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Separation of Immunoglobulins from Bovine Blood by Polyphosphate

Precipitation and Chromatography

Young-Zoon Lee, Jeoung S. Sim, Shalan Al-Mashikhi, and Shuryo Nakai*

Mapping super-simplex optimization was applied to separation of crude immunoglobulins (Ig) from blood
plasma by polyphosphate precipitation. The best conditions found were pH 3.95, NaCl 0.132 M,
polyphosphate 1.04%, and temperature 12.7 °C. Cu-loaded immobilized metal affinity chromatography
yielded almost pure IgG when the crude Ig was applied after residual polyphosphate was removed by
ion exchange. DEAE-Sephacel also purified the crude Ig to about the same purity. The purified IgG
separated from blood plasma and from cow’s colostrum both became unstable at temperature above
70 °C and pH below 3 and were almost equally degraded by pepsin and trypsin hydrolyses. The leftover

plasma proteins can be used as a food ingredient.

Recently the utilization of animal blood has been of
growing interest because it contains biologically active
compounds, e.g., immunoglobulins, transferrin, fibronectin,
fetuin, and heme, that are believed to play important roles
in a wide variety of biological activities including passive
immunity, oncogenic transformation, growth-promoting
function, etc. (Gaillard et al., 1985), and also is a source
of nutritional and functional proteins that are not alien
in meat products (Crenwelge et al., 1974).

In newborn pigs, the protective value of orally admin-
istered immunoglobulins is well documented (Kohler et
al., 1975; Hoerlein, 1957). Weaning piglets fed blood im-
munoglobulin (Ig) preparations had a faster daily weight
gain, lower incidence of scours, and reduced mortality
(Kennelly et al., 1979), probably due to a passive immunity
(McCallum et al., 1977).

In humans, the importance of Ig in infant feeding was
well proven by clinical test results in India (Narayanan et
al., 1983). Successful treatment of Escherichia coli gas-
troenteritis of infants by feeding immunized cow colostrum
was reported by Packard (1982) and Ballabriga (1982).

Department of Food Science, University of British Co-
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Bovine blood contains approximately 18% protein, and
plasma contains about 6% protein. Concentrations of
bovine immunoglobulins are 22.0, 58.8, and 0.85 mg/mL
in the serum, colostrum, and milk, respectively (Butler,
1974).

At present, however, little blood protein is recovered for
human consumption in Canada. Most of the blood from
meat- and poultry-processing plants is used in the pro-
duction of blood meal or other byproducts for animal
feeding (Jones et al., 1982) or as a fertilizer.

Most popular methods for plasma protein isolation entail
precipitation with ammonium sulfate or ethanol. However,
these precipitation methods have problems in the disposal
of solvent, removal of high salt, production of heteroge-
neous protein mixture, and potential denaturation of
proteins during isolation.

Polyphosphates have been extensively used as additives
in food processing. Sofas (1986) has stated that the meat
industry may use polyphosphates in low-NaCl meat for-
mulations with the potential of improving the quality of
low-salt products and of using as antimicrobial agents in
meats at reduced NaCl levels. McKee and Tucker (1966)
found that the metaphosphate complex of lactalbumin was
useful as a substitute for milk solids in cake and cookie
formulations. Also sodium hexametaphosphate has been
used as an anticoagulant (Gunstone, 1980). Etheridge et
al. (1981) demonstrated the functional and chemical

© 1988 American Chemical Soclety



Immunoglobulins from Bovine Blood

J. Agric. Food Chem., Vol. 36, No. 5, 1988 923

BLOOD

Add anticoagulant (0.38% sodium citrate)
Centrifuge at 1020 xg for 7 min at 6°C.

|
I RED BLOOO CELLS J PLASMA

Mix with polyphosphate, 1.04% and
NaCl, 0.132M at pH 3.95 for 30 min
at 12.7°C and filter.

PRECIPITATE

(Mainly BSA with other
plasma proteins)

SUPERNATANT

Equilibrate with 0.032M Tris-KC1,

DEAE:SéphaceI Ton Exchange column

(Crude Igs)

Phosphate removal by an
Ambertite IRA-68 column
with 0,05M Tris-HCI, pH 7.0

chromatography.

Unbound Bound Bognd Unboand
Slgte wéth a é1g§;r gradient of - Immobilized Metal

.8M NaCl in 0.032M Tris-HC1, Phosphate Affinity Chromatography.
ph 7.4 Y graphy
Unbound Bodnd
FRACTION 1 ] FRACTION 2 | ' FRACTION 3 FRACTION 4 I Elute with 0.5M Elute with 0.01M
FRACTION I ] NaC1 in 0.05M inmidazol.
(Pure 149G} (Transferrin with minor (Mainly phosphate) Tris-Acetate

other plasma proteins)

COMBINED FRACTION

|Rechrunatography

FRACTION R2

(Other minor plasma proteins)

FRACTION R1

(Pure 1gG)

FRACTION R3

(Mainly BSA)

h’RACTION nl
(1g6)

IFRACTION 11

(Transferrin
enriched)

Figure 1. Flow diagram of procedures for a preferential fractionation of plasma protein and Ig.

characteristics of bovine plasma proteins isolated as a
metaphosphate complex.

The objectives of this study were to optimize poly-
phosphate fractionation conditions by the mapping su-
per-simplex optimization of Nakai et al. (1984) for finding
the best conditions for the separation of Igs from plasma
and to use the immobilized metal affinity chromatography
or the DEAE-Sephacel column chromatography for further
purification of the immunoglobulins.

MATERIALS AND METHODS

Bovine blood was obtained from a local abattoir (In-
tercontinental Packers Ltd., Vancouver, BC). Plasma was
prepared from freshly drawn blood containing 0.38% so-
dium citrate by centrifugation at 1020g for 15 min at 6 °C.
Bovine colostrum was obtained from the University herds.

Plasma protein fractions from bovine blood (IgG, albu-
min, transferrin) of high purity, polyphosphate (Calgon,
Na,;5P,30,-NagP15055), rabbit anti-bovine IgG-alkaline
phosphatase conjugate and disodium p-nitrophenyl
phosphate hexahydrate, trypsin inhibitor and 2X crys-
tallized trypsin and pepsin were purchased from Sigma
Chemical Co. (St. Louis, MO). Goat anti-bovine IgG,
rabbit anti-bovine IgG, and rabbit anti-bovine serum were
obtained from Miles Laboratories (Elkhart, IN). DEAE-
Sephacel was purchased from Pharmacia Canada Ltd.
(Montreal, PQ). Microwell (Immunolon TM2, flat-bottom
plate) for ELISA was purchased from Dynatech Labora-
tories Inc. (Alexandria, VA).

Optimization Procedure. The mapping super-simplex
optimization (MSO) technique (Nakai et al., 1984) was
used to find the best conditions for separation of IgG from
plasma by the polyphosphate precipitation method. The
experimental conditions (factors) for the maximum sepa-
ration of immunoglobulins from bovine blood plasma were

varied according to MSO within the following ranges: pH
3.5-5.5; NaCl concentrations, 0-0.7 M; polyphosphate
concentrations, 0.1-2%; temperatures, 4-25 °C. The ob-
jective function used was a separation efficiency (SE)
calculated from PAy/(PAggs + PAy) X 100, where PA =
peak area. An IBM‘PC computer was used for execution
of the MSO program.

Precipitation Procedure. Sodium polyphosphate glass
solution (20%, w/v) and 5.13 M NaCl were added to 20
mL of plasma, followed by adjustment of the pH to the
desired value with 0.5 N HCl. In all experiments the final
volume was adjusted to 30 mL with deionized water.
Precipitation experiments were performed at the specified
temperature by stirring for 30 min prior to filtration
through Whatman No. 4 fiiter paper (Figure 1).

Column Chromatography. A. Immobilized Metal
Affinity Chromatography (IMAC). The IgG-rich fraction
of plasma protein obtained from the polyphosphate pre-
cipitation procedure was subjected to chromatography
using an iminodiacetic acid-1,4-butanediol diglycidyl
etherified (IDA-BGE) Sepharose 6B column loaded with
Cuion. Sepharose 6B was activated and cross-linked with
1,4-butanediol diglycidyl ether according to Sundberg and
Porath (1974); iminodiacetic acid was coupled to the ac-
tivated gel by the procedure described by Porath and Olin
(1983). The upper two-thirds of a column (7.4 X 1.4 cm)
packed with IDA-BGE Sepharose 6B was saturated with
Cu ion by passing 0.056 M CuSOQ, through the column
followed by washing with at least two bed volumes of the
starting buffer, 0.5 M NaCl in 0.05 M Tris-acetate (pH
8.2) (Figure 1).

Removal of polyphosphate from the IgG-rich fraction
prior to IMAC was necessary for better resolution of the
chromatography. The residual polyphosphate was elim-
inated with a weakly basic anion exchanger (Amberlite
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Figure 2. Response surface patterns for pH (A), temperature (B), and polyphosphate (C) and NaCl (D) concentrations obtained by
mapping data from the simplex optimization for immunoglobulins. T indicates the target value of each factor for the subsequent

simultaneous shift procedure.

IRA-68) according to the method of Boari et al. (1976).
The phosphorus distribution in fractions obtained was
determined according to the method of Morrison (1964).

B. DEAE-Sephacel Ion-Exchange Chromatography.
DEAE-Sephacel was packed into a column (7.4 X 1.4 cm)
and equilibrated with the first eluting buffer, 0.034 M
Tris-HCl, pH 7.4 (Friesen et al., 1985). The poly-
phosphate-treated crude IgG fraction was applied to the
column and eluted with a linear salt gradient to increase
the NaCl concentration to 0.5 M (Figure 1).

Electrophoresis and Immunoelectrophoresis.
Plasma protein samples pretreated with polyphosphate
were analyzed by SDS~polyacrylamide gel electrophoresis
(SDS-PAGE) according to the method of Laemmli (1970).
Immunoelectrophoresis and immunodiffusion were carried
out by the method of Williams and Chase (1971). Im-
munochemical quantitative analysis of IgG was carried out
by radial immunodiffusion (RID) using a kit purchased
from Miles Laboratories.

Evaluation of Separation Efficiency. Peak areas of
Ig and bovine serum albumin (BSA) of plasma protein

fractions obtained by the polyphosphate precipitation
procedure on the electrophoretograms were analyzed ac-
cording to the method of Ball (1986) by extracting Coo-
massie Blue R with 80% methanol from stained bands and
then measuring the absorbance at 595 nm. Separation
efficiency (SE) was expressed as the Ig to BSA ratio cal-
culated from the peak areas of Ig (PAy,) and BSA (PAgsa).

SE (%) = PAy,/(PAgsa + PAy) X 100

Enzyme Immunoassay. Immunoglobulin concentra-
tion in the plasma protein fractions was estimated by an
enzyme-linked immunosorbent assay (ELISA) according
to the method of Voller et al. (1976). A microwell plate
was uniformly coated overnight at 6 °C or for 2 h at room
temperature with purified rabbit anti-bovine IgG in
phosphate-buffered saline (PBS; 11.7 g of Na,HPO,, 5.0
g of KH,PO,, and 2.34 g of NaCl/L, pH 7.2). The wells
were washed with a detergent solution (0.05% Tween 20)
in PBS. Into these wells were added aliquots of unknown
plasma protein fraction samples. After the plates were
allowed to stand at room temperature for 3 h, the wells
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gated by differential scanning colorimetry and the ELISA
method. Purified bovine IgG was stable up to 70 °C ac-
cording to DSC (Figure 11); however, immunological ac-
tivity was destroyed at this temperature according to
ELISA (Figure 12). The temperature of maximum heat
absorption was determined by use of a thermogram, com-
monly referred to as temperature of denaturation or tem-
perature of transition (Figure 11). Immunoglobulins were
relatively thermostable. When immune sera were heated
at a temperature of 62 °C for up to 3 min, the antibody
activity of the immunoglobulins was not affected (Kwa-
pinski, 1972). Rilegg et al. (1977) found similar results in
a calorimetric study of the thermal denaturation of bovine
serum #-globulin in simulated milk ultrafiltrates.

Amino Acid Analysis. The amino acid composition
of the plasma, the crude Ig fraction (polyphosphate su-
pernatant), fraction 1 of DEAE, and fraction II of IMAC
were compared in Table II. Each fraction has a similar
amino acid composition to that reported for bovine im-
munoglobulins by Lisowski et al. (1975).

In conclusion, almost pure IgG was successfully isolated
by chromatographic purification of the crude IgG fraction
separated from blood plasma by polyphosphate precipi-
tation. DEAE-Sephacel was slightly superior to Cu-loaded
IMAC columns because of the gradual loss of the binding
capacity of the IMAC columns during repeated chroma-
tography.
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