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A b s t r a c t  
 

According to SDAP (structural database of allergenic proteins, http://fermi.utmb.edu/), 
storage 11S and 7S globulins from seeds of peanut, soybean and some other plants are allergens. A 
-barrel conjoined with a group of -helices represents the structural basis of domains of the two-
domain 11S and 7S seed storage globulins. During evolution, extended disordered inserts of en-
hanced susceptibility to proteolytic attack appeared in the amino acid sequences of storage globulins 
outside the -barrel--helix structural module. Regularities of storage globulin limited proteolysis 
during seed germination and in vitro are determined by these inserts. In this review, available infor-
mation on successive reactions of limited proteolysis specific to 11S and 7S globulins from peanut, 
soybean and some other plants is collected. It was demonstrated that limited proteolysis of 11S glob-
ulin from peanut (A. Cherdivară et al., 2017) calls forth destruction of a C-terminal region of -
chains, including the region forming the group of -helices. Three of the four antigen determinants 
(IgE epitopes) identified in the peanut subunit Ara h3 (P. Rabjohn et al., 1999) belong to this region. 
Thus, the limited proteolysis leads to a significant decrease in the allergenicity level of the subunit 
Ara h3. The presence of IgE epitopes in homologous regions of conserved sequences of -helices 
from most other subunits of the peanut 11S globulin, non-identical to Ara h3, is very probable. 
Thus, the limited proteolysis of not only the Ara h3 subunit, but also the whole hetero-hexamer mol-
ecule of peanut 11S globulin can be accompanied by a significant decrease in the level of its aller-
genicity. Prospects for reducing allergenicity of soybean 11S globulin by limited proteolysis are not so 
unambiguous. On the one hand, the limited proteolysis of the subunit Gly m G1 leads to the de-
struction of the C-terminal region of the -chains (A. Shutov et al., 2012), where both identified IgE 
epitopes are present (T.A. Beardslee et al., 2000). On the other hand, only one of the IgE epitopes 
identified in the Gly m G2 subunit (R.M. Helm et al., 2000) can be removed using limited proteoly-
sis of this protein (A. Shutov et al., 1993). The detachment of the -chain -helices during limited 
proteolysis of several other 11S globulins was observed as well. A high degree of conservation of this 
region in the primary structures of 11S globulins allows suggesting the presence of IgE epitopes, 
similar to those identified in peanut and soybean 11S globulins, in many other storage proteins of the 
11S globulin family. Prospects for the reduction of allergenicity of seed 7S globulins by limited pro-
teolysis are advantageous as well. Limited proteolysis of peanut 7S globulin Ara h1 starts with com-
plete destruction of a disordered N-terminal extension (A. Cherdivară et al., 2016), which contains 
one third of IgE epitopes identified in the amino acid sequence of this protein (D.S. Shin et al., 
1998). Further limited proteolysis calls fourth destruction of another disordered region inside the N-
terminal domain that contains an additional IgE epitope identified in the Ara h1 sequence. Summary 
information considered in the review on the structure of seed storage globulins, as well as on the IgE 
epitopes identified in their amino acid sequences, evidences the availability of limited proteolysis as a 
means of considerable reduction of the level of allergenicity, not only of peanut and soybean 11S and 
7S globulins, but also of those from other plants whose seeds are used as food either directly or as 
additives to various food products.  

 

Keywords: seed storage globulins, proteolysis, allergenicity, IgE epitopes, Arachis hypo-
gaea L., peanut, Glycine max L., soybean 

 

The main part of food plant proteins is seed storage proteins. The over-
whelming number of seed storage proteins are grouped in two conserved fami-
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lies, the 7S (vicilins) and 11S (legumins) globulins [1]. Their amino acid se-
quences are inherited from the vicilin- and legumin-like proteins of spore plants 
[2]. In turn, the latter derived from bacterial oxalate decarboxylase [3]. All these 
proteins belong to the extensive cupin superfamily, combining dozens of func-
tionally diverse families of proteins, in the structure of which there is a -barrel 
from antiparallel -strands [4].  

The tertiary structure of subunits of oligomeric molecules of oxalate de-
carboxylases and storage globulins is supplemented by a group of α-helices [2]. 
In the subunits of these proteins, there are two domains, each of which is 
formed by a structural module of the -barrel--helix. The two-domain structure 
of oxalate decarboxylases was formed at an early evolutionary stage as a result of 
duplication of this module which is present in their single-domain bacterial pre-
cursor [3]. 

In the course of evolution, extended hydrophilic variable insertions, tak-
en to the surface of their oligomeric structures, appeared in the amino acid se-
quences of seed storage globulins, conserved ones on a whole [2, 3]. These inser-
tions determine the sensitivity of native molecules of storage globulins to fast and 
limited proteolysis, from which their degradation begins in germinating seeds 
and in vitro [2]. The subsequent massive proteolysis of storage globulins occurs 
by a sequential mechanism [5], leading to the complete destruction of their mol-
ecules [3].  

In seeds of peanut [6-8], soybean [9-11] and many other cultivated 
plants used in the dietary intake, e.g. nuts [12-14], almonds [15] and mustard 
[16], storage 7S and 11S globulins are allergens. This information, as well as 
some additional data, is included in the SDAP database (Structural Database of 
Allergenic Proteins) (http://fermi.utmb.edu/) [17]. In some of the storage globu-
lins, 7S globulins of peanut [18] and lentils [19], 11S globulins of peanut [20], 
soybean [21, 22] and buckwheat [23], antigenic determinants (IgE epitopes) re-
sponsible for IgE binding are identified. Many of the IgE epitopes belong to the 
regions of storage globulins sequences with elevated sensitivity to proteolytic at-
tack, which shows the principal possibility of reducing the allergenicity of seed 
storage globulins by means of their limited proteolysis. 

In this review, to confirm this hypothesis, the experimental data obtained 
in the study of limited proteolysis of storage globulins of peanut seeds (Arachis 
hypogaea L.), soybean (Glycine max L.) and some other plants, have been ana-
lyzed. 

Limited proteolysis of 11S globulins and IgE epitopes, 
identif ied in their sequences. The structure of the -chains of the subunit 
Ara h3 (pdb|3c3v) of peanut 11S globulin [24], typical for 11S globulins of soy-
bean seeds [25, 26] and a number of other plants [27, 28], is formed by a -
barrel of antiparallel -strands BCDEFGHI, connected to the group of -helices 
h1, h2, h3, and complemented by -strands Z, A-A, E-F and J-J, as well as 
by -helices h0 and h1. Three hydrophilic disordered regions in the -chains of 
11S globulins are potentially sensitive to limited proteolysis [2]: the loop between 
the -strands E and F (E-F), the loop between the -barrel and the -helices 
and the C-terminal segment (Fig. 1, Table 1, respectively, the regions a, b and c). 

For 11S globulins, the following sequence of limited proteolysis reactions 
is characteristic [2]. The process begins with the cleavage of the hydrophilic C-
terminal region, sensitive to proteolysis (see Fig. 1, Table 1, region c). The fur-
ther action of proteinases leads to splitting of the loop between the -barrel and 
the -helices (see Fig. 1, Table 1, region b). Depending on the individual fea-
tures of the structure of 11S globulin and the specificity of proteinase, the loop 
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between the -strands E and F can either remain intact or split (see Fig. 1, Ta-
ble 1, region a).  

 

of N-terminal sequencing of fragments [29, 30] or by the combination of indirect 
data (specificity of the proteinase, sequence of fragments formation and their mo- 

lecular weights). The po-
tential sensitivity to the 
limited proteolysis of dis-
ordered regions (see Fig. 
1, a, b, c) in the amino 
acid sequences of 11S 
globulins is indicated by 
their relatively high avail-
ability to the ASA solvent, 
shown in the example of 
Ara h3 (see Fig. 1, B). 

The cleavable C-
terminal region, encom-
passing the region of the 
-helices h1h2h3 and the 
-strand J' (see Table 1), 
is destroyed to short pep-
tides, which is character-
istic not only of Ara h3 
[31] but also of other 

11S globulins [2]. It should be noted that the N-terminal region of the -chain 

Рис. 1. Третичная структура -цепи 11S 
Fig. 1. Tertiary structure of the -chain of pea-
nut 11S globulin (Arachis hypogaea) Ara h3 
(pdb|3c3v).  

A — the ribbon diagram. Non-
ordered regions (a, b, c) in the -chains of 11S 
globulins are potentially sensitive to limited 
proteolysis [2]. The arrow marks the peptide 
bond N325-G326which is splitted upon matu-
ration of the Ara h3 molecule. The Cys88 resi-
due participates in the formation of a disulfide 
bond between the - and -chains. The dark 
sections of the diagram correspond to sequenc-
es of IgE epitopes 1-4.  

B — available to the solvent area of 
the amino acid residues ASA (accessibility sur-
face area) in the sequence of the -chain. The 
reported ASA values [31], expressed in Å2, 
correspond to the average values calculated for 
groups of 10 residues in the amino acid se-
quence of the -chain. The graph corresponds 
to the model quaternary structure of the 
homohexamer Ara h3 constructed using the 
pdb|3c3v [31] monomer template. Arrows indi-
cate the location of the cleavage points of the 
-chain with limited hydrolysis by trypsin [32]. 
Figures show the position of IgE epitopes 1-4 
in the amino acid sequence Ara h3. 

 
The position of the points 

of splitting of the -chains of 11S 
globulins is determined by the results  

1. Sites of -chain cleavage () with limited proteolysis of 
storage 11S globulins of soybean Glycine max Gly m 
G1-G5, peanuts Arachis hypogaea Ara h3 and abl14270 
(ARAhy), sunflower Helianthus annuus aaa33374 
(HELan), oat Avena sativa aaa32720 (AVEsa), cedar 
Pinus sibirica caa77569 (PINsi) and pumpkin Cucurbita 
maxima pdb|2e9q (CUCma) 

Secondary structure 
Subunit Proteinase AA-BCD---E---FGHIJ-----h1 h2h3J---- 

                      a             b                   c 
                                                                 Gly m G1-G5 Papain [30] 
                  **                **      *          *   Gly m G2 Trypsin [34] 
                  **              **      *          *   Gly m G2 Trypsin [32] 
                                                                 Gly m G5 Papain [35] 
       *                                     *           ** Ara h3 Papain [31] 
                                                               ARAhy Trypsin [32] 
                                                               HELan Papain [36] 
                                                               AVEsa Papain [37] 
                                                                 PINsi Papain [38] 
                                                                 CUCma Papain [39] 
N o t e. The region h1h2h3J' that is destructed in the limited proteolysis is 
underlined. The asterisks indicate the position of IgE epitopes identified in 
the subunits of soybean 11S globulins Gly m G1 [21]and Gly m G2 [22] 
and peanut Ara h3 [20]. 

b c 
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of Ara h3, like all the examined 11S globulins [2], is insensitive to proteolytic at-
tack. Three of the four IgE epitopes identified in the subunit of peanut 11S 
globulin Ara h3 [20] (see Fig. 1, Table 1) belong to the C-terminal region of 
the -chain that degrades by means of hydrolysis with papain [31]. That is, 
limited proteolysis of the subunit Ara h3 can lead to a significant reduction in 
its allergenicity.  

The hetero-hexamer molecule of peanut 11S globulin contains nine sub-
units, highly conserved in the C-terminal region of the -chains where three of 
the four IgE epitopes Ara h3 are present (see Figs. 1, 2, Table 1). The potential 
ability to binding of IgE to each of the sequences of other subunits of peanut 
11S globulin, homologous to the second and third IgE epitopes Ara h3, can be 
judged from the results of the definition of PD indexes (property-based peptide 
similarity index for two sequences) [40]. The method is based on a comparison 
of the physical and chemical properties of each of the amino acids of the IgE 
epitope sequence, identified in the protein allergen, with each of the amino ac-
ids, which are close in the primary structure of the region of the examined pro-
tein's sequence. As the number of differences between the segments of these se-
quences increases, the value of PD indexes increases from 0 (the sequences are 
identical) to the limiting value of 10 above which the presence of the corre-
sponding IgE epitope is unlikely [40]. 

The presence of the second and third IgE epitopes Ara h3 (see Fig. 1, B) 
in the homologous regions of the sequences of six of the eight subunits of peanut 
11S globulin, not identical to Ara h3 [31], is considered very likely (the corre-
sponding PD indexes do not exceed 2.9). Finally, the sequences of the fourth 
IgE epitope Ara h3 (see Fig. 1, B) and the corresponding putative IgE epitopes 
in the other two subunits of peanut 11S globulin (aag01363 and abf93402) are 
identical. That is, the limited proteolysis of not only the subunit Ara h3, but also 
the whole hetero-hexamer molecule of peanut 11S globulin can be accompanied 
by a significant decrease in its allergenicity.   

 

 

Fig. 2. Amino acid sequences of 
the C-terminal region of the -
chains of 11S globulin of peanut 
Arachis hypogaea (A1 — 
pdb|3c3v, A2 — abl14270) and 
soybean Glycine max (G1 — 
pdb|1fxz; G2 — baa00154). The 
figures on the left correspond to 
the numeration of amino acid 
residues in the complete se-
quences of the subunits. The 
lower lines show identical amino 
acid residues (*) and their con-
served (:) and semi-conserved (.) 
substitutions. The arrows corre-
spond to peptide bonds, which 
are cleavable by trypsin () [29, 
32, 34] and papain () [30, 32]. 
The sequences of IgE epitopes  

are indicated in bold, and the amino acid residues Arg and Lys of increased accessibility to the sol-
vent (ASA >100 Å) in the model oligomeric structures A1 and G1 are underlined.- 

  

Prospects for reducing the allergenicity of soybean 11S globulin by 
means of limited proteolysis are not so unambiguous. On the one hand, the lim-
ited proteolysis of the subunit Gly m G1 leads to the removal of the region of -
helix h1h2h3--strand J', where both identified IgE epitopes are present (see Ta-
ble 1, Fig. 2). The presence of two corresponding IgE epitopes in homologous 
sequences of the subunits Gly m G3, Gly m G4, and Gly m G5 is not excluded 
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(PD indexes from 0 to 5.9). On the other hand, only one of the IgE epitopes 
identified in soybean 11S globulin Gly m G2 (see Table 1) can be removed by 
means of its limited proteolysis by papain (see Fig. 2). In this case, the presence 
of the corresponding IgE epitope in the homologous regions of the sequences of 
other subunits of soybean 11S globulin is unlikely (the value of PD indexes is 
close to 10).  

Limited proteolysis of 7S globulins and IgE epitopes ident i-
f ied in the sequence of peanut 7S globulin Ara h1. The N- and C-
terminal domains of the subunits of 7S globulins are structurally equivalent to 
the - and -chains of 11S globulins, but differ from the latter in several features 
[41], i.e. the interdomain linker region in 7S globulins is not split, and their 
structures lack an interdomain disulfide bond. In the 7S globulins of the known 
tertiary structure from the seeds of jack bean [42], bean [43], soybean [44], 
cowpea [45, 46] and pine [47], there is a number of disordered regions, which 
are potentially sensitive to limited proteolysis [2] (Table 2, Fig. 3). 

The variable N-
terminal extension of the 
N-terminal domain (see 
Table 2, region a), char-
acteristic of 7S globulins 
of the convicilin type, 
shows the greatest sensiti-
vity to proteolysis [2]. The 
region between the -helix 
h3 and the -strand J 
(see Table 2, region b), 
which is not non-ordered 
in all 7S globulins, is rel-
atively short; there is no 
information on its sensi-
tivity to proteolysis. The 
exception is the peanut 7S 
globulin Ara h1, in which 
this region is elongated 
[48, 49] and cleaved by 

hydrolysis with papain (see Table 2, see Fig. 3, B). The unregulated region of the 
interdomain linker is sensitive to proteolysis in all the investigated 7S globulins 
[2] (see Table 2, region c). Finally, the elongated loop between the -strands E 
and F in the C-terminal domain of 7S globulins is known to be sensitive to the 
limited proteolysis [2].  

In the subunit of Ara h1 peanut 7S globulin, exhibiting the greatest aller-
genicity among the storage seed globulins [59], the presence of 21 IgE epitopes 
[18] is established. IgE epitopes 1-3 belong to the N-terminal sequence deleted 
post-translationally [60]. IgE epitopes 4-9 (see Fig. 3, A) localized in the sensi-
tive region of the N-terminal extension (see Fig. 3, B, region a), which is replete 
with residues corresponding to the substrate specificity of papain [61], are re-
moved at the initial attack by this enzyme [50]. The subsequent action of papain 
leads to the destruction of the sensitive region between the -helix h3 and the -
strand J (see Table 2, region b), specifically elongated in the Ara h1 sequence, 
where the IgE epitope 13 is localized (see Fig. 3, A). 

It should be noted that there is a relatively high availability for the sol-
vent in the -helix region h1-h3, which is 3.5 times higher than the ASA for the 
rest of the N-terminal domain Ara h1. Therefore, it is tempting to try to find 

2. Sites of cleavage () of the N-terminal domain with 
limited proteolysis of seed storage 7S globulins of Ara-
chis hypogaea Ara h1, soybean Glycine max Gly m 
, Gly m , Gly m , and bean Phaseolus vulgaris 
(PHAvu) 

Secondary structure 
Subunit Proteinase ------------Z-AABCDEFGHIJ-h1-h2-h3--Jh4- 

    a                                               b      c 
******                            *   *   *   *      Ara h1 Papain [50] 
                                                                    Gly m  In vivo [51] 
                                                                    C2 [52] 
                                                                    Gly m ´ Trypsin [32] 
                                                                    C2 [52] 
                                                                      Gly m  In vivo [51] 
                                                                      CPPh [53] 
                                                                      Trypsin [54] 
                                                                      PHAvu In vivo [55] 
                                                                      CPPh [53, 56, 57] 
                                                                      Trypsin [58] 
                                                                      C2 [52] 
                                                                      LLP [56, 57] 
N o t e. The asterisks indicate the position of IgE epitopes identified in the 
Ara h1 subunit [18]. C2 and CPPh are endogenous papain-like proteinases 
from germinating seeds of soybean and bean, respectively. 
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conditions for limited proteolysis that ensure the destruction of this potentially 
sensitive region of the -helix, where IgE epitopes 11 and 12 are present (see 
Fig. 3, A).  

 

Fig. 3. Structure of the N-terminal domain of 
peanut 7S globulin Ara h1 (pdb|3smh).  

A — the ribbon diagram of a ter-
tiary structure. The disordered regions a, b, 
and c are shown by dashed lines. The dark 
sections of the diagram correspond to se-
quences of IgE epitopes 4-13 in the mature 
molecule Ara h1 [18]. 

B — the primary structure. Non-
ordered regions: a — N-terminal elongation, 
b — between the -helix h3 and -strand J, 
c — C-terminal region. The arrows correspond 
to peptide bonds cleavable by papain [50]. The 
amino acid residues with increased availability 
for the solvent (ASA > 100 Å), corresponding 
to the sub-stratified specificity of papain [61], 
are underlined. These residues are present in 
the crystalline structure of the pdb|3smh oligo-
mer, as well as its model (pdb|3s7e as a tem-
plate) [50] in regions b and c. The sequences 
of IgE epitopes 10-13 are in bold. 

 
The subunits of peanut 7S 

globulin in the composition of its 
heterotrimeric molecule are extreme-
ly conserved. It is very likely that IgE 

epitopes, identified in Ara h1, are also present in other subunits of this protein: 
the corresponding PD indexes do not exceed 2.5. Limited proteolysis by papain 
leads to a significant reduction in the allergenicity of the whole hetero-oligomeric 
molecule of peanut 7S globulin, in connection with the removal of more than a 
third of the IgE epitopes.  

Thus, the reviewed herein data on limited proteolysis of 11S and 7S 
globulins of peanut, soybean and some other plants suggest that this method is 
promising for substantially reducing the allergenicity of storage seed globulins. 
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