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Glycinin is a hexameric protein composed of five kinds of subunits. The subunits are classified into
two groups, group | (AlaBlb, A1bB2, and A2Bl1a) and group Il (A3B4 and A5A4B3). We purified
four mutant glycinins composed of only group | subunits (group I-glycinin), only group Il subunits
(group ll-glycinin), only A3B4 (A3B4-glycinin), and only A5A4B3 (A5A4B3-glycinin) from mutant
soybean lines. The physicochemical properties of these glycinin samples were compared with those
of the normal glycinin (11S) composed of five kinds of subunits. The thermal stabilities (as measured
by thermal denaturation midpoint temperatures) of 11S, group I-glycinin, and group ll-glycinin were
similar to each other, although that of A3B4-glycinin was significantly lower than those of the others.
The orders of aromatic and aliphatic surface hydrophobicities were the same: A3B4-glycinin > group
lI-glycinin > A5A4B3-glycinin > 11S > group I-glycinin. The solubility of 11S as a function of pH at
u = 0.5 was governed by that of group I-glycinin and followed this order at acidic pH: 11S = group
I-glycinin > A3B4-glycinin > group ll-glycinin = A5A4B3-glycinin. The order of emulsifying abilities
was A5A4B3-glycinin > group ll-glycinin > A3B4-glycinin > 11S > group I-glycinin. This order was
consistent with that of the length of their hypervariable regions. Except for this relationship, there
was no significant relationship among the other physicochemical properties of the mutant glycinins.

KEYWORDS: Glycinin; thermal stability; surface hydrophobicity; solubility; emulsifying ability; soybean

INTRODUCTION relationships ofg-conglycinin at the subunit level have been

Soybean proteins are known to lower cholesterol levels in wel-investigated by using recombinaitcanglycinins com-

human serum (1) and have a high nutritional value as well ( posed of only one kind of subuni4) and mutant soybean lines

3). Therefore, expansion of the usage of soybean proteins iscontalnlngﬂ-con.glycm'm Igcklng theo. or o SUbu.n't (5=7).
desired to address the current problems in the increase of hea;g(owe\(er., such mvesﬂgapons on glycinin subunits have so far
disease and hypertension caused by high cholesterol level een l".mted to gel forming ability§—11) and none on other
prevalent in industrialized countries and the problem of food propert|e.3s. ) o -~ )
shortages in developing countries. Toward attaining these Constituent subunits of glycinin are classified into two
objectives, it is imperative to fully elucidate the structure  groups: group | (AlaBlb, A1bB2, and A2B1a) and group Il
physicochemical function relationships of soybean proteins. (A3B4 and A5A4B3). The sequence identity of each subunitis
Soybean proteins are composed of two major componentS,arOU”d .80 and 40% within the group and between thg groups,
B-conglycinin and glycining-Conglycinin is a trimeric protein ~ réspectively (12). Many molecular species that have different
composed of three kinds of subunits,(~67 kDa), o’ (~71 subunit compositions with random combinations are prqsent in
kDa), andp (~50 kDa), and glycinin is a hexameric protein soybean seed®). Therefore, from normal soybean cultivars,
composed of five kinds of subunits, AlaB1b, A1bB2, A2B1a, it is very difficult to isolate large quantities of glycinin molecular

A3B4, and A5A4B3 2, 3). Structure-physicochemical function species of restricted subunit compositions, which are necessary
for the investigation of structure—physicochemical function

relationships of glycinin at the subunit level. Zhang et &R)(

*To whom correspondence should be addressed. E-mail: sutsumi@

kais.kyoto-u.ac.jp. succeeded in the isolation of glycinin molecular species
II\KA)Q?FgeUg]ggCS%bIOQ Institute composed of only group | subunits using a soybean cultivar
i i y itute. . i
$ Nagano Chusin Agricultural Experiment Station. lacking ASA4B3. Nakamura et al9( 10) prepared artificial
' National Agricultural Research Center for Hokkaido Region. glycinins with a homogeneous subunit composition by rena-
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turation from isolated subunits1Q) or polypeptides 9). kDa
However, these methods are tedious and laborious. Recently,
mutant soybean lines containing glycinin composed of only

group |, only group Il, only A3B4, or only A5A4B3 were 43 - —
developed (1314). In this study, we purified such glycinins p—
from these mutant soybean lines and compared their physico- 30 - i!! !

chemical properties with those of glycinin containing all five
kinds of subunits.

20~ - > W . -
MATERIALS AND METHODS

— —
Purification of Glycinins with Various Subunit Compositions.
Glycinins composed of all subunits (11S), only group | subunits (group 1 2 3 4 5
I-glycinin), only group II subunits (group ll-glycinin), only A3B4
(A3B4-glycinin), and only ASA4B3 (A5A4B3-glycinin) were partially ~ Figure 1. SDS-PAGE analysis of the purified glycinin samples. The
purified from corresponding normal and mutant soybean liti8s1(4) purified glycinin samples were analyzed by means of SDS—PAGE using
by the procedure of Nagano et al5). The partially purified fractions 11% gels. Lane 1, 11S; lane 2, group I-glycinin; lane 3, group lI-glycinin;
containing glycinins were subjected to ammonium sulfate fraction- |ane 4, A3B4-glycinin; and lane 5, A5A4B3-glycinin. The numbers on the
ation: 11S, 50—65% saturation; group I-glycinin,-516%; group Il- left denote molecular masses.
glycinin, 50—70%; A3B4-glycinin, 5665%; and A5A4B3-glycinin,
50—70%. Their purities were assessed by sodium dodecyl sulfate
(SDS)—polyacrylamide gel electrophoresis (PAGE) (16). 08I (A)
Protein Measurement. The protein concentration of the samples 0.4}
was determined using a Protein Assay Rapid Kit (Wako, Osaka, Japan)
based on dye binding with bovine serum albumin as the standard.
Thermal Stability. The thermal stability of the glycinin samples in 0.8[(B)

buffer A [35 mM sodium phosphate, pH 7.6, 0.4 M NaCl, 10 mM 04l
2-mercaptoethanol, 1 mM ethylenediaminetetraacetic acid, 0.1pnM ( ' ‘__/\/\
0

0

~
amidinophenyl) methanesulfonyl fluoride, and 0.02% NaMas {D
analyzed using a Microcal MC-2 ultrasensitive microcalorimeter (Micro W gF ©)
Cal Inc., Northampton, MA) as described previoudly)( All analyses %
were performed with a protein concentration of 0.5 mg/mL. > 04r

Surface Hydrophobicity. Surface hydrophobicities of the glycinin 8 0

samples were measured by hydrophobic column chromatography using ‘é
Phenyl Sepharose 6 Fast Flow and Butyl Sepharose 4 Fast Flow O 28D

columns (both from Amersham Pharmacia Biotech.) as described 0.4
previously (6). The glycinin samples were dialyzed against buffer A
containing 2.3 M ammonium sulfate and then applied to columns
equilibrated with the same buffer. The adsorbed samples were eluted 08f(E)
with a linear gradient (2:30 M) of ammonium sulfate over a period
of 80 min at a flow rate 0.25 mL/min.

Solubility as a Function of pH. Solubilities of the glycinin samples 0
were measured as described previoudly The protein solutions (0.8
mg/mL) were kept at 4C for 18 h at various pH values at= 0.5
after which the protein solutions were centrifuged, and the protein
concentrations in the supernatant were determined as described in theérigure 2. DSC scans of glycinin samples. (A) 11S, (B) group I-glycinin,
section on protein measurement. The solubility was expressed as a(C) group Il-glycinin, (D) A3B4-glycinin, and (E) ASA4B3-glycinin.
percentage of the total protein content in the sample.

Emusifying Ability. The emulsifying abilities of the glycinin Thermal Stability. The thermal stability of proteins is an
samples were measured as described previow)y To prepare . . . L .
emulsions, 0.25 mL of soybean oil and 1.5 mL of the glycinin samples |mpgrtant factor fpr their heat-lpduced gssomatlon apd gelation.
in buffer A (0.5 mg/mL) were homogenized for 30 s with a high-speed Partial denaturation of the native protein molecule is a prereg-
homogenizer (model NS-50, Nichion Irikakikai Ltd.) and further uisite to the subsequent association of denatured molecules and
sonicated using an ultrasonic homogenizer (model US-150, Nihonseiki the formation of the network structuré,(18). Differential

Kaisha Ltd.). The particle size distribution of the emulsions was scanning calorimetry (DSC) profiles of the glycinin samples
measured using a laser diffraction instrument (model LA500, Horiba are shown irFigure 2
2 .

Seisakusho Ltd.). Each sample was measured several times, and

(o) =5

0.4}

70 80 90
Temperature (°C)

representative typical pattern was presented. The thermal denaturation midpoint temperaturg)(of the
peaks of the glycinin samples ranged from 77 t0°@5 11S
RESULTS AND DISCUSSION containing all five subunits gave a sharp peak with,af 92.9

°C. TheTy, of A3B4 was 87.2C, which was the lowest among

A5A4B3-Glycinins. Glycinins composed of all five subunits @l 9lycinin species. Even 11S and group Il-glycinin, which
(11S), only group | subunits (group I-glycinin), only group I cont_al_n ASBL}, exhibited highell, values than did A3B4-
(group ll-glycinin), only A3B4 (A3B4-glycinin), and only glycinin. Previously, we demonstrated that the ordeTp¥alues
A5A4B3 (A5A4B3-glycinin) were partially purified by the  ©of f-conglycinin subunitsg, o, andg, iso < o < B, andTn,
method of Nagano et al. (15) and further purified by ammonium Values of 5-conglycinin composed of two or three kinds of
sulfate fractionation. The isolated and purified glycinins had subunits were basically conferred by the subunit that had the
purities of around 90% as evaluated by SDS—PAGE (Figure lowest Ty, value (5,6). Therefore, this is not the case with
1) and were used for the following analyses. glycinin.

Isolation of 11S, and Groups I- and Il- and A3B4- and
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Table 1. Elution Times of Glycinin Samples on Hydrophobic

Chromatography 100p
elution times (min) sob
group I- A5A4B3-  group ll-  A3B4- Q
columns glycinin 11S glycinin glycinin  glycinin < 60
- L
butyl sepharose 39.990.2 43.4/0.3 43.9/0.3  483/0.2 525/0.2 =
phenyl sepharose  57.7/0.3 60.9/0.3 61.2/0.2 66.6/0.2 71.7/0.3 -g 40
°
aThe value represents an average for three experiments. ? Standard error. ®
20

Group I-glycinin gave two broad peakBigure 2B). Their
Tm values were 77.0 and 95.6€C. Our group developed of
transgenic tobaccol®) and rice 20) accumulating glycinin
AlaB1b and demonstrated that the expressed AlaB1lb can be
processed and can assemble into hexamers. However, the. = . o
assembly efficiency was less than 50% and most remained ag9u' 3. Dependency of the S_0|_Ublllty of glycmln_ §amples on pH at ionic
trimers. Recently, our group further demonstrated using an Sength 0.5. 11S, group I-glycinin, group ll-glycinin, A3B4-glycinin, and
Escherichia coliexpression system that AlaB1b had a higher A5A4B_3-glycm|n are shown hy a solid line with closed qrcles_, a dotted
folding ability than A3B4 and assisted in the folding of A3B4 line with open squares, a Qashed ar_ld double-dotted line with c_Iosed
and its modified versions, which had a very low folding ability square;, a d?ShEd line Wlth inverted trlgngles, and a dashed and single-

(21). Moreover, collaboration between Takaiwa’s and Utsumi’s dotted line with open triangles, respectively.

groups revealed that A3B4 assists in the incorporation of . .

AlaB1b into hexamers (this will be described elsewhere). These ~Previously, we measured the surface hydrophobicities of the
facts suggest that the peaks with values of 95.0 and 77.1C homotrimers of the constituent subunis o, and$ by the
originated from a hexamer and a trimer, respectively. This Same procedures] and reported that the order of the surface
suggestion is consistent with the observation by Utsumi et al. Nydrophobicity ise. > o' > /3. From the comparison of the
(22) that a glycinin trimer (a half molecule of a hexamer) data _obtalned here and previously, the_s_urface hydroph_oblmty
exhibits a much lower thermal stability than a glycinin hexamer. ©f / is lower than that of group I-glycinin and that of is
The fact that the 11S containing both groups | and Il subunits INtermediate between those of A3B4 and group Il-glycinins.
exhibit one sharp peakFigure 2A) supports the above Recently, Tezukq et al. measur'eql the surface hydrqphobwltles
suggestion. On the other hand, both peaks that group I-glycinin ©f group I-glycinin, A3B4-glycinin, ASA4B3-glycinin, and
gave (Figure 2B) were broader than those of the other glycinin /#-conglycinin using ANS and reported that ASA4B3-glycinin
samples (Figure 2A,C—E), suggesting that group Il subunits > A3B4-glycinin> group I-glycinin> $-conglycinin @3). The
contribute to the structural rigidity of glycinin hexamers. discrepancies in the results between Tezuka's and ours are

Tezuka et al. reported that tiig values of group |-, A3B4-, probably due to the _dlfference in the measuring method used
and A5A4B3-glycinins are 95, 97.9, and 96, respectively ~ PY the two laboratories.

(23). These are not in agreement with our results probably  Solubility as a Function of pH. The solubility of proteins
because of the different measuring conditions used in the iS the mostimportant factor for their physicochemical properties
analysis ofT, values. (27, 28). Because we previously measured the solubilities of

Surface Hydrophobicity. Surface hydrophobicity of proteins  glycinin samples at = 0.08 @9), we measured them at a higher
is related to some of their physicochemical properties such asu of 0.5 (Figure 3). All glycinin samples exhibited a lower
emulsifying and forming abilities and solubilit@4, 25). Kato solubility at a lower pH with different extents. In particular,
and Nakai (26) described theis-parinaric acid (CPA) is more  group Il and A5A4B3-glycinins exhibited low solubilities below
suitable for the measurement of surface hydrophobicity than PH 5 and their profiles were very similar to each other. A3B4-
1-anilino-8-naphthalenesulfonate (ANS). Hayakawa and Nakai glycinin was completely soluble at pH 4.8, but 40% soluble at
(27) reported that hydrophobicity measured by phenyl sepharosePH 4.0, and less than 20% below pH 3.5. 11S and group
column chromatography and ANS correlated well to the protein I-glycinin became gradually insoluble with a lowering of pH,
insolubility, whereas no significant correlation was observed and their profiles were about the same. These results indicate
between that by CPA and insolubility. They suggested that the that atu = 0.5, the solubilities of 11S and group II-glycinin
aromatic hydrophobicity may play a more important role in are governed by those of group | subunits and A5A4B3,
protein solubility than the aliphatic hydrophobicity. Therefore, respectively. The acidic amino acid contents of group | subunits,
we employed two columns of phenyl and butyl sephardsble A3B4, and A5A4B3 are 56 (average), 66, and 85%, respectively.
1). With this analysis, the longer the elution time is, the higher Therefore, the higher the content of the acidic amino acids, the
the surface hydrophobicity will be of the sample. lower the solubility of the glycinin samples at low pH.

Both columns gave similar trends, with A3B4-glycinin having Hayakawa and Nakai (27) reported that the aromatic hydro-
the highest hydrophobicity, and the order was A3B4-glycinin phobicity of proteins correlates with their insolubility. However,
> groupll-glycinin > A5A4B3-glycinin > 11S > group our results indicate that there is no such relationship between
I-glycinin, indicating that there should not be any significant them. One possible reason is that the conditions for measurement
difference in aromatic and aliphatic hydrophobicities among of solubility are different. They measured the solubility of
glycinin samples. The proportions of groups | and Il subunits proteins in 10 mM phosphate buffer (pH7.0). This condition is
in 11S and that of A3B4 and A5A4B3 in group II-glycinin were  closer to our low ionic strength conditiop & 0.08) than our
around 3:2 and 1:1, respectively. This indicates that the surfacehigh ionic strength condition. Under= 0.08 and pH 7.0, the
hydrophobicity of a heterohexamer is consistent with the order of solubility was reported to be ASA4B3-glyciningroup
arithmetic mean of those of its constituent subunits. II-glycinin > A3B4-glycinin = 11S > group I-glycinin @9).
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10F was much milder than that of the group I-glycinin peak. In
(A) analogy with the case of thermal stability, group Il subunits
sl - 3.7Hm are likely to contribute to the sharpness of 11S peak.
,.—rﬂm m [h_h_ Suitable conformational change of proteins at the interface
18 - between oil and water and their balance of hydrophilicity and
(B) hydrophobicity are important factors for emulsifying abili8Aj.
i 6.8 um Similarly, correlations of surface properties including emulsify-
5r [ ing activity with conformational stabilities36) and surface
= ..4"{ m ﬂm”””mlm hydrophobicities of proteins2¢) are reported. Previously, we
& 28 E () demonstrated that the structural stability as well as the extension
3 il 56 region are important to the emulsifying abilities@tonglycinin
S ok it opm homotrimers (4). However, the results obtained from the
> d analyses of glycinin samples indicate that there is no relationship
e o 1 h between emulsifying ability and structural stability assessed by
L 20F (D) DSC (Figure 2) and surface hydrophobicityTgble 1) as
3.1 ym measured by hydrophobic chromatography. This discrepancy
10F 1 may be due to the difference in the methods employed for the
,.Hﬂ{ M assessment, or such relationships may not be the same for
0 glycinin.
20 _ (E) Each subunit of glycinin has several disordered regions, which
ol 1 2.3 pym are not visible by X-ray crystallographZ, 33). The longest
one of them is called a hypervariable regi@), which is rich
‘rdﬂ h]ﬂnk in acidic amino acid residues. The lengths of the hypervariable
0 1 10 regions are different among subunits, thus A5A4B3 (163)
Particle Size (um) A3B4 (70) > group | (AlaBlb, 42; A1bB2, 29; and A2Bla,

35). This order is consistent with that of emulsifying ability.
Therefore, it seems that there is a relationship between
emulsifying ability and the length of the hypervariable region
of each subunit. This relationship is similar to the important
There is no correlation between this order and the order of role that the extension region plays in the emulsifying property
surface hydrophobicity that we obtained, indicating that the of s-conglycinin (4).

suggestion by Hayakawa and Nakai) is not applicable to Comparison of some physicochemical properties of glycinin

glycinins. _ o _ samples that have restricted subunit compositions from mutant
Al e*‘.”‘m'”ed m°'ec‘4"?‘r species with different subunit soybean lines with those of normal glycinin indicated that
compoimons oﬁ-congllyﬁmln ﬁrelfomple_tely sollub_le_at pH3 | individual subunits have intrinsic properties and that glycinin
:Qgi/t;itg doéslcgjv;?)s’o?utbiﬂ?gata éxgmgegirﬁgigg'ﬂ_sfom? es composed of only group | subunits is suitable for foods requiring
yalp - 2 high solubility at acidic pH and high ionic strength and glycinin

glycinin are derived from a common ancestor and share a h - .
common three-dimensional structure (30—33). Therefore, dif- f:omposed of only group |1 subunits for food requiring emulsify-

ferences in the distribution of hydrophobic and charged residues'm9 ability and/or high solubility at neutral pH and low ionic
on molecular surfaces may be related to the solubilities of theseStrength.
glycinins.
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(E) A5A4B3-glycinin.
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