifuge tube and

0.2 ml of the pre-warmed it 65 °C elution buller was ad 3 on the top of the resin

bed. The mRNA colléctad by centrifugation at 10,000xg for 1 minute. The
second 0.2 ml o%guﬂ\e'a aﬁ%iﬂ&ﬂwa ied to recover the
residual mRNA. To concentrate mRNA{ 10 pl of 10 mg/ml glycogemand 40 pl of 2.5
ot o) B} OIS Db D e o
absolute ethanol. The resulting solution was kept in —20 °C for a minimum of 30
minutes. Precipitated mRNA was collected by centrifugation at 10,000 g for 10
minutes at room temperature, air dried and redissolved in DEPC-treated water. Two
microliters of mRNA solution was electrophoretically analyzed by 1.0 % agarose gel.

Quality of mRNA was then spectrophometrically determined. The concentration of
mRNA was calculated following the formula: [MRNA] = A260 x 40 x dilution factor
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pg/ml. Aliquots of mRNA was also electrophoretically analyzed on 0.7 % agarose
gel.

2.15 Construction of a ¢cDNA library from hypopharyngeal mRNA using a
SuperScript™ Plasmid System with Gateway™ Technology for cDNA Synthesis
and Cloning Kit

2.15.1 First and secondary stranded cDNA preparation

Three micrograms of mRNA. (104 eated at 70 °C for 10 minutes and

quickly chilled on ice for 5 min

T

centrifugation and then 4 pl ofSX ot the fiff s - 7 ®r (250 mM Tris-HCI pH 8.3,
375 mM KCl and 12 mM Mg@# ol "‘_" 1 pl of 10 mM dNTPs
mixture were added, mixed “ g 3£d al 3% i nutes prior to the addition
of 3 pl of 200 units/ul o » ptase, briefly mixed and
incubated at 37 °C for 1 W6ur 4 { k d % 240 périod, the mixture was placed
on ice to terminate the reaflic, C 488 r< K 1 & st stranded product were

removed for electrophoretically

For the second stranded cDNZ eSO pl of DEPC-treated water was
30 gl of 5X second strand

-

added to the first stranded ¢
buffer (100 mM Tris- Lgr u:' 0.75 NAD" and 50
mM (NHy),SO4), 3 pl of ‘.fv d RIS of EJkoli DNA ligase, 40 units
of E. coli DNA polymeras %2 units of ?i RNase H. The mixture was gently

1 B G AR Fosaion perion, 1

mixed and incubﬁ?
units of T4 DNA p erase was addec?nd further incubated at 16 ‘@for 5 minutes.

The reacti aﬁaﬁaﬁam %ﬂ m Eﬂ wed o SO

the reaction. :fl

An equal volume (150 pl) of phenol-chloroform-isoamyl alcohol (25:24:1)
was added, thoroughly mixed by vortexing and centrifuged at 14,000xg for 5 min.
The upper aqueous phase (140 pl) was carefully removed to a new microcentrifuge
tube. A half volume of ammonium acetate and 0.5 ml of cold absolute ethanol were
added and mixed. The mixture was immediately centrifuged at 14,000 g for 20

minutes. The supernatant was discarded. The pellet was washed with 0.5 ml of 70%
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ethanol. After centrifugation at 14,000xg for 2 minutes, the supernatant was removed.

The pellet was air-dried at 37 °C for 10 minutes.

For adapter ligation, the reagent composed of 25 pl of DEPC-treated water, 10
pl of 5X T4 DNA ligase buffer (250 mM Tris-HCI pH 7.6, 50 mM MgCl,, 5 mM
ATP, 5 mM DTT and 25 % PEG8000), 10 pl of Sal I adapter and 5 units of T4 DNA
ligase was added to cDNA pellet, gently mixed and incubated at 16 °C for 16 hours.

The reaction was then extracted using phenol-chloroform method as described above.

ligated cDNA followed b
mM MgCl, and 1 M NaC

Tris-HCI pH 80, 100

* The reaction was gently
mixed and incubated at ‘ ith phenol-chloroform.
A was dissolved in 100

£A and 25 mM NaCl) and

The cDNA was recovered
ul of TEN buffer (10 mM J

further used for size-fractionz

2.15.2 Size fractionatié¢ P A i uinin chromatography

The cDNA derived

-

f tionated using a pre-
: Y Jere removed from the
pre-packed column. The gumn Wa withill.8 ml of TEN buffer (10

mM Tris-HCI pH 7.5, 0.1 WDTA and 25 @(I NaCl) by pipetting the buffer onto

il::S:iper frit anﬂl%%wﬁm w E}ﬁﬂ- ly 15 minutes per
 ARIALDIUNALINUNE e v

solution was applied into the center of the top of the frit. The column was completely

drained and the effluent was collected. Additionally, 100 pl TEN buffer was

packed column chroma§7#

sequentially added to the column and the effluent was fully collected in the second
tube. This step was continually repeated by adding 100 pl of TEN buffer. A single
drop (approximated 35 pl) was individually collected into the tube no 3 trough no 20
while additional 100 pl of TEN buffer was continually added after the column
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stopped dripping. Aliquot of 5 pl from each fraction was electrophoretically analyzed
by a 1 % agarose gel.

2.15.3 Ligation of cDNA using Sal I-Not I-cut pSPORT I vector

Four microliters of fractions 9 and 10 and five microliters of fractions 11 and
12 were pooled. Five microliters of 5X T4 DNA ligase buffer (250 mM Tris-HC1 pH
7.6, 50 mM MgCl,, 5 mM ATP, 5 mM DTT and 25 % PEG8000), 50 ng of Sal I-Not
I-cut pSPORT1 and 1 unit of T4 DN %ere added, mixed by pipetting and

incubated at 4 °C overnight.
0 a microcentrifuge tube

2.15.4 Transformatie

Three microliters @

1

»
)
0

placed on ice. Commercia RA Biomedicals, Japan)

was removed from a -80 °4 til the competent cells
were just thawed. One hun . ‘ JH 50 competent cells were
20 gently mixed. The mixture
shocked at 42 °C for exact 45

" ‘J;{ A '/ N P
seconds. The tube was immediate '(2“-‘ e or 2-3 minutes. One milliliter of
ﬂff v(.;

transferred to the tube conta

was left on ice for 20 min €Sy

SOC medium prewarmed to re
with shaking at 37 °C fQ ;ﬁ‘mm‘-mm;i
80 pg/ml X-Gal. The plat -

ded to_the tube and incubated

flin, 0.5 mM IPTG and

2.15.5 Blue-White cdw screenm fMecombmant plasmid

The selecti plateﬂ 9 tryptone ;yeast extracn qo NaCl and 1.5 %
Bacto-agar, -ampi ﬂﬁ ﬂ:mm w ITPG, 40
ul of 20 mg/ml g the ¢ 11 (100, 10, 1, and 0.1

ul) were plated to LB agar plates and incubated at 37 °C for 16-18 hours. White

colonies were selected for further analysis.
2.15.6 Colony PCR for inserted size screening

Colony PCR was carried out using primers pUC1 (5’-CCG GCT CGT ATG
TTG TGT GGA-3’) and pUC2 (5’-GTG GTG CAA GGC GAT TAA GTT GG -3°)
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to examine sizes of inserts. Positive colonies were randomly picked up and added to a
10 pl reaction volume containing (10 mM Tris-HCI, pH 8.3, 50 mM KCI, 0.001%
gelatin, 2 mM MgCl,, 100 uM of each dNTP, 0.1 uM of each prim and 0.5 U of Tag
DNA polymerase. The amplification reaction was carried out for 35 cycles consisting
of denaturation at 94 °C for 30 seconds, annealing at 53 °C for 45 seconds and
extension at 72 °C for 90 seconds. The final extension was carried out at the same
temperature for 7 minutes. PCR products were electrophoretically analyzed on 1.0 %

agarose gel. Sixty-eight positive clones she insert sizes greater than 500 bp were

<

2.16 Reverse transcriptionspelymerise Hain reaetion(RT-PCR)

selected for sequencing.

2.16.1 First strang

The first stranded#D} &£ Eyniigsi W\ First Strand cDNA

Synthesis Kit (Biotechngi#gv & 4, - 28,0 . Canada). Approximately

0.6 pg of mRNA and 0.5 46 of ) g%@ ¢

\ reaction volume of 12 pl
was gently mixed and incub#€d A :, ’\ ixture was quickly chilled

on ice for at least 5 minutes ayf J"' : psequiently, 20 units of ribonuclease
inhibitor, 2 pl of 10 mM each of 2;?3_'—-- g und 4 pl of 5X reaction buffer were

added, mixed and inc baged

-

f ﬁi units of AMYV reverse
transcriptase was added i Pl Jubated at 42 °C for 60
minutes. At the end of thé fhcubation perod; theTCaction \ 4 terminated by heating at

70 °C for 10 minutes before(:ﬂled on ice for v minutes.

el LS mgmmm )
N N T RN

were 5°-GTC AAT TGG AAA ATA TCT GTA TTA T-3’ and 5°-TTT TAA TTG
ATA ATT GAT TGA TTT AAT G-3°. Amplification reaction was carried out in a 25
ul reaction volume containing 1 pl of the 1* stranded cDNA, 1X PCR buffer (20mM
Tris-HCI pH 8.4, 50 mM KCIl), 100 mM of each dNTP, 1.5 mM MgCl,, 0.2 uM of
each primer and 1 unit of 7ag DNA polymerase. The reaction was predenatured at 94
°C for 5 minutes following by 30 cycles of denaturing at 94 °C for 50 seconds,
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annealing at 53 °C for 50 seconds and extension at 72 °C for 90 seconds. The final
extension was performed at 72°C for 10 minutes. After amplification, 5 pl of reaction
product was electrophoretically analyzed using a 0.7 % agarose gel to determine

whether the amplification was successful.
2.16.3 Purification of PCR product

The remaining of AcMRJP3 amplified product in 2.16.2 was electrophoresed
of glgctrophoresis was complete, the marker

o idium bromide (2.5 pg /ml) for 5
‘ ated and excised from the gel

analyzed through a 0.7 % agarose gel A u\
lane (MHind III) was cut off ang '

minutes. The position of desi 7 =
and placed into the pre-wgig or pifuge tibessihree volumes of GQ buffer
(w/v) were added. The ge AR | B.°C for 10 minutes or until

the gel slice was completg gixture was yellow.

The gel mixture #as gbr { (N A Ks__“x n @6lumn, which was placed
A 00xg for 1 minute at room
of QG buffer was added
_ entrifuged at 10,000xg for 1
minute. After that, 0.75 ml of f’% as added, left for 2-5 min and
centrifuged at 10,000x§ sl ;..‘ placed into a new
microcentrifuge tube. E i ‘_-""u”'ﬂ 1 of the EB buffer (10

mM Tris-HCI pHS. 5)anntrifug at 10,000%2 orlm lite.

2.16.4 Li ﬂgﬁ%;ﬂcﬂ-{mﬁ ?y vector system

-T eas ector wasfused for clo of PCR prodact. The ligation
reaction

into a provided 2-ml collegfo
temperature. The effluent wg

to remove all traces of agaros

S a L) SR B

PCR product from 2.15.2, 50 ng pGEM®-T easy vector, 5 ul of 2X rapid ligation
buffer (60 mM Tris-HCI pH 7.8, 20 mM MgCl,, 20 mM DTT, 2mM ATP and 10 %
PEG 8000), 3 units of T4 DNA ligase. The ligation mixture was mixed by pipetting
and incubated at 4 °C overnight. The ligation product was electro-transformed to E.
coli IM1009.
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2.16.5 Preparation of host cells for electro-transformation

A 5 ml overnight culture of E. coli JM109 was inoculated to 500 ml of LB
broth (1% tryptone, 0.5% yeast extract and 1.0 % NaCl). The cell was incubated at 37
°C with shaking at 250 rpm for 2-3 hours until the optical density at 600 nm of culture
reached 0.5-0.7. The culture was chilled on ice for 20-30 minutes and harvested by
centrifugation at 8,000xg for 15 minutes at 4 °C. The supernatant was carefully
decanted. The cell pellet was washed three times with 500 ml, 250 ml and 20 ml of

ice-cold 10% glycerol, respectivel gywere collected by centrifugation at
8,000xg for 15 minutes at 4 ° ated cells were resuspended in a
total volume of 1.0 ml of ic into 40 pl aliquots and stored

at —80 °C until used.

2.16.6 Electro-t

S was thawed on ice and
mixed with 1 pl of the li » : H ' ansferred into the narrow
gap of cold electroporatio pedl to the bottom. The cuvette
was then placed in the chamb o5 chamber until the cuvette was
seated between the contacts i 5_,,' chamber and pulsed once. The

condition of electroplig _, and 2.50 kV of the

7

pulse controller unit. *#

1]
After one pulse wasga lled I mlo ?LB broth (1 .0 % trptone, 0.5 % yeast

extract and 1.0 p
immediately resuspended with a aste’ur plpette cell suspension was transferred

and the cells were

A DI e e
) we Sre ective plat ba 16 hours as

described in 2.15.5. Positive clones were selected and cultured in LB broth (1%
tryptone, 0.5% yeast extract, 1.0 % NaCl) containing 50 pg/ml of ampicillin. The
recombinant plasmid from RT-PCR was extracted using an alkaline lysis method as
describe in 2.17. The extracted plasmid was digested with Eco RI and
electrphoretically analyzed through 0.7% agarose gel electrophoresis.
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2.17 Plasmid extraction for nucleotide sequencing

A recombinant clone was inoculated into 3 ml of LB broth (1% tryptone, 0.5%
yeast extract, 1.0 % NaCl) containing 50 pg/ml of ampicillin and incubated at 37 °C
with constant shaking at 250 rpm overnight. The culture was transferred into 1.5-ml
microcentrifuge tube and centrifuged at 12,000xg for 1 min. The cell pellet was
collected and resuspended with 100 pl of solution I (25 mM Tris-HCL, pH 8.0, 10
mM EDTA and 50 mM glucose). The mixture was completely dispersed by vortexing
then treated with 200 pl of freshly

and placed on ice for 15 min. The mist
prepared solution II (0.2 N NaQlt
10 min. Additionally, 150

y mixed and placed on ice for
7 cetate, pH 4.8) was added,
gently mixed and placed "€ - parate the cell debris, the
mixture was centrifuged ¢ ‘he Supernatant was transferred
al volume of phenol :
s gtrifuged at 8,000xg for 5
®hirifuge tube. Plasmid DNA

sglute ethanol for 30 minutes

into a new microcentri
chloroform : isoamly alcqg
minutes. The supernatant w gt
was precipitated with the ady
and recovered by centrifugatio utes at room temperature. The
DNA pellet was washed with 70%"s

air died and dissolvedi 0 uffer (Y0 k. 7.5 and 1 mM EDTA)

ged at 10,000xg for 10 minutes,
containing 20 pg/ml R 9- ,: leotide sequencing, 32
ul of 20 % PEG6000 in ﬂ NaC C mi w e was mixed, placed on
ice for 1 hours and centnfgﬂ at 10,000xg @' 10 minutes. The DNA pellet was

washed with 70 w Q%gﬂQOw&'vmums air-dried and

resuspended in 50 il TE buffer (10 Tris-HCI pH 7.5 and 1 mM EDTA)

NPT EPITEA I TN

The recombinant plasmid of the positive clone was separately digested with
Ssp I (AAT/ATT), Sal 1 (G/TCGAC) and Cla I (AT/CGAT). The reaction was carried
out in 20 pl containing approximately 500 ng of recombinant plasmid, 1 unit of each
restriction enzyme, 1X reaction buffer, 1X BSA. The reaction mixture was incubated
at 37 ° C for 3 hours. The digested product was electrophoretically analyzed through
0.7 % agarose gel.
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2.19 Nucleotide sequencing and data analysis

Sixty-eight clones of the hypopharyngeal gland cDNA library of nurse bees
were unidirectional sequenced using the thermo sequenase cycle sequencing with 7-
deaza-dGTP and fluorescent 1 dye primer system kit (Amersham Pharmacia Biotech
UK Limited, England) on an automated sequencer (Licor 4100). The M13 reverse
primer was used as the sequencing primer, Briefly, 0.5-5 pg of double stranded DNA
was required. A set of nucleotide base A, C, G and T reaction was prepared by
combining 0.6 — 1.0 pl of ﬂuoresce r and DNA template and thoroughly

mixed. Three microliters of the redgl ‘ 1!’

s ed to four separate reactions and

1 pl of A, C, G or T reagen dedtiiemeach reaction. The sequencing
reaction mixtures were th .-v’-,-? : aniplificatienscycle consisting of a pre-
denaturing at 95 °C for 5 g ﬁ/ AR 28 denaturation at 95 °C for

30 seconds, annealing at at 72 °C for 60 seconds.

After cycle-sequencing ws ading dye was added into

each reaction. The sample pel based-automated DNA

sequencer and operated for 1

For clones from RT-F ,a’f'xv 2 E ward and reverse primers were

initially used for sequencing by 11 encer at Bioservice unit (BSU),

;‘: gned by Oligo program

Thailand. Internal sequélicifie

and used for sequencing V' *«

Nucleotide sequencgi obtained were Easted agamst those deposited in the

L

Significant probabilities were cons1der@ when the %lue was Iess@n 10™. For the

full lengtlﬁi”iq aﬂﬂﬁﬂag wq %’@@gd sequence

using Prot tool (h [). Domain of the protein

molecule was then analyzed (http:/bmerc-www.bu.edu).

2.20 Phylogeny reconstruction

Nucleotide and deduced amino acid sequences of AcMRJPs and AmMRJPs

were aligned using Clustal X. Genetic distance (d) between sequences was calculated
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based on a Kimura’s method using Prodist in PHYLIP. The original data of nucleotide
and deduced amino acid sequences was bootstrapped 1000 times and 200 times,
respectively using Segboot. Genetic distances of multiple data sets were calculated
using Prodist. Neighbor-joining trees were constructed using Neighbor. The treefile
obtained was analyzed by Consense. All phylogenetic program were implemented in
PHYLIP 3.56¢ (Felsenstein, 1993). The bootstrapped treefile was properly viewed
using TREEVIEW.

Aueineninens
AMAN TN AN TN
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PART IV: QUANTIFICATION OF EXPRESSION LEVELS OF ACMRJPS
USING SEMI-QUANTITATIVE PCR

For determination of the expression level of AcMRJP1, AcMRJP2 and
AcMRIP3 in the hypopharyngeal glands of 4. cerana nurse bees, mRNA was
extracted as describe in 2.14 and used to prepare the 1* strand template.

In addition, the expression level of the same AcMRIJP family in the

cerana workers using a 2a). Twenty glands from
the same stage of worker s @ A igidotel oL R ) ed into a microcentrifuge
tube containing 175 pl of thgfS' Bysis b -_, signilline isothiocyanate, 0.01 M
Tris-HCI pH 7.5 and 0.97 % [#métagiodiia omogenized for a few times
using a micropestle. The homoge WAL mixed by inversion and diluted
by the addition of 350 | :

the heating block at 70 |

ey ixture was placed in
: g ,000xg for 10 minutes.
Clear cell lysate was col J ed and transterred to a new mcrocentrifuge tube. Two
hundred microliter; ﬁﬂ y pipetting. This
mixture was transq ﬁﬁﬂﬁmﬂmﬁ 0 g for 1 minute.
The spin column was washed with 60@ il of the S RNA wash saliition (60 mM

ptasiu quﬁ DGR b 6 Wk B0 delibol b Ehiritea o
12,000xg for'l minute. After that, the spin membrane was treated with 50 pl of the
DNase I solution and incubated at 20-25 °C for 15 minutes before the addition of 200
ul of the SV DNase stop solution (2 M guanidine isothiocyanate, 4 mM Tris-HCI pH
7.5 and 57 % ethanol). The spin column was centrifuged at 12, 000xg for 1 minute
and rewashed once with 600 pl and 250 pl of the SV RNA wash solution,
respectively. Finally, total RNA was eluted out by the addition of 100 pl of nuclease
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free water and centrifugation at 12,000xg for 1 minute. Total RNA was stored at —70 °©

C until used.

When needed, extracted total RNA was reverse transcribed to the 1% template

as describe in 2.16.1 and used for optimization of PCR condition.
2.22 Optimization of PCR conditions

Sequences of AcMRJPs derived from 2.1 were aligned using Clustal X and
* /y' family. A pair of primers of each

7

searched for the specific primer sites g
AcMRIJP family was designed usit

For optimization of PL& oncentrations of each primer

and MgCl, were adjusted 2z “’f pally, PCR was carried out
anded template, 1X PCR
f each dNTP, 1.0-1.5 mM

pliZag DNA polymerase

in the total volume of 25
buffer (20mM Tris-HCI p
MgCly, 0.15 - 0.20 pM of e
(Perkin Elmer). The tempCratyf: cd at 94 °C for 5 minutes

followed by 30 cycles of defi 8cCOnds, annealing at 53-54 °C

for 50 seconds and extension at %2 "L
: :":- - ® ]
performed at 72 °C for_10 mi &7 oAyt

product was electrop, y”"'“"’—"“ oz Yo ‘ ctaphor agarose gel.

inutes. The post-extension was

3, an 2 iquot of 5 ml of PCR

Additionally, PCR produ as o t' ’ endonucleases to verify
specificity of primers (Ta e 2.3). Digested DNA fragment was electrophoretically

aiialyzed o aboVE ”ﬂ ﬁw ﬂﬂ{w Bqﬂi

Additionally, different numbers @f the amph%tlon cycles (Zeycle increment

e 8RB DD

reaction. A PCR reaction was collected according to described cycle numbers and
incubated at 72 °C for 10 minutes. PCR products were elcetrophoretically analyzed on

a 2.0 % Metaphor agarose gel.
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Table 2.3 Restriction enzymes specifically digested PCR products ofAcMRJP1,
AcMRIJP2 and AcMRJP3 amplified with different a pair of primers.

PCR product Restriction enzymes Recognition sites
AcMRIP1 Rsal GT/AC
Dral TTT/AAA

Sa /IGATC

AcMRIJP2 G/ANTC
- aq T/CGA
AcMRIP3 /IGATC
a GT/AC

ok
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2.23 Preparation of Target cDNA for competitive PCR

The 2" stranded cDNA was synthesized using an additional cycle of PCR
amplification with family-specific primers. One microliter of the 1* stranded cDNA
was used as the template in a 25 pl reaction volume. PCR condition was performed in
the optimal condition derived from 2.22. The amplification product (called target
cDNA) was further used to simultaneously amplify with the internal standard DNA.

2.24 Preparation of the Internal standard, for competitive PCR

An internal standard DNA 6f ] N ;,,a #A¢MRIP2 and AcMRIP3 was
generated using genomic DNACE A cergia. nces between cDNA and
; ted £ existence of intervening

ard DNA, 25 ng of total

e same primer set for

genomic DNA of investiga
sequences of a particular
DNA in 2.7 was used a ]
amplification of the cDN j#fterad - . > s performed in a 25 pl
reaction volume as describe twas separated on a 1.0 %
agarose gels and gel-eluted as '!""'-,‘ rocliter of eluted DNA was
mixed with 1 pl of 2.5 pg/m S :e:;:..'._.:':':. e anfl 1 pl of deionized water and
dropped on a plastic sheet. The co .,..- Yic PCR product was estimated by

gh BV light with that of A

DNA (2 -18 ng). Ly | R

comparing its florescenesyi

2.25 Quantitative PCR aﬂy

i T UTINE (LY -

internal standard A of each fam y was prepared. One mlﬁhter of each
concentrat W ﬁ’lﬁrm‘l wﬁt% % \ﬂﬁ@iﬂe tube and
co-amphﬁ;ﬁuth a constant amount of 0.8 - 3.2 pul of the target cDNA. The PCR
reaction was performed as described in Table 2.2. The PCR product was
electrophoretically analyzed through 2.0 % Metaphor agarose gel and stained with 2.5
pg/ml of ethidium bromide. A range of suitable internal standard DNA amount
providing competitive results was chosen and further adjusted in a narrower range to
identify a zone showing equivalent band intensity between target cDNA and internal
standard DNA.
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The PCR reaction was performed in the most appropriate amount of the
internal standard DNA. PCR products were electrophoretically analyzed through 2.0
% Metaphor agarose gel. The fluorescence intensity (exhibited as the absorbance unit)
was measured from the photographs using a densito-photometer (BioRad). The
intensity ratios between the target cDNA and the internal standard DNA amplified
product were determined. An amount of initial cDNA was calculated by plotting the
log of the ratios of target cDNA to the internal standard DNA amplified products (log
[TJ/[S]) versus the initial amounts of the standard added to the PCR reaction.

Audinninenns
AMAN TN UM INYIRY



63

simulation and F statistics, Table 3.3). AMOVA indicated significant differences
among variance components among groups (P < 0.0001) but showed non-significant
differences between samples within groups (P = 0.0893) and among individuals
within geographic samples (P = 0.0162) after the significance level was adjusted with
a sequential Bonferroni method (Table 3.4).

A neighbor-joining tree based on the percentage of nucleotide divergence

between pairs of samples (Figure 3.3) illustrated large genetic differences between A.

cerana from hierarchical groups A andyHi genetic difference between groups B

and C was much lower but still g ' i L7 - f ach group.

Results from PCR-RELZE gnat sis frevealed lial Dra 1 was an informative
restriction enzyme for identig ‘?/"}” oot 0P gerana. Geographic origins
77 -

? (
of six 4. cerana colonies frg i pula

( ntral Thailand, peninsular
Thailand and Samui Island) sref ff el 5 S0% s d to produce RJ.

gutanenineans
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