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APPENDIX A

Restriction map of pGem®-T Easy vector
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Restriction map of pUC18
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Restriction map of pGem®-3Zf (+) vector
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Restriction map of pTrcHis2c
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Restriction map of pET17b
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Restriction map of pPCAMBIA1301
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Restriction map of pCAMBIA2301
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APPENDIX B

Table 1 Characterization of transformed plants transformed with pCAMBIA2301-
GBSS-AcMRJPI-Nos

Line Kihk  GUS AtMRJP  ActMRJP - ActMRJP
gene NRNA  protein
2301G-Al + + + ND ND
2301G-B2 t + t ND ND
2301G-C3 t : + ND ND
2301G-D4 1 1 1 t ND
2301G-E5 1 » ND
2301G-Hb + t * + t
2301G-I7 t t + + ND
2301G-J8 1 1 1 1 ND
2301G-N9 + + + + ND

Table 2 Characterization of transformed plants transformed with pCAMBIA2301-
B33-AcMRJPI-Nos

Line KmR  GUS AcMRJP AcMRJP  AcMRJP
gene NIRNA  protein
2301B-Al 1 / . ND ND
2301B-B2 1 . | ND ND
2301B-E3 t T 1 ND ND
2301B-F4 1 1 1 ND ND
2301B-G5 t + 1 1 ND
2301B-H6 t * * * *
2301B-7 * t t * ND
2301B-L18 * . * * ND
2301B-M19 * * * * ND
2301B-N10 t t t * ND

Table 3 Characterization of transformed plants transformed with pPCAMBIA2301-
35S-AcMRJPI-Nos

Line KmR GUS AcMRIP AcMRJP  ActMRJP
gene MRNA prolt\?gw

2301C-Al t :

2301C-B2 t T 1 T ¥
2301C-C3 t * » ND
2301C-D4 1 + + + ND
2301C-E5 + * t ND ND
2301C-F6 * 1 1 t ND
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Table 4 Characterization of transformed plants transformed with pCAMBIA1301-
35S-AcMRJP 1-Nos

Line Hygk GUS  ACMRJP  AcMRJP  AcMRJP
gene MRNA  protein
1301C-Al + + + + ND
1301C-B2 + + + + ND
1301C-C3 + 1 + + 1
1301C-D4 + 1 + + 1
1301C-E5 + + t + *
1301C-F6 1 1 t t ND

ND: Not determined; ~ Not detected; +: detected
KmR: Transformed potato plants were regenerated on medium containing kanamycin.
HygR: Transformed rice plants were regenerated on medium containing hygromycin.

GUS : A fresh leaf lamina of transformed plants was analyzed the P-glucuroniciase
activity using GUS histochemical staining.

AcMRIPI  The AcMRJPI gene integration in transformed plant was detected using
PCR analysis.

AcMRJPI mRNA  The transcription of AcMRJPI gene in transformed plant was
detected using RT-PCR.

AcMRJPI protein : The ACMRJPI protein in transformed plant was detected using
immunoblot analysis.



The composition of rice tissue culture and Agrobacterium tumefaciens medium
Table 5. The composition of 2NB medium (callus induction medium) (Li et al. 1993)

Solution

N6 Macronutrients

B5 micronutrients

FEEDTA

B5 vitamins

pH 5.8

APPENDIX ¢

Chemicals

kno3d
(NH$)2s0 4
CaCl2.2H20

M gS04.7H20

k h 2p04

Kl

H3BO3
CoC12.6H20

M nS04.7H 20
Znso04.7H20
Na2M 004.7H 20
CuS04.5H20
FeS04.7H20
Na2EDTA.2H 20
Myo-inositol
Nicotinic acid
Pyridoxine HC!1
Thiamine HC1

2,4-D

Casein hydrolysate

L-Proline
L-Glutamine
Sucrose

Agar

Concentration (mg/
2,830
463

166

0.025

10

0.25

0.025

37.8

500
30,000

8,000
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Table 6. The composition of MS medium (Murashige and Skoog, 1962)

Solution

Macronutrients

Micronutrients

FEEDTA

M S vitamins

pH 5.8

Chemicals
NHINO3
KNO3
CaCl2.2H 20
KH2PO04

M gS04.7H 20
Kl

H3BO3
CoC12.6H20

M nS04.H20
Zns04.7H 20
Na2M 004.2H 20
CuS04.5H20
FeS04.7H 20
Na2EDTA.2H 20
Myo-inositol
Nicotinic acid
Pyridoxine HC1
Thiamine HC1
Glycine
Sucrose

Agar

Concentration (mg/l)
1,650

1,900

440

170

0.025

16.9

0.5
0.5

0.1

30,000

8,000



Table 7. The composition of AB medium (Chilton et ai, 1974)

Solution

AB buffer

AB salt

Chemicals
k2hpod
NaH2P 04
NH4C1

M gS04.7H 20
KC1
CaCl2.2H20
FeS04.7H20
Glucose

Agar

Concentration (mg/l)
1,500

200

1000

300

150

150

2.5

5,000

15,000

241



242
Table 8. The composition of AAM medium (Toriyama and Hinata, 1985)

Solution Chemicals Concentration (mg/l)

A A macronutrients Na2H P04.2H 20 169.6
M gS04.7H 20 500
KC1 150
CaCl2.2H20 150

A A micronutrients M nS04.4H20 10
Na2M 004.2H 20 0.25
H3BO3 3.0
ZnS04.7H20 2.0
CuS04.5H20 0.0387
CoC12.6H20 0.025
K1 0.75

AA iron FeS04.7H 20 28

M S vitamin Inositol 100
Nicotinic acid 0.5
Pyridoxine HC1 0.5
Thiamine HC1 0.5

AA amino acid Glycine 7.5
Arginine 174
Glutamine 876
Casamino acid 500
Sucrose 68,500
Glucose 35,000

Acetosyringone 100 uM (add after autoclave)
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-Major Royal Jelly Protein ¢cDNAs of Apis cerana (AcMRJP)
were cloned and characterized. The open reading frames
(ORFs) of the AcCMRJPI and AcMRJP2 genes were 1302
and 1392 nucleotides, encoding 433 and 463 amino acid
residues, respectively. The sequence divergences between
AcMRJPI and AcMRJP2 and their corresponding protein
families in A. inellifera were 0.0618 and 0.0934 at the
nucleotide level and 0.0912 and 0.1438 at the protein level,
respectively. Phylogenetic analysis supports the orthologous
similarity between these proteins. The deduced aniino acids
indicated high essential amino acid contents of ACMRJPI
and AcMRJP2 (47.5 and 44.8% , respectively). The genomic
organization of both AcMRJPI and ACMRIP2 was
determined. Both the AcMRJPI (3663 bp) and AcMRJP2
(3963 bp) genes contained six exons and five introns, where
all boundaries conformed to the GT/AG rule. ACMRJPI
and AcMRJP2 cDNAs were cloned into pET17b, and both
the recombinant (r) AcMRJPI (47.9 kDa) and rAcMRJP2
(51.7 kDa) were expressed in the insoluble form. Western
blot analysis and ~-terminal sequencing of the solubilized
proteins revealed successful expression of rAcMRJPI and
rAcMRJP2 in vitro. The yields of the purified rAcM RJPI
and rAcMRJP2 were approximately 20 and 8 mg protein
per liter of the flask culture, respectively.
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Honeybee, Major royal jelly proteins
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Introduction

Royal jelly (RJ) is secreted from the hypopharyngeal and
mandibular glands of 5-15 days old nurse bees and plays an
important role in larval development (Lensky and Rakover,
1983; Knecht and Kaatz, 1990; Kubo et al., 1996). Newly
emerged bee larvae are fed RJ for 3 days. Only larvae that are
developed into queen hees are continually fed throughout their
lives (Schmitzova et al., 1998).

The RJ of A mellifera is comprised of 12.7 £0.8%
proteins, 11.94£0.7% carbohydrates, 6.1 £+0.4% lipids and
68.3£1.4% moisture contents (Takenaka and Takenaka,
1996). Major royal jelly proteins (MRJPs) represent 82-90%
of the total proteins in the RJ of A. mellifera. Five families of
MRIJIPs of A. mellifera (AmMRJPI-5), with the molecular
weights from 49 to 87 kDa were identified based on the N-
terminal sequences of the purified proteins and cDNA
sequences (Klaudiny et al, 1994; Schmitzova et al., 1998;
Albertetal, 1999b; Simuth etal, 2001).

Recently, Okamoto et al (2003) reported that AmMMRJP3
has potent antiallergic activity by the inhibition of interleukin-
4 (IL-4), IL-2 and IFN-y production. Intraperitoneal
administration of AmMRJP3 inhibited the antiOVA IgE and
IgG | levels in the serum of immunized mice, indicating the
clinical significance ofthe potent immunoregulatory efT. ts of
AmMRIP3.

The full lengths of AMMRJP3 (RJP57-1) and AmMRIJP4
(RJP57-2) ¢cDNA were isolated and characterized from a
cDNA library established from heads of A. mellifera carnica
nurse bees (Klaudiny et al, 1994). Subsequently, complete
sequences of abundantly expressed transcripts encoding
AmMRIPI (Judova etai, 1998; Schmitzova etal., 1998) and
AmMRJIP2 (Bilikova et al, 1999) were characterized and
expressed in vitro.

In Thailand, an alternative honey bee, A. cerana, is
indigenously found and widely wused for commercial
beekeeping, primarily owing to its resistance to the bee mite
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(I'arma jacobsoni). The composition of A. cerana RJ is
16.4 £2.5% proteins, 9.4 £ 0.6% carbohydrates, 7.4 £0.6%
lipids and 65.3 £2.5% moisture content, respectively
(Takenaka and Takenaka, 1996). Rearing experiments have
illustrated that A. mellifera queens were not successfully
reared with A. cerana RJ, and vice versa (Pothichot and
Wongsiri, 1993). This implied possible differences of the
potential compositions of the RJ from A. mellifera and A.
cerana.

Takenaka and Takenaka (1996) analyzed the water soluble
proteins in the RJ of A. mellifera and A. cerana hy
electrophoresis and fourteen of twenty une protein bands were
shared between the RJ proteins of these bees. A highly
aggregated protein was found in A. cerana, but not in A.
mellifera. Two major protein bands (bands 10 and 11; 42.7-
66.2 kDa) were only found in A. mellifera RJ.

Recently, Srisuparbh et al. (2003) constructed an expressed
sequence tag (EST) library from hypopharyngeal glands of A.
cerana. Forty-two of sixty-six sequenced ESTs were
homologues of AmMMRJPs (families 1,2, 3 and 4). The ORF
of ACMRJPI deduced from 3 separate clones; pCUAC147,
pCUACL71 and pCUAC322, was 1302 nucleotides encoding
433 amino acids. In addition, AcMRJPI, 2 and 3 were
chromatographically purified using Q-Sepharose and
Sephadex G200, and further characterized by /V-terminal and
internal peptide sequencing.

The objectives of this study were to isolate and express
AcMRJPI and AcCMRJP2 ¢cDNAs in vitro and to examine the
organization of these genes in genomic DNA of A. cerana.
The molecular and physiological properties (e.g. antioxidative,
antiinflammary and antihypcrcholcstcrolemic activities) of
recombinant (r) AcCMRJPI and rAcMRJP2 can be further
characterized. In addition, the genomic structure of genes
encoding AcMRJPI and AcMRJP2 provides basic knowledge
on the regulatory regions of the AcMRJP genes in A. cerana.

Materials and Methods

Biological specimens Nurse bees of A cerana (< 10 days) from a
single colony (Bangkok, central Thailand) were collected while
feeding their brood. The head of each bee was dissected out,
immediately placed in liquid nitrogen and stored at -80°C until
needed.

Total RNA and genomic DNA extraction Total RNA was
extracted from the heads of A. cerana using TRIzol (Invitrogen, San
Diego, USA), and further treated with DNase | (Promega, Madison,
USA; 2 units/pg of total RNA) at 37°C for 20 min. Genomic DNA
was extracted from the thorax of each bee using a phenol-
chloroform-SDS method described by Smith and Hagen (1997).

Isolation of AcCMRJPI and AcMRJP2 ¢cDNAS Two micrograms
of total RNA were reverse transcribed using an Omniscript RT Kit
(Qiagen, Chatsworth, USA). Five microliters of the first strand
cDNA were subjected to PCR in a 25pi reaction volume,

containing 20 mM  Tris-HCI, pH 8., 10mM KCI, 10 mM
(NH,)2504 2mM M gS04 200 mM of each dNTP and 0.6 pM of
FMJ: 5-TAGGAATTCTAA ATGACAAGGTGGTTGTTCATG '
with the introduced initiation codon ATG and £coR | site and RMJ:
5-GGGGTACCCITT.A-3" with an introduced Kpn\ site (Klaudiny
etal, 1994; Schmitzova et al., 1998; Albert et al., 1999h) and 1
of Pfit DNA polymerase (Promega, USA). Tire amplification
reaction was composed of dénaturation at 92°C for 3 min, followed
by 5 cycles of dénaturation at 92°C for 1min, annealing at 50"C for
1.5 min and extension at 68"C for 4 min, with an additional 35
cycles at 94°C for Tmin. 60"C for 1.5 min and 72°C for 4 min. A
final extension was carried out at 72"C for 10 min.

The amplification products (1,421 bp and 1,565 bp in size) were
treated with proteinase K (50 pg/m! in die presence of 0.5% SDS)
at 65“C for 1h, and purified using a Nucleospin PCR Purification
Kit (MACHEREY-NAGEL, Germany), prior to digestion with
£coR1 and Kpn\. DNA fragments were then purified using a
QIAquick Gel Extraction Kit (Qiagen), ligated with EcoKVKpnl
digested pUC18 and electrotransformed into E. coli XL 1-Blue. The
recombinant clones were selected by a lac z system (Maniatis et
al., 1982). The sizes of the inserts were verified by colony PCR
using pUC1: 5-CCGGCTCGTATGTTGTGTGGA-3" and pUC2:
5-GTGCTGCAAGGCGATTAAGTTGG-3', as primers. The restriction
cleavage sites of the inserts were examined by single and double
digestion with Ssp\. SumH 1, £coR1, Cla\ and Pvitl.

Isolation and characterization of AcMRJPI and ACMRIP2
genes The AcMRJPI and AcMRJP2 genes were obtained from
amplification of three overlapping regions (Fig. 1 and Table 1).
Initially, genomic DNA was amplified using FMRJP and RMRJP
primers under the identical conditions described for the RT-PCR.
Semi-nested PCR [eMIF + RMRJP and nM2F + RMRJP) was
carried out using the gel-eluted PCR product from the primary
amplification. The resulting product was ligated to dephosphorylated/
Smal-digested pGEM-3Zf(+), electrotransformed to F coli XL1-
Blue and sequenced.

The second overlapping region of MRJP1 and MRJP2 were
amplified using 3M L2F (positions 660687 nucleotide) + 3M 1R
(1,364u-1,387 nt) and 3M 1/2F (654-678h nt) + 3M2R (1,425 -
1,449" nt), respectively. The gel-eluted PCR product was then
subjected to semi-nested PCR using 3rtMIF (685“-710'h nt) +
3M1R and 3nM2F (682“-706h nt)+ 3M2R, respectively. The
amplification products were processed as above.

The upstream 5' region of AcMRJPI and AcMRJP2 were
amplified from genomic DNA of A. cerena using 5SMLF (604 bp
upstream region, accession number AF388203)+ 5SMIR (374"
395“ntof AcMRJPI) and 5M 2F (859 bp upstream region, accession
number AY075399) -r 5M2R (352"“378“ nt of ACMRJP2). Semi-
nested PCR was carried out for AcMJRP2 using the original
forward primer and 5nM2R-I (133r}160“1 nt). The resulting
products were cloned and sequenced.

DNA sequencing and data analysis Plasmid DNA was extracted
from each recombinant clone and double-strand sequenced using an
automated sequencer fLi-Cor, Lincoln, USA). The DNA sequences
were further edited with GENETY X (Software Development Inc.,
Austin, USA) and blasted against data in the GenBank using BlastN
and BlastA" (http:/lwww.nchi.nlm.nih.gov). The putative cleavage
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Fig. 1. Schematic diagrams of A. cerana MRJPL (A) and MRJP2 (B) eDNAs and their genes. Complete cDNAs were obtained by RT-
PCR, whereas genomic DNA fragments of AcMRJPI and AcMRJP2 were obtained from the overlapping PCR amplification products.
Non-coding regions are represented by solid bars. Introns (with numbers) are gray-shaded. The primers used for amplification of
genomic AcMRJPI and AcMRJP2 and their corresponding clones are illustrated.

site of the signal peptide, the TATA box and the ultraspiracle
transcriptional factor (USP-TF) hinding sites were predicted by
SignalP (http:/lwww.cbs.dtu.dk/services/SignalP/), Neural network
Promoter Prediction, NNPP2.1 (http:/lwww fruitfly.org/seq-tools/
promoter.ntml) and Genomatixsuite (http://www.genometix.de),
respectively.

Multiple sequence alignments of the nucleotide and translated
amino acids were performed using Clustal (Thompson el al,,
1994). The aligned sequences were bootstrapped 1000 times using
Segboot. The sequence divergence hetween different families of
MRJPs was calculated based on the two parameter method
(Kimura, 1980) using Dnadist. Boostrapped neighbor-joining trees
were constructed using Seqboot, Neighbor and Consense. All
phylogenetic reconstruction programs were routine in PHYLIP
(Felsenstein, 1993). The trees were appropriately illustrated using
TREEVIEW (http://taxonomy.zoology.gla.ac.uk/rod.html).

Construction of AcMRJPI and AcMRJP2 expression vectors
Fragments coding mature AcMRJPI and AcMRJP2 were amplified
using primers; Exp IF (5'-CATGCCATGGCTAGCCATCATCATC
ATCAKTCXTAGCATTCTTCGAGGAGAATC-V)and ExpIR (5-CG
GGGJACCTTACAGATGTATTGAAATTTTGAAAGG-y), and Exp2F
i5'-GAAGATCTGGCTAGCCATCATCATCATCATCATGC.CAT
TATTCGACAAAATTC-y) and Exp2R (5'-CGGGGTACCTTI/if1TG
TTAGTATTCTGATTGTTATT-3'), respectively. A Miel site (undedined)
and six His encoded nucleotides (boldface) and a Kpn\ site
(underlined) were introduced to the forward and reverse primers,
respectively.

PCR was carried out as described previously. The amplification
product was digested with Nhel and Kpnl, ligated to compatible
sites of pETI7b (Novagen, Madison, USA) and transformed into E.
coil XL 1-Blue. Plasmid DNA was extracted from recombinant
clones (pCUAcCMRJPI and pCUACMRJP2) and subsequently
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Table 1. Primers and primer sequences used for amplification of tile AeMRJPI and ACMRJP2 genes

Primer

Sequence 75'-3")

5M1F SATPS:TATSTCASWPTMA
5M1R

FMRJP
RMRJP
«MIF
3M12F
MIR
3InMIF
SM2F
5M2R
5fIM 2R -1
«M2F
3M2R
3iM2F

transformed into E. coli Rosetta (DE3)pLysS (Novagen, Madison,
USA) for in viliv expression.

Expression and purification of rAcMRJPI and rAcMRJIP2 A
single colony of recombinant E. coli Rosetta (DE3)pLysS carrying
gither pCUACMRJPI or pCUACMRJIP2 was inoculated into 2 ml
of LB medium, containing 50 pg/m!| ampicillin and 34 pg/ml
chloramphenicol at 37°C. The overnight culture was then
transferred to 50 ml of LB medium and further incubated to an
ODtoo of 0.6. After IPTG induction (0.4 mM final concentration), a
Imlaliquot was taken at various time points (1, 2, 3,4 and 5 h) and
centrifuged at 10000 x g for 10 min at 4°C, The pellet was
resuspended in 1x SDS gel-loading buffer and examined by SDS-
PAGE (Laemmli, 1970).

For purification of rAcMRJPI and rAcMRJP2, 100 ml aliquots
of IPTG-induced culture were harvested by centrifugation. The
pellet was resuspended in the binding buffer (20 mM sodium
phosphate, 500 mM NaCl, 5 mM imidazole, 1mM PMSF, pH 7.4),
sonicated and centrifuged. The soluble and insoluble fractions were
analyzed by SDS-PAGE. The AcMRJPs in the insoluble fraction
were purified under denaturing conditions (20 mM sodium
phosphate, 500 mM NaCl, I1mM PMSF, 8 M urea and 250 mM
imidazole, pH 7.4) using HiTrap Chelating HP affinity chromatography
(Amersham Biosciences, Uppsala, Sweden) and the purified
proteins were stored at -20°c.

SDS-PAGE and Western blot analysis Purified rAcMRJPI and
rACMRJP2 were analyzed in 12% SDS-PAGE. The electrophoresed
proteins were transferred to a PVDF membrane (Hybond-P,
Amersham Biosciences, Uppsala, Sweden; Towhin, 1979) and
incubated with 5% dried skimmed milk-PBS for 1 h at room
temperature. The membrane was washed twice in PBS-Tween20
and incubated with diluted Anti-His-FfRP Conjugate (1 : 1,000,
Penta-His, Qiagen, USA) in 5% drfrj skimmed milk-PBS for 1h.
The peroxidase activity was detected by adding H20 2 and a
diaminobenzidine (DAB) chromogenic substrate.

AGerminal amino acid sequencing Purified rAcMRJPI and
rACMRJP2 were resolved in 12% SDS-PAGE and electroblotted

TGCCTYGGYATAGYTTGTCAA
TCAYGGGACTRAGWGCMATTC
AAACTGCAGCTAGCAATTCTTCGAGGAGAATC
TGATTCYTTCCATCGAWTGACTTCC

PP.AAAAPA atatttattttatapattp a

TGAGAATGAATTGCAGAATATGGTCGCT
GAAAGCGCTCACGATTCCAGAGCAATC
CAGCTTGTCTTCTTTCTTCGCTACCGAA
AAACTGCAGCTGCCATTATTCGACAAAATTCTGCAA
TAATTTGGTTTATTGATTTTAATGC
ACTTTCGATTACGATCCCAGATATG

onto a PVDF membrane. The /V-terminal sequences of these
proteins were examined using an ABI 494 protein sequencer
(Applied Biosystems, USA at Department of Biological Science,
National University of Singapore, Singapore).

Results and Discussion

Isolation, cloning and characterization of AeMRJPI and
AcMRJP2 cDiNAs The PCR products (1,421 bp, pRT-
AcMRJPI and 1565 bp, pRT-AcMRJP2) representing the
complete ORFs of AeMRJPI (1,302 nucleotides encoding a
polypeptide of 433 amino acid residues, accession number
AF525776) and AcMRJP2 (1,392 nucleotides encoding a
polypeptide of 463 amino acid residues, AF525777) were
successfully cloned and sequenced (Fig. 2 and 3). The
putative single (AATAAA) and multiple (AATAAATAAAAT
AAA) polyadenylation signals were found at 14 nucleotides
upstream from the poly (A) tail of AeMRJPI and AcMRJP2
cDNAs. The latter also contained a consensus AATAAA at
73 bp upstream from the multiple polyadenylation signal
sequence. The sequence and position of overlapping
polyadenylation signals in AcMRJP2 were identical with
those in AmMMRJP3 (KJaudiny et al., 1994).

Til, similarities of AeMRJPI and AcMRJP2, and their
homologues, in A, mellifera were 93 and 92% (nucleotides),
and 90 and 86% (deduced amino acids), respectively. The
putative cleavage site of the signal peptidase was located
between 2 2,and G|-~A |8 Three (29'\ 145thand 178“amino
acid residues) and two (145hand 178hamine acid residues)
predicted /V-linked glycosylation sites (NXS/T) were observed
in the deduced AeMRJPI and AcMRJP2 proteins and their
homologues in A. mellifera. The calculated pi of AeMRJPI
and AcMRJP2 were 5.40 and 7.88, which were concordant
with the pi values of 5.2-5.7 and 7.0-8.0 examined from
chromatographically purified AeMRJPI and AcMRIJP2,
respectively (Srisuparbh etal., 2003).
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ACATCACTATTCTc ATTOCATCACACCTGCAAAAGAAATIGAATTTTT IGGATTTTTGTA f0
TCTACATCTTTTTTTTTAATTGCAATAATTTCCAAATAAATTAAATAAACATAATATTTT 1 ¢
TCAATATAATTATTCTAATTTTTAAAAAATTACACTACATATTTTTTTTTIMTJAATTAA 180
TCATTATCTC/-\ATTAACATTTCTCCAGAACTATAGATGAAGCG GACACAAAAAAAATAG 40
TGTGACATAATAGATAAACAAAATTTTGTAAAATTTCTACTCAAACAATATCTTTTTAGG 300
0AA7A7AAATTA7ACACCTGTCACATTCTAATTCTTTACAACATA CTACAAGATAAATA 360
AGATAATTTCA AATTTTAAAATACAATTTACTTTATCTCTATAAAGT 420
ATACGTCArTACCGCC A #HIIITGACC ATCYmCGTGAAAATTCAACAGC CCTGCA 480
GTrC/-\CGTACA/—\TATCé TTGCTTCGTTACTCGCAGCCTAGGTAACTGTTCCAAATATCT 4C
CAA**[UTAATAC'CCTATACGAAACACCTIATHAm*'CIAACA/WGACGAAATA*MIGT  too
BﬁI%XMéG%IGGL GTl'l'atg\?tg\}]tatgcctEgglca%/aJEttgtcaag%tacg 66C

ACAAGCAGCATTCTTCGAGC-AGAATCTTTAAACAAATCATTAAGCGTCCTTCACGAATGG 720
rstiii.KGfc. SUNKSuSVIMfc,; W
AAATTCTTTGATTATGATTTCGATAGCGATGAAAGAAGACAAGATGCAATTCTATCTOGC 760
KFFOYDFDSDERRQDAI L3O

GAATAC)éTACTACAGCAAAAAT 2ATCC ATCCGACGTTGATCAATGGCA'Igglaa allagac 540

cataaaacacrclaatattgcattttacCYgtccaAa aticttaa achaatgattaca gCO
atttaaaaaa-at-taaacacccLLcaltLcttal t-CaagGTAAGATTT T%TCACCATGC £C
K 1 v T M T

TAAGATACAATGGCGTACCTTCCTCTTTGAACKITCIATATCTAAMMAGATCGGTGATCIGTG 1020

RIT KGVPSSLNVISKKIGCGC

I.ACCTCTTCTTCAAGCTTATCCCr ATTGGTCGTTTGCTAAATATGACGATTGGTCTGGAA 7 0
SFAXYCDCSOI

TTGTCA(‘;_\CGC(%(A CLAAAAACTTGCGgtaactgaacattgtcmatgatcacatctlcaoaa 1140

v v

ttaattttccaaagaaaaagaogattcatttgttatgtgatatttagATCGAC ADA AKT GCC G roc
r

ACAGATTGTGCCTTCTGGACTCAGGTCTTGICAATAATACTCAACCCATCTGTTCTCCAA 1260
RLKVLDSCLVNNTQPMCSEPK

AAC' GCTCACCTTTGATCTGAC TAC CTCGCAATTGCTCAAGCAAGTCGAAATACCCICATCT 2320
LLTfDLTTSOLLXOVEIPHD

ATGTTGCCGTAAATGCCACCACACGAAACGGAAGACTATCATCTCTAGCTGTICAACCTT 1380
VA VMATTGKGRLSSLAVCPI,

TAGAETGCAATATAAAEBGTGATACTA TGotgag

ctmcncgaatc ttcattcactttgegtatttct agcgatg< laagchtgaataa 2500
catatggadazacaacccaaatca aaaagc aacatcgcagaa gataaaat atccaaaa 1560
taatacccccotaaataattctao ctqaaatcttaagacaaagaattagaatqtctcota 620
?tanaccccgctc Iatavaaaaaaaaatgcatctcgcaa mccctga gttcce  166C
C tggcaaaaagatataaaa ataaagttele etetafatatatitgtgatattagacc 1740
ctctcaataaaccqttaatc ttgaaactaaaattgaaaaatattagcaaaaatgaatgc 1600
actttcaataic. it tcaccoaaatatacotataaccaoacangagagaaataaaatcc 1660
Icctcaacocattaggatttcacaaaaa%laaa%acatt ctacg aaat gctacaaaatcaaaaa Igég
aagoagttgaaactiate attawtaattacaacotaq ceatgacaac

atataacgag% A ATA%?:A&A&EAOAAAGGTGAA TTTAAT&@T%TAT&RT&ATT 2040

LI VYH

aggcaactta 1440

GATAATTCTTTCCATC'CATTHACTTICAAAACTTTOCATTAEGATCITAAATTTACTAAA 2100
SNSFKRLTSKTFOYSPK FTK
ATaNCGATCAATGGAGAAAGTTTCACAACGCAAAGTGGAATTTCTGGAATGGCTCTAUT 2100
MTINGESFTTOSG | §G MAL s
CCCATGACTAACAATOTCTATTACACTCCTCTTAGCTTCTACVIAGTTIGTATTATT.TTAAr 2220
PMTNNLYYSPVASTS 1YYVN
ACGGAACAATTCAGAACATCCAATTATGOAACAAAATCCCUT/-\CATTATC/EACCgta aat* 2260

taaaatfaagtttacCtttaaaraatgttactatatlL cagtggagaatlganclaaaat 2140

ataacqtlttccaactl gl ctgaatcgU gattaagataattitaagtattlcoaal caaa 2400

aatacccaaac accgaaacaccgcCaaa gaaacaagFccgaaaacataga«ctgcatcc 240¢

gc aacqcaaacccaaattacccacaatttaacaaa agaact gaaaccaccalaca 2620

Cg cttttagaatcgatatcaco omg % tn tcaoa 2580

lCCacamCCacCgatl CagAG rCAAAATATTTTG ATACCCAA TCT CTAAA  204C
VG MI DTwSSA K

vV vV §K *6 VLFFGLVCEC *s AL GTC
TGGAACGAACATCGATCACTTGAAACACACAATATCgLtagcaactgcgaatgatcttty  270¢

atcttcgttacatccecgtgtcacatetcttcccaccatatgttatgactactaageatg 2320
aaccccecgcagggacaaaacaatecact actagangacaqggaacaagtcac?tgu% 2330
cgaage cgctcgggcca?lgacgcaccclglgcacg agtgggataatgt?ga afcat 940
Icaggctcag{gca%gaa gaaTacaatgt agtaalaaagFaa?aaaLF cictacgat 3000

tttL eteratatatatactaataatattf cgttt cetcttaat 3060
cttcaaaaftaigiccatctwcaaccacctcttaatggeccaaccgaaa gtcacaaccg 3120
ccatcaattgacTagceat ttgcacc ttc% taaCtaalaa@aaalacc cgatctgalc 3130
gaaatcc?ataaccgaac aaaaattattiaatat gaatgcig ctctg aaacaagtt 3240
accatatalattoccCaaaaaaggatataaataaaaag&aa& czattttgaaatt& cag 3330

GTACCGTCCCTCAAAGTGATCAGACACTTCAAATGATCGTTGCCATCAAGATTAAGGAAC  336¢
TVAGSDSTLQN = VGy KI KEA
CCCTITCCACACGT3CCCATATTCGATAGATATATAAACCGTG,ATACAtATTGGTTTTAA 3420
I phv ? tfdryinrey ! I v .
GTAACAGAATGCAAAAAATGGCGAATAATGACTATAACTTCAACCATGTAAACTTCAGAA 3480
NRMQKMANHDYNFNDVN FRI
TTATGGACGCTAATGTA@ATGACTTGATATTGAACACTC%TTGCG/’\}AAATCCTAATAATG 3540
pnnd
ATﬁAC_?C(éCCgTT}((:A;?A%TT‘{CA}{AT?CATCTG{f] NAATCTGTTTTTTTc GATATATATTA 3600

éﬁ_'l[ATTGTTCGAAATTTCTTATGnATUTATTATGAATGTATAAAATAAATATTOTTTTCG 338{?0
»

Fig. 2. Organization of the ACMRJPI gene. Coding nucleotides and deduced amino acids of each exon are capitalized. Introns are
shaded, and illustrated with lower letters. The TATA box and start and stop codons are shaded and bold-italicized. The signal peptide

sequence and the poly A additional signal site are underlined.

Hanes and Simuth (1998) showed that AmMRJPI (55 kDa)
was separated, by an isoelectricfocusing technique, into eight
protein bands with a pi of 4.5-5.0. Sequence comparisons
showed 14 mismatches between the AcCMRJPI in the present
study and that previously deposited in the GenBank
(Srisuparph et al, 2003). Ten of these did not cause amino
acid replacement. Nevertheless, non-synonymous mutations
were found from Pux, to Q, A 2 to , Gljgto V and L|50to M
by substitutions of C3|7, Gs\l, Gass and Cuss to A, T, Tand A,
respectively. The internal peptide sequencing of the purified
AcMRJPI in this study supported the existence of Q os and

.2 for AcMRJPI. Nevertheless, the Nas of AcCMRJPI found
in both studies was D, as revealed by internal peptide
sequencing (Srisuparbh et al, 2003), suggesting possible
allelic variants of AcMRJPI. The ¢cDNA and genomic
sequences of ACMRJP2 are reported for the first time in this
study. No differences were observed between either the
genomic DNA sequences of AcMRJPI and AcMRJIP2 or
their corresponding cDNA sequences. The essential amino
acid contents of the deduced AcMRJPI and AcCMRJP2 were
relatively high (48.5 and 45.4%, respectively), which were
comparable to those of AmMMRJPI (48%) and AmMMRJP2
(47%) (Schmitzova et al, 1998).

Multiple alignments revealed four conserved cysteines
typically found across different families of MRJPs (data not
shown). No repeated units of amino acids were found in
AcMRJPI, AmMMRJPI and AmMRJIP4, but repetitive regions
with different sequences and localization were found in the
remaining protein families. AcMRJP2 contains six complete
repeated units; NQKNN encoded by AATCAGAA(ATG)AAT
AAC, at the C-terminus (423mdto 457l residues). Apparently,
pentameric amino acid repeats with Q (N/K)(D/NI/T/AIG)(N/
GID)(IIN/KIR) sequences were found in the C-terminu-: of
AcCMRJP2, AmMMRIJP2 and AmMMRIP3. In addition DRM
and its variants (DR1, DRT and DTM) were found at the C
terminus of AMMRJP5 (Schmitzova etal, 1998).

Genes coding for AmMMRJPs are present as the single copy
gene per haploid genome (Malecova et al., 2003). Bilikova et
al (1999) illustrated that the single protein band of purified
AmMRJP2, as analyzed by SDS-PAGE, was composed of at
least 8 different isoelectric focusing variants of pi 7.5-8.5.
Schmitzova et at. (1998) examined the nucleotide differences
of 4 and 2 isofonns of AmMRJIP3 and AmMRIJPS,
respectively, and indicated that polymorphism of these
proteins was related with the length variability of repetitive
regions among individual honey bees within the colony.
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TIAGAATOXATTOCAGU T ATOIT--G* TAATAATAAGACTTTTCAAATTATTAQTTCTAC 60
AATTkx GATTTPJCAATITTAATTCCCTATTTAACTCATCATATCTUAATATATATATXT 12U
TGATTTTGAATAGAAAATATTACAA UTGTTUATGGOAATTTAAATCTCGATAACATCA 180
ATCCCTAAATTTTCAATCAC-AATATAAAAACATTAACATATAATTAITCTATTIT TAAAA - 240
CTCTTCATA OGAACTAAATATTATCTCTCTTAATAGTTTTTTAGAAC 300
TCCGTAT GAAGOT AAACACACACGCAAAAATAGAGGTGTGOCAMGCATTTTTAGOGAAT 300
ATAAATTATAACCCGTCACATTCTAATCCTTTAAOAAATATCTACAAOATAAACGAAAAT 120
JTTCAAAATTCLAAMAMCAATTTACTTTATCTCT 3T AAACTACGTACC ATTACE ACCH 9
JDUANTC-ACCAACCGTAGTCAAAATTC AACAGTTTOTACAGTTCAOTTACATTCTGCAQT 540
ATCCTAAVTAAGTTI CTTGATTATCTTCATT ATAATATTTATTI GCAATCTTICATTTAT 600
CI‘GVAAAATGAAATATI'ITATI'ITAGAAAJJ|aBA]{IA/?(AG]\;GGTC-TI'I’ATC\(/ETC}(\}CAEGC 660
r

CTTGUC ATAOTTTGTC AAOCCOCC ATTATTCGACAAMATTCTGCAAAAAACTTGGAMMAT 720
1 0 ACO O0AI TRQNSAKNLEH

7CG7 TCLACGTAATTCACGAATGCAAATATATCGATTATCATTTCGGTAGCGAAGAAAGA 780
3L VI KEV vy G L L H

» |
AGACex KTGCGATTCAATCEGGCVAATACGATCATACGAMAAATTATC CCTT.GATGTC 840
RGAAITOSGEYDHTKNYPTIrDV
(SATCé\ﬁCGCAxT%gt*aaat.tttcttaic.tttaaaccoctoacttgcattttaatcgtcgaa SCO
acetfccaacactcaatcliatctccaccgeicgtacttcticattttcgaacafticaaaaag 360
ataticcacacttcgtatttcttatt tagAT, Ié—\GArC IE T\(/;TC{\ CT\TAETAOAG{(AC}G 1020

ATCGTG7 GCCTTCTACTTTCAACATGATATCTAACAAAATOCGTAAGGGTOCACGCCTTC 1080
GVPs 7TLNNMISNKIGKGGRLL

TACAATT ATATCCTCAT? GGTCGT0 GGCAGAGAATAAAGATTGCTCTGGAATCGTGAGCG 1140
OFYPDWSWAEKKDCSGIVSA

C'I'rI'I'CéAAiQTTGAﬂ Artaatthaacatttttttctatatttatctctaaaattaactttce 1200
tcttc acayaawaagasgattcattt gtcgtatgatatltagATTGADC AKAA;TCGDA%\GA 1260

TTCTCCITTTTCGATTO.GGTCTTATC AATACAACTGAACCTATATCTCCTCCAMGTTG 1320
L V LD GL N AP KL

| T EP 1T ¢
CATGTC TTTGATCTCAAMAACACAAAGCACCTT AAGCAAATCGAAATACCGC. ATCATATT -+ 1380
HVF DLKNTKHLKQIETITPHPI

GCCGTAAATGCCACE ACAGCAMGGGAGGGCTAGTCTCTCTAGTTGTTCAAGCCATGGAT 1440
AV ATT GK GG LV LVV0IAMP

EOTATF%,{I\AT/-\T‘TET Agtaagt.ctaas.ttacattaaaatttaaattaaagattaaattaga ~ 1500

cattgc_atatgataaaaatoaaatccataacmcaaaatagtaaaataittaaattta 1560
at-UlaCJaaat‘t%auat LLucoat_atatal:UaaLtyLacUaUlCtLtUgt alaatvaao&al 1620
?attttacaac ttetct?atgmtactttagaaaaattgatcata raaatcagiattt 1660
tttaccattsattttta aaaatttttaaaataactatatttttqatqtmfct attt -~ 1740
gaactattarctaagcatatteaaacatttataatcaattttattatgatcgagtgagtt 1000
aacmaaajaacaaccgaatgactattatttcaaaagctat?tattctagaaaaaaaag 1360
atctec:agaatety gcaaaamac«aa?catacatttaa gaaagttataaaatcaag 1

aaoaactiaaaactate aacaalanata%gl_a[lat atafaatgattaatcatotae |
tago a7 ACATAGO.GACE ATAAGGGTGATGCTTTGATCGTCTATCAAAATTCCGATGAT 2040

VY1lAP KGPALI VY K 3 ¢ D
TCCTTCCLTCGAATOACTTCCAACACTTTCGATTACCATCCCAGATATGCCAAAATCACG 2100
SFHPRTSNTFDYPPRYAKKT

ATCAATGGAGAAAGTTTC ACATTGAAMATGGAATTTGTGGAATGGCTCTTAGICCC GTG 2160
I MGESFTLKNGI cGHALSPYV

ACGAACAATCTTTATTACAGTC-TTVTCGCTTCTCACGGTTTGTATTATGTCAACACOIAA 2220
THNLYYSPLASHGLYYVNTE

CCATTTATXJAAATCACAATTTGGAGACAATAATAACGTG- AATATGAAG G gtaaatataa 2200
rr HKSOrCI'"NNNVOYEC-

aaataatttcttaaattttacgaaatagaataatgttaaacaatatgttaatotgttcgt  234C
gaaatmmgtaaagttaancaagaatagcgtttp\aatttatttancttg{c ca]gc 2400
atcngcacattcttagctagttgcccatcccttattaattccaJATCCCASAGOA [é\CTT |:I' 460
GAACACGSAAT>:ATTGG- TAAACCAGTATCCAAAGATC-3; GTCCTCTTCCTCOOACTTCT 2520
TC3LAKAV3IKOGV <FVGLYy

GCGTAANCACCTCTTOGATCCTTCAACCACCATCAACCACTTCACAOACAAMATTTAGL 2580
G SALGCLNEHOF LORE NL

taataqttttttattatgtctetttttcttcacattttttqt.tatattttcttgqtacet 2640

ttettectatcagacactactatcactataaccaaacctgaatccccacacgaaaaigeac 700
acatcqactqtagatttqacagqaaacaqaaatcqarqcadcateacacaaacttactttQ 2760
ctgmgatcacgte/acat‘amatt.atgtag1.oct<|_g1agtg¥gataa1g1g&t?acalat 2820
ccc%tccgtgaa tgcgagegtogtattagtacagatgacgtagtcaagicccitctaga  2€€0
tttatgagoaatttitcttadaw itatataactacaattcgtitacttcattatttttd: 2940
ctttaaaaatcttaaattttaaattaataaaattttaocgoraacgetaaacctgaaadg  30CU
tagatatataattaaatttataacagtgccgtagttaaacttttctgcttttgcgttttt 3060
tcfctctaaaaataatcataatatfaatcatctcgtttcatttctaccgttfttttcctt 3120
tcataaaatctgttcttttttttaaaagcttatatttaagatcttttatcgacaatcgaa  31E0Q
atat&acmquataa ttagaattattagttaacttagaaiattcctaattaacttagta 3240
aactzcttcaa ttqaqticcragttaacaqttaatcaaaaattattcaacataaacccaae  33CO
ttcctetgtaaacacacggcaacaatttatagtatgttgaaaaracttaattaaataatc  33e0
gaatttatgtcaatctatyttctcaaagcaacaaatgtittatacgatgaaetataaata 3420
aaaatgadactatttcgaaattacagC AACIGCTCGCCC AAAATGAAAAAACACTICAAA - 3480

TCATCCCAGGTaTGAAAATTAAOGAAGACCTTCCASBATTICY TAGGaA0 TAACAAACCTG 3540
| ACRKIKEELPHFVO SNKPYV

TAAAGGACGAATATATGTTAGTTT7 AACT AACAAAATOC ACAAAAT AGT AMATAATTATT 3600
KDEYMLVLSHKHCK IV NMDF
TTAATTTCAACGACGTAAACTTCCCAATTTTOGGTOCAAT0 TAMAGGAATTAATGAGAA 3660
M FNPV NFRITLCA V EELMTEN
ATACTCATTCCGCAAATTITAACAATAAAAATAATC AGAAOAATAAOAATC AGAAGAATA 3720
T MJAM F NKH ND K NMQKNN
ACAAT* ACAACAATA .- AATCAGAACAATA AYAAT : AGAAAAATAAOAAVTAGAAGAATA  TP.0
N 0NN NQ KNNNTDZii KN QKNN
AC@ATCACQAONAATAAGAATCAOAATACTAACAAHBkTAAmATAATcAAGTTCCTCGTT 3040

CTTCAARATCGCATTAAA  JKAIAIAC CAAATFATTTTTT AMATATTTTTTCGATGTA 3900
éﬁ]@AAAA7TT7TTAA>.ArATT7CA7TATA7TATAAATAaATaAAATaAATATCCT7T7CO 3960

Fig. 3. Organization of the AcMRJP2 gene. Coding nucleotides and deduced amino acids of each exon are capitalized. Introns are
shaded, and illustrated with lower letters. The TATA box and start and stop codons are shaded and bold-italicized. The signal peptide
sequence and the poly A additional signal site are underlined. Pentameric amino acid repeats (NQK.NN) are found at the C-terminus of

this deduced protein.

Therefore, the intra- and inter-colonial variabilities of an
ACMRJP2 gene in different populations of A. cerana in
Thailand should be further examined.

Gene organization of AcMRJPI and AcMRJP2 Complete
gene sequences of AcCMRJPI and AcMRJP2 were deduced
from the nucleotide sequences of the overlapping clones of
each protein family. Like AmMMRJIPI and AmMRJP2, both
AcMRJPI and AcMRJP2 genes are composed of 6 exons and
5 introns (3,663 bp and 3,963 bp in length; accession numbers
AY515688 and AY515689; Fig. 2 and 3). The length of each
exon varies from 133 bp (exon 5)-284 bp (exon 4) and 133 bp
(exon 5)-372 bp fexon 6) for the AcMRJPI and AcMRJP2
genes, respectively. The GC content reflects a slightly greater
thermal stability in exons (34-42% and 28-42%) than in
introns (15-29% and 16-24%) of bo’h AcMRJPI and
AcMRJP2 genes (Table 2).

The exon/intron boundary sites determined by the
corresponding cDNA sequences were consistent with the GT/
AG rule. Introns 2, 3, and 5 of AcMRJPI and AcMRJP2
interrupt the ORFs between two codons (type 0 intron),

whereas the remaining introns interrupt the ORFs after the 1”
or 2rdcodon (type 1 intron).

Malecova et al. (2003) reported two ultraspiracle
transcriptional factor (USP-TF, GGTCA) binding sites in
AmMRJPI, but only one binding site in AmMRJIP2-5
immediately downstream from the predicted TATA box. The
predicted CAAT requlatory box (CCAAT) is located between
69-65 nucleotides downstream from the transcription starting
point in AmM IOPI, but is absent from AmMMRJP2-AmMRJ5.
USP-TF is a member of the ligand-modulated transcription
factors that regulate cell homeostasis, reproduction, differentiation
and development (Sergaves, 1991).  Drosophila melanogaster!
USP-TF specifically binds to active juvenile hormones (Jones
and Sharp, 1997).

The putative TATA boxes of AcMRJPI and AcMRIJP2
were found at-31 and -32 ntupstream from the transcription
initiation sites, respectively. The putative CAAT box was also
found in AcMRJPI (CAAAT) at an identical position to the
CCAAT reported in AmMMRIJPI (Malecova et al., 2003), but
the consensus sequence was not found in AcMRJP2. Both
AcMRJPI and AcMRJP2 contained a single USP-TF binding
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Table 2. GC content and length of exons and introns in the AcMRJPI and AcMRJP2 genes

Genomic DNA 9
Exon (No. of nucleotides) GC content (%)
AcMRIPI
| 1-223 (223 bp) 3
2 334-497 (164 bp) 40
3 582-803 (222 bp) #
1 1384-1667 (284 bp) 3
5 1998-2130 (133 bp) 8
6 2694-2969 (276 bp) 34
\cMRJP2
1 1-223 (223 bp) 3
? 361-524 (164 bp) 40
3 613-825 (213 bp) 39
4 1354-1640 (287 bp) 37
5 1816-1648 (133 bp) 42
§ 2817-3188 (372 bp) 28
.............. AmMR.IP2
S — ACMIUP2
66
AIM.VIRIP3
[— Aiii. VIR IPL
,,,,,,, AcMRIJPI
2
Z AmMMRIP4
o AmM RJP5

Fig. 4. A boot; apped neighbor-joining tree illustrating the
relationships between different families of AmMMRJPs (1-5) and
AcMRJPI and AcMRJP2. Values at the node (nucleotides, above
and deduced amino acid, below) indicate the percentage of times
that the particular node occurred in 1,000 trees generated by
bootstrapping the original nucleotide or deduced protein sequences.

site at the 5" UTR immediately following the TATA box.

Genetic distance and phylogenetic relationships of AciVIRIPS
The interspecific sequence divergences between MRJPL and
MRJP2 of A. cerana and A. mellifera were 0.0618-0.0934 and

Genomic DNA
Intron (No. of nucleotides) GC content (%)
1 224-333 (110 bp) 15
2 498-581 (84 bp) 20
3 804-1383 (5S0 bp) 21
4 1668-1997 (330 lop) 20
5 2131-2693 (563 bp) 29
1 224-360 (137 bp) 20
2 525-612 (88 bp) 18
3 826-1353 (528 bp) 16
4 1641-1815 (175 bp) 20
5 1949-2816 (868 bp) 24
&A) M 1 2 3 4 6 7
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Fig. . SDS-PAGE analysis to examine the expressions of
pCUACMRJPI (A) and pCUACMRJP2 (B) under non-induced
(lanes 1-2, panels A and B) and induced with 0.4 mM IPTG for
1-5 hours (lanes 3-7, A and B) in the crude extracts of E. coli
Rosetta (DE3)pLysS. Lanes M is the protein standard ladder.

0.0912-0.1438, whereas those between different families of
MRJPs in A, :!lfera were 0.2419 (AmMMRJP2-AmMRJP3)-
0.4490 (AmMMRJP3-AmMRJP5) and 0.4252-0.8439 at the
nucleotide and deduced protein levels, respectively.

A bootstrapped NJ tree constructed from the sequence
divergence of nucleotides and deduced amino acids (Fig. 4)
revealed close relationships between AcMRJPI-AmMRIPI
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Fig. 6. SDS-PAGE and Western blot analyses to examine the expressions of rAcMRJP| (A and B) and rAcMRJP2 (C and D) in non-
er.cuced (lanes 1, A-D) and IPTG induced (lane 2, A-D) crude extracts, soluble (lane 3, A-D) and insoluble (lanes 4, A-D) fractions
ar.c purified rAcMRJPI (lanes ) panels A and B) and rAcMRJP2 (lanes b, panels C and D) of recombinant E. coli Rosetta
(DEJ)pLysS clones. Both recombinant proteins are expressed in the insoluble forms.

aru AcMRIJP2-AmMRJP2 from different bee species
typically found in the genes bom from a gene duplication
process (Mitsuo etai, 2001). Albertetal. (1999a) determined
the evolutionary relationships of AmMMRJP families, and
reported that family variants of MRJP genes resulted from
r.earsimultaneous gene duplication, with MRJP4 possibly
being the earliest divergence within these gene families.

Expression, characterization and purification of rAcM RJPI
and rAcMRJP2 proteins Overexpressions of rAcMRIJPI
and rAcMRJP2 were induced after the addition of IPTG
(0.4 mM final concentration) for 1h, and reached saturated
expression levels after 4 h (Fig. 5). Both proteins were
expressed as the insoluble forms and did not degrade during
longer incubation periods (data not shown). The sizes of the
purified rAcMRJPI and rAcMRJP2 were 47.9 and 51.7 kDa,
as determined by SDS-PAGE, and positively identified by
western blot analysis (Fig. 6). /7-terminal amino acid
sequencing revealed that the ASHHHHHHSILRGESLNK.SL

(rAcMRJPI) and ASHHHHHHAJIRQN(STIXS/A)KNL (rAcMRJP2)
matched those of the expected sequences, with the exception
of a lack of an //-terminal methionine (M), which is often
removed from expressed proteins in the E. coli expression
system (Hirel et ai, 1989). The yields of the purified
rAcCMRJIPI and rAcMRJP2 from the 1 liter flask cultures
were 20 and 8 mg, respectively.

Judova et ai, (1998) and Bilixova et ai, (1999) cloned
AmMRJIPI and AmMMRJP2 ¢cDNAs into pQE32 and pQE30
vectors, and expressed recombinant constructs in E. coli
M15[pREP4], The highest productions of recombinant
proteins were observed at Ih (rAmMRJPI) and 5h
(rAmMRJP2) after IPTG induction, respectively. Both
proteins were dominantly expressed in the insoluble forms.
Only 0.6 mg of purified rAmMRJPI and a lower amount of
rAmMRJIP2 were obtained from 1 liter cultures. Unlike
rAcMRJP2, rAmMMRIJIP2 was degraded by proteases of the
host cells over prolonged culture periods.

Our results indicated the successful isolation and in vitro
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expressions of AcMRJPI and AcMRJP2 in the E. coli
expression system. Relatively high amounts of recombinant
proteins were obtained from small scale cultures. Larger
quantity of rAcMRJPI and rAcMRJP2 can be obtained using
scaled up batch or continuous culture systems and used for
further studies on the antiallergic, antioxidative and/or
antitumor activities of these recombinant proteins.
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