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Expression of mrjp2 gene from Thai honeybee in rice seeds for enhanced essential amino
acid content

Chotipa Sakulsingharoj , Buranasak Cheuthong , Nitchamon Thamaragsa , Saengtong

Pongjaroenkit, Siriporn Sittipraneed, Thomas W. Okita
Department of Biology, Faculty of Science, Maejo University, Sunsai, Chiang Mai 50290, Thailand

The nutritional content of rice is deficient in several amino acids essential for human growth and
development. To increase the protein quality of this cereal, a gene encoding a ‘major royal jelly
protein’ (MRJP) isolated from Thai honeybee Apis cerena was transformed into rice. The MRJP was
selected as it is of high protein value, its composition consists of an exceptional content (45-49 %) of
essential amino acids. Both japonica and indica rice varieties were transformed with the mrjp2 cDNA
under tne control of the endosperm-specific giutelin Gt1 promoter and 3' nos terminator.
Hygromycin-resistant calli were obtained for both japonica and indica rice lines and showed GUS
expression. PCR analysis of leaf genomic DNA from regenerated plants using mrjp2 gene specific
primers showed the expected amplified product of about 500 bp in many transgenic plants. -
Developing seeds of PCR-positive lines showed the expression of mrjp2 transcripts by RT-PCR and
protein by immunoblotting. Studies to determine the intracellular location of MRJP mRNA and protein
in the cell and the amino acid composition of seeds from selected homozygous lines are currently
underway. These results as well as future plans to obtain high protein rice will be discussed.

P373

Pea albumin 1b (PA1b), an entomotoxic cysteine-rich'beptide, protects transgenic rice seeds
against the stored-product pest Sitophilus oryzae

Julie Petit', Gabrielle Duport?, Yvan Rahbé?, Emmanuel Guiderdoni', J.C. Breitler

1C!RAD-AMIS, UMR PIA, TA 40/03, Avenue Agropoiis, 34398 Montpellier Cedex 5, France, 2UMR
INRA-INSA de Lyon BF2I (Biologie Fonctionnelle Insectes et Interactions), Bat. Louis-Pasteur, 20 av.
A. Einstein, 69621 Villeurbanne Cedex, France

Pea albumin 1b (PA1b), a plant entomotoxin isolated from Pisum sativum (Delobel et al., 1998), was
used to generate transgenic rice lines resistant to the stored-product insect pest Sitophilus oryzae.
PA1b is the result of the post-transcriptional cleavage of the albumin polyprotein PA1 which also
leads to the release of a second peptide, PA1a (53 amino acids). PA1b is a cysteine-rich peptide of
37 amino acids belonging to the cystine-knot family (Jouvensal et al., 2003). In pea, different
nucleotidic sequences (Louis et al., 2004) and protein extracts (Taylor et al., 2004) corresponding to
PA1b have been isolated underlying the multigenic character of this new family of plant entomotoxin.
Two isoforms of pa1 gene (AJ574794 and AJ574795), placed under the control of the maize
ubiquitin promoter, were introduced in rice (cv. Zhong Zuo 321) by Agrobacterium tumefaciens-
mediated transformation (Sallaud et al., 2003) and studied separately. 24 TO events of each isoform
were regenerated and characterized by RT-PCR and Southern blot. T1 and T2 seeds were analyzed
by Near-Infrared Spectroscopy (NIRS) and by in situ western hybridization (Qu et al., 2003). The
latter technique allowed to localize PA1b accumulation in embryo and aleurone layer. Resistance of
T2 elite lines was tested in bioassay by feeding 20 rice weevil adults with 5 transgenic seeds.
Maximum of mortality was raised by line 30.16 after 5 days (AJ574795) and by line 55.19 after 4
days (AJ574794) of bioassay. Resistance of T3 seeds will be examined in selected homozygous T2
lines.
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Abstract

Transformation efficiency of glutinous rice cv. Niaw Sanpahtawng has remained low and
transgenic plants have not yet been obtained. The objective of this research was to study the
effects of certain factors on rice transformation to improve transformation efficiency. It was found
that the antibiotic hygromycin concentration for selection of transformed Niaw Sanpahtawng calli
was 50 mg/l which inhibited growth of untransformed calli about 92%. Agrobacterium-mediated
transformation was performed using A. tumefaciens AGL1 harboring binary vector pCAMBIA1303
according to the modified method of transformation of RD 6. The infection time of 15 min
produced the highest percentage (54.37%) of hygromycin-resistant calli that was about 35% higher
than previously reported. PCR analysis of leaf genomic DNA from transformed plants was
conducted using primers specific to gusA and hptll genes. The result indicated that the hpt// and
gusA genes were integrated into the rice genome. The first transgenic Niaw Sanpahtawng was
grown in the greenhouse. Overall, this research provided the promising result for future
improvement of Niaw Sanpahtawng rice variety by genetic engineering.

Key words: transformation, binary vector, PCR, transgenic plant
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Abstract

Transformation and expression of major royal jelly protein (mrjp2) gene in rice were
studied. The mrjp2 gene isolated from Thai honeybee (Apis cerana) encodes a protein with high
essential amino acids required for human growth and development.  Scutella-derived calli
established from mature rice seeds were transformed with Agrobacterium tumefaciens AGLI1
harboring pBU3 and pNT5 plasmids containing mrjp2 gene driven by endosperm-specific Gt/
promoter and 35S CaMV dual enhancer promoter, respectively. Hygromycin-resistant calli were
obtained after secondary cycle of selection on selective medium and regenerated to plantlets. GUS
activity was detected on leaf segments of T, transgenic plants. PCR analysis of leaf genomic
DNA using mrjp2 specific primers showed the expected products, indicating the integration of
mrjp2 gene in transgenic plant genomes. Then, total RNA from seeds and leaves of transgenic
plants transformed with pBU3 and pNT35, respectively, were extracted for RT-PCR analysis. The
results showed that the mrjp2 gene was expressed at mRNA level. Expression of MRJP2 protein
in selected transgenic lines has been being investigated.

Introduction

Rice (Oryza sativa L.) is daily consumed by more than half of the world’s population.
Rice seeds are rich in carbohydrates but low in proteins (limiting in some essential amino acids),
vitamins and minerals. Genetic engineering may be an alternative way to increase protein quality
in rice seeds.

Major Royal Jelly Proteins (MRJPs) are abundant proteins in royal jelly (RJ) which plays
a nutritional role in larval development of honey bee queen. Royal jelly is isolated from
hypopharyngeal glands of nurse bees. MRIPs in royal jelly are divided into 5 families (MRJP1,
MRJP2, MRJP3, MRJP4 and MRIPS). The mrjpl and mrjp2 cDNAs isolated from Thai honey
bee (Apis cerana) were reported (Imjongjirak et al., 2005). The MRJP1 and MRJP2 contain 45-
49% essential amino acids. Judova et. al. (2004) transformed mrjpl gene into tobacco and protein
analysis of transgenic tobacco leaves showed expression of MRJP].

The aim of this work was to transform the mrjp2 gene into rice using endosperm specific
Gtl promoter and 35S CaMV dual promoter. Furthermore, the expression of this gene in
transgenic rice plants containing different promoters would be studied.

Materials and Methods

Mature seeds of japonica rice cultivar Kitaake were surface sterilized with 10 % sodium
hypochlorite for 15 min, twice and then washed four times with sterile distilled water. The sterile
seeds were then cultured on N6D medium (Toki, 1997) under dark conditions at 28 + 2 °C for 4
weeks. The compact calli derived from scutellum tissues were used for Agrobacterium-mediated
transformation following a modified protocol of Toki (1997). Agrobacterium tumefaciens strain
AGLI harboring binary vectors, pBU3 (Gtl::mrjp2::Tnos) or pNT5 (35S CaMV
dual::mrjp2::Tnos), was used for transformation. Both vectors contained the hptll gene
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Genomic DNA were extracted from leaves of transformed plants for PCR analysis. The
PCR results showed the expected bands of mrjp2 gene fragments (500 bp) (Fig 3). It indicated
that we successfully transformed mrjp2 gene into rice. The mrjp2 gene was stably integrated into
rice genome of pBU3 and pNT35 plants.

For RT-PCR analysis, the total RNA were extracted from developing seeds and leaves of
pBU3 and pNTS5 transformed plants, respectively. We found the 500 bp fragments amplified
from the RT-PCR reactions. The controls were also performed using the total RNA for the PCR
reactions which resulted in no amplified products (data not shown). These results indicated that
the mrjp2 gene was expressed at mRNA levels in
transgenic rice plants (Fig 4).

500 bp

(a) pBU3 (b) pNTS

Figure 3. PCR analysis of mrjp2 gene in transgenic rice plants that were transformed with pBU3 (a) and
pNTS (b) i plasmids.
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bp

(a) pBU3 (b) pNTS
Figure 4. RT-PCR analysis of mrjp2 gene expression in transgenic rice plants that were transformed with
pBU3 (a) and pNTS5 (b).
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Conclusions

Transformed calli with pBU3 and pNTS5 could be regenerated to transgenic rice plants.
The mrjp2 gene was inserted in the genome of transgenic rice. The mrjp2 gene was expressed at
mRNA levels under the control of endosperm specific Gt/ promoter and 358 CaMV dual
promoter in seeds and leaves of transgenic rice plants, respectively. A comparison of expression
levels of MRJP2 proteins in transgenic plants containing these two different promoters has been
being studied.
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