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Emulsifying Properties of Molecular Species of Soybean #-Conglycinin
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B-conglycinin is one of the major storage proteins of soybean and is a trimeric protein composed of
three subunits, o, o, and 8. The o and o subunits contain extension regions in addition to the core
regions common to all subunits. We prepared By (83), B; («'182), Bs (alo/’181) and Bs (02071)
conglycinins from var. Miyagishirome, and estimated the emulsifying activity, adsorbed rate on oil-
water interface, surface hydrophobicity and surface tension of S-conglycinin trimes in order to clari-
fy the roles of each subunit in emulsification. B; and B; showed excellent emulsifying activities and
absorption rates on oil-water interfaces, and surface hydrophobicities increased with the content of
o-type subunits (@ and o). When B-conglycinin is digested with chymotrypsin, stable fragments
with molecular weights of 50 and 47 kDa corresponding to the size of the core region, in addition to
61 kDa fragments, are generated in the degradation course? . Emulsifying activity of digested $-con-
glycinin immediately began to fall within 5 min of degradation and continued to decline to 40% of
that of undigested f-conglycinin after 60 min. This result seems to show the importance of the ex-
tension region in emulsification with S-conglycinin. The relative ratios of the subunits of S-conglyci-
nin trimers (B4, B3, Bs) adsorbed on the oil-water interface were observed to be constant both before
and after emulsification from SDS-PAGE analysis, and it seemed that f-conglycinin was adsorbed
on the oil-water interface, while maintaining the subunit structure of the original. On the other hand,
when the cream layer that was recovered from an emulsion prepared with $-conglycinin solution by
centrifugation was digested with chymotrypsin, the electrophoretic pattern of S-conglycinin was
similar to that of undigested and adsorbed 8-conglycinin; unlike the digestion in the solution state. It
therefore appeared that S-conglycinin was adsorbed on oil-water interfaces in a multilayer state.

There was no difference in surface tension among the S-conglycinin trimers.
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Elution Pattern of B-Conglycinin on Sepharose

CL-6B.

Fig. 1.

A column of Sepharose CL-6B (4X100 cm) was
eluted with 35 mM phosphate buffer (2.5 mM
KH,PO,, 32.5 mM K,HPO,, 0.4M NaCl, pH7.6).
Column effluents were collected in 15 mL frac-
tions. Underlined fractions were recovered as a
purified B-conglycinin.
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Fig. 2. Fractionation of p-Conglycinin on DEAE-

Sepharose CL-6B.

The B-conglycinin fraction in Fig. 1 was concen-
trated and dialyzed against 19 mM phosphate
buffer (3 mM KH,PO,, 16 mM K,HPO,, 0.2 M
NaCl, pH7.8). After dialysis, the B-conglycinin
was absorbed on a 1.5X60 cm column equilibrat-
ed with the same phosphate buffer as above. After
application of the sample, elution was continued
with a linear concentration gradient consisting of
2 L of the starting buffer in the mixing chamber
and 2 L of the phosphate buffer made 0.35 M in
NaCl (pH7.8) in the reservoir. Each fraction was
10 mL, and the underlined fractions were collect-
ed as By, By, B; and Bs, respectively.
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SDS Polyacrylamide Gel Electrophoretic Patterns
of the By, By, B; and B; in Fig. 2.

Fig. 3.

Electrophoresis was carried out according to
Laemmli® in 10% gels.
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Table 1. Emulsifying Properties of Each g-Conglyci-
nin Trimer
Emulsifying Activity =~ Adsorption Rate
(m?/mL) (%)
By (83) 0.318 14.0
B; (&/2) 0.309 17.7
B; (o aff) 0.683 37.1
Bs (¢’a2) 0.706 52.8

Each p-conglycinin trimer was dissolved in 0.01 M Tris-HCl
buffer (0.5M NaCl, pH 8.0) at concentration of 1%. To prepare
emulsions, 0.9 mL of a salad oil and 2.1 mL of the protein solutions
were homogenized for 3 min in ice bath at a power of 20 W using an
ultrasonic homogenizer (TOMY, UD-201). The emulsions pre-
pared above were diluted 3721 times with 0.01 M Tris-HCI buffer
containing 0.5% SDS. The apparent absorbance of the diluted
emulsion was measured at 500 nm and the emulsifying activity in-
dex was calculated according to Cameron!?.

An emulsion was centrifuged at 15,000 rpm for 15 min and sepa-
rated into an aqueous layer and a cream layer. Amount of protein in
the aqueous layer was determined according to Lowry method!®
and an adsorpition rate was calculated from the amounts of pro-
teins in aqueous layers before and after emulsification.
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Fig. 4. Hydropathy Index Patterns of the o and 8 Subunit of f~Conglycinin.

The patterns are quotations from the reference 1).

A: o subunit, B: 8 subunit
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Fig. 5. Time course of Digestion of S-Conglycinin with

Chymotrypsin.

B-conglycinin (1%) was digested in 0.05 M Tris-
HCI buffer (pH8.0) at 37°C with a 250 : 1 protein
to TLCK treated chymotrypsin ratio. Aliquots
were subjected to electrophoresis.

The electrophoretic pattern is quotation from the
reference 1).

“MWSTD” is molecular weight markers; phos-
phorylase b (97.4 k), bovine serum albumin (66.0
k), ovalbumin (45.0 k), carbonic anhydrase (29.0
k), trypsin inhibitor (20.1k), lysozyme (14.3k).
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Effect of Degradation of pg-Conglycinin with

Chymotrypsin on Emulsifying Activity.

B-conglycinin (1%) was digested in 0.01 M Tris-
HCl buffer (pH 8.0) at 37°C with a 250 : 1 protein
to TLCK treated chymotrypsin ratio. Double the
amount of chymostatin to chymotrypsin was ad-
ded to an aliquot at every predetermined time to
stop the digestion. Emulsifying activity index was
estimated according to Cammeron!?.
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Fig. 7. Changes in Fluorescence Intensities with Concen-

trations of S-Conglycinin Trimers Reacted with
ANS.

Ammonium 8-anilino-1-naphthalenesulfonate
(ANS) was added at concentration of 1.25X10~4
M to p-conglycinin trimmers’ solutions of
predetermined concentrations and the mixtures
were stood at room temperature for 2 hours.
Fluorescence intensities of the mixtures were
measured at excitation wavelength of 395 nm and
emission wavelength of 475 nm.

Table 2. Surface Hydrophobicity of Each pg-Con-
glycinin Trimer

Surface Hydrophobicity

By 22 (10)
B, 87 (40)
B; 155 (71)
Bs 217 (100)

The inclination of the straight line in Fig. 7 was defined as inten-
sity of surface hydrophobicity. The numerical values in paren-
theses are relative hydrophobicities to that of Bs-conglycinin.

Zy MR EBRSMEZ T DD ERGMO LT T L
Zvh, CT3Rod BLLaYTazy bEBY T
v N REZTTELCEZ®DT, p~a>7 U =%
FERNIT I OTHMT D&, o a7y bDAY
IR EFE RS BRGEVVRED YT 12y FELTH
1E9 % nlHe At m D,

DEWR AT OAERICBXETFE
VT OnROEEERFLIEE A, HR%E5 5 TH
{EIEPEDME T LEA®, 605350 TIEAR 7R D40% £ T
KT~ L7 (Fig. 6).
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Fig. 8. Electrophoretic Patterns of f-Conglycinin
Trimers Adsorbed on Oil-Water Interface.

Lanes 1 to 4 are SDS polyacrylamide gel elec-
trophoretic patterns of S-conglycinin trimers be-
fore emulsification and lanes 5 to 8 are patterns of
fS-conglycinin trimers adsorbed on oil-water inter-
face after emulfication. Electrophoresis was car-
ried out according to Laemmli'¥ in 10% gels.
lanes 1 and 5, By; lanes 2 and 6, Bs; lanes 3 and 7,
Bs; lanes 4 and 8, B-conglycinin

Table 3. Relative Amounts of Subunits of Each -
Conglycinin Trimer Adsorbed on Oil-Water

Interface.
Before After
Subunit Emulsification = Emulsification

(%) (%)

B o 32.3 32.2
! B 67.7 67.8
B a, o 66.3 71.2
¥ B 33.7 28.8
B o 33.5 35.3
° 66.5 64.7
o 67.5 76.5
B-conglycinin aﬁa 395 935

M METH S, YT 1=y MIBAETY 2 V%2 %<
BN BYT A=y FOAHANS D By DR BRAKE
MENZ &1, EBREWERTH 2. —7F, By 2
JBOZNaRY T Iy NOBZNSTRD Bs1d, By ikt
BLTRIEEWEZRL, BAEY I B22<8D
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Fig. 9.

“MWSTD” is the same molecular weight mar-
kers as in Fig. 3.

Lane 1 is the pattern of undigested and unemulsi-
fied B-conglycinin.

Lane 2 is the pattern of f-conglycinin digested in
Tris-HCI buffer and unemulsified.

Lane 3 is the pattern of f-conglycinin undigested
and adsorbed on oil-water interface.

Lane 4 is the pattern of -conglycinin after diges-
tion with chymotrypsin in the cream layer reco-
vered from an emulsion prepared with S-conglyci-
nin.

Table 4. Equilibrium Surface Tension of Each of -
Conglycinin Trimer

Equilibrium Surface Tension (mN/m)

Bo 48.1
B, 50.1
B 50.3
Bs 49.9

Surface tension of 0.05% f-conglycinin trimer in 0.01 M Tris-
HCI buffer was measured for 60 min using a Wilhelmy plate type
surface tensiometer, and the value at 60 min was defined as
equilibrium surface tension.
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Fig. 10. Time-dependency of Surface Tensions of $-Con-
glycinin Trimers.

Surface tension was recorded immediately using
a Whilhelmy-plate type surface tensiometer after
20 uL of a protein solution were gently infused
below the surface of 5 mL of 0.01 M Tris-HCL
buffer containing 0.5 M NaCl (pHS8.0).
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