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Six hens were intramuscularly (im) immunized once a week for 3 weeks using chicken egg white
lysozyme (LS) as antigen. Antibody (immunoglobulin in yolk, IgY) ELISA values of 103-fold diluted
yolk were almost as high as 1.879 in the sixth week and maintained a value of 0.756 in the eighth
week after the initial immunization treatment. The purification efficiency (specific activity of purified
IgY against LS/specific activity of antibody in yolk against LS) of IgY specific against LS isolated by
laboratory-prepared LS-bound (IgY-) Sepharose 4 Fast Flow immunoaffinity column was ∼3380. By
applying various amounts (0-22 mg) of the thusly obtained IgY specific against LS to the
immunoaffinity column, the binding capacity (qm) and dissociation constant (Kd, M-1) of such
immunoaffinity gel for IgY against LS were found to be 0.68 mg of IgY/mL of wet gel (0.54 mg of
IgY/mg of LS) and 7.13 × 10-6 M, respectively, as determined by Langmuir-type adsorption isotherms.
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INTRODUCTION

Lysozyme (LS) (mucopeptideN-acetylmuramoylhydrolase,
EC 3.2.1.17) is a unique substance as it is able to lyse certain
bacteria by hydrolyzing theâ-linkage betweenN-acetylmuramic
acid andN-acetylglucosamine of mucopolysaccharides in the
bacterial cell wall. Breakage of theâ-(1-4)-glycosidic linkage
leads to the decrease in turbidity ofMicrococcus lysodeikticus
suspension and to the methodology of the lysozyme activity
assay. All of the properties including molecular weight, iso-
electric point, and antibacterial functions of LS have long been
known, and LS has been considered to have a high potential as
a future food preservative.

The conventional method of preparing commercial LS is
direct crystallization from the white of a hen’s egg in the
presence of 5% NaCl at pH 9.5. However, this is a lengthy
process and usually requires a week until the enzyme is
efficiently precipitated. Other methods such as ion-exchange
chromatography (1, 2), gel permeation chromatography (3),
deacetylated chitin affinity chromatography, ascorbic acid and
thermal treatment method (4), and anionic polysaccharide
method (5) as well as membrane separation have been inves-
tigated and reported. However, lysozyme products thus obtained

usually need subsequent purification to obtain products for
medical use. Although these methods have proved to be useful,
they have limitations such as low purity and/or low recovery
of LS production. Thus, a simple, efficient, and rapid methodol-
ogy for the production and purification of LS from egg white
is needed.

Immunoaffinity chromatography is based on the specific
affinity between antigen and the corresponding antibody. It has
long been used to separate and/or isolate antigen or antibody
in liquid samples by immobilizing the corresponding antibody
or antigen on the gel matrices such as agarose and Sepharose
(6, 7). For the preparation of antibody for this purpose, use of
monoclonal antibody specific against certain antigen is costly,
lengthy, and, most importantly, difficult to achieve (8). There-
fore, its industrial use appears to be impractical, whereas
improving the use of polyclonal antibody is more useful and
convincing. Recently, Tu et al. (7) prepared lactoferrin (LF)
using anti-LF antibody (IgY) bound immunoaffinity chroma-
tography and indicated that the purification efficiency of
lactoferrin in milk by such immunoaffinity column was∼2420.
However, affinity between antigen and the corresponding
antibody is dependent on the chemical properties of antigen used
to produce antibody. Therefore, more basic knowledge about
such polyclonal antibody bound immunoaffinity chromatography
was desired before such chromatography become practical.

The advantages of immunoglobulin in yolk (IgY) over serum
immunoglobulin G (IgG) including its high immunoglobulin
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content (∼15 mg/mL) in the egg yolk (4), the large quantities
of chicken eggs available, and, most importantly, the ease of
IgY collection without eventual sacrifice of the animals make
IgY a potential source for use in immunochemical assays (6,
7). Therefore, a trial on the use of IgY, instead of IgG, for
affinity chromatography was done in the present study. First,
to separate and recover LS from the white of a hen’s egg,
polyclonal antibodies specific against LS were prepared,
isolated, and then immobilized on the matrix for the immuno-
affinity chromatography. The procedure undertaken involved
two phases. Second, the specific activities (ELISA value) 405
nm/mg protein) and purification efficiency of anti-LS antibody
from the yolk purified by LS-Sepharose 4 Fast Flow immuno-
affinity chromatography were determined. Finally, binding
parameters such as dissociation constant and binding capacity
of LS-Sepharose 4 Fast Flow immunoaffinity gel for IgY
specific against LS were determined.

MATERIALS AND METHODS

Immunization of Hens. Antigens were prepared according to the
method described by Tsai and Cousin (9) and Buchta (10). One milliliter
of the hen egg white LS (L-6876, Sigma Chemical Co., St. Louis, MO)
(52000 units/mg of protein) (500µg of protein/mL of sterilized 0.02
M phosphate buffer saline, PBS, pH 7.0) was mixed well in a syringe
with 3 mL of Freund’s complete adjuvant to form an antigen emulsion
for the initial immunization.

Antigens for the second and further immunizations were prepared
in the same way as the initial immunization, the only difference being
that Freund’s incomplete adjuvant was used. Six 160-day-old hens were
intramuscularly (im) injected on four spots in each leg (0.5 mL of
antigen emulsion/leg). After the initial immunization, immunizations
were repeated once a week for 3 weeks (as indicated inFigure 1).
Eggs were sampled before each immunization for the determination
of changes in binding activities of IgY to LS using the enzyme-linked
immunosorbent assay (ELISA) analysis described below. Yolks from
eggs collected over a 3 and 8 week period after the initial immunization
were well mixed and kept frozen (-20 °C) prior to the antibody
purification procedure as described below.

Partial Purification of IgY. Partial purification of IgY was
conducted according to the method described by Chang et al. (4) using
pectin (Sigma) with a degree of esterification of 64%. The collected

supernatants (crude IgY) from the yolk-pectin mixture were filtered
to obtain antibody recovery and purity rates of up to 73% (4). The
crude IgY (5 mL) was subsequently applied to a Sepharose 4 Fast Flow
immunoaffinity column, as described below, for the isolation of IgY
specific against LS.

Lysozyme (LS)-Bound Sepharose 4 Fast Flow Immunoaffinity
Chromatography. The CNBr-activated Sepharose 4 Fast Flow gel (4
g) (Pharmacia, Uppsala, Sweden) was washed five times with 1 mM
HCl (200 mL/g gel) and then mixed well with 20 mg of LS in 30 mL
of coupling buffer solution (0.5 M NaCl/0.1 M NaHCO3, pH 8.3) (6,
7, 11). After an incubation period of 1 h at room temperature with
slight stirring, the Sepharose 4 Fast Flow gel was washed with f gel
volumes of coupling buffer and was resuspended in a 0.1 M Tris-HCl
buffer (pH 8.0) for 2 h to block the residual active groups in the gel.
The gel thus obtained was washed three times with 5 gel volumes of
0.5 M NaCl/0.1 M acetate buffer (pH 4.0) and of 0.5 M NaCl/0.1 M
Tris-HCl (pH 8.0). Finally, LS-Sepharose 4 Fast Flow gel was packed
in a column (20.0 cm in length× 1.0 cm in diameter) and was
equilibrated with at least 5 column volumes of 0.25 M NaCl/0.02 M
phosphate-citrate buffer (pH 7.2) in a chilled room (∼5 °C). The LS
bound to gel was determined to be 19.7 mg by subtracting the quantity
of LS, determined by protein quantification as described below, in the
coupling buffer from the original 20 mg of LS in the coupling buffer.

Antibodies specific against LS were prepared according to the
method described by Tu et al. (6). Five milliliters of crude IgY was
applied to the above-mentioned LS-Sepharose 4 Fast Flow column.
The column was eluted with 0.5 M NaCl/0.1 M phosphate-citrate
buffer (pH 2.8) (elution buffer) after being washed with∼2 column
volumes of 0.25 M NaCl/0.02 M phosphate-citrate (pH 7.2) (until
the absorbance of effluent at 280 nm was nearly zero). Absorbance at
280 nm was monitored, and the effluent was collected (2.0 mL/fraction)
in test tubes to which had been previously added 120µL of 1 M Tris-
base (pH 9.0) to neutralize the pH to∼7. Fractions corresponding to
antibody were pooled as determined by the ELISA analysis. Concentra-
tion and desalting of the pooled antibody fractions were simultaneously
conducted with a membrane (Millipore ultra-free 15, Bio-Rad, Hercules,
CA) by centrifugation (5000g, 4 °C, 30 min), followed by lyophilization.
Antibody samples were kept at-20 °C for the binding capacity and
dissociation constant determinations of LS-Sepharose 4 Fast Flow
immunoaffinity gel.

Determination of Protein. Protein content was determined according
to the method described by Bradford (12). The microtiter plate protocol
of the Bio-Rad protein assay was conducted using chicken serum IgG
(Sigma) as the standard solution (50-500µg/mL) for the standard curve
(13). Three samples were each tested in duplicate.

Determination of Antibody. ELISA and antibody titer (10) were
performed to determine the changes in binding activity of IgY to LS
during the immunization period. LS solution (50µg/mL carbonate
buffer, pH 9.6) at 100 mL/well was used to coat an ELISA plate and
incubated it at 4( 1 °C overnight. After four washings with PBS-
0.05% Tween-20 (PBS-Tween), 100µL of 103-fold diluted yolk with
0.5% gelatin-PBS was added to each well and incubated at 37( 1
°C for 90 min. Wells were washed again six times with PBS-Tween.
Then 100µL of 2000-fold diluted alkali phosphatase-conjugated rabbit
anti-chicken IgG (Sigma) (0.5µL/mL) for IgY was added to each well.
Incubation occurred at 37( 1 °C for 90 min. Each well was again
washed with PBS-Tween six times; then to each of them was added
100µL of freshly prepared substrate solution (0.5 mg ofp- nitrophenyl
phosphate disodium salt/ mL, in 0.1 M diethanolamine buffer, pH 9.8).
The plates were allowed to develop for 1 h at 37( 1 °C. The color
developed was read at 405 nm with an ELISA reader (Multiskan Ex.
Labsystem Co., Helsinki, Finland). Absorbance of sample was at least
3 times higher than that of control. Reverse value of the maximal
dilution fold of yolk was used as antibody titer (10). Three samples
were tested, each in duplicate. Yolks and crude IgY solution obtained
from eggs laid by hens before the initial immunization were used as
controls. The specific activity and purification efficiency were computed
using the following equations (6, 7, 10). Specific activity) ELISA
value (absorbance at 405 nm)/mg of protein; purification efficiency)
specific activity of anti-LS antibody/specific activity of yolk against
LS.

Figure 1. Changes in ELISA value of hen yolk during the immunization
period. Six 160-day-old hens were intramuscularly immunized with
lysozyme once per week for 3 weeks after initial immunization. Egg yolks
from immunized hens were 103-fold diluted prior to ELISA assay. Each
value is the average of three determinations. Arrows indicate the
immunization schedule.
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Binding Capacity (qm) and Dissociation Constant (Kd) of LS-
Sepharose 4 Immunoaffinity Gel for LS. Binding capacity and
dissociation constants of adsorbent were determined by carrying out
LS-Sepharose 4 Fast Flow immunoaffinity chromatography. Different
amounts (0-22 mg of IgY) of IgY purified by LS-Sepharose 4 Fast
Flow immunoaffinity chromatography were added to the column, which
was then washed with 0.25 M NaCl/0.02 M phosphate-citrate buffer
(pH 7.2) and eluted with an elution buffer (0.5 M NaCl/0.1 M
phosphate-citrate buffer, pH 2.8). Fractions corresponding to IgY
fractions were pooled, and the total protein content was determined to
calculate the level (milligrams per milliliter of gel) of antibody bound
to the immunoaffinity gel. This process was repeated to develop an
adsorption isotherm line, which would represent the equilibrium amount
of bound antibody at increasing concentrations of free antibody in
solution. Binding parameters (qm andKd) of the adsorbent were then
calculated using the isotherm line. The apparent adsorption isotherm
of anti-LS antibody against amounts of antibody bound to the
immunoaffinity gel and the Lineweaver-Burk line of anti-LY antibody
were plotted according to the procedure of Chen and Wang (14).

Using the equation described by Chen and Wang (14), qm andKd

were computed as determined by a Langmuir-type adsorption isotherm
(6, 15): q* ) (qmp*)/(p* + Kd), whereKd is the dissociation constant,
p is the concentration of free adsorbate (IgY specific against LS) in
solution (mg/mL),qm is the maximum concentration of adsorbate, and
q is the concentration of adsorbed adsorbate (mg/mL adsorbent); the
asterisk (*) denotes equilibrium values (q* is the concentration of
adsorbed adsorbate at equilibrium andp* is the concentration of free
adsorbate at equilibrium). Bothq and qm are expressed in terms of
mg/mL of wet gel.

RESULTS AND DISCUSSION

Productivity of IgY against LS. When immunization was
conducted through the im route once a week for 3 weeks, the
level of antibody against LS in 103-fold diluted yolk began to
climb, reaching a peak (1.879) approximately in the sixth week.
Subsequently, the level declined sharply to 0.756 in the eighth
week (Figure 1) after initial immunization. A gradual increase
in the antibody level was observed in the present study, whereas
a sharp increase in the level of antibody in yolk specific against
Streptococcus mutansserotype c was reported by Chang et al.
(16). Compared with the changes in antibody titer for serum
IgG from rabbits and IgY from eggs laid by hens immunized
with casein (17), hens immunized with LS (Figure 1) showed
almost the same changes in antibody titers. The choices of
molecular weight, properties or source of antigen, the im-
munization routes, and experimental animals are all influential
on the productivity of antibody against the specific antigen (18,
19). IgY is derived from immunoglobulin G (IgG) in chicken
serum and, therefore, its level is relatively lower than that of
IgG (16, 20). The increase in antibody titer could be achieved
by boosting treatment to maintain a high level of antibody
specific against certain antigen (16, 21). The long period of time
for a high antibody titer in yolk appears to be beneficial for
IgY to be used as a potential source for immunological food
supplement or for uses in immunoaffinity (16).

Purification of IgY Specific against LS. Five milliliters of
crude IgY, prepared with the pectin method, was applied to the
LS-Sepharose 4 Fast Flow column, and the elution profile for
crude IgY is shown inFigure 2. Fractions corresponding to
IgY (fractions 28-34), eluted with 0.5 M NaCl/0.1 M phosphate-
citrate buffer (pH 2.8), were pooled (6), and the specific activity
of purified IgY against LS was determined after pH neutraliza-
tion. The specific activity of the yolk mixture collected over a
3-8 week period after the initial immunization was only 0.02
(Table 1). However, through the use of LS-Sepharose 4 Fast
Flow immunoaffinity chromatography, the specific activity and
the purification efficiency of IgY were raised to about 68 and

3380, respectively (Table 1), revealing the superiority of the
LS-Sepharose 4 immunoaffinity column. The purification ef-
ficiencies of rabbit serum IgG and IgY purified by a lactoferrin
(LF)-bound Sepharose 4B immunoaffinity column (0.5 mg of
LF/mL of wet gel) were only 2420 and 2310 (6), respectively,
inferior to the result in the present study. Hitrap Protein G (group
G streptococci) shows a stronger affinity, than protein A, to
the Fc fragment of mammalian IgG (22) and has been used to
isolate total IgG in samples such as serum and milk. However,
the antibodies isolate by such a protein G affinity column are
nonspecific to certain antigen and, therefore, low purification
efficiency was determined (6). Li-Chan et al. (23) determined
the percentage (∼11%) of IgY specific against LF in total IgY
and isolated lactoferrin by immunoaffinity chromatography
using yolk antibodies; however, no data regarding the purifica-
tion efficiency of antibody or target protein (7) were reported.
In addition, no determination of the recovery of antibody specific
against certain antigen has been reported thus far due to the
complex preparation of such an antibody.

qm and Kd. Figure 3 represents the apparent adsorption
isotherms (Figure 3A) and Lineweaver-Burk line (Figure 3B)
of LS-Sepharose 4 Fast Flow for anti-LS IgY. The absorption
of IgY specific against LS increased with the increasing amount
(0-22.0 mg) of IgY specific against LS to the immunoaffinity
column (6, 15). Therefore, it was apparent thatqm andKd values
of such an immunoaffinity column for IgY specific against LS
were 0.68 mg of IgY/mL of wet gel (0.54 mg of IgY/mg of

Figure 2. Elution profile of IgY from egg yolk of hens immunized with
lysozyme by LS-Sepharose 4 Fast Flow immunoaffinity chromatography:
column size, 20 cm in length × 1.0 cm in diameter; sample, crude IgY;
elution buffer, 0.5 M NaCl/0.1 M phosphate−citrate buffer (pH 2.8); flow
rate, 0.2 mL/min; fractionation, 2.0 mL/tube.

Table 1. Specific Activitya and Purification Efficiencyb of Anti-lysozyme
Antibody from Yolk Purified by LS-Sepharose 4 Fast Flow
Immunoaffinity Chromatography

method
specific
activitya

purification
efficiencyb

immunoaffinity chromatography 67.6 ± 0.1 3382.5 ± 3.8
controlc 0.02 1.00d

a ELISA value (A405nm)/mg of protein. Average ± SD of triplicate analyses.
b Specific activity of anti-LS antibody/specific activity of yolk against LS. Average
± SD of triplicate analyses. c Mixture of yolks from eggs collected over a 3−8
week period after the initial immunization. d Purification efficiency of control was
treated as 1.00.
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LS) and 7.13× 10-6 mg/mL, respectively (Table 2). In
comparison with the binding capacity (0.81 mg of IgY/mL of
wet gel) (1.620 mg of IgY/mg of LF) and the dissociation
constant (6.4× 10-6 M) of LF-Sepharose 4 immunoaffinity
gel for IgY specific against LF (6), the immunoaffinity column
for IgY specific against LS in the present study was lower in
qm by 19% but higher inKd by ∼10%. Properties such as size,
composition, and charge (isoelectric point) of bound antigen in
the gel matrix strongly influence its affinity to the corresponding
antibody and, therefore, are crucial to the binding parameters
of the immunoaffinity chromatography (24). Ling and Mattison
(25) have indicated that to get a calculated recovery of>90%
target protein when at least 99% of other contaminants were
washed out, the dissociation constant must be<10-6 M. In the
present study, the dissociation constant of such an immuno-
affinity column for IgY specific against LS was 7.13× 10-6

M, and the binding capacity was much lower than that (17.8
mg/mL of wet gel) of protein G Sepharose for IgG (14).
However, protein G Sepharose is not suitable for the isolation
of IgG specific against a certain antigen (22).

Conclusion.Hens were immunized with LS, and the ELISA
value of IgY against LS was determined. The trend of the change
in antibody against specific antigen was different with the
antigen used and the immunization route applied on the animals.
Although lower in binding capacity and higher in dissociation
constant, compared to those of the monoclonal antibody
immunoaffinity column chromatography, the LS-Sepharose 4
immunoaffinity column was effective in isolating IgY specific
against LS to achieve purification efficiency as high as∼3380
and was competent in separating IgY specific against LS from
yolk. Therefore, for the sakes of cost and efficiency, the use of
a polyclonal antibody such as IgY appeared to be practical in
immunoaffinity chromatography to purify and/or isolate limited
components with bioactivity in foodstuffs. Leakage of bound
LS during use of the column was not precisely determined.
However, a constant amount of isolated IgY was collected
during the 4 months and 30 isolation operations during the
reproducibility test.
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