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In the food, particularly the feed, industry, large quantities of soya bean protein products
are used for the formulation of end-products destined for human or animal consumption.
These basic ingredients and the final end products often have to fulfill specific requirements
regarding the presence of antinutritional compounds (ANCs) and their allergenic potential.
Therefore, a special need exists for the identification and characterization of ANCs and the
causative factors behind allergy and hypersensitivity. This paper describes the results of a
comparative study of a previously identified unknown antigenic soya bean P22-25 protein
with the first, recently described Gly m [ (or P34) soya bean allergen. Sodium dodecyl
sulphate polyacrylamide gel electrophoresis and Western blotting analysis were carried out
using calf anti-soya protein sera and a murine anti-Gly m I (or P34) monoclonal antibody
in order to detect the antigenic soya bean P22-25 protein and the allergen Gly m (or P34)
respectively. The results showed that these proteins were different. In addition, a number
of industrial soya bean products were analyzed for the presence of both apparent
antigenicity (essentially B-conglycinin and P22-25)} using calf anti-sova protein sera and
the allergen Gly m I (or P34), and both f-conglycinin, P22-25 and P34 could be detected
to a varying extent in the products analyzed.
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INTRODUCTION

Soya beans contain a number of antinutritional compounds (ANCs), such as protease
inhibitors, lectins, and non-starch polysaccharides. These appear to be responsible for a
reduced efficiency of utilization of plant proteins compared with milk proteins if they are
included in the animal or human diet (Sissons & Tolman, 1991; Gueguen et af., 1993). In

0954-0105/96/010051-08 ©1996 Journals Oxford Lid

4




M. HESSING ET AL,

the feed industry, it is generally believed that the antigenicity of (particular) soya proteins
contributes to the overall problem of maldigestion and gastrointestinal disturbances.
Antigenic proteins have the ability to activate the immune system, which directly relates to
suboptimal digestion of these proteins, enhanced maintenance requirements and loss of
endogenous protein (Sissons & Tolman, 1991). The intestinal tract usually provides an
effective barrier against excessive absorption of microorganisms and feed antigens normally
existing in the intestinal lumen. However, during gastrointestinal infection, and also in
newborn infants and animals, the mucosal barrier is less effective than in adults, and the
uptake of feed or food antigens may be increased. This leads to the generation of antibodies
against the absorbed antigens (Kilshaw, 1981; Taylor ef al., 1987) and may under particular
circumstances, favour the development of an allergy through failure to develop oral
tolerance. Gastrointestinal adverse responses in pre-ruminant calves fed with soya flour
have been reported by Kilshaw and Sissons (1979 a,b) and Barratt ef al. (1978, 1979), and
it was assumed that the soya proteins, especially glycinin and B-conglycinin (Fukushima,
1991 a,b), were responsible for the negative effects (Sissons et al, 1982; Sissons &
Thurston, 1984). Using caif anti-soya protein sera obtained from orally sensitized animals,
Hessing et al. (1993, 1994) observed that the calf antibody responses were mainly directed
against f-conglycinin and an unknown low molecular weight antigenic P22-25 s0ya protein,
Various IgE-binding soya proteins have been reported in a number of clinical studies
using sera from soya-allergic humans (Moroz & Yang, 1980; Shibasaki et al., 1980; Bush
et al,, 1988; Burks et al., 1988; Ventling & Hurley, 1988; Eastman, 1989; Herian ef al.,
1990). More recently, Ogawa et al. (1991) demonstrated the occurrence of the major
allergen in soya beans, Gly m Bd 30 K, that was most strongly and frequently bound by
the IgE antibodies of the sera of soya-allergic Japanese citizens. In 1993, this soya bean
allergenic protein Gly m Bd 30 K was further characterized (Ogawa et af., 1993), and was
identified as the soya bean seed 34-kDa oil body associated protein or P34 (Herman ez al.,
1990; Kalinski et al., 1990). This protein showed considerable sequence similarity to the
thiol proteinases of the papain superfamily, and demonstrated a remarkable homology of
about 30% with the house dust mite allergenic thiol proteinase Der p I, from Dermato-
phagoides pteronyssinus. It was recommended that Gly m Bd 30 K (or P34} should be
named Gly m I, the first characterized allergenic protein in soya beans (Ogawa et al., 1993).
A direct relationship between autigenicity measurements in vitro and allergic responses
in vivo is difficult to demonstrate. The preseit study was performed to examine the possible
identification of the previously recognized unknown low molecular weight antigenic P22-25
soya protein (Hessing ef al., 1993, 1994) with the Gly m 1 (or P34) soya bean allergen.

MATERIALS AND METHODS

Materials

Protein A-Sepharose, DEAE-Sepharose CL-6B and Sephacryl 5-200 media were obtained
from Pharmacia LKB Biotechnology Inc. (Uppsala, Sweden). Pre-stained molecular weight
markers were from BioRad Laboratories {Richmond, CA, USA). Bovine serum albumin
(BSA} and dithiothreitoi (DTT) were obtained from Sigma Chemical Co. (St Louis, MO,
USA). The soya bean products used in this study (designated 1-9) were the kind gifts of
several industrial companies, and included soya bean protein products with an expected
high antigenicity (4), a heat-treated soya meal with an expected intermediate anfigenicity
(7), soya concentrates with an expected low (6) or high (1) antigenicity, an ethanol-
extracted soya protein concentrate with mild heat treatment with an expected intermediate
antigenicity (8), soya isolates with an expected Iow (3) or high (5) antigenicity, an
enzyme-modified soya flour with an expected low antigenicity (2) and an enzyme-treated
soya protein isolate with an expected low antigenicity (9) (Hessing et al., 1996). The
samples had undergone different forms of processing, although the precise nature of the
processing was not disclosed. Each soya sample was either supplied as flour or milled prior
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to analysis to a particle size of = 0.5 mm using a laboratoFy mill (Retsch, Haan, Germany,
0.5 mm). All other chemicals were of the best grade available.

a Bean Protein Fractions . ?
iogrude P22-25 antigenic soya protein fraction was prepared from defatted soya bean meal

i . a bean meal (50 g) was homogenized with 1 1 of 30 mM-Trls—HCl,
(ICOEI:‘I,‘];;ES]Q%9§%I g.(:ﬁ)yat room temp(eratfre for 1 h and the hgrnogenate was Qentrlfu%elc]l ?;
10000 X g for 45 min. The supernatant was incubated with 40% arl!monlur;los(;log >a<1
at reom temperature and the precipitate was colle_ctfad by centrifugation at o -HCig
for 30 min. The precipitate was dissolved in a minimum volume of4 GSg mrg-ﬁro ;en a;
10 mm-DTT, pH 8.0, dialyzed against the same buffer fqr 20 hat ' k'an e oo
—20°C. Gly m I (or P34} was purified essentially as desc1‘1}3ed by Kalinski et al. o
with two additional steps using DEAE-Sepharose CL-6B anion exchange chrorr;:.am%lf‘l’)erz
and Sephacryl 200 gel filtration (Ogawa et al., 1993). The purified P34 preparation

lyophilized and frozen at —20°C. .

Antibodies _ _
Anmlouse anti-P34 monoclonal antibody (F5; Ogawa ef al., 1993} producing hybridoma was

fusion of Balb/c mouse spleen cells with P3U} myeiomg cells, _and was 1njeqted
?nrfrﬁ;f;‘ijt(?r{eally into pristane-primed mice for the production of an_tﬂ;ood_y-nch e':ismtest ?i?]ld;;
The murine [gGs were isolated by ammonium sulphate precipitation an é)rlo A
chromatography. The anti-P34 mon0(:l(:1na(lTan‘t‘lbordyIZFS1 ;vge;s) 0; htgecg%gzg;;i (t):nassf nd

i uential epitope on P3 suji et al., . '

;ﬁ?ﬁ:&zfofogfo%al antibogiespwas determined l:!y thg method of prry et al. (1951) uls1:Sg
BSA as the standard. Calf anti-soya protein antlbodlf:s were obtained from youn{;g Ca-i\l; ed,
which had been orally sensitized by feeding them with ur_:treate_:d soya beans as eser bed
previously (Hessing er al., 1993, 1994). Polyclonal rabbit .ant1~(.:alf and goa}; aEtl—lml(])dS)
peroxidase-conjugated antibodies were obtained from Nordic (Tilburg, The Netherlands).

ophoretic and Immunochemical Techniques ‘
lSE(l)‘(alcifll;npdodecyi sulphate polyacrylamigtl:?o,)gel e_lectr:;hff)n;sw{e(a.iDISI-P}?eGadE))( “(?; Spigci)(r)gzg

i ing to Laemmli (1 using Mini-Pro _ 5 (Biok
E?gg;;?gzesicﬁ?éﬁﬁind, CA, USA).(The gels were either stained with Coom:;ssm l?;'l]]h[?_nlg
blue R-250 or subjected to Western blotting (Towbin et‘al., 1979). The ?1?15)-1; P
membranes {Millipore, Molsheim, France) were l_jlocked with 3% (w/v) nl?}néf . beatecl
(Protifar, Nutricia, The Netherlands) in 50 mM-Tris-HCI, pI—_I 7.4, 150 mm-NaCl, itnf:u ted
with either mouse anti-P34 moneclonal antibody FSlor 'twth cal_f anti-soya prl(:;zm ? o
bodies and visualized with peroxidase-conjugated antibodies. Purified allelrgtl:n ,bcoﬁed
P22-25 antigenic soya protein fraction and the soya i?ean products (5 mg mS )Og?;, P
for 20 min in 1% (w/v) dithiothreitol, 63 mM-Tr1s~_HC1, 2% (wiv) SD (i f. 300 ;:;in
bromophenol blue, 20% (v/v) glycerol, pH 6.8, The mixture was .then placeM ((:Jr m
an ultrasonic bath and centrifuged for 15 min at 10 000 rpm (Sigma 202 ).

RESULTS AND DISCUSSION

The electrophoretic pattern of the purified allelrgen Gly rflt I_ ((10r tl_:’é”4)t_and s; iﬁgdﬁniﬁﬁg
igenic soya protein fraction is shown in Figure 1. The identifica fon of th :
?’gtzl%;g ];nfig{enilg soya protein with P34 could not be made, as the Western blgttmg ana]ys.ls
using mouse anti-P34 monoclonal antibody F5 (Figure 1(b)) and calf apt.l-soya‘%rotmil
antibodies (Figure (1c)) clearly revealed that these soya proteins were definitively dlderen .
Figure 1(b) showed that the allergen Gly m I (P34) was present in the exfracted soya
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FIG. 1. 8DS-PAGE (15%) (a) of soya bean meal (lane 1), a crude P22-25 antigenic soya protein fraction (lane
2} and purified allergen Gly m 1 (P34; lane 3), Western blotting analysis using (b) mouse anti-P34
monaclonal antibody F5 (2 pg ml™ 1) and {c) calf anti-soya protein antiserum (1/50 diluted). M,
pre-stained molecular mass marker proteins.

proteins of the analyzed soya bean meal (lane 1). In addition, P34 was found in the crude
P22-25 antigenic soya protein fraction (lane 2) obtained after 40% ammonium sulphate
precipitation (see Materials and Methods). This is not surprising as 40% ammonium
sulphate precipitation is also the first step for P34 purification (Ogawa ef al., 1993). Figure
1(c) demonstrates that P22-25 antigenic soya protein is present in both the extract of the
analyzed soya bean meal (lane 1) and the 40% ammonium sulphate precipitate (lane 2), but
that the calf anti-soya protein antibodies exhibited no significant immunoreactivity with the
isolated allergen P34. This latter observation indicates that the isolated allergen P34 is not
recognized by calf anti-soya protein antibodies, which may suggest that P34 is not an
allergenic protein for calves. However, it should be noted that the predominantly IgG
subclass responses in the calf sera are not comparable with those of previous studies, in
which soya bean allergenic P34 was most strongly and frequently recognized by IgE
antibodies in the sera of soya bean-sensitive patients with atopic dermatitis (Ogawa et gi,,
1991). The binding characteristics of these previously reported human IgE and calf Ig
antibodies to the various soya protein fractions are summarized in Table 1.

~In addition, a total of nine soya samples obtained from various industrial sources,
including samples with expected fow antigenic levels (based on the processing method

(a}

(b)

(c)
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FIG. 2. SDS-PAGE (15%) of (a) soya bean products 1-9 (lanes 1-9) and Western blotting analysis using (b}

mouse anti-P34 monoclonal antibody F5 (2 ug ml~ 1)‘ancl (c) calf anti-soya protein antiserum (1/50
diluted). M, pre-stained molecular mass marker proteins.
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TABLE |. Binding characteristics of human IgE and calf Ig antibodies to soya protein fractions

Molecular
weight Assignment of soya
(kDa) protein fraction Binding of human IgE® Binding of calf Ig”
80-68 f-Conglycinin (¢/o"-subunit) + + + + +
67-60 f-Conglycinin (f-subunit) + + + + +
50-35 75-Globulins + +
38-35 Glycinin (acidic subunit) + +
34 Glym1 (p34) + + + -
25-22 P22-25 ; + + + +
21 Kunitz trypsin inhibitor + +

“Modified from Ogawa et o/, (1991).

b
. t+ + +,strong; + +, moderate; +, weak and — , no reactivity of the antibodies with the s0ya protein
raction.

useld), were analyzed for the presence of the allergen P34 and the low molecular weight
antigenic soya bean P22-25 protein using SDS-PAGE and Western blotting analysis (Figure
2). Figure 2(a) shows the electrophoretic profiles of the proteins extracted from the various
soya bgan products after Coomassie blue staining. It can be seen that in soya product 3
(soya isolate) and particularly products 2 and 9 (an enzyme-modified flour and an
enzyme-treated soya protein isolate), the soya proteins are degraded to smaller peptides,
wl}creas the other products contain rather intact protein bands. Western blotting analysis
using a mouse anti-P34 monoclonal antibody F5 (Figure 2(b)) demonstrated that apart from
soya product 9, all soya products contained the P34 allergen, although soya samples 2 and
3 shgwed a slightly decreased immunoreactivity. Figure 2(c) shows the results of Western
b.lott‘mg ane-llysis using calf anti-soya protein antibodies. For soya samples 2, 3 and 9, no
_s1gmﬁcant immunoreactivity with calf anti-soya protein antibodies was observed, which is
in agreement with their suspected low antigenic character. For the other soya samples, a
typical antigenicity profile with immunoreactive f-conglycinin subunits (Fukushima, 1991
a,b) and the unknown low molecular weight P22-25 soya protein (Hessing ef al., 1994)
commonly seen using the calf anti-soya sera was obtained. For the suspected low antigenic
soya sample 6 (soya concentrate) and soya sample 7 (a heat-treated soya meal), a slight
fiecrease in the immunoreactivity of the f-conglycinin subunits was observed, whereas the
Immunoreactivity of the antigenic P22-25 protein remained intact.

In conclusion, this study demonstrates that a previously identified unknown antigenic
s0ya .bean P22-25 protein (Hessing er al., 1993, 1994) is different from the first recently
des_crlbt_ed Gly m 1 (or P34) soya bean allergen (Ogawa er al., 1991, 1993). Both the
antigenic P22-25 and allergenic P34 soya proteins could be detected in a number of
mdus_tna! soya bean products. However, although the effect of the presence of these
proteins in animal nutrition products are difficult to predict, it is justifable to conclude that
altention may be paid to allergen P34-containing soya products if they are to be used for
human consumption.
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Modification of Nitrite Production and Phagocytosis of
Thioglycollate-elicited Mouse Peritoneal Macrophages by
Bovine Casein Digests ‘

HAJIME OTANI anp MIWAKO FUTAKAMI

Laboratory of Applied Biochemistry of Animal Products, Faculty of Agriculture,
Shinshu University, Minamiminowa-mura, Nagano-ken 399-45, Japan

(Received for publication 1 July 1993)

The effect of bovine milk casein digests on the ability of thioglycollate-elicited mouse
peritoneal macrophages to produce nitrite and to ingest latex beads was investigated. Intact
o §;-casein and x-casein significantly inhibited nitrite production by the macrophages. The
inhibitory activity of the latter was little influenced by trypsin or chymotrypsin digestion,
while that of the former decreased with increasing proteinase digestion time. In contrast,
pepsin digestion changed the inhibitory activity of o sj;-casein and w-casein info an
enhancing activity. Intact B-casein, however, had an enhancing effect on nitrite production,
and its activity increased noticeably when the protein was digested with pepsin. The
enhancing activity of pepsin digests of each casein component reduced when the digest was
treated with carboxypeptidase A. Moreover, a trypsin or chymotrypsin digest of o 5,-casein
and x-casein inhibited ingestion of latex beads by the macrophages, while a pepsin digest
of each casein component enhanced it. These results suggest that the neonate ingestion of
infant formula made with bovine milk might reduce resistance to infection via suppression
of macrophage functions, such as antimicrobial nitrogen intermediate production and
phagocytosis in their gut mucosa, since it is known that gastric secretion and pepsin activity
are weak in neonates and the major portion of the caseins ingested by neonates leaves the
stomach after minimal digestion.

Keywords: Casein digest, peritoneal macrophages, nitrite production, phagocytosis, regu-
lation of macrophage function

INTRODUCTION

Milk is a complex mixture of proteins, carbohydrates, lipids, minerals, vitamins and trace
elements secreted by the mammary gland for the purpose of neonatal nutrition. Milk is also
considered to be a source of biologically active components with important physiological
roles, as some milk proteins and their digests have been demonstrated to possess biological
activities (Fiat & Jollés, 1989). The neonate is immature in cerfain immunological functions
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