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ABSTRACT

A cDNA clone covering the whole coding region for a glycinin
subunit precursor containing the A acidic subunit,one of the A
family, has been identified from “a library of soybean cotyle=
donary cDNA clones using a mixed oligonucleotide probe. Analysis
of the cDNA insert revealed that it contained 1746 nucleotides of
mRNA sequence with a b5'-terminal nontranslated region of 54
nucleotides, a signal peptide region corresponding to 19 amino
acids, an acidic subunit region (A,_) corresponding to 291 amino
acids followed by a basic subunit™ region corresponding to 185
amino acids, and a 3'-terminal nontranslated region of 207
nucleotides. By comparing the predicted protein sequence of this
precursor with that of the legumin A precursor of pea, it was
found that glycinin A, subunit family appeared to be more closely
related to the leguminh than to the A, subunit family, and that
the evolutional rearrangement of glycinin genes has occurred.

INTRODUCTION
Glycinin, the principal seed reserve protein of soybean
(Glycine max L., Merr.) is a hexameric molecule which has a

sedimentation coefficient (S w) of ~» 12 and a molecular weight

(Mr) of ~- 360,000. It is cggéosed of six subunit pairs, each of
which comprises an acidic polypeptide component (Mr 35,000~
42,000) which is disulfide-linked to a basic polypeptide
component (Mr ~~22,000) (1-3). There are several specific
acidic/basic subunit pairs, since six different acidic and five
basic components were identified on the basis of differences in
the partial primary structure of their NHZ-terminal regions (4).
These subunit pairings of glycinin molecules are not random but
heterogeneous, and all subunits except A4 have been determined to
derive from the covalently 1linked acidic/basic subunit pairs

AlaBZ' Alelb' A2Bla’ A3B4 and A5B3 (5).
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More recently, the amino acid sequences derived from the

3B4 and the A5A4B3 (6,7), and from the

partial genomic DNA sequence for the A

cDNA sequences for the A
2B1a (8) have confirmed
that these specific subunit complexes are synthesized from the
same mRNA as a single precursor polypeptide which is cleaved to
form a wunique disulfide-linked subunit pair during post-
translational processing as speculated previously (9). In order
to understand the gene number, the evolutionary divergence and
the level of transcription for every glycinin subunit precursor,
it is necessary to determine the cDNA coding sequence of each
gene.

In this report, we present the nucleotide and the deduced
amino acid sequence of a glycinin subunit precursor including the

Ala acidic polypeptide component.

EXPERIMENTAL PROCEDURES
Preparation of RNA and construction of a cDNA library

Total RNA was prepared from the developing cotyledonary
tissue (38 days after flowering) of soybean (G. max L., Merr.
cv. Bonminori) as described previously (6) and poly(A)-containing
RNA was obtained by oligo (dT)-cellulose affinity chromatography
(10). Double-stranded cDNA was synthesized from the above total
poly(A)-containing RNA, sized, tailed, inserted and then
transfected into Escherichia coli RR1 or E. coli GM2150 as

described previously (6,7). Tetracycline-resistant and

ampicillin-sensitive transformants were screened by colony DNA-

filter hybridization to 32P—labeled cDNA prepared from the total
poly(A)-containing RNA. Those clones hybridizing to the
[32P]cDNA were selected for further screening with the specific

oligonucleotide probe as described below.
Preparation of oligonucleotide probe

A synthetic oligonucleotide probe used to select the cDNA
clones containing the nucleotide sequence corresponding to the
NH2-terminal unique sequence of the glycinin A2
was synthesized by the solid-phase phosphite method (11), wusing
morphilinoamidites, and then purified by reverse-phase high-
preformance liquid chromatography. The probe, constructed to
correspond to all possible codons for the hexapeptide Gln-Gln-

subunit family
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Asn-Glu-Cys-Gln (residues 6-11), was a 32 fold degenerate 17

mer (the third base for Gln-1l1 being excluded) and the sequence
—_arl T T 2 A,

was 3'-GTLGTLTTACTLACAGT.

Screening of soybean cotyledonary cDNA library

32P-labeled

oligonucleotide according to the procedure described previously
(6).
Plasmid DNA preparation and restriction analysis

Plasmid DNA was isolated by the alkaline lysis method (12)
and further purified on CsCl equilibrium density gradients.

The library was screened with the

Restriction enzymes were purchased from Nippon Gene Inc., Toyobo
Biochemicals and New England Biolabs and used as recommended by
the vendor.

Nucleotide sequencing

The cDNA inserts of fourteen positive clones were sequenced
partially or completely by the method of Maxam and Gilbert (13)
and examined by computer analysis (Software Development
Corporation, Japan).

RESULTS

Nucleotide sequence of cloned cDNA encoding Ala acidic subunit

About 2,000 clones were screened with the oligonucleotide
probe; eighty-three gave positive signals with this probe. These
positive clones, which might cover the Nﬂz-terminal region of the
glycinin A, subunit family, i.e. the A, and the A2 acidic
subunits, were classified into two groups on the basis of the
restriction patterns for the inserts. Some of each group were
selected in order to determine the partial nucleotide sequences.
As a result of these nucleotide sequence analyses and a
comparison of their deduced amino acid sequences with the NHz-
terminal sequences of glycinin subunits (references 4 and 5), a
recombinant plasmid which contained a cDNA insert of 1746
nucleotides was selected as one of the longest plasmids
containing NH,-terminal region of the Aj. acidic subunit.

The complete nucleotide sequence of this cloned glycinin
subunit cDNA was determined. The restriction endonuclease
cleavage fragments and the sequencing strategy used in the
nucleotide sequence determination are indicated in Fig. 1.

6721



Nucleic Acids Research

5 Glycinin Aj3Bx mMRNA 3
]

Banll Aval EcoRI Aval Banll
Dde | Taql |Ddel |Ddel Taq! Ddel

1 N I O O O

pGA1aBx 325 Ay
- - m

L I L s 1 L i 1 1 1 L 1 1 L

2 4 6 8 10 12 14 16
Nucleotides x1072

Figure 1: Restriction endonuclease map and nucleotide sequencing
strategy for glycinin A, _B_ subunit ds-cDNA insert of pGAl B
325. The top horizontal ]lair%{e represents the length of A, B mRNE
corresponding to the relative positions of the cloned &sXcDNA.
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
16 G.C residues and also contains a coding-strand oligo (dA)
segment of seven nucleotides at the 3' end. Arrows indicate the
direction and length of sequencing of restriction endonuclease-
digested DNA fragments. The solid circles represent the sites
labeled at recessed 5' ends and the open circles represent the
sites labeled at protruding 3' ends.

Figure 2 shows the nucleotide sequence of the insert, which
corresponds to the entire coding region of the mRNA and adjacent
portions of its untranslated sequences. According to a sequence
definition proposed by Turmer et al. (4), the deduced subunit
complex denotes AlaBlb' However, we have avoided naming the
sequence because we have not been convinced that this clone
really is talking about A1.B1p rather than any other member of
that closely related group. Therefore, this clone was designated
as Alan‘ At the 5'-terminus a nontranslated region of 54
nucleotides, preceding the AUG translation start codon, was found
in the cloned cDNA, whereas the position of the NHZ-terminal
phenylalanine residue of mature Ala subunit (with its codon
beginning at position 112 in the nucleotide sequence shown in
Fig. 2) was identified by a comparison to the partial NHZ-
terminal sequence of the corresponding polypeptide (4). The 19
codons, preceding this NHz-terminal phenylalanyl codon of the Ala
subunit, appear to encode a signal peptide, which is rich in
hydrophobic amino acids and contains a basic amino acid such as
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cessescscesscctatctananns cecences [P 1 1

ACAACTCAAACATTCTCTCCATTGETCCTTAAACACTCATCAGTCATCACCATGGCCAAGCTAGTTTTTTCCCTTIGTTTTCTGCTTTICAGTGECTGLTGCTTCECT
NetAlalysLeuValPheSerLeuCysPheLeul euPheSerGlyCysCysPheAla -1

* - . - - . - .
TTCAGTTCCAGAGAGCAGCCTCAGCAAAACGAGTGCCAGATCCAARAACTCAATGCCCTCAAACCGEETAACCGTATAGAGTCAGAAGGAGGGCTCATTGAGACATGE
PheSerSerArgGluGlaProeGlnGlnAsnGluCysGlnlleGlnLysLeuAsnAlaleulysProGlyAsnArglleGluSerGluGlyGlyLeulleGluThrTrp 36

AACCCTAACAACAAGCCATTCCAGTGTGCCEETGTTGLCCTCTCTCGCTGCACCCTCAACCGCAACGCCCTTCGTAGACCTTCCTACACCAACGETCCCCAAGAAATC
AsnProAsnAsnlysProPheGinCysAlaGlyValAlaleuSerArgCysThrieuAsnArgAsnAlaLleuArgArgProSerTyrThrAsnGlyProGlnGlulle 72

TACATCCAACAAGETAAGGGTATTTTTGECATGATATACCCEGETTGTTCTAGCACAT TTGAAGAGCCTCAACAACCTCAACAAAGAGGACAAAGCAGCAGACCACAA
Tyrlle6ln6lnGlylysGlyllePheGlyRetIleTyrPro6lyCysSerSerThrPheGluGluProGlnGlnProGlnGlnArgGlyGlnSerSerArgProGln 108

GACCGTCACCAGAAGATCTATAACTCCAGAGAGGGTGATTTGATCGCAGTGCCTACTGETGTTGCATGGTGGATGTACAACAATGAAGACACTCCTGTTGTTGCCETT
AspArgHisGinLysIleTyrAsnSerArgGluGlyAspleulleAlaValProThrGlyValAlaTrpirpletTyrAsnAsnGluAspThrProvalvalAlaval 144

TCTATTATTGACACCAACAGCTTGGAGAACCAGCTCGACCAGATGCCTAGGAGATTCTATCTTGCTGGGAACCAAGAGCAAGAGT TTCTAAAATATCAGCAAGAGCAA
SerllelleAspThrAsaSerLeuGluAsnGlnLeuAspGlnNetProArgArgPhelyrleuAlaGlyAsnGinGluGlnGluPheleulysTyr6lnGlnGluGln 180

GGAGETCATCAAAGCCAGAAAGGAAAGCATCAGCAAGAAGAAGAAAACGAAGGAGGCAGCATATTGAGTGECT TCACCCTGGAATTCTTGGAACATGCATTCAGCETG
6ly6lyHisGlnSerGlnLys6lyLysHisG1nG1n61u6luGluAsnGluGlyGlySerIleLeuSerGlyPheThrl euGluPhel euGluHisAlaPheServal 216

GACAAGCAGATAGCEARAAACCTACAAGGAGAGAACGAAGGGGAAGACAAGGGAGCCATTGTGACAGTGAAAGGAGGTCTGAGCGTGATAAAACCACCCACGGACEAG
AsplysGlnlleAlalysAsnLeuGinGlyGluAsnGluGlyGluAspLlysGlyAlalleval ThrVallysGlyGlyleuServall leLysProProThrAsp6ly 252

CAGCAACAAAGACCCCAGGAAGAGGAAGAAGAAGAAGAGGATGAGAAGCCACAGTGCAAGEETAAAGACAAACACTGCCAACGCCCCCGAGGAAGCCAAAGCAAAAGC
61n61n61nArgPro6In6luGlu6luGlu6luGluGluAspGlulysProGlnCysLysGlyl ysAspLysHisCysGlnArgProArgGlySerGinSerLysSer 288

. & ey . . . . . .
AGAAGAAATGGCATTGACGAGACCATATGCACCATGAGACTTCGCCACAACATTGGCCAGACTTCATCACCTGACATCTACAACCCTCAAGCCEETAGCGTCACAACC
ArgArgAsnGlylleAspGluThrIleCysThriletArgLeuArgisAsnlleGlyGlnThrSerSerProAspl leTyrAsnProGlnAlaGlyServValThrThr 324

GCCACCAGCCTTGACTTCCCAGCCCTCTCGTGECTCAGACTCAGTGCTGEATTTGGETCTCTCCGCAAGAATGCAATGT TCGTGCCACACTACAACCTGAACGCGAAC
AlalbrSorLeulsyPthroAlal.ouSerlryl.culrgleuScrthlbeeGlySerLeuArgl.ysAsnAlaﬂct?hehl?rol‘islyrlsuleulsulldsn 360

AGCATAATATACGCATTGAATGGACGGGCATTGATACAAGTGGTGAATTGCAACGGTGAGAGAGTGTT TGATGGAGAGCTGCAAGAGGGACGGETGCTGATCGTGCCA
SerIlelleTyrAlaleuAsnGlyArgAlaLeul leG1nValValAsnCysAsnGlyGluArgValPheAsp6lyGluleuG1nGluGlyArgValleullevalPro 396

CAAAACTTTGTGETGECTECAAGATCACAGAGTGACAACT TCGAGTATGTGTCATT CAAGACCAATGATACACCCATGATCGGCACTCTTGCAGGGECAAACTCATTG
GlnAsnPheValvalAlaA laArgSerGlnSerAspAsnPheGluTyrValSerPhelysThrAsnAspThrProfet] leGlyThrieuAlaGlyAlalysSerteu 432

TTGAACGCATTACCAGAGGAAGTGAT TCAGCACACTTTCAACCTAAAAAGCCAGCAGGCCAGGCAGATAAAGAACAACAACCCTTTCAAGTTCCTGETTCCACCTCAG
LevAsnAlaleuProGluGluvall leGlnHisThrPheAsnLeulysSerGlnGlnAlaArg6lni leLysAsnAsnAsnProPhelysPhel euValProProGln 468

GAGTCTCAGAAGAGAGCTGTGGCTTAGAGCCCTTTTTGTATGTGCTACCCCACTTTTGICTTTT TGGCAATAGTGCTAGCAACCAATAAATAATAATAATAATAATGA
6luSerGlnLysArgAlavalAlases 476

ATAAGAAAACAAAGECTTTAGCTTGCCTTTTGTTCACTGTAAAATAATAATGTAAGTACTCTCTATAATGAGT CACGAAACTT TTGCGGGAATAAAAGEAGAAATTCC

AATGAGTTTTCTGTT -Poly(A)

Figure 2: Nucleotide sequence of glycinin A B, subunit ds-cDNA.
The complete nucleotide sequence for the cgdlng strand of the
cloned ds-cDNA is shown with the predicted amino acid sequence
for the primary translation product of glycinin A, .By subunit
mRNA. A single asterisk and the two asterisks indicdtée the NH. -

terminal residues of the mature Al and the B subuni€t,
respectively. The cleavage site of fhe subunit precursor is
indicated by the arrow and the termination codon is at the three
asterisks. A putative polyadenylation signal sequence 1is

underlined.
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Figure 3: Dot matrix comparison of the coding regions in the
mRNAs encoding glycinin A, subunit and legumin A subunit
precursors. In the sequencg Comparisons plotted here, each dot

corresponds to the first nucleotide position in a series of ten
for which at least eight nucleotides match. The diagonal of the
plot represents a base-to-base alignment of the two mRNA
sequences, whereas the diagonal strings of dots which lie on
either side of the center diagonal correspond with homologous
sets of nucleotides. The coding regions of both mRNAs are
designated at the top and left of the figure, respectively. The
solid boxes represent the nucleotide sequences corresponding to
the signal peptide segments. The regions designated as A
indicate the nucleotide sequences corresponding to the acidic
polypeptide components, while the regions designated as B
represent the sequences corresponding to the basic polypeptide
components of both precursors.

lysine prior to this hydrophobic segment. Analysis of the coding
region of glycinin Alan subunit mRNA also indicated that the Ala
acidic and the B, basic subunits were synthesized as a single
precursor polypeptide, which underwent post-translational
processing to form an A -By intermediary subunit complex,

la

covalently linked by a disulfide bond. The mature A subunit is

la
encoded by 873 nucleotides (291 amino acids) and the mature B,
subunit is by 555 nucleotides (185 amino acids) in the mRNA. The

relative molecular masses, calculated from the deduced amino acid
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sequences of Ala and Bx subunits, were 33032 and 20408,
respectively. Following the UAG translation stop codon is a 3'-
terminal nontranslated region of 207 nucleotides, adjacent to a
poly(A) tail. The sequence AAUAAA, a putative polyadenylation

signal sequence (14), is located in the glycinin A an mRNA, 28

and 142 nucleotides upstream from the poly(a) tail%
Thirteen other independent clones which contained Ala
subunit structure were also sequenced in order to investigate a
heterogeneity of the Ala subunit precursor proteins. The results
showed that all the clones analyzed here have the completely
identical nucleotide sequences to each other and encoded the
glycinin precursors for the Ala acidic subunit followed by the Bx
basic subunit (data not shown).
Comparison of nucleotide sequences of the A
mRNAS
To compare the nucleotide sequence in the coding region of
lan mRNA with that of the legumin A mRNA (15) dot

matrix analysis was performed. The figures for nucleotide

laEx and the legumin A

the glycinin A

homology did not take into account the hypothetical gaps
introduced to obtain maximum homology. As shown in Fig. 3,
extensive nucleotide homologies exist within both the acidic and
the basic subunit components, whilst remarkable differences,
which are mainly based on some relatively long deletions in the
glycinin gene, occur in the nucleotide positions corresponding to
the COOH-terminal region of the acidic subunit component. Figure
3 also indicated the occurrence of a nucleotide repeated unit
represented as (GAX)n in both mRNA sequences. These repeated
units corresponded to the consecutive glutamate or aspartate
residues located in the COOH-terminal region of both acidic
components. To achieve an alignment with maximum homology, a
number of hypothetical gaps have been introduced into the

sequences (data not shown). With this nucleotide alignment,
overall, 69 % of the nucleotide positions in the Alan mRNA was
identical to the legumin A mRNA. Both nucleotide sequences

corresponding to the signal peptide region show an identity in 62
% of the nucleotide positions. A comparison of the nucleotide
positions in those mRNA also revealed that 67 % of the positions
in the coding sequences for mature Aa subunit and the
corresponding region of the legumin acidic subunit, and 73 % of
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Figure 4: Comparison of the amino acid sequence of glycinin
A, By subunit precursor with that of legumin A subunit. The
amin0 acid sequence of the leqgumin subunit precursor is derived
from (15). The dashed boxes enclose amino acids that are
identical in the signal peptide segments of the two proteins,
whereas the solid boxes enclose the identical amino acids of
those precursor polypeptides. The dots indicate the hypothetical
deletion spaces that were placed in the each sequence to maximize
the homology between the two subunit precursors. The arrow
indicates the cleavage site of each protein precursor, whereas
the asterisks represent the cysteine residues which form a
disulfide bond in between during the posttranslational
processing.
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Figure 5: Comparison of the hydropathic character of glycinin
A, _B_ subunit precursor with that of legumin A subunit precursor.
Tﬁg ¥orizontal axis represents the amino acid positions in each
precursor form, while the vertical axis indicates the hydropathic
index. (A) A, By subunit precursor; (B) Legumin A precursor.

those for mature Bx subunit and the corresponding region of
mature basic subunit of the legumin A, were identical to each
other. When compared with the nucleotide positions of the
glycinin A3 subunit family mRNAs (40 % nucleotide homology to
legumin mRNAs)(6,7), the genes encoding A2 subunit family appears
to be more closely related to the legumin A gene on evolution.
Characterization of predicted protein sequence

Comparison of the amino acid sequence of glycinin Alan
subunit precursor with that of the legumin A derived from Ref. 15
is represented in Fig. 4. Using an alignment that permitted a
maximum homology of amino acid sequences the overall homology in
amino acid positions of these precursors is 60 %. This degree of
homology is rather higher than that in the A3 subunit family of
glycinin as well as the extent of homology in nucleotide
positions in between. It was also found that overall, 56 % of
amino acid positions of both acidic subunit components were
identical to each other, whilst 67 % of both basic subunit
components were identical. The differences in amino acid
sequence are not distributed uniformly throughout those protein
molecules. For example, the extent of homology in the NHZ—
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terminal regions of both acidic and basic subunit components is
significantly higher than that in the COOH-terminal regions of
them. When the entire amino acid sequences of both
precursor proteins are plotted as a function of hydropathic index
(16), quite similar patterns that alternated between
hydrophobicity and hydrophilicity were observed as indicated in
Fig. 5. On the other hand, the amino acid sequences spanning
residues 259-267 of Alan
257, 270-277, and 289-294 of the legumin A subunit precursor show

subunit precursor, and residues 251-

a strong hydrophilicity (Fig. 5). This is one of the most
outstanding feature of glycinin-like proteins. These strongly
hydrophilic sequences, which consist of aspartate and glutamate,
are located immediately preceding the boundary regions for the
post-translational cleavage sites, and are predicted to have a
predominant a-helical potential (6,7). This region is included in
the repeated units found in the glycinin A3 subunit family (6,7)
and legumin subunits (15,17). Although there was no repeat of

the relatively 1long hydrophilic sequence in the Ay subunit

B
ax
precursor, the predicted secondary structure (18,19) covering the
boundary region between the A. and the B, subunit of the
precursor was quite similar to those of the A3 subunit family

(6,7) and the legumin precursors (15).

DISCUSSION

In this study we analyzed fourteen independent cDNA clones
covering the NHz-terminal region of glycinin AL subunit, a
member of the A2 subunit family. The nucleotide sequences of
these cDNA inserts as well as the deduced amino acid sequences
were completely identical to each other. According to the
classification for glycinin acidic/basic subunits (4,5), the
NHz-terminal deduced sequences of both subunits were identical to
the Ala and the B1b

that the naming for glycinin basic subunits is not a sequence

subunit, respectively. However, it seems

definition (31). Thus, we designate this glycinin subunit pair
as Alan' When compared to the deduced protein sequence of

A2B1a subunit precursor, a member of the A, subunit family (20),

2
overall homology between the Alan and the AZBla is about 83%.
On the other hand, the amino acid sequence we have deduced for

Alan is also strongly homologous to the legumin precursor
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sequence deduced from the leg A gene (about 60%) (5). The Alan
is more like legumin than the glycinin A3 subunit family (about
40%) (6.7), and legumin is less like the A3B4 glycinin (6) than
the Alan‘ The termination codon (UAG) and the amino acid
residue immediately following the initiator (alanine) are in
glycinin A2 subunit family and in legumin A, whereas they are UAA
3 subunit family. The COOH-

terminal residues of mature Ala and Bx subunits were not deduced

and glycine in the glycinin A

because we have no information on the nature of any linker
sequence joining the acidic and the basic subunits (6.7.20). The
amino acid and nucleotide sequences of glycinin and legumin
subunit precursors include the following common features. 1) Most
of the differences in the nucleotide sequence among those genes
occur in the region including the end of the acidic subunit
component, cleavage site, and the first half of the basic
subunit, corresponding to the third exon. 2) The differences in
this region are not distributed uniformly but occur mainly in
the COOH-terminal region of the acidic subunit component. 3)
Sequence divergence in the acidic component of each glycinin and
legqumin precursor preserves the secondary structure predicted
by the Chou and Fasman algorithm (18) and the hydropathic
character (16) of the amino acid sequence around the cleavage
site (6,7,20). The post-translational cleavages occur on the
COOH-terminal side of asparagine. 4) The positions of cysteine
residues which may form disulfide bonds between the acidic and
basic subunits are highly conservated, i.e. cys-85 (for A
subunit family) or cys-86 (for A, subunit family) in the acidic
subunit, and cys-7 in every basic subunit component as described
in (21).

Homologous regions among glycinin and 1legumin subunit
precursors are dispersed throughout these molecules. This
suggests that the similarity is not due to convergent evolution,
but to divergence from a common ancestor. Recently, on the basis
of structural and immunological criteria it has been speculated
that the genes encoding all 11S-storage proteins found in dicots
and monocots have evolved from a common ancestral gene (22-29).
In order to evaluate this hypothesis it is important to
accumulate structural data on the 11S proteins from a diverse

group of plants. However, the result which we have obtained here
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may support the above hypothesis. The extent of conservation
among the 11S protein molecules may be based on intense
functional constraints to evolutionary divergence, i.e. the
posttranslational processing event including the intramolecular
disulfide bond formation, followed by the proteolytic cleavage
and effective accumulation of the proteins in protein bodies.
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