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ABSTRACT

This experiment studied the effect of different level of purified glycinin and B-conglycinin on proliferation and immune
function of peripheral blood monomuclear cells (PBMC) of suckling pigs in vitro. The results indicated that the amount
of cells in the group of glycinin and pB-conglycinin increased gradually. The cell 3-(4,5)-dimethylthiahiazo
(-z-yl)-3,5-di-phenytetrazolumromide (MTT) absorption at 570 nm wavelength was significantly affected by glycinin
and B-conglycinin concentration (P<0..01). B-conglycinin had a significant positive correlation with interleukin -2,
interleukin-6, interferon-y and immune globulin A. In summary, glycinin and pB-conglycinin could promote PBMC of
suckling pigs to transform and proliferate in vitro culture, B-conglycinin could promote PBMC of suclking pigs to
produce cytokine with IL-2, INF-y, IL-6 and raise the level of immunoglobulin. The results showed that the antigen of
B-conglycinin was stronger than that of glycinin.
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INTRODUCTION A Peripheral Blood Mononuclear Cell (PBMC) is a
blood cell which have a round nucleus. To date, there is
Because of its well-balanced composition of amino  insufficient evidence linking soybean allergy with the

acids and good physicochemical properties, soybeans are ~ alteration in- PBMC numbers and immune function.
widely utilized in diets fed to humans and animals  Therefore, we hypothesized that there may be allergic

(Friesen et al., 1993, Hancock et al., 2000). However, reactions  after added soybean  glycinin  and
soybean induced allergic symptoms have been recognized ~ B-conglycinin.We studied the effect of purified glycinin
as a growing problem, especially in young animals,  and B-conglycinin on PBMC of suckling pigs in vitro.

(Ballmer et al., 2007, Friesen et al., 1993) leading to e also determined the effects of various dosages of
intestinal injury (Barratt et al., 1978). Glycinin, also  glycinin and f-conglycinin on proliferation, cytokines
called 11S protein, accounts for more than 40% of the and immunoglobulin levels, which are essential criteria to
total soybean protein. It is composed of five subunits,  explore the effect of glycinin and B-conglycinin induced
each containing anacidic and a basic polypeptide linked hypersensitivity in human and animals.

by a disulfide bond (Golubovic et al., 2005),

B-Conglycinin(7S protein) is a trimeric glycoprotein with MATERIALS AND METHODS

a molecular weight of 150-210 kDa. Its subunits, a

(57-76 kDa), a’ (57-83 kDa), and B(42-53 kDa) (Garcia Experimental animals: Four clinically healthy piglets,
et al. 1997) can be combined forming homotrimers or 21-day old, (DurocxLandracexY orkshire) were obtained
heterotrimers (L’Hocine et al. 2007). Available evidence from the National Experimental Teaching Demonstration
suggests that glycinin contributes to a series of allergic Center of Animal Science, Ya'an, China as blood donors.
reactions, damage to intestinal morphology, disorder of All animal protocols were approved by the Institutional
immune function, growth depression and diarrhea in Animal Care and Use Committee of Sichuan Agricultural
piglets (Dreau et al., 1994, Li et al., 1990, Li et al., 1991). University (Ya'an, China).

At the same time, B-conglycinin plays important roles in . . .
hypersensitive responses. When calves and piglets are fed Experimental design: Th? study use_d a 2  B-test design
B-conglycinin, transient hypersensitivity usually develops that testec_i -for 2 factors: the glycinin group and the
(Lalle’s et al., 1996, L’Hocine et al., 2007). Therefore, p-conglycinin group. The 6 levels were 1-6 and

g 1-1,1-2,1-3,1-4,1-5 (According to the concentration of
the use of soybean and soybean products containing T e
) . PR : extract added: 0, 0.5 mg/ml,1.25 mg/ml,2.5mg/ml, 5
B-conglycinin bears certain risks in feed of animals. mg/ml, and 10 mg/ml). For each level of 12 to repeat and
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repeated each of 1 well.

The extraction of glycinin and pB-conglycinin: The
extraction method was according to read Wang et al.,
(2006). Purity coefficient of glycinin and B-conglycinin
was 93.8 and 67.2 percents

The isolation and culture of PBMC: PBMCs were
isolated by using Lymphocyte Separation Kits which was
purchased from the Institute of Biomedical Engineering
Chinese Academy of Medical Science. The collected
cells were counted and resuspended in a RPMI-1640
medium medium supplemented with 10% fetal bovine
serum, L-glutamine, and antibiotics. The concentration of
the cells was adjusted to 5 x 10° per ml. The suspension
of the lymphocytes was seeded in 24 well flat-bottomed
tissue culture plates containing different level of glycinin
and B-conglycinin per well. Conconavalin A (Con. A)
solution at a final concentration of 5 pg/ml/well was
added immediately before incubation at 37°C in a
humidified 5% CO, atmosphere for 72 h.

Determination: After the induction training, 100 ul of
0.5 g L MTT solution was added to wells. Cells were
incubated at 37 °C for 4h to allow colour development
and thereafter, 200 pl dimethyl sulfoxide was added to
the wells. Plates were incubated overnight at 37 °C for
30min to solubilize the formazan products. Absorbances
were measured at the wavelength of 570 nm.

Different  concentrations of  Glycinin  and
B-conglycinin were induction trained for 72h in incubator
with 37 °C, 5% CO,, collect cells and culture solution in
every well for the test IL-2, IL-4, IL-6, INF-y, 1gG, IgM,
and IgA  concentration. IL-2, IL-6  used
radioimmunoassay, IL-4, INF-y used ELISA method, 1gG,
IgM, and IgA test by using Immunoturbidimetric assay
method in accordance with the kit instructions.

Statistical analysis: All data were analyzed by one-way
analysis of variance with a statistical analysis software
program (SAS version 9.1, SAS Institute, Cary, NC), and
values were expressed as means + SD. Group differences
resulting in P values of less than or equal to 0.05(0.01)
were considered to be statistically significant(very
significant).

RESULTS

THE MTT OD value. Table-1, 2 shows that the
MTT OD value was increased in all groups in a
dose-dependent manner.

The cytokines and immunoglobulins. The results
showed that IL-2 concentration increase when glycinin
and p-conglycinin supplementation increased among all
groups. IL-6 and INF-y concentration had no difference
(P> 0.05) among all glycinin groups except for the 2-6
group ( Table 3).
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The effects of different doses of glycinin and
B-conglycinin on IgM, 1gG and IgA levels in the medium
are summarized in Table 4. It was recorded that the IgA
in group 2-6 were significantly higher (P<0.01) than
those in other groups. There were no differences (P>0.05)
in the IgG among all groups.

DISCUSSION

The present study utilized a PBMC model to
elucidate the effects of soybean glycinin and
B-conglycinin induced allergy which is an important
concern related to both animal nutrition and human health.
To date, there have been many studies using young pigs
as an animal model to investigate the effects of soybean
proteins (Feng et al., 2007). Consistent with those reports,
our study demonstrated that B -conglycinin could
promote PBMC growth in order to produce more
cytokine and raise the level of certain kinds of
immunoglobulins. This experiment on the determination
of cytokines showed that IL-2 concentration became
higher with the increase in the concentration of antigen
protein and IL-2 played the most important role in
inducing proliferation (promoting cycle phase of T cell
into the S phase from Gl phase) and differentiation of T
lymphocytoma cells in an autocrine manner. Wilkinson
and other scientists found in their studies that IL-2 could
stimulate proliferation of lymphocytoma cells and
increase secretion function of lymphocytoma cells, which
is due to IL-2 induced by antigen promoting cell
proliferation (Wilkinson and Newman 1994). The
experiment also found that IL-6 increased, and IL-6 could
induce IL-2R expression, and further induce IL-2
production, so as to promote T cell proliferation.

Normal immune function in the body depends on the
interaction among a variety of immune cells. Helper T
cell (Th) based on CD4 T cells secrete cytokines is
divided into two different types of Thl and Th2 cells.
Th1 cells mainly secrete IL-2, IFN-y, and so on, and have
a major role in cell-mediated immunity and the immune
response, participate in delayed-type hypersensitivity.
Th2 cells secrete IL-10, IL-6, IL-4, and so on, are the
main players in Humoral immune and allergic
inflammation (Economides et al., 2003). In our
experiment, p-conglycinin with 5-10 mg ml* can
significantly promote the production of inflammatory
cytokines. It can be inferred that B — conglycinin is
stronger than that of glycinin. When adding isolated soy
protein source or purified $-conglycinin to the piglet feed,
the cells will lead to inflammatory cytokines, so it will
cause allergic inflammation occcur on post-weaning, and
Allergic-type mediated by the T cell (Miller et al., 1984).
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Table 1. The influence of soybean glycinin extract on

Table 2. The influences of soybean pB-conglycinin

the proliferation of Pig peripheral blood extract on the proliferation of pig peripheral
lymphocytoma cells in vitro culture blood lymphocytoma cells in vitro culture
Treatment concentration gradient of MTT OD Treatment concentration gradient of MTT OD
group glycinin (mg/ml) value group B-conglycinin (mg/ml) value
1-1 0 0.13+0.01™ 2-1 0 0.13+0.01"
1-2 0.5 0.14+0.03" 2-2 0.5 0.16+0.04"
1-3 1.25 0.20£0.01"* 2-3 1.25 0.29+0.06"
1-4 2.5 0.21%0.05" 2-4 25 0.4120.05"®
1-5 5 0.35+0.07°% 2-5 5 0.9620.08°
1-6 10 0.69+0.07° 2-6 10 1.70+0.07°

The difference between data with different capital letters was significant
among groups (P<0.01), and the difference between data with different
small letters was significant among groups (P<0.05) and the same
letters was not significant (P>0.05).

The difference between data with different capital letters was significant
among groups (P<0.01), and the difference between data with different
small letters was significant among groups (P<0.05) and the same
letters was not significant (P>0.05).

Table 3. The influence of soybean glycinin and -conglycinin extract on IL-2, IL-6 and IFN-y of medium

Group The concentration of

Item compared number extract (mg/ml) IL-2 (ng/ml) IL-6 (pg/ml) IFN-y(pg/ml)
compare 1-1 0 0.63+0.31" 157.96+12.46 " 11.07+2.50"
1-2 0.5 0.65+0.24% 148.61+18.447 15.40+1.33*
1-3 1.25 0.64+0.29* 166.48+18.04" 15.26+1.29*
Glycinin group 1-4 2.5 0.67+0.05* 141.73+22.85" 15.37+0.81°
1-5 5 0.92+0.22% 156.18+31.39" 11.21+1.40%
1-6 10 1.34+0.428 169.92+24.774 11.57+1.19*
2-2 0.5 0.67+0.13" 103.90+14.24" 8.64+1.55"
B-conglycinin 2-3 1.25 0.7110.26:8 103.45115.442 9.4411.62’*A
ou 2-4 25 1.3640.29 121.39+18.86 12.72+1.39
group 2-5 5 2.24+0.63° 172.16+18.18" 48.35+1.12°
2-6 10 3.93+0.08° 295.01+12.138 87.18+1.73°

The difference between data with different capital letters was significant among groups (P<0.01), and the same letters was not significant (P>0.05).

Table 4. The influence of soybean glycinin and f-conglycinin extract on IgM. 1gG and IgA of medium

Item compared N?Jl;zttj)re)r The conce?,f/l";;rlglr; of extract IgM (g/L) Ig G (g/L) Ig A (g/L)
compare 1-1 0 0.7252+0.0843"  3.66+29.87  1.25+0.88"
1-2 0.5 1.26+0.198 3.57+0.14  1.76+0.23"B

1-3 1.25 1.46+0.158 3.44+0.21  3.23+0.38°

Glycinin group 1-4 2.5 1.84+0.11%¢ 3.49+0.32  3.28+0.76°
1-5 5 1.92+0.07¢ 3.85+0.16  3.18+0.46°

1-6 10 2.21+0.30° 3.88+0.24  3.23+0.07°

2-2 0.5 1.34+0.088 3.53+0.58  2.77+0.38°

B-conglycinin 2-3 1.25 1.43+0.40° 3.86+0.78  3.15+0.19°%
gly 2-4 25 1.83+0.098 3.22+40.42  3.15+0.19°
group 2-5 5 1.71+0.02° 3774050  3.58+0.42C
2-6 10 2.87+0.11° 3.96+0.44  4.86+0.07°

The difference between data with different capital letters was significant among groups (P<.01), and the same letters was not significant (P>0.05).

Serum immunoglobulin (1gG, 1gA, and IgM) levels
reflect the humoral immune function in the body. The
results of this experiment show that the influence of
glycinin extract on IgM, IgG, and IgA of culture medium
had no significant difference (P> 0.05) and the influence
of B-conglycinin extract on IgM and IgG of culture
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medium had no significant difference (P> 0.05), but the
IgA showed a gradual upward trend, and the IgA
produced the most with 10 mg ml™ p-globulin. In this
experiment, the antibodies IgM, 1gG, and IgA production
were not significantly affected by glycinin, but the level
of IgA was significantly raised by B-conglycinin. So it
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could be inferred that B-conglycinin with the stronger
allergens than glycinin, and further validated that the
antigen of B-conglycinin was stronger than that of
glycinin.

CONCLUSIONS: Glycinin and f-conglycinin could
promote peripheral blood lymphocyte of suckling pigs to
transform and proliferate in vitro culture, and influence
B-conglycinin that is stronger than that of glycinin.
B-conglycinin  could  promote  peripheral  blood
lymphocyte of suckling pigs to produce cytokine with
IL-2. INF-y.IL-6 and it was more evident at 5-10 mg ml™
B-conglycinin  could  promote  peripheral  blood
lymphocyte of suckling pigs to produce a specific IgA, it
got up to the largest at 5 mg ml™*. Antigen of
B-conglycinin was stronger than that of glycinin .

Acknowledgment: The investigation was financially
supported by the Program for Changjiang Scholars and
Innovative Research Team in the University, Project. (No.
IRTO555)

REFERENCES

Ballmer-Weber B. K, T. Holzhauser J. Scibilia D. Mittag,
G. Zisa and C. Ortolani (2007). Clinical
characteristics of soybean allergy in Europe: a
double-blind placebo-controlled food challenge
study. J. Allergy. Clin. Immunol.,119: 1489-96.

Barratt, M. E., P. J. Strachan, and P. Porter (1978).
Antibody mechanisms implicated in digestive
disturbances following ingestion of soya protein in
calves and piglets. Clin. Exp. Immunol., 31:
305-312.

Dreau, D. J., P. Lalles, V. Philouze-Rome, R. Toullec and
H. Salmon (1994). Local and Systemic Immune
Responses to Soybean Protein Ingestion in
Early-Weaned Pigs. J. Anim. Sci., 72: 2090-2098.

Economides, A. N., L. R. Carpenter, J. S. Rudge, V.
Wong, E. M. Koehler-Stec, C. Hartnett, E. A. Pyles,
X. B. Xu, T. J. Daly, M. R. Young, J. P. Fandl, F.
Lee, S. Carver, and J. McNay (2003). Cytokine
traps: multi-component, high-affinity blocker of
cytokine action. Nat. Med., 9: 47-52.

Feng. J, Z. R. Liu X, Xu, Y. P. Lu and Y.Y. Liu (2007).
Effect of Fermented Soybean Meal on Intestinal
Morphology and Digestive Enzyme Activities in
Weaned Piglets. Digestive Diseases and Sci., 52(8):
1845-1850.

Friesen, K. G., R. D. Goodband, J. L. Nelssen, , F. Blecha,
D. N. Reddy, P. G. Reddy, and L. J. Kats (1993).
The effect of pre-and postweaning exposure to
soybean med on the growth performance and on the
immune response in the early-weaned pig. J. Anim.
Sci.,71: 2089-2098.

118

Garcia, M. C., M. Torre, M. L. Marinaand F. Laborda
(1997). Composition and characterization of
soyabean and related products. Critical Reviews in
Food Sci. and Nutr., 37(4): 361-391.

Golubovic M, S. H. van Hateren, M. Ottens, G. J.
Witkamp and L. A. M. van derWielen (2005). Novel
method for the production of pure glycinin from
soybeans. J. Agric. Food. Chem., 53: 5265-5269.

Hankins C. C, P. R. Noland, A. W. Burks, J. C.
Connaughton, G. Cockrell and C. L. Metz (1992).
Effect of soy protein ingestion on total and specific

immunoglobulin G concentrations in neonatal
porcine serum measured by enzyme-linked
immunosorbent assay. J.  Anim. Sci.,, 70:

3096-3101.

Hancock, J. D., H. Cao, I. H. Kim, and D. F. Li (2000).
Effects of processing technologies and genetic
modifications on nutritional value of full-fat
soybeans in pigs. Asian—Australasian J. Anim. Sci.,
13: 103-106.

SAS. (2003). User's Guide: Statistics, Version 9.1 ed.
2002-2003. SAS Inst, Inc., Gary, NC.

Lalle’s, J. P. and D. Dreau (1996). Identification of
soyabean allergens and immune mechanisms of
dietary sensitivities in preruminant calves.Research
in Vet. Sci., 60: 111-116.

L’Hocine, L., and J. I. Boye (2007). Allergenicity of
soybean. New developments in identification of
allergenic proteins, cross-reactivities  and
hypoallergenization technologies. Critical Reviews
in Food Sci. and Nutri., 47(2): 127-143.

Li D.F, J. L. Nelssen, P. G. Reddy, F. Blecha, J. D.
Hancock and G. L. Allee (1990). Transient
hypersensitivity to soybean meal in the
early-weaned pig. J. Anim. Sci., 68: 1790-1799.

Li, D. F., J. L. Nelssen, P. G. Reddy, F. Blecha, R. D.
Klemm, D. W. Giesting, J. D. Hancock, G. L. Allee
and R. D Goodband (1991). Measuring suitability of
soybean products for early- weaned pigs with

immunological criteria. J. Anim. Sci., 69:
3299-3304.

Miller, B.G. T. J. Newby, C. R. Stokes, and F. J. Boume
(1984). Influence of diet on postweaning

malabsorption and diarrhoea in the pig. Res. Vet.
Sci., 36: 187-193.

Wang, X. Y., X. W. Zhang and H. L. Liu (2003). Studies
on the separation of 7S and 11S globulin in soybean
protein. China Food Additives, 6: 6-7.

Wilkinson, P. C. and I. Newman (1994). Chemoattractant
activity of IL-2 for human Iymphocytes: a
requirement for the IL-2 for receptor B-chain.
Immunology, 82-1: 134-139.



	Xu Jun, Z. Anguo*, W. Zhisheng* and A. Dawei*
	Institute of Animal Nutrition, Sichuan Agricultural University, Ya’an, Sichuan, 625014, P.R. China

