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Griffonia simplicifolia 11, an N-acetylglucosamine-specific le- 
gume lectin, has insecticidal activity when fed to the cowpea wee- 
vil, Callosobruchus maculatus (F.). A cDNA clone encoding G. 
simplicifolia II was isolated from a leaf cDNA library, sequenced, 
and expressed in a bacterial expression system. The recombinant 
protein exhibited Kacetylglucosamine-binding and insecticidal ac- 
tivity against cowpea weevil, indicating that glycosylation and mul- 
timeric structure are not required for these properties. These results 
support the hypothesis that genes of the legume lectin gene family 
encode proteins that function in plant defense against herbivores. 

Lectins are carbohydrate-binding proteins (Barondes, 
1988) that may function as cell-recognition molecules (Sha- 
ron and Lis, 1989) or as mediators of symbioses between 
nitrogen-fixing microorganisms and legumes (Diaz et al., 
1989). Accumulating evidence suggests that lectins may 
also be involved in plant defense against fungi and insects 
(Chrispeels and Raikhel, 1991). Lectins with specificity for 
GlcNAc residues appear to be insecticidal to many insects, 
including the cowpea weevil, Callosobruckus maculatus, a 
pest of stored cowpea (Vigna unguicdata Walp.) seeds. 
Most cowpea weevil-active lectins and lectin-like proteins 
are members of the chitin-binding protein or legume lectin 
gene families (Chrispeels and Raikhel, 1991). 

Proteins of the chitin-binding protein family contain one 
or more highly conserved 30- to 43-amino acid chitin- 
binding domains. The chitin-binding domain occurs in sev- 
era1 different proteins and is an example of an evolution- 
arily mobile domain (Raikhel et al., 1993). Certain proteins 
that appear to function in plant defense against pests, such 
as wheat germ agglutinin and the basic chitinases (Czapla 
and Lang, 1990; Murdock et al., 1990; Habibi et al., 1993; 
Powell et al., 1993), contain the chitin-binding domain. 

The legume lectin gene family is a large family of ho- 
mologous proteins that arose by gene duplication and di- 
vergence from an ancestral lectin gene (Chrispeels and 
Raikhel, 1991). Members of this family, such as PHA, 
a-amylase inhibitor, and arcelin, appear to function in 
plant defense against mammals, birds, and insects (Jaffe 
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and Vega Lette, 1968; Jayne-Williams and Burgess, 1974). 
Legume lectins and lectin-like proteins substantially influ- 
ente the interactions of seed beetles of the family Bruchidae 
with seeds of their host plant family Leguminoseae. For 
example, common bean a-amylase inhibitor poses a major 
natural barrier to colonization of common bean seeds 
(Phaseolus vulgaris) by the cowpea weevil (Ishimoto and 
Kitamura, 1989; Huesing et al., 1991). Expression of a gene 
encoding common bean a-amylase inhibitor resulted in pea 
(Pisum sativum) seed immunity to azuki bean weevil and 
cowpea weevil (Shade et al., 1994). Arcelin, another protein 
of the legume lectin gene family from wild P.  vulgaris, is 
toxic to the Mexican bean weevil, Zabrotes subfasciatus (Os- 
born et al., 1988), and has been used to develop Z. subfas- 
ciatus-resistant common bean lines (Kornegay et al., 1993). 

Since lectins with specificity for GlcNAc are toxic to 
cowpea weevil and since lectins of the legume lectin gene 
family appear to function in plant defense against seed- 
feeding bruchids, we decided to clone a GlcNAc-specific 
legume lectin gene. One such lectin is the GlcNAc-specific 
GS-11. Leaves and seeds of G. simplicifolia contain severa1 
different homologous lectins that vary in their carbohy- 
drate specificities (Shankar Iyer et al., 1976; Ebisu et al., 
1978; Delmotte and Goldstein, 1980; Lamb et al., 1983). Leaf 
GS-I1 is composed of two types of subunits, whereas seed 
GS-I1 is a tetrameric protein containing a single type of 
subunit. Both leaf and seed GS-I1 lectins show similar 
carbohydrate-binding specificity and antigenicity. Prelim- 
inary studies in our laboratory showed that seed GS-I1 was 
toxic to the cowpea weevil. In the present paper, we de- 
scribe the isolation and bioassay of leaf GS-I1 lectin against 
cowpea weevil and the cloning of a leaf GS-I1 lectin gene, 
which to our knowledge is the first GlcNAc-specific le- 
gume lectin gene to be cloned, together with its expression 
in a bacterial expression system. We demonstrate that gly- 
cosylation and multimeric structure are not essential for 
carbohydrate-binding and insecticidal activities. 

MATERIALS A N D  METHODS 

Griffonia simplicifolia P lants 

Fresh Griffonia simplicifolia seeds were purchased from 
Forestry Enterprises (Accra, Ghana, West Africa). They 
were surface-disinfected in 10% laundry bleach for 1 min 
and rinsed with distilled water. After soaking in distilled 

Abbreviations: Bt, Bucillus thuvingiensis; CPB, Colorado potato 
beetles; GS-11, Griffuniu simylicifuliu 11; PHA, phytohemagglutinin; 
WSDT, within seed developmental time. 
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water for 5 min, the testae were scarified with a razor blade 
to promote water absorption during germination. They 
were then held on moist filter paper until they germinated. 
Seedlings were transferred to soil in pots and grown in the 
greenhouse under standard conditions. 

lsolation of CS-II Lectin from C. simplicifolia Leaves 

The method of Lamb et al. (1983) was followed with 
minor modifications. Leaves were excised from the plants 
and homogenized in extraction buffer (0.1 M phosphate, 
pH 7.2, 0.15 M isoascorbic acid, 1 mM DTT, and 1 mM 
PMSF) using a Polytron (Tekmar Co., Cleveland, OH). The 
homogenate was passed through three layers of cheese- 
cloth, followed by centrifugation at 10,OOOg for 30 min. 
(NH,),SO, was added to the supernatant to 40% satura- 
tion, and the pH was adjusted to 7.2. After stirring in a cold 
room for 1 h the solution was centrifuged as above. 
(NH,),SO, was added to the supernatant to 80% satura- 
tion, and the solution was adjusted to pH 7.2. After over- 
night stirring in a cold room, the solution was centrifuged 
(lO,OOOg, 30 min). The pellet was resuspended in distilled 
water, dialyzed, and lyophilized. The lyophilized protein 
powder was dissolved in 0.1 M NaCl, spun briefly, and 
loaded on a GlcNAc affinity column (EY Laboratories, San 
Mateo, CA). After the column was washed with 0.1 M 

NaC1, the GS-II protein was eluted with buffer (0.2 M 

GlcNAc, 0.1 M NaCl), followed by dialysis and lyophiliza- 
tion. 

Bioassay of Leaf CS-II against Cowpea Weevil 

Cowpea weevils (Callosobruchus maculatus) were main- 
tained on susceptible cowpeas, California Blackeye No. 5 
(CB-5). The cowpea weevil colony originated in Niger, 
West Africa. The artificial cowpea seed bioassay system 
developed by Shade et al. (1986) was used to evaluate GS-11 
against cowpea weevil. Briefly, susceptible CB-5 cowpea 
seeds were milled into flour, and the flour was wetted with 
distilled water and injected into a Teflon mold. GS-I1 was 
incorporated into the artificial seeds by dissolving it first in 
distilled water. After freezing on dry ice and liquid nitro- 
gen and lyophilization, the artificial seeds were coated 
with 8% (w/v) gelatin and infested with bruchids. WSDT 
was the life history parameter determined; delayed devel- 
opment served as a measure of negative effects of test 
proteins. 

Electrophoresis and lmmunoblotting 

Purified GS-II was analyzed on 15% SDS-PAGE gels 
(Laemmli, 1970). Transfer to a nitrocellulose membrane 
and immunoblot analysis were carried out according to the 
Bio-Rad technical instruction protocols. Polyclonal rabbit 
anti-seed GS-11 (EY Laboratories) was used as the primary 
antibody. Goat anti-rabbit immunoglobulins coupled to 
alkaline phosphatase conjugate were used as the secondary 
antibody. Molecular masses were determined by compari- 
son to Bio-Rad low-molecular-weight standards. 

N-Terminal Amino Acid Sequencing 

SDS-PAGE was performed as above, except that the gel 
was prerun with 0.05 mM glutathione in the upper buffer. 
The samples were then run with 0.1 mM sodium thiogly- 
colate in the upper buffer to prevent N-terminal blockage. 
The protein samples were then electroblotted to a polyvi- 
nylidene difluoride membrane. The desired band was then 
excised and sequenced in the Laboratory for Macromolec- 
ular Structure, Department of Biochemistry (Purdue Uni- 
versity, West Lafayette, IN) using a model 470A ABI pro- 
tein sequencer (Columbia, MD) based on the Edman 
degradation. 

cDNA Library Construction 

Total RNA from young leaves was prepared using the 
acid guanidinium thiocyanate-phenol-chloroform extrac- 
tion procedure (Chomczynski and Sacchi, 1987). Poly(A)+ 
RNA was purified from total RNA using oligo(dT) cellu- 
lose as described in Promega’s protocols and applications 
guide. A A-ZAP cDNA synthesis kit (Stratagene) was used 
to prepare the cDNA library. Synthesized cDNA, fraction- 
ated through Sephacryl S-400 columns, was ligated to the 
Uni-ZAP XR vector arm unidirectionally and packaged 
using Gigapack 11 Gold (Stratagene). The primary library 
contained 4 X 105 plaque-forming units. 

Cloning and Sequencing of the CS-II Gene 

Polyclonal rabbit anti-seed GS-I1 (EY Laboratories) was 
used to screen the cDNA library as described in the pi- 
coBlue immunoscreening instruction protocol (Stratagene). 
A-ZAP clones showing strong reaction with the antibody 
were isolated, screened to plaque purity, and converted to 
pBluescript by co-infection with R408 helper phage. The 
sequence of both strands of cDNA inserts was determined 
by the Sanger dideoxy nucleotide chain termination 
method using a sequenase DNA sequencing kit (United 
States Biochemical). Subcloning and oligonucleotide prim- 
ers were used to complete sequencing in both strands. 
Three gsii clones were isolated. 

5’ Extension of the cDNA Clone 

AI1 three p i i  clones lacked a complete 5‘ signal sequence. 
To obtain this sequence information, we used a variation of 
anchored or one-sided PCR. Briefly, two overlapping anti- 
sense primers, about 200 bp downstream of the 5’ terminus 
of the gsii-1 clone, were synthesized. Primer 2 was nested 
upstream of primer 1. The sequence of primer 1 was 5’- 
G(2,,,CTAGCCTCCTTTCCTGTG(l,,,, and the sequence of 
primer 2 was 5’-C(,,,,CTGTGCTCTTCTCCCAGAG(17z~. 
Specific first-strand cDNA was synthesized as follows: 100 
ng of antisense primer 1 was added to 20 pg  of total RNA 
template. The mixture was heated at 65°C for 15 min and 
then cooled on ice. The final transcriptional reaction con- 
tained 50 mM Tris-HC1 (pH 8.3), 75 mM KCI, 3 mM MgCI,, 
10 mM DTT, 1 mM dNTP mix, 4.0 units of RNase inhibitor 
(United States Biochemical), and 200 units of Moloney 
murine leukemia virus reverse transcriptase (United States 
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Biochemical). The reaction volume was adjusted to 50 pL
with diethylpyrocarbonate-treated water. The sample was
mixed well and incubated at 42°C for 1 h; the reaction was
stopped by addition of 150 /u.L of 10 mM Tris-HCl, 10 mM
EDTA (pH 7.5), followed by phenol/chloroform and chlo-
roform extraction. The RNA/cDNA pellet obtained by
overnight ethanol precipitation at -80°C was resuspended
in 17 fiL of H2O, from which 8.5 /xL were used to ligate to
300 ng of the pBluescript vector digested with EcoRV and
Kpnl. From the ligation reaction, 0.2 /nL of product was
amplified by PCR (Epicentre Technologies, Madison, WI)
using the T3 priming site of the vector and primer 1.
Following the first PCR reaction, the second PCR amplifi-
cation was performed using the T3 primer and nested
primer 2. Use of a second nested antisense primer greatly
reduced the likelihood of reamplification of any clones
arising from nonspecific or false priming in the first reac-
tion. Five microliters of the previous PCR product were
used as template. The amplification conditions involved
denaturation at 94°C for 30 s, primer annealing at 55°C for
30 s, and extension at 72°C for 1 min. Amplification was
run for 21 cycles using a Perkin-Elmer/Cetus thermal cy-
cler. Ten microliters of the second PCR product were sub-
jected to electrophoresis and Southern blotting using an
EcoRl-EcoRl leaf GS-II cDNA fragment as a probe, which
was randomly primed with 32P (United States Biochemi-
cal). The band showing the appropriate molecular weight
and positive result in the Southern blot was excised from
the agarose gel, electroeluted, and ligated to a pGEM vec-
tor (Promega) digested with Smal for 48 h at 30°C. After
transformation of DH5a competent cells, the presence of
inserts in the plasmids was determined by small-scale
preparation of plasmid DNA. The inserts were sequenced
using the T7 primer and primer 2.

Southern Analysis

Genomic DNA was extracted from leaf tissue according to
Dellaporta (1983). Thirty micrograms of DNA were digested
with Hindlll and EcoRI, separated on a 0.7% agarose gel,
transferred to nitrocellulose, and hybridized with a 32P-la-
beled (Pharmacia) DNA fragment encoding the entire mature
GS-II protein. The filter was washed at room temperature for
30 min each in 2x, lx, and 0.1 x SSC, each with 0.1% SDS,
and finally in 0.1 x SSC, 0.1% SDS at 65°C for 1 h.

gsii Gene Expression in pET Bacterial Expression System

The cDNA clone gsii-1, encoding the entire mature pro-
tein, was amplified by PCR. An ATG translational start
signal was added in-frame upstream of the DNA frag-
ment. The 5' end primer was 5'-ATGGCCAAGCTT-
CATATGG(1)CTGATACAGTTTGCTTCU8). The 3' end
primer was 5'-CCGGCTCGAGGATCCT(765)CACATGT-
CCGTTATGGC(748). After PCR and restriction enzyme
(Ndel and BamHY) digestion, the fragment was ligated to a
pET-9c expression vector (Novagen, Madison, WI). The
construct was then transferred to Escherichia coli strain
BL21 (Novagen) and induced with isopropylthio-/3-galac-
toside. The induced recombinant protein was purified on a

GlcNAc affinity column and checked by SDS-PAGE. Glc-
NAc-affinity-purified protein was used to carry out a dose-
response analysis with cowpea weevil as described above
at dietary levels of 0, 0.2, 0.4, 0.6, 0.8, and 1.0% (w/w).

Expression of GS-II in Different Tissues of C. simplicifolia

Leaf, seed, stem, and root tissues were collected and
immediately homogenized in 1X protein sample buffer (62
mM Tris, pH 6.8, 3% SDS, 10% glycerol, 5% 2-mercapto-
ethanol, 0.001% bromphenol blue). After centrifugation,
the supernatant of each tissue extract was run on duplicate
gels, one being stained with Coomassie blue to test for even
gel loading and protein integrity, the other for immuno-
blotting. Chicken anti-recombinant GS-II was produced by
subcutaneous injection and used as the primary polyclonal
antibody. Immunoblotting was performed as described
above.

RESULTS

Comparison of Leaf and Seed GS-II Lectins

Seed GS-II (EY Laboratories) exhibited only a single band
of 30 kD on SDS-PAGE gels, whereas leaf GS-II was com-
posed of subunits of 30 and 22 kD (Fig. 1A). This result
confirms that of Lamb et al. (1983), who suggested that
seed GS-II contains a single subunit, whereas leaf GS-II is
composed of two subunits. Western blot analysis estab-
lished that only the 30-kD band of leaf GS-II reacts with the
polyclonal anti-seed GS-II antibody (Fig. IB), indicating
that the antigenic properties of the large subunit of leaf and
seed GS-II are similar. N-terminal amino acid sequences of
the 30-kD subunit from leaf and seed GS-II showed 77%
identity (Fig. 2).

(kD)
106_
80-

49.5-

32.5-

27,5-

18.5-

1 1
Figure 1. SDS-PAGE and immunoblot of leaf and seed GS-II. A,
Coomassie brilliant blue R-250-stained gel. Electrophoresis was car-
ried out in the Laemmli system containing 15% acrylamide. B,
Immunoblot of the gel shown in A using polyclonal rabbit anti-seed
GS-II antibody. Lane 1, BSA; lane 2, 2 jig of commercial seed GS-II;
lane 3, 2 jug of GlcNAc affinity-column-purified leaf GS-II. The
30-kD subunit of leaf GS-II cross-reacting with the polyclonal anti-
seed GS-II antibody is marked by an arrow.
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Leaf GS-LI: ADTVCFTYPNFGNAVSDLILQ 

Seed GS-11: ADTICFTYTNFGLDVSDLTLQGAAK 

Figure 2. N-terminal amino acid sequences of leaf and seed Gs-11. 
Purified leaf GS-II and commercial seed GS-I1 were subjected to 
SDS-PAGE and electroblotted to a polyvinylidene difluoride mem- 
brane. The band corresponding to the 30-kD subunit of leaf GS-ll and 
the single band of seed GS-II were sequenced based on Edman 
degradation. Residues that are different between leaf and seed GS-II 
are highlighted. 

Anti-Cowpea Weevil Activity of Leaf and Seed CS-I1 

Table I shows that incorporation of GS-I1 from either leaf 
or seed into artificial seeds significantly delayed the WSDT 
of cowpea weevil. One percent (w/w) of leaf GS-11 in the 
artificial seeds caused a 32-d delay in WSDT, i.e. a doubling 
of developmental time. 

Cloning the cDNA of Leaf GS-II Lectin 

Immunoscreening of the G. simplicifolia leaf cDNA li- 
brary with a commercial polyclonal antibody raised against 
seed GS-I1 identified three clones. Nucleic acid sequencing 
revealed that these clones represented three different ho- 
mologous transcripts. Differences were mainly in the 3’ 
untranslated region (Fig. 3). The deduced amino acid se- 
quences perfectly matched the N-terminal amino acid se- 
quence obtained earlier. The several amino acid residues 
upstream of the N terminus presumably represent part of 
the signal sequence. 

5’ Extension of the gsii-I Clone and Southern Analysis 
lndicate the Presence of a gsii Cene Family 

Small-scale plasmid purification and agarose gel electro- 
phoresis of clones derived from PCR amplification of total 
RNA using gsii-1-generated nested antisense primers re- 
sulted in 14 transformed DH5a colonies containing inserts 
of the appropriate size. The 14 clones were sequenced. 
These clones represented seven different gsii-1-like se- 
quences, indicating the presence of a large family of tran- 
scribed GS-I1 lectin genes (data not shown). None of the 
extended cDNAs were identical to the 5‘ coding region of 
the three cDNA clones isolated earlier. Figure 4 shows the 
nucleic acid and deduced amino acid sequences derived 
from 5‘ extension of one of the seven clones. The overlap- 
ping regions from the cDNA clones and 5’ extension share 
88% identity at the nucleic acid level and 74% identity at 
the amino acid level. Therefore, the original three cDNAs 
and the seven different cDNAs produced by 5’ extension 
represent 10 different but highly similar transcripts from 
gsii genes. Because of the high degree of sequence similar- 
ity between these cDNAs, we reasoned that the signal 
sequence obtained from 5’ extension would be very similar 
to that of the gsii-1 cDNA clone and would function in a 
chimeric protein construction. 

Following restriction with EcoRI and HindIII, several 
bands differing in intensity on Southern blots were ob- 
served (Fig. 5), also indicating a multigene family. 

lnsecticidal Activity of the Recombinant CS-II Protein 

Following ligation of the DNA fragment that codes for 
the mature GS-I1 protein to a pET-9c expression vector, 
transfer of the recombinant DNA into E .  coli strain BL21, 
and induction by isopropylthio-P-galactoside, substantial 
amounts of recombinant GS-I1 protein were produced (Fig. 
6 ) .  Nucleic acid and N-terminal amino acid sequencing 
confirmed that the protein expressed in the bacterial sys- 
tem was identical to the large subunit of the leaf GS-II. 
GlcNAc-binding specificity was unaffected, since the re- 
combinant protein bound to the GlcNAc affinity column 
and was eluted with GlcNAc. Bioassay of purified recom- 
binant GS-I1 using protein concentrations ranging from O to 
1% (w/w) in artificial seeds against cowpea weevil is pre- 
sented in Figure 7. For each 1% (w/w) of recombinant 
GS-11, there was a 7.4-d delay in WSDT with an r2 of 0.985. 
Since the recombinant protein is not glycosylated, this 
result indicates that glycosylation is not essential for the 
carbohydrate-binding properties or the insecticidal activi- 
ties of the protein, although it may enhance activity. 

CS-II Cene Expression 1s Developmentally Regulated 

Immunoblots showed the presence of GS-I1 lectin in a11 
G. simplicifolia tissues tested (Fig. 8). However, the expres- 
sion level was much lower in stem than in other tissues. 
Two or more isoforms were found in leaves and seeds. 
These may represent the products of different genes in the 
multigene family. Alternatively, they may result from 
some posttranslational modifications, such as differential 
glycosylation. 

DISCUSSION 

Severa1 lectins with specificity for GlcNAc have been 
shown to cause delays in the development of the cowpea 
weevil (Murdock et al., 1990). As to insecticidal activity, 
seed GS-II lectin is 10-fold more active than wheat germ 
agglutinin when compared on a molar basis (J.E. Huesing, 
R.E. Shade, L.L. Murdock, unpublished data). Leaf GS-I1 at 
1% (w/w) delayed the development of C. maculatus by 32 
d, which is approximately the same effect of 0.5% seed 
GS-11. Given the shared immunoreactivity of leaf and seed 
GS-11 and the substantial sequence homology between the 
30-kD subunit of leaf and the single subunit of seed GS-11, 
it may be that the insecticidal activity of leaf GS-I1 is 
embodied in the 30-kD subunit only, whereas the 22-kD 

Table 1. Effect of seed and leaf GS-11 from G. simplicifolia on 
WSDT o f  cowpea weevil feeding in artificial cowpea seeds (ACPS) 

Treatments followed by the same letter are not significantly 
different. 

Treatments WSDTa 

d 
lntact CB-5 seeds 28.79a 
ACPS control 29.85a 
ACPS t 0.5% (w/w) seed GS-ll 63.29b 
ACPS + 1% (w/w) leaf GS-ll 61.52b 

a Student-Newman-Keuls was used for the range test (a = 0.05). 
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Figure 3. The nucleic acid and deduced amino acid sequences of three cDNA clones, gsii-1, gsii-2, and gsii-3, isolated from 
a G. simplicifolia leaf cDNA library. ldentical bases are indicated by dashes. The underlined region matches the N-terminal 
amino acid sequence from leaf GS-II sequencing; therefore, +1 represents the N terminus of the mature GS-II protein. The 
sequence in front of the underlined region is believed to be a partia1 signal sequence. The translation termination site is 
designated with an asterisk (*). 

subunit may either not bind carbohydrate or may differ in 
carbohydrate specificity. The significance of the 22-kD sub- 
unit remains to be elucidated. 

The developmental delay that results when cowpea wee- 
vil larvae consume a diet containing recombinant GS-I1 
establishes that the recombinant protein is toxic. Compared 
to native leaf or seed GS-11, however, its potency is lower. 
The higher relative toxicity of native GS-II might result 
because the native leaf and seed proteins are multimers 
linked by disulfide bonds, whereas recombinant GS-II is a 
monomer. Subunits in multimers may structurally enhance 
the interactions with their target sites or help protect 
against proteolytic degradation. A multicystatin from po- 
tato tuber reportedly inhibited the development of corn 
rootworm larvae, whereas cystatin monomers produced by 
trypsinization of the multicystatin exhibited no growth- 
retarding effect even though the cystatin fragments inhib- 
ited gut activity in vitro (Walsh and Strickland, 1993; Orr et 
al., 1994). It may be that glycosylation of native GS-I1 
contributes to its biological activity, although it is not es- 
sential. However, given that carbohydrate attachment po- 
sitions in glycosylated legume lectins are not conserved, it 

has been suggested that the carbohydrate units may not be 
involved in an important functional role (Pusztai, 1991). 
Another possible explanation of the lower biological activ- 
ity of recombinant GS-I1 is that the 22-kD subunit normally 
plays a role in enhancing the activity of the 30-kD subunit. 
Finally, it is possible that the recombinant GS-I1 protein 

CCTTTCCTGTGATCCTCTCCCTGTTTCCAAATCAAAACTCACAAATCCCCCATG -88 
M -30 

GCTAAGTCTACCGCAAAACCAAACTTTTCTTTTCTCTTCTTCTTCCTATCTT~TATCC -34 
A K S T A K P N F S L L L P I L I S -12 

CTCTTCCTCTTCCAACTTAACAGGGTGAAGTCGGCTGATACAGTTTGCTTCACT 21 
L F L E Q L N B V K S A D T V C F T  7 

+ 1  

TCCACTAGTTTTGGCAAAGATGTAAGTGACTTAACCCCTCCAA 63 
S T S F G U V S D L T L Q  2 1  

Figure 4. A signal sequence generated from the gsii-1 clone through 
5' extension. Two nested antisense primers were used for reverse 
transcription and PCR to reduce the likelihood of amplification of 
clones by nonspecific priming. Seven highly homologous clones 
were obtained. The stop codon preceding the putative translational 
start codon is highlighted. The N terminus of the mature GS-II is 
indicated as + I .  The amino acid residues that differ from those in the 
gsii-I cDNA clone are underlined. 
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Figure 5. DNA hybridization analysis showing the existence of a
GS-II multigene family. Thirty micrograms of genomic DNA from C.
simplicifolia leaves were treated with H/ndlll (lane 1) and fcoRI (lane
2), fractionated on a 0.7% (w/v) agarose gel, transferred to nitrocel-
lulose, and hybridized with a 32P-labeled DNA fragment of the gs//-1
clone that encodes the entire mature GS-II protein.

B

(kD)
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0.4 0.6
DoserGS-II(%w/w)

Figure 7. Dose-response analysis of recombinant GS-II (rGS-ll) ver-
sus cowpea weevil WSDT (days at 26°C and 60% RH). Each data
point represents the mean of at least 24 insects.

may not be folded completely normally, so that although it
binds GlcNAc, its stability or biological activity is other-
wise attenuated.

A putative N-linked glycosylation site is present at
Asn162 in the mature protein of clone gsii-l. Expression of
recombinant GS-II in bacteria and subsequent purification
on a GlcNAc affinity column indicates that glycosylation is
not required for the GlcNAc binding. Bacterially synthe-
sized, unglycosylated PHA-L retains the same leukagglu-
tinating and mitogenic activity as the native lectin (Hoff-
man and Donaldson, 1987). It thus appears that with the
legume lectins, the carbohydrate moieties may not play a
crucial role in forming the tertiary structure of the holo-
protein and that their biological activity is unaffected by
the absence of carbohydrate.

The carbohydrate-binding sites of Con A, PHA, and
some Vicieae lectins are formed by six amino acid residues

(kD)
106_
80-

49.5-

1 2 3 1 2 3
Figure 6. Bacterial expression of the gs//-1 gene and purification of
the recombinant GS-II. A, SDS-PAGE. B, Immunoblot of the gel
shown in A. The DNA fragment encoding the entire mature GS-II
protein was ligated to pET-9c expression vector. The construct was
transferred to E. coli strain BL21 and induced by isopropylthio-/3-
galactoside. One hundred microliters each of uninduced (lane 1) and
induced (lane 2) bacterial cell cultures were spun briefly and dis-
solved in 20 jul of 1 X sample buffer, electrophoresed, and immu-
noreacted with polyclonal chicken anti-recombinant GS-II antibody.
The induced bacterial cells were lysed and passed through a GlcNAc
affinity column, and 5 /*g of the product are shown in lane 3.

18.5-

1 2 3 4
Figure 8. Expression pattern of GS-II protein in G. simplicifolia
tissues. Shown is an immunoblot of 20 ;u,g of protein from leaf (lane
1), root (lane 2), seed (lane 3), and stem (lane 4) separated by 15%
SDS-PAGE, transferred onto nitrocellulose paper, and probed with
polyclonal chicken anti-recombinant GS-II antibody.
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Figure 9. Primary amino acid sequence comparison of some lectins of the legume lectin gene family. GS-II and CS-IV are 
from C. simplicifolia. AI, ACL, and PHA-L represent a-amylase inhihitor, arcelin, and phytohemagglutinin from common 
hean (P. vulgaris). lsolectin 1 (LOL1) is from the Lathyrus ochrus. The putative carbohydrate-hinding sites are indicated by 
asterisks (*). 

dispersed in linear sequence (Bourne et al., 1990; Rouge et 
al., 1993). Mirkov and Chrispeels (1993) reported that a 
mutation in the base sequence of PHA-L, which resulted in 
an amino acid change from Asn'" to Asp'" of PHA-L, 
completely abolished the carbohydrate-binding activity of 
PHA-L, although the protein structure was not disrupted. 
Since the three-dimensional structures of legume lectins 
are probably similar (Sharon and Lis, 1990), GS-I1 also may 
bind to GlcNAc through severa1 dispersed amino acids. By 
primary sequence comparison, we infer that these amino 
acid residues are probably Aspss, Glu'", T Y ~ ' ~ ~ ,   AS^'^^, 
Leuzz6, and GlnZz7 or other residues that are near to them 
(Fig. 9). Differences in amino acids at the carbohydrate- 
binding sites among different legume lectins might be re- 
lated to their different carbohydrate-binding specificities. 

Differential expression of GS-I1 protein in various plant 
tissues could be explained in two ways: (a) a particular 
GS-I1 gene could be regulated differently in different tis- 
sues; and (b) different genes encoding GS-I1 proteins could 
be expressed independently in tissue-specific ways. 

Transfer of insecticidal lectin genes into plant crops may 
have potential for pest management. Development of Bt- 
engineered potato has demonstrated the feasibility of con- 
trolling CPB through transgenic host plant resistance, but 
resistant biotypes of CPB have already arisen from Bt se- 
lection pressure in the laboratory (McGaughey, 19851, em- 
phasizing the need for a continued search for new resis- 
tance genes. GS-I1 causes major delays in CPB development 
(data not shown). The GS-I1 gene may therefore represent 
an alternative or additional candidate gene for potato 
transformation for CPB resistance. Co-transformation of 
potato with two genes with different modes of action (e.g. 

GS-I1 and Bt) may provide the transgenic plants with not 
only higher resistance but more durable resistance as well. 
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