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Abstract

Serological studies and comparison of N-terminal amino acid sequences with the amino acid sequence
deduced from a cDNA clone have been used to establish the sequence relationships between the subunits of
the pea seed storage protein, vicilin. Subunits smaller than M,~ 50 000 (i.e., M, 34 000, 30 000, 25 000,
18 000, 14 000, 13 000 and 12 000) show extensive homology with molecules within the M, ~ 50 000 group.
Both the sequencing and serological data confirm earlier evidence from studies on vicilin synthesis in vivo and
in vitro which indicated that the vicilin subunits smaller than M, ~ 50 000 arose by endoproteolytic cleavage
of parent molecules within the M, ~ 50000 group. Cleavage in different M, 50 000 parent molecules
containing either one or both of two susceptible processing sites accounts for the formation of all the vicilin
subunits smaller than M, ~ 50 000, with the possible exception of the M 34 000 polypeptide. The positions of
these sites in the putative parents were defined by reference to a complete amino acid sequence deduced from

the sequence of DNA complementary to mRNA for one member of the M, ~ 50 000 group.

Introduction

Most legume seeds studied to date contain a ma-
jor storage protein of M, 150 000 to 180 000 (7 to
9S)(8). In some legumes, such as Phaseolus vulgaris
(20) and Glycine max (21) the equivalent storage
protein is made up of three major subunits in the
range M, 40 000 to 60 000, while in others, such as
Pisum sativum (22) and Lupinus angustifolius (3),
the subunit composition is much more complex and
the size range more extensive. Vicilin, the 7S stor-
age protein fraction of P. sativum, can be resolved
by one dimensional sodium dodecylsulfate-polyac-
rylamide gel electrophoresis (SDS-PAGE) into ten
major subunits with approximate M, values of
75 000, 70 000, 50 000 (a group of subunits), 34 000,
30 000, 25000, 18 000, 14 600, 13000 and 12 000
(1). The group of M,~ 50000 is made up of a
number of polypeptides which can be resolved into
at least four components by one-dimensional SDS-
PAGE (23) with a still more complex pattern re-
vealed by isoelectric focusing (9).

Evidence. presented earlier indicated strongly
that the vicilin subunits with M, less than 50 000 are
not primary translation products but are derived
from one or more members of the M, 50 000 group
by post-translational modification. This conclusion
was based on the observations that in vitro transla-
tion experiments with total poly (A)-containing
RNA from developing pea seeds showed no vicilin-
related translation products smaller than M, 50 000
(9, 12). In addition, pulse-chase labelling experi-
ments with intact developing pea cotyledons showed
that vicilin subunits smaller than M, 50 000 were
not detected until 3 to 12 h after the M, ~ 50 000
group had been synthesized, assembled into oligo-
meric form and transported intracellularly from
their site of synthesis on the endoplasmic reticulum
to their site of storage in the protein bodies (5).

The extensive post-translational modifications
indicated by these results imply that there must be
specific sequence relationships between some com-
ponent(s) of the M 50 000 group and all the pea
vicilin subunits of M, < 50 000, as well as between
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some of the individual subunits of M, <50 000.
Previous work has already shown that the M,
14 000 vicilin subunit is the glycosylated form of
either the M, 12 000 subunit or a closely related
polypeptide (7). The present work was aimed at
further defining the relationships between the vic-
ilin subunits of M, 50 000 and less, and identifying
the processing sites present in the putative M,
50 000 parent molecule(s). Serological relationships
and amino acid sequences of vicilin subunits both
indicate the existence of at least six categories of M,
50 000 molecule of which at least three are parent
molecules containing either one or both of two
well-defined sites at which post-translational pro-
cessing occurs. Processing at these two sites ac-
counts for the formation of all but one of the major
vicilin polypeptides of M, <50 000.

Materials and methods

Peas{P. sativum L. cv. P1/ G, a selection from cv.
Greenfeast) were grown in artificially-lit cabinets
witha 16 h photoperiod but at 20 ° C rather than at
25°C as used earlier (16). For the preparation of
vicilin subunits used for anti-serum production and
N-terminal amino acid sequencing, purified pea vic-
ilin was fractionated by SDS-PAG electrophoresis
on a preparative-scale using an acrylamide gradient
of 12.5 to 25% (7, 18). After staining the gel with
1 M KCl, the regions of the gel containing the rele-
vant subunits (M, approximately 50 000, 34 000,
30000, 25 000, 18 000, 13 000 and 12 000) were cut
out, electroeluted (7) and the electroeluted subunits
were precipitated with 60% (v/v) methanol and
40 mM acetic acid (final concentrations). The sub-
units were then washed in 809% (v/v) acetone, dis-
solved in 0.059% SDS and checked for purity by
SDS-PAGE. Aliquots were then taken for the pro-
duction of antisera in rabbits as described earlier (7)
and for N-terminal amino acid sequencing as de-
scribed below. To test the reaction of these antisera
with vicilin polypeptides, extracts of salt-soluble
proteins from developing pea cotyledons (21 days
after flowering) were fractionated by gradient (12.5
to 25% acrylamide) SDS-PAGE and the polypep-
tides transferred electrophoreticallyto nitrocellu-
lose paper (2), reacted with antisera and the anti-
body-antigen complexes detected with 12°I-labelled
Protein A (24).

For N-terminal amino acid sequencing, aliquots
of the subunits in 0.05% SDS, prepared as de-
scribed above, were precipitated with 809 (v/v)
acetone, washed with 1009 acetone and dried.
Amounts of 5 to 25 nm, dissolved in 989 formic
acid, were taken for the amino acid sequence de-
terminations. These were performed on two modi-
fied Edman-Begg-type sequenators, one incorpo-
rating a stainless steel spinning cup designed to suit
a more efficient solvent extraction system, the other
a stationary stainless steel reaction module. In the
first system the conventional scoop at the top of a
sequenator cup was replaced by tubing passing di-
rectly to and just clear of the centre of the bottom of
the redesigned cup. The cup was stopped after the
solvent extraction stages and the solvent trans-
ferred to waste or the fraction collector by the nit-
rogen pressure inside the belljar (14). In the second
sequenator the entire drive unit, spinning cup and
reaction chamber were replaced by a small ther-
mostatically controlled unit in which the chemical
reactions and solvent extractions of the degrada-
tion cycle were made on a protein film immobilised
onthe base of the reaction vessel (Inglis and Suther-
land, in preparation). The amino acid thiazolinones
were converted in 25% trifluoroacetic acid (89 © C,
10 min) to the phenylthiohydantoins. These were
identified by high performance liquid chromatog-
raphy at 40 °C on a Zorbax ODS (Du Pont) col-
umn (ammonium acetate-acetonitrile gradient) us-
ing a Laboratory Data Control system equipped
with a chromatography control module and moni-
toring at 269 and 320 nm.

Construction and characterization of vicilin M,
50000 cDNA clones

cDNA clones were constructed as previously
described (4) except in this instance the starting
poly(A)-containing RNA was derived from coty-
ledons harvested 15 days after flowering (DAF). At
this stage of development, vicilin M, 50 000 poly-
peptides are the major products of protein synthesis
(17), but note that plants are now grown at 20 °C
rather than 25°C; 15 DAF at 20°C is approxi-
mately equivalent in development to 11 DAF at
25°C.

Clones for the vicilin M, 50 000 polypeptides
were identified by hybrid arrest and release transla-
tion, and by DNA sequencing followed by compar-



ison of the deduced amino acid sequence with the
N-terminal amino acid sequence of vicilin M;
50 000 polypeptides. Full details of the characteri-
zation of the vicilin clones will be published else-
where (P. M. Chandler, in prep.). The insert in one
plasmid (pBS15-84), encoding an entire vicilin M,
50 000 polypeptide, was sequenced using the meth-
ods described by Maxam & Gilbert (15).

Results
Serological relationships

An extract of total salt-soluble proteins from the
cotyledons of developing pea seeds was fractionat-
ed by SDS-PAGE and the polypeptides electro-
phoretically transferred to nitrocellulose paper.
Replicate 1 cm tracks of this paper were then chal-
lenged with antiserum prepared against vicilin sub-
units of the M, 50 000 group and those of M 30 000,
18 000, 14 000 or 13 000. Positive antigen—antibody
interactions were detected with 2°I-labelled-Pro-
tein A (Fig. 1). Here we will consider only the
reactions between antisera and subunits of M,
50 000 and less, since in vivo labelling studies indi-
cated strongly that the M 50 000 group of polypep-
tides contains the parent molecules for all the
smaller subunits (5). Sequence relationships be-
tween the M, 50 000 group and the larger vicilin
subunits (M, 75 000 and 70 000) are the subject of
current investigations.

Examination of the reaction of individual antise-
ra with the complete spectrum of seed protein poly-
peptides (Fig. 1) indicates that the vicilin subunits
of M, <50 000 fall into two serological families.
One family (see Table 1) consists of the polypep-
tides of M, ~ 34 000, 30 000, 18 000 and 13 000 and
is characterized by failure to react with antiserum to
M., 14 000. The other family consists of polypep-
tides of M, 25 000, 14 000 and 12 000 which fail to
react with antisera to M, 18 000 and M, 30 000. All
members of both families were related to the M,
50 000 group. These results indicate that each sero-
logical family is related to sequences in different
regions of the ‘parent’ M, ~ 50 000 molecules.

Within the first family, the serological relation-
ships indicate that M, 13000 and 18 000 subunits
are related to different sequences in M, 30 000,
(which in turn is related to M, 34000 and M, ~
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Fig. 1. Serological relationships of vicilin polypeptides. A total
salt-soluble extract of cotyledons from developing pea seeds at
15 days after flowering was fractionated by SDS-PAGE. The
fractionated polypeptides were transferred electrophoretically
to nitrocellulose and one replicate track was stained with Amido
black (lane 6). Other replicate tracks were challenged with an-
tiserum against vicilin subunits of M, approximately 13 000,
14 000, 18 000, 30 000 or 50 000 (lanes 1 to 5, respectively).
Positive antigen-antibody reactions were detected with 1251-
Protein A followed by fluorography. The numbers between
lanes 5 and 6 indicate the approx. M, X 10-3 of the vicilin subunit
in the total cotyledon extract.

50 000). This is shown by the fact that antiserum
against M, 13 000 and antiserum against M, 18 000
both react with M, 30 000, 34 000 and 50 000 (Fig.
1, lanes 1 and 3) but anti-M, 13 000 does not react
with M, 18 000 and anti-M, 18 000 does not react
with M, 13000 (Fig. 1, lanes 1 and 3). Consistent
with this, anti-M ;30 000 reacts with both M 13 000
and 18 000 (Fig. 1, lane 4).

Antiserum against the M, 14 000 subunit did not
react with any member of the first family (M,
34000, 30000, 18000 and 13000) but reacted
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Table 1. Reaction of low molecular weight vicilin polypeptides
with antisera produced against selected vicilin chains.

Polypeptide Antiserum

Anti M; Anti M, Anti M; Anti M, Anti M,
13000 14000 18000 30000 50000

34000 ++a - e +++
30 000 - At +++
18 000 - - 4+t +++
13000 IR - ¥ B
25000 + - - +++
14 000 - - - -
12000 - - - -+

a4+, 44, 4, -, indicate strong, medium, weak and no reaction
with antibody, respectively.

strongly with M, 12 000 and M, 25 000 (Fig. 1, lane
2). A close sequence relationship between M, 12 000
and 14 000 has been suggested earlier (7). The M,
25000 subunit also reacted relatively weakly with
anti-M; 13 000, suggesting that the M, 25 000 may
have sequences in common with both families. This
was confirmed by a comparison of their amino acid
sequences (see below).

Several unexplained interactions were found be-
tween antisera and individual polypeptides. Antise-
rum against vicilin M, 14 000 subunit consistently
reacted with a family of bands at M, ~ 40 000 which
do not correspond to any known vicilin component
but are coincident with the acidic subunits of le-
gumin, the second major storage protein in pea
seeds (Fig. 1, lane 2). It is possible that some legum-
in-related polypeptides co-migrate with vicilin M,
14 000 on SDS-PAGE and thus were contaminat-
ing the subunit preparations used to immunize rab-
bits. Antibodies raised against a subunit which has
been prepared by one-dimensional electrophoresis
may not be mono-specific owing to the presence of

other polypeptides with similar electrophoretic
mobility. A second unexplained interaction was the
failure of anti-M, 50 000 serum to react with M,
13 000 and M, 14 000 and its rather weak reaction
to M, 12 000 (Fig. 1, lane 5). In the reciprocal test,
anti-M, 14 000 reacted very strongly with the M,
50 000 complex (Fig. I, lane 2) but anti-M_ 13 000
reacted relatively weakly (Fig. 1, lane ). [t is possi-
ble that the antigenic sites in those regions of the
M, ~ 50000 molecules corresponding to the se-
quences of M, 13 000, 14 000 and 12 000 are not
readily accessible to promote antibody formation.
It should also be borne in mind that in Fig. | the
polypeptides are being challenged with antibodies
raised against mature subunits. Therefore reaction
of an antibody with polypeptides of greater size
than the subunit against which it was raised does
not represent reaction with a precursor (assuming
that processing is complete), but with a molecule
similar to the precursor but which was not similarly
processed. If an amino acid sequence is important
in both processing and in determining antigenicity
it may be poorly represented in the precursor-like
polypeptides.

Amino acid sequence relationships

More precise alignment of vicilin subunit se-
quences to one another was obtained by sequencing
the N-terminal regions of selected vicilin subunits
(M, ~ 50 000 group, 30 000, 25 000, 18 000, 14 000
and 12 000). The relationship of these sequences to
specific regions of their putative parent M~ 50 000
molecules was established by comparing them with
the complete amino acid sequence of one member
of the M~ 50000 group. This sequence was de-
duced from the nucleotide sequence of a cDNA
clone derived from mRNA for that M, 50 000 com-
ponent. These results are summarized in Fig. 2.

Fig. 2. Amino acid sequence relationships between vicilin subunits of M, ~ 50 000 (a group of related polypeptides), 30 600, 25 000,
18 000, 14 000, 13 000 and 12 000. The N-terminal regions of the above subunits (except M, 13 000) were determined and compared with
a432 residue polypeptide predicted from a fully sequenced cDNA representing one member of the M, 50 000 group. The residues in this
deduced sequence are numbered relative to the N-terminus of the M, 50 000 subunits. The full sequence of M, 13 000 subunit reported by

Hirano ef al. (13) is included for comparison.

(a): The amino acid sequence of a member of the M, 50 000 group deduced from the sequence of its cDNA;
(b) (c) (d) (&) (g) and (h): N-terminal sequences of the M, 50 000 group, M, 30 000, M, 18 000, M, 25 000, M, 14 000 and M, 12 000

subunits, respectively;
(): The complete sequence of M; 13 000 subunit (13).

Three spaces have been inserted in the region of the M, 13 000, 14 000 and 12 000 sequences to maximize homology. The identification of

the serine residue (S) in the M; 12 000 sequence is uncertain.
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N-terminal amino acid sequencing of the M, ~
50 000 group of polypeptides showed the presence
of two chains which, in their first 20 residues, dif-
fered only to the extent that one chain contained an
extra residue (serine) at the N-terminus (Fig. 2b).
This relatively simple sequence for the total M, ~
50 000 group indicates a close relationship between
members of this. group. The N-terminal sequences
of the subunits of M, 30 000 and 18 000 were identi-
cal to one another for at least the first 11 residues
(Fig. 2¢, d) and both, in turn, were identical to the
M, 50 000 N-terminal sequence which lacked the
extra serine residue (Fig. 2b). The M, 18 000 subun-
it was completely homologous with the M, 50 000
sequence for the first 19 residues and then diverged
at residue 20. These results indicate that M, 30 000
and 18 000 are derived from the N-terminal region
of members of the M~ 50 000 group.

The M, ~ 50 000 N-terminal sequence enabled us
to locate the equivalent region in an amino acid
sequence deduced from the nucleotide sequence of
a cDNA clone complementary to mRNA for one
member of the M, ~ 50 000 group (Fig. 2a). This
¢DNA sequence actually extends from the leader
sequence through the sequence of the mature M,
50 000 polypeptide to the poly(A) sequence in the 3’
untranslated region. Complete details of this cDNA
sequence and that of clones of related members of
the M, ~ 50 000 group will be published elsewhere
(P. M. Chandler, in prep.). Figure 2a shows the
deduced amino acid sequence for that region of the
¢DNA corresponding to the mature M, ~ 50 000
polypeptide. For this purpose the residue in the
deduced sequence corresponding to the analytically
determined N-terminus of the M, ~ 50 000 group is
called residue number one. There was complete
homology between the deduced sequence and the
20 N-terminal residues determined directly for the
M, ~ 50000 group (Fig. 2a, b). The first 11 residues
of M, 30000 were also identical to the deduced
sequence (Fig. 2¢), as were the first 19 residues of
M, 18 000 (Fig. 2d). There was divergence in two
out of the next three residues of M, 18 000. This
lack of complete homology indicates that the
cDNA does not represent the particular member of
the M, ~ 50 000 group which gives rise to the M,
18 000 subunit.

The first 14 amino acids of the N-terminal se-
quence of the M, 25 000 subunit diverged by only

one residue from a region of the deduced amino
acid sequence which began 186 amino acids from
the amino acid equivalent to the N-terminus of the
M, ~ 50 000 group (Fig. 2e). This sequence was also
closely, but not completely, homologous with the
N-terminal region of the complete sequence of the
M., 13000 subunit reported by Hirano er al. (13)
and included here for comparison (Fig. 2f). Single
spaces have been introduced into the deduced M,
50 000 sequence (Fig. 2a) after residues 282 and 284
in order to maximize homology with the M, 13 000
sequence. These comparisons of amino acid se-
quences confirm the close relationships between M,
~ 50000, 30000, 18 000 and 13000 which were
deduced from the serological interactions (Fig. 1).
They are also consistent with the reaction between
anti-M, 13 000 serum and the M, 25000 subunit
(Fig. 1, lane 1).

The N-terminal sequences of the M, 14 000 and
12 000 subunits were identical to one another (Fig.
2g, h). This is consistent with earlier evidence that
they are closely related molecules, differing mainly
in that the M, 14 000 is glycosylated (7). Although
M, 14 000 and 12 000 subunits were serologically
related to M, 25 000 (Fig. 1), there was no homol-
ogy between their N-terminal amino acid sequences
and that of M 25 000. Taken together with the fact
that they were serologically unrelated to the M,
13000 (Fig. 1, lane 1), this suggested that they
would be related to the C-terminal portion of the
M, 25 000 subunit. In fact their N-terminal sequen-
ces were related to a region beginning 311 amino
acids from the N-terminus of the deduced M, 50 000
sequence, with homology in 12 out of 16 residues
(Fig. 2a, g, h). Since the complete deduced M,
50 000 sequence consisted of 432 amino acid re-
sidues, this would place the homologous region for
the M, 14 000 and 12 000 subunits at the C-terminal
end of the M, 50 000 sequence and at the C-terminal
half of the M, 25 000 sequence (Fig. 2a, e, g, h). The
degree of divergence between the N-terminal region
of the M, 14 000 and 12 000 subunits and the related
region of the deduced M, 50 000 sequence indicates
that the particular M, 50 000 polypeptides repre-
sented by the cDNA is not the parent molecule for
either of these small subunits. Furthermore, the
deduced M, 50 000 sequence completely lacks a
potential glycosylation site, namely, Asn-X-Ser (or
Thr) (19).



Discussion

Earlier evidence indicated that vicilin subunits of
M, less than~ 50 000, i.e. M, 34 000, 30 000, 25 000,
18 000, 14 000 and 12 000, all arose by post-transla-
tional modification of one or more members of the
M, ~ 50 000 group of subunits (5, 9, 12). At the
same time it is important to note that only a portion
of the M, ~ 50 000 group is modified in this way;
since subunits of M, ~ 50 000 are the most abund-
ant size class in mature vicilin, The present studies
on serological relatedness and amino acid sequen-
ces of these subunits confirm these conclusions and
permit the construction of a scheme of processing
steps which lead to the formation of the smaller
subunits from their putative parent molecules in the
M, ~ 50 000 group. These are summarized in Fig. 3.
For convenience, the M, 50 000 group is represent-
ed as a single molecule 432 amino acids long. This is
based on the length of the open reading frame in a
c¢DNA clone representing one member of the M, ~
50 000 group, taking the amino acid corresponding
to the N-terminus of M, ~ 50 000 group (Fig. 2b) as
the first residue. The position of the latter was
obtained directly by sequencing the N-terminal re-
gion of the total M, ~ 50 000 group from mature
vicilin (Fig. 2b).

'Parent’
50k
molecules

Fig. 3. A scheme representing the sequence interrelationships of
the vicilin subunits. The numbers on the upper bar represent
amino acid residues in the sequence deduced from a cDNA of
one member of the M; 50 000 group. Arrows indicate potential
sites of endoproteolytic cleavage within members of the M,
50 000 group. Processing of a range of parent molecules at either
one or both of these sites yields the smaller subunits as indicated
in the lower bars. Subunits of M, 50 000, 34 000, 25 000, 18 000,
14 000, 13 000 and 12 000 are designated as 50k, 34k etc.
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The results indicate that the subunits of M,
30 000, 25000, 18 000, 14 000, 13000 and 12 000
arise from endoproteolytic cieavage at either one or
both of two processing sites in different parent M,
50 000 molecules. The sum of the apparent molecu-
lar weights of the component polypeptides exceeds
M, 50 000. This implies that there must be extensive
overlap between sequences of members within each
family. However, it is not known whether process-
ing always occurs wherever there is a processing
site. These sites are at or about position 185/186
and 310/311 in the deduced M, 50 000 sequence.
Processing only at position 185/186 yields the M,
18 000 and 25 000 subunits; processing only at posi-
tion 310/311 yields the M, 30 000 and M, 12 000 or
14 000 subunits; processing at both these positions
yields the M, 18 000, 13000, and the 12000 or
14 000 subunits (Fig. 3). The M, 30 000 and 18 000
subunits are derived from the N-terminus of their
parent M, ~ 50000 molecules. We have no se-
quence data for the M, 34 000 subunit but serologi-
cal data indicate that it is a large N-terminal frag-
ment of an M, 50 000 polypeptide because it shows
close serological relatedness to the M, 30 000 sub-
unit and consequently with the smaller subunits of
M, 18 000 and 13 000 (Fig. 1). This assignment of
processing sites to specific residues is done with
reference to only one member of the M, ~ 50 000
group {Fig. 2a). The actual sites may vary slightly
when the true parent molecules are identified and
sequenced.

While this manuscript was in preparation, Gate-
house et al. (10) reported results which are consist-
ent with the above findings and conclusions. On the
basis of tryptic peptide profiles and amino acid
sequencing of some of the vicilin subunits and com-
parisons with a partial sequence of a cDNA com-
plementary to an M, 50 000 polypeptide, they con-
cluded that there were up to two processing sites in
precursor M, 50 000 molecules. Their ordering of
the position of the smaller subunits relative to the
precursors is also in agreement with our findings.

Assuming all eligible sites are processed, our data
suggest that the M, 50 000 group must consist of at
least six classes of molecule. Since M, 50 000 subu-
nits are a major component of fully processed vic-
ilin, there is at least one member of this group which
is not processed. Earlier work (1) indicates that
there are at least two sub-classes within this catego-
ry of M, 50 000 molecule, namely, glycosylated and
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non-glycosylated. Of the M, 50 000 components
which are post-translationally processed, one class
yields M, 18000 and 25000; another yields M,
18 000, 13 000 and 14 000 or 12 000; another is pro-
cessed only at position 311 to yield M, 30 000 and
14 000 or 12 000. There is presumably a sixth cate-
gory of M; ~ 50 000 molecule which is processed
near position 311, possibly from a larger parent
molecule, to yield the M, 34 000 subunit.

The processing scheme outlined in Fig. 3 ac-
counts for essentially the entire length of the partic-
ular M, ~ 50 000 molecule from which the cDNA
clone was derived. The M, of this molecule calcu-
lated from the deduced amino acid sequence is
49 559. Assuming no major losses of amino acid
residues during processing, and using the deduced
M, 50 000 sequence as a guide to the amino acid
composition of the smaller subunits as outlined in
Fig. 3, one can calculate maximum molecular
weights for each of the subunits which arise by
post-translational cleavage. Thus, the subunits re-
ferred to as M, 30 000, 25 000, 18 000, 13 000 and
12000 on the basis of their relative mobility on
SDS-PAGE could have maximum molecular
weights of36 011,28 033,21 526, 14 485 and 13 548,
respectively. With one exception, the precise length
of the subunits smaller than M, ~ 50 000 is not
known. Hirano et al. (13) sequenced the M, 13 000
subunit and estimated that its molecular weight is
approximately 14 000. A comparison of the C-ter-
minus of M, 13 000 (Fig. 2f) with the adjacent N-
terminus of the M, 12 000 and 14 000 (Fig. 2g, h)
and the corresponding region of the deduced se-
quence reported here (residues 186 to 310, Fig. 2a)
indicates that at least three amino acid residues may
be lost from the C-terminus of the M, 13 000 subu-
nit during processing. The loss of these three re-
sidues accounts for the difference between our cal-
culated maximum value (14 485) and the value
estimated by protein sequencing (13). The maxi-
mum molecular weights for other subunits listed
above differ more substantially from their M,
values, suggesting either that they undergo more
extensive loss of residues during processing or that
they behave anomalously on SDS-PAGE. There is
also evidence for post-translational removal of four
amino acids from the carboxyl-terminus of the M,
~ 6 000 subunit of pea seed lectin, another protein
which is stored and post-translationally processed
in the protein bodies (11).

The present study does much to resolve the great
complexity seen in pea vicilin subunits. The subu-
nits of M, <50 000 arise post-translationally (5) by
cleavage of a range of related but not identical M,
50 000 molecules at either one or both of two poten-
tial processing sites. The simplest hypothesis is that
the M, ~ 50 000 group represents a multigene fami-
ly whose members have diverged sufficiently to
generate the different combinations of processing
sites revealed by this work. Some members of the
family have no processing sites and these constitute
the M, 50 000 group of mature vicilin. Since the
processing events occur after the ‘parent’ molecules
have been assembled into oligomers and transport-
ed to the protein bodies (5), the processing sites
must occur in regions which remain exposed to the
action of protease(s) after polypeptide chain fold-
ing and assembly. It should be noted that the type
and extent of post-translational processing is highly
reproducible and inheritable (23). In some other
legumes, such as soybean and French bean, this
extensive post-translational cleavage of the pro-
teins equivalent to pea vicilin does not occur (see
Introduction).

The serological studies (Fig. 1) reported here re-
vealed common antigenic determinants between
the larger vicilin subunits of M; 75 000 and 70 000
and the M, ~ 50 000 group. However, there is evi-
dence from in vivo and in vitro experiments which
indicates that these larger subunits are distinct gene
products. In vivo labelling experiments show that
they are regulated independently of the M, ~ 50 000
group during development (18) and products cor-
responding to M, ~ 50 000, 70 000 and 75 000 are
all formed by in vitro translation of total RNA from
developing cotyledons (12).

The post-translational, endoproteolytic cleavage
of vicilin M, ~ 50 000 polypeptides described here
can be compared and contrasted with the post-
translational processing of pea legumin and lectin.
Legumin is fully processed from M, ~ 60 000 pre-
cursors to yield M, ~ 40 000 and 20 000 polypep-
tides (6, 17). Pea lectin is processed from a M, ~
23 000 precursor to yield two polypeptides also (M,
17000 and 6 000) but in this case only a small
amount of the parent molecule can be found in
mature seeds (11). On the other hand, although
vicilin processing involves at least two endoproteo-
lytic cleavages to yield an array of small products, a
large proportion of the high molecular weight



molecules (M, ~ 50 000) remain uncleaved. From
sequencing data on several cDNAs, we have evi-
dence of significant amino acid sequence diver-
gence among members of the M, ~ 50 000 group (P.
M. Chandler, in prep.).
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