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The partial DNA sequence  of  a glycinin gene  in  a 
genomic  clone  and  a  homologous  cDNA  clone  were 
determined.  They have nearly  identical  nucleotide se- 
quences  and  encode  the  basic  polypeptide  and  part  of 
the  acidic  polypeptide  for  an  A2BI, glycinin subunit. 
The  protein  primary  structure  deduced  from  the DNA 
sequence is in close  agreement  with  the  amino  acid 
sequence of the  subunit  determined  chemically  and 
confirms  assignment  of  part  of  the  amino  acid  sequence 
in the  basic  component  where we were able to establish 
an  overlap  using  conventional  approaches.  The  coding 
part  of  the  basic  subunit is interrupted by a 625-base 
pair A + T-rich  intron  whose  boundaries  correlate  with 
the  established  consensus  sequences  for  the exon-in- 
tron  junctions.  Comparison  of  the  nucleotide  sequence 
of the  basic  subunit  of  pea  legumin  gene  with  that  of 
the  gene  for A2B1, subunit reveals 70% homology  in 
coding  regions,  although  there is considerably less in 
the 3”flanking regions. 

The preceding papers in  this series (28) present the primary 
structure of the APBI. subunit of glycinin. The objective of 
the work described in this paper was to confirm the amino 
acid sequence in a  portion of the basic polypeptide component 
where overlapping peptide fragments were either  not available 
or could not be purified. This was accomplished by determin- 
ing the nucleotide sequences in DNA clones that encode this 
portion of the A2Ble subunit. The results of this study confirm 
our  earlier conclusion that  the acidic and basic polypeptides 
of a  subunit are encoded by a single gene which encodes the 
acidic polypeptide component at  its 5’-end followed  by the 
basic component at  its 3’-end (27, 31, 32). The acidic and 
basic components are covalently joined in the precursor by a 
4-amino acid linker peptide. 

MATERIALS AND METHODS’ 

RESULTS  AND  DISCUSSION 

Two clones that contain coding sequences for an A2Bla 
glycinin subunit were studied. A cDNA clone, pA06, contains 
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a 610-bp2 insert  that was introduced into  the  PstI  site of 
pBR322. The  other, a genomic clone called f i l a ,  was selected 
from a genomic library that was constructed from a partial 
EcoRI digest of soybean leaf DNA. The genomic clone con- 
tains a  17-kb insert, although only a 4.1-kb EcoRI fragment 
located a t  one end of the  insert  contains coding sequence for 
a glycinin subunit.  Details concerning the construction, selec- 
tion, and characterization of these clones are described in  the 
accompanying Miniprint Section. 

The physical maps of  pA06 and  the 4.1-kb EcoRI fragment 
of  XAla are compared in Fig. 1. With  the exception of a 0.6- 
kb region toward the 5’-end of the 4.1-kb fragment, the 
restriction  sites in  the two inserts  are identical. As data 
described later will show, the region in the 4.1-kb insert which 
does not  match corresponds to  an  intron in the coding se- 
quence of the genomic clone. Since Northern hybridization 
and hybrid selection experiments (Miniprint Section)  indicate 
that  the clones contain genetic information for glycinin, their 
nucleotide sequences were analyzed. The strategies employed 
to establish the nucleotide sequence are given in Fig. 1. 

The nucleotide sequences of the coding regions in  both 
clones are shown in Fig. 2. The two are nearly identical, 
although  in  neither case is the complete coding sequence 
present. Since the 5’-end of the gene is absent  in the genomic 
clone (XAla), one cannot be certain that  the information 
encoded within it is expressed. However, comparison of the 
amino acid sequence for glycinin subunit A2Bla with that 
deduced from the clones reveals that with two exceptions they 
are identical. In  the case of  pA06, the coding sequences 
extends from Thr 244 in the acidic polypeptide component 
until  Pro 146 in  the basic polypeptide component. The coding 
regions in genomic clone XAla extend from Asn 18 in the basic 
polypeptide component into  the 3‘-flanking region of the 
gene. Thus,  the results confirm our previous conclusion (29, 
31,32) that  both  the acidic and basic polypeptide components 
of a glycinin subunit are  part of the same transcriptional  unit. 
The mRNA produced is initially translated  into a precursor 
of M, = 60,000 which is modified post-translationally by 
several proteolytic cleavage steps. 

Efforts to sequence the B1. polypeptide component by con- 
ventional chemical techniques (28) failed to establish an 
overlap between the  last readable residue in cyanogen bromide 
fragment  3 (Gly 77) and  the first residue in  trypsin  fragment 
2 (Ala 79). However, the DNA sequence in this region clearly 
predicts Gly 77-Arg  78-Ala  79. Since the primary structure 
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FIG. 1. Restriction maps of XAla 
and pA06. The  intron is indicated by a 
hatched box .  Arrows indicate the strategy 
followed for the determination of DNA 
sequences. Restriction sites: EcoRI, 1; 
AluI, f; XorII, ; TaqI, ; Hinf, ; 
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FIG. 2. Nucleotide  sequences of 
the pA06 and  the a l a  clones. The 
predicted amino acid sequence from both 
DNA sequences is indicated below the 
nucleotide sequences. The two sequence 
differences occur a t  positions 1043 and 
1106 (*) and do not result in an amino 
acid substitution. 

predicted from the nucleotide sequence is in such close agree- 
ment with the protein sequence determined by Staswick et al. 
(28), we consider this assignment of residues 77-79 to be 
correct. Only two positions of heterogeneity between the 
protein and nucleic acid sequences were identified. Both of 
these occur in  the B,, portion of the molecule. Tryptophan is 
replaced by Ser 43 in  the sequence of  B1, at  a position 14 
amino acids upstream from the intron. The  other occurrence 
is the replacement of valine by  Ile 164 22 amino acids before 

the amber codon. The first change involves a G to C trans- 
version in the second nucleotide of the  Trp codon. The second 
change involves alterations  in  the first (G to A) and  third (G 
to  T, C or A) nucleotide of the valine codon. The variation 
between the sequences predicted by the clones and those 
determined chemically are likely related to  the charge and 
sequence microheterogeneity discussed in more detail  in the 
first paper of this series (28). 

Comparison of the amino acid sequence determined for the 
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FIG. 3. Comparison of the nucleo- 
tide sequence of glycinin cDNA and 
genomic DNA with sequence of a 
cDNA encoding pea legumin (8). Pea 
DNA sequences are  presented above the 
glycinin DNA sequences; only positions 
where nucleotide differences occur are 
indicated. The alignment of the two se- 
quences are adjusted to obtain maximum 
homology. 
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CGAGTCATGTACCTTTTTGCGGAAACAGAATAAATAAAAGGTAAAATTTCAGTGCTC - TAAAAGAAACAAAGGCTTAGATGCCCTTTGTTAAGTGTAGAATAACGGGTATAGTAA 

mature A2Bla subunit from the seed with that for the precursor 
(Fig. 2) permits  characterization of the linker which joins the 
acidic and basic components  in the initial translation product. 
For A2B1, the linker  consists of the 4 amino acids, Arg-Ser- 
Arg-Asn. Cleavage at  the  NH2  terminus of the linker occurs 
between Lys 278, found at  the COOH terminus of the mature 
acidic polypeptide, and arginine. Conversion of proinsulin to 
insulin involves hydrolysis of the same type of bond (30) and 
is catalyzed by a specific thiol  protease recently described by 
Docherty et al. (10). Interestingly, while thiol  proteases are 
common constituents of seeds (22), serine  proteases are more 
prevalent in  animal cells than  are thiol proteases. 

Explaining the mechanism for cleavage at  the COOH ter- 
minus of the linker is less straightforward. An aminopeptidase 
could remove the linker  amino acids, although this conversion 
is extremely specific since the  NHz-terminal amino acid of 
every basic polypeptide studied is glycine. A1 alternative pos- 
sibility is that a specialized protease may cleave between 
asparagine and glycine to form the basic component (Fig. 2). 
While an enzyme with this specificity is to our knowledge 

unknown in higher plants, a viral protease which cleaves 
glutamine-glycine bonds in virus  coat polyprotein precursors 
has been described by Kitamura et al. (16). 

Post-translational modification also appears to occur at  the 
COOH-terminal end of the basic polypeptide component B1,. 
A  pentapeptide (Arg-Arg-Ala-Val-Ala) predicted from the 
nucleotide sequence of clone XAla is absent  in the mature 
subunit. An interesting  similarity  exists between the  penta- 
peptide and  the acidic polypeptide A4 in  that both have a  pair 
of NHa-terminal  arginine residues. As discussed in  an earlier 
paper (28), & appears  to be separated from Ag post-transla- 
tionally by a  protease which cleaves just prior to  the paired 
Arg residues. While the relationship may  be coincidental, the 
same enzyme potentially could carry out both cleavages. 

The region of the XAla clone which encodes glycinin subunit 
AzB1. is interrupted by a 625-bp intron (Fig. 2). The  intron is 
characterized by long A + T regions which are atypical of the 
actual coding region of the gene. The intron-exon  junctions 
a t  both  the 5'- and 3'-ends have sequences equivalent to 
consensus sequences established for these regions in other 
eukaryotic genes. 
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Pea legumin shares many common structural features with 
glycinin. Both  are  the same size and consist of subunits with 
paired acidic and basic polypeptide components (8, 9). As in 
soybean, the initial translation products of legumin genes are 
precursors of about 60,000 daltons (9). Since the nucleotide 
sequence for a cDNA clone encoding part of a legumin subunit 
was recently published (8), we determined to what extent  the 
coding sequences for these two proteins is conserved. Com- 
parison of the two sequences (Fig. 3) reveals about 70% 
homology between the DNA coding sequences but only about 
55% between the amino acid sequences. This is somewhat 
surprising since one might have anticipated  that codon redun- 
dancy would have permitted more mutational drift in  the 
nucleotide sequence than in the amino acid sequence. Most 
of the differences between the nucleotide sequences of the 
two genes involve single base substitutions,  although larger 
substitutions  (up  to four bases),  small  deletions and insertions 
are also observed. While the degree of homology between the 
two genes is extensive  in the coding region, less homology is 
evident when the 3”flanking regions are compared (Fig. 2). 

Structural  and immunological criteria have been used in 
the  past  to establish the similarity among the 11 S proteins 
of legumes, and  this  has resulted in  the notion that  the genes 
which produce these  proteins have evolved from a common 
ancestral gene. The high degree of homology between the 
legumin and glycinin genes strengthens  this conclusion and 
argues strongly against  a role for convergent evolution in the 
appearance of the 11 S proteins  in different plant species. 
Recent structural  data indicate that proteins  similar to gly- 
cinin and legumin are found  in cereals such as  oats (5 ,  33), 
rice (35), and maize (7). Glycinin or legumin-like storage 
proteins  therefore seem conserved among a rather diverse 
group of plants.  This may indicate that  the complex post- 
translational interconversions and packaging of these  pro- 
teins  into protein bodies occurs by processes which  do not 
tolerate appreciable structural deviation. A comparison of the 
conserved regions among these proteins may permit  a  clearer 
definition of these fundamental structural requirements. In 
addition to conformational effects at  the protein level, struc- 
tural  constraints  to evolutionary divergence could be  operat- 
ing at  an even more fundamental level. Conformational re- 
quirements  in secondary structures of RNA or DNA are one 
means to account for the greater homology between the  nu- 
cleotide sequence of legumin and glycinin coding sequences 
than between their amino acid sequences. 
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