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Examination of the hemagglutinating activity of extracts from seeds of Erythrina corallodendron at various maturation stages revealed that the
level of lectin increases markedly past mid-maturation. Seeds at this stage of maturation served as a source of mRNA for the construction of an
expression cDNA library in the vector 1 Zap, which generates fusion proteins with an N-terminal portion of §-galactosidase. The library was
screened with rabbit polycional anti-ECorL antiserum. Four immunopositive clones were isolated. Western blot analysis of cell extracts from one
of the clones (pIEcL-B) showed a 36 kDa protein that reacted with the antiserum, as well as with a mouse monoclonal antibody raised against
the lectin. DNA sequence analysis by the chain termination method revealed that clone pIEcl-C has an insert of 1017 bp with the entire coding
sequence of ECorL, beginning with an initiation codon ATG at position 26 and ending with stop codon TAA at position 868. This fragment encodes
a polypeptide of 281 amino acids consisting of a signal leader sequence of 25 amino acids and a mature protein of 256 amino acids. The deduced
amino acid sequence from this fragment is identical to the sequence of the first 244 amino acids of ECorL, as determined at the protein level,
except at 7 positions.

Legume lectin

1. INTRODUCTION

The primary sequence of the first 244 amino acids of
the Erythrina corallodendron lectin (ECorL) has been
recently established in our laboratory by chemical
means and found to share extensive homology with
other legume lectins [1]. Here we report the isolation
and characterization of a cDNA clone representing the
entire coding sequence of ECorL. The availability of
this clone, in conjunction with the high-resolution X-
ray crystallography data of the lectin [2] and its com-
plexes with lactose [3], will enable us to do future
studies of the combining site of the lectin by site-
directed mutagenesis. Such studies are important for a
better understanding of the structural basis of pro-
tein/carbohydrate interactions as well as pro-
tein/ligand interactions in general. In the long run, they
may lead to the production of tailor-made lectins with
desired sugar specificities.

2. MATERIALS AND METHODS

2.1. Materials

Erythrina corallodendron seeds at different stages of maturation
were collected during the months of March—May from trees growing
on the Weizmann Institute campus. Restriction enzymes and DNA
modifying enzymes were obtained from Amersham, Pharmacia and
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New England Biolabs. DNA sequencing reagents were obtained from
United States Biochemical Corp. A Zap was purchased from
Stratagene.

2.2. Purification of poly A* RNA and ¢cDNA cloning

Total RNA was extracted from seeds past midmaturation (average
weight between 0.2 and 0.3 g) by the guanidinium thiocyanate-CsCl
method [4]. Poly A®™ RNA was obtained by oligo d(T) cellulose
chromatography [5]. Double-stranded ¢cDNA was prepared with
Amersham’s cDNA synthesis system according to their protocol. The
products were blunt-ended with T4 DNA polymerase and methylated
with EcoRI methylase, followed by addition of EcoRI linkers. The
linked cDNA was ligated into the expression vector A Zap [6] and
packaged with Amersham’s in vitro packaging extracts [7]. The
resulting library was then screened without amplification. E. coli
XL-1 blue cells were used as host.

2.3. Isolation of lectin cDNA clones

The screening was done with rabbit polyclonal anti-ECorL an-
tiserum using Stratagene’s picoblue immunoscreening kit. Briefly,
the recombinant phages with host cells were plated on LB agar plates
and incubated at 42°C for 3 h. Nitrocellulose filters previously soak-
ed with isopropyl-@-D-thiogalactopyranoside (IPTG) were placed
over the growing plaques and incubated for at least 5 h at 37°C.
Replica filters were then placed over the plaques for 12 h at 37°C.
The filters were washed and immersed in blocking solution followed
by the immunodetection procedure. Rabbit IgG anti-ECorL was
detected by alkaline phosphatase conjugated goat anti-rabbit an-
tibody. The system was developed with 5-bromo-4-chloro-indole-
phosphate and nitro blue tetrazolium.

Positive clones were purified by several rounds of plating and
screening until all plaques in the plates were positive. All the positive
clones were rescued from the phage as Bluescript plasmids by coinfec-
tion of XL-1 blue cells with the individual A Zap isolates and
VCMSMI13 helper phage in accordance with the supplier’s instruc-
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tions. The recombinant plasmids were purified and characterized in
different ways (see below).

2.4. Western blot analysis of positive clones

Crude lysates from bacteria carrying the Bluescript plasmids were
size-fractionated in a 10% SDS-polyacrylamide gel electrophoresis
and transferred to nitrocellulose. Blots were probed with polyclonal
rabbit anti-ECorL antiserum and with a mouse monoclonal antibody
raised against the lectin. The polyclonal antibodies were detected and
developed as done for the plaque immunoscreening. The monoclonal
antibodies were detected with a horseradish peroxidase conjugated
anti-mouse antibody and revealed with diaminobenzidine.

2.5. DNA sequence determination

DNA sequence analysis was carried out by the dideoxy chain ter-
mination method [8] using Sequenase, according to the protocol
given by United States Biochemical Corp. ECorL ¢cDNA fragment
was cleaved with different restriction enzymes and the resulting
smaller fragments were subcloned into PUC-8 followed by sequence
analysis from double-stranded templates. To complete the sequence
for both DNA strands, 3 synthetic oligonucleotides, complementary
to the appropriate strand in positions 354—369, 455—472 and 916932
were used as sequencing primers.

3. RESULTS AND DISCUSSION

3.1. Cloning of the ECorL ¢cDNA

Studies on the regulation of expression of soybean
agglutinin and other seed storage proteins have shown
that their messages increase in seeds that have passed
midmaturation [9]. Prior to the cloning experiments,
the amount of ECorL in seeds at different maturation
stages was estimated semiquantitatively by immunodif-
fusion using polyclonal antisera and by hemagglutina-
tion assays with human erythrocytes. As expected, the
level of lectin present in seeds increased very rapidly
after midmaturation (data not shown). We therefore
used seeds at this stage of maturation as a source of
mRNA for the construction of a cDNA library.

A cDNA library of 300000 independent recom-
binants was constructed in the vector A Zap which is
capable of generating fusion proteins with the N-
terminal portion of F-galactosidase [6]. Screening of
the library with a rabbit polyclonal anti-ECorL an-
tiserum revealed 4 immunopositive clones designated
plEcL-A, -B, -C and -D. Restriction analysis and cross-
hybridization experiments of the 4 clones indicated that
they are derived from a single species of mRNA. The
sizes of the clones, as analyzed by agarose gel elec-
trophoresis, varied between 950 to 1020 bp. Western
blot analysis of cell extracts from one of the clones
(plEcL-B) showed a 36 kDa protein that im-
munoreacted with the polyclonal antiserum, as well as
with a monoclonal anti-lectin antibody (see Fig. 1).
This was the expected size for the lectin, taking into
consideration a leader sequence and the additional
amino acids of (-galactosidase. The complete
nucleotide sequence of both DNA strands of this clone
and partial sequences of all other clones were determin-
ed. The strategy of sequencing is shown in Fig. 2.
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Fig. 1. Western blot analysis of total bacterial lysates of clone pIEcL-

B. Western blots were done with rabbit polyclonal anti-ECorL

antiserum (panel A) or mouse monoclonal antibodies (panel B).

Panel A: (1) Control cells with no vector; (2) clone pIEcL-B grown

in the absence of IPTG; (3) clone pIEcL-B grown in the presence of

IPTG. Panel B: (1) clone plEcL-B grown with IPTG; (2) clone
pIEcL-B grown without IPTG; (3) ECorL.

As shown in Fig. 3, clone pIEcL-C contains 1017
nucleotides with a coding region of 843 nucleotides
beginning with an initiation codon ATG at position
25-27. The fragment also has a 3’ noncoding region of
134 nucleotides before the poly A* tail, containing two
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Fig. 2. Sequencing strategy of E. corallodendron cDNA. (A)
Overlapping restriction fragments of pIEcL-B cDNA were sequenced
as indicated by heavy arrows, dashed arrows show regions sequenced
with synthetic oligonucleotides (see text). Restriction sites used for
the preparation of subclones necessary for sequencing are indicated
in the map and are abbreviated as follows: Sp, Sphl; H, Hinfl; A,
Apall; C, Clal; Su, Sau3A; Sl, Sall. (B) To complete the ECorL
cDNA sequence fragments from clones plEcL-A, pIEcL-C and
pIEcL-D were partially sequenced in the regions indicated by heavy
lines.
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1 TITITTTITTTITGAGTAAGAAAAC ATG GCT ACT TAC AAG TTG TGC AGTGTTCTTGCACTC TCC CTA ACCTTG TTC CTC TTG 81
Met Ala Thr Tyr Lys leu Cys Ser Val ley Ala Ley Ser Ley Thr Ley Phe Leu Leu

82 ATC CTC AAC AAA GTTAAC TCG GTG GAA ACC ATATCG TTT AGC TTC AGC GAG TTT GAA CCT GGT AAC GAC AATTTG ACCTTG 162
lloe ley Asn Lys Val Asn Ser Val Glu Thr lle Ser Phe Ser Phe Ser Glu Phe Glu Pro Gly Asn Asp Asn Leu Thr Leu

163 CAAGGT GCA GCCCTT ATT ACA CAATCT GGG GTT TTA CAA CTC ACC AAG ATT AAT CAA AAT GGC ATG CCGGCG TGG GAC TCA 243
Gin Gly Ala Ala Leulle Thr Gin Ser Gly Val Leu Gin Leu Thr Lys lle Asn GIn Asn Gly Met Pro Ala Trp Asp Ser

244 ACG GGC CGAACT CTG TAT GCT AAA CCT GTG CAC ATT TGG GAT ATG ACC ACA GGC ACA GTG GCC AGCTTT GAA ACTAGA TTC 324
Thr Gly Arg Thr Leu Tyr Ala Lys Pro Val His ile Trp Asp MetThr Thr Gly Thr Val Ala Ser Phe Glu Thr Arg Phe

325 TCCTTT TCC ATT GAACAA CCC TAT ACACGC CCACTCCCC GCTGATGGT TTA GTA TTCTTT ATG GGA CCA ACA AAG TCC AAG 405
Ser Phe Ser lle Glu GIn Pre Tyr Thr Arg Pro Leu Pro Ala Asp Gly Leu Val Phe Phe MetGly Pro Thr Lys Ser Lys

406 CCA GCC CAAGGT TATGGA TAC CTC GGA ATA TTC AAC AAC TCA AAA CAG GAT AACTCATAC CAA ACACTT GGTGTTGAG TTT 486
Pro Ala Gin Gly Tyr Gly Tyr Leu Gly lle Phe Asn Asn Ser Lys GIn Asp Asn Ser Tyr GIn Thr Leu Gly Val Glu Phe

487 GAC ACTTTC AGT AAC CAA TGG GAC CCT CCC CAG GTT CCA CAC ATTGGA ATCGATGTC AACTCC ATTCGATCC ATC AAA ACC 567
Asp Thr Phe Ser Asn Gin Trp Asp Pro Pro Gin Val Pro His lle Gly lle Asp Val Asn Ser lle Arg Ser lle Lys Thr

568 CAACCTTTT CAATTG GAC AAT GGC CAA GTT GCC AAT GTT GTC ATA AAATAT GATGCT TCC TCC AAA ATC TTA CATGCCGTG 648
Gin Pro Phe GIn Leu Asp Asn Gly GIn Val Ala Asn Val Val lle Lys Tyr Asp Ala Ser Ser Lys lle Leu His Ala Val

649 TTG GTTTAC CCTTCC AGT GGA GCC ATT TAC ACC ATC GCT GAA ATT GTG GAT GTG AAG CAAGTT CTT CCTGAGTGG GTC GAC 729
Leu Val Tyr Pro Ser Ser Gly Ala lle Tyr Thr lle Ala Giu lle Val AspVal Lys Gin Val Leu Pro Glu Trp Val Asp

730 GTTGGT CTC TCG GGT GCA ACC GGT GCA CAG CGA GAC GCC GCT GAG ACA CACGACGTT TATTCT TGG TCA TTC CAA GCC TCG 810
Val Gly Leu Ser Gly Ala Thr Gly Ala Gln Arg Asp Ala Ala Glu Thr His Asp Val Tyr Ser Trp Ser PheGin Ala Ser

811 TTG CCA GAA ACAAAC GATGCTGTTATTCCT ACT TCC AAC CAC AACACC TTT GCA ATCTAA ATG TCG TTAGTT ATT ATC TGT 98t

Leu Pro Giu Thr Asn Asp Ala Val lle Pro Thr Ser Asn His Asn Thr Phe Ala lle End
892 CATGTGTGAAGGTAACTATAATAAACACCTGCAACAATGGTTTATTATGTTTACACCTCGCAGTTAGCATCTATGTAAAACTGTTTCTACT 983

984 AATA ATAATTGATTGCAATGGTGAAAAAAAAAAA 1017

Fig. 3. Sequence of the Erythrina corallodendron lectin cDNA and derived amino acid sequence. The solid line indicates the leader sequence of
the protein. Two solid lines show polyadenylation signals.

polyadenylation sequences: AATAAA at position
910-916 and AATAAT at position 982—-988.

The DNA fragment of pIEcL-C encodes a polypep-
tide of 281 amino acids with a calculated molecular
mass of 30763, Fig. 4 shows that the sequence deduced
from pIEcL-C is identical to the sequence of ECorL,, as
determined by us at the protein level, except at 7 posi-
tions: residue 23, Ala instead of Asp; residue 24, Ala
instead of Ser; residue 26, Ile instead of Pro; residue

A) MATYKLCSVL ALSLTLFLL|LNKVNSVETISFSFSEFEPGNDNLTLOG LITQ)
B) ... et VETISFSFSEFEPGNDNLTLOG

A)SGVLQLTKINQNGMP AWDSTGRTLY AKPYHIWDMTTGTVASFETRFSFSIEQP
B) SGVLQLTKINQNGMP AWDSTGRTLY AKPVHIWDMTTGTY ASFETRFSFSIEQP

A) YTRPLP ADGLVFFMGPTKSKP AQGYGYLGIF|NINSKQDNSYQTLGVEFDTFSN
B) YTRPLP ADGLVFFMGPTKSKP AQGYGYLGIF[FINSKQDNSYQTLGVEFDTFSN
A) WDPPQVPHIGIDVNSIRS IKTQPFQLDNGQY ANVVIKYD ASSK ILHAVLYYPSSG
B) WDPPQVPHIGIDVNSIRSIKTQPFQLDNGQY ANVVIKYD ASSKILHAVLYYPSSG

A) AIYTIAEIVDVKQVLPEWVDYGLSGATGAQRD AAETHDVYSWSFQASLPETND
B) AIYTIAEIVDVKQVLPEWVDVGLSGATGAQRD A AETHDVYSWSFQASLPETND

A) AVIPTSNHNTF Al
B) A

Fig. 4. Comparison of the deduced amino acid sequence of ECorL

cDNA (A) to the sequence of the lectin as determined at the protein

level (B). The amino acids that are different in the two sequences are

boxed. The leader sequence of the lectin is underlined. There are also

12 additional amino acids at the C-terminal of the protein in the
deduced sequence.

27, Thr instead of Glu; residue 28, Gln instead of Glu;
residue 113, Asn instead of Phe and residue 134, Gin
instead of Pro. Most of these changes are located in
variable regions of the legume lectins except for residue
23 which is Asp in most of them. Asn at position 113
introduces a potential glycosylation site Asn-Asn-Ser.

The sequences of the other positive clones were deter-
mined in these regions and were found to be identical
to the fragment in pIEcL-C. Thus, the differences bet-
ween the deduced sequence and the previously deter-
mined sequence may be due to the fact that the lectin
might be coded by a family of closely related genes.
Studies of the genomic organization of other legume
lectins have shown the presence of several lectin genes
in pea lectin and Dolichos biflorus [10,11].

The deduced sequence from pIEcL-C also shows 26
amino acid residues before Val-1 that most likely repre-
sent a signal leader peptide needed for translocation of
the immature lectin into the endoplasmic reticulum. All
legume lectins studied so far have such a signal peptide
which is usually between 20 and 30 amino acids long
and is characteristically very hydrophobic. At the C-
terminal end of the deduced sequence there are 12 addi-
tional amino acid residues not found in the chemically
determined sequence. This difference may be due to in-
completeness of the chemical sequence or alternatively
may suggest the possibility of a post-translational
modification at the C-terminal of the protein, as has
been proposed for other lectins [12].
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Comparison of the cDNA sequence of ECorL with
the nucleotide sequence of the coding region of soybean
agglutinin gave 57% homology and with the cDNA of
the Dolichos biflorus lectin 50% homology [10,16].

The isolation and characterization of the cDNA of
ECorL will allow us to perform experiments aimed at
elucidating the structure/function relationships of the
lectin at its sugar-binding site. This will be achieved by
the expression of the lectin in heterologous systems, as
has been done with pea lectin [13,14] and phytohemag-
glutinin [15], creation of lectin mutants and analysis of
the activity of these mutants.
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