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SHORT COMMUNICATION

Nucleotide sequence of a genomic clone encoding a cowpea
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A protease inhibitor gene has been isolated from native
cowpea (Vigna unguiculata L.) cv. 130 from | -ZAP 1I
genomic library. The nucleotide sequence of this
genomic clone shared 86% homology with a cowpea
trypsin inhibitor f IV mRNA, and 81% with Bowman-
Birk protease inhibitor genes of soybean. The isolated
gene had TATA and CAT signals in the 5" upstream
region. The longest open reading frame had 504 bases,
encoding 167 amino acids from the predicted coding
region. The active serine centers of this protein was
found between 105-158 amino acid residues, with a 69
amino acids long signal peptide in its N terminal.

Proteinase inhibitors are potential tools of crop
improvement targeting plant protection and human
nutrition. This concept of plant protection is rapidly
expanding and opens up diverse areas to harness the
potential of these genes. The serine and its trypsin subclass
of protease inhibitors exhibit antimetabolic and
antinutritional effects against a wide variety of crop pests
belonging to the orders of Lepidoptera, Coleoptera and
Orthoptera (Shulke and Murdock, 1983). These inhibitors
are lethal to the larvae of Callosobruchus maculatus
(Gatehouse and Boulter, 1983) and Manduca sexta (Shulke
and Murdock, 1983) at 10% of their diet. They also
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promote the loss of sulphur based amino acids, leading to
weak and stunted growth and ultimate death. These
inhibitors are cysteine rich with a molecular mass of 8-20
kD (Peng-Wen Chen et al. 1997). Many of these are
products of multigene families and exhibit different
specifications towards proteases (Ryan, 1990).

The gene size and coding regions of these inhibitors are
small, devoid of introns (Boulter, 1993), and comprised of
readily identifiable core region covering the invariant
cysteine residues and active serine centers that are bound to
highly variable amino and carboxy terminal regions. The
reaction sites of these inhibitors are mutating faster than
amino acids in rest of the proteins, implying their role in
defense against insect pests, which may exert a strong
selection pressure on these proteins to conserve the reaction
sites related to plant defense (Laskowski et al. 1988). The
availability of these inhibitors may allow to engineer
transgenic crops inherently resistant to these insect pests.
These aspects therefore encourages the identification and
characterization of novel protease inhibitor genes from
diverse plant species to be used against insect pest. This
report describes the screening of a cowpea genomic library
with a tomato protease inhibitor cDNA probe to identify,
characterize and clone a new protease inhibitor gene.
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Further, it was observed that sequences between 627 to 857
shared homology with the coding regions of all the above
mentioned inhibitors. The protease inhibitor genes are
typically devoid of any intervening sequences (Boulter et
al. 1993) and none of the genes sequenced so far have any
introns, similarly the isolated sequenced cowpea trypsin
inhibitor gene is also devoid of introns. The amino acid
sequence of this trypsin inhibitor shared a 80% homology
(Figure 3a) with the protein of cowpea trypsin inhibitor f
IV, 63.4% with soybean D-II inhibitor (Figure 3b) and 65%
with soybean C-Il inhibitor (Eigure 3c). From the above
analysis it could be clearly concluded that the isolated
genomic clone had the complete gene encoding a trypsin
inhibitor and designated as CpTi, which could be used as a
potential tool against crop pests.

This gene has been cloned in Bin AR, a binary vector and
used to transform pigeonpea by Agrobacterium tumefaciens
mediated genetic transformation. The integration of this
gene in transformed pigeonpea has been confirmed by
Southern hybridization and also its expression by northern
analysis (Lawrence and Koundal, 2001). These transformed
plants are further to be tested against pod borer (Heliothis
armigera) which is under progress.

Acknowledgements

We are thankful to Prof. C.A. Ryan Washington State
University, Pullman, for providing tomato protease
inhibitor cDNA probe. One of the authors (P.K.L) also wish
to thank the Council of Scientific and Industrial Research
for granting fellowship during the course of this
investigation.

References

Altschul, S.F.; Madden, T.L.; Schaffer, A.A.; Zhang, J.;
Zhang, Z.; Miller, W. and Lipman D.J. (1997). Gapped
BLAST and PSI-BLAST: A new generation of protein
database search programs. Nucleic Acids Research
25:3389-3402.

Baek, J.M.; Song, J.C.; Choi, Y.D. and Kim, S.I. (1994).
Nucleotide sequence homology of cDNAs encoding
soybean Bowman-Birk type proteinase inhibitor and its
isoinhibitors. Bioscience Biotechnology and Biochemistry
58:843-846.

Boulter, D. (1993). Insect pest control by copying nature
using genetically engineered crops. Biochemistry 34:1453-
1466.

Dellaporta, S.L.; Wood, J. and Hicks, J.B. (1983). A plant
DNA minipreparation: Version Il. Plant Molecular Biology
Repoter 1:19.

Domoney, C.; Welham, T.; Sidebottom, C. and Firmin, J.L.

(1995). Multiple isoforms of Pisum trypsin inhibitors result
from modification of two primary gene products. FEBS
Letters 360:15-20.

Gatehouse, A.M.R. and Boulter, D. (1983). Assessment of
the antimetabolic effects of trypsin inhibitors from cowpea
(Vigna unguiculata) and other legumes on development of
the bruchid beetle Callosobruchus maculatus. Journal of
the Science of Food and Agriculture 34:345-350.

Hammond, R.W.; Foard, D.E. and Larkins, B.A. (1984).
Molecular cloning and analysis of a gene coding for the
Bowman-Birk protease inhibitor in soybean. Journal of
Biological Chemistry 259:9883-9890.

Hilder, V.A.; Barker, R.F.; Samour, R.A.; Gatehouse,
A.M.R.; Gatehouse, J.A. and Boulter, D. (1989). Protein
and cDNA sequences of Bowman-Birk protease inhibitors
from the cowpea (Vigna unguiculata Walp.). Plant
Molecular Biology 3:701-710.

Jourdrier, P.E.; Foard, D.E.; Floener, L.A. and
Larkins, B.A. (1987). Isolation and sequence of cDNA
encoding the soybean protease inhibitor P I, IV and C-II.
Plant Molecular Biology 10:35-42.

Laskowski, M. Jr.; Kato, I.; Kohr, W.J.; Park, S.J.; Tashino,
M. and Whatley, H.S. (1988). Positive Darwinian selection
in evolution of protein inhibitors of serine proteinases. Cold
Spring Harbor Symposia on Quantative Biology 52:545-
553.

Lawrence, P.K. and Koundal, K.R. (2001). Agrobacterium
tumefaciens mediated transformation of pigeonpea
(Cajanus cajan (L.) Millsp) and molecular analyses of
regenerated plants. Current Science.

McGurl, B.; Mukherjee, S.; Kahn, M. and Ryan, C.A.
(1995). Characterization of two proteinase inhibitor (ATI)
cDNAs from alfalfa leaves (Medicago sativa var.
Vernema): The expression of ATI genes in response to
wounding and soil microorganisms. Plant Molecular
Biology 27:995-1001.

Pearson, W.R. and Lipman, D.J. (1988). Improved tools for
biological sequence comparison. Proceedings of the
National Academy of Sciences USA 85:2444-2448.

Peng-Wen Chen; Sue-Hui Chow and Liang-Jwu Chen.
(1997). Nucleotide sequence of a cDNA (Accession No.
U76004) encoding rice Bowman-Birk proteinase inhibitor
(PGR97-015). Plant Physiology 113:663.

Rohrmeier, T. and Lehle, L. (1993). WIP1, a wound-
inducible gene from maize with homology to Bowman-Birk
proteinase inhibitors. Plant Molecular Biology 22:783-92.






