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ABSTRACT

Carbohydrate-binding peptides of several anti-H(O) leguminous lectins were obtained from endoproteinase Asp-N or Lys-C digests
of L-fucose-binding Lotus tetragonolobus lectin (LTA) and Ulex europeus lectin I (UEA-I) and from that of a di-N-acetylchitobiose-
binding Ulex europeus lectin I1 (UEA-II) by affinity chromatography on columns of Fuc-Gel (for LTA and UEA-I) and on a column of
a mixture of several oligomers of N-acetyl-p-glucosamine (GIcNAc) coupled to Sepharose 4B (GlcNAc oligomer-Sepharose 4B) (for
UEA-I). These peptides were retained on the Fuc-Gel or GlcNAc oligomer-Sepharose 4B column and were presumed to have an
affinity for the columns. The amino acid sequences of the retarded peptides were determined using a protein sequencer.

INTRODUCTION

Lectins are widely used to study the carbohydrate
constituents of cell surfaces and glycoproteins.
They are also widely used for the isolation of gly-
coproteins by affinity chromatography. Legumi-
nous lectins resemble each other in their physico-
chemical properties, although they differ in their
carbohydrate specificities. They usually consist of
two or four subunits having a relative molecular
mass of 25 000-30 000, and each subunit has one
carbohydrate-binding site. Their interaction with
carbohydrates requires tightly bound Ca?* and
Mn?* ions.

The primary structures of the L-focuse-binding
Lotus tetragonolobus anti-H(O) lectin (LTA) [1] and
Ulex europeus anti-H(O) lectin I (UEA-I) [2], and
the di-N-acetylchitobiose-binding Ulex europeus
anti-H(O) lectin II (UEA-II) [2] and Laburnum al-
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pinum anti-H(O) lectin I (LAA-I) [3] have already
been determined using a protein sequencer and the
galactose-binding Bauhinia purpurea lectin (BPA)
[4] by a nucleotide sequence analysis of the cloned
cDNA.

A carbohydrate-binding peptide has also been
isolated from BPA by affinity chromatography on a
column of lactose-Sepharose 4B and the amino
acid sequence of this peptide has been determined
[5]-

This paper reports the isolation of the carbohy-
drate recognition peptides of LTA, UEA-I and
UEA-II with immobilized r-fucose (for LTA and
UEA-I) and N-acetyl-pD-glucosamine (GlcNACc) oli-
gomer immobilized on Sepharose 4B (for UEA-II)
after digestion of these lectins with an endoprotei-
nase (Asp-N or Lys-C). The amino acid sequences
of these peptide fragments were subsequently deter-
mined. The peptide sequences implicated in the car-
bohydrate-binding site were compared with the pri-
mary sequence of concanavalin A (Con A), the
three-dimensional structure of which has already
been elucidated, and the sequences were found to
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correspond to a part of the metal binding region
which is relatively conserved in several leguminous
lectins.

EXPERIMENTAL

Material

Lotus tetragonolobus and Ulex europeus seeds
were purchased from F. W. Schumacher Co. (Sand-
wich, MA, USA). A column of Fuc-Gel for affinity
chromatography was obtained from E. Y. Lab.
(San Mateo, CA, USA) and Sephar¢se 4B was ob-
tained from Pharmacia (Uppsala, Sweden). A C;g
pBondasphere (100 A) column for reversed-phase
chromatography was obtained from Waters (Bur-
lington, MA, USA). Endoproteinases Asp-N (Pseu-
domonas fragi) and Lys-C (Lysobacter enzymo-
genes) were purchased from Boehringer (Mann-
heim, Germany).

Purification of LTA, UEA-I and UEA-11

LTA, UEA-I and UEA-II were isolated and puri-
fied by affinity chromatography ac¢ording to the
methods reported previously [1,6,7].

Affinity chromatography of peptides of an Asp-N or
Lys-C digest
A mixture of tetra-N-acetylchitotetraose, penta-
N-acetylchitopentaose and hexa-N-acetylchitohex-
aose (1:1:1, w/w/w), prepared by the method of
Rupley [8], was coupled to amino-Sepharose 4B ac-
cording to the method of Baues and Gray [9]
_(GIcNAc oligomer-Sepharose 4B). Purified lectins
(0.2-0.5 mg in 200 ul of 50 mM Tris—HCI, pH 8.5)
were digested with 2 ug of Asp-N or with 5 ug of
Lys-C for 18 h at 37°C. The peptidei fragments ob-
tained after digestion of LTA and UEA-I with en-
doproteinase Asp-N and those of UEA-I digested
with endoproteinase Lys-C were separately applied
to individual columns of Fuc-Gel (5 ml). An en-
doproteinase Asp-N digest of UEAAII was applied
to a column of GlcNAc oligomer—S¢pharose 4B (5
ml). The columns were washed with 10 mM Tris—
HCI (pH 6.8) containing 0.15 M NaCl, 1 mM CaCl,
and 1 mM MnCl, at a flow-rate of 1.5 ml/h. Each
0.5 ml aliquot was collected and apalysed by re-
versed-phase high-performance liquid chromatog-
raphy (HPLC) on a column of C,4 with a linear
gradient (0-60%) of propan-2-ol-adetonitrile (7:3)
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in distilled water containing 0.1% trifluoroacetic
acid in 30 min at a flow-rate of 1 ml/min. The elu-
tion was monitored by the absorbance at 220 nm.
Amino acid sequence analyses of the peptides frac-
tionated by HPLC were performed on a PSQ-1 gas-
phase protein sequencer (Shimadzu, Kyoto, Japan).

RESULTS AND DISCUSSION

Affinity chromatography of peptide fragments of an
Asp-N or Lys-C digest

The Asp-N digests of anti-H(O) lectins were frac-
tionated on a column of Fuc-Gel (for LTA and
UEA-I) or GlcNAc oligomer—Sepharose 4B (for
UEA-II) and each fraction was then separately sub-
jected to reversed-phase HPLC on a column of Cyg.
Figs. 1-3 show elution profiles of the HPLC analy-
sis of the affinity fractions obtained from LTA (Fig.
1), UEA-I (Fig. 2) and UEA-II (Fig. 3). In these
figures, the elution profile of the original mixture of
an Asp-N digest is shown in the left-hand panel.
Comparison of the profiles from LTA with this
original profile clearly shows that most of the
Asp-N fragments of LTA were recovered in affinity
fraction 9 (Fig. 1). Interestingly, a peptide fragment
indicated by arrows in Fig. 1 appears to be retained
on the column of Fuc-Gel, because this fragment is
a major component of fraction 10 and also clearly
observed in fraction 11, suggesting that this peptide
specifically interacts with fucose. The presence of
carbohydrate-binding peptides in the Asp-N digests
of UEA-I (Fig. 2) and UEA-II (Fig. 3) was similarly
shown. For the Asp-N digest of UEA-II, two pep-
tides (shown by two arrows in fractions 11 and 12 of
Fig. 3) were retained on the column of GlcNAc oli-
gomer—Sepharose 4B.

These carbohydrate-binding peptides were puri-
fied by reversed-phase HPLC on a column of Cyg
and their amino acid sequences were determined
with a gas-phase protein sequencer. Fig. 4 summa-
rizes the amino acid sequences of these peptides. On
the basis of the amino acid sequences on the respec-
tive lectins [1,2], the peptide DSYHNIW from LTA
corresponds to the sequence from Asp-126 to
Trp-132, the peptide DTIGSPVNFW from UEA-I
to the sequence from Asp-128 to Trp-137 and the
peptides DSYFGKTYNPW and DSYFGKTYNP-
WDP from UEA-II to the sequences from Asp-132
to Trp-142 and from Asp-132 to Pro-144.
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Fig. 1. Reversed-phase HPLC elution profiles of the fractions obtained by affinity chromatography (fraction number indicated in the
upper right corner of each panel) of the Asp-N digest of LTA on a C, column. Purified LTA was digested with an endoproteinase
Asp-N at 35°C for 18 h. The reaction mixture was applied to a column of Fuc-Gel and the column washed with Tris-buffered saline
containing 1 mM CaCl, and 1 mM MnCl,. Each fraction was analysed by reversed-phase HPLC on a column of C, 4. Arrows indicate

the peptide of LTA retarded on the affinity column.

Lys-C fragments of UEA-]I were also prepared.
The peptide DNDSSYQTVAVEFDTIGSPVNF-
WDPGFPHIGIDVNRVK was retained on the af-
finity column of Fuc-Gel (Fig. 5). The peptide
DTIGSPVNFW, which was obtained from UEA-I
by treatment with Asp-N and retained on the affin-
ity column of Fuc-Gel, was included in this se-
quence as shown by underlining in Fig. 4.

Comparison of carbohydrate-binding peptides

The amino acid sequences, which include the se-
quences of the putative carbohydrate-binding pep-
tides of LTA, UEA-I and UEA-II retarded on each
affinity column (underlined in Fig. 4), and their ho-
mologies with the relatively conserved regions of
other leguminous lectins are shown in Fig. 6. This
region has already been shown to contain a carbo-
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Fig. 2. Reversed-phase HPLC elution profiles on a column of C,4 of the fractions obtained by affinity chromatography (fraction
number indicated in the upper right corner of each panel) of the Asp-N digest of UEA-I on a column of Fuc-Gel. Arrows indicate the

peptide of UEA-I retarded on the affinity column.

hydrate-binding peptide of BPA [10] and seems to
correspond also to a metal-binding domain. The
crystal X-ray analysis of con A [11] suggests that
Mn?* and Ca2* ions are each bound to the protein
by four bonds to the amino acid iside-chain; the
Ca?* ligands are Asp-10 and the ba¢kbone carbon-
yl of Tyr-12, Asn-14 and Asp-19, and the Mn?*
ligands are Glu-8, Asp-10, Asp-19 and His-24.
Val-32 and Ser-34 are suggested to' be involved in
the binding of Mn2* to the protein by water mole-

cules. The amino acid residues which are required
for the carbohydrate binding of the anti-H(O) lec-
tins, and discussed in this study, seem to be located
in a part of the Ca%*-binding region. This assump-
tion agrees with the observation [12] that the pep-
tide, which has been isolated from endoproteinase
digests of BPA as a carbohydrate-binding peptide
(underlined in Fig. 6) and also synthesized chem-
ically, showed lactose-binding activity in the pres-
ence of Ca?* and Mn2*. In the absence of Ca?*,
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Fig. 3. Reversed-phase HPLC elution profiles on a column of C,; of the fractions obtained by affinity chromatography (fraction
number indicated in the upper right corner of each panel) of the Asp-N digest of UEA-II on a column of GicNAc oligomer—Sepharose
4B. Arrows indicate the two peptides of UEA-II retarded on the affinity column.
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Fig. 4. Amino acid sequences of the peptides of LTA, UEA-I and
UEA-II retarded on the affinity column of Fuc-Gel or GlcNAc
oligomer—Sepharose 4B. Overlapped sequences are underlined.

UEA-I

the retardation of the peptide on the lactose—Sepha-
rose column was not observed.

A chimeric lectin gene has been constructed using
a cDNA clone coding BPA, the carbohydrate-bind-
ing peptide sequence WPNTEWS of which was re-
placed by the corresponding region of the mannose-
binding Lens culinaris lectin [10]. The chimeric lec-
tin expressed in Escherichia coli was found to bind
a-mannosyl-bovine sereum albumin, and this bind-
ing was inhibited by mannose. This suggests that
the carbohydrate-binding specificity of BPA was al-
tered by substituting the seven amino acid residues.

Of particular interest is the amino acid sequence
of arcelin, which is a major seed protein discovered
in wild beans (Phaseolus vulgaris) and which has
insecticidal activity but no carbohydrate-binding
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Fig. 5. Reversed-phase HPLC elution profiles on a column of C,, of the fractions obtained by affinity chromatography (fraction
number indicated in the upper right corner ofeach panel) of the Lys-C digest of UEA-I on a column of Fuc-Gel. Arrows indicate the

peptide of UEA-I retarded on the affinity coliimn.
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LTA ~VAVEFDSYH----NJT -W-DPKSLRSSHVGIDVNSIMSLKA-
UEA-I -VAVEFDTIGSP-YNF-W-DPG-FP--HIGIDVNRVKSINA-
UEA-II -IAVEFDSYFGKTYNP-W-DPD-FK--HIGIDVNSIKSIKT-
BPA -VAVEFDTWP-~---NTEWSDLRYP---HIGINVNSTVSVAT-
Gs4 ~-VAVEFDTWI --~~-NKDWNDPPYP---HIGIDVNSIVSVAT-
PHA-E -VAVEFDTLY----NKDW-DPT--ER-HIGIDVNSIRSIKT-
PHA-IL -VAVEFDTLY----NVHW-DPK-P-R-HIGIDVNSIKSIKT-
ECorL, ~-LGVEFDTFS----NP-W-DPPQVP--HIGIDVNSIRSIKT-
DBA -VAVEFDTLS----NSGW-DPSM-K--HIGIDVNSIKSIKT-
SBA ~VAVEFDTFR----NS-W-DPPNP---HIGINVNSIRSIKT-
PSA ~VAVEFDTFY - ~---NAAW-DPSNRDR-HIGIDVNSIKSVNT-
LCA -VAVEFDTFY----NAAW-DPSNKER-HIGIDVNSIKSVNT-
VFA -VAVEFDTFY----NAAW-DPSNGKR-HIGIDVNTIKSIST-
LOL -VAVEFDTFY----NTAW-DPSNGDR-HIGIDVNSIKSINT-
Con A

8 10 12 14 19
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Fig. 6. Comparison of the amino acid sequences of the putative carbohydrate-binding domains of LTA [1], UEA-I and UEA-II [2] to
those of other leguminous lectins, such as BPA [4], Griffonia simplicifolia lectin IV (GS4) [14], Phaseorus vulgaris erythroagglutinin
(PHA-E) [15], Phaseorus vulgaris leukoagglutinin (PHA-L) [15], Erythrina corallodendron lectin (ECorL) [16}, Dolichos biflorus lectin
(DBA) [17], Glycine max (soybean) lectin (SBA) [18], Pisum sativum lectin (PSA) [19], Lens culinaris (lentil) lectin (LCL) {20}, Vicia faba
(favin) lectin (VFA) [21], Lathyrus ochrus lectin (LOL) [22] and Con A [23]. Amino acid residues involved in calcium-binding (bold
letters) and manganase-binding (outlined letters) are indicated. Underlined residues represent carbohydrate-binding peptides studied in
this work. The numbers along the bottom of the figure are for the Con A sequence.

activity. The primary structure of arcelon was de-
duced from the nucleotide sequence of arcelin-1
c¢DNA [13] and the derived amino acid sequence
was 58-61% identical with the amino acid sequenc-
es of Phaseorus vulgaris erythroagglutinin and Pha-
seorus vulgaris leukoagglutinin. Arcelin lacks the
eight amino acids corresponding to the putative
carbohydrate-binding sequence of Phaseolus vulga-
ris lectins, indicating that this portion plays an im-
portant part in the carbohydrate-binding activity of
leguminous lectins.
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