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Abstract—The amino acid sequences of the a, and &, subunits of the isolectins (LcL 1 and LcL.2) from seeds of Lathyrus
cicera and the a subunits of the lectins from L. aphaca and L. articularus were determined by analysis of peptides denived
from the proteins by separate digestions with chymotrypsin and the protease from S. gureus V8. Thea, subunitof the L.
cicera lectin differed from the a; form only in having an extra lysine inserted near the C-terminus. The L. cicera a chains
differed from L. aphaca a protein in cight or nine positions and from the L. articulatus a subunit in seven or eight
positions, whilst the L. aphaca and L. articulatus proteins also exhibited differences in seven positions. The close
homology of these proteins with the « subunits of the lectins from L. ochrus, L. sativus and L. odoratus and various other

members of the tribe Vicieae is discussed in relation to the phylogeny of the Leguminosae.

INTRODUCTION

The lectins isolated from seeds of many plants belonging
to the Leguminosac exhibit a3 wide range of different
molecular properties including size, charge and the struc-
ture of the sugar moiety that they recognize [1]. Despite
this fact, it has become increasingly obvious from infor-
mation on the high degree of homology in their amino
acid sequences [2] that they are closely related and
probably share common three-dimensional structures [3]
and biological functions.

It has been suggested that the amino acid sequences of
the lectins are potentially valuable tools for chemotaxo-
nomic classification providing, for cxample, a useful
means of delimiting the various tribes of the Leguminosae
(2, 4, 5] and of studying speciation [6]. At present the
application of this method is restricted by the small
number of complete sequences which are available. As
part of a programme to overcome this shortage we
recently reported the sequences of the two light (@, and ;)
chains of the isolectins LoLl and LoL2 from Lathyrus
ochrus (L) DC. [7] and we now wish to present the
complete structures of the a subunits from the lectins of L.
aphaca L. and L. articulatus L., and from the isolectins
Lcll and LeL2 of L. cicera L.

RESULTS AND DISCUSSION

Separate digestions of the a subunits of L. cicera, L.
aphaca and L. articulatus with chymotrypsin and the
protease from Staphylococcus aureus V8 yielded suitably
overlapping peptides, all of which were readily separated
by reverse-phase HPLC, and from which the complete
sequences of the a proteins could be deduced by micro-
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sequence analysis using the DABITC/PITC double coup-
ling method (Fig. 1).

The observed specificity of the chymotrypsin used in
this study was as expected, exccgt that it gave rise to
anomalous hydrolyses of the Arg*'- lle?? peptide bonds
inthe L. ciceraa, and a, subunits and in the L. articulatus
protein. The only examples of anomalous cleavages by the
S. aureus V8 protease were those which occurred at low
levels (not shown in Fig. 1) at Ser>-Tyr* and Ser®®-Trp*?
in all four proteins. Such anomalous hydrolyses of Ser-X
peptide bonds have been noted previously [8, 9].

The amino acid sequences are shown in Fig. | together
with the details of the peptides from which they were
deduced. The L. cicera a, subunit and the a proteins from
L. aphaca and L. articulatus all consisted of 53 amino
acids, but the L. cicera a, subunit contained an additional
amino acid (Lys) inscrted near the C-terminus. The MW
calkculated from the amino acid sequences were in good
agreement with the estimates.of the sizes of the subunits
made by sodium dodecy! sulphate—polyacrylamide gel
clectrophoresis (SDS-PAGE) and the sequences were
entirely compatible with the amino acid compositions of
the subunits. Only one minor example of microhetero-
geneity was observed and this occurred at position 53 in
the L. cicera a, protein. The major peptides covening this
region contained Lys in position 53, but small amounts
(< 15%) of other peptides were also isolated which
contained Val in this position. The microheterogeneity in
this position was also confirmed by the results of diges-
tions of the L. cicera a; protein with carboxypeptidasc A.

The amino acid sequence of the L. aphaca a lectin
subunit differed from the L. cicera subunits in nine (a,) or
cight (a;) positions, and from the L. articulatus a protein
in seven positions. Similarly, the L. articulatus a lectin also
exhibited differences from L. cicera subunits in eight {a,)
or seven (a;) positions.

Figure 2 shows a comparison of the amino acid se-



Fig. 2. Homology of the a lectins from the tnbe Vicicac and the corresponding regions of the single chain lectins

from other tribes of the Leguminosae. The sequences of the Lathyrus ochrus a chains are as in ref. [7], L. odoratus

(10], L. sativus [11), Lens culinaris [17), Pisum sativum [15), Vicia cracca(13], V. faba [16), V. sativa [12], Dioclea

grandiflora [ 5], Canatalia ensiformis (CON A) [18] Onobrychis viciifolia [19]). Glycine max [20] and Phaseolus

vulgaris [21]. X, unidentified amino acid; —, gaps inserted in sequence to facilitate alignment. Solid boxes enclose

amino acids which are invanant in all sequences. Dashed boxes enclose amino acxds which are invariant in all 13
proteins from the tnibe Vicicac, but different in at least one other tribe.
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Fig. 1. The amino acid sequences of the a subunits of the lectins from Lathyrus cicera, L. aphaca, and L. articulatus.
C, chymotryptic peptides; V, peptides from digestion with protease from S. aureus V8. (—) amino acids identified by
the DABITC microsequencing method. (- -~) unsatisfactory identification. —) amino acids determined by
digestion with carboxypeptidase A in combination with the dansyl technique.
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quences of the L. cicera, L. aphaca and L. articulatus a
lectins with those of the other Lathyrus species which have
been determined (7, 10, 11]. On the basis of the eight a
proteins of the genus Lathyrus which have been sequen-

ced so far, it can be seen that 42 out of the 53-55 amino
acids are invariant, confirming the previous suggestion
from immunological studies [6] that the Lathyrus lectins
are highly conserved proteins. The figure of 42 would be
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Amino acid sequences of the a subunits of the lectins from Lathyrus 17

higher except for the L. aphaca a sequence which is
notable in that it contains amino acids in two positions
which are different from the otherwise invariant ones in all
of the other Lathyrus specics. These are Ala'! (usually
Pro) and Val?? (usually lle).

Other workers have noted that the amino acid replace-
ments which occur in the a lectins from the Vicieae tend to
cluster in the terminal regions [12, 13]. This tendency is
also evident in the « lectins of the genus Lathyrus (Fig. 2),
but is less obvious because of the alterations in positions
11, 14, 15 and 22 in certain specics.

The close homology of the Lathyrus a lectins is
illustrated in Table 1 which shows the minimal number of
nucleotide substitutions required to interconvert these
proteins and also gives a quantitative estimate of their
relatedness based on the relative substitution frequency
factors according to McLachlan [14]. Inspection of these
matrices suggests that the species studied may be arranged
in three groups on the basis of their sequence homologies.
Lathyrus cicera and L. odoratus L. appear closely related
and are both similar to L. sativus L. Lathyrus ochrus and
L. articulatus are similarly closely related to one another,
but are distinct from the first group. Lathyrus aphaca
appears to stand alone in showing relatively little affinity
with either of the other groups.

An affinity tree is not presented as its significance
cannot be assessed on the basis of so few Lathyrus a lectin
sequences and is likely to be unstable on the addition of
new sequence information. When the comparison of the «
lectins is extended beyond the genus Lathyrus to include
the sequences of the a chains of the other five members of
the tribe Vicicae (Pisum sativum L. [15], Vicia faba L.
[16), V.sativaL.[12], V. cracca L.{13] and Lens culinaris
Medik. [17]), which are currently available, there are still
29 invanant residues (Fig. 2). Of these invariant residues
(positions 2, 4, 6, 9, 13, 16, 24, 27, 31, 33, 36 and 37) 12
appear to be characteristic of the tribe Vicieae, in that they
are found to be different in the homologous regions of the

sequences of the single chain lectins from other tribes,
such as the Diocleae (Canavalia ensiformis L. [18] and
Dioclea grandifiora (Mart.) [5]) Hedysarae (Onobrychis
viciifolia Scop. [19]) and Phascoleac [Glycine max (L.)
Merr [20] and Phaseolus vulgaris L. [21]).

Further examination of the 18 sequences shown in
Fig. 2 reveals that, in 11 positions (10, 12, 19, 20, 23, 25, 26,
29, 40, 42 and 44), the amino acids found are invariant
throughout the Leguminosae and that another five po-
sitions (17, 21, 39, 46 and 50) are invariant except for
alterations in cither the soybean (Glycine) or Phaseolus
lectins. Clearly, the full significance of these findings and
the value of the apparently invariant residues in delimiting
the boundaries of genera and tribes within the family will
only be revealed as more complete sequences become
available for a wider range of species from different tribes.

EXPERIMENTAL

Purification of Lathyrus a lectins. The methods empioyed in the
purification of the proteins were essentially as described in refs
(7. 22). The lectins of L. cicera, L. aphaca and L. articulatus were
extracted from crude seed meals with 50 mM Tris, 150 mM NaCl
(pH 17.6) buffer and subjected to a fractional pptn with
(NH,),50,. The 30-60% (NH,),SO, ppts dissolved in the
extraction buffer were dialysed against the same buffer and
applied to Sephadex G-100 columns equilibrated with the same
buffer. The lectins retained by the column were eluted by adding
01 M Gl to the cluting buffer, ppted with 909, (w/v)
(NH,),SO, and extensively dialysed against the Tris-buffered
saline.

The isolectins of L. cicera were separated by chromatofocusing
on a column (1 x 30 cm) of PBE 94 (Pharmacia AB) equilibrated
with 25 mM Tris-HOAc (pH 8.4). Elution was performed with s
10-fold diluted mixture of Polybuffer 96 (30 %) and Polybuffer 74
(70%, Pharmacia AB) adjusted to pH 5.0 with 1| M HOAc. Two
main peaks were obtained corresponding. respectively, to LeL)
(pl 7.4) and LcL2 (pl 6.5). The isolectins were ppted with 909,

Table 1. Comparison of the sequences of the a subunits of the lectins from the genus Lathyrus. (a)

Minimal number of nucleotide substitutions required to interconvert the a proteins (above the diagonal).

(b) Comparison based on McLachlan’s [ 14] relative substitution frequency factors (below the diagonal).
Gaps at the C-termini were scored as 0

(a) (b) «©)

(d) (e (f) ® (h)

(8) L. cicera a,
(b) L. cicera a,
(c) L. odoratus
(d) L. sativus
(¢) L. articulatus
(f) L. aphaca
(8) L. ochrus a,

(h) L. ochrus a,
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(w/v) (NH,),SO, and extensively dialysed against H,0.

The a and § subunits of the lecting from L. aphaca, L.
articulatus and of the isolecting Lcl 1 and LcL2 were separated by
gel filtrations on columns of Biogel P-60 equilibrated and eluted
with 6 M guanidine-HCl. Two peaks corresponding, respect-
ively, to the heavy 8 (first peak) and light & (socond peak) subunits
were obtained for all four lectins. The guanidine-HCl was
climinated by extensive dialysis against H,O and the ppted
subunits were lyophilized.

The purities of the various a subunits were confirmed by
PAGE at basic [23] and acidic pH [24), SDS-PAGE [25).
analytical iso-clectric focusing [26] and by N-terminal analysis
by the dansyl chioride and by the 4-N N-dimethylaminoazo-
benzene—4'-isothiocyanate-phenylisothiocyanate (DABITC/
PITC) double coupling methods [27].

Enzyme digestions and separation of pepiides. Sampies (3 mg) of
the a subunits were digested separately with chymotrypsin and
the protease from S. awreus V8 as described in ref. [5]. The
mixtures of peptides produced by these methods were resotved by
reversc-phase HPLC on a Micropac MCH-10 column (0.4
x 30 cm, Varian) in a Varian model 5000 HPLC apparatus using
a linear gradient of 0-709, acetonitrile (HPLC grade S,
Rathbum, Scotland, U.K.) in 0.1 %, trifluoroscetic acid. Peptides
were detected by measuring the A at 214 nm.

Sequence determination. The intact a subunits and the peptides
derived from them by enzymic digestion were subjected to micro-
sequence analysis using the DABITC/PITC double coupling
method [27]. The presence of tryptophan in certain peptides was
oconfirmed by staining on paper with p-dimethylamino-
benzaldebyde. The C-terminal residues of certain peptides and
the intact a subunits were determined by digestion with carbo-
xypeptidase A as in ref. [7] in combinstion with the dansyl
technique as in ref. [28]. The amino acid compositions of the a
subunits were determined on a Beckman model 119 BL amino
acid analyser. Certain peptides were also analysed using a Varian
5000 HPLC fitted with a post-column o-phthalaldehyde reactor
system as described in ref. [29].
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