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Limited proteolysis of f-conglycinin and glycinin,
the 7S and 11S storage globulins from soybean [Glycine max (L.) Merr.]

Structural and evolutionary implications
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The G2 (A2B1a) glycinin subunit from soybean (Glycine max L. Merr.) was purified and renatured
to the homohexameric holoprotein. This protein along with purified f-conglycinin were subjected to
limited proteolysis by trypsin. The generated polypeptide fragments were separated via SDS/PAGE and
the amino acid sequence of the N-terminals was determined. Four cleavage points were detected in the
a-chain A2 of glycinin as well as in the ¢'-chain of f-conglycinin. From the known three-dimensional
structure of 78 globulin and the hypothetical model of 7S globulin-like 11S globulin structure, it was
possible to draw the conclusion that two distinct types of susceptible sites for proteolytic cleavage are
characteristic of the subunits of both globulins. The first includes the sequences linking N- and C-terminal
domains of both globulins and the sequence of N-terminal extensions of 70-kDa subunits from the vicilin-
like 7S globulins. The second type includes the loop between f-strands E and F of the N-terminal domain
of 11S globulins and of the C-terminal domain of 7S globulins. A statistically significant similarity was
found between the N-terminal extension of the «'-chain of f-conglycinin and the interdomain linker
regions of soybean glycinin and pea legumin. It is proposed that the three sequence regions which form
the first type of susceptible sites are of similar structural function and might have evolved from the N-
terminal segment of a putafive single-domain ancestor.
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Glycinin and f-conglycinin from soybean seeds belong to
the legumin-like 11S and vicilin-like 7S storage globulin fami-
lies, respectively. Secondary structure predictions and multiple
alignment of amino acid sequences [1] suggest that structural
similarities should exist between 115 and 7S seed storage globu-
lins. The trimer which is formed from 11S globulin subunit pre-
cursors before their cleavage into ¢- and f-chains {2, 3] as well
as the trimeric half-molecule from the mature hexameric 115
globulin holoprotein [4] appear to be structurally similar to the
trimeric 7S globulin molecule. X-ray-crystallographic analysis
of two 7S globulins, canavalin from jack bean [5] and phaseolin
from garden bean [6, 7], revealed that their subunits are com-
posed of two similar domains. Each domain is composed of a
p-barrel followed by a region of a-helices (Fig. 1, Al and B1).
A canonical model for the domain structure of 7S globulins,
including both 50-kDa and 70-kDa subunits, was postulated [7].
However, the structural role of the extended N-terminal
sequence upstream from the N-terminal domain of the 70-kDa
subunits remains unclear. Different alignment methods that have
been employed to compare the domains of the 7S globulin sub-
units with corresponding regions from the 118 glebulin subunits
suggest that similar N- and C-terminal domains should exist in
the legumin-like storage globulins 7, 8] (Fig. 1, A2 and B2). It
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Abbreviation. SBP, 62-kDa sucrose binding protein from Giycine
max (L..) Merr.

Definition. SD, similarity degree.

has been predicted that all four structural domains, the two
domains of 11S and the two domains of 7S globulin subunits,
are similar and may have evolved from a common single-do-
main ancestor [8]. This model of storage protein evolution is
supported by similarities of the storage globulin domains to the
single-domain proteins germin and spherulin involved in
desiccation/hydration processes in plant seeds and fungal spores,
respectively [9]. According to this model of seed-storage globu-
lin evolution [8], the sequence elements upstream from the f-
barrel of the N-terminal domain and those elements linking N-
and C-terminal domains could have evolved from the N-terminal
segment of a common legumin/vicilin-like singie-domain
ancestor.

In vivo as well as in vitro limited proteolysis produces
several high-molecular-mass fragments from both the 7S and
11S globulin subunits (see review [10] and [11, 12]). The posi-
tion of the proteolytic cleavage sites must be determined by the
tertiary structure of globulin subunits in the assembled holoprot-
eins. Determining the exact location of the cleavage sites by
amino acid sequencing would allow the projection of the sites
onto the three-dimensional structure models and thereby provide
an additional test of the model for 7S and 11S globulin subunit
structure. Conformational similarity between the two globulins
has already been proposed based upon the pattern of limited
proteolysis of glycinin and f-conglycinin [11].

Recently, we studied high-molecular-mass fragments formed
by limited proteolysis of glycinin by trypsin. The SDS/PAGE
patterns of the hydrolyzates suggest that three sites are suscepti-
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Fig. 1. Principles of organization of 7S and 11S storage globulin molecules. (A) Topography of secondary structures and sites susceptible to
limited proteolysis in (A1) S-conglycinin «’-chain and (A2) glycinin G2 (A2B1a) subunit. f-Strands Z, A’, A ...J forming f-barrels and o-helices
al, «2, o3 are indicated according to the canonical model of 7S globulin structure and to the vicilin-like model of 11S globulin structure [7, 8].
The sites susceptible to limited proteolysis are highlighted by thick solid lines. (——-S—S-—-) disulfide bridge between a-chain A2 and f-chain
Bla. Cleavage points and trypsinolytic fragments (compare Fig. 2) are shown below the schemes of subunits: (]) points of proteolytic processing
of f-conglycinin «'-chain and glycinin A2B1a subunit precursors; (1) trypsinolytic cleavage points according to the data of the N-terminal sequencing
of corresponding fragments. The nomenclature of fragments corresponds to our previous publication [12]. C, fragments covalently linked with /-
chain Bta; N, non-dissociable fragments retained in holoprotein molecule only due to non-covalent interactions; I, cleavage intermediates. C-
terminal limits of the N-terminal fragments have been positioned according to their apparent molecular masses {12]. (B) Polymorphic subunits and
quaternary structure models of 7S globulin (diagram of the canavalin trimer from Fig. 13 of [5]) and 11S globulin (scheme of the model of the
helianthinin hexamer from Fig. 5 of [19]). Both holoprotein molecules of 7S and 11S globulins are composed of subunits differently sized because
of hypervariability of the segments Vla and V1b of the N-terminal externsions in 7S globulin subunits and of the interdomain linkers V2 in 118

globulin subunits, respectively.

ble to proteolytic attack in the a-chain A2 [12]. The sites ap-
peared to lie within the three variable hydrophilic regions char-
acteristic of 11S globulins sequences and probably lacking struc-
turally ordered elements. Here we report the exact localization
of the cleavage sites by N-terminal amino acid sequencing of
trypsinolytic fragments of glycinin and f-conglycinin subunits.
In both globulins two types of cleavage sites were found. The
first is located in the linker region between N- and C-terminal
domains, and the second is located in the loop between f-strands
E and F. Sequence alignment revealed similarity between the
variable N/C-domain linker region of 118 globulins and the N-
terminal extension in 70-kDa subunits of 7S globulins which
also represents the first type of cleavage site. The structural and
evolutionary implications of the similarities of 11S and 7S
storage globulins are discussed.

MATERIALS AND METHODS

Purification of storage globulins. Glycinin and f-conglyci-
nin were isolated from mature soybean seeds |Glycine max (L.)

Merr., cv. Kishinevskaya-16] according to Thanh and Shibasaki
[13] and purified by phenyl-Sepharose CL-4B chromatography
[12]. p-Conglycinin was additionally purified by Sephacryl S-
300 gel filtration. N-ethylmaleyl-glycinin was prepared accord-
ing to Kitamura et al. [14]. All the purification steps were per-
formed in the presence of 0.02% NaN..

Reconstitution of glycinin G2. After denaturation by 6 M
urea, N-ethylmaleyl-glycinin subunits were fractionated by
DEAE-Sepharose CL-6B chromatography according to Staswick
et al. [15]. The isolated A2B1a subunits were reconstituted into
oligomers using the procedure of Kitamura et al. [14]. Analysis
by sucrose density gradient centrifugation revealed that ap-
proximately 50% of the applied protein appeared in the hexam-
eric 118 globulin peak whereas the other 50% corresponded to
trimers in the 7S peak. This agrced with previous findings by
analytical ultracentrifugation [12]. Reconstituted hexameric
glycinin G2 was isolated by Sephacryl S-400 gel filtration.

Proteolysis of glycinin G2 and f-conglycinin and frag-
ment separation. Protein substrates (5 mg/ml in 0.05 M Tris/
HCI pH 8.0 containing 0.45M NaCl and 0.04% NaN,) were



Shutov et al. (Eur. J. Biochem. 241)

incubated with trypsin (Spofa, Czech Republic) at 30°C, the
active enzyme/substrate ratio being 1:600 (by mass). The
reaction was stopped by adding trichloroacetic acid to a final
concentration of 6% (mass/vol.). The resulting precipitates were
analyzed by SDS/PAGE under non-reducing conditions using
the Laemmli buffer system [16] in either 10—25% gradient gels
(glycinin G2) or 12.5% gels (f-conglycinin).

N-terminal amino acid sequencing. After electrophoresis
glycinin G2 and f-conglycinin fragments were blotted onto
poly(vinylidene difluoride) membranes. Subsequently, N-termi-
nal Edman degradation was performed according to the manu-
facturer’s instructions using a Beckman Sequencer LF3400.

Alignment of amino acid sequences. The computer pro-
gram CLUSTAL was used for multiple alignments. Similarity
between the sequences at the amino acid as well as at the nucleic
acid level was maximized by first aligning the amino acid
sequences and using these results to align the nucleic acid
sequences. Alignment was improved by limited manual cor-
rection to obtain the best consensus between amino acid and
nucleic acid alignments. The statistical significance of amino
acid sequence similarity [17] was calculated for 200 randomiza-
tions.

Sequence sources and numbering. 11S and 7S globulin
sequences were extracted from the EMBL Data Library (data-
base accession codes in parentheses): glycinin A2B1a subunit
(X15122) and AS5A4B3 subunit (X02626); pea legumin
(M16890); p-conglycinin a-chain (X17698), «’-chain (M13759)
and f-chain (P25974); pea vicilin (P02854) and convicilin
(X06398); jackbean canavalin (X06733); 7S globulins from ca-
cao (X62625), cotton (M16891), maize (M24845) and wheat
(M81719); soybean sucrose binding protein (1.L0O6038). Number-
ing of the amino acid residues corresponds to that of the data
base.

RESULTS

Proteolysis of glycinin G2. Because of the complexity of frag-
ment composition of hydrolyzates of the native polymorphic
glycinin [12], it is expedient to use as a substrate a homohexam-
eric 11S globulin. Such a protein can be prepared by the recon-
stitution of the isolated 11S globulin subunit {18]. The reconsti-
tuted 11S globulin hexamer was found to be identical with the
native protein when judged from several data, including circular
dichroic analyses [14], electron microscopy [18] and limited
trypsinolysis [12, 14].

Glycinin G2 is a homo-oligomeric 11S globulin composed
of A2B1a subunits. Its limited trypsinolysis gave a relatively
simple pattern of bands in SDS/PAGE (Fig. 2A) suitable for the
N-terminal sequencing of a-chain A2 fragments. Since a- and fi-
chains are linked by a disulfide bridge {20], under non-reducing
conditions some of intermediate and final A2 chain fragments
remain covalently linked with Bla chain. Other fragments are
retained in the holoprotein molecule under non-denaturing con-
ditions due to non-covalent interactions (nomenclature and posi-
tions of fragments see Fig. 1, A2).

Two susceptible sites in the vicinity of Arg117 and Lys204
were detected by N-terminal sequencing of the two groups of
non-covalently linked fragments (Table 1). Both sites with the
presumed N- and C-terminal borders of the corresponding frag-
ments (Fig. 1, A2) have already been previously deduced on the
basis of their apparent molecular masses and several other indi-
rect data [12]. Obviously, the intermediate fragment CI3 and the
final fragment C3, which are covalently bound to the Bla f-
chain, correspond to A2 chain fragments upstream from these
cleavage points. According to the apparent molecular masses of
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Fig. 2. SDS/PAGE patterns of glycinin G2 and f-conglycinin hydro-
lyzates. (A) Trypsinolysis of glycinin G2. For nomenclature of the frag-
ments see Fig. 1. M, Serva molecular mass markers (values on left in
kDa); glycinin chain AS (10.6 kDa) was also used as a standard. Lane
1, intact glycinin G2; lanes 2 and 3, 3-min and 24-h hydrolyzates, re-
spectively. The samples were treated by SDS in the absence of 2-mercap-
toethanol. (B) Proteolysis of f-conglycinin. M, Promega molecular mass
markers (values on left in kDa). Lane 1, intact -conglycinin; lanes 2
and 3, 3-min and 2-h hydrolyzates, respectively.

the fragments CI3 (22 kDa) and C3 (12 kDa) [12], the N-termini
of both fragments probably correspond to the N-terminus of the
non-cleaved A2 a-chain. The low apparent molecular mass of
the fragment N8 (5.9 kDa) indicates that a relatively large C-
terminal fragment was cleaved off from the A2 a-chain, proba-
bly downstream from Arg260. Indirect data suggest that this
segment is digested into peptides [12].

In accordance with the presumed structural similarity be-
tween 7S and 11S globulins [8], the cleavage points detected in
the A2 a-chain are located in the EF loop and in the S-barrel/o-
helix linking region (Fig. 1, A2).

Proteolysis of «-chain of f-conglycinin. The f-conglycinin
preparation was enriched in a- and «'-chains (Fig. 2B). This
could be the result of a partial fractionation of the native mixture
of polymorphic 7S globulin holoproteins. Even after the gel
filtration step some contamindting bands remained in the undi-
gested f-conglycinin preparation. They could result from par-
tially degraded «- and o’-chains. No specific degradation prod-
ucts of the contaminating bands were apparent in SDS gels after
trypsinolysis of f-conglycinin (Fig. 2B).

More than 10 fragments with the apparent molecular masses
between 70 kDa to 35 kDa transiently appeared on SDS gels
shortly after the fi-conglycinin preparation was incubated with
trypsin (Fig. 2B). After 1 h of proteolysis a relatively simple
pattern of several minor bands and one group of major bands
was generated. Three of the minor fragments, the intermediate
fragment 1 and the stable fragments 3 and 4 were subjected to
N-terminal amino acid sequencing (Table 1). By comparing
these sequences with the known sequences of f-conglycinin
chains, fragments 1 and 3 can only be derived from the «’~chain
whereas fragment 4 can be assigned to the o- as well as a-
chains (Table 1). Products of trypsinolysis of the f-chain of j-
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Table 1. N-terminal sequences of the fragments of glycinin a-chain A2 and f-conglycinin «'-chain. Compare this table with Fig. 1. (m) indicates
N-terminal sequence of a minor component present in the electrophoretic band. Splitting points predicted earlier [12] are designated by asterisks.
Sequence numbering of a-chain A2 of glycinin subunit G2 (X15122) and f-conglycinin ¢-chain (X17698), «’-chain (M13759) and f-chain (P25974)
correspond to that of EMBL Data Library (accession codes in parentheses).

Protein Fragment N-terminal sequence detected Splitting point
Glycinin a-chain A2 115 QOQRGRSQRPQDRHQKVHRFREG. . .
NI 1 GRSQORPODRHQKVHR. . . R117—-G118*
NI 1 (m) SQXPXDRHQKVXRFX. . . R119-S 120*
NI 5 GRSQRPQDR. . . R117-G 118*
N6 SQRPODRHQKVHRFX. . . R119-S 120*
@-chain A2 202 SQKGKQQEEENEGSNILSGFAPE. . .
NI 4 GKQQEEENEGS. . . K204—G 205*
N8 QXEEXNEGSNILSGEF. . . K206—Q 207+
f-Conglycinin f-chain 26 VREDENNPFYFRSSNSFQT. ..
a-chain 186 ELRRHKNKNPFLFGSNRFETL
«’~chain 202 EPRRHKNKNPFHFNSKRFQTL. . .
{ RHKNKNPFHFNSXRF. . . R204—-R205
[S-chain 315 QOKQKQEEEPLEVQRYRAELSEDDVF. . .
a-chain 481 QOEQQQEEQPLEVRKYRAELSEQDIF. . .
«’-chain 515 QOQROQQEEQPLEVRKYRAELSEQDIF. . .
3 QQQOEEQPLEVRKYRAELSYQ. . . R517-Q518
f-chain 228 SSRKTISSEDEPFNLRSRNPIYSNNFGKFFE. . .
u-chain 394 SSRKTISSEDKPFNLRSRDPIYSNKLGKFFE. . .
« ~chain 429 SSRKTISSEDKPFNLGSRDPIYSNKLGKLFE. . .
4 KTISSEDKPFNLXSXDPIYSNXLGX. .. R431-K432
4(m) TISXEDKPFNLXSXXPIYXNX. .. K432-T433

conglycinin could not be detected since it was only a minor
component of our f-conglycinin preparation.

According to the three-dimensional model of 7S globulin
structure [7], the three detected cleavage points lie within the
following regions of f-conglycinin chains (Fig. 1, A1): (a) a
segment just upstream from the beginning of the N-terminal do-
main of the «’-chain; (b) the linker region between N- and C-
terminal domains of «’-chain (or of a-chain); and (¢) the EF
loop of the C-terminal domain of «’-chain. The sequences of a-
and o’-chains are highly similar to each other. This suggests that
EF loops in the C-terminal domain as well as interdomain link-
ing regions are potentially susceptible to proteolytic attack in
both chains. However, the region of «-chain which is similar to
the cleavage site Arg517/GIn518 in the EF loop of «’-chain
(Table 1) does not contain cleavage sites accessible to trypsin.
Consequently, fragment 4 as well as fragment 3 must have origi-
nated from the C-terminal domain of «’-chains (Fig. 1, A1).
Thus, the stable fragments 3 and 4 together should correspond
to the complete sequence of the a’-chain C-terminal domain. It
seems likely that the intermediate fragment 1, with an apparent
molecular mass of 35 kDa, corresponds to the a’-chain sequence
between the first and the third cleavage points (Arg204 and
Arg517, respectively).

A number of transient fragments, including those located be-
tween «'-, @- and f-chains on the SDS gels (Fig. 2B, lane 2),
were probably generated due to several cleavages of the unstable
N-terminal extension of both, the a- and «-chains, the area
where they differ from the f-chain of f-conglycinin (Fig. 1, B1).
Probably, group 2 of major fragments (Fig. 2B) corresponds to
the inaccessible N-terminal domains of both the a’- and a-chains
(without N-terminal extensions) and to the C-terminal domain
of the a-chain which is inaccessible as well. The «'-chain C-
terminal domain as an intermediate before its cleavage into the
fragments 3 and 4 also might be a constituent of the group 2
fragments.

Sequence similarity between the N-terminal extension of the
«’-chain and the interdomain linker of 118 globulin subunits.
The sequences of the N-terminal segment of 70-kDa 7S globulin
subunits and the interdomain linker region of 11S globulin sub-
units are highly variable. Nevertheless it appears that both
sequence segments could have evolved from the N-terminal V
region of the putative common single-domain ancestor of 7S and
11S globulins [8]. A large portion of the N-terminal extension
region of the a’-chain of f-conglycinin can be aligned with the
extended interdomain linker of glycinin ASA4B3 subunit as well
as with the similar region of pea legumin subunit (Fig. 3). The
statistical significance of similarity between these sequence re-
gions of glycinin and f-conglycinin is high (8.0 SD units) for
the entire compared segment. It still remains relatively high (5.9
SD units) when the first 40 residues are aligned without gaps.
The compared segments of both the pea legumin and f-conglyci-
nin subunits contain extremely high numbers of Asp and Glu
residues. Therefore, the statistical significance of their similarity
is less reliable (5.6 SD from random for the entire compared
region which contains three long deletions). However, similarity
of the internal repeats is readily apparent if one compares the j-
conglycinin and pea legumin sequences. As shown in Fig. 3,
the four segments corresponding to these repeats can be aligned
simultaneously and exhibit similarity in cross-combinations as
well. In addition, the similarity between a’-chain of fS-conglyci-
nin and glycinin as well as legumin was discernable in both
polypeptide and DNA sequence comparisons (Table 2).

DISCUSSION

The structural similarity between 7S and 11S seed storage
globulins has been noted before, and it has been proposed that
this may be because they share a common single-domain ances-
tor {7—9]. Potential proteolytic cleavage sites could be predicted
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Fig. 3. Sequence similarity between the N-terminal extension of f-conglycinin «’-chain and the interdomain linkers of glycinin G4 and pea
legumin subunits. G4, glycinin ASA4B3 subunit; leg, pea legumin from ¢cDNA probe pCD32 [21]; cgl, f-conglycinin «'-chain. (*) Identical
residues; (@) conserved substitutions which correspond to matrix elements m(ij) >0 of MDM78 according to Dayhoff [22]; (—) non-conserved
substitutions [matrix elements m(i,/) <0]. The regions of internal repeats of cgl and leg sequences (dotted lines) are shown in combination according
to the multiple alignment of those four segments together with the segment of G4.

Table 2. Similarity between amino acid and nucleic acid sequences
of the segment V1b of f-conglycinin «’-chain N-terminal extension
(cgl) and interdomain linkers V2 of glycinin ASA4B3 (Gy4) and pea
legumin (leg) subunits.

Indications of similarity Pairwise comparisons of sequences

gy4/egl leg/cgl

Total length of gy4 and leg

segments 62 60
Identical amino acid residues 23 (37%) 25 (42%)
Conserved amino acid substitutions

[m (i,j) >1] 22 (35%) 21 (35%)
Non-conserved amino acid

substitutions [ (i,j) <0] 4 (6%) 6 (10%)

Average m, (i,j) of positions
matched without gaps 24 23

Identical base pairs 106 (57%) 110 (61%)

from the structure models for 7S and 11S globulin subunits as
well as from our previous experiments [12]. Here we have
examined in detail several of the proteolytic fragments that are
produced by limited proteolysis and compared amino acid se-
quences in the vicinity of proteolytic cleavage sites. The results
confirm the three-dimensional structural model of these classes
of seed storage proteins, are in accord with our triplication
model of globulin evolution {8] an have revealed several new
details.

The most striking difference between the two 7S globulin
domains, as well as between the two 11S globulin domains, is
that one of them (the N-terminal domain in 7S and C-terminal
domain in 11S globulin subunits, respectively) never tolerates
large hydrophilic insertions inside the structurally ordered se-
quence regions forming a specific f-barrel/a-helix [7, 8]. This
conformation, which looks like a core of the subunit structure
of both storage globulins, is inaccessible to proteolytic attack in
assembled holoproteins of both storage globulins. In contrast,
the other domains of the storage globulin subunits (the C-termi-
nal domain in 7S and N-terminal domain in 11S globulin sub-
units) tolerate extended hydrophilic insertions and are suscepti-
ble to proteolytic attack. Such an insert 11 is wedged between
the f-strands E and F in C-terminal and N-terminal domains of
7S and 118 globulin subunits, respectively (Fig. 4A). Thus, the
susceptibility to proteolytic attack as well as the structural fea-

tures reveal that the domains of 7S and 11S globulin subunits
are most similar if their domains are compared cross-wisely.
This argues in favor of the triplication model of storage globulin
evolution [8].

Another type of sites that are susceptible to limited proteoly-
sis in both storage globulin holoproteins belongs to sequence
regions located outside of the p-barrel/a-helix structures
(Fig. 4A): V1 corresponds to the N-terminal hypervariable ex-
tension where 70-kDa subunits differ from 50-kDa subunits of
7S globulins, e.g. the a’-chain of f-conglycinin and V2, the
sequence linking N-terminal and C-terminal domains in 7S and
11S globulin subunits, respectively. In 11S globulin subunits this
region includes the hypervariable segment at the C-terminus of
the a-chain and the ¢/f-chain cleavage site.

The susceptibility of both types of the sites mentioned above
has already been observed in vitro as well as in vivo (Table 3)
during the molecular maturation of 11S and 7S globulin precur-
sor polypeptides [2, 23—27] (and Jung et al., unpublished
results). Circumstantial evidence from the literature supports this
conclusion (see reviews [5, 10, 12, 28]). Obviously, the
segments V1 and V2 as well as the inserts 11 correspond to
regions exposed on the surface of the trimeric 7S and hexameric
11S holoproteins, respectively.

In the light of predicted structural similarity between 7S and
118 globulin subunits [7], we drafted a simplified model of their
tertiary structures (Fig. 4 B). This is in accordance with the trip-
lication model of storage globulin evolution [8], i.e. in conform-
ity with cross-wise relations between N-terminal and C-terminal
domains of 7S and 11S globulins. The structural resemblance
between the I1 inserts of 7S and 118 globulin subunits is obvi-
ous. In contrast, the structural function of the extended insert 12
of 118 globulin subunits cannot be derived from our scheme.
However, it is highly probable that this segment, which is both
hydrophilic and susceptible to proteolytic cleavage, like insert
11 forms a loop on the surface of the hexameric 11S globulin
holoprotein.

In the X-ray structure of 78 globulin subunits, the precise
conformation of the interdomain linker has remained unclear. It
only can be depicted on the basis of its conjunctive function.
The V2 segments are susceptible for cleavage and occupy simi-
lar positions in the rotation symmetry of 7S and 11S globulin
subunits (Fig. 4B). At least the part of the N-terminal extension
of the 70-kDa subunit of 7S globulins that forms the susceptible
segment V1 in our scheme can be positioned like the 11S globu-
lin subunit interdomain linker. The similarity of the primary
structures of the segments V1 and V2 of 7S and 11S globulin
subunits, respectively (Fig. 3), favours the idea of them sharing
some secondary and higher levels of structural similarity.
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Fig.4. The sites of 7S and 11S globulin subunits that are susceptible to limited prteolysis. (A) Schematic presentation of susceptible sites
projected into aligned sequences of 7S and 11S globulin domains [8] and V1/V2 segments (see Fig. 1). Cleavage points of the susceptible sites
V1/V2, 11 and 12 are documented in Fig. 1 and in the Tables 1 and 3. (B) A simplified scheme of storage globulin structures based on the
structure models of the phaseolin and canavalin subunits {5, 71 (a view along pseudo-dyad axis). The putative 118 globulin structure is shown in
accordance with the triplication scheme of storage globulin evolution [8]. The sites susceptible to limited proteolysis are highlighted by a thick
solid line.

Table 3. Cleavage points inside susceptible sites V1/2 and I1 of 11S and 7S globulin subunits. The N-terminal amino acid residue in P1 position
of a cleaved peptide bond is given. Sequence numbering corresponds to that of the EMBL Data Library. V1, the N-terminal extension of 70-kDa
vicilin subunits. V2, sequence segment linking 75/11S globulin subunit N- and C-terminal domains. I1. the insert specific of EF loop of vicilin C-
terminal and legumin N-terminal domains. PW,, the data of the present work. The assignment of detecled cleavage points to V1, V2 and 11
susceptible sites and their position relative to structurally ordered elements of storage globulins are based on the multiple alignment of the sequences
of 118/78 globulin domains [8] and on the vicilin-like model of legumin tertiary structure [7].

Protein Enzyme Suscepiible site and cleavage point Reference
Vi V2 1§l
Glycinin
A2B1la subunit trypsin R117 P.W.
trypsin S119 P.W.
ASA4B3 subunit processing N377 N120 [19}
S-Conglycinin
«’-chain processing K62 [8]
«’-chain trypsin R204 R431 R517 P.W.
trypsin K432 P.W.
a-chain C1 E138 123]
a-chain C1 E169 [23]
Pea vicilin processing N321 [10]

Cacao 7S globulin processing D436 [28]
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Fig. 5. Relationships between the N-terminal extension V1 of 70-kDa 7S globulin and 11S globulin subunits. (A) A hypothetical scheme of
the composition of a putative three-domain ancestor according to the triplication model of storage globulin evolution [8]. An ancient single-domain
ancestor was composed of V1 sequence consisting of V1a and V1b segments and the domain segment. The unit composed of V1b and domain
segments was triplicated, thus generating the three-domain ancestor common to 7S and 118 globulins. During the evolution of 7S globulins portions
of the triplicated ancestor were lost but the N-terminal and central triplication units as well as the V1a segment were retained. On the other hand,
the 11S globulins retained only the central and the C-terminal triplications units. According to this scheme, 11 was inserted into the central triplication
domain before the divergence of 7S and 11S globulins began. The V1b segment of the 7S globulin N-terminal extension and the V2 interdomain
linker of 118 globulins retained sequence similarity (dotted line). The V2 interdomain linker of 7S globulin (solid line) was truncated during
evolution and lost any reliable indication of sequence similarity of either the V1b segment of 7S globulins or the V2 segment of 118 globulins. (B}
Sequence similarity between Vla segments of the 7S globulin N-terminal extensions. cgl, f-conglycinin «’-chain; ctn, Gossypium hirsurum vicilin:
cca, Theobroma cacao vicilin; mzw, Zea mays vicilin; wht, Triticum aestivum vicilin. During the multiple alignment the sequence repeats have
been regarded as additional independent sequences. Brackets ({ )} indicate limits of the internal repeats of ctn and cca sequences. Cys residues of
CXXXC motifs are indicated by asterisks. The processing site of f-conglycinin «’-chain {24] is labelled by an arrow.

The sequence similarity between these segments could be
either a reflection of some shared structural constraint or of their
common origin from the just mentioned N-terminal V segment
predicted for the common single-domain ancestor [8]. However,
the structural impact of the highly variable N-terminal extension
segment in 70-kDa subunits of 7S globulins cannot be strong.
On the other hand, the interdomain linker of 11S globulin sub-
units exhibits a high degree of variability as well. This makes it
difficult to evaluate the probability of common ancestral origin
of V1 and V2 segments of 7S and 118 globulin subunits, respec-
tively. Nevertheless, a certain sequence similarity is recogniz-
able among the interdomain linkers of 118 globulin subunits
from even distantly related dicotyledons (for instance, see the
multiple alignment described by Lawrence et al. [7]). Thus, it
is justified to assume an evolutionary relation between the f-
conglycinin V1 segment and the interdomain linkers not only of
soybean glycinin and pea legumin but also of other 118 globulin
subunits.

The situation with the hypervariable N-terminal extensions
of 7S globulins, including that of f-conglycinin, appears to be
more complex. These segments were regarded initially as a re-
sult of independent recent insertions in the 70-kDa 7S globulins
of different species, but its origin from an ancient ancestor com-
mon to all of 7S globulins seems more probable [29].

The N-terminal extension V1 of 7S globulins can be divided
into distinct N-terminal and C-terminal parts, V1a and V1b seg-
ments, respectively, as shown at Fig. 5A. In some cases either
only the V1a segment (the subunits of pea convicilin and f-
conglycinin «’-chain) or both the Vla and the V1b segments
(50-kDa 7S globulin subunits) are missing either in genes or in
mature protein (Fig. 1, B1). In spite of their variability, at least

the V1a segments of the N-terminal extension even of distantly
related 7S globulins exihibit similarity including the segment of
70-kDa chains of f-conglycinin that is detached during matura-
tion of its propeptide (Fig. 5B). These related V1a segments are
composed of one, two or three sequence repeats containing two
CXXXC motives. Remarkably, the same two CXXXC motives
are characteristic of the N-terminal region of 62-kDa sucrose
binding protein (SBP) from soybean cotyledons and leaves {301.
This two-domain protein obviously does not have any storage
function but it displays an extremely high degree of similarity
to the entire sequences of all known 7S storage globulins (22.6
SD from random for SBP/cacao 7S globulin comparison [31]).
Undoubtedly, SBP is an additional member of 7S/11S globulin
superfamily. Since SBP is involved in such a basic process as
sucrose transport [32], it seems likely that its evolutionary origin
is even more deeply rooted than that of a separate storage 7S
globulin family. Multiple alignment of the amino acid sequences
of only their N-terminal extensions, including both V1a and V1b
segments (data not shown) reveal similarity between SBP and
several 7S globulins. This similarity between SBP and at least
the f-conglycinin a’-chain and the cacao 7S globulin subunit
was found to be statistically significant (8.1 SD and 7.6 SD from
random, respectively), as well as that between «’-chain and
cacao 7S globulin (6.5 SD from random). Evidently, both the
V1a and V1b segments of 7S globulin extensions like the do-
mains of both 7S and 11S globulins are rooted in the presumed
common ancestral polypeptide. Possibly, the formation of those
highly divergent segments which are dissimilar to the V1b seg-
ment of f-conglycinin and 11S globulin interdomain linkers
took place after the evolution of 7S and 11S globulin subunits
had already begun to diverge.
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There are no indications of even a vestigial sequence simi-
larity between specific V1a segments and either the C-terminal
half of 7S globulins or both halves of 11S globulins. According
to the triplication model of globulin subunit evolution [8], sepa-
rate 7S and 11S globulin ancestors evolved from a putative
three-domain ancestor as shown in Fig. SA. It can be assumed
that the V1a part of the V segment of the ancient single-domain
ancestor did not participate in the triplication but was only
retained in the separate 7S globulin ancestor.
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