
REFERENCES

/fÇ'

Albert, ร. and Klaudiny, J. 2004. The MRJP/YELLOW protein family of Apis mellifera : 
Identification of new members in the EST library. Journal o f Insect Physiology 50: 
51-59.

Albert, ร. and Schmitz, J. 2002. Characterization of major royal jelly protein-like DNA 
sequences in Apis dorsata. Journal o f Apicultural Research 41: 75-82.

Albert, ร., Bhattacharya, D., Klaudiny, J., Schmitzova and Simuth, J. 1999a. The Family 
of Major Royal Jelly Proteins and its Evolution. Journal o f Molecular Evolution 
49:290-297.

Albert, ร., Klaudiny, J. and Simuth, J. 1999b. Molecular characterization of MRJP3, 
highly polymorphic protein of honey bee (Apis mellifera) royal jelly. Insect 
Biochemistry and Molecular Biology 29: 427-434.

Altmann, F., Staudacher, E., Wilson, I.B. and Marz, L. 1999. Insect cells as hosts for the 
expression of recombinant glycoproteins. Glycoconjugation Journal 16: 109-23.

Amann, E. and Brosius, J. 1985. “ATG vector” for regulated high-level expression of 
cloned genes in Escherichia coli. Gene 40: 183-190.

Amann, E. and Brosius, J., and Ptashne, M. 1983. Vectors bearing a hybrid trp-lac 
promoter useful for regulated expression of cloned genes in Escherrichia coli. Gene 
25: 167-178.

Appeldoom, N.J.K., de Bruijn, S.M., Koot-Gronsveld, E.A. M., Visser, R. G. F., 
Vreughenhil, d., Van der Plass, L. H. Wl. 1997. Developmental changes of enzymes 
involved in conversion of sucrose to hexose-phophate during early tubérisation of 
potato. Planta 202: 220-226.

Ayres, N.M., Park, W.D. 1994. Genetic transformation of rice. Critical Review in Plant 
Science 13: 219-239.

Bajaj, ร. 1987. Biotechnology o f nutritional improvement ofpotato. In Y.p.s. Bajaj (ed)., 
Biotechnology in Agriculture and forestry. Springer-Verlag Berlin, Heidelberg. Vol. 
3: 136-146.

Banks, พ., and Greenwood, C.T. 1975. Starch and its Components. Edinburgh, UK: 
Univesity Press, pp. 242-305.



213

Becker, D., Brettschneider, R., Lorz, H. 1994. Fertile transgenic wheat from 
microprojectile bombardment of scutellar tissue. Plant Journal 5: 299-307.

Bellucci, M., Alpini, A., Arcioni, ร. 2002. Zein accumulation in forage species (Lotus 
corniculatus and Medicago saliva) and co-expression of the gamma-zein: KDEL 
and beta-zein: KDEL polypeptides in tobacco leaf. Plant Cell Report 20: 848-856.

Bilikova, K., Kluadiny, J. and Simuth, J. 1999. Characterization of the basic major royal 
jelly protein MRJP2 of honeybee (Apis mellifera) and its preparation by 
heterologous expression in E. coli. Biologia 54: 733-739.

Binns, A.N. and Thomashow, M.F. 1988. Cell biology of Agrobacterium infection and 
transformation of plants. Annual Review Microbiology 42: 575-606.

Bogorad, L. 2000. Engineering chloroplasts: an alternative site for foreign genes, 
proteins, reactions and products. TIBTECH 18: 257-263.

Borisjuk, N.V., Borisjuk, L.G., Logendra, ร., Petersen, F., Gleba, Y. and Raskin, I. 1999. 
Production of recombinant proteins in plant root exudates. Nature Biotechnology 
17:466-9.

Borror, D.J., Delong, D. M., and Triplehom, c . A. 1976. An introduction to the study of 
insects. New York: Rinehart and Winstoon. pp. 690-699.

Bover, R., Elliott, A.R., Potier, B.A.M. and Birch, R.G. 1996. High-efficiency, 
microprojiectile-mediated cotransformation of sugarcane using visible or selectable 
markers. Molecular Breeding 2: 239-249.

Breathnach, R. and Chambon, p. 1981. Organization and expression of eukayotic split 
genes coding for proteins. Annual Review Biochemistry 50: 349-383.

Brinkmann, บ., Mattes, R.E. and Buckel, p. 1989. Gene 85: 109-114.
Brouwers, E.V.M. 1982. Measurement of Hypopharyngeal gland activity in the 

honeybee. Journal o f Apicultural Research 21: 193-198.
Calos, M. p. 1978. DNA sequence for a low-level promoter of the lac repressor gene and 

an up promoter mutation. Nature 274: 762-765.
Cao, J., Zhang, พ., McElroy, D. and พน, R. 1991. Assessment of rice genetic 

transformation techniques. In: Khush, G.s. and Toenniessen, G.H., (Eds.), Rice 
Biotechnology. Wallingford: CAB International, pp. 175-197.



214

Cary, J. พ., Rajasekaran, K, Jaynes, J. M , and Cleveland, T.M. 2000. Transgenic 
expression of a gene encoding a synthetic antimicrobial peptide results in inhibition 
of fungal growth in vitro and in planta. Plant Science 154: 171-181.

Cenphakdee, K. 2003. Cloning and sequencing o f cDNA encoding major royal jelly 
protein family 4 and 5 o f Apis cerana in Thailand. Master’s Thesis, Department of 
Biochemistry, Faculty of Science, Chulalongkom University.

Chakraborty, ร., Chakraborty, N. and Datta, A. 2000. Increase nutritive value of 
transgenic potato by expressing a nonallergenic seed albumin gene from 
Amaranthus hypochondriacus. Proc. Natl. Acad. Sci USA. 97: 3724-3729.

Chilton, M.D., Currier, T.C., Farrand, S.K., Bendich, A.J., Gordon, M.p. and Nester, 
E.w. 1974. Agrobacterium tumefaciens DNA and PS8 bacteriophage DNA not 
detected in crown gall ณmors. Proc. Natl. Acad. Sci. USA. 71: 3672-3676.

Christou, p. 1997. Rice transformation: bombardment. Plant Molecular Biology 35: 
197-203.

Christou, p. and Ford, T.L. 1995. The impact of selection parameters on the phenotype 
and genotype of transgenic rice callus and plants. Transgenic Research 4: 44-51.

Christou, p., Ford, T.L., Kofron, M. 1991. Production of transgenic rice (Oryza sativa L.) 
plants from agronomically important indica and japonica varieties via electric 
discharge particle acceleration of exogenous DNA into immature zygotic embryos. 
Bio/Technology 9: 957-962.

Connett, R.J.A. and Barfoot, P.D. 1992. The development of genetically modified 
varieties of agricultural crops by the seeds industry. In: Gatehouse, A.M.R., Hilder, 
V.A. and Boulter, D., (Eds.), Plant genetic manipulation for crop protection. 
Wallingford: CAB International, pp. 45-73.

Crazzolara, C.S., Klemm, M. and Reiss, B. 1995. Reporter genes. In: Galbraith, D.W., 
Bourque, D.p. and Bohnert, H.J. (Eds.), Method in cell biology. California: 
Academic press, pp. 425-438.

Daniell, H., Lee, S.B., Panchal, T., Wiebe, p.o. 2001. Expression of the native cholera 
toxin B subunit gene and assembly of functional oligomers in transgenic tobacco 
chloroplasts. Journal o f molecular Biology 311: 1001-1009.



215

De Boer, H. A., Comstock, L.J., and Vasser, M. 1983. The tac promoter: a functional 
hybrid derived from the trp and lac promoters. Proc. Natl. acad. Sci. 80: 21-25.

Debon, ร. J. J., Tester, R. F., Millam, ร., Davies, H. V. 1998. Effect of temperature on 
the synthesis, composition and physical properties of potato microtuber starch. 
Journal o f Science Food Agriculture 76: 599-607.

D’Halluin, K., De Block, M., Denecke, J., Janssens, J., Leemans, J., Reynaerts, A. and 
Botterman, J. 1992. The bar gene as selectable and screenable marker in plant 
engineering. Methods Enzymology 216: 415-427.

Dieryek, พ ., Pagnier, J., Poyart, c., Marden, M.c. Gruber, V., Bounant, p., Baudino, ร., 
Merot, B. 1997. Human haemoglobin from transgenic tobacco. Nature 386: 29-30.

Dietze, J., Blau, A., and Willmitzer, L. 1995. Agrobacterium-mediated transformation o f 
potato. In Gene transfer to plants, (eds Potrykus, I and Spangenberg, G.) 24-29 
(Springer-Verlag, Berlin; 1995).

Dong, J., Teng, W.G. and Hall, T.c. 1996. Agrobacterium-mediated transformation of 
javanica rice. Molecular Breeding 2: 261-216.

Doran, P. M. 2000. Foreign protein production in plant tissue cultures. Current Opinion 
in Biotechnology 11: 199-204.

Dower, W.J., Miller, J.F., and Ragsdale, c.w . 1988. High efficiency transformation of 
E. coli by high voltage electroporation. Nucleic Acids Research 16: 6127-6145.

Falco, ร. C., Guida, T., Locke, M., Mauvais, J., Sandres, c., Ward, R. T. & Webber, P. 
1995. Biotechnology 13: 577-582.

Fedorov A, Suboch G, Bujakov M, Fedorova L 1992. Analysis of nonuniformity in intron 
phase distribution. Nucleic Acids Research 20: 2553-2557.

Felsenstein, J. 1993. Phylip (Phylogenetic Inference Package) version 3.56c. USA. 
Department of Genetic, University of Washington, Seattle.

Filichkin, S.A. and Gelvin, S.B. 1993. Formation of a putative relaxation intermediate 
during T-DNA processing directed by the Agrobacterium tumefaciens VirDl,D2 
endonuclease. Molecular Microbiology 8 : 915-926.

David, c.c. 1991. The world rice economy: challenges ahead. In: Khush, G.s. and
Toenniessen, G.H., (Eds.), R ice  B io tech n o logy . Wallingford: CAB International.
pp. 1-18.



216

Fischer, R., Vaquero-Martin, c., Sack, M., Drossard, J., Emans, N. and Commandeur, บ. 
1999. Towards molecular farming in the future: transient protein expression in 
plants. Biotechnology Applied Biochemistry 30: 113-116.

Fischer, R. and Emans, N. 2000. Molecular farming of pharmaceutical proteins. 
Transgenic Research 9: 279-99.

Fontana, R., Anita Mendes, M.A., de Souza, B.M., Konno, K., Cesar, L.M.M., 
Malaspina, o., and Palma, M.s. 2004. Jelleines: a family of antimicrobial peptides 
from the Royal Jelly of honeybees (Apis mellifera). Peptides 25: 919-928.

Fujii, A., Kobayashi, ร., Kuboyama, N., et al. 1990. Augmentation of wound healing by 
royal jelly (RJ) in streptozotocin-diabetic rats. Japan Journal o f Pharmacology 53: 
331-337.

Fujiwara, ร., Imai, J., Fujiwara, M., Yaeshima, T., Kawashima and Kobayashi, K. 1990. 
A Potent Antibacterial Protein in Royal Jelly purification and determination of the 
primary structure of royalisin. The Journal o f Biological Chemistry 256: 11333- 
11337.

Galun, E. and Breiman, A. 1997. Transgenic plants. London: Imperial College Press, 
pp. 44-75.

Gelvin, S.B. and Schilperoort, R.A. 1994. Plant Molecular Biology Manual. 2nd Eds. 
London: Kluwer Acedemic Publishers.

Gojmerac, W.L. 1980. Bee, beekeeping, honey and pollination. Westport: The AVJP 
pulishing company, pp. 27-55.

Gontarski H. 1949. Uber die Vertikalorientierung der Bienen beim Bau der Waben und 
bei der Anlage des Brutnestes. z.vergl. Physiol. 31: 652-670.

Grierson, c., Du, J. ร., Zabala, M. D. et al., 1994. Separate cis sequences and trans 
factors direct matabolic and developmental regulation of a potato tuber storage 
protein gene. Plant Journal 5: 815-826.

Gruber, V., Berna, P.P., Arnaud, T., Bounat, p., Clement, c. Mison, D. Olagnier, B. 
philippe, L., Theisen, M. Baudino, ร. 2001. Large-scale production of a therapeutic 
protein in transgenic tobacco plants: effect of subcellular targeting on quality of a 
recombinant dog gastric lipase. Molecular Breeding 7: 329-340.



217

Gu, P. L., Chu, K. H., and Chan, ร. M. 2001. Bacterial expression of the shrimp molt- 
inhibiting hormone (MIH): antibody production, immunocytochemical รณdy and 
biological assay. Cell and Tissue Research 303: 129-136.

Halberstadt K. 1980. Elektrophoretische Untersuchungen zur Sekretionstatigkeit der 
Hypopharynxdru se der Honigbiene (Apis mellifera L.). Insectes Sociaux 27: 61-77.

Hanes, J. and Simuth, J. 1992. Identification and partial characterization of the major 
royal jelly protein of the honeybee (Apis mellifera L.). Journal o f Apicultural 
Research 31 ะ 22-26.

Haydak, M. H. 1970. Honey bee nutrition. Annual Review o f Entomology. 15: 143-156.
He, P.H., Zhang, D.B., Liang, W.Q., Yao, Q.H., Zhang, R.x. 2001. Expression of choline 

oxidase gene (codA) enhances salt tolerance of the tobacco. Acta biochimical 
biophysic sinica 33: 519-524.

Hendriks, T. Vreugdenhil, D., Stiekema, พ . J., 1991. Patatin and four serine proteinase 
inhibitor genes are differentially expressed during potato tuber development. Plant 
Molecular Biology 17:385-394.

Hiei,Y., Ohta, ร., Komari, T. and Kumashiro, T. 1994. Efficient transformation of rice 
(Oryza sativa L.) mediated by Agrobacterium and sequence analysis of the 
boundaries of the T-DNA. Plant Journal 6: 271-282.

Hirel, P. H., Schmitter, M. J., Dessen, P., Fayat, G. and Blanquet, ร. 1989. Extent of N - 
terminal methionine excision from Escherichia coli proteins is governed by the 
side-chain length of the penultimate amino acid. Proc. Natl. Acad. Sci. USA 86: 
8247-8251.

Hood, E.E., Woodard, S.L. and Horn, M.E. 2002. Monoclonal antibody manufactaing 
in transgenic plants—myths and realities. Current Opinion in Biotechnology 13: 630- 
635.

Houdebine L. M. 1994. Production of pharmaceutical proteins from transgenic animals. 
Journal o f Biotechnology 34: 269-287.

Howe, S.R., Dimick, P.S., Benton, A.w. 1985. Composition of freshly harvested and 
commercial royal jelly. Journal o f Apicultural research 24: 52-61.

Huang, Z.Y., Robinson, G.E., Tobe, ร.ร., Yagi, K.J., Strambi, c., Strambi, A., Stay, B., 
1991. Hormonal regulation of behavioural development in the honey bee is based on



218

changes in the rate of juvenile hormone biosynthesis. Journal o f Insect Physiology 
37: 733-741.

Huang, Z.Y., Robinson, G.E., Borst, D.W., 1994. Physiological correlates of division of 
labor among similarly aged honey bees. Journal o f Comparative Physiology 174: 
731-739.

Kucharski, R., Maleszka, R., 2002. Evaluation of differential gene expression during 
behavioral development in the honeybee using microarrays and northern blots. 
Genome Biology 3: RESEARCH0007.

Iannuzzi, J. 1990. Royal jelly : mystery food. American Bee Journal 130: 532-662.
Imjongjirak, c., Klinbunga, ร., and Sittipraneed, ร. 2005. Cloning, Expression and 

Genomic Organization of Genes Encoding Major Royal Jelly Protein 1 and 2 of the 
Honey Bee (Apis cerana). Journal o f Biochemistry and Molecular Biology 38: 49- 
57.

Jâhne, A., Becher, D. and Lôrz, H. 1995. Genetic engineering of cereal crop plants: a 
review. Euphytica 85: 35-44.

Jaynes, J. M., Yang, M. ร., Espinoza, N. & Dodds, J. H. (1986) Trends in Biotechnology 
4: 314-320.

Jefferson, R.A., Burgess, S.M., Hirsch, D. 1986. P-Glucuronidase from Escherichia coli 
as a gene fusion marker. Proc. Natl. Acad. Sci. USA. 83: 8447-8451.

Jefferson, R.A., Kavanagh, T., Bevan, M.w. 1987. GUS fusions: (3-Glucuronidase as a 
sensitive and versatile gene fusion marker in higher plants. EMBO Journal 6: 3901- 
3907.

Johansson, T.S.K. 1995. Royal jelly. Bee World 36:3-13.
Jones, G. and Sharp, p. A. 1997. Ultraspiracle: an invertebrate nuclear receptor for 

juvenile hormones. Proc. Natl. Acad. Sci. USA 94: 13499-13503.
Jones, M.G.K. 1994. In vitro culture o f potato, pp. 363-378. In I.K. Vasil and T.A. 

Thorpe (eds), Plant Cell and Tissue Culture, Dordrecht, The Netherlands: Kluwer 
Academic Publishers.

Judova, J., Klaudiny, J. and Simuth , J. 1998. Preparation of combinant abundant protein 
MRJP1 of royal jelly. Biologia 53: 777-784.



219

Judova, J., Sutka, R., Klaudiny, J., Liskova, Dl, Ow, D.W., and Simuth, J. 2004. 
Transformation of tobacco plants with cDNA encoding honeybee royal jelly 
MRJP1. Biologia Plantarum 48: 185-191.

Kahl, G. and Weising, K. 1993. Genetic engineering o f plant cells. In: Rehm, H.J. and 
Reed, G. (Eds.), Biotechnology New York: VCH Publishers, pp. 547-625.

Kamakura, M , Mitani, N., Fuduka, T. and Fukushima, M. 2001a. Antifatigue effects of 
fresh royal jelly in mice. Journal o f Nutrition Science Vitaminology 47: 394-401.

Kamakura, M., Suenobu, N., Fukushima, M., 2001b. Fifty-seven-kDa protein in royal 
jelly enhances proliferation of primary cultured rat hepatocytes and increases 
albumin production in the absence of serum. Biochemical and Biophysical Research 
Communication 282: 865-874.

Kane, J.F. 1995. Current Opinion in Biotechnology 6: 494—500.
Kattz, H.H. and Knecht, D. 1990. Patterns of laeval food production by hypopharyngeal 

glands in adult worker honey bees. Apidologie 21: 457-468.
Kavakli I.H., C.J. Slattery H. Ito and Okita, T.w. 2000. The Conversion of Carbon and 

Nitrogen into Starch and Storage Proteins in Developing Storage Organs: An 
Overview. Australian Journal o f Plant Physiology 27:561-570.

Kavinseksan, B. 1994. Production and quality o f royal jelly from Apis cerana. Master’s 
Thesis, Department of Science, Graduate School, Chulalongkom University.

Khanna, H.K. and Raina, S.K. 1999. Agrobacterium-mediated transformation of indica 
rice cultivars using binary and superbinary vectors. Australian Journal o f Plant 
Physiology 26:311-324.

Kim, Y., Buckley, K. Costa, M.A. and An, G. 1994. Nuclear protein factors binding to a 
class I patatin promoter region are tuber-specific and sucrose-inducible. Plant 
Molecular Biology 26: 603-615.

Kimura, M. 1980. A simple method for estimating evolutionary rate of base substitutions 
through comparative studies of nucleotide sequence. Journal o f Molecular 
Evolution 16: 111-120.

Kimura, Y., Kajiyama, ร., Kanaeda, J., Izukawa, T., Yonekura, M., 1996. N-linked sugar 
chain of 55-kDa royal jelly glycoprotein. Biosciences Biotechnology Biochemistry 
60: 2099-2102.



220

Klaudiny, J., Hanes, J., Kulifajova, J., Albert, ร. and Simuth, J. 1994. Molecular cloning 
of two cDNAs from the head of the nurse homeybee (Apis mellifera L.) for coding 
related proteins of royal jelly. Journal o f Apicultural research 33: 105-111.

Knecht, D. and Kaatz, H.H. 1990. Patterns of larval food production by hypopharyngeal 
glands in adult worker honey bees. Apidologie 21: 457-468.

Kohno, K., Okamoto, I., Sano, O., Arai, N., Iwaki, K., Ikeda, M. and Kurimoto, M. 2004. 
Royal Jelly inhibits the production of proinflammatory cytokines by activated 
Macrophages. Biosciences Biotechnology Biochemistry 68: 138-145.

Komamytsky, ร., Borisjuk, N.V., Borisjuk, L.G., Alam, M.z. and Raskin, I. 2000. 
Production of recombinant proteins in tobacco guttation fluid. Plant Physiology 
124: 927-34.

Kortschak, R.D., Tucker, P.W., Saint, R., 2000. ARID proteins come in from the desert. 
Trends in Biochemistry Science 25: 294-299.

Kramer K.J., Childs C.N., Spiers R.D. and Jacobs R.M. 1982. Purification of insulin-like 
peptides from insect haemolymph and royal jelly. Insect Biochemistry 12: 91-98.

Kramer K. J., Tager H. ร. and Childs c . N. 1980. Insulin-like and glucagon-like peptides 
in insect hemolymph. Insect Biochemistry 10: 179-182

Kratky E. 1931. Morphologie und Physiologie der Dru.sen im Kopf und Thorax der 
Honigbiene. z. wiss. Zool. 139: 120-201.

Krell, R. 1996. Value-Added products from beekeeping. FAO Agricultural services 
bulletin No. 124. Food and Agricultural Organization of the United Nation, Rome, 
Italy.

Kubo, T., Sasaki, M., Nakamura, J., Sasagawa, H., Ohashi, K., Takeucha H. and Natori, 
ร. 1996. Change in the expression of Hypopharyngeal-Gland Proteins of the Worker 
Honeybee (Apis mellifera L.) with Age and/or Role. Journal o f Biochemistry 119: 
291-295.

Kucharski, R., Maleszka, R., Hayward, D.c. and Ball, E.E. 1998. A Royal Jelly Protein 
Is Expressed in a Subset of Kenyon Cells in the Mushroom Bodies of the Honey 
Bee Brain. Naturwissenschaften 85: 343-346.



221

Kucharski, R. and Malezka, R. 2002. Evaluation of differential gene expression during 
behavioral development in the honeybee using microarrays and nothem blots. 
Genome Biology 3: research0007.1-0007.9.

Kurland, c . and Gallant, J. 1996. Current Opinion in Biotechnology 7: 489-493.
Leung, R., Ho, A., Chan, J., et al. 1997. Royal jelly consumption and hypersensitivity in 

the community. Clinical Experiment Allergy 27: 333-336.
Laemmli, U.K. 1970. Cleavage of structural proteins during the assembly of the head of 

bacteriophage T4. Nature 227: 680-685.
Lamphear, B.J., Streatfield, S.J., Jilka, J.M., Brooks, C.A., Barker, D.K., Turner, D.D., 

Delaney, D.E., Garcia, M., Wiggins, B., Woodard, S.L., et al. 2002. Delivery of 
subunit vaccines in maize seed. Journal o f Control Release 85: 169-180.

Lee, S.I., Kim, H.U., Lee, Y.H., Suh, S.C., Lim, Y.P., Lee, H.Y., Kim, H.I. 2001. 
Constitutive and seed-specific expression of a maize lysine-feedback insensitive 
dihydrodipicolinate synthase gene leads to increased free lysine levels in rice seeds. 
Molecular Breeding 8: 75-84.

Lensky, L. and Rakover, Y. 1983. Separate protein body compartments of worker 
honeybee (Apis mellifera L.). Comparative Biochemistry and Physiology 75: 607- 
615.

Lercker, G., Capella, p., Conte, L.s. and Ruini, F. 1981. Components of Royal jelly : I. 
Identification of the organic acids. Lipids 16: 912-919.

Liao, M. J., Zhu, M. Y., Zheng, Xu, Zhang, Z. H., and Zhang, A. J. 2003. cDNA cloning 
of growth hormone from giant panda (Ailuropoda melanoleuca) and its expression 
in Escherichia coli. Comparative Biochemistry and Physiology Part B. 135: 109- 
116.

Li, B., Pilcher, K.Y., Wyman, T.E., and Machida, C.A. 1997. Rapid preparation and 
identification of insert-containing recombinant plasmid DNA. Biotechniques 23: 
603-608.

Li, L., Qu, R., de Kochko, A., Fauquet, c. and Beachy, R.N. 1993. An improved rice 
transformation system using the biolistic method. Plant Cell Report 12: 250-255.

Light, A. 1985. Protein solubility, protein modifications and protein folding. 
BioTechniques 3: 298-306.



222

Long, M., Rosenberg, c., Gilbert, พ . 1995. Intron phase correlations and the evolution of 
the intron/exon structure of genes. Proc Natl Acad Sci USA. 92:12495-12499.

Maga, E.A. and Murray, J.D. 1995. Mammary gland expression of transgenes and the 
potential of altering the properties of milk. Bio/technology 13: 1452-1457.

Malecova, B., Ramser, J., O’ Brien, J. K., Janitz, M., Judova, J., Lehrach, H. and Simuth
J. 2003. Honeybee (Apis mellifera L.) mrjp gene family: comptational analysis of 
putative promoters and genomic structure of mrjpl, the gene coding for the most 
abundant protein of larval food. Gene 303: 165-175.

Maniatis, T., Sambrook, J. and Fritsch, E.F. 1982. Molecular cloning: A Laboratory 
manual. Cold Spring Harbor Laboratory, Cold Spring Harbor Press, New York, 
USA.

Marston, F.A. 1986. The purification of eukaryotic polypeptides synthesized in 
Escherichia coli. Biochemistry Journal 240: 1-12.

Marston, F.A. and Hartley, D.L. 1990. Solubilizationof protein aggregates. Methods in 
Enzymology 182: 264-276.

Matsui, T., Ykiyoshi, A., Doi, ร., Sugimoto, H., Yamada, H., Matsumoto, K. 2002. 
Gastrointestinal enzyme production of bioactive peptides from royal jelly protein 
and their antihypertensive activity. Journal o f nutrition Biochemistry 13: 80-86.

Matthews, B. F. & Hughes, c . A. 1993. Amino Acids (Vienna) 4: 21-34.
McCarroll, L. and King, L.A. 1997. Stable insect cell cultures for recombinant protein 

production. Current Opinion in Biotechnology 8: 590-594.
Merlo, L., Geigenberger, P., Hajirezaei, M. R., Stitt, M. 1993. Changes of carbohydrates, 

metabolites and enzyme activities in potato tubers during development, and within a 
single tuber along a stolon-apex gradient. Journal o f Plant Physiology 142: 392- 
402.

Michael, E. K. 1996. Micropropagation o f potato by node culture and micro-tuber 
production, pp. 81-86. In R.N. Trigiano and D.G. Gray (eds). Plant Tissue Culture 
Concepts and Laboratory Exercises. Florida: CRC Press INC.

Michener, C.D. 1974. The social behavior o f the bees. Harvard University Press, 
Cambridge, Massachusetts, 404 p.

Mitsuo, R., Sato, M. and Itakura, T. 2001. Cloning, sequencing and phylogenetic analysis



223

of complementary DNA of novel cytochrome P-450 CYP1A in Japanese eel 
{Anguilla japonica). Marine Biotechnology 3: 218-223.

Murashige, T. and Skoog, F. 1962. A revised media for rapid growth and bioassays with 
tobacco tissue cultures. Physiologia Plantarum 15:473-479.

Oka, H., Emori, Y., Kobayashi, N., Hayashi, Y., Nomoto, K. 2001. Supression of allergic 
reactions by royal jelly in association with restoration of macrophage function and 
the improvement of Thl/Th2 cell response. International Immunopharmacology 1: 
521-532.

Ohashi, K., Natori, ร. and Kubo, T. 1997. Change in the mode of gene expression of the 
hypopharyngeal gland cells with an age-dependent role change of the worker 
honeybee Apis mellifera L. European Journal o f Biochemistry 249: 797-802.

Ohashi, K., Sawata, M., Takeucha, H., Natori, ร. and Kobu, T. 1996. Molecular Cloning 
of cDNA and Analysis of Expression of the Gene for a-Glucosidase from the 
Hypopharyngeal Gland of the Honeybee Apis mellifera L. Biochemical and 
Biophysical Research Communications 221: 380-385.

Oka, H.I. 1991. Genetic Diversity o f wild and cultivated rice. In: Khush, G.s. and 
Toenniessen, G.H., (Eds.), Rice Biotechnology. Wallingford: CAB International, 
pp. 55-81.

Okamoto, I., Taniguchi, Y., Kunikata, T., Koho, K., Iwaki, K., Ikeda, M., and Kurimoto, 
M. 2003. Major royal jelly protein 3 modulates immune responses in vitro and in 
vivo. Life Science 73: 2029-2045.

Owen, M.R. L., Gandecha, A., Cockbum, B. Whitelam, G. 1992. Synthesis of a 
functional anti-phytochrome single chain Fv protein in transgenic tobacco. 
Bio/technology 10: 790-794.

Page, Jr.,R.E. and Peng C.Y.S. 2001. Aging and development in social insects with 
emphasis on the honeybee, Apis mellifera L. Experimental Gerontology 36: 695- 
711.

Palma, M. ร. 1992. Composition of freshly harvested Brazilian Royal Jelly: Identification 
of carbohydrates from sugar fraction. Journal o f Apicultural research 31: 42-44.



224

Pichuantes, ร., Tien and Franzusoff, A. 1996. Isolation of the human PC6 gene encoding 
the putative host protease for HIV-1 gpl60 processing in CD4+ T lymphocytes. 
Proc Natl Acad Sci USA.  93: 7695-700.

Pfeifer, T.A. 1998. Expression of heterologous proteins in stable insect cell culture. 
Current Opinion in Biotechnology 9: 518-21.

Rashid, H., Yokoi, ร., Toriyama, K. and Hinata, K. 1996. Transgenic plant production 
mediated by Agrobacterium in indica rice. Plant Cell Report 15: 727-730.

Rathus, c . and Birch, R.G. 1991. Electroporation for direct gene transfer into plant 
protoplasts. In: Murray, D.R. (Ed.), Advanced methods in plant breeding and 
biotechnology. Wallingford: CAB International, pp. 74-102.

Robinson, G.E. 1991. Hormonal and genetic control o f honeybee division o f labour. In L.
J. Goodman and R. c. Fisher (eds.), The behaviour and physiology of bees, pp. 14- 
27. Melksham: Redwood Press.

Rockhold, D. R., Maccree, M. M., and Belknap, พ . R. 2001. Transgenic Potato 
(Solanum tuberosum L). In Y.p.s. Bajaj (ed)., Biotechnology in Agriculture and 
forestry. Springer-Verlag Berlin, Heidelberg. Vol. 47: 305-324.

Ross, H. A, Davies, H. V., Burch, L.R., Viola, R., McRae, D. 1994. Developmental 
changes in carbohydratde content and sucrose degrading enzymes in tuberising 
stolons of potato (Solanum tuberosum). Physiologia Plantarum 90: 748-756.

Ruttner, F. 1988. Biogeography and taxonomy o f honey bee. Berlin: Springer-Verlag, pp. 
120-166.

Salazar, L. F., 1996. Potato Viruses and Their Control. International Potato Center, 
Lima, Peru. 214 p.

Sanford, J.c. 1990. Biolistic plant transformation. Physiologia Plantarum 79: 206-209.
Sano, O., Kunikata, T., Kohno, K., Iwaki, K., Ikeda, M., and Kurimoto, M. 2004. 

Characterization of Royal Jelly Proteins in both Africanized and European Honey 
bees (Apis mellifera) by Two-Dimensional Gel Electrophoresis. Journal of 
Agriculture and Food Chemistry 52: 15-20.

Schillberg, ร., Fischer, R. and Emans, N. 2003. Molecular farming of recombinant 
antibodies in plants. Cell Molecular Life Sci 60: 433-445.

Schmitzova, J., Klaudiny, J., Albert, ร., Schroder, พ ., Schreckengost, พ., Hanes, J.,



225

Judova, J. and Simuth, J. 1998. A family of major royal jelly proteins of the 
honeybee Apis mellifera L. Cell Molecular Life Sci 54: 1020-1030.

Schrott, M. 1995. Selectable marker and reporter genes. In: Potrykus, T. and 
Spangenbert, (Eds.), Gene Transfer to Plants. Berlin: Springer Verlag. pp.325-336.

Seidel, H.M., Pompliano, D.L. and Knowles, J.R. 1992. Biochemistry 31: 2598-2608.
Sergaves, W.A. 1991. Something old, some things new: the steroid receptor superfamily 

in Drosophila. Cell 67: 225-228.
Schouten, A., Roosien, J., vanEngelen, F. A., de Jong, G. A., Borst-Vrenssen, A. พ., 

Zilverentant, J. F., Bosch, D., Stiekema, พ . J., Gommers, F. J., Schots, A., Bakker, 
J. 1996. The C-terminal KDEL sequence increases the expression level of a single­
chain antibody designed to be targeted to both the cytosol and the secretory pathway 
in transgenic tobacco. Plant Molecular Biology 30: 781-793.

Schouten, A., Roosien, J., de Boer, J. M., Wilmink, A., Rosso, M.N., Bosch, D., 
Stiekema, พ . J., Gommers, F. J., Bakker, J., Schots, A. 1997. Improving scFv 
antibody expression levels in the plant cytosol. FEBS Letter 415: 235-241.

Schroeder, H.E., Khan, M.R.I., Knibb, W.R., Spencer, D., Higgins, T.J.V. 1991. 
Expression of a chicken ovalbumin gene in three lucerne cultivars. Australian 
Journal o f Plant Physiology 18: 495-505.

Shaul, o . & Galili, G. 1992. Plant Journal 2: 203-209.
Smith, D. R. and Hagen, R. H. 1997. The biogeography of Apis cerana as revealed by 

mitochondrial DNA sequence data. Journal o f Kansas Entomology Sociaux 64: 
294-310.

Simuth, J. 2001. Some properties oa the mail protein of honeybee {Apis mellifera) royal 
jelly. Apidologies 32: 69-80.

Sowokinos, J., Pyrophosphorylases in Solanum tuberosum L. 1976. Changes in ADP- 
glucose and UDP-glucose pyrophosphorylase activities associated with starch 
biosyntheiss during tuberization, maturation and storge of ptatoes. Plant Physiology 
57: 63-68

Srisuparbh, D., Klinbunga, ร., Wongsiri, ร. and Sittipraneed, ร. 2003. Isolation and 
characterization of major royal jelly cDNAs and proteins of the honey bee {Apis 
cerana). Journal o f Biochemistry and Molecular Biology 36: 572-579.



226

Stachel, S.E. and Nester, E.w. 1986. The genetic and transcriptional organization of the 
vir region of the A6 Ti plasmid of Agrobacterium tumefaciens. EMBO Journal 5: 
1445-1454.

Studier, F.W., Rosenberg, A.H., Dunn, J.J., and Dubendorff, J.w. 1990. Use of T7 RNA 
polymerase to direct expression of cloned genes. Methods in Enzymology 185: 60- 
89.

รน, S.K, Chen SL, Zhong BX, Albert ร. 2004. Cloning and sequence analysis of mrjpl 
cDNA from Apis cerana cerana. Yi Chuan Xue Bao 31:1248-1253.

Sung, ร. J., Xu, D.P., Black, c.c. 1989. Identificationof activity filling sucrose sinks. 
Plant Physiology 89: 1117-1121.

Sver, L., Orsolic, N., Tadic, Z., Njari, B., Valpotic, I. And Basic, I. 1996. A royal jelly as 
a new poential immunomodulator in rats and mice. Comparative Immunology 
Microbiology Infective Disease 19: 31-38.

Sweetlove, L. J., Burrel, M. M., ap Rees, T., 1996. Characterization of transgenic potato 
(Solanum tuberosum) tubers with increased ADP-glucose pyrophosphorylase. 
Biochemistry Journal 320: 487-492.

Takenaka, T. and Takenaka, Y. 1996. Royal Jelly from Apis cerana japonica and Apis 
mellifera. Biosciences Biotechnology Biochemistry 60: 518-520.

Tabe, L., Higgins, T.J.V. 1998. Engineering plant protein composition for improved 
nutrition. Trends in Plant Science 3: 282-286.

Tang, K., Tinjuangjun, p., Xu, Y., Sum, X, Catehouse, J. A., Ronald, p. c., Qi, H., Lu, 
XI, Christou, p., Kohli, A. 1999. Particle-bombardment-mediated co-transformation 
of elite Chinese rice cultivars with genes conferring resistance to bacterial blight 
and sap-sucking insect pests. Planta 208: 552-563.

Tassongchant A. 1987. Rice story. Faculty of agriculture. Kasetsart University.
Thien, F.C., Leung, R., Baldo, B.A., Weiner, J.A., Plomley, R. and Czamy, D. 1996. 

Asthma and anaphylaxis induced by royal jelly. Clinical Experiment Allergy 26: 
216-222.

Thompson, J.D., Higgins, D.G. and Gibson, T.J. 1994. Clustal พ : improving the 
sensitivity of progressive multiple sequence weighting, position-specific gap 
penalties and weight metric choices. Nucleic Acids Research 22: 4673—4680.



227

Toenniessen, G.H. 1996. Progress in rice biotechnology. In Proceedings of the fifth 
annual meeting national rice biotechnology network, pp. 1-11. IRRI, New Delhi.

Tokunaga, K., Yoshida, c., Suzuki, K., Maruyama, H., Futamura, Y., Araki, Y. and 
Mishima, ร. 2004. Antihypertensive effect of peptides from Royal jelly in 
Spotaneously Hypertensive Rats. Biological Pharmacy Bulletin 27:189-192.

Toriyama K., Arimoto, Y., Uchimiya, H., Hinata, K. 1988. Transgenic plants after direct 
gene transfer into protoplasts. Bio/Technology 6: 1072-1074.

Towbin, H., Starhelin, T. and Gordon, J. 1979. Electrophoretic transfer of proteins from 
polyacrylamide gels to nitrocellulose sheets: procedure and some applications. Proc. 
Natl. Acad. Sci. USA 76: 4350-4354.

Tu, H.M., Godfrey, L.W., รนท, S.S.M. 1998. Expression of the Brazil nut methionine- 
rich protein and mutants with increased methionine in transgenic potato. Plant 
molecular Biology 37ะ 829- 838.

Trongnipatt, N. 2002. Chemical composition o f royal jelly and screening o f cDNA library 
o f mandibular gland o f Apis cerana by DNA sequencing. Master’ร Thesis, 
Department of Biochemistry, Faculty of Science, Chulalongkom University.

Twyman, R.M., Stoger, E., Schillberg, ร., Christou, p. and Fischer, R. 2003. Molecular 
farming in plants: host systems and expression technology. Trends in Biotechnology 
21: 570-8.

Visser, R.G., Stole, A., and Jacobsen, E., 1991. Expression of a chimaeric granule-bound 
stach synthase-GUS gene in transgenic potato plants. Plant Molecular Biology 17: 
691-699.

Visser, R.G.F., Vreugdenhil, D., Hendriks, D., Jacobsen, T. 1994. Gene expression and 
carbohydrate metabolism during stolon to tuber transition in potatoes (รblanum 
tuberosum L.). Physiologia Plantarum 90: 285-292.

Vittek, J. 1995. Effect of royal jelly on serum lipids in experimental animals and humans 
with atherosclerosis. Experientia 51: 927-935.

Walden, R. 1993. Cell culture, transformation and gene technology. In: Lea, P.J. and 
Leegood, R.c. (Eds.), Plant biochemistry and molecular biology. England: John 
Wiley & Sons. pp. 275-295.



228

Watanabe, K., Shinmoto, H., Kobori, M , Tsushida, T., Shinokara, K., Kanaeda, J., 
Yonekura, M., 1996. Growth stimulation with honey royal jelly Dill protein of 
lymphocytic cell lines in a serum-free medium. Biotechnology Techniques 10: 959- 
962.

Weising, K., Schell, J., Kahl, G. 1988. Foreign genes in plants: transfer, structure, 
expression and applications. Annual Review Genetic 22: 421-477.

Weising, K., Nybom, H., Wolff, K. and Meyer, พ . 1995. DNA fingerprinting in plants 
and fungi. London :.CRC Press.

Wongsiri, ร. 1989. Biology o f honeybees (in Thai). Bangkok: Ton-or.
Wongsiri, ร., Rinderer, T.E. and Sylvester, H.A. 1990. Biodiversity o f honey bee in 

Thailand. Bee Biology Research Unit, Chulalongkom University.
Yonei, Y., Shibagaki, K., Tsukada, N., et al. 1997. Case report: haemorrhagic colitis 

associated with royal jelly intake. Journal o f Gastroenterology Hepatology 12: 495- 
499.

Zambryski, p. 1988. Basic processes underlying Agrobacterium-mediated DNA transfer 
to plant cells. Annual Review Genetic 22: 1-30.

Zhang, H.M., Yang, H., Rech, E.L., Golds, T.J., Davis, A.S., Mulligan, B.J., Cocking, 
E.c. and Davey, M.R. 1988. Transgenic rice plants produced by electroporation- 
mediated plasmid uptake into protoplasts. Plant Cell Report 7: 379-384.

Zupan, J.R. and Zambryski, p. 1995. Transfer of T-DNA from Agrobacterium to the 
plant cell. Plant Physiology 107: 1041-1047.



APPENDICES



230

APPENDIX A
Restriction map of pGem®-T Easy vector
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Restriction map of pUC18

u n tie  t»piTcrg เท»พ ;-2ะ* !7-«r JM Hiitdiii (‘act scat fiv<el Xmil Xll.v RflrlMI Snial Kpnl S.k! Xapl «ร
ร ํ' c TAA AAC GAC CGC CAC TGC cAA GCT TGC ATG CCT GCA GGT CGA CTC TAG AGG ATC ccc GGG TAC CGA GCT CGA ATT CCT AAT CAT- CCT CAT ACC TOT TTC CTG 3*
y  c ATT TTG CTG CCS GTC ACG gTT CGA ACG TAC GGA CGT CCA GCT GAG ATC TCC TAG GGG CCC ATG GCT CGA GCT TAA Gca TTA GTA CCA GTA TCC ACA AA5 GAC y
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Restriction map of pGem®-3Zf (+) vector
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Restriction map of pTrcHis2c

pTrcHis forward priming site
RBS r Mini cist roll ๆ .พพ I

3 S 1 AAAATTAAAG AGGTATATAT TA ATG TAT CGA TTA AAT AAG GAG GAA TAA ACC
Met Tyr Al-g Leu Asn Lys Glu Glu ***

4 1 3

I Xho  I พ  I /bj/ Il f i l  I .'b//718 I Kjm  I I
ATG GAT c c GAG CT CGAGATCTGC AGCTGGTACC ATATGGGAAT 
Met

JÏ.V/B I ///jfd i 11 
TCGAAGCTfrb GGCCCl

4 6 1

IIIน, epitope tag
GAA CAA AAA CTC ATC TCA GAA GAG GAT CTG AAT AGC 
Glu Gin Lys Leu Ile Ser Glu Glu Asp Leu Asn Ser

.พ! ___
GCC GTC GAC 1 CAT 
Ale Val Asp His

ProBond1'1 binding domain
CAT CAT CAT CAT c a t ' TGA GTTTA 
His His His His His ***

5 1 0
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Restriction map of pET17b
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Restriction map of pCAMBIA1301
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Restriction map of pCAMBIA2301
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APPENDIX B

Table 1 Characterization o f transformed plants transformed with pCAMBIA2301-
GBSS-AcMRJPl-Nos

Line Kihk GUS AcMRJP
gene

AcMRJP
niRNA

AcMRJP
protein

2301G-A1 + + + ND ND
2301G-B2 + + + ND ND
2301G-C3 + - + ND ND
2301G-D4 + + + + ND
2301G-E5 + - - - ND
2301G-H6 + + + + +
2301G-I7 + + + + ND
2301G-J8 + + + + ND
2301G-N9 + + + + ND

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

Line KmR GUS AcMRJP
gene

AcMRJP
niRNA

AcMRJP
protein

2301B-A1 + - - ND ND
2301B-B2 + - - ND ND
2301B-E3 + + + ND ND
2301B-F4 + + + ND ND
2301B-G5 + + + + ND
2301B-H6 + + + + +
2301B-I7 + + + + ND

2301B-L18 + - + + ND
2301B-M19 + + + + ND
2301B-N10 + + + + ND

Table 3 Characterization of transformed plants transformed with pCAMBIA2301-
35S-AcMRJPl-Nos

Line KmR GUS AcMRJP
gene

AcMRJP 
m R NA

AcMRJP
protein

2301C-A1 + - - - ND
2301C-B2 + + + + +
2301C-C3 + + - - ND
2301C-D4 + + + + ND
2301C-E5 + + + ND ND
2301C-F6 + + + + ND
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Table 4 Characterization o f transformed plants transformed with pCAMBIA1301-
35S-AcMRJP 1 -Nos

Line HygK GUS AcMR.JP
gene

AcMRJP
mRNA

AcMRJP
protein

1301C-A1 + + + + ND
1301C-B2 + + + + ND
1301C-C3 + + + + +
1301C-D4 + + + + +
1301C-E5 + + + + +
1301C-F6 + + + + 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-glucuronidase 
activity using GUS histochemical staining.

AcMRJPl ะ The AcMRJPl gene integration in transformed plant was detected using 
PCR analysis.

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

AcMRJPl protein : The AcMRJPl protein in transformed plant was detected using 
immunoblot analysis.
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APPENDIX c

The composition of rice tissue culture and Agrobacterium tumefaciens medium
Table 5. The composition of 2NB medium (callus induction medium) (Li et al. 1993)
S o lu tio n C h e m ic a ls C o n c e n tra t io n  (m g/1)
N 6  M a c ro n u tr ie n ts k n o 3 2 ,8 3 0

(N H 4)2s o 4 4 6 3

C a C l2 .2 H 20 16 6

M g S 0 4 .7 H 20 1 8 5

k h 2p o 4 4 6 0

B 5  m icro n u trie n ts K I 0 .7 5

H 3B O 3 3

C oC 1 2 .6 H 20 0 .0 2 5

M n S 0 4 .7 H 20 1 0

Z n S 0 4 .7 H 20 2

N a 2M o 0 4 .7 H 20 0 .2 5

C u S 0 4 .5 H 20 0 .0 2 5

F e E D T A F e S 0 4 .7 H 20 2 7 .8

N a 2E D T A .2 H 20 3 7 .8

B 5  v ita m in s M y o - in o s ito l 1 0 0

N ic o t in ic  a c id 1

P y r id o x in e  H C 1 1

T h ia m in e  H C 1 1 0

2 ,4 -D 2

C a s e in  h y d ro ly s a te 3 0 0

L -P ro lin e 5 0 0

L -G lu ta m in e 5 0 0

S u c ro s e 3 0 ,0 0 0

A g a r 8 , 0 0 0

p H  5 .8
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Table 6. The composition o f MS medium (Murashige and Skoog, 1962)
S o lu t io n C h e m ic a ls C o n c e n t r a t io n  (m g/1 )
M a c ro n u tr ie n ts N H 4N O 3 1 ,6 5 0

K N O 3 1 ,9 0 0

C a C l2 .2 H 20 4 4 0

K H 2P 0 4 1 7 0

M g S 0 4 .7 H 20 3 7 0

M ic ro n u tr ie n ts K I 0 .8 3

H 3B O 3 6 . 2

C oC 1 2 .6 H 20 0 .0 2 5

M n S 0 4 .H 20 16 .9

Z n S 0 4 .7 H 20 8 . 6

N a 2M o 0 4 .2 H 20 0 .2 5

C u S 0 4 .5 H 20 0 .0 2 5

F e E D T A F e S 0 4 .7 H 20 2 7 .8

N a 2E D T A .2 H 20 3 7 .8

M S  v ita m in s M y o - in o s ito l 1 0 0

N ic o t in ic  a c id 0 .5

P y r id o x in e  H C 1 0 .5

T h ia m in e  H C 1 0 .1

G ly c in e 2

S u c ro s e 3 0 ,0 0 0

A g a r 8 , 0 0 0

p H  5 .8
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Table 7. The composition of AB medium (Chilton et a i, 1974)
S o lu t io n C h e m ic a ls C o n c e n t r a t io n  (m g/1 )
A B  b u ffe r k 2h p o 4 1 ,5 0 0

N a H 2P 0 4 2 0 0

A B  sa lt N H 4C 1 10 0 0

M g S 0 4.7 H 20 3 0 0

K C 1 1 5 0

C a C l2.2 H 20 1 5 0

F e S 0 4.7 H 20 2 .5

G lu c o s e 5 ,0 0 0

A g a r 15 ,0 0 0
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Table 8. The composition o f AAM medium (Toriyama and Hinata, 1985)
S o lu t io n C h e m ic a ls C o n c e n t r a t io n  (m g/1 )
A A  m a c ro n u tr ie n ts N a 2H P 0 4.2 H 20 16 9 .6

M g S 0 4.7 H 20 5 0 0

K C 1 1 5 0

C a C l2.2 H 20 1 5 0

A A  m ic ro n u tr ie n ts M n S 0 4.4 H 20 1 0

N a 2M o 0 4.2 H 20 0 .2 5

H 3B O 3 3 .0

Z n S 0 4.7 H 20 2 .0

C u S 0 4.5 H 20 0 .0 3 8 7

C oC 1 2.6 H 20 0 .0 2 5

K 1 0 .7 5

A A  iron F e S 0 4.7 H 20 2 8

M S  v ita m in In o sito l 10 0

N ic o t in ic  a c id 0 .5

P y r id o x in e  H C 1 0 .5

T h ia m in e  H C 1 0 .5

A A  a m in o  a c id G ly c in e 7 .5

A rg in in e 1 7 4

G lu ta m in e 8 7 6

C a s a m in o  a c id 5 0 0

S u c ro s e 6 8 ,5 0 0

G lu c o s e 3 5 ,0 0 0

A c e to s y r in g o n e  10 0  u M  (a d d  a fte r  a u to c la v e )
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T e c h n o lo g y  D e v e lo p m e n t  A g e n c y  (N S T D A ) , 113 P a h o ly o th in  R d ., K lo n g  1, K lo n g  L u a n g , P a th u m th an i 1 2 1 2 0 , T h a ila n d

R e c e iv e d  31 J a n u a r y  2 0 0 4 , A c c e p te d  2 4  J u ly  2 0 0 4

-M a jo r  R o y a l  J e l ly  P r o t e in  c D N A s  o f  A p is  ce ra n a  ( A c M R J P )  
w e r e  c lo n e d  a n d  c h a r a c t e r i z e d .  T h e  o p e n  r e a d in g  f r a m e s  
( O R F s )  o f  t h e  A c M R J P l  a n d  A c M R J P 2  g e n e s  w e r e  1 3 0 2  
a n d  1 3 9 2  n u c l e o t i d e s ,  e n c o d i n g  4 3 3  a n d  4 6 3  a m i n o  a c id  
r e s i d u e s ,  r e s p e c t i v e l y .  T h e  s e q u e n c e  d i v e r g e n c e s  b e t w e e n  
A c M R J P l  a n d  A c M R J P 2  a n d  t h e i r  c o r r e s p o n d i n g  p r o t e in  
f a m i l i e s  in  A . in e llife r a  w e r e  0 .0 6 1 8  a n d  0 .0 9 3 4  a t  t h e  
n u c l e o t i d e  l e v e l  a n d  0 .0 9 1 2  a n d  0 .1 4 3 8  a t  t h e  p r o t e in  l e v e l ,  
r e s p e c t i v e l y .  P h y l o g e n e t i c  a n a l y s i s  s u p p o r t s  t h e  o r t h o l o g o u s  
s i m i l a r i t y  b e t w e e n  t h e s e  p r o t e i n s .  T h e  d e d u c e d  a n i i n o  a c id s  
i n d i c a t e d  h ig h  e s s e n t i a l  a m i n o  a c id  c o n t e n t s  o f  A c M R J P l  
a n d  A c M R J P 2  ( 4 7 .5  a n d  4 4 . 8 % ,  r e s p e c t i v e l y ) .  T h e  g e n o m i c  
o r g a n i z a t i o n  o f  b o t h  A c M R J P l  a n d  A c M R J P 2  w a s  
d e t e r m i n e d .  B o t h  t h e  A c M R J P l  ( 3 6 6 3  b p )  a n d  A c M R J P 2  
( 3 9 6 3  b p )  g e n e s  c o n t a i n e d  s ix  e x o n s  a n d  f iv e  i n t r o n s ,  w h e r e  
a l l  b o u n d a r i e s  c o n f o r m e d  t o  t h e  G T /A G  r u l e .  A c M R J P l  
a n d  A c M R J P 2  c D N A s  w e r e  c l o n e d  i n t o  p E T 1 7 b ,  a n d  b o t h  
t h e  r e c o m b i n a n t  ( r )  A c M R J P l  ( 4 7 .9  k D a )  a n d  r A c M R J P 2  
( 5 1 .7  k D a )  w e r e  e x p r e s s e d  in  t h e  i n s o l u b l e  f o r m .  W e s t e r n  
b l o t  a n a l y s i s  a n d  ^ - t e r m i n a l  s e q u e n c i n g  o f  t h e  s o l u b i l i z e d  
p r o t e i n s  r e v e a le d  s u c c e s s f u l  e x p r e s s i o n  o f  r A c M R J P l  a n d  
r A c M R J P 2  in  v itro .  T h e  y i e l d s  o f  t h e  p u r i f i e d  r A c M R J P l  
a n d  r A c M R J P 2  w e r e  a p p r o x i m a t e l y  2 0  a n d  8  m g  p r o t e in  
p e r  l i t e r  o f  t h e  f l a s k  c u l t u r e ,  r e s p e c t iv e ly .

K e y w o r d s :  A p is  ce ra n a , C lo n in g , E x p r e s s io n , G e n e  o r g a n iza tio n , 
H o n e y b e e ,  M a j o r  r o y a l  j e l l y  p r o t e in s
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T el: 6 6 -2 2 1 8 5 4 1 6 ;  Fax: 6 6 -2 2 1 8 5 4 3 6  
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Introduction
R o y a l  j e l l y  (R J )  i s  s e c r e t e d  f r o m  t h e  h y p o p h a r y n g e a l  a n d  
m a n d ib u la r  g la n d s  o f  5 - 1 5  d a y s  o l d  n u r s e  b e e s  a n d  p la y s  an  
im p o r ta n t  r o le  in  la r v a l  d e v e l o p m e n t  ( L e n s k y  a n d  R a k o v e r ,  
1 9 8 3 ;  K n e c h t  a n d  K a a t z ,  1 9 9 0 ;  K u b o  e t  a l . ,  1 9 9 6 ) .  N e w l y  
e m e r g e d  b e e  la r v a e  a r e  f e d  R J  f o r  3  d a y s .  O n l y  la r v a e  th a t are  
d e v e lo p e d  in to  q u e e n  b e e s  a r e  c o n t i n u a l l y  f e d  t h r o u g h o u t  th e ir  
l iv e s  ( S c h m i t z o v a  e t  a l . ,  1 9 9 8 ) .

T h e  R J o f  A . m e l l if e r a  i s  c o m p r i s e d  o f  1 2 .7  ± 0 . 8 %  
p r o t e in s ,  1 1 .9  ± 0 . 7 %  c a r b o h y d r a t e s ,  6 .1  ± 0 . 4 %  l ip id s  a n d  
6 8 .3  ± 1 . 4 %  m o is t u r e  c o n t e n t s  ( T a k e n a k a  a n d  T a k e n a k a ,  
1 9 9 6 ) .  M a jo r  r o y a l  j e l l y  p r o t e in s  ( M R J P s )  r e p r e s e n t  8 2 - 9 0 %  
o f  th e  to ta l  p r o t e in s  in  th e  R J  o f  A . m e llife r a .  F iv e  f a m i l i e s  o f  
M R J P s  o f  A . m e llife r a  ( A m M R J P l - 5 ) ,  w i t h  th e  m o le c u la r  
w e i g h t s  f r o m  4 9  t o  8 7  k D a  w e r e  id e n t i f ie d  b a s e d  o n  th e  N - 
t e r m in a l  s e q u e n c e s  o f  th e  p u r i f i e d  p r o t e in s  a n d  c D N A  
s e q u e n c e s  ( K la u d i n y  e t  a l ,  1 9 9 4 ;  S c h m i t z o v a  e t  a l . ,  1 9 9 8 ;  
A lb e r t  e t  a l ,  1 9 9 9 b ;  S im u t h  e t  a l ,  2 0 0 1 ) .

R e c e n t ly ,  O k a m o t o  e t  a l  ( 2 0 0 3 )  r e p o r te d  th a t A m M R J P 3  
h a s  p o t e n t  a n t ia l le r g ic  a c t iv i t y  b y  th e  in h ib i t io n  o f  in te r le u k in -  
4  ( I L - 4 ) ,  I L -2  a n d  I F N - y  p r o d u c t io n .  I n tr a p e r ito n e a l  
a d m in is t r a t io n  o f  A m M R J P 3  i n h ib i t e d  t h e  a n t iO V A  I g E  a n d  
I g G l  l e v e l s  in  th e  s e r u m  o f  i m m u n i z e d  m i c e ,  i n d ic a t in g  th e  
c l i n i c a l  s i g n i f i c a n c e  o f  t h e  p o t e n t  i m m u n o r e g u la t o r y  efT . t s  o f  
A m M R J P 3 .

T h e  fu ll  l e n g t h s  o f  A m M R J P 3  ( R J P 5 7 - 1 )  a n d  A m M R J P 4  
( R J P 5 7 - 2 )  c D N A  w e r e  i s o l a t e d  a n d  c h a r a c t e r iz e d  f r o m  a 
c D N A  lib r a r y  e s t a b l i s h e d  f r o m  h e a d s  o f  A . m e llife r a  c a r n ic a  
n u r s e  b e e s  ( K la u d i n y  e t  a l ,  1 9 9 4 ) .  S u b s e q u e n t ly ,  c o m p l e t e  
s e q u e n c e s  o f  a b u n d a n t ly  e x p r e s s e d  tr a n s c r ip t s  e n c o d i n g  
A m M R J P l  ( J u d o v a  e t  a i ,  1 9 9 8 ;  S c h m i t z o v a  e t  a l . ,  1 9 9 8 )  a n d  
A m M R J P 2  ( B i l i k o v a  e t  a l ,  1 9 9 9 )  w e r e  c h a r a c t e r iz e d  a n d  
e x p r e s s e d  in vitro.

In  T h a i la n d ,  a n  a l t e r n a t iv e  h o n e y  b e e ,  A . c e ra n a ,  is  
i n d ig e n o u s l y  f o u n d  a n d  w i d e l y  u s e d  fo r  c o m m e r c ia l  
b e e k e e p in g ,  p r im a r i ly  o w i n g  t o  i t s  r e s i s t a n c e  to  th e  b e e  m ite
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( l'a r m a  ja c o b s o n i) .  T h e  c o m p o s i t i o n  o f  A . c e ra n a  R J  is  
1 6 .4  ± 2 . 5 %  p r o t e in s ,  9 .4  ±  0 .6 %  c a r b o h y d r a t e s ,  7 .4  ± 0 . 6 %  
l ip id s  a n d  6 5 .3  ±  2 .5 %  m o is t u r e  c o n t e n t ,  r e s p e c t iv e ly  
(T a k e n a k a  a n d  T a k e n a k a ,  1 9 9 6 ) .  R e a r in g  e x p e r im e n t s  h a v e  
i l lu s tr a te d  th a t  A. m e llife r a  q u e e n s  w e r e  n o t  s u c c e s s f u l l y  
r e a r e d  w i t h  A. c e ra n a  R J , a n d  v ic e  v e r s a  ( P o t h ic h o t  a n d  
W o n g s ir i ,  1 9 9 3 ) .  T h i s  i m p l ie d  p o s s i b l e  d i f f e r e n c e s  o f  th e  
p o t e n t ia l  c o m p o s i t i o n s  o f  th e  R J f r o m  A. m e llife r a  a n d  A. 
c e ra n a .

T a k e n a k a  a n d  T a k e n a k a  ( 1 9 9 6 )  a n a ly z e d  th e  w a te r  s o l u b l e  
p r o t e in s  in  th e  RJ o f  A . m e llife ra  a n d  A. ce ra n a  b y  
e le c t r o p h o r e s i s  a n d  fo u r t e e n  o f  t w e n t y  u n e  p r o te in  b a n d s  w e r e  
s h a r e d  b e t w e e n  th e  R J p r o t e in s  o f  t h e s e  b e e s .  A  h ig h ly  
a g g r e g a t e d  p r o t e in  w a s  f o u n d  in  A. ce ra n a ,  b u t n o t  in  A. 
m e llife r a .  T w o  m a jo r  p r o t e in  b a n d s  ( b a n d s  1 0  a n d  1 1 ; 4 2 .7 -  
6 6 .2  k D a )  w e r e  o n l y  f o u n d  in  A. m e llife r a  R J.

R e c e n t ly ,  S r is u p a r b h  e t  a l.  ( 2 0 0 3 )  c o n s t r u c t e d  a n  e x p r e s s e d  
s e q u e n c e  ta g  ( E S T )  lib r a r y  f r o m  h y p o p h a r y n g e a l  g la n d s  o f  A. 
c e ra n a .  F o r t y - t w o  o f  s i x t y - s i x  s e q u e n c e d  E S T s  w e r e  
h o m o l o g u e s  o f  A m M R J P s  ( f a m i l i e s  1, 2 ,  3  a n d  4 ) .  T h e  O R F  
o f  A c M R J P l  d e d u c e d  f r o m  3 s e p a r a te  c lo n e s ;  p C U A C 1 4 7 ,  
p C U A C 1 7 1  a n d  p C U A C 3 2 2 ,  w a s  1 3 0 2  n u c l e o t id e s  e n c o d i n g  
4 3 3  a m in o  a c id s .  In  a d d i t io n ,  A c M R J P l ,  2  a n d  3 w e r e  
c h r o m a t o g r a p h ic a l ly  p u r i f ie d  u s in g  Q - S e p h a r o s e  a n d  
S e p h a d e x  G 2 0 0 ,  a n d  fu r th e r  c h a r a c t e r iz e d  b y  /V -ter m in a l a n d  
in te r n a l p e p t id e  s e q u e n c i n g .

T h e  o b j e c t iv e s  o f  t h is  s t u d y  w e r e  to  i s o la t e  a n d  e x p r e s s  
A c M R J P l  a n d  A c M R J P 2  c D N A s  in v itro  a n d  to  e x a m in e  th e  
o r g a n iz a t io n  o f  t h e s e  g e n e s  in  g e n o m i c  D N A  o f  A. ce ra n a .  
T h e  m o le c u la r  a n d  p h y s i o l o g i c a l  p r o p e r t ie s  ( e .g .  a n t io x id a t iv e ,  
a n t i in f la m m a r y  a n d  a n t ih y p c r c h o lc s t c r o le m ic  a c t iv i t i e s )  o f  
r e c o m b in a n t  (r )  A c M R J P l  a n d  r A c M R J P 2  c a n  b e  fu r th e r  
c h a r a c t e r iz e d .  In  a d d i t io n ,  th e  g e n o m i c  s tr u c tu r e  o f  g e n e s  
e n c o d i n g  A c M R J P l  a n d  A c M R J P 2  p r o v id e s  b a s ic  k n o w le d g e  
o n  th e  r e g u la to r y  r e g i o n s  o f  th e  A c M R J P  g e n e s  in  A. ce ra n a .

Materials and Methods
B io lo g ic a l  s p e c im e n s  N u r s e  b e e s  o f  A  ceran a  ( <  10 d a y s)  from  a 
s in g le  c o lo n y  (B a n g k o k , cen tra l T h a ila n d ) w e r e  c o lle c te d  w h ile  
fe e d in g  th e ir  b r o o d . T h e  h e a d  o f  e a c h  b e e  w a s  d is s e c te d  ou t, 
im m e d ia te ly  p la c e d  in liq u id  n itr o g en  an d  sto r e d  at -80°c until 
n e e d e d .

T o ta l R N A  a n d  g e n o m ic  D N A  e x tr a c t io n  T otal R N A  w a s  
ex tra c ted  from  the h e a d s o f  A. ceran a  u s in g  T R Iz o l (In v itrogen , S an  
D ie g o ,  U S A ) , and further treated w ith  D N a se  I (P ro m e g a , M a d iso n , 
U S A ; 2  u n its /p g  o f  total R N A ) at 3 7 ’C  for 2 0  m in . G e n o m ic  D N A  
w a s  ex tracted  from  the th orax  o f  ea ch  b e e  u s in g  a  p h en o l-  
c h lo r o fo r m -S D S  m eth o d  d e scr ib ed  b y  S m ith  an d  H a g en  (1 9 9 7 ).

I s o la t io n  o f  A c M R J P l  a n d  A c M R J P 2  c D N A s  T w o  m icro g ra m s  
o f  to ta l R N A  w e r e  reverse  tran scr ib ed  u s in g  an  O m n isc r ip t R T  K it 
(Q ia g e n , C h a tsw o rth , U S A ) . F iv e  m icr o lite rs  o f  th e  first strand  
c D N A  w e r e  su b je c te d  to  P C R  in a  2 5  p i rea c tio n  v o lu m e ,

c o n ta in in g  2 0  m M  T r is -H C l, p H  8 .ร , 10  m M  K C I, 10 m M  
( N H ,) 2S 0 4, 2  m M  M g S 0 4, 2 0 0  m M  o f  e a c h  d N T P  an d  0 .6  p M  o f  
F M J: 5 '-T A G G A A T T C T A A  A T G A C A  A G G T G G T T G T T C  A T G ไ' 
w ith  the in tro d u ced  in it ia t io n  c o d o n  A T G  a n d  £ c o R I  s ite  an d  R M J: 
5 '-G G G G T A C C C lT T .A - 3 '  w ith  an  in tr o d u c e d  K pn \  s ite  (K la u d in y  
e t a l., 1994; S c h m itz o v a  e t a l., 1 9 9 8 ; A lb e r t  e t a l., 1 9 9 9 b ) an d  1 บ  
o f  P  f i t  D N A  p o l y m e r a s e  (P r o m e g a , U S A ) .  T ire a m p lif ic a tio n  
rea c tio n  w a s  c o m p o s e d  o f  d é n a tu ra tio n  at 92°c for  3  m in , fo l lo w e d  
b y  5 c y c le s  o f  d é n a tu ra tio n  at 92°c fo r  1 m in , a n n e a lin g  at 50"C for  
1.5 m in  and e x te n s io n  at 68"C  for 4  m in , w ith  a n  a d d itio n a l 35  
c y c le s  at 94°c for  1 m in . 60"C  for 1.5 m in  an d  7 2 °  c  for 4  m in . A  
fina l e x te n s io n  w a s  c a rr ie d  o u t  at 72" C  fo r  10 m in .

T h e  a m p lif ic a t io n  p r o d u c ts  (1 ,4 2 1  b p  a n d  1 ,5 6 5  bp in  s iz e )  w e r e  
treated  w ith  p r o te in a se  K  ( 5 0  p g /m l  in  d ie  p r e se n c e  o f  0 .5 %  S D S )  
at 6 5 “C  for 1 h , an d  p u r if ie d  u s in g  a  N u c le o s p in  P C R  P u r ific a tio n  
K it (M A C H E R E Y -N A G E L , G e r m a n y ) , p r ior  to  d ig e s t io n  w ith  
£ c o R I  an d  K pn \. D N A  fr a g m e n ts  w e r e  th en  p u r if ied  u s in g  a 
Q IA q u ic k  G el E x tr a c t io n  K it  (Q ia g e n ) , l ig a te d  w ith  E coK V K pn l 
d ig e s te d  p U C 1 8  an d  e le c tr o tr a n sfo r m e d  in to  E. co li  X L  1- B lu e . T h e  
r ec o m b in a n t c lo n e s  w e r e  s e le c te d  b y  a  la c  z  s y s te m  (M a n ia tis  et 
a l., 1 9 8 2 ). T h e  s i z e s  o f  th e  in se r ts  w e r e  v e r if ie d  b y  c o lo n y  P C R  
u s in g  p U C  1: 5 '-C C G G C T C G T A T G T T G T G T G G A -3 ' an d  p U C 2 :  
5 '-G T G C T G C A A G G C G A T T A A G T T G G -3 ', a s  prim ers. T h e  restriction  
c le a v a g e  s ite s  o f  th e  in se r ts  w e r e  e x a m in e d  b y  s in g le  an d  d o u b le  
d ig e s t io n  w ith  S sp \. S u m H I , £ c o R I ,  C la \  a n d  P vitl.

I s o la t io n  a n d  c h a r a c t e r iz a t io n  o f  A c M R J P l  a n d  A c M R J P 2
g e n e s  T h e  A c M R J P l a n d  A c M R J P 2  g e n e s  w e r e  o b ta in ed  from  
a m p lif ic a tio n  o f  th ree  o v e r la p p in g  r e g io n s  (F ig . 1 an d  T ab le  1). 
In itia lly , g e n o m ic  D N A  w a s  a m p lif ie d  u s in g  F M R J P  an d  R M R J P  
p rim ers u n d er th e  id e n t ic a l  c o n d it io n s  d e sc r ib e d  fo r  th e  R T -P C R . 
S e m i-n e s te d  P C R  l e M I F  +  R M R J P  an d  n M 2 F  +  R M R J P ) w a s  
carried  ou t u s in g  th e  g e l- e lu te d  P C R  p ro d u c t fro m  th e  pr im ary  
am p lifica tio n . T h e  r esu lt in g  p rod u ct w a s  l ig a te d  to  d ep h o sp h o ry la ted /  
S m a l-d ig e s te d  p G E M -3 Z f (+ ) ,  e le c tr o tr a n sfo r m e d  to  F  co li X L 1 -  
B lu e  an d  se q u e n c e d .

T h e  s e c o n d  o v e r la p p in g  r e g io n  o f  M R J P 1  a n d  M R J P 2  w e r e  
a m p lif ie d  u s in g  3 M L 2 F  (p o s it io n s  6 6 0 lh- 6 8 7 lh n u c le o t id e )  +  3 M 1R  
( I ,3 6 4 u’- l , 3 8 7 ü> nt) a n d  3 M I / 2 F  ( 6 5 4 “’- 6 7 8 ,h n t) +  3 M 2 R  (1 ,4 2 5  - 
1 ,4 4 9 “ n t), r e sp e c t iv e ly . T h e  g e l- e lu te d  P C R  p r o d u c t w a s  then  
su b je c te d  to s e m i-n e s te d  P C R  u s in g  3 r tM lF  (6 8 5 “’-7 1 0 'h n t) +  
3 M 1 R  and 3 n M 2 F  ( 6 8 2 “’-7 0 6 lh n t) +  3 M 2 R , resp ectively . T h e  
am p lifica tio n  p r o d u c ts  w e r e  p r o c e s s e d  a s  a b o v e .

T h e  up stream  5' r e g io n  o f  A c M R J P l  a n d  A c M R J P 2  w e r e  
a m p lif ie d  from  g e n o m ic  D N A  o f  A. ceren a  u s in g  5 M 1 F  (6 0 4  b p  
u p stream  r eg io n , a c c e s s io n  n u m b e r  A F 3 8 8 2 0 3 )  +  5 M 1 R  ( 3 7 4 “'- 
3 9 5 “' nt o f  A c M R J P l ) an d  5 M 2 F  ( 8 5 9  b p  u p stream  reg io n , a c c e ss io n  
n u m b er  A Y 0 7 S 3 9 9 )  -r 5 M 2 R  (352" “- 3 7 8 “' nt o f  A c M R J P 2 ) . S e m i-  
n e ste d  P C R  w a s  ca rr ie d  o u t  fo r  A c M J R P 2  u s in g  th e  o r ig in a l  
forw ard  p rim er an d  5 n M 2 R - l  ( 1 3 3 rJ- 1 6 0 “1 nt). T h e  resu ltin g  
p r o d u c ts  w e r e  c lo n e d  a n d  se q u e n c e d .

D N A  s e q u e n c in g  a n d  d a t a  a n a ly s i s  P la s m id  D N A  w a s  ex tracted  
from  ea ch  r ec o m b in a n t c lo n e  a n d  d o u b le -s tr a n d  s e q u e n c e d  u s in g  an  
a u to m a te d  se q u e n c e r  fL i-C o r , L in c o ln , U S A ) .  T h e  D N A  se q u e n c e s  
w e r e  further e d ited  w ith  G E N E T Y X  (S o f tw a r e  D e v e lo p m e n t  In c., 
A u stin , U S A )  an d  b la s te d  a g a in s t  d a ta  in  th e  G e n B a n k  u s in g  B la s tN  
an d  B lastA ' (h t tp : / /w w w .n c b i .n lm .n ih .g o v ). T h e  p u ta tiv e  c le a v a g e

http://www.ncbi.nlm.nih.gov
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F.M RJP p G E .Y I - .\ lK J P l - l  R M R jrf ......-  ...rt.MIK r
3/I.M IF

3M1/2F p G E M - M R J P l - 2  3 M IR

r 3MI/2F
T3/I.M2F

PGF.M-MRJP2-2

F ig . 1. S c h e m a tic  d ia g r a m s o f  A. ceran a  M R JP 1  (A )  an d  M R J P 2  (B )  e D N A s  an d  th e ir  g e n e s . C o m p le te  c D N A s  w e r e  o b ta in e d  b y  RT- 
P C R , w h e r e a s  g e n o m ic  D N A  fra g m en ts  o f  A c M R J P l an d  A c M R J P 2  w e r e  o b ta in ed  fro m  th e  o v e r la p p in g  P C R  a m p lif ic a t io n  p ro d u cts .  
N o n -c o d in g  r e g io n s  are r ep resen ted  b y  s o lid  b ars. In tron s (w ith  n u m b e rs)  are g r a y -sh a d e d . T h e  p r im er s  u s e d  fo r  a m p lif ic a t io n  o f  
g e n o m ic  A c M R J P l an d  A c M R J P 2  an d  th e ir  c o r r e sp o n d in g  c lo n e s  are illustrated .

s i te  o f  th e  s ig n a l p e p t id e , th e  T A TA  b o x  an d  th e  u ltrasp iracle  
tran scr ip tion a l factor  (U S P -T F )  b in d in g  s ite s  w e r e  p red icted  b y  
S ig n a lP  (h t tp : //w w w .c b s .d tu .d k /se r v ic e s /S ig n a lP /), N e u r a l n e tw o rk  
P ro m o te r  P re d ic tio n , N N P P 2 .1  (h ttp : //w w w .fr u it f ly .o r g /se q -to o ls /  
p r o m o ter .h tm l) an d  G e n o m a t ix s u ite  ( h t tp : //w w w .g e n o m e t ix .d e ), 
resp e c tiv e ly .

M u lt ip le  s e q u e n c e  a lig n m e n ts  o f  th e  n u c le o t id e  an d  tran sla ted  
a m in o  a c id s  w e r e  p e r fo rm e d  u s in g  C lu sta l พ  (T h o m p so n  el a l., 
1 9 9 4 ) . T h e  a lig n e d  se q u e n c e s  w e r e  b o o tstra p p ed  1 0 0 0  t im e s  u s in g  
S e q b o o t . T h e  s e q u e n c e  d iv e r g e n c e  b e tw e e n  d iffe re n t fa m ilie s  o f  
M R J P s w a s  c a lc u la te d  b a se d  o n  th e  tw o  p aram eter  m eth o d  
(K im u ra , 1 9 8 0 )  u s in g  D n a d ist . B o o str a p p e d  n e ig h b o r -jo in in g  trees  
w e r e  c o n str u c te d  u s in g  S e q b o o t , N e ig h b o r  an d  C o n se n s e . A ll  
p h y lo g e n e t ic  rec o n stru ctio n  p ro g ra m s w e r e  r o u tin e  in  P H Y L IP  
(F e ls e n s te in , 1 9 9 3 ). T h e  trees w e r e  a p p ro p r ia te ly  illu stra ted  u s in g  
T R E E V IE W  (h ttp ://ta x o n o m y .z o o lo g y .g la .a c .u k /r o d .h tm l).

C o n s t r u c t io n  o f  A c M R J P l  a n d  A c M R J P 2  e x p r e s s io n  v e c to r s
F ra g m e n ts c o d in g  m a tu re  A c M R J P l an d  A c M R J P 2  w e r e  a m p lif ie d  
u s in g  p rim ers; E x p  IF  (5 '-C A T G C C A T G G C T A G C C A T C A T C A T C  
A T  CAkTCXTAGCA TTC TTC G A G G A  G A A T C -V )  an d  E x p l R  ( 5 - C G  
G G G JA Ç C TTA C A G A  TGTATTGAAA TTT T G A A A G G -y), an d  E x p 2 F  
i 5 '-G A A G A T C T G G C T A G C C A T C A T  C A T C A T C A T C A T  GC.C.AT 
T A TT C G A C A A A A TT C -y)  an d  E x p 2 R  (5 '-C G G G G T A C C 7 T /i/f7 T G  
TTAGTATTCTGATTGTTATT-3'), respectively . A  M ie l site (u n d ed in ed )  
an d  s ix  H is  e n c o d e d  n u c le o t id e s  (b o ld fa c e )  and  a  K pn \ s ite  
(u n d e r lin e d ) w e r e  in tr o d u ce d  to  th e  fo rw a rd  an d  rev e rse  p r im ers, 
resp e ctiv e ly .

P C R  w a s  ca rr ied  o u t  a s  d e sc r ib e d  p r e v io u s ly . T h e  a m p lif ic a t io n  
p rod u ct w a s  d ig e s te d  w ith  N h eI a n d  K p n l,  lig a te d  to  c o m p a tib le  
s ite s  o f  p E T I7 b  (N o v a g e n , M a d iso n , U S A )  an d  tran sform ed  in to  E. 
co il X L  1-B lu e . P la s m id  D N A  w a s  e x tr a c te d  from  rec o m b in a n t  
c lo n e s  (p C U A c M R J P I  an d  p C U A c M R J P 2 )  an d  su b se q u e n tly

http://www.cbs.dtu.dk/services/SignalP/
http://www.fruitfly.org/seq-tools/
http://www.genometix.de
http://taxonomy.zoology.gla.ac.uk/rod.html
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T a b le  1 . P r im ers and  p r im er  s e q u e n c e s  u s e d  fo r  a m p lif ic a tio n  o f  tile  A e M R J P l an d  A c M R J P 2  g e n e s  

P rim er  S e q u e n c e  ^5'-3')

5 M 1 F
5 M 1 R
F M R J P
RMRJP
«M1F
3M1/2F
3M1R
3 n M lF
5M2F
5M2R
5 f lM 2 R -l
«M2F
3M2R
3/iM2F

AC A TP  A C T A T T C T C  A T T P P  ATP A n  AS S S S T
T G C C T Y G G Y A T A G Y T T G T C A A  
T C A Y G G G A C T R A G W G C M A T T C  
A A A C T G C A G C T A G C A A T T C T T C G A G G A G A A T C  
T G A T T C Y T T C C A T C G A W T G A C T T C C  
P P .A A A A P A  a t  a t t t a t t t t a t a  p  a t t p  a

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

tr a n sfo r m ed  in to  E. co li  R o s e tta  (D E 3 )p L y sS  (N o v a g e n , M a d iso n ,  
U S A ) fo r  in v i liv  e x p r e s s io n .

E x p r e s s io n  a n d  p u r if ic a t io n  o f  r A c M R J P l  a n d  r A c M R J P 2  A
s in g le  c o lo n y  o f  r ec o m b in a n t E. co li  R o se tta  (D E 3 )p L y sS  carry in g  
e ith er  p C U A c M R J P l or  p C U A c M R J P 2  w a s  in o c u la ted  in to  2  m l 
o f  L B  m e d iu m , c o n ta in in g  5 0  p g /m l a m p ic il l in  an d  3 4  p g /m l  
c h lo r a m p h e n ic o l at 37°c. T h e  o v e r n ig h t  c u ltu re  w a s  then  
tran sferred  to  5 0  m l o f  L B  m e d iu m  an d  further in cu b a ted  to  an  
ODtoo o f  0 .6 . A fte r  IP T G  in d u c t io n  (0 .4  m M  fin a l c o n c en tra tio n ), a 
1 m l a liq u o t  w a s  taken  at v a r io u s  t im e  p o in ts  (1 , 2 ,  3 , 4  and 5 h ) and  
c e n tr ifu g e d  at 1 0 0 0 0  X  g  fo r  10 m in  at 4°c. T h e  p e lle t  w a s  
r e su sp e n d e d  in  1 X  S D S  g e l- lo a d in g  b u ffer  an d  e x a m in e d  b y  S D S -  
P A G E  (L a e m m li ,  1 9 7 0 ).

F or p u r if ica tio n  o f  r A c M R J P l an d  r A c M R J P 2 , 100  m l a liq u o ts  
o f  IP T G -in d u c e d  cu ltu re  w e r e  h a r v ested  b y  cen tr ifu g a tio n . T h e  
p e lle t  w a s  r e su sp e n d e d  in  th e  b in d in g  b u ffer  ( 2 0  m M  so d iu m  
p h o sp h a te , 5 0 0  m M  N a C I, 5 m M  im id a z o le , 1 m M  P M S F , p H  7 .4 ) ,  
so n ic a te d  a n d  c en tr ifu g e d . T h e  s o lu b le  an d  in so lu b le  fr a c tio n s w e r e  
a n a ly z e d  b y  S D S -P A G E . T h e  A c M R J P s  in  th e  in so lu b le  fraction  
w e r e  p u r if ied  u n d er  d e n a tu r in g  c o n d it io n s  (2 0  m M  so d iu m  
p h o sp h a te , 5 0 0  m M  N a C I, 1 m M  P M S F , 8  M  u rea  and  2 5 0  m M  
im id a zo le , p H  7 .4 )  u s in g  H iT rap  C h ela tin g  H P  affin ity  chrom atograp hy  
(A m e r s h a m  B io s c ie n c e s ,  U p p s a la , S w e d e n )  an d  the p u rified  
p r o te in s  w e r e  sto r e d  at -20°c.
S D S - P A G E  a n d  W e s te r n  b lo t  a n a ly s is  P u r ified  r A c M R J P l and  
r A c M R J P 2  w e r e  a n a ly z ed  in  12%  S D S -P A G E . T h e  e lectro p h o resed  
p r o te in s w e r e  transferred  to  a  P V D F  m e m b r a n e  (H y b o n d -P , 
A m e r sh a m  B io s c ie n c e s ,  U p p s a la , S w e d e n ;  T o w b in , 1 9 7 9 ) an d  
in c u b a ted  w ith  5%  d ried  sk im m e d  m ilk -P B S  for 1 h at ro o m  
tem p eratu re . T h e  m e m b r a n e  w a s  w a s h e d  t w ic e  in  P B S -T w e e n 2 0  
and in c u b a ted  w ith  d ilu te d  A n ti-H is -F fR P  C o n ju g a te  (1 : 1 ,0 0 0 ,  
P e n ta -H is , Q ia g e n , U S A )  in  5 %  d r f r j  sk im m e d  m ilk -P B S  for  1 h. 
T h e  p e r o x id a s e  a c tiv ity  w a s  d e te c te d  b y  a d d in g  H 20 2 an d  a  
d ia m in o b e n z id in e  (D A B )  c h r o m o g e n ic  su bstrate .

A G e r m in a l  a m in o  a c id  s e q u e n c i n g  P u r ified  r A c M R J P l and  
r A c M R J P 2  w e r e  r e s o lv e d  in  12%  S D S -P A G E  an d  e le c tr o b lo tte d

o n to  a P V D F  m e m b r a n e . T h e  /V -term inal s e q u e n c e s  o f  th e se  
p r o te in s  w e r e  e x a m in e d  u s in g  a n  A B I  4 9 4  p r o te in  se q u e n c e r  
(A p p lie d  B io s y s te m s , U S A  a t D e p a r tm e n t  o f  B io lo g ic a l  S c ie n c e ,  
N a tio n a l U n iv e r s ity  o f  S in g a p o r e , S in g a p o r e ).

Results and Discussion

I s o l a t i o n ,  c l o n i n g  a n d  c h a r a c t e r i z a t i o n  o f  A e M R J P l  a n d  
A c M R J P 2  c D iN A s  T h e  P C R  p r o d u c t s  ( 1 ,4 2 1  b p ,  p R T -  
A c M R J P l  a n d  1 5 6 5  b p ,  p R T - A c M R J P 2 )  r e p r e s e n t in g  th e  
c o m p l e t e  O R F s  o f  A e M R J P l  ( 1 , 3 0 2  n u c l e o t id e s  e n c o d i n g  a 
p o l y p e p t id e  o f  4 3 3  a m i n o  a c id  r e s id u e s ,  a c c e s s i o n  n u m b e r  
A F 5 2 5 7 7 6 )  a n d  A c M R J P 2  ( 1 , 3 9 2  n u c l e o t id e s  e n c o d i n g  a 
p o l y p e p t id e  o f  4 6 3  a m i n o  a c id  r e s id u e s ,  A F 5 2 5 7 7 7 )  w e r e  
s u c c e s s f u l l y  c l o n e d  a n d  s e q u e n c e d  ( F ig .  2  a n d  3 ) .  T h e  
p u ta t iv e  s i n g l e  ( A A T A A A )  a n d  m u l t ip le  ( A A T A A A T A A A A T  
A A A )  p o l y a d e n y la t i o n  s i g n a l s  w e r e  f o u n d  a t  1 4  n u c l e o t id e s  
u p s tr e a m  fr o m  th e  p o l y  ( A )  t a i l  o f  A e M R J P l  a n d  A c M R J P 2  
c D N A s .  T h e  la tte r  a l s o  c o n t a i n e d  a  c o n s e n s u s  A A T A A A  at 
7 3  b p  u p s tr e a m  f r o m  t h e  m u l t i p l e  p o l y a d e n y la t i o n  s ig n a l  
s e q u e n c e .  T h e  s e q u e n c e  a n d  p o s i t i o n  o f  o v e r la p p in g  
p o l y a d e n y la t i o n  s i g n a l s  in  A c M R J P 2  w e r e  id e n t ic a l  w i t h  
t h o s e  in  À m M R J P 3  ( K J a u d in y  e t  a l . ,  1 9 9 4 ) .

T il., s im i la r i t ie s  o f  A e M R J P l  a n d  A c M R J P 2 ,  a n d  th e ir  
h o m o l o g u e s ,  in  A. m e llife r a  w e r e  9 3  a n d  9 2 %  ( n u c l e o t id e s ) ,  
a n d  9 0  a n d  8 6 %  ( d e d u c e d  a m i n o  a c id s ) ,  r e s p e c t iv e ly .  T h e  
p u t a t iv e  c le a v a g e  s i t e  o f  t h e  s i g n a l  p e p t id a s e  w a s  lo c a t e d  
b e t w e e n  ร 20- ร 2, a n d  G | 7- A | 8. T h r e e  ( 2 9 ' \  14 5 th a n d  1 7 8 “' a m in o  
a c id  r e s id u e s )  a n d  t w o  ( 1 4 5 lh a n d  1 7 8 lh a m i n e  a c id  r e s id u e s )  
p r e d ic t e d  /V -lin k e d  g l y c o s y l a t i o n  s i t e s  ( N X S / T )  w e r e  o b s e r v e d  
in  t h e  d e d u c e d  A e M R J P l  a n d  A c M R J P 2  p r o t e in s  a n d  th e ir  
h o m o l o g u e s  in  A . m e l life r a .  T h e  c a lc u l a t e d  p i  o f  A e M R J P l  
a n d  A c M R J P 2  w e r e  5 . 4 0  a n d  7 .8 8 ,  w h ic h  w e r e  c o n c o r d a n t  
w i t h  th e  p i  v a l u e s  o f  5 . 2 - 5 . 7  a n d  7 . 0 - 8 . 0  e x a m in e d  f r o m  
c h r o m a t o g r a p h ic a l ly  p u r i f i e d  A e M R J P l  a n d  A c M R J P 2 ,  
r e s p e c t i v e l y  ( S r is u p a r b h  e t  a l . ,  2 0 0 3 ) .
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ACATCACTA TTCT c  ATTOCATCACACCTGCAAAAGAAATrGAATTTT r  rGGATTTTTGTA f  0
TCTACATCTTTTTTTTTAATTGC AAT AATTTCCAAATAAATTAAATAAACATAAT ATTTT 1 ะ c
TCAATATAA TTATTCTAATTTTTAAAAAATTACACTACATATTTTTTTTTrnTJAATTAA 180
TCATTATCTCAATTAACATTTCTCCAGAACTATAGATGAAGCGAGACACAAAAAAAATAG ะ 4 0
TGTGACATAATAGATÀAACAAAATTTTGTAAAATTTCTACTCAAACAATATCTTTTTAGG 300
0AA7 A7AAATTA7 ACACCTG TC AC ATTCTAATTCTTTACAACAT ATCTACAAGAT AAATA 3G0
AG AT AATTTCAAG AATTT CAAA3G AATTTTAAAAT ACAATTTACTTTATCTCT AT AAAGT 4 20
ATACGTCA rTACCGCCy j t r j l r i i t t TGACCQATCYrrrCGTGAAAATTCAACAGCTCCTGCA 4 8 0
GTrCACGTACAATATCCATTGCTTCGTTACTCGCAGCCTAGGTAACTGTTCCAAATATCT ร 4 c
CAA*i*lUTAA'fAC;'CCTATACGAAACACCTrA'l*rAm*l'Ci\àACA/WGACGAAATA'J*rrrGT t o o
AGAAAAjBfiiExcAAGOTGGTTGTTT atggtggtatgccttggcat agtttgtcaaggtacg 66C

M T R W L F H V V C L C I V C Q C T
ACAAGCAGCATTCTTCGAGC-AGAATCTTTAAACAAATCATTAAGCGTCCTTCACGAATGG 720
r s ü i i . K G f c . S U N K S u S V ù M f c ; W
AAATT CTTTG ATTATGATTTCGATAGCGATGAAAGAAGACAAGATGCAATTCT ATCTOGC 760
K F F O Y D F D S D E R R Q D A I  L 3  0
GAAT ACXÎACTACAGC AAAAA T ? AT c c  ATCCG ACGTT GATCAATGGCATGgt a a a  11 a  g  a  c 54 0
R Y O Y H K K Y P ร D V D Q K H G
c a t a a a a c a c r c t a a t a t t g c a t t t t a c C Y g t c c â A a a t t c t t a a c a T c c a a t g a t t a c a  yCO
a tttaaaaaa-a t-ta a a c a c c c L L c a L tL c tta L t-c a a g G T A A G A T T T T T G T C A C C A T G C  9£C

K I P V T M r.

TAAGATACAA TGGCGT ACCTTC CT CTTTGAACXJTCiAT ATCTAAAAAGATCGGTG ATCÎGTG 1020
R Ï K G V P S S L N V I S K K I G C G C

r.ACCrrCTTCTTCAAGCTTATCCCr,ATTGGTCGTTTGCTAAATATGACGATTGGTCTGGAA ไ .7 ร 0
F L L C P Y P D W S F A X Y C D C S O I  

T T G T C A G C G C C À C A A A A C T T G C G g ta a c tg a a c a ttg tc tt ta tg a tc a c a tc t tc a o a a  1140  
V ร A V  K L A

t t a a t t t t c c a a a g a a a a a g a o g a t t c a t t t g t t a t g tg a t a t t t a g A T C G A C A A A T G C G  ะ ro c
r D K C ช

ACAGATTGTGCCTTCTGGACTCAGGTCTTGrCAATAATACTCAACCCATCTGTTCTCCAA 1260
R L K V L D S C L V N N T Q P M C S P K

AA C“ GCTCACCTTTG ATCTG A c T A c  CTCGCAATTGCTCAAGC AAGTCGAAATACCCÎCATCÏ ’.320
L L T f D L T T S O L L X O V E I P H D

ATGTTGCCGTAAATGCCACCACACGAAACGGAAGACTATCATCTCTAGCTGTrCAACCTT 13 80
V A  V M A T T G K G R L S S L A V Ç P I ,

TAGATTGCAATATAAATGGTGATACT A T G gtgag  a g g ç a a c t  t  a  1 4 4 0
D C  K Z N G D T M

c t t t t c t t ç ç a a t c . t t c a t t c a c t t t g c g t a t t t c t a g c ç a t g < ; t a a g c g B t g a a t a a t c  2 500
c a t a t g g a â a z a c a a c c c a a a t c a g a a a a g c . a a c a t c g c a g a a t g a t a a a a t : a t c c a a a a  1560
t a a t a c c c c c o t a a a t a a t t c t a o ’c t q a a a t c t t a a g a c a a a g a a t t a g a a t q t c t c o t a  ไ. 620
c g t a t t a c c c c g c t c t t a t a r a a a a a a a a a t g c a t c t c g c a a C t t t t c c c t g a t g t t c c c  16 6C
C t t g g c a a a a a g a t a  t a a a a  ะ a  t  a a a g t  t e t  e t e t e t a ï a t a t a t û t g t g a t a t t a g a c c  174 0
c t c t c a a t a a a c c g t t a a t c t t t g a a a c t a a a a t t g a a a a a t a t t a g c a a a a a t g a a t g c  1600
a c t t t c a a t a i c . t t t t c a c c o a a a t a t a c o t a t a a c c a o a c a t t g a g a g a a a t a a a a t c c  1660
t c c t c a a c o c a t t a g g a t t c a c a a a a a a a a a a a c a t . c t . a c g a a a g c t a c a a a a t c a a a a a  Ï 9 2 0
a a a o a g t t g a a a c t t a t c g g a c a a t a t t a w t a a t t a c a a c o t a a t c a t a c c a t g a c a a c g  I9 6 0
a t a t a a c a g C  TAT AC AT AG CAG ACG AO AAAGGTG AAGGTTTAATCGTGTATCATGATTCT 2 04 0

V Y I A O B K G B C L I V Y H S S

GATAATTCTTTCCATC'CATTtîACTTrCAAAACTTTOCATTAeGATCrTAAATTTAc’rAAA 2 100 
S N S F K R L T S K T F O Y S P K  F T K

ATaNCGATCAATGGAGAAAGTTTCACAACGCAAAGTGGAATTTCTGGAATGGCTCTrAUT 2 1 0 0  
M T I N G E S F T T O S G  I  S G  M A L  s

CCCATG ACT AACAATOT CT ATT ACACTCCTCTTAGCTT CT ACvlAGT 77GTÀTT A TT.TTAAr 2 2 20
P M T N N L Y Y S P V A S T S  1 Y Y V N
ACGGAACAATTCAGAACATCCAATTATGAACAAAATCCCÜTACATTATCAACCgt a  a  a t  * 2 2 6 0
T E Q F H T 5 N Y E 0 N A V H Y  K G  
t a a a a t t a a g t t t a c C t t t a a a r a a t g t t a c t a t a t L t c a g t ç g a g a a t t g a t t c t a a a a t  2 1 4 0  
a t a a c g t l t t c c a a c t L g L c t g a a t c g U g a t t a a g a t a a t t t t a a g t a t t L c o a a L c a a a  2 4 0 0  
a a t a c c c a a a c .a c c g a a â c a c c g c C a a a E g a a a c a a g g c c ç a a a a c a t a g a « c t g c a tc c  2 4 0 c 
c t g c t a a c q c a a a c c c a a a t t a c c c a c a a t t t a a c a â a t a â a a c t t g a a a c c a c c a t a c a  2620 
a c o a t a t t t c c t o c o g c t t t t a g a a t c g a t a t c a c o g o t t t g c t g c a t t t t t o a g t c a o a  2 580 
tCCacattttCCacCgattCCagAGTrCAAAATATTTTGGATACCCAATCGTCTGCTAAA 2o4C 

V Ç M I L D T w S S A  K

V V S K  ร * G V L F  F G L V c  ว* s A L G *  c

TGGAACGAACATCGATCACTTGAAACACACAATATCg L t a  g c a a c t g c g a a t g a t c t t t g  2 7  o c

a t c t t c g t t a c a t c c c c g t g t c a c a t c t c t t c c c a c c a t a t g t t a t g a c t a c t à a g c a t g  2 3 2 0  
a a c c  c c  c c g c a g g g a c a a a a c a a t  c c a c t  a c t a g a t  t g a c a ç g g a  a  c a  a g t  c a  c g t  g a  t  g  2330
c g a a g c c g c t c g g g c c a g t g a c g c a c c c t g t g c a c g t a g t g ç g a t a a t g t g g a t a t c a t t  ะ 94 0 
t c a g g c t c a g g c a g g a a t t g a a T a c a a t g t t a g t a a t a a a g g a a g a a a L g t c i c t a c g a t  3000  

t o y t â c a t c t t t L e t e r a t a t a t a t a c t a a t a a t â t  t £ t c g t t t t c « t c t t a a t  3060 
c t t c a a a a t t a i g i c c a t c t w c a a c c a c c t c t t a a t g g c c c a a c c g a a a t g t c a c a a c c g  3 1 2 0  
c c a t c a a t t g a c T a g c a t t t g c a c c t t t c g t t a a C t a a t a a ç a a a t a c c t c g a t c t g a t c  3 1 3 0  
g a a a t c c g a t a a c c g a a c t a a a a a t t a t t t a a t a t g a a t g c ç g - c t c t g t a a a c a a g t t g  3 2 4 0  
â c c a t a t a t a t t o c c C a a a a a a g g a t a t a a a t a a a a a g & a a & c z a t t t t g a a a t t & c a g C  33-30

GTACCGTCCCTCAAAGTGATCAGACACTTCAAATGA7CGTTGCCA7CAAGATTAAGGAAC 3 3 6 c  
T V A G S D S T L Q N  :  V G y  K I K E A

CCCTITCCACACGT 3CC  CAT ATTC GATAGATATATAAACCGTG;vAT ACA t  ATT GG TTTTAA 3 4 20
l p h v ? t f d r y i n r e y : l v :. ร

GTAACAGAATGCAAAAAATGGCGAATAATGACTATAACTTCAACC ATGTAAACTTCAGAA 34 8 0 
N R M Q K M A N H D Y N F N D V N  F R I

TTATGGACGCTAATGTAAATGACTTGATATTGAACACTCGTTGCGAAAATCCTAATAATG 3 54  0 
M D A N V N D u I L N T R C E N  p n n d

ATAAC ACCCCTTT CAAAATTTCAATACATCTG{f j ^ AAT CTGTTTT T T T c  G ATAT A T ATT A 3600
N T F F K I S 1 H L .

AATATTGTTCGAAATTTCTTATGrtATUTATTATGAATGTATAAAATAAATATTOTTTTCG 3 0 6 0  
CAT 3 6 6  »

F ig . 2 . O rg a n iz a tio n  o f  th e  A c M R J P l g e n e . C o d in g  n u c le o t id e s  an d  d e d u c e d  a m in o  a c id s  o f  e a c h  e x o n  are  c a p ita liz e d . In tron s are  
sh a d e d , an d  illu stra ted  w ith  lo w e r  letters . T h e  T A T A  b o x  an d  start a n d  sto p  c o d o n s  are sh a d e d  an d  b o ld - ita l ic iz e d . T h e  s ig n a l p e p tid e  
s e q u e n c e  an d  th e  p o ly  A  a d d itio n a l s ig n a l s ite  are  u n d er lin ed .

H a n e s  a n d  S im u t h  ( 1 9 9 8 )  s h o w e d  th a t  A m M R J P l  ( 5 5  k D a )  
w a s  s e p a r a t e d ,  b y  a n  i s o e le c t r i c f o c u s in g  t e c h n iq u e ,  in to  e ig h t  
p r o te in  b a n d s  w i t h  a  p i  o f  4 .5 - 5 . 0 .  S e q u e n c e  c o m p a r is o n s  
s h o w e d  14  m i s m a t c h e s  b e t w e e n  th e  A c M R J P l  in  th e  p r e s e n t  
s t u d y  a n d  th a t  p r e v io u s l y  d e p o s i t e d  in  th e  G e n B a n k  
(S r is u p a r p h  e t  a l ,  2 0 0 3 ) .  T e n  o f  t h e s e  d id  n o t  c a u s e  a m in o  
a c id  r e p la c e m e n t .  N e v e r t h e l e s s ,  n o n - s y n o n y m o u s  m u t a t io n s  
w e r e  f o u n d  f r o m  Pux, to  Q ,  A , | 2  t o  ร ,  G |jg  t o  V  a n d  L |50 t o  M  
b y  s u b s t i t u t io n s  o f  C3 |7, G3J4, G413 a n d  C448 to  A ,  T , T  a n d  A ,  
r e s p e c t iv e ly .  T h e  in te r n a l p e p t i d e  s e q u e n c i n g  o f  th e  p u r i f ie d  
A c M R J P l  in  t h is  s t u d y  s u p p o r t e d  th e  e x i s t e n c e  o f  Q ,06 a n d  
ร , , 2 f o r  A c M R J P l .  N e v e r t h e l e s s ,  th e  N 29 o f  A c M R J P l  f o u n d  
in  b o th  s t u d i e s  w a s  D ,  a s  r e v e a le d  b y  in te r n a l p e p t i d e  
s e q u e n c i n g  ( S r is u p a r b h  e t  a l ,  2 0 0 3 ) ,  s u g g e s t in g  p o s s i b l e  
a l l e l i c  v a r ia n t s  o f  A c M R J P l .  T h e  c D N A  a n d  g e n o m i c  
s e q u e n c e s  o f  A c M R J P 2  a r e  r e p o r te d  fo r  th e  f ir s t  t im e  in  t h is  
s tu d y . N o  d i f f e r e n c e s  w e r e  o b s e r v e d  b e t w e e n  e it h e r  th e  
g e n o m i c  D N A  s e q u e n c e s  o f  A c M R J P l  a n d  A c M R J P 2  o r  
th e ir  c o r r e s p o n d i n g  c D N A  s e q u e n c e s .  T h e  e s s e n t ia l  a m in o  
a c id  c o n t e n t s  o f  t h e  d e d u c e d  A c M R J P l  a n d  A c M R J P 2  w e r e  
r e la t iv e ly  h ig h  ( 4 8 .5  a n d  4 5 .4 % ,  r e s p e c t i v e l y ) ,  w h ic h  w e r e  
c o m p a r a b le  to  t h o s e  o f  A m M R J P l  ( 4 8 % )  a n d  A m M R J P 2  
( 4 7 % )  ( S c h m i t z o v a  e t  a l ,  1 9 9 8 ) .

M u l t ip le  a l ig n m e n t s  r e v e a le d  f o u r  c o n s e r v e d  c y s t e in e s  
t y p i c a l l y  f o u n d  a c r o s s  d i f f e r e n t  f a m i l i e s  o f  M R J P s  (d a ta  n o t  
s h o w n ) .  N o  r e p e a t e d  u n i t s  o f  a m i n o  a c id s  w e r e  f o u n d  in  
A c M R J P l ,  A m M R J P l  a n d  A m M R J P 4 ,  b u t  r e p e t i t iv e  r e g io n s  
w it h  d i f f e r e n t  s e q u e n c e s  a n d  l o c a l i z a t i o n  w e r e  f o u n d  in  th e  
r e m a in in g  p r o t e in  f a m i l i e s .  A c M R J P 2  c o n t a i n s  s i x  c o m p l e t e  
r e p e a te d  u n i ts ;  N Q K N N  e n c o d e d  b y  A A T C A G A A ( A 7 G ) A A T  
A A C ,  a t  t h e  C - t e r m in u s  ( 4 2 3 rd t o  4 5 7 lh r e s id u e s ) .  A p p a r e n t ly ,  
p e n t a m e r ic  a m i n o  a c id  r e p e a t s  w i t h  Q ( N / K ) ( D / N / T / A / G ) ( N /  
G / D ) ( I / N / K / R )  s e q u e n c e s  w e r e  f o u n d  in  t h e  C -te r m in u -:  o f  
A c M R J P 2 ,  A m M R J P 2  a n d  A m M R J P 3 .  In  a d d i t io n  D R M  
a n d  its  v a r ia n t s  ( D R 1 , D R T  a n d  D T M )  w e r e  f o u n d  a t th e  c  
te r m in u s  o f  A m M R J P 5  ( S c h m i t z o v a  e t  a l ,  1 9 9 8 ) .

G e n e s  c o d i n g  f o r  A m M R J P s  a r e  p r e s e n t  a s  th e  s i n g l e  c o p y  
g e n e  p e r  h a p l o id  g e n o m e  ( M a l e c o v a  e t  a l . ,  2 0 0 3 ) .  B i l i k o v a  et 
a l  ( 1 9 9 9 )  i l lu s t r a t e d  th a t th e  s i n g l e  p r o t e in  b a n d  o f  p u r if ie d  
A m M R J P 2 ,  a s  a n a l y z e d  b y  S D S - P A G E ,  w a s  c o m p o s e d  o f  at 
l e a s t  8  d i f f e r e n t  i s o e le c t r i c  f o c u s i n g  v a r ia n t s  o f  p i  7 .5 - 8 .5 .  
S c h m i t z o v a  e t  a t. ( 1 9 9 8 )  e x a m in e d  t h e  n u c l e o t id e  d i f f e r e n c e s  
o f  4  a n d  2  i s o f o n n s  o f  A m M R J P 3  a n d  A m M R J P S ,  
r e s p e c t iv e ly ,  a n d  in d ic a t e d  th a t  p o l y m o r p h is m  o f  t h e s e  
p r o t e in s  w a s  r e la t e d  w i t h  t h e  l e n g t h  v a r ia b i l i t y  o f  r e p e t i t iv e  
r e g io n s  a m o n g  in d iv id u a l  h o n e y  b e e s  w i t h i n  th e  c o lo n y .



54 Chanprapa Imjongjirak ๙  al.

7 'iAG AATOX ATTOCAG U T  ATO'JT-.-'G*.' T AAT ÀÀT AAGACTTTTCAAATT ATT AOTTCTÀC 60
AATT kx  G ATTTPJCA ATfTTAATTCCC T ATTTAACTCATC AT ATCTÜÀA TAT AT AT AT XT I 2 Ü
TGATTTTGAATAGAAAATA'TTACAA.UTGTTUATGGOAATTTAAATCTCGATAACATCA 180
ATCCCTAAATTTTCAATCAC-AATATAAAAACATTAACATATAATTA rTCTATTrr TAAAA 240
AATTGCTCTTC AT ATTTTTTTTOGA ACTAAATATTATCTCTCTTAATAGTTTTTT AGA AC 300
7CCGTA7 GA AGO T AA ACAC AC ACGC AA A AAT AG AGGTGTGOC A AAGC ATTT TTAGOGA AT 3 00
ATAAATT ATAACCCGTCAC ATTCTA ATCCTTTAAOAAATAT'CTACAAOATAAACGAAA AT 120
JTTC AA AATTC1AAAAAAC AATTT ACTTTATCTC T3T AA ACT ACGTAC c  ATT AjC c  ACC 5 9  480
JDUÂnfC-ACCAACCGTAGTCAAAATTC AAC AGTTTOTACAGTTCAOTTACATTCTGCAOT 540
ATCCTAAvT AAGTT7CTTG ATT ATCTTCATT AT A AT ATTT ATT7 GC AATCTTTC ATTTÀT 600
CI'GvAAAATGAAATATTTTATTTTAGAAAjJiaBACAAAGTGGTTC-TTTATCGTCGCATGC 660

ท T K V L r  ท V A___ Ç
CTTGvC ATAO 7TTGTC AAOCC occ ATT ATTCGÀC AAAATTCTGCAAAAAACTTGGAAAAT 720
1. 0  :  A C 0  0 A I  I R Q N S A K N L E H
7CG7 TC1 ÀCGTAATTC ACGAATGCÀÀÀTATATCGATTATCATTTCGGTAGCGAAGAAAGA 780
3 L .ร V 1 K E V y. Y I » •/ จ i  G ร  L L H
AGAC ex  .KTGCG A TTC AATCFGGC V AA T AC G ATC AT ACG AAA AATTAT c  CCTT'.'G ATGTC 840
R G A A I O S G E Y D H T K N Y P r D V
G ATC A»7CGCAT0 g t * a a a t . t t t c t t a i C . t t t a a a c c o c t o a C t t g c a t t t t a a t c g t c g a a  SCO
D 0  H H D
a c e t f c c a a c a c t c a a t c î i a t c t c c a c c g c î c g t a c t t c t t c a t t t t c g a a c a f t t c a a a a a g  360
a t  a t  I C C  a c a c t t c g t  a t t  t c t  t a t  t  taaqATAAGAC IT โ TGTCACCATACTAAAGTAC«3 1020

K T F V T I L V. Y t-
ATCGTG7GCCTTCTAC TTTCAACATGATATCTAÀCAAAATOCGTAAGGGTOCACGCCTTC 1080

G V P s  7 L N n 1 S N K I G K G G R L L
TAC AAi7 7 ATATCCTCAT7GGTCGT0 GGCAGAGAATAAAGATTGCTCTGGAATCGTGAGCG 1140

O F Y P D W S W A E K K D C S G I V S A
CTTTCAA AATTG< ะ■ ไ̂ r t a a t t ^ a a c a t t t t t t t c t a t a t t t a t c t c t a a a a t t a a c t t t c c  1200

r  >: I A
t  c t t c  ac a y a a  w a a g a sg a t t c a t t  t  g t  c g ta tg a ta tt ta g A T T G A C  A AA TTC G AC AGA 12 60

I D K F D R
7TCTCC JTTTTCGATTO.GGTCTTATC AATACAACTGAACCTATÀTCTCCTCCAAAGTTG 1320
L พ V L D ร G L I N ท T E P I  c  A P K L
C ATGTC TTTGÂTCTCA AA A AC ACAAAGC AC C TT AAGC AAATCGAAATACCGC. ATC. A TATT 1380
H V F  D L K N T K H L K Q I E I P H P I
GCCGTA A ATGCC AC c  ACAGC-A A AGGGAGGGCTAGTC TCTCTAGTTGTTC ÀÀGCCATGGAT 1440
À V ร A T T G K G G L V ร L V V 0  A M P
COTATC-AATA 'T T T A g t a a g t . c t a a s . t t a c a t t a a a a t t t a a a t t a a a g a t t a a a t t a g a  1500
P R N T L
c a t t g c a t a t g a t a a a a a t o a a a t c c a t a a c t t t c a a a a t a g t a a a a t a g t t a a a t t t a g  1560
at-U iac jaaa t. t g a u a t  LLucoat_at.ataL:UaaLtyLacUaUl:CtLtUgt_aLaat»aao& aL 1620
g a t t t t a c a a c t t t e t c t g a t g t t t t a c t t t a g a â a a a t t g a t c a t a t t a a a t c a g a t t t  1660
t t t t a c c a t t s a t t t t t a t a a â a t t t t t a a a a t a a c t a t a t t t t t q a t q t t t t f c t t a t t t  1740
g a a c t a t t  a r c  ta a g c  a t a t  t e  a a a c a t t t a t a a t c a a t t t t a t t a t g a t c g a g t g a g t  t  1000
a a c c  1 1  a a a j a a c a a c  c g a a tg a c t  a t t  a t t t c a a a a g c t a t g t a t t c t a g a a â a a a â a g  1360
a t c t c c : a g a a t c t g g g c a a a a t t t a C « a a g c a t a c a t t t a a t g a a a g t t a t a a a a t c a a g  1920
a a o a a c t t a a a a c t t a t c g a a c a a t a t t a t t a t g a t a t g a t a t a a t g a t  t a a t c a t o t a e  I 960
t  ag o  1-a7 AC A T AG O . G AC c AT A AG GGTG ATGCTTTG ATCGTCT ATC AA A ATTCCG ATG AT 2040

V Y 1 A P แ K G P A L I  V Y พั K 3  c D

TCCTTCC1TCGAÀT0ACTTCCAÀCACTTTCGATTACCATCCCAGATÂTGCCAAAATCACG 2 1 0 0  
S F H P R T S N T F D Y P P R Y A K K T
ATC A ATGGAGAAAGTTTC AC ATTG A AAA ATGGA A TTTGT GG A A TÇ-GCTC TT AGTC cc GTG 2 160
I M G E 5 F T L K N G I c G H A L s  P V
ACG A AC A ATCTTTATT AC AGTC-TTV TCGC7TCTC ACGGTTTGT ATT ATGTC A AC ACOJ AA 2 2 2 0
T H N L Y Y S P L A S H G L Y Y V N T E
CCATTTATXJÀAATCAC AA7TTGGAG AC AÀTÀ AT AACGTG-.’ AA T A T G A A G G g ta a a ta ta a  2 2 0 0
r r  H K S O r C I ' N N N V O Y E C -  
a a a t a a t t t c t t a a a t t t t a c g a a a t a g a a t a a t g t t a a a c a a t a t g t t a a t o t g t t c g t  234C  
g a a a t t t t t t t g t a a a g t t a a t t c a a g a a t a g c g t t t c a a t t t a t t t a t t c t t g c a c a g c  2 4 0 0  
â t c t t g c a c a t t c t t a g c t a g t t g c c c a t c c c t t a t t a a t t c c a j À T C C C A A G A T A C T T T  ะ 4 6 0

S  0  D T L
G AAC AC G<: A A T>: ATTGG-: TAAACC AGTATCCÀA A G A TC-3 ;  GTC CTC TTC CTC 0 0  ACTTCT 2 520

ผ  T  C 3  L À K A V 3  K 0  G V •_ F V G L y

GCGTAAnCACCTCTTOGATCCTTCAACCÀCCATCÀACC ACTT CACAO ACA A AA TTT Ag t  2 5 8 0
G S A L G C L N E H O F  L O R E  N L 

t a a t a q t t t t t t a t t a t q t c t c t t t t t c t t c a c a t t t t t t q t . t a t a t t t t c t t q q t a c « t  2 640  
t t c t t c c t a t c a g a c a c t a c t a t c a c t a t a a c c a a a c c t g a a t c c c c a c a c g a a a a i g c a c  .7 0 0  
a c a t c q a c t q t a q a t t t q a c a q a a a c a q a a a t c q a r q c a â c a t e a c a c a a a c t t a c t t t Q  2 7 6 0  
c t g t a g a t c a c g t y a c a t , a t a a t t . a t g t a g t . 0C t < i g t a g t g y g a t a a t g t g & t g a c a t a t  2 8 20  
c c c g t c c g t g a a t t g c g a g c g t g g t a t t a g t a c a g â t g â c g t a g t c a a g t c c c t t c t a g a  2 eeo 
t t t a t g a g o â a t t t t t c t t a â a w i t a t a t a a c t a c a a t t c g t t t a c t t c a t t a t t t t t û :  2 9 4 0
c t t t a a a a a t c t t a a a t t t t a a a t t a a t a a a a t t t t a o c g 9 r a a c g e ^ a a a c c t g â a a ô g  30CÜ 
t a g a t a t a t a a t t a a a t t t a t a a c a g t g c c g t a g t t a a a c t t t t c t g c t t t t g c g t t t t t  3 0 6 0  
t c t c t c t a a a a a t a a t c a t a a t a t t a a t c a t c t c g t t t c a t t t c t a c c g t t t t t t t c c t t  3 1 2 0  
t c a t a a a a t c t g t t c t t t t t t t t a a a a g c t t a t a t t t a a g a t c t t t t a t c g a c a a t c g a a  31E0  
a t a t & a c t t t g o a t a a g t t a g a a t t a t t a g t t a a c t t a g â a i a t t c c t a a t t a a c t t a g t a  3 2 4 0  
a a c q c t t c a a t t t q a q t t c c r a q t t a a c a q t t a a t c a a a a a t t a t t c a a c a t a a a c c c a a e  3 3CO 
t t c c t c t g t a a a c a c a c g g ç a a c a a t t t a t a g t a t g t t g a a a a r a c t t a a t t a a a t a a t c  33eO  
g a a t t t a t g t c a a t c t a t y t t c t c a a a g c a a c a a a t g t t t t a t a c g a t g a a e t a t a a a t a  3 420  
a a a a t g a a a c t a t t t c g a a a t  ta c a g C  AACIGCTCGCCC AAAATGAAÀAA ACACTrCAAA 3 480

TCATCCCAGG7àTGAAAA7TAA0GAàGàCCTTCCA<3ATT7Cv TAG GâÀo TAACAAACCTG 3 5 4 0
I A C R K I K E E L P H F V O  S N K P V

T AA AGGACGA AT ATATGT7 AGTTT7 A AC. T A ÀCA A AA TOC AC.A A AA T  AG T AA ATA ATT,ATT 3 600
K D E Y M L V L S H K H C K  I V  N M D F

TT A A TTT'CA ACG ACGT AA ACTTCCC AATTTTOGG TOC •ะ-A A 70  T AA A GG A ATT AA TG AG AA 3 660
M F N P V N F R I  L c  A ผ  V F. E L M fc N

ATACTCA7TCCGCAAATT7TAACAATAÀAAATAATC AGAAOAATAAOAATC AGAAGAATA 3 7 2 0
T M •ะ À M F ผ  N K H N 0  K ร  N M Q K N N

ACA AT* AC.A AC A ATA.».-. A ATC AGA AC.A ATA A>'A AT.: AGA A AAATA AOA ATVT AGA AGA ATA ใ 7P. 0  
N 0  N N น N Q K N N N 0  Z  î i  K N Q K N N

ACAATCACAAOÀATAAGAATCAOAATACTAACAAlÎBkÎÀA7GATÀATC AAGTTCCTCGTT 3 0 4 0
N Q K N N N 0  N T M N

CTTC AA A A. T CGC ATT À AA JkAIAiAC c A A ATF ATTT TTT A AA A TA TTTTTTC GATGTA 3 9 0 0
AACAAAA7TT7TTÀA>.ArATT7CA7TATA7TATAAAT AaATaAAATa AAT ATCCT7T7CO 3 9 6 0
CAT 3 9 6 3

F ig . 3 . O rg a n iz a tio n  o f  the A c M R J P 2  g e n e . C o d in g  n u c le o t id e s  an d  d e d u c e d  a m in o  a c id s  o f  e a c h  e x o n  are c a p ita liz e d . In tron s are  
sh a d e d , an d  illu stra ted  w ith  lo w e r  letters. T h e  T A TA  b o x  an d  start an d  s to p  c o d o n s  are sh a d e d  an d  b o ld - ita l ic iz e d . T h e  s ig n a l p e p tid e  
s e q u e n c e  an d  th e  p o ly  A  a d d itio n a l s ig n a l s ite  are u n d er lin ed . P en ta m er ic  a m in o  a c id  rep ea ts  (N Q K .N N ) are fo u n d  at th e  C -te rm in u s  o f  
th is d e d u c e d  p ro te in .

T h e r e f o r e ,  th e  in tr a - a n d  in t e r - c o lo n ia l  v a r ia b i l i t ie s  o f  a n  
A c M R J P 2  g e n e  in  d i f f e r e n t  p o p u la t io n s  o f  A . c e ra n a  in  
T h a i la n d  s h o u ld  b e  fu r th e r  e x a m in e d .

G e n e  o r g a n i z a t i o n  o f  A c M R J P l  a n d  A c M R J P 2  C o m p le t e  
g e n e  s e q u e n c e s  o f  A c M R J P l  a n d  A c M R J P 2  w e r e  d e d u c e d  
f r o m  t h e  n u c l e o t id e  s e q u e n c e s  o f  th e  o v e r la p p in g  c l o n e s  o f  
e a c h  p r o te in  fa m i ly .  L ik e  A m M R J P l  a n d  A m M R J P 2 ,  b o th  
A c M R J P l  a n d  A c M R J P 2  g e n e s  a r e  c o m p o s e d  o f  6  e x o n s  a n d  
5  in tr o n s  ( 3 ,6 6 3  b p  a n d  3 ,9 6 3  b p  in  le n g th ;  a c c e s s io n  n u m b e r s  
A Y 5 1 5 6 8 8  a n d  A Y 5 1 5 6 8 9 ;  F ig .  2  a n d  3 ) .  T h e  le n g t h  o f  e a c h  
e x o n  v a r ie s  f r o m  1 3 3  b p  ( e x o n  5 ) - 2 8 4  b p  ( e x o n  4 )  a n d  1 3 3  b p  
( e x o n  5 ) - 3 7 2  b p  f e x o n  6 )  fo r  th e  A c M R J P l  a n d  A c M R J P 2  
g e n e s ,  r e s p e c t iv e ly .  T h e  G C  c o n t e n t  r e f l e c t s  a  s l i g h t l y  g r e a te r  
th e r m a l  s t a b i l i t y  in  e x o n s  ( 3 4 - 4 2 %  a n d  2 8 - 4 2 % )  th a n  in  
in tr o n s  ( 1 5 - 2 9 %  a n d  1 6 - 2 4 % )  o f  b o ’h  A c M R J P l  a n d  
A c M R J P 2  g e n e s  (T a b le  2 ) .

T h e  e x o n / in t r o n  b o u n d a r y  s i t e s  d e t e r m in e d  b y  th e  
c o r r e s p o n d in g  c D N A  s e q u e n c e s  w e r e  c o n s i s t e n t  w i t h  th e  G T /  
A G  r u le . I n tr o n s  2 ,  3 ,  a n d  5  o f  A c M R J P l  a n d  A c M R J P 2  
in te r r u p t  th e  O R F s  b e t w e e n  t w o  c o d o n s  ( t y p e  0  in tr o n ) ,

w h e r e a s  th e  r e m a in in g  in tr o n s  in te r r u p t  th e  O R F s  a f t e r  th e  1” 
o r  2 nd c o d o n  ( t y p e  1 in tr o n ) .

M a le c o v a  e t a l.  ( 2 0 0 3 )  r e p o r te d  t w o  u ltr a s p ir a c le  
t r a n s c r ip t io n a l  fa c to r  ( U S P - T F ,  G G T C A )  b i n d i n g  s i t e s  in  
A m M R J P l ,  b u t o n l y  o n e  b i n d i n g  s i t e  in  A m M R J P 2 - 5  
i m m e d ia t e l y  d o w n s t r e a m  fr o m  th e  p r e d ic t e d  T A T A  b o x .  T h e  
p r e d ic t e d  C A A T  r e g u la t o r y  b o x  ( C C A A T )  i s  lo c a t e d  b e t w e e n  
6 9 - 6 5  n u c l e o t id e s  d o w n s t r e a m  fr o m  th e  t r a n s c r ip t io n  s ta r t in g  
p o in t  in  A m M l O P l ,  b u t i s  a b s e n t  f r o m  A m M R J P 2 - A m M R J 5 .  
U S P - T F  is  a m e m b e r  o f  t h e  l ig a n d - m o d u l a t e d  t r a n s c r ip t io n  
fa c to r s  that r e g u la te  c e l l  h o m e o s t a s i s ,  r e p r o d u c t io n , d if fe r e n tia tio n  
a n d  d e v e lo p m e n t  (S e r g a v e s ,  1 9 9 1 ) .  เท D ro so p h ila  m ela n o g a ster1 
U S P - T F  s p e c i f i c a l l y  b in d s  to  a c t iv e  j u v e n i l e  h o r m o n e s  ( J o n e s  
a n d  S h a r p , 1 9 9 7 ) .

T h e  p u ta t iv e  T A T A  b o x e s  o f  A c M R J P l  a n d  A c M R J P 2  
w e r e  f o u n d  at - 3 1  a n d  - 3 2  n t  u p s t r e a m  fr o m  t h e  tr a n s c r ip t io n  
in i t ia t io n  s i t e s ,  r e s p e c t iv e ly .  T h e  p u t a t iv e  C A A T  b o x  w a s  a l s o  
f o u n d  in  A c M R J P l  ( C A A A T )  at a n  id e n t ic a l  p o s i t i o n  to  th e  
C C A A T  r e p o r te d  in  A m M R J P l  ( M a le c o v a  e t  a l . ,  2 0 0 3 ) ,  b u t  
th e  c o n s e n s u s  s e q u e n c e  w a s  n o t  f o u n d  in  A c M R J P 2 .  B o t h  
A c M R J P l  a n d  A c M R J P 2  c o n t a i n e d  a s i n g l e  U S P - T F  b in d in g
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T a b le  2 . G C  c o n te n t  an d  len g th  o f  e x o n s  an d  in tron s in th e  A c M R J P l an d  A c M R J P 2  g e n e s

E x o n G e n o m ic  D N A  
(N o .  o f  n u c le o t id e s ) G C  c o n te n t  (% ) Intron G e n o m ic  D N A  

( N o .  o f  n u c le o t id e s ) G C  c o n te n t  (% )

A c M R J P l
1 1 -2 2 3  ( 2 2 3  bp ) 3 7 1 2 2 4 - 3 3 3  ( 1 1 0  b p ) 15
2 3 3 4 - 4 9 7  (1 6 4  b p ) 4 0 2 4 9 8 - 5 8 1  (8 4  b p ) 2 0
3 5 8 2 - 8 0 3  (2 2 2  b p ) 41 3 8 0 4 - 1 3 8 3  ( 5 S 0  b p ) 21
4 1 3 8 4 - 1 6 6 7  ( 2 8 4  b p ) 3 5 4 1 6 6 8 - 1 9 9 7  ( 3 3 0  lop) 2 0
5 1 9 9 8 - 2 1 3 0  ( 1 3 3  bp ) 4 2 5 2 1 3 1 - 2 6 9 3  ( 5 6 3  b p ) 2 9
6 2 6 9 4 - 2 9 6 9  ( 2 7 6  b p ) 3 4

\ c M R J P 2
1 1 -2 2 3  ( 2 2 3  b p ) 3 7 1 2 2 4 - 3 6 0  ( 1 3 7  b p ) 2 0
2 3 6 1 - 5 2 4  ( 1 6 4  bp ) 4 0 2 5 2 5 - 6 1 2  (8 8  b p ) 18
3 6 1 3 - 8 2 5  ( 2 1 3  bp ) 3 9 3 8 2 6 - 1 3 5 3  ( 5 2 8  b p ) 16
4 1 3 5 4 - 1 6 4 0  ( 2 8 7  b p ) 3 7 4 1 6 4 1 - 1 8 1 5  (1 7 5  b p ) 2 0
5 1 8 1 6 - 1 6 4 8  (1 3 3  bp ) 4 2 5 1 9 4 9 - 2 8 1 6  ( 8 6 8  b p ) 2 4
6 2 8 1 7 - 3 1 8 8  ( 3 7 2  b p ) 2 8

vs
66

--------------AmM R.IP2

tool100
-------------- ACMIUP2

A  111 .VIRJP3

I------------Aiii.VIR.IP1
100 j 100

-------  A c M R J P l

_32_
69 AmMRJP4

__________________________________________________A m M  RJ P5_____ÜJ____
F ig . 4 . A  b o o t ;  a p p ed  n e ig h b o r -jo in in g  tree  illu stra tin g  the  
r e la t io n sh ip s  b e tw e e n  d iffe re n t fa m ilie s  o f  A m M R J P s  (1 -5 )  and  
A c M R J P l an d  A c M R J P 2 . V a lu e s at th e  n o d e  (n u c le o t id e s , a b o v e  
a n d  d e d u c e d  a m in o  a c id , b e lo w )  in d ic a te  th e  p erce n ta g e  o f  t im e s  
th a t th e  p articu lar  n o d e  o ccu rr ed  in 1 ,0 0 0  trees g en e ra te d  b y  
b ootstra p p in g  th e  or ig in a l n u c le o tid e  o r  d ed u c ed  protein  se q u e n c e s .

s i t e  a t  th e  5' U T R  im m e d ia t e l y  f o l l o w i n g  th e  T A T A  b o x .

Genetic distance and phylogenetic relationships of AciVlRJPs
T h e  in te r s p e c if ic  s e q u e n c e  d iv e r g e n c e s  b e t w e e n  M R J P 1  a n d  
M R J P 2  o f  A . ce ra n a  a n d  A. m ellifera  w e r e  0 .0 6 1 8 - 0 .0 9 3 4  a n d

( A )
kl)a

M 1 2 3 4 ร 6  7

• f f § w m * ' ฟ ้p p l l
t o o - พ ''.' ร--.-- " ะ ^

fe&fe 3Ê »»G .
50 — '*”"*•* i~~3f CSX « w r พ » « V

^  M
à  'ท ç -  é ท B it  ü 1

น ;ร  เร ่1i
—

Ü___ — .M i. ร ะ i»LsL
( B)
k Da

M 1 2 3 4 5  6  7

t oo

sir

'ะะะ:- ; >- :
—  ~  ฟ ้^รร์รM. . . — ๗*! ' -■ .■ พ ‘ 1

«é*----- •น * -^  «***■ ■ »* HMU*.

F ig . ร . S D S -P A G E  a n a ly s is  to  e x a m in e  th e  e x p r e s s io n s  o f  
p C U A c M R J P l ( A )  an d  p C U A c M R J P 2  ( B )  u n d er  n o n -in d u c e d  
( la n e s  1 -2 , p a n e ls  A  an d  B )  a n d  in d u c e d  w ith  0 .4  m M  IP T G  for  
1-5 h o u rs  ( la n e s  3 - 7 ,  A  an d  B )  in  th e  c ru d e  ex tra c ts  o f  E. coli 
R o se tta  (D E 3 )p L y sS . L a n e s  M  is  th e  p ro te in  stan d ard  ladder.

0 .0 9 1 2 - 0 .1 4 3 8 ,  w h e r e a s  th o s e  b e t w e e n  d if fe r e n t  fa m i lie s  o f  
M R J P s  in  A. ท:.!Ilfera  w e r e  0 .2 4 1 9  ( A m M R J P 2 - A m M R J P 3 ) -  
0 .4 4 9 0  ( A m M R J P 3 - A m M R J P 5 )  a n d  0 .4 2 5 2 - 0 .8 4 3 9  a t th e  
n u c le o t id e  a n d  d e d u c e d  p r o te in  le v e ls ,  r e s p e c t iv e ly .

A  b o o t s t r a p p e d  N J  t r e e  c o n s t r u c t e d  f r o m  th e  s e q u e n c e  
d iv e r g e n c e  o f  n u c l e o t id e s  a n d  d e d u c e d  a m i n o  a c id s  ( F ig .  4 )  
r e v e a le d  c l o s e  r e la t io n s h ip s  b e t w e e n  A c M R J P l - A m M R J P l
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F ig .  6 . S D S -P A G E  a n d  W ester n  b lo t  a n a ly s e s  to  e x a m in e  th e  e x p r e s s io n s  o f  r A c M R J P l (A  an d  B )  an d  r A c M R J P 2  (C  an d  D )  in n o n -  
•r.cuced ( la n e s  1, A - D )  a n d  IP T G  in d u c ed  ( la n e  2 , A -D )  cru d e  e x tra c ts , so lu b le  ( la n e  3 , A - D )  a n d  in s o lu b le  ( la n e s  4 ,  A - D )  fra ctio n s  
a r .c  p u rified  r A c M R J P l ( la n e s  5 p a n e ls  A  an d  B )  an d  r A c M R J P 2  ( la n e s  5, p a n e ls  c  an d  D )  o f  r e c o m b in a n t  E. co li  R o setta  
(D E J )p L y s S  c lo n e s . B o th  r ec o m b in a n t p r o te in s  are e x p r e s se d  in th e  in so lu b le  form s.

a r .u  A c M R J P 2 - A m M R J P 2  f r o m  d i f f e r e n t  b e e  s p e c i e s  
t y p i c a l l y  f o u n d  in  th e  g e n e s  b o m  f r o m  a  g e n e  d u p l i c a t io n  
p r o c e s s  ( M it s u o  e t a i ,  2 0 0 1 ) .  A lb e r t  e t  a l.  ( 1 9 9 9 a )  d e t e r m in e d  
t h e  e v o lu t io n a r y  r e la t io n s h ip s  o f  A m M R J P  f a m i l i e s ,  a n d  
r e p o r t e d  th a t f a m i ly  v a r ia n t s  o f  M R J P  g e n e s  r e s u l t e d  f r o m  
r .e a r s im u l t a n e o u s  g e n e  d u p l i c a t io n ,  w i t h  M R J P 4  p o s s i b l y  
b e i n g  th e  e a r l ie s t  d i v e r g e n c e  w it h in  t h e s e  g e n e  f a m i l i e s .

E x p r e s s i o n ,  c h a r a c t e r i z a t io n  a n d  p u r i f i c a t i o n  o f  r A c M R J P l  
a n d  r A c M R J P 2  p r o t e i n s  O v e r e x p r e s s i o n s  o f  r A c M R J P l  
a n d  r A c M R J P 2  w e r e  i n d u c e d  a f t e r  th e  a d d i t io n  o f  I P T G  
( 0 . 4  m M  fin a l c o n c e n t r a t io n )  fo r  1 h , a n d  r e a c h e d  sa tu r a te d  
e x p r e s s i o n  l e v e l s  a f t e r  4  h  ( F ig .  5 ) .  B o t h  p r o t e in s  w e r e  
e x p r e s s e d  a s  th e  i n s o l u b l e  f o r m s  a n d  d id  n o t  d e g r a d e  d u r in g  
l o n g e r  in c u b a t io n  p e r io d s  (d a ta  n o t  s h o w n ) .  T h e  s i z e s  o f  th e  
p u r i f i e d  r A c M R J P l  a n d  r A c M R J P 2  w e r e  4 7 . 9  a n d  5 1 .7  k D a ,  
a s  d e t e r m in e d  b y  S D S - P A G E ,  a n d  p o s i t i v e l y  id e n t i f ie d  b y  
w e s t e r n  b lo t  a n a l y s i s  ( F ig .  6 ) .  / 7 - t e r m in a l  a m i n o  a c id  
s e q u e n c i n g  r e v e a le d  th a t  t h e  A S H H H H H H S I L R G E S L N K .S L

(r A cM R J P l) an d  A S H H H H H H A J IR Q N (S T J X S /A )K N L  (rA cM R JP 2)  
m a t c h e d  t h o s e  o f  t h e  e x p e c t e d  s e q u e n c e s ,  w i t h  t h e  e x c e p t i o n  
o f  a  la c k  o f  a n  / / - t e r m i n a l  m e t h i o n i n e  ( M ) ,  w h i c h  i s  o f t e n  
r e m o v e d  f r o m  e x p r e s s e d  p r o t e in s  in  t h e  E . c o l i  e x p r e s s i o n  
s y s t e m  ( H ir e l  e t a i ,  1 9 8 9 ) .  T h e  y i e l d s  o f  t h e  p u r if ie d  
r A c M R J P l  a n d  r A c M R J P 2  f r o m  th e  1 liter  f la s k  c u ltu r e s  
w e r e  2 0  a n d  8  m g ,  r e s p e c t iv e ly .

J u d o v a  e t a i ,  ( 1 9 9 8 )  a n d  B i l i x o v a  e t  a i ,  ( 1 9 9 9 )  c lo n e d  
A m M R J P l  a n d  A m M R J P 2  c D N A s  in t o  p Q E 3 2  a n d  p Q E 3 0  
v e c t o r s ,  a n d  e x p r e s s e d  r e c o m b i n a n t  c o n s t r u c t s  in  E. c o li  
M 1 5 [ p R E P 4 ] ,  T h e  h i g h e s t  p r o d u c t io n s  o f  r e c o m b in a n t  
p r o t e in s  w e r e  o b s e r v e d  a t  l h  ( r A m M R J P l )  a n d  5 h  
( r A m M R J P 2 )  a f t e r  I P T G  i n d u c t io n ,  r e s p e c t iv e ly .  B o th  
p r o t e in s  w e r e  d o m i n a n t l y  e x p r e s s e d  in  t h e  in s o l u b l e  fo r m s .  
O n l y  0 .6  m g  o f  p u r i f i e d  r A m M R J P l  a n d  a  l o w e r  a m o u n t  o f  
r A m M R J P 2  w e r e  o b t a in e d  f r o m  1 l ite r  c u l t u r e s .  U n lik e  
r A c M R J P 2 ,  r A m M R J P 2  w a s  d e g r a d e d  b y  p r o t e a s e s  o f  th e  
h o s t  c e l l s  o v e r  p r o l o n g e d  c u l t u r e  p e r io d s .

O u r  r e s u l t s  in d ic a t e d  t h e  s u c c e s s f u l  i s o la t io n  a n d  in vitro
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expressions o f AcM RJPl and AcMRJP2 in the E. c o l i  
expression system. Relatively high amounts o f recombinant 
proteins were obtained from small scale cultures. Larger 
quantity o f rAcM RJPl 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 o f these recombinant proteins.
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