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Glycinin AsA4B; mRNA: ¢cDNA cloning and nucleotide sequencing
of a splitting storage protein subunit of soybean
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The complete nucleotide sequence of a cloned cDNA, designated pGAsA4B3822, corresponding to glycinin
AsA,B; mRNA was determined. Analysis of the cDNA insert revealed that it contained 1899 nucleotides of
mRNA sequence with a 5’-terminal non-translated region of 31 nucleotides, a signal peptide region corresponding
to 23 amino acids, an acidic subunit region (A;) corresponding to 97 amino acids, an acidic subunit region (A}
corresponding to 257 amino acids followed by a basic subunit region (B3) corresponding to 185 amino acids, and
a 3’-terminal non-translated region of 182 nucleotides. These results show that the glycinin A, subunit, which is
not found to be linked to a basic subunit via a disulfide bond, is synthesized as a full-sized precursor, i.e.
the AsA,B; subunit complex, from a single mRNA, followed by post-translational processing to generate an
intermediary subunit complex (A;-B3), covalently linked by a disulfide bond, and the mature A, subunit, which
may associate with the above subunit complex by non-covalent interactions. From the results obtained by the
Chou-Fasman rules we speculated that the two post-translational cleavage sites of this subunit precursor might

be processed by the same proteolytic enzyme.

Glycinin, one of the principal storage proteins of soybean
(Glycine max L., Merr.), is composed of six subunit pairs,
each pair consisting of an acidic and a basic polypeptide that
are linked via a disulfide bond, in one molecule [1—3]. The
subunit pairings of glycinin molecules are themselves a heter-
ogeneous complex of A1,B,, A,Byy, A2B1,, A3B, and AsBj,
which are covalently linked by disulfide bonds unlike the A,
subunit {4, 51.

Recently Marco et al. have determined the partial genomic
structure for a glycinin A,B;, subunit precursor [6]. We have
also sequenced the double-stranded (ds) cDNA encoding a
glycinin precursor for the Aj acidic and the B, basic subunits
[7]. These results conclusively showed that the specific acidic
and basic components of every glycinin subunit pair are synthe-
sized from the same mRNA as a single precursor, which may
undergo a posttranslational processing event in order to form
the individual linked subunit as speculated by Tumer et al.
[8].

A question is now raised regarding the origin of a glycinin
acidic subunit, A4, which is not covalently linked to any basic
subunits [5].

In this communication, we report that the A, subunit
originates from a precursor of the A;A4B; subunit complex,
synthesized from a single mRNA by specific proteolytic pro-
cessing. The deduced complete amino acid sequences of the
As, A, and B, subunits have also been determined.

EXPERIMENTAL PROCEDURE
Harvesting and storage of soybean cotyledons

Soybean cultivar Bonminori (Glycine max L., Merr.) was
used in this experiment as described previously [7].
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Abbreviations. bp, base pairs; ds, double stranded.

Preparation of RNA

Total RNA was extracted from pulverized frozen tissue
with phenol/sodium dodecyl sulphate [7, 9]. Poly(A)-
containing RNA was prepared by oligo(dT)-cellulose affinity
chromatography [10].

Construction of a soybean cotyledonary ds-cDN A recombinant
plasmid library

Double-stranded ¢cDNA was synthesized from total
poly(A)-containing RNA, sized, tailed, inserted and then
transfected into Escherichia coli RR1 or E. coli GM 2150 as
described previously [7, 11, 12]. The recombinant plasmid
library was established by a successive selection using
tetracycline resistance and colony hybridization to 32P-labeled
c¢DNA prepared from the total poly(A)-containing RNA. All
the recombinant work was performed under containment
conditions in accordance with the Genetic Manipulation Ad-
visory Group (Japan) guidelines.

Identification of transformants
containing the As subunit sequence

About 1500 individual transformants of the soybean re-
combinant plasmid library were screened by colony-DNA
filter hybridization to a 3*P-labeled 51-base-pair (bp) Sphl-
MU restriction endonuclease DNA fragment according to
the procedure described by Grunstein and Hogness [13] (see
Fig. 1).

Plasmid DN A preparation and restriction analysis

Plasmid DNA was isolated and purified as described pre-
viously [7]. Restriction enzymes were purchased from Nippon
Gene Inc. and New England Biolabs.
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Nucleotide sequencing

Nucleotide sequences were determined by the methods of
Maxam and Gilbert [14] and examined by computer analysis
(Software Development Corporation, Japan).

RESULTS

Isolation and characterization of the cloned cDNA for glycinin
AsA4Bs subunit precursor

From the soybean cotyledonary cDNA library six colonies
that showed an intensive hybridization signal with the 3?P-
labeled Sphl-Miul DNA fragment, as demonstrated in Fig. 1,
were selected in order to determine the partial nucleotide
sequences. As a result of these structural analyses a re-
combinant plasmid containing a ds-cDNA insert of about
2000 bp was identified as the plasmid containing both the A;
and the Bj; subunit sequences and was designated as
pGA5A4B3822

The complete nucleotide sequence of this cloned glycinin
AsA,B; subunit ds-cDNA was determined. The restriction
endonuclease fragments and the sequencing strategy used in
the sequence determination of the ds-cDNA are indicated in
Fig. 2. As shown in Fig. 3, the overall length of the sequence
in this cloned cDNA is 1899 nucleotides, corresponding to
glycinin AsA,B; mRNA.

At the 5" terminus a non-translated region of 31
nucleotides, preceding the AUG translation start codon, was
found in the cloned ¢cDNA.. The isoleucyl residue that marks
the NH, terminus of mature A subunit [4] is specified by the
twenty-third codon following the AUG initiation codon. The
preceding 23 codons, which are identical to the corresponding
codons of A;B, cDNA except for the lack of a phenylalanyl
residue (sixth codon following the initiation codon), appear
to encode a signal peptide, characteristic for secreted proteins
[15], which is probably removed during cotranslational pro-
cessing [16]. Analysis of the coding region of glycinin AsA,B,
subunit mRNA indicated that these As, A, and Bj subunits
were synthesized as a single precursor polypeptide, which
underwent posttranslational processing to form an As-B; in-
termediary subunit complex, covalently linked by a disulfide
bond but with non-covalent association with the A, subunit.
The mature As subunit is encoded by 291 nucleotides (97
amino acids) and the mature A4 and B subunits are encoded
by 771 nucleotides (257 amino acids) and 555 nucleotides
(185 amino acids) respectively in the As;A,B; mRNA, as
the positions of the NH,-terminal and the COOH-terminal

residues (unpublished results) of those mature subunits were -

identified by a comparison to the partial amino acid sequences
of those subunits [4, 17]. The relative molecular masses,
calculated from the inferred amino acid sequences of As, Ay
and B; subunits, were 10556, 29967, and 20732 respectively.
Following the UAA translation stop codon is a 3’-terminal
non-translated region of 182 nucleotides, adjacent to a
poly(A) segment. The sequence AAUAAA, usually found
near the 3" end of eukaryotic mRNAs [18], is located in the
glycinin AsA;B; mRNA, ending 25 nucleotides upstream
from the poly(A) segment. This unique sequence is also found
in an unexpected position 103 nucleotides from the end of
the segment. The 3’ non-translated region of this mRNA
contained the sequence AAUAAAUAAA, which could be
observed in those of pea legumin [19] and soybean
legheamoglobin [19], but 119 nucleotides from the poly(A)
segment.

1 2 3 4 5 8 7 8 9 10 11 12 13 14
A3 lle Thr Ser Ser Lys Phe Asn Glu Cys GIn Leu Asn Asn Leu

Ag We Ser Ser Ser Lys LeuAsn Giu Cys GIn Leu Asn Asn Leu
* *

, G c ,
5 CTTTGCT ATT ACC TGC AGC AAG TTC AACGAG TGGCAACTGAACAAGCTG AA3‘
Sph1 Miu |

Fig. 1. Nucleotide sequence and the inferred amino acid sequence of
SphI-Mlul DNA fragment derived from the cDNA insert of plasmid
pGA3B41425 [7] and used to probe the soybean cotyledonary ¢cDNA
library. The possible single-base mutation in the DNA, necessary to
accomodate the amino acid changes in the As subunit sequence, is
also indicated by *
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Fig. 2. Restriction endonuclease map and nucleotide sequencing strategy
for glycinin AsA4Bs subunit ds-cDNA insert of pGAsA4B3822. The
top horizontal line represents the length of AsA,B; mRNA cor-
responding to the relative positions of the cloned ds-cDNA. The
cloned ds-cDNA is shown with only those restriction endonuclease
sites employed in the sequence determination. Each of the ends of the
ds-cDNA is bound by segments containing about 18 G - C residues
and also contains a coding-strand oligo(dA) segment of four
nucleotides at the 3’ end. Arrows indicate the direction and length of
sequencing of restriction endonuclease-digested DNA fragments. (@)
The sites labeled at flush or recessed 5" ends; (O) the sites labeled at
protruding 3" ends

Comparison of nucleotide sequences of the AsA4B;
and the A3B, cDNAs

An extensive homology occurs in the A; family mRNAs
of glycinin (see Fig. 3 and [7]). To achieve an alignment with
maximum homology, hypothetical gaps were introduced at
thirteen regions of the A;B, mRNA sequence, and were in-
troduced at fourteen regions of the AsA,B; mRNA sequence
(data not shown). With this nucleotide alignment, it was found
that overall, 82% of the nucleotide positions in the A ; family
mRNAs were identical. Both nucleotide sequences in the
signal peptide region show an identity in 96% of the nucleotide
positions, while those in the determined sequence of the entire
5" non-translated region and in 3’ non-translated region of
those mRNAs show the same identity in 80% of the positions.
A comparison of the nucleotide positions in those mRNAs
also revealed that 91% of the positions in the coding sequences
for mature As subunit and the As corresponding region of
mature Aj subunit, and 78% of those for mature A, subunit
and the corresponding region of that protein, were identical
to each other. On the other hand, both nucleotide sequences
in the region of the basic subunits, B; and By, show an identity
in 82% of the nucleotide positions. The relatively long inser-
tion, which corresponded to 30 amino acids (90 nucleotides),
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MetGlyLysProPheThrLeuSerLeuSerSerLeuCysLeuleuleuleuSerSerAlaCysPheAla -1
AACTTAATTATTAACACTTCCTVAGTTCAATATGGGGAAGCCCTTCACTCTCTCTCTTTCTTCCCTTYGCTTGCTACTCTTGTCGAGTGCATGETTTGET

* - . . . . . . . . .
IleSerSerSerlysteuAsnGluCysGlnLeuAsnAsnteusnAlaleuGluProAspHisArgValGluSerGluGlyGlyLeulleGlnThrTrpAsnSerGlaHisProGluleulysCysAlaGlyValThrvalSerlysley 50
ATTAGCTCCAGCAAGCTCAACGAGTGCCAACTCAACAACCTCAACGCGTTGGAACCCGACCACCGCGTTGAGTCCGAAGGTGGTTTGATTCAAACATGGAACTCTCAACACCCTGAGCTGAAATGCGCCGGTGTCACTGTTTCCAAACTC
. . . . . . . . . ° .
ThrLeuAsnArgAsnGlyleulisSerProSerTyrLeuProTyrProArgMetIlellelleAlaGlnGlyLysGlyAlaLleuGlyValAlalleProGlyCysProGluThrPheGluGluProGlnGluGlnSerAsnArgArgGly 100
ACCCTCAACCGCAATGGCCTCCACTCGCCATCTTACTCACCTTATCCCCGGATGATCATCATCGCCCAAGGGAAAGGAGCACTTGGAGTTGCAATTCCAGGATGTCCTGAGACGTTTGAGGAGCCACAAGAACAATCAAACAGAAGAGGC
SerArgSerGlnlysGlnGlnLeuGlnAspSerHisGlnLysIleArgHisPheAsnGluGlyGluValteuVallleProProSerValProTyrTrpThrTyrAsnThrGlyAspGluProValValAlalleSerLeuleuAspThr 150
TCAAGGTCGCAGAAGCAGCAGCTACAGGACAGTCACCAGAAGATTCGTCACTTCAATGAAGGAGACGTACTCGTGATTCCTCCTAGTGTTCCTTACTGGACCTATAACACTGGCGATGAACCAGTTGTTGCCATCAGTCTTCTTGACACE
SerAsnPheAsnAsnGlnLeuAspGlnThrProArgValPheTyrLeuRlaGlyAsnProAspIleGluTyrProGluThriet61nGinGlnGlnGln6lnLysSerHisGlyGlyArgLysGlnGlyGlnHisGInGlnGlu6lu6ly 200
TCTAACTTCAATAACCAGCTTGATCAAACCCCTAGGGTATTTTACCTTGCTGGGAACCCAGATATAGAGTACCCAGAGACCATGCAACAACAACAACAGCAGAAAAGTCATGGTGGACGCAAGCAGGGGCAACACCAGCAGGAGGAAGAS
GluGluGlyGlySerValLeuSerGlyPheSerLysHisPhelLeuAlaGinSerPheAsnThrAsnGluAspIleAlaGlulysLeuGluSerProAspAspGludrglysGlnIleValThrvalGluGlyGlyLeuServallleSer 250
GAAGAAGGTGGCAGCGTGCTCAGTGGCTTCAGCAAACACTTCTTGGCACAATCCTTCAACACCAACGAGGACATAGCTGAGAAACTTGAGTCTCCAGACGACGAAAGGAAGCAGATCGTGACAGTGGAAGGAGGTCTCAGCGTTATCAGL
ProlysTrpGlinGluGinGlnAspGlubspGluAspGlufspGluAspAspGluispGluGinIleProSerHisProProArgArgProSeriisGlyLysArgGluGlnAspGludspGluAspGluAspGluAsplysProArgPro 300
CCCAAGTGGCAAGAACAACAAGATGAAGATGAAGATGAAGACGAAGATGATGAAGATGAACAAATTCCCTCTCACCCTCCTCGCCGACCAAGCCATGGAAAGCGTGAACAAGACGAGGACGAGGACGAAGATGAAGATAAACCTCGTCCT
SerArgProSerGlnGlylLysArgAsnlysThrGlyGlnAspGluAspGluAspGluAspGluAspGlaProArglysSerArgGluTrpArgSerlystysThrGinProArgArgProArgGinGluGluProArgGluArg6lyCys 350
AGTCGACCAAGCCAAGGAAAGCGGAACAAGACAGEACAGGACGAGGACGAAGATGAAGATGAAGATCAACCTCGCAAGAGCCGCGAATGGAGATCGAAAAAGACACAACCCAGAAGACCTAGACAAGAAGAACCACGTGAAAGAGGATGC

GluThrArgAsnGlyValGluGluAsnIleCysThrieulysteuHisGluAsnIleAlaArgProSerArghlaAspPheTyrAsnProlysAlaGlyArgIleSerThrLleuAsnSerLeuThrLeuProAlaleuArgGlnPheGln 400
GAGACAAGAAACGGGGTTGAGGAAAATATCTGCACCTTGAAGCTTCACGAGAACATTGCTCGCCCTTCACGCGCTGACTTCTACAACCCTAAAGCTGGTCGCATTAGTACCCTCAACAGCCTCACCCTCCCAGCCCTCCGCCAATTCCAA
LeuSerAlaGlnTyrvalValleuTyrLysAsnGlyIleTyrSerProlisTrpAsnLeuAsnAlaAsnSerVallleTyrValThrArgGlyGlnGlylysValArgValValAsnCysGinGlyAsnAlaValPheAspGlyGlulle 450
CTCAGTGCCCAATATGTTGTCCTCTACAAGAATGGAATTTACTCTCCACATTGGAATCTGAATGCAAACAGTGTGATCTATGTGACTCGAGGACAAGGAARGGTTAGAGT TGTGAACTGCCAAGGGAATGCAGTGTTCGACGETGAGCTT
ArgArgGlyGlnleuleuValValProGlnAsnPheValvalAlaGluGlnAlaGlyGluGlnGlyPheGluTyrIleValPhelysThriisHisAsnAlaValThrSerTyrLeulysAspValPheArgAlalleProSerGluval 500
AGGAGGGGACAATTGCTGGTGGTACCACAGAACTTCGTGGTGGCGGAGCAAGCCGGAGAACAAGGATTCGAATACATAGTATTCAAGACACACCACAACGCAGTCACTAGCTACTTGAAGGATGTGTTTAGGGCAATTCCCTCAGAGRTT
LeuAlaHisSerTyrAsnLeuArgGlnSerGInvalSerGluLeulysTyrGluGlyAsnTrpGlyProleuValAsnProGluSerGlnGlnGlySerProArgVallysValAla***
CTTGCCCATTCTTACAACCTTCGACAGAGTCAAGTGTCTGAGCTTAAGTATGAAGGAAATTGGGGTCCTTTGGTCAACCCTGAGTCTCAACAAGGCTCACCCCGTGTTAAAGTCGCATAAATGACAAGCATGATGGTGTGAGGATGAGGE

CATCTTATGAAATAATAACAAATAAATAAATTTTGTATGATAATAAAAAGTATGGCCCATGTACCATCCCAGCGAGCCTATGTTTATATCTGAGTGGCGTTGTACCTTTCAATCGCCTTAATAAAATGTCAGTCTTCACGTTITTGTCTT—Poly(A)

Fig. 3. Nucleotide sequence of glycinin AsA4B5 subunit ds-cDNA. The complete nucleotide sequence for the coding strand of the cloned ds-
c¢DNA is shown with the predicted amino acid sequence for the primary translation product of glycinin AsA,Bj; subunit mRNA. (x) The
NH,-terminal residue of the mature As subunit of glycinin; (@) the NH,-terminal residue of the mature A, subunit. (§) The cleavage site

of the AsA4-B; subunit complex; (**) the NH, terminus of the mature B, basic subunit; (***) the termination codon

occurred in the COOH-terminal region of the A, subunit,
when compared with the corresponding region of the A;
subunit (Fig. 4). This insertional nucleotide sequence
contained a 30-nucleotide subsequence that was repeated
three times in the AsA,B; mRNA, while the similar sequence
that was repeated twice was also found in the A3;B; mRNA
{7]. These subsequences corresponded to the same 10-amino-
acid repeated units (Fig. 5). Another insertional nucleotide
sequence, corresponding to 12 amino acid residues, was ob-
served at the end of the 3’ translated region of the AsA,B;
mRNA.

Characterization of the deduced amino acid sequence
Jfor the AsA4Bs subunit precursor

To investigate the hydropathic character of both precursor
proteins we applied the method of Kyte and Doolittle [21].
When the entire amino acid sequences of both precursor pro-
teins are plotted as a function of hydropathic index, similar
patterns that alternated between hydrophobicity and
hydrophilicity were observed (data not shown). In these
alternating patterns the sequences spanning residues 256 —
267, 285—297, and 313—323 of AsA4B3 subunit precursor,
and residues 254 —265, and 281 —293 of A;B, subunit pre-
cursor show a relatively striking hydrophilicity. These
hydrophilic sequences contained the 10-amino-acid repeated
units as described above. This observation is very revealing
in terms of the high frequency of aspartate and glutamate
residues in charged regions of those repeated units. Applica-

tion of the Chou and Fasman algorithm [22, 23] for predicting
protein secondary structure indicated that the 10-amino-acid
repeated units had a predominant o-helical potential. This
algorithm was also applied to determine if the sequences
located near the posttranslational cleavage sitesin the AsA,B;
subunit precursor had the potential to form the specific f-
structure — a-helix segment as speculated [7]. Results for the
regions spanning residues 85—111, and residues 336 —362,
predicted as the -structure — o-helix segment, are presented
diagrammatically in Fig. 5. The schematic drawings for the
predicted secondary structure of the corresponding regions of
the A;B, subunit precursor to the boundary regions between
As and A, subunits and between A, and B; subunits of the
AsA4B; subunit precursor were also presented for the sake
of clarity. As the average length of an «-helical domain in
globular proteins corresponds to eleven amino acid residues
or three helix turns [24]; the successive three or four amino
acid residues, which have the potential to form the a-helical
conformation, correspond to one a-helical turn. Thus, the
boundary regions for the posttranslational cleavage sites were
predicted to have the specific domain structure which consists
of the following successive segment: a-helix (more than two
a-helical turns predicted) — S-structure (in which is contained
an asparagine) — o-helix (only one helical turn predicted).
This expanded hypothesis was also in good agreement with
the results obtained from the secondary structural prediction
of the legumin precursor [19, 30] and the glycinin A,B,, sub-
unit precursor [6] (data not shown here). As this hypothetical
cleavage rule was also applied to vicilin, one of the storage
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AB, 'MGKPF:F:TLSLSSLCLLLLSSACFATISSK‘]FNECQLNNLNALEPDHRVESEGGLIE W QHPE
AgAy B MGKPFOTLSLSSLCLLLLSSACFAUISISSKILINECQLNNLNALEPDHRVESEGGLIQIIWNSQHPF
40 50 60 70 80 90 100
AyB, LIe|C S KR GSL SYLPYPQMIIVVQGKGAIGFFPGCPE’I‘FEKQSRRGSH
AgAyB, LIKlc S KjL Ligsips YLPYPRMITIialo G KG AjLlg)viajIlPGCPE TFEJEIP EJQ SINJRRG S R
110 120 130 140 150 160
AJB, S Qfe QLQDSHQKIRHFNEGDVLVIPLGVPYWTYN’I‘GDEPVVAI§IPLDTSNFNNQLDQ PRVFY
AgALB, SOQKIQQLQDSHQKIRHFNEGIEWLVIPPSWPYWTYNTGDEPVVAISILILDTSNFNNQLDQIT{PRVFY
170 180 190 200 210 220
AjB, LAGNPDIEHPETMOQOQQUQQQKSHGGRKQGQURRQOEEF|®e[GGCSVLSGFSKHFLAQSFNTNEDIT[AE
Aghy B LAGNPDIFYPETMQQQQQQKSHGGRKQGQH[6QQEEEFEEIGGSVLSGFSKHFLAQSFNTNEDI|AE
230 240 250 260 270 280 290
AsB, KLRISPDDERKQIVTVEGGLSVISPKWQEqE[DEDEDEDEIEYGOQRTPSY PRRPSHGKHDDED
AgAL B KL|JF[SPDDERKQIVTVEGGLSVISPKWQEQIIEDEDEDE|DDEDEQ I s|lHlPPRRPSHGK]IR{EIGID ED
300 310 320 330 340 350
AsB, EDEEEDQooooooooooooooo.ooo eeoHlPlose s soee e P QeR|PS E[QJQIE P R|GJR G CJQfT R
AgA B4 EDEPDIEDJKIPRPJSRPSQGKRNKTGQDEDEDEPRJEDQIIRKSREWRS KK T QYR RRJEIE P RIE[R G CJE|T R
360 370 380 390 400 410
A4B, NGVEENICTMKLHENIARPSRADFYNPRAGRISTLNSLTLPALRQFIGLSAQYVVLYIR[NGIYST
A5A383 NGVEENICTILIKLHENIARPSRADFYNPKAGRISTLNSLTLPALRQFIQILSAQYVVLY[KINGIYS
430 440 450 460 470 480
AB, VTM.TRGKRFRVVNCQGNAVFDGEIL RGQLLVVPQNIP AV AE QIGIGE QGIUE Y[V F K
AsAiBa IYVITRGIQIGIKIVRVVNCOGNAVFDGEJIRRGQLLVVPQNFVIVAEQ|AKL E QGIHE Ylilv F K
490 0 51 5 530 540
AsB, ’I‘HHNAVSI DVFRVIPSEVLSNEYNL'G RQQ SGPLVNPjleseesosoeseoesoes
ASAjB3 THHNAVITIS YJLIKDVFRJAILPSEV LIAHE Y N I{R|Q S Q VJS E|L. K Y]E WG PLVNFESQQGSPRVKVA

Fig. 4. Comparison of the amino acid sequence of glycinin AsA4 B3 subunit with that of glycinin A3By4 subunit. The amino acid sequence of the
A;B, subunit precursor is cited from [7]. The single-letter notation for amino acids is in accordance with the recommended convention of
Dayhoff [26]. The dashed boxes enclose amino acids that are identical in the signal peptide segments of the two glycinin subunits, whereas
the solid boxes enclose the identical amino acids of those precursor polypeptides. (@) (at several positions) The hypothetical deletion spaces
that were placed in the each sequence to maximize the homology between the two glycinin subunits. (V) The cleavage site, which produces

the mature As and A4 subunits during a posttranslational processing

(while the A;B, subunit precursor does not undergo such processing

step in the corresponding region). () The cleavage sites between acidic and basic subunits. (————) The repeated units

A

CPETFEKPQQQSSRRGSRSQQQLQD
85
CPETFEEPQEQSNRRGSRSQKQQLQDS
85
C
SRPEQQEPRGRGCQTRNGVEENIC
304

D

QPRRPRQEEPRERGCETRNGVEENICT
336

E

FSKHFLAQSFNTNEDIAEKL
210

Fig. 5. Schematic representation of the predicted secondary structure
around the posttranslational cleavage sites in the AsA4Bs subunit pre-
cursor and around the corresponding regions of the A3 By subunit pre-
cursor. Loops, o helix; I'l, §§ turn; A, B-pleated sheet. Each symbol
represents one amino acid residue. Fhe numbers below the drawings
represent the amino acid positions beginning the specific domain
structure in the AsA,B; and the A 3B, subunit precursors. The single-
letter notation for amino acids is employed [26]. The arrows indicate
the cleavage site of each amino acid sequence. (A) The predicted
secondary structure for the region spanning residues 85— 109 in the
A;3B, subunit precursor; (B) residues 85— 111 in the AsA,B; subunit
precursor; (C) residues 304 —327 in the A;B,4 subunit precursor; (D)
residues 336—362 in the AsA4B; subunit precursor; (E) residues
210—229 in the AsA,B; subunit precursor

proteins of the pea [25], the result was not in agreement
with this rule (data not shown). This may suggest that the
processing enzymes are different in both storage proteins. On
the other hand, the segment which was predicted to have
the a-helix (more than two a«-helical turns predicted) — g-
structure (asparagine contained) — «-helix (more than two
helical turns predicted) was not cleaved in the posttrans-
lational processing event (Fig. 5E).

DISCUSSION

Since it has been established that a specific pair of acidic
and basic subunits of glycinin is synthesized from a single
mRNA [6, 7], our interest was focused on the AsB; subunit
complex, which was rather shorter than the other glycinin A-
B subunit complexes, covalently linked by disulfide bonds,
and also on the A, subunit, the polypeptide not covalently
linked to another subunit [5]. Although the apparent molec-
ular masses of As + B3 and A, subunits from sodium dodecyl
sulphate electrophoresis are about 32000 and 35000 Da, re-
spectively, Northern blotting, using the DNA fragment probe
for the A, subunit family, indicated that the reactive mRNA
species was only around 2000 nucleotides long [7]. Moreover,
the internal amino acid sequence, which began with residue
Arg-98 of the A; subunit was highly homologous to the NH,-
terminal sequence of the A, subunit [17, 28], whereas the A
NH,-terminal sequence was also highly homologous to the
A; NH,-terminal sequence [4]. From these results it should
be supposed that both the A, subunit and the AsB; subunit
complex are derived from a full-sized precursor having
M, =~ 67000. Recently Staswick et al. have proposed the same
hypothesis for the origin of the A, subunit [29]. To confirm



Fig. 6. Schematic drawing of the proteolytic processing steps in glycinin
AsA4B;y subunit precursor. (———-) A signal peptide region in that
precursor. ([J) The As subunit region; ) the A, subunit region
of the precursor; (M) the B; subunit region. N and C, the NH,
terminus and the COOH terminus of each protein respectively. C, the
positions of the cysteine residues, which form a disulfide bond between
the As and the B; subunits. (§) The cleavage sites during the post-
translational processing

these speculations the partial nucleotide sequencing of the
cDNA clones selected from the soybean cDNA library with
a unique probe (see Fig. 1) was performed. As the amino acid
sequence, deduced from the partial nucleotide sequence of
pGAsA B;822, was completely identical to those of the NH ,-
terminal regions of both the A5 and the B; subunits {4], the
c¢DNA insert of this clone was completely sequenced and the
inferred amino acid sequence was also demonstrated (Fig. 3).
Comparison of the deduced complete amino acid sequence
with the NH ,-terminal regions of the mature A;, A, and B;
subunits [4] revealed that these three subunits are synthesized
as a single precursor protein. The determination of the
COOH-terminal residues of the mature A, A; and Bj sub-
units, according to the carboxypeptidase A analyses of CNBr
peptides of their subfragments (data not shown), revealed that
there was no evidence for a linker sequence joining the acidic
and the basic subunits [6, 7, 19].

The striking similarities between the nucleotide sequences
of the AsA,B; and the A;B, subunit mRNAs [7] as well as
the amino acid sequence between both proteins (Fig. 4) have
major implications for evolutional rearrangement of glycinin
subunit genes, as well as for the structures essential to the
maturation of the subunit proteins. Nevertheless the very high
degree of sequence conservation occurred in both precursor
proteins of glycinin; the A ;A B3 subunit precursor contained
an additional posttranslational cleavage site between the
amino acid positions 97 (asparagine) and 98 (arginine), as well
as the cleavage site between the acidic and the basic subunits,
which might exist commonly in every glycinin subunit pre-
cursor. This is the most outstanding feature of this precursor.

It is of importance to know why only this precursor can
be cleaved in the acidic polypeptide region among the glycinin
subunit precursors during the posttranslational processing. In
order to answer this question we also applied the rules for
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empirical prediction of protein secondary structure [22, 23] to
the region spanning residues 85—111 of this polypeptide.
The result indicated that the predicted structure around the
cleavage site of the acidic polypeptide region was quite similar
to those between the acidic and the basic subunits of the
glycinin and the legumin (the pea storage protein, which is
analogous to glycinin) precursors.

By comparing the structure of this acidic pelypeptide re-
gion with that of the corresponding region of the A ;B, subunit
precursor, it might be considered that the conformational
change around the acidic cleavage site was based on the inser-
tion of a lysine at the amino acid position 105, accompanied
by the replacement of a serine with an asparagine at position
97 (Figs 4 and 5).

The conservation of the relatively striking hydrophilicity,
which could be observed in the COOH-terminal regions of
the acidic subunits of the glycinin and the legumin, may be at
least as important as the conservation of charge in order to
retain the non-covalent interactions with the basic counter-
parts besides the covalent linkage between both subunits.
Therefore, the glycinin A4 subunit needs to have a higher
degree of potential for interaction with the By subunit. Thus
we supposed that both the third 10-amino-acid repeated unit,
located in the region spanning residues 313 — 323, and the 12-
amino-acid segment, located in the COOH terminus of the
AsA4B; subunit precursor, might contribute to strengthening
the potential of the non-covalent interactions of the A, sub-
unit with the As-B; subunit complex.

As the position of a disulfide bond in the As-B; subunit
complex was determined recently {26], the proteolytic pro-
cessing of the As;A,Bj subunit precursor can be represented
diagrammatically as shown in Fig. 6. In step 1, preceding the
isoleucine residue is a 23-amino-acid segment, beginning with
methionine, which may function as a signal peptide and is
probably removed during cotranslational processing. In step 2
the A;A,B; subunit precursor may undergo posttranslational
processing to form a disulfide bond between the As subunit
region and the B, subunit region, followed by the proteolytic
digestion at the two cleavage sites shown by the short arrows.
The processing enzyme may recognize the specific domain
structure and cleave at the end of the asparagine residue. In
step 3 a consecutive conformational change occurs in the three
subunits in order to retain the stable structure of the glycinin
subunit complex.
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