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Polymerization of Soybean Proteins and Spinach RuBisCO by
FXIIIa with Respect to the Labeling of Reactive Glutaminyl

Residues
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Calcium-activated human placental factor XIII was assayed for polymerization on some food proteins.
High molecular weight polymers were visualized on SDS—PAGE. Polymerization of soybean
proteins, S-conglycin, a trimer [o,0’,3], and glycinin, a hexamer of A-B dimer, depends on protein
concentration, time, and the presence of DTT, although no disulfide bridge is known for 3-conglycin.
FXIIIa can also polymerize spinach RuBisCO, especially the L subunit. These proteins, 5-conglycin,
glycinin, and RuBisCQO, were then assayed for incorporation of monodansylcadaverine to identify
the subunit(s) containing reactive glutaminyl residues. Although all subunits can be polymerized,
when purified, only the o of -conglycin, A of glycinin, and S of RuBisCO subunits were labeled on
the whole proteins. These findings could be explained by the better accessibility of the reactive
glutaminyl residues from the isolated subunits to FXIIIa.
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INTRODUCTION

FXIII is a transglutaminase (EC 2.3.2.13) that occurs
as a zymogen in plasma, placenta, and platelets (Bohn
and Schwick, 1971). The reaction catalyzed by FXIII
involves the formation of an e(y-glutamyl)—lysyl bond
between an acyl donor (glutaminyl residue) and an acyl
acceptor (lysyl residue). Therefore, this enzyme cata-
lyzed conversion of soluble proteins to insoluble high
molecular weight polymers through formation of co-
valent cross-links. Whitaker (1977) suggested that
enzymatic cross-linking of proteins may be useful in
texturization and in modification of solubility, foaming,
whipping, and emulsifying properties.

Chemical modification of proteins has been exten-
sively explored to improve functional properties of food
proteins as functional ingredients (Feeney and Whi-
taker, 1982), but concerns about safety and nutritional
effects have prevented their adoption. The use of
enzymes to manipulate the functional properties of
proteins may circumvent concerns about safety. To
date, enzymatic modification of functional properties of
proteins has involved mostly hydrolysis. However, the
possibility of using nonhydrolytic enzymes to improve
or modify these properties under controlled and food
grade conditions deserves systematic studies. There-
fore, transglutaminase has potential useful applications
for the manipulation of the functional and rheological
properties of food proteins.

Guinea pig liver transglutaminase was used to cross-
link casein, S-lactoglobulin, and soybean globulins
(Ikura et al., 1980; Motoki and Nio, 1983; Aboumah-
moud and Savello, 1990). Kahn and Cohen (1981) and
Kurth and Rogers (1984) used bovine plasma trans-
glutaminase activated by thrombin to cross-link meat
proteins and Nonaka et al. (1989) a Ca?*-independent
transglutaminase derived from a microorganism to
polymerize serum albumin and myosin. Placental
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FXIII, activated by Ca2*, was used to cross-link caseins
(Traoré and Meunier, 1991), whey proteins (Traoré and
Meunier, 1992), and myosin and 7S globulins from
soybean (De Backer-Royer et al., 1992b). In some cases,
gelation of proteins at high concentrations occurred (Nio
et al., 1986; De Backer-Royer et al., 1992b).

In the case of factor XIIIa the presence of glutaminyl
residues is not sufficient to allow the catalysis. Indeed,
the efficiency with which a protein can be utilized as a
substrate by transglutaminases is known to be influ-
enced by the amino acid sequence around the glutami-
nyl residues (Gorman and Folk, 1980). Then the
primary structure of a protein is of greater importance
in assessing its ability to act as a substrate than its
absolute lysine and glutamine content. Otherwise, the
specificity of transglutaminases with respect to amines
is weak.

Since a great number of food proteins are made up of
several subunits, it is the goal of this paper to link their
polymerization to the localization of the reactive glutami-
nyl residues among the subunits. We have chosen to
perform this study on 7S and 118 soybean globulins and
spinach RuBisCO.

MATERIALS AND METHODS

7S and 118 soybean globulins were purified according to
the procedure of Thanh and Shibasaki (1976). The 7S and
11S subunits of globulins were prepared according to the
procedures of Coates et al. (1985) and German et al. (1982),
respectively. Spinach RuBisCO was a gift from Dr. Gontéro-
Meunier. The S and L subunits were separated according to
the method of Hubbs and Roy (1992). Monodansylcadaverine
was from Sigma. All other reagents were of analytical grade.
Factor XIII was purified from fibrogammin according to the
procedure of Traoré and Meunier (1991). Fibrogammin (Be-
hringwerke, Marburg, Germany) was obtained from a local
drugstore.

Activation of FXIII. The activation was carried out by
incubation of factor XIII in the presence of 140 mM CaCl,, pH
7.5, at 37 °C for 10 min (Traoré and Meunier, 1991).

FXIII concentration was determined following the method
of Bradford (1976) with bovine serum albumin as standard.
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Figure 1. SDS—PAGE of 118 globulins subjected to FXIIIa activity (100 nM). (A) Effect of DTT and 118 concentration after 4
h of incubation: lane 1, protein markers (from the top, 94, 67, 43, and 31 kDa); lane 2, 8 mM DTT, 4.6 mg/mL 118; lanes 3 and
4,46 mg/mL 118, FXIIIa in the presence (8§ mM) and in the absence of DTT, respectively; lanes 5 and 6, 2.3 mg/mL 118, FXIIIa
in the presence (8 mM) and in the absence of DTT, respectively; lanes 7 and 8, 1.15 mg/mL 118, FXIIIa in the presence (8 mM)
and in the absence of DTT, respectively. (B) Effect of reaction time in the presence of 8 mM DTT: lane 1, protein markers (from
the top, 94, 67, 43, 31, 20, and 14.4 kDa); lane 2, 4.6 mg/mL 118S; lanes 3—8, 118 subjected to FXIIIa for 1, 2, 3, 4, 6, and 10 h,
respectively. (C) Effect of reaction time in the absence of DTT: lane 1, protein markers (see panel B); lane 2, 4.6 mg/mL 11S;
lanes 3—8, 118 subjected to FXIIIa for 1, 2, 4, 6, 10, and 22 h, respectively. (+) indicates the presence of DTT.
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Figure 2. SDS—PAGE of 7S globulins subjected to FXIIIa activity (100 nM). (A) Effect of DTT and 7S concentration after 4 h of
incubation: lane 1, 8 mM DTT, 5.04 mg/mL 7S; lanes 2 and 3, 5.04 mg/mL 7S, FXIIIa in the presence (8 mM) and the absence
of DTT, respectively; lanes 4 and 5, 2.1 mg/mL 7S, FXIIIa in the presence (8 mM) and in the absence of DTT, respectively; lanes
6 and 7, 1.05 mg/mL 7S, FXIIIa, in the presence (8 mM) and in the absence of DTT, respectively; lane 8, protein markers (see
legend to Figure 1B). (B) Effect of time in the presence of 8 mM DTT: lane 1, protein markers (see legend to Figure 1B); lanes
2-8, 2.1 mg/mL 78 subjected to FXIIIa for 0, 1, 2, 3, 4, 6, 10, and 22 h, respectively. (C) Effect of time in the absence of DTT: lane
8, protein markers (see legend to Figure 1B); lanes 17, 2.1 mg/mL 7S, subjected to FXIIIa for 0, 1, 2, 3, 4, 6, and 22 h, respectively.

(+) indicates the presence of DTT).

The purity of enzyme was checked by PAGE (7.5% w/v) under
denaturing conditions, according to the procedure of Laemmli
(1970). The transfer activity was measured by the formation
of ammonia according to the procedure of De Backer-Royer et
al. (1992a).

Cross-Linking Experiments. The standard reaction mix-
ture contained, in a total volume of 0.4 mL, 0.1 M Tris-HCI
buffer (pH 7.5), variable concentration of substrate protein,
6.2 mM CaCly, and 100 nM FXIIla. All experiments were
carried out in the presence (8 mM) and in the absence of DTT.
Incubation was performed at 37 °C. At suitable times, aliquots
were taken out and SDS—PAGE experiments were carried out
to detect the products polymerized through the intermolecular
cross-linking catalyzed by FXIIIa.

Polyacrylamide Gel Electrophoresis. Monodansylca-
daverine incorporation into proteins and the cross-linking were
analyzed by using vertical slab gels (NOVEX precast gels) in
the presence of 1% SDS. The samples were diluted with
quench buffer containing 50 mM Tris-HCI buffer (pH 6.8), 10%
(v/v) glycerol, 2% (w/v) SDS, and 5% (v/v) 2-mercaptoethanol
and heated at boiling water temperature for 3—5 min. SDS—
PAGE was performed using the Tris—glycine buffer system
described by Laemmli (1970) with 4—20% continuous gradient
acrylamide gel. Ten micrograms of denatured protein was
loaded. In some cases, electrophoresis was performed on a

Pharmacia Phast system (4—20% gradient gels). Coomassie
Blue staining was carried out in all cases.
Monodansylcadaverine Incorporation into Proteins.
The standard reaction mixture contained, in a total volume of
0.4 mL, 0.1 M Tris-HCI buffer (pH 7.5), 6.2 mM CaCls, 100
nM FXIIlIa, and 1 mM MDCd without and with DTT (8 mM).
Incubation was performed at 37 °C. At suitable times, aliquots
were taken out and SDS—PAGE experiments were carried out
to detect subunits of proteins (RuBisCO, 7S and 118 globulins)
by staining with Coomassie Blue. To detect incorporation of
MDCd, photographs were performed under UV (365 nm).

RESULTS AND DISCUSSION

Polymerization of 11S and 7S Globulins. When
11S or 7S globulins were incubated in the presence of
FXIII, activated by Ca?*, cross-linking of the molecules
occurred, leading to species with high molecular weight
(Figures 1 and 2). The extent of polymerization of 115
globulins was dependent on protein concentration (Fig-
ure 1A), on reaction time (Figure 1B,C), and on the
presence of DTT (Figure 1). In all cases polymerization
was not complete. In contrast, 7S globulins polymerized
almost completely (Figure 2B), but the extent of poly-
merization was also dependent on protein concentration
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Figure 3. SDS—PAGE of spinach RuBisCO subjected to
FXIIIa activity (100 nM). (A) Effect of time in the presence of
8 mM DTT: lane 1, protein markers (see legend to Figure 1B);
lanes 2—7, 2 mg/mL RuBisCO subjected to FXIIla for 0 and
30 min and 1, 4, 14, and 24 h; lane 8, 2 mg/mL RuBisCO
incubated alone for 24 h. (B) Effect of time in the absence of
DTT: lanes 1-6, 2 mg/mL RuBisCO subjected to FXIIIa for 0
and 30 min and 1, 4, 14, and 24 h; lane 7, 2 mg/mL RuBisCO
incubated alone for 24 h; lane 8, protein markers (see legend
to Figure 1B). d indicates L dimers.

(Figure 2A), on reaction time (Figure 2B,C), and on the
presence of DTT (Figure 2). Therefore, the best condi-
tions of polymerization were obtained at 22 h, in the
presence of 8 mM DTT. The improvement of polymer-
ization of 118 globulins by DTT can be attributed to the
reduction of the disulfide bridges between the A and B
subunits, leading to the unfolding of the protein chain
and the unmasking of the glutaminyl group. This
unfolding may also lead to partial aggregation of the
disordered molecules, with masking of reactive residues.
Therefore, only the molecules with unmasked glutami-
nyl residues cross-link to high molecular weight prod-
ucts. On PAGE run, aggregates dissociate to molecules,
while the cross-linked molecules did not obviously. This
hypothesis, already given (Traoré and Meunier, 1992)
for S-lactoglobulin and a-lactalbumin, could explain the
incomplete polymerization of 11S globulins with respect
to time. It is unknown if 7S globulins have disulfide
bridges, but the a-subunit has three sulfydryl groups.
The positive effect of DTT can mean that this subunit
possesses one disulfide bridge.

The formation of high molecular weight polymers
when 7S globulin was treated by FXIIla confirms that
the gelation of this protein was linked to the cross-
linking of the globulin molecules (De Backer-Royer et
al., 1992b). The K,,, and V.« for 7S globulin, calculated
from the least-squares-fitted linear Lineweaver—Burk
plots, were 107> M and 0.3 s~!, respectively. Both
values were less than that determined for the different
caseins (Traoré and Meunier, 1991), when the specificity
constant, /K, (3 x 10* s~ M~!) was of the same order
of magnitude as that of total casein (3.8 x 10 s~ M™1).

Polymerization of RuBisCO. When subjected to
FXIIIa, RuBisCO was partially polymerized (Figure 3),
since now high molecular weight polymers did not enter
into the gel. DTT did not improve the cross-linking;
therefore, it was not necessary. The band corresponding
to the L subunit was strongly reduced, while that of the
S subunit remained constant. The L subunit was
therefore preferentially polymerized. It was noted that
the L subunit dimerized at the start of the run. On the
time course of FXIIla action, the L dimer disappeared.

Incorporation of MDCd into 7S and 11S Globu-
lins and RuBisCO. Monodansylcadaverine was in-
corporated into the glutaminyl residues of 7S and 118
globulins and RuBisCO thanks to FXIIIa. Since these
proteins are made up of several subunits, MDCd allowed
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Figure 4. Incorporation of MDCd into 7S globulins; compari-
son between SDS—PAGE revealed by staining and under UV.
(A) SDS—PAGE of incorporation revealed by Coomassie blue
staining; effect of reaction time: lane 1, protein markers (see
legend to Figure 1B); lanes 2—8, 1.68 mg/mL 7S globulins and
1 mM MDCd (in the presence of 8 mM DTT), subjected to
FXIlIla for 0, 1, 3, 5, 8, 17, and 26 h, respectively; lane 9 is a
control (lane 8 without FXIIIa). (B) SDS—PAGE of incorpora-
tion revealed under UV (365 nm); same legend as above.

us to label a particular subunit to check which subunits
have a reactive carboxamide. Results of SDS—PAGE
experiments shown in Figure 4 indicate that o subunit
of 7S globulins was labeled, while for 11S globulins the
A subunit (acidic) was fluorescent (Figure 5). No
incorporation was found in other subunits [a’ and § for
75 globulins, a trimer [o,a’,3], and B (basic) subunits
for 11S proteins, a hexamer of A-B dimer]. Only the
large (L) subunit of RuBisCO was labeled by MDCd
(Figure 6), in agreement with results of Figure 3. These
results mean that a, A, and L subunits contain reactive
glutaminyl residues. Results of Figures 3 and 6 can be
explained by the reaction of a reactive Gln residue of
RuBisCO L subunit against a Lys residue of another L
subunit to give rise to a polymer of L subunit, whereas
S subunits hidden in the core of the molecule did not
react. In contrast, the polymerization of 7S and 11S
globulins involved the whole molecule since apparently
the subunits disappeared at the same level.

Since fluorescence was found at the top of the lanes
for 11S and 7S globulins, high molecular weight species
were also made up between MDCd and globulins. To
explain this result, we hypothesize that all cadaverine
molecules are not dansylated; in that case, cadaverine
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Figure 5. Incorporation of MDCd into 11S globulins; com-
parison between SDS—PAGE revealed by staining and under
UV. (A) SDS—PAGE of incorporation revealed by Coomassie
blue staining; effect of reaction time: lane 5, protein markers
(see legend to Figure 1B); lanes 1-8 (except 5), 4.6 mg/mL
11S globulins and 1 mM MDCd (in the presence of DTT),
subjected to FXIIIa for 0, 1, 3, 5, 8, 17, and 26 h, respectively;
lane 9 is a control (lane 8 without FXIIIa). (B) SDS—PAGE of
incorporation revealed under UV (365 nm); same legend as
above.

molecules could link o subunits of 7S and A subunits
of 118 globulins, respectively. Another explanation is
that o or A subunits were partially labeled; under these
conditions isopeptidic bonds could be made up between
nonlabeled glutaminyl residues of a and lysyl residues
for o or f# subunits for 7S globulins and between
nonlabeled glutaminyl residues of A and lysyl residues
of B for 11S globulins.

Monodansylcadaverine L subunit of RuBisCO did not
give rise to high molecular weight species (no fluores-
cence at the top of the wells, Figure 6B), while native
RuBisCO polymerized. To account for these results, one
can put foward that all of the reactive glutaminyl
residues were labeled by MDCd so that none was
allowed to react with lysyl residues of the L or S
subunits. The labeling of the L subunit of spinach
RuBisCO agrees well with the results of Margosiak et
al. (1990), who identified the large subunit of RuBisCO
as a substrate for transglutaminase in Medicago sativa
(alfalfa).

Polymerization of Subunits of Globulins and
RuBisCO. 7S globulin was split into its subunits, and
a, o', and 3 subunits were purified. We obtained o, o’,
and f subunits in a good purity. Now the three subunits
polymerized (Figures 7 and 8) in contrast to the lone
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Figure 6. Incorporation of MDCd into spinach RuBisCO;
comparison between SDS—PAGE revealed by staining and
under UV. (A) SDS—PAGE of incorporation revealed by
Coomassie blue staining; effect of reaction time: lane 1, protein
markers (see legend to Figure 1B); lanes 2—8, 1.3 mg/mL
RuBisCO, 1mM MDC (in the presence of 8 mM DTT),
subjected to FXIIIa for 0, 1, 3, 5, 8, 17, and 26 h, respectively;
lane 9 is a control (lane 8 without FXIIIa). (B) SDS—PAGE of
incorporation revealed under UV (365 nm); same legend as
above, except that the numbering is reversed. At the bottom,
the big band was that of free monodansylcadaverine.

labeling of the o subunit by MDCd. This result could
be explained by the unmasking of active glutaminyl
residues of o' and f subunits in the course of the
dissociation of the trimer a,a/,. DTT does not have a
sensitive effect on the FXIIIa action.

In Figure 9, we show the effect of FXIIIa on the acidic
subunit of 11S globulins. It can be seen that HMW
polymers appeared at the top of the wells, indicating a
partial polymerization of this subunit. DTT did not
improve this polymerization since a disulfide bridge
occurs only between the A and B subunits and not inside
the A subunit. DTT improved obviously the polymeri-
zation of 118 globulin (Figure 1B).

Figure 10 shows the polymerization of the S subunit
of RuBisCO, although this subunit was not labeled by
MDCd. This result agrees well with the 3D structure
of RuBisCO: the S subunits are in the core of the
molecule, and the dissociation allowed the unmasking
of its reactive glutaminyl residues. It also appears that
DTT improved slightly the polymerization. Due to its
insolubility, the L subunit could not be submitted to the
action of FXIIIa.
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Figure 7. SDS—PAGE of -subunit of 7S globulins subjected
to FXIIIa (100 nM); lanes 1-5, 2 mg/mL S-subunit, subjected
to FXIIIa action (without DTT) for 0 and 30 min and 1, 2, and
4 h; lanes 6—10, 2 mg/mL f-subunit subjected to FXIIIa action
in the presence of 8 mM DTT for 0 and 30 min and 1, 2, and
4 h; lane 11, 2 mg/mL f-subunit incubated alone for 4 h; lane
12, protein markers and 7S globulins; lane 13, 2 mg/mL 7S
globulins.
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Figure 8. SDS—PAGE of a- and a’-subunits of 7S globulins
subjected to FXIIIa (100 nM). (A) SDS—PAGE of a-subunit:
2 mg/mL a-subunit, subjected to FXIIIa action for 0, 1, 4, 10,
and 20 h, without DTT (lanes 1-5) and in the presence of DTT
(lanes 6—10). (B) SDS—PAGE of o'-subunit: 2 mg/mL «'-
subunit, subjected to FXIIIa action for 0, 1, 4, 10, and 20 h
without DTT (lanes 1-5) and in the presence of DTT (lanes
6—10).

In conclusion, only one subunit type of 7S and 11S
globulins and RuBisCO is capable of incorporating
MDCd. That means that reactive glutaminyl residues
are either not present in all of the subunits or are

Siepaio and Meunier

o _.;_‘.':__
12345678 921011
Figure 9. SDS—PAGE of acidic (A) subunit of 118 globulins
subjected to FXIIIa (100 nM); effect of reaction time: lanes
1-5, 2.35 mg/mL acidic subunit, subjected to FXIIIa action
for 0, 1, 4, 10, and 30 h, respectively; lane 6, protein markers

(see legend to Figure 1B); lanes 7—11, like lanes 1-5 but in
the presence of 8 mM DTT.

2110987 6 54 3 21
Figure 10. SDS—PAGE of the small (S) subunit of spinach
RuBisCO subjected to FXIIIa (100 nM): 0.14 mg/mL S subunit,
subjected to FXIIIa action for 0, 1, 4, 14, and 21 h in the
absence of DTT (lanes 2—6) and in the presence of DTT (lanes
8—12); lane 1, 0.14 mg/mL S subunit incubated alone for 21
h; lane 7, protein markers (see legend to Figure 1B).

masked by the 3D structure. For 7S globulin and
RuBisCO the active glutaminyl residues of o, 3, and S
subunits are masked. We were not able to obtain B
subunits of 11S globulin and L subunits of RuBisCO
due to their high insolubility in buffer. Therefore, we
cannot decide whether they contain active glutaminyl
residues.

ABBREVIATIONS USED

FXIII, factor XIII as proenzyme; FXIIla, activated
FXIII; MDCd, monodansylcadaverine; DTT, dithiothrei-
tol; HMWP, high molecular weight polymers; PAGE,
polyacrylamide gel electrophoresis; SDS, sodium dodecyl
sulfate; RuBisCO, ribulose 1,5-bisphosphate carboxyl-
ase/oxygenase; 118 globulin, glycinin; 7S globulin, 3-con-
glycin; S, small subunit; L, large subunit.

LITERATURE CITED

Aboumahmoud, R.; Savello, P. Cross-linking of whey protein
by transglutaminase. JJ. Dairy Sei. 1990, 73, 256—263.
Bohn, H.; Schwick, H. G. Isolation and Characterization of One
Fibrin Stabilization Factor from Humans. Plazenten. Arz-

neim. Forsch. 1971, 21, 1432—1439.

Bradford, M. M. A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 1976, 72,
248254,

Coates, J. B.; Medeiros, J. S.; Thanh, V. H.; Nielsen, N. C.
Characterization of the subunits of -conglycin. Arch. Bio-
chem. Biophys. 1985, 243, 184—194.



Polymerization of Soybean Proteins and Spinach RuBisCO

De Backer-Royer, C.; Traoré, F.; Meunier, J. C. Purification
and properties of factor XIII from human placenta. Int. J.
Biochem. 1992a, 24, 91-97.

De Backer-Royer, C.; Traoré, F.; Meunier, J. C.. Polymerization
of Meat and Soybean Proteins by Human Placental Calcium-
Activated Factor XIII. J. Agric. Food Chem. 1992b, 40,
2052--2056.

Feeney, R. E.; Whitaker, J. R. Modifications of proteins. In
Advances in Chemistry Series 198; American Chemical
Society: Washington, DC, 1982.

German, B.; Damodaran, S.; Kinsella, J. E. Thermal dissocia-
tion and association behavior of soyprotein. J. Agric. Food
Chem. 1982, 30, 807—811.

Gorman, J. J.; Folk, J. E. Structural features of glutamine
substrates for human plasma factor XIIIa (activated blood
coagulation factor XIII). JJ. Biol. Chem. 1980, 255, 419—424.

Hubbs, A.; Roy, H. Synthesis and assembly of large subunits
into RiBulose bisphosphate Carboxylase/Oxygenase in chlo-
roplast extracts. Plant Physiol. 1992, 100, 272—281.

Ikura, K.; Kometani, T.; Yoshikawa, M.; Sasaki, R.; Chiba, H.
Cross-linking of casein components by transglutaminase.
Agric. Biol. Chem. 1980, 44, 1567—-1573.

Kahn, D.; Cohen, I. Factor XIIIa-catalyzed coupling of struc-
tural proteins. Biochim. Biophys. Acta 1981, 668, 490—494,

Kurth, L.; Rogers, P. J. Transglutaminase catalyzed cross-
linking of myosin to soja protein casein and gluten. J. Food
Sci. 1984, 49, 573—-589.

Laemmli, U. K. Cleavage of structural proteins during the
assembly of the head of the bacteria phage T4. Nature
(London) 1970, 227, 680—685.

Margosiak, S. A.; Dharma, A.; Bruce-Carver, M. R.; Gonzales,
A. P.,; Louie, D.; Kuehn, G. Identification of the Large
Subunit of Ribulose 1,5-Bisphosphate Carboxylase/Oxy-

J. Agric. Food Chem.; Vol. 43, No. 3, 1995 573

genase as a Substrate for Transglutaminase in Medicago
sativa L. (Alfalfa). Plant Physiol. 1990, 92, 88—96.

Motoki, M.; Nio, N. Cross-linking between different food
proteins by transglutaminase. J. Food Sci. 1983, 48, 561—
566.

Nio, N.; Motoki, M.; Takinami, K. Gelation mechanism of
protein solution by transglutaminase. Agric. Biol. Chem.
1986, 50, 851—855.

Nonaka, M.; Tanaka, H.; Okiyama, A.; Motoki, M.; Ando, H.;
Umeda, K.; Matsuura, A. Polymerization of several proteins
by Ca?*-independent transglutaminase derived from micro-
organisms. Agric. Biol. Chem. 1989, 53, 2619—2623.

Thanh, V. H.; Shibasaki, K. Major proteins of soybean seeds.
A straightforward fractionation and their characterization.
J. Agric. Food Chem. 1976, 24, 91-97.

Traoré, F.; Meunier, J. C. Cross-linking of caseins by human
placental factor XIIIa. J. Agric. Food Chem. 1991, 39, 1892~
1896.

Traoré, F.; Meunier, J. C. Cross-linking activity of placental
factor XIIla on whey proteins and caseins. J. Agric. Food
Chem. 1992, 40, 399—402.

Whitaker, J. R. Enzymatic modification applicable to foods.
In Food Proteins—Improvement through Chemical and
Enzymatic Modifications; Feeney, R. E., Whitaker, J. R.,
Eds.; American Chemical Society: Washington, DC, 1977;
pp 95-105.

Received for review August 25, 1994. Accepted December 7,
1994.%

JF9404830

® Abstract published in Advance ACS Abstracts, Feb-
ruary 1, 1995.




