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Cloning and sequencing of winged bean (Psophocarpus tetragonolobus)
basic agglutinin (WBA I): presence of second glycosylation site and its
implications in quaternary structure
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Abstract We report cloning of the DNA encoding winged bean
basic agglutinin (WBA I). Using oligonucleotide primers
corresponding to N- and C-termini of the mature lectin, the
complete coding sequence for WBA 1 could be amplified from
genomic DNA., DNA sequence determination by the chain
termination method revealed the absence of any intervening
sequences in the gene. The DNA deduced amino acid sequence of
WBA 1 displayed some differences with its primary structure
established previously by chemical means. Comparison of the
sequence of WBA I with that of other legume lectins highlighted
several interesting features, including the existence of the largest
specificity determining loop which might account for its
oligosaccharide-binding specificity and the presence of an
additional N-glycosylation site. These data also throw some
light on the relationship between the primary structure of the
protein and its probable mode of dimerization.
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1. Introduction

Lectins from leguminous plants constitute a large family of
homologous proteins displaying remarkable divergence in
their carbohydrate specificity [1,2]. WBA 1 is a dimeric Gal-
NAc specific lectin isolated from the seeds of winged bean
(Psophocarpus tetragonolobus) [3—6). It possesses a molecular
weight of about 58 000 (subunit M, 29000), pl greater than
9.5 and agglutinating activity towards trypsinized type A and
B human erythrocytes [4.6). WBA I specifically recognizes
blood group A-substance derived oligosaccharides such as
the trisaccharide GalNAcal-3Galfl1-4Gle [7,8]. Thermody-
namic and kinetic studies suggested that WBA I has an ex-
tended binding site and its interactions with saccharides in-
volve considerable reorientation of water molecules [6,8-10].
The WBA I-monosaccharide interactions, as revealed by ti-
tration calorimetric studies, are essentially enthalpically driven
and the binding is a simple bimolecular reaction mediated by
van der Waals interactions and hydrogen bonding [10]. In
contrast to other legume lectins, WBA I shows several thermal
unfolding domains by differential scanning calorimetery, sug-
gesting that the secondary and/or tertiary structural elements
in WBA 1 cxhibit less interactions between the amino acid
residues [10] perhaps due to glycosylation at the inter-subunit
interface as in Erythrina corallodendron lectin (ECorL) [11].

The primary structure of WBA 1 recently established in our
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laboratory by chemical means was found to share consider-
able homology with other legume lectins [12]. It displayed
maximum homology to ECorL, yet exhibited several differ-
ences such as those in residues constituting the putative gly-
cosylation and carbohydrate-binding sites. In view of the im-
portance of glycosylation and sequence variability in binding-
site loops towards determining the quaternary association [11]
and carbohydrate specificity [13], respectively, it was impera-
tive to determine the sequence of DNA encoding WBA 1. We
therefore carried out amplification by polymerase chain reac-
tion (PCR) and characterisation of the coding scquence of
WBA 1. High-resolution X-ray structural analysis of the lectin
in complex with N-acetylgalactosamine is in progress [14].
These studies will enable us to carry out expression and site-
directed mutagenesis of its combining site and hence serve to
improve our understanding of the structural basis of protein-
carbohydrate interactions.

2. Materials and methods

2.1. Materials

All the restriction enzymes, DNA modifying enzymes, were ob-
tained from Amersham, New England Biolabs, Pharmacia and Stra-
tagene. DNA sequencing reagents were obtained from US Biochem-
ical Corp. Most of the other biochemicals and reagents werc from
Sigma.

2.2. PCR amplification and cloning of WBA |

Total genomic DNA was purified from germinating winged bean
[15]. The WBA I coding sequence was amplified using 100 ng of the
genomic DNA as the template and the primers 5CTAGGAATT-
CATGAAAACCATATCGTTTAACTTC3' and S5'AGCCTCTA-
GAATTCGTTTGTTCCTGGCAACGA3'. The PCR conditions
used were 95°C, 45 s; 55°C, 1 min; 72°C. 2 min, 30 cycles followed
by 10 min extension at 72°C in a Pharmacia GENE-ATAQ thermal
cycler. The PCR product was cloned into the pCRII TA-cloning vec-
tor from Invitrogen according to the manufacturer’s instructions in
order to obtain the clone pCRWBA-I. For sequencing and further
characterisation, the fragment released with EcoRI was cloned into
the same site of plasmid pT7T3(18U).

2.3. DNA sequencing

All sequencing was performed using Sequenase version 2.0 from US
Biochemical Corp. according to the manufacturer’s instructions. En-
tire sequencing was carried out on single-stranded DNA obtained
from the clones in pT7T3(18U) obtained by infection with the helper
phage MI13K07 [1S5). Both strands were sequenced using M13(-40)
universal and M13 reverse primers. The overlapping scquence infor-
mation was obtained from subcloning restriction fragments.

3. Results and discussion

3.1. Cloning and sequencing of WBA I gene
Oligo primers were designed corresponding to the N- and
C-termini of the WBA 1 using the codon degeneracy and the
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Fig. 1. (a) Design of oligonucleotide primers for WBA I. The DNA
sequence of the corresponding regions of ECorL was modified
by incorporating minimum changes (indicated by x) for WBA L.
(b) Sequencing strategy of WBA [ Unique restriction sites in
WBA I, including sites for Csp451 and Hincll which were used for
the preparation of subclones necessary for scquencing, are indicated.

scquence of homologous ECorL (Fig. 1a) [16]. The N-terminal
34-mer primer with the sequence 5'CTAGGAATTCAT-
GAAAACCATATCGTTTAACTTC3’ consisted of 21 nu-
cleotides (nt) corresponding to the first seven amino acids
(KTISFNF) of the protein and an additional 16 nt anchor
sequence containing sites for Real and EcoRI. The C-terminal
32-mer primer with the sequence 5’AGCCTCTAGAATTCG-
TTTGTTCCTGGCAACGAZ3' containing 18 nt correspond-
ing to the last six amino acids (SLPGTN) was designed
with an additional 14 nt anchor sequence to incorporate
Xbal and EcoRI sites. Since most of the legume lectin-encod-
ing genes cloned thus far are known to lack intron sequences,
the WBA I coding sequence was amplified using winged bean
genomic DNA as the template. This gave a single PCR prod-
uct of 744 bp, which being the size expected from the protein,
indicated the absence of any intervening scquences in the
WBA I gene. The PCR product was cloned into pCR II clon-
ing vector (Invitrogen, USA) to obtain the clone pCRWBA-I.

The complete scquence of WBA I DNA was determined by
sequencing both strands of the fragment released with EcoRI
which was cloned into the same site of plasmid pT7T3(18U)
from Pharmacia. The deletion clones obtained by cleaving at
CspaSl and Hincll restriction sites were used to obtain addi-
tional sequence information (Fig. 1b).

3.2. Comparison of DNA deduced protein sequence

WBA I encodes a 239 amino acid polypeptide with a calcu-
lated molecular mass of 26 178 Da (Fig. 2). WBA I was carlier
proposed to be a 238 residuc polypeptide of estimated molec-
ular mass of 26 139 Da whereas a value of 29000 Da has been
approximated by SDS-PAGE. The excess mass of about 2.8
kDa obtained by SDS-PAGE was previously shown to be
accounted for by the presence of covalently linked carbohy-
drates. The amino acid composition calculated from the de-
duced DNA sequence of WBA 1 closely resembles the chemi-
cally determined composition (Table 1). The sequence
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E P M 0
-13 ctaggaattcatg 0

K T I s F N F N QF R QNETEU QLIKULDQ 20
aaaaccatatcgtttaacttcaaccagttccatcaaaatgaggagcaattgaagttgcaa 60

R D ARI S SN S UVLELTIEKUVV NGV 40
cgtgatgeacgtatttcatcaaatagtgtgttagaactgaccaaggttgttaatggegte 120

P T W N 8§ T G R AL Y A K P V Q V W D S 60
ccaacatggaactccactggtcgtgctctatatgetaaacctgtccaggtttgggacage 180

T TG N V A S F ETQRF s F 8 I R Q P F 80
acaacaggcaacgttgccagcttcgaaactegtttttoccttttcaattagacaacecttt 210

P R P H P ADGULV F F I A PPNTOQT 100
ccacgtccacatcctgctgatgggttagtcttecttcatagecaccaccaaacacccaaaca 300

G E 6 GG Y F GG TI Y NP L S P Y P F V A 120
ggtgaaggaggaggatacttcggaatatacaateccttatctccatacecttttgttget 360

vV EF DTV F RNTWD P QI P H I G I D 140
gttgagtttgacactttcagaaacacatgggacccccaaattccacacattggaattgat 420

vV NS Vv I §$ T KTV P FTIULDNGG T A 160
gtcaactcagtcatatccaccaaaactgtaccatttacgttggacaatggtggaattgcc 480

N V V I K ¥ DA S T XK I L HV VL V F P 180
aatgttgtcataaaatatgatgcttccacaaaaattttacatgttgtcttggttttcect 540

$ LG T I ¥ T I A DI V DL K Q V L P E 200
tcacttggaaccatttacaccatcgctgacatagtggatcttaaacaagtgcttcctgag 600

8 VN V G F S A AT G D P S G K Q R N A 220
agcgtaaacgttggtttctecggetg tgat a aatgcc 660

T ETH D I L S W s F S A S L P G T N E 240
actgaaacacacgacattttgtcttggtctttcagtgectcgttgccaggaacaaacgaa 720

F *
ttctagaggct 731

Fig. 2. Complete DNA and deduced amino acid sequence of WBA
[. The sequence corresponding to the olgionucleotide primers used
for PCR amplification is underlined.

deduced from WBA [ is fairly similar to the sequence deter-
mined at the protein level (Fig. 3). However, there are about
26 amino acid differences observed at 15 stretches within the
WBA [ sequence. Most of these differences are single amino
acid changes and could represent sequence microheterogeneity
in WBA I isolectins. The scven conservative differences: Ser?
(Gly). Glu® (Gln), Asn® (Gln), Val*” (lle), Asp'™ (Gln),
lle' (Leu) and Asp'™ (Asn) could be the result of such
variation amongst isolectins (where the corresponding resi-
dues in the protein sequence are given in parentheses). At
the same time, it is likely that some of the other differences
arise due to protein sequencing errors. Thus, the two longer
stretches: Ser''*-Val'?! and Lys'%®—Pro'*, which differ more
significantly in both sequence and size from the polypeptide
sequence, correspond to the regions of relatively poorer pep-
tide overlaps in the protein sequence. The protein sequence of
both these stretches is largely derived from single peptides
obtained by tryptic cleavage [12]. The protein sequence of
the region corresponding to Ser''*-Val'?! was obtained by a
single trypsin-cleaved soluble peptide which it now appears
would have originated from autolysis of trypsin.
Comparison of the deduced amino acid sequence of WBA 1

KTISFNFNQFHQNEEQLKLQRDARISSNSVLELTKVVNGVPTWNSTGRAL 50
- G--Q K-Q 50

YAKPVQVWDSTTGNVASFETRFSFSIRQPFPRPHPADGLVFFIAPPNTQT 100
- I L--I- 100

GEGGGYFGIYNPLSPYPFVAV. . .EFDTFRNTWDPQIPHIGIDVNSVIST 147
-p----HL---K-GEDNIFVVEGN~~- 150

KTVPFTLDNGGIANVVIKYDASTKILHVVLVFPSLGTIYTIADIVDLKQV 197
- ---QL-N-Q.. 198

LPESVNVGFSAATGDPSGKQRNATETHDILSWSFSASLPGTN 239
. -- 238

Fig. 3. Comparison of DNA-deduced amino acid sequence of WBA
1 with chemical sequence. Complete sequence of the DNA deduced
sequence is given in the single-letter amino acid code in the top
rows and the differences in chemical sequence arc shown below at
the appropriate positions. The identity in chemical sequence is re-
presented by a dash while the gaps are given as dots.
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with other legume lectins reveals a high degree of homology
(Fig. 4). The lectin sequence shows highest identity (64.4%)
with E. corallodendron lectin (ECorL) and 51.46, 50.2, 48.9
and 43.5% identities with Phaseolus vulgaris leucoagglutinin
(PHA L), soybean agglutinin (SBA), Ulex europeus isolectin
II (UEA II) and concanavalin A (Con A), respectively [16-
20]. There are 54 residues of WBA 1 which are invariant in all
legume lectins which include those involved in the binding to
carbohydrate, metal ions and hydrophobic ligands (Fig. 4).
The WBA [ residues corresponding to the carbohydrate-bind-
ing site are Asp"", Gly'"™®, Phe'? and Asn'%, whereas Glu'*?,
Asp'?*, Phe'?, Asn'® and His'* are equivalent residues for
Ca’' and Mn?* binding. Comparing the sequence with that of
other Gal/GalNAc binding lectins suggests that Asp?*? could
be an additional residuc involved in the monosaccharide rec-
ognition perhaps by mediating a hydrogen bond to O-4 of
galactose through one of its carboxylate oxygens.

The chemical sequence of WBA 1 suggested a single glyco-
sylation N-linked site close to the C-terminus [12]. This was in
contrast to other legume lectins which show glycosylation
close to the N-termini [16,21,22]. The DNA deduced sequence
reveals an Asn (instead of Gln) at position 44 which is the
second and, being closer to the N-terminus, a more likely
glycosylation sitc of WBA 1.

3.3. Structural implications of WBA I sequence

The diverse carbohydrate specificities of legume lectins have
been linked to the structural differences at the variable edge of
their binding pocket [11]. The hypervariability of one of the
four combining site loops is known to influence, in an inex-
plicable way, the carbohydrate recognition in these proteins
[13]. Interestingly. this loop in WBA T is longer than all other
legume lectins due to insertion of a stretch of four amino
acids, Pro-Ser-Gly-Lys, just after the residue Asp?'? which
corresponds to Ala?'® of ECorL that makes a backbone hy-
drogen bond with O-4 of Gal in the crystal structure [11]. The
equivalent region in the lectin IV of Griffonia simplicifolia,
Val??'-Gly?22-Tyr??, as a result of the cis peptide bond be-
tween residues 221 and 222 adopts a unique structure in this

Table 1
Amino acid composition of winged bean basic lectin
Amino acid Kortt [5] Puri and Surolia  Present study
(12]
Asp 32 11 12
Asn N.D. 18 16
Glu 19 8 8
Gin N.D. 12 10
Ser 20 20 21
His 5 5 5
Gly 20 17 17
Thr 20 21 21
Arg 9 8 8
Ala 15 13 14
Tyr 7 S 6
Met 0 0 0
Val 19 21 22
Phe 18 16 17
Ile 17 18 16
Leu 16 15 15
Lys 11 10 9
Pro 21 16 18
Trp 4 4 4
Total 253 238 239
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Fig. 4. Comparison of the amino acid sequence of WBA T with
other legume lectins. WBA 1 is aligned with sequences of Erythrina
corallodendron (ECorL), soybean (SBA), Phaseolus vulgaris leucoag-
glutinin (PHA L), Ulex europeus isolectin 11 (UEA II) and concana-
valin A (Con A). Only the sequences of WBA 1 and Con A are
numbered. The invariant amino acids are shown with black back-
ground whereas partially conserved residues arc shaded. Residues
involved in the metal binding in Con A are indicated by **', those
involved in putative adenine binding by ‘|’ and those involved in
formation of hydrophobic cavity by ‘a’. The glycosylation sites are
underlined while the residues involved in carbohydrate binding are
indicated by ‘1°. Gaps (.) have been introduced for maximum align-
ment.

region and interacts with the «1-4 linked fucose in the GSIV-
[Fuca1-2GalB1-3(Fucol-4)GlecNAc] complex {23]. In a similar
fashion the Pro-Ser-Gly-Lys region of WBA I may constitute
an extended binding site with a probable cis peptide between
Pro?!® and Ser?"! providing a similar topology which accom-
modates o.1-2 linked fucose of the A-pentasaccharide, Gal-
NAcal-3(Fucal-2)Galpl-4(Fucol-3)Glc.

Despite possessing similar primary and tertiary structures
the legume lectin protomers associate in different fashions
[11,23 26]. Differential scanning calorimetric studies of the
thermal denaturation of WBA T have revealed the existence
of two distinct types of unfolding domains in this protein [10]
as compared to other legume lectins such as concanavalin A
which unfolds as a single entity [27], indicating striking differ-
ences in their mode of oligomerization. This is not surprising
because galactose-binding legume lectins, in gencral, deviate
from their mannose-binding counterparts in the quaternary
arrangement of their subunits. These differences include the
the lack of 12-stranded extended B-sheet arising due to cither
steric hindrance from the N-linked glycan as observed in
ECorL [11] or the evasion of burying a charged residue as
observed in GSIV [23,24]. Its high sequence homology with
ECorL suggests that WBA 1 may display a similar quaternary
structure. Moreover, ECorL displays unfolding behavior anal-
ogous to that of WBA 1, indicating that these proteins might
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Fig. 5. Sterco view of the ECorL dimer. The thin lines represent the Ca-trace of ECorL whereas the thick coils correspond to the regions in-
volved in dimerization in Con A. The position of some of the residucs from ECorL and corresponding residues from WBA 1 (in parenthescs)
is indicated. Both the glycosylation sites of WBA I (N* and N?') arc located far away from the region involved in Con A-type dimerization.
In contrast, the glycosylation site of ECorL (N'7) as well as the lysine residuc at position 55 (K* in WBA I) are situated close to this region
and can thereby influence mode of dimerization. This figure was generated using the program MOLSCRIPT [28).

have a similar mode of oligomerization (Surolia, A., Sharon,
N. and Schwarz. F.P., unpublished observations). However,
the two glycosylation sites in WBA 1 (Asn** and Asn?!") arc
located at positions different from that observed for ECorL
(Asn'") (Fig. 5). Hence, glycosylation at thcse sites is unlikely
to sterically hinder the formation of an cxtended B-sheet. The
residue Lys™ of WBA I and Lys* of ECorL arc equivalent to
Glu™ of GSIV, whereas it is Leu®, Ser'® and Ala'™ in favin,
pea lectin and concanavalin A, respectively. The evasion of
burying this lysine residue appears to be a more likely rcason
for the deviation from the Con A type of dimerization ob-
served in both WBA 1 and ECorL (Fig. 5). Thus, the modes
of oligomerization of legume lectins seem to be intrinsic to
their protein sequence [26]. The determination of the three-
dimensional structure of WBA I would provide a molecular
explanation for the origin of this variation.

In summary, the primary structure of WBA I shows that it
belongs to the family of single-chain legume lectins which is
encoded by an intronless gene. The scquence of the WBA |
gene provides additional information about several structural
features of WBA 1. These include amino acid differences re-
lated to its sugar specificity, a longer carbohydrate recognition
loop probably constituting the extended binding site and the
presence of an additional potential N-glycosylation site at
Asn*. Comparison of WBA | with ECorL and GSIV reveals
that residue Lys® may have implications in its modes of di-
merization. Finally, the isolation of WBA I gene will facilitate
the understanding of structure-function relationship by
further studies aimed at its expression and mutagensis.
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