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The complete amino acid sequences of the /$- and &subunits of the isolectins (LoLl and LoLll) from seeds 
of Lathyrus ochrus were determined by analysis of peptides derived from the proteins by digestion with 
trypsin, chymotrypsin, pepsin and the S. aureus Vs protease, as well as fragments produced by cleavage 
with iodosobenzoic acid. Both /?-subunits consisted of single polypeptide chains of 181 amino acids, which 
differed from one another in only 3 positions. The homology of the Lathyrus ochrus isolectins with the other 
two-chain lectins of the tribe Vicieae, and the single-chain lectins of other tribes of the Leguminosae is dis- 

cussed. 

Lathyrus ochrus isolectin B-Subunit 

1. INTRODUCTION 

Amino acid sequence Homology Legume Iectin 

The lectins found in seeds of the Vicieae tribe of 
the Leguminosae are composed of two light (CX) 
chains (Mr = 6000) and two heavy Q3) chains (k& 2: 
17000). The amino acid sequences of the cy- 
subunits from several genera belonging to this tribe 
have been determined [l-9] and have indicated the 
value of such data for chemotaxonomical 
classification [lo] and studies of speciation [ 111. At 
present, however, the potential of this method is 
somewhat limited by the relatively small number of 
complete sequences available for the large fl- 
chains. The only sequences of &chains which have 
been reported so far are those for Vicia faba 

[ 12,131, Pisum sativum [ 1,141 and Lens culinaris 
[3,15]. We now report the complete amino acid se- 
quences of the fll- and &subunits of the isolectins 
LoLl and LoLl 1 from Lathyrus ochrus and their 
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homology with the corresponding two-chain lec- 
tins from the Vicieae and the single-chain lectins 
from other tribes of the Leguminosae. 

2. MATERIALS AND METHODS 

2.1. Isolation of L. ochrus lectin (LoL) 
The lectin was isolated from extracts of a crude 

seed meal by fractional precipitation with 
(NH&SO4 and affinity chromatography on 
Sephadex G-100 as in [8,16]. 

2.2. Separation of LoLl and LoLlI isolectins 
The isolectins LoLl (pZ 7.2) and LoLll (~16.0) 

were separated from one another by chromafocus- 
ing on columns of PBE94 (Pharmacia AB), as in 
]8,161. 

2.3. Separation of isolectin and subunits 
The LY- andP-subunits of the L. ochrus isolectins 

were separated by gel filtration on a column of 
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Biogel P-60 equilibrated with 6 M guanidine HCI 
as in [8,16]. 

2.4. Enzyme digestion and separation of peptides 
Samples (6-12 mg) of the &subunits were 

digested separately with trypsin, chymotrypsin, 
pepsin and the protease from S. aureus VS as in 
[17]. The mixtures of peptides produced by these 
methods were initially fractionated on columns (1 
x 200 cm) of Biogel P-6 in 0.05 M ammonium 
bicarbonate (pH 8.1). Further purification of peak 
fractions was achieved by reverse-phase HPLC on 
a Micro-pat MCH-10 column (0.4 x 30 cm, 
Varian) in a Varian Model 5000 HPLC apparatus 
using a linear gradient of O-70% acetonitrile 

(HPLC grade S, Rathburn, Peebles) in 0.1% 
trifluoroacetic acid. Peptides were detected by 
measuring the absorbance at 214 nm. 

2.5. Cleavage with iodosobenzoic acid 
Samples (20 mg) of the &subunits were cleaved 

at TRP-X peptide bonds by iodosobenzoic acid in 
80% acetic acid 4 M guanidine HCl for 21 h at 
20°C as in [18]. The resulting fragments were in- 
itially fractionated on columns (1 x 200 cm) of 
Biogel P-30 in 70% formic acid, and subsequently 
purified by reverse-phase HPLC on a column (0.5 
x 25 cm) of Vydac C1s (Technical, Stockport) us- 
ing a linear gradient of O-70% acetonitrile in 0.1% 
trifluoroacetic acid. 
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Fig. 1. The amino acid sequences of the PI- and &subunits of the isolectins from seeds of Lathyrus ochrus (L.) DC. 
Tl, tryptic peptides; C, chymotryptic peptides; P, peptic peptides; V, peptides from redigestion with S. aureus VS 
protease; IB, fragments from cleavage with iodosobenzoic acid. (- ) Regions of peptides sequenced by the DABITC 
method and/or the dansyl-Edman procedure; (---) residues which were not sequenced or yielded unsatisfactory 
results; (-- +) C-terminus of peptide not known; (-) residues determined by digestion with carboxypeptidase A. 
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2.6. Sequence determination 
The intact subunits, and the fragments or pep- 

tides derived from them were subjected to microse- 
quence analysis using the 4-ZV,N-dimethylamino- 
azobenzene-4’-isothiocyanate (DABITC)/phenyl- 
isothiocyanate double coupling method, the 
dansyl-Edman procedure and digestion with car- 
boxypeptidase A, all as in [17]. Amino acid com- 
positions were determined as in [8]. The presence 
of tryptophan in peptides was detected by staining 
on paper with p-dimethylaminobenzaldehyde. 

3. RESULTS AND DISCUSSION 

The isolectins LoLl (pZ 7.2) and LoLll (pZ 6.0) 
which were readily separated by chromafocusing in 
the range pH 8.4-5.0 [8,16] each gave only one LY- 
and one P-subunit when subjected to isoelectric 
focusing in the pH range 8.0-5.0 in PAGE rods 
containing 8 M urea [16]. The homogeneity of the 
P-subunits was also confirmed by SDS-PAGE [ 191 

Table 1 

The amino acid compositions of the Lathyrus ochrus 
isolectin subunits pr and ,& 

Asp 
Thr 
Ser 
Glu 
Pro 
Gl Y 
Ala 
Val 
Ile 
Leu 
Tyr 
Phe 
Lys 
His 
Arg 
Trp 

L. ochrus 81 L. ochruspz 

Analysis Sequence Analysis Sequence 

24.2 28 23.5 28 
22.1 23 23.3 23 
14.7 14 13.9 14 
8.1 10 7.2 9 
7.1 7 8.5 8 

13.9 13 15.2 14 
14.5 12 13.2 11 
16.1 14 16.7 14 
11.2 11 11.2 11 
9.4 8 8.9 8 
5.6 7 5.2 7 

14.5 13 13.9 13 
12.1 11 11.9 11 
2.0 2 2.7 2 
3.8 4 4.0 4 

ND 3 ND 3 

Total 181 181 

Residues expressed as mol/mol protein. ND, not 
determined. No corrections were made for 

decomposition or incomplete hydrolysis 
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and by N-terminal analysis by the DABITWPITC 
double coupling method. 

The digestions with trypsin, chymotrypsin and 
pepsin yielded suitable peptides from which most 
of the sequences of 81 and P2 could readily be 
deduced (fig.1). Redigestions of the long tryptic 
peptides T8 and TIO with the S. aureus VS protease 
were helpful in determining the sequences in the 
regions 82-91 and 121-125 where good overlaps 
were otherwise missing, and the fragments 184 
from the cleavage with iodosobenzoic acid 
clarified the sequences of residues 153-162. 

The amino acid sequences of the pi- and 
&-subunits shown in fig. 1 both contained 181 
residues and only differed in the amino acids 
found in positions 16, 66 and 168. The M, values 
calculated from the sequences (19 774 for pi and 
19 713 for ,&) were in good agreement with the 
estimates of the sizes of the subunits made by SDS- 
PAGE, and the sequences were compatible with 
the amino acid compositions (table 1) except for 
the discrepancies in the values for ASP in both 
subunits. 

No other P-chains of the lectins from the genus 
Lathyrus have been completely sequenced, 
although partial N-terminal sequences have been 
determined for both L. odoratus [20] and L. 
sativus [21]. On comparing the residues l-25 of 
the L. ochrus P-chains with these other Lathjrus 
sequences only four amino acids were found to be 
different. These were Ser’ (Leu in both L. odoratus 
and L. sativus), Ile* (Leu in L. sativus), Gly12 (Ser 
in L. odoratus) and fl2 Pro16 (Gln in both). 

An alignment of all the available completed se- 
quences of the lectins from the Leguminosae can 
be made which demonstrates that they are partially 
homologous throughout their chains (fig.2). 
However, to maximise the homology, appropriate 
deletions have to be introduced and certain other 
rearrangements made. The P- and c-subunits of 
the two-chain lectins of the Vicieae (Lathyrus, 
Pisum, Vicia and Lens) have to be aligned with the 
N- and C-terminal regions of the single-chain lec- 
tins from Onobrychis viciifolia [22], Glycine max 
[23] and Phaseolus vulgaris, respectively [24]; and 
the sequences of the lectins from Canavalia en- 
siformis (concanavalin A) [25] and Dioclea gran- 
diflora [17] have to be rearranged as circular per- 
mutations, such that their residues, 123-237 and 
l-69, align with the residues 1-181 (or 183) of the 
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Fig.2. Homology of the amino acid sequences of the Lathyrus ochrus isolectins LoLl @ICY,) (a) and LoLll (&z) (b), 
with the& and cr-chains of the lectins from Viciufaba [12,13] (c), Pisum sativum [1,14] (d), Lens culinaris [3,15] (e); 
and the single-chain lectins from Onobrychis viciifolia [22] (f), Canavalia ensiformis [25] (g), Dioclea grandifora [17] 
(h), Glycine max [23] (i) and Phaseolus vulgaris [24] (j). Only the Lathyrus ochrus (13 and cu) lectins and the Canavalia 
ensiformis (concanavalin A) sequences are numbered. The concanavalin A sequence is circularly permutated to facilitate 
the alignment. (-) Gaps (deletions) inserted in all sequences to facilitate comparisons; (x) unidentified amino acid; 
(- ) region of sequence not determined. Solid boxes enclose residues which are invariant in all 10 proteins; dashed 

boxes enclose residues which are invariant in tribe Vicieae. 
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P-chains of the Vicieae, whilst their residues 
70-122 correspond to the a-chains. 

When the L. ochrus isolectins LoLl and LoLl 1 

(B- and a-subunits) are compared with the lectins 
of the other members of the tribe Vicieae, as 
shown in fig.2, and the percentage of sequence 
identities is calculated (table 2) there is striking 
evidence of the high degree of homology within the 
tribe. The L. ochrus isolectins appear to be most 
similar to the lectin from Pisum safivum (85437% 
homology), with all members of the tribe showing 
at least 70% sequence identity. Inspection of fig.2 
also reveals that the amino acids found in at least 
15 1 positions are invariant in the tribe Vicieae. The 
true figure of invariant residues might be as high as 
166, but for the fact that the sequence of the Lens 
culinaris&chain appears to lack some 24 residues 
at its C-terminus, possibly as a result of a post- 
translational modification [lo]. 

When the comparison of the lectins (fig.2, table 
2) is extended beyond the two-chain lectins of the 
Vicieae to include the sequences of the single-chain 
lectins from the tribes Hedysareae (Onobrychis), 
Diocleae (Canavafia and Dioclea), Phaseoleae 
(Phaseofus) and Glycineae (Glycine) the values of 

relatedness fall to 26-51% for inter-tribe com- 
parisons, but once again the intra-tribe homology 
shown between the lectins from the two members 
of tribe Diocleae is above 70%. 

The amino acids in 35 positions were found to be 
conserved (invariant) in all of the lectins compared 
in fig.2. It is notable that these conserved amino 
acids include two which correspond with the 
residues previously identified in concanavalin A 
[26] as being important in the binding of Ca2+ and 
Mn’+; i.e., Glu8 and Asp”. The other important 
metal-binding residues also tend to be nearly in- 
variant. For example, Asp” is replaced only by an 
Asn in the homologous position in the Diocfea lec- 
tin, Asn14 by a Ser in Phaseolus, His24 by an Arg 
in Phaseolus, and Tyr12 by Phe in all except the 
Dioclea lectin. Similarly, the amino acids con- 
tributing to the three-dimensional structure of the 
hydrophobic binding cavity of concanavalin A [26] 
are very highly conserved in the homologous posi- 
tions in all of the lectins. On the other hand, the 
residues which constitute the carbohydrate binding 
site in concanavalin A [26] appear to be very poor- 
ly conserved. 

A further feature becomes apparent when the 

Table 2 

Comparison of the sequence identities among homologous legume lectins 

1 2 3 4 5 6 7 8 9 10 

L. ochrus (LY,,BI) 

L. ochrus (a&) 

P. sativum (afi) 

V. faba (a$,) 

L. culinaris (a/3) 

0. viciifolia 

C. ensiformis 
(ConA) 

D. grandiflora 

G. max 
P. vulgaris 

226/253 209/240 190/234 1721235 109/246 
110 

205/240 190/234 171/235 107/246 
108 

190/241 174/242 112/250 
113 

164/236 105/247 
106 

98/245 

90/245 92/245 129/261 88/245 
93 

90/245 92/245 128/261 88/245 
93 

93/251 92/251 123/262 87/248 
93 

90/246 94/246 131/265 821246 
96 

83/246 88/246 112/263 74/248 
89 

44.3/44.7 43.5/43.9 44.8/45.2 42.5/42.9 

36.7 36.7 37.2 36.6 

37.5/38.0 37.5/38.0 36.7137.2 38.2/39.0 35.8/36.2 37.9139.1 77.6178.5 

49.4 49.0 46.9 49.4 42.6 45.4 37.8 38.9/40.1 
35.9 35.9 35.1 33.3 29.8 26.3 28.4 26.0 

18/260 65/247 

99/262 7 l/250 

102 
OS/262 65/250 

\ 
87/259 

33.6 \ 

Percentage identities (below diagonal) calculated from fig.2 as identities/position compared (above diagonal) 
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ConA and Dioclea lectin sequences are circularly 
permutated as in the alignment in fig.2. Several 
workers [2,17,27] have reported that these lectins 
contain a natural fragmentation point at the pep- 
tide bond 118-l 19. In this alignment the suscepti- 
ble bond is situated very close to the C-termini of 
the single-chain lectins and a-chains, and to the N- 
termini of the single-chains and &subunits. This 
juxtaposition is interesting in view of the very re- 
cent report that the amino acid sequence of con- 
canavalin A derived by analysis of the DNA com- 
plementary (cDNA) to its messenger (mRNA) has 
neither direct nor circular homology to the other 
legume lectins, and that in forming mature con- 
canavalin A there must be a transposition and liga- 
tion of two polypeptides produced from a precur- 
sor polypeptide [28]. 
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