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Abstract-The soybean seed 7s globulin subunits, i.e. a, x’, /I and y-subunits of Bconglycinin, the yconglycinin subunit 
and the HI/HI1 and LII subunits of basic 7s globulin were purified and the NH2-terminal amino acid sequences of all 
these subunits except the y-subunit of &conglycinin were determined. Only the NHI-terminal regions of the a and a’- 
subunits showed high sequence homology. However, sequencing of tryptic pcptldes from the seven subunits rcveakd 
that internal region sequences were highly homologous among the four subunits of Bconglycinin. In contrast IO the fl- 
conglycinin subunits, no sequence homology was found among the other subunits. On the basis of these results, the 
major 7S globulin fraction isconsidered more heterogeneous in primary structure than another major globulin fraction. 
I IS globulin (glycmin). in soybean seeds. 
-- --. ___~_.. _ -. 

I?4TRODUCllON 

The 7s globulin, one of the major sad storage proteins in 
soybean [ Glycine mpx (L.) Merrill). is separated into three 
major fractions with different physicocbcmical properties, 
designated finglycinin, yconglycinin and basic 7s 
globulin. /&Conglycinin has a trim&c structure with a M, 
of 14&170 k and consists of three subunits: a (57 k), a’ 
(58 k) aod fi (42 k); a relatively minor 42 k protein 
designated the y-subunit copuriIies with the @ooglycinin 
subunits [ 11. y-Coaglycinin is a ttimcr with a M, of I70 k 
[Z] consisting of three identical subunits [3]. The basic 7s 
globulin, which has a hi, of 168 k [4], is composed of four 
pairs of high M, subunits (HI and HII) (26 k) and bw M, 
subunits (LI and LII) (I6 k) linked together via disulphide 
bond(s) [51. 
The NH+zrminal amino acids of the I (Val), z’ (Val) 

and @ (Leu) subunits of /3conglycinin [l] and the 
yconglycinin subunit (Ile) [3] have been identified. 
The NH,-terminal amino acid sequence of the j-subunit 
of &conglycinin has also been determined [6]. Recently, 
partial amino acid scqucnas for the I and z’-subunits of 
Bconglycinin were derived from partial nuckotide 
sequences of the DNAs encoding these subunits [7.8]. 
However, so far littk is known on the amino acid 
sequences of most of the major 7s globulin subunits in 
soybean seeds. 

We have now purified the major 7s globulin subunits, 
i.e. the a, z’, B and y-subunits of ficonglycinin, the 
Tconglycinin subunit ad the HI/HI1 and LII subunits of 
the basic 7s globulin, and determined the NH,-terminal 
amino acid sequences of all these subunits cxapt the y- 
subunit of flconglycinin. The NH,-terminal sequences 
were found to be homologous only between the a and I’- 
subunits of @onglycinin in the 7s globulin. The seven 
subunits were ckavcd enzymatically and the resultant 
peptides sequenced. This revealed that the scquenccs in 

the internal region are highly homologous among the four 
subunits of knglycinin. However, no sequence 
homology was found among the other subuoits of the 7s 
globulin. 

RESULTS AND DlSCL’SSlOlri 

The seven subunits of 7s globulin were partially 
purified from soybean (cv. Raiden) seeds as described in 
refs. [I, 3. S] and lyophilizcd. The partially purified 
subunits were suspended in 0.0625 M Tris. HCI buffer 
(pH 6.8) containing 5 0; 2-mercaptocthanol and 2.3 % 
sodium dodccyl sulphatc (SDS) and heated at 95” for 
%lOmm. The solution was subjected IO reverse-phase 
high performance liquid chromatography (HPLC) for 
further purilication and dcsaldng. The z, a’, fi and y- 
subunits of pconglycinin. the yconglycinin subunit and 
the LII subunit of basic 7s globulin were purified to 
homogeneity by this method. The 7s globulin subunits 
were ckctrophorctically at least 95 Yd pure (Fig. I). These 
purifkd subunits were used for pcptide mapping and 
protein sequencing. The HI and HII subunits of the basic 
7s globulin were not scparalcd completely by HPLC 
(Fig. 1). Therefore, the HI and HII subunits were used for 
peptide mapping and sequencing as a mixture (HI:HII 
subunit). 

The subunits clutcd with acctonitrile gradients In 
trifluoroacetic acid (TFA) from the HPLC column were 
applied directly to a gas-phase protein sequencer [9] for 
determination of the NH,-terminal amino acid sequences 
without prior lyophihzation. This was nbccssary since 
lyophilizcd polypcptidcs of 7s globulin are insolubk in 
the solvents commonly used in protein sequencing. 

Figure 2 (a) shows the NH+rrninal ammo acid 
sequences of the 7s globulin subunits. The NHJ-terminal 
residues of the a, a’ and B-subunits of Bconglycinin agree 
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Fig. I. SDS gel clcctropborais (179, get) of rbe purified 7.5 globulin subunrts. 1’. a’-Subunit of /konglycuun; 
1. a-subumt of Jconglycmm; j?. f?-subunit of fi-zonglyanin; y. gconglycinm subunit; HI/HII. HI/HIII subumt of 
basr 7s globulm; LII. LII subumt of basic 7s globulin; G. crude I IS glob&n (glycmm) (c-v. Bonmmon); S, MW 

cabbration pro~cms (Pbarmac..). 

with those published previously [ 11. However, the NHI- 
terminal residue (Lys) of y-conglycinio was different from 
that (He) published before [3]. This may be due to 
microheterogeneity of the 7conglycinin subunit. No 
released PTH-amino acids could be identified after ten 
cycles of Edman degradation of the T-subunit of /?- 
conglycinio. This indicates a blocked NH1-terminus. 

As shown in Fig. 2 (a), the NH,-terminal sequences are 
homologous only between the z and z’-subunits of 
@onglycinin in the 7s globulin. 

Staswick er 01. [6] have determined the NH+rminal 
amino acid squcncc (1st to 15th residues) of the b-subunit 
of jlconglycinin. The sequence is identical to that dc- 
termincd hcrc. We coofirmcd that the amino acid 
sequence of the j?-subunit is highly homologous to that of 
the 47 k subunit of the 7s globulin (vkilio) in pea seeds 
[Fig. 2 (b)] [lo]. Whenaligned for maximal homology, 12 
residues of 29 of the NH,-terminal sequences of the j?- 
subunit arc identical to those of the vicilin subunit. 
However, the NH,-terminal sequences of the other sub- 

(8) 
~-ccwLYcIIIlN a SCBL7(If 

units of the soybean 7s globulin are different from that of 
the vicilin 47 k subunit. 

The basic ‘IS globulin iscomposed of four subunit pairs, 
each pair consisting of high M, and low M, subunits 
which are linked by disulphidc bond(s). Two high M, 
subunits, HI and HII, and two low M, subunits, LI and 
LII. with slightly different M,s. respectively. have Leo 
identified [S]. Since wccould not separate the HI and HII 
subunits in the present study, we analysed the NHr- 
terminal sequence of a mixture of the HI and HII 
subunits, designated the HI/HI1 subunit. The HI/HI1 
subunit revealed a siogk NH,-terminal sequence 
[Fig. 2 (a)]. Apparently, the HI and HI1 subunits have an 
identical NH,-terminal sequence. The LI subunit was not 
availabk for NH,-terminal sequence analysis. 

We examined the homology of the internal sequences of 
the 7s globulin subunits by tryptic peptidc mapping using 
HPLC. The 7s globulin subunit fractions elutod by 
HPLC were lyophilizcd and digested with trypsin. The 
digests were separated on a reverse-phase HPLC column. 

pccwcLrcrnxn o’SL3Lh’lT ~BlH~Bj~UQ~GQIVN 

~-CCWLYCININ 8 SUBL?ltf LKVBEDENNPFYLRSVNBPQGL~ENCID 

Y-CCMCLYCININ KEXHVaVXDPXQ 

BASIC 7s GLOBULIN N~/-MlXSlnlJNII VTPTKPINLVENPPQNLG~TGLL@ANLQK 

BASIC 7s CLCWLIN L~SlJU.?(IT 8TIVG8TGGGTYIQT 

(b) 
B-CONCLYCINII~ 6 sucwm 

VICILIN 47 kDa SLMNlT 

Fig. 2. (a) NH,-terminal amino ac~! sequences of the 7s globulin subunits. Boxat residues arc identical in the 

a and a’-subumrs of /3conglyanm. (B) Structural homology between tbc @hunit of ~conglyanin and tbc pea 
vtilm 47 k subunit [IO]. Boxed residues arc identical m the subunIts. 



Fig 3. HPLC elution pro&a of the tryptic peptides of the ~CVUI subunits of 7s g&buhn The peptide, were 
dromatograpba$ on a nwxsc-phw: column witb aa aatoaitrik gdicat in 0. I % aqumus IFA. The Aow rate was 
1.0 ml/mm and the cohmn temperature 2s”. Solid p&r (a-p) rep-t pcptidu which have an identical or simikr 
~aguctxx. between two or more subunits. Their scqucncu ut g~vat in Tabk 1. Numcnk above the peaks represent 

the or&r of clutioa ill each chrottmtognphic expclimcnt. 
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Figure 3 shows the HPLC elution profiles of the digests of 
the 7s globulin subunns. The HPLC elution profiles were 
found IO be similar among the four subunits of fl- 
conglycinin. However, there was no similarity in the 
profiles between the Pconglycinin and yconglycinin 
suburuts. betwan the Tconglycinin and the 7S globulin 
subunits, and between the basic 7s globulin and j?- 
conglycinin subunits. Also. the HPLC elution profile of 
the HI,‘HII subunit was different from that of the LII 
subunit in the basic 7s globulin. The HPLC clution 
profiles of the major 7s globulin subunits suggest that 
only the subunits of flconglycinin are homologous. 

To confirm this conclusion, we analysed the amino acid 
sequences of the tryptic peptides from all of the subunits 
by manual microsequexe analysis using CN.fVdimethyl- 
aminoazobenzene 4’-isothiocyanate (DABITC) [ I I] or by 
the gas-phase protein sequencer. As suggested by the 
HPLC clution profiks, many, but not all, identical or 
similar sequences of peptides were found among the 
subunits of fi-conglycinin. The homologous sequences of 
pcptida are shown in Fig. 3 and Tabk I. However, the 
amino acid sequences of the trypric peptides from the 
subunit of yconglycinin and the HI:HII and LII subunits 
of the basic 7s globulin examined were unique IO the 
respa-tivc subunits (H. Kagawa, F. Yamauchi and 
H. Hiraino. unpublished results). 

Thanh and Shibasaki [I] have suggested that the z and 
n’subunits of fionglycinin should be homologous in 
their primary structures smce they are immunologically 
related and have similar amino acid compositions. II was 
found in the present study that these subunits have highly 
homologous sequences not only in the NH1-terminal 
regions but also in the internal regions. They [l] have also 
indicated thaw the z and a’subunits are immunologically 
different from the b-subunit. However, the results of our 
peptide sequence determination show a high sequence 
homology among these subunits. 

Schukr er al. [7. g] have deduced the amino acid 
sequences in the COOH-terminal regions of the z:a’- 

subunit from the nuckotide sequences. The actual se- 
quences of some of the peptides determined here agree 
with the sequences predicted by the nuckolidc sequences. 
The nuckotide sequence of the z/a’-subunit has been 
shown IO be highly homologous IO those of French bean 
phaseolin and pea vicilin [ 12. 131. Since the a and I’- 
subunits are homologous to the /? and y-subunits in B- 
conglycinin as shown here, the genes encoding all these 
subunits are suggested IO be closely related cvolutionarilly 
with the phaseolin and vicilin genes. 

We have constructed synlhelic oligonuckolides cor- 
responding to the amino acid sequexes unique IO each 
subunit. Usmg these oligonuckotides as probes, WC 
are cloning the DNA encoding the 7s globulin subunits. 
The compkte amino acid sequences of these subunits will 
be deduced from the nucleotide sequences. 

Recently. we have determined the compktc amino acid 
sequences of the subunits of another major seed storage 
protein, 11s gobulin (glycinin) in soybean, by protein 
sequencing [ 14, 151 or have predicted them by sequencing 
the cDNA for specific proteins [ 16. 173. We have found 
that lhtre is a great similarity in their amino acid 
sequences among the glycinin subunits. In the present 
study, we confirmed that in the 7s globulin the sequence 
homology is high only among the Bconglycinin subunits. 
but the other subunits have unique sequences. Based on 
these results, the 7s globulin fraction seems IO be more 
heterogeneous than the 11s globulin fraction. 

EXPERIMENTAL 

Porijicoric~ o/ rk 7s gbbulin subunits. The jkmglyclnin. 
ycon&inin md bosrc 7s globulin subunits were partially 
purified from soyhorn (cv. Raiden) seeds as described in refs. 
[I], [3] and [S]. respectively and lyophilized. These partially 
puntied subunits (0.5 mg) were suspended III 1004 0.0625 M 
Tris HCI bulTer @H 6.8) contaming 10% 8)yuroL 5% 2- 
mcrcaptocthanol and 2.3 o/e SDS. heated at 95’ for 5 10 min and 
applied IO a reverse-phase HPLCcolumn (Nuckosil Cl& 5 m). 

Tabk 1. Homology of the ammo acrd ~qucnces of rhe tryplic peptides among the four subumts of /konglycmin 
_. _ __ _-.----.- .- --.---.-...-__ 

Subumr 
-.- - ---.. _ -.-..-. _ - .._- _ _ -- ..-_- 

Peak I 1, B i’ 
- - - --.. -..- -.- .-. _- .--.---.- 

a DYGQQ@iEQR DYGQQQGEQR KYGUVQCtEQR 

b YLSK YSK 

: 
NQYGR NQYGHVR NQYGR 
SRDPIYSNK SRDPIYSNK SRDPIYSNK 

C LQSGVALNEISK LQSQVALNK 

r EQQQEQQQEEQPLEVR QQQQEQQQEEQPLEVR 

8 FPQLQNLK SPQLQNLK 
h ESYFVDAQPK SQYESYFVDAQPK ESYFVDAQPK ESYFVDAQPK 
1 NILWSYDTK NILEASYDTK 

J VPAG’I-TYX VPAGTTYX VPAGlTYX VPAGTTYYEX 

k LITLAIPVNK MITLAIPVNK 
I FIiSFFlSX FFSFFLSX 
m KFLAGSQDNVX NFLAG(L)QDNX 

n KELFFLDIFVX AEULX 
0 ALLFEQX AVLFtQK AVLFEQK 

P ILE~NXK PLffNK 
----.-. -- .-..- .--.----- -_- - - -.- 

Numbers of pcpnda dctcmuned unambiguously rhar ammo ectd nqucnax WM were 25.24.21.19,25. I5 and 8 for the L u’. /I and 
i-subumts of the /I-conglycmm. rtx y-conglycmin and rhe HI:HII and LII subuncts of basic 7s gbbulin respectively. 



7s globulin of soybalo secd.s 4s 

Thcwlumn was run aI a now rate of 1.5 r&milt and tbc subunits 
were clued with a 2&loO~e tioaitrik @iatt in 0.1% q. 
TFA over SO min at a column temp. of 45”. The efRucnt was 
momtorcd by A at 280 MI. 

Gel clccrroophoresir. SDS pl ekctrophorau (17 % gel) was 
carnal out as ckscnbcd in ref. [IE]. 

Amino ocd sequence onalysh. Tbc NH,-~cmi~l amino acid 
scquams of the subuoiu (0.5 omol) were dctamhd by a gm- 
phase protean sequencer (Appliul Biosysterru 47OA) (91. The 
puritied subunits (10 nmol) were dipted with ~ryprio (Sigma) 
(1 : SO cnzynx/protcio in 0.1 M ammonium l%arbonate for 
18 hr at IS”) [19]. The digat was dtitvai in lOOr 0.1% q. 
TFA. apphal to a reverse-phase HPLCcolumn (Varian MCH-5. 
C18.5 q). and elutcd at a flow rate of I ml/mio with a &So::, 
acetonitnk gradient in 0.1 Ye q. TFA over 130 min at a column 
temp. of 2s”. The effluent was monitored by A at 240 nm. The 
elutcd indlvldual peptides were colkc~al manually. lyophilixd 
and used for protao sequencing This reverse-phase HPLC did 
not resolve all the compoacnts in the initial bcpustion and some 
peptida were rcchromatognphcd on the same system using 
shallower gradients. The purified pcptida wcresqurnccd manu- 
ally usmg DABITC (Dojin) [II] or by the gas-phase protao 
SUplCtKXf. 
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