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Production of chicken egg yolk antibody to Canine parvovirus
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Introduction

The yolk of hen eggs is a rich source of immunoglobulin’.
Also egg yolks can be easily incorporated into animals or
human diets. After immunization of laying hens, the specific
humoral response is seen in the serum if hens are mirrored
in the egg yolks some days later and remains elevated for

several weeks, and the IgG-antibodies produced are transf-

erred into the egg follicle®. In that way large amounts of
specific antibodies can be produced with little effort. Use of
chickens for production of antibodies on large scale is as-
sociated with obvious advantages. When eggs are used as
the antibody source, productivity is much higher than in
mammals, and no technical assistance is necessary for col-
lection and marking of eggs. There has been no report so
far on the use of chicken egg yolk antibodies for the control

of canine parvovirus infection in neonatal pups.
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Antigen-specific IgG has been widely used for im-
munological analysis in the fields of diagnosis as well as
pure research®. Another important application of IgG is pas-
sive immunization therapy in which antigen-specific IgG is
administered to unimmunized individual.

Hens egg yolk contains IgG, derived from the hen serum
and transmitted to the chick. IgM and IgA absent in yolk’.
For production of heterologous, polyclonal antibody after im-
munization of laying hens with antigen the IgG-antibodies
produced are transferred into the egg follicle and persist a
long period after the second boost’. Antibody from the cir-
culating blood plasma is secreted into the ripening egg fol-
licle and in incorporated into the egg white in the oviduct a-
long with the egg albumin®. At present, a tremendous numb-
er of hens, immunized to protect them from several diseases,
are managed to lay eggs systematically, and the eggs con-
taining 1gG are consumed as food.

The immunoglobulin of egg yolk which is now called
IgY, differs from mammalian IgG in the molecular size,
isoelectric point, and binding ability with mammalian com-
plement and protein A’. IgY is also known as -livetin and
exists in egg yolk together with other two water-soluble pro-
teins, -livetin(chicken serum albumin) and -livetin’, and vari-
ous lipoproteins(LDL and HDL) which are the major com-
ponents of egg yolk. Thus, a simple alternative to con-
ventional antiserum production is the production of an-

tibodies in chicken eggs™.

Materials and Methods

Experimental Animals : Adult egg-laying Hyline hens
were obtained from the commercial poultry farm. They were
housed in double-layer cages individually for laying
throughout the experiment. Commercial laying ration(Sun
Jin laying formula, Sun Jin Co) and water were provided ad
libitum.

Immunizations : Chickens were immunized with the comm-
ercial inactivated canine parvovirus vaccine intramuscularly in the
breast muscle 4 times at intervals of one week.

Blood and egg samples : Blood samples were taken

from each hen before immunization and at 1, 2, 3, 4 and 6

weeks by wing veinpuncture. The sera were separated after
overnight incubation at 4. Eggs for the passive im-
munization of animal were harvested 2 weeks later after
completion of immunizations and stored at 4 until pro-
cessed. The period of storage was not exceed 7 days. Con-
trol eggs were collected from each chicken non-immunized.
Isolation of antibody from egg yolk for Hi test : A method
described by Piela et a* was used with minor modification.
Individual egg yolks from immunized or control hens were
separated from egg whites and egg yolk membranes. One
ml of egg yolk was mixed 1:1(vol/vol) with phosphate buff-
ered saline(pH 7.4) and 1:2(vol/vol) with chloroform. After
vortex, the tube was incubated for 1 hour at 4C and cen-
trifuged at 2,000 rpm for 20 min. The clear supernatant was
used for testing of antibody titer to canine parvovirus.
Isolation of antibody from egg yolk for passive im-
munization : The egg yolks were separated from the egg
white and the yolk membranes carefully using sterile gauze
to remove as much of the albumin as possible, and rolled
on filter paper to remove adhering egg white. The mem-
brane was punctured and yolk allowed to flow into a gra-
duated cylinder without membrane. Thirteen to fifteen yolks
were used for one lipid-precipitation procedure as follows.
Total 200 ml of yolk was diluted with 10 volume of dis-
tilled water which was precooled at 47C. The diluted egg
yolks were mixed and an aqueous dispersion of 5%(vol/vol)
HPMCP in 80% ethyl alcohol was slowly added to the di-
luted egg yolk mixture to make a 0.5%(vol/vol) mixture for
lipid precipitation. After the mixture were kept at 4°C for 24
hours, clear liquid supernatant(water-soluble protein fraction)
in the upper layer of the mixture was obtained and was pass-
ed through a 0.45nm membrane filter into a sterile beaker to
remove solid lipid materials and bacteria, and was stirred
gently. While agitating gently on a magnetic stirrer, am-
monium sulfate(60%) was added slowly, and kept at 4T for
overnight. After the precipitate was obtained by centrifugation
at 3,000g for 30 minutes, the supernatant was discarded and
precipitate was resuspended in 1-2 pellet volumes of PBS(pH
7.4). The final antibody solution was transferred to dialysis
tube and dialyzed against three changes of PBS for overnight.
Aliquots as the source of IgY were stored at -20TC until use.
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Protein measurement : The MicroBCA protein assay kit
(Pharmacia Co) was used with bovine serum albumin as the
reference protein.

SDS-polyacrylamide gel electrophoresis : SDS-PAGE
was done under nonreducing condition using a pre-made ex-
cel gel 15% gradient acrylamide gel(Pharmacia Biotech Inc.
USA). For the running buffer anode SDS buffer stripe(pH 6.
6) and cathode SDS buffer(pH 7.1) was used. Protein sam-
ples were incubated with sample buffer(SDS 1.0g, EDTA
3mg, BPB 10mg, pH 6.8) without reducing agent as the
molecular weight markers. SDS-PAGE molecular weight
standards proteins and purified chicken serum IgG(Promega
Co) were used, and stained with a mixture of Coomassie
Brilliant Blue R-250. SDS-PAGE was also done under the
reducing conditions with 2-mercaptoethanol.

Hemagglutination Inhibition Test : Serum and IgY sam-
ples were tested using a method by Carmichael et al’. Each

test series had appropriate RBC and virus controls.

Results

Immune response of chicken given inactivated CPV vac-
cine : All chickens immunized had a significant levels of HI
antibody to canine parvovirus except non-immunized con-
trol chickens(Fig 1). The antibody responses of chicken
were usually detected 1 weeks after initial immunization.

The highest serum antibody titer was reached 1 week after
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Fig 1. Serum antibody responses of chickens immunized with
inactivated canine parvovirus vaccine. * Non-vaccinated con-
trol chicken.

the third infection of inactivated canine parvovirus vaccine,
and HI antibody titers to canine parvovirus were ranged
from 1:640 to 1:5120 in serum from immunized chickens
at 2 weeks after last injection. While antibody titers of the
control chickens were remained negative during the ex-
periment.

The hemagglutination inhibition titer of egg yolk from
nonimmunized hens was less than 1:10. The antibody
response in yolk was increased at 1 weeks after the second
immunization(Fig 2). The serum antibody titer was reflected
in the egg yolk antibody concentration of immunized hens.
With a delay of approximately a week, yolk antibody
responses were similar fashion to that of serum antibody.
Nevertheless the levels of yolk antibody were generally Jow-
er than those serum antibody(Fig 2). The data showed that
the antibody titers to canine parvovirus were ranged from 1:
640 to 1:2560 in egg yolk from immunized chickens at 2

weeks after the last infection. Thereafter the antibody

HI titer(S x log2)

Weeks after immunization

Fig 2. Yolk antibody responses of chicken immunized with inac-
tivated canine parvovirus vaccine. * Non-vaccinated control
chicken.

response persisted in the egg yolk throughout the ex-
perimental period of 20 weeks.

Isolation of antibody from egg yolk : Using a 5% aqueous
HPMCP followed by ammonium sulfate precipitation and di-
alysis was effective method for the precipitation of isolation of
egg yolk antibodies to canine parvovirus. Egg yolk was di-

Juted 4, 6, 8, 10 and 12 times with distilled water for simple
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Fig 3.Effect of HPMCP treatment for precipitation of egg yolk lipoprotein. Mixture diluted egg yolk solution(9 parts) and 5% HPMCP

solution(1 part) was incubated at 4°C for 24 hours.

dilution. The pH of the diluted egg yolk was from 6.3 to 6.6.
After overnight incubation, samples diluted 10 times gave re-
latively clear supernatants with only slight lipid contamination.
The supernatant containing lipid appeared yellowish due to
lipid-soluble pigments(Fig 3). Further experiments were done
using 1/10 diluted yolk solution.

The dilution of egg yolk mixture with 0.5% of HPMCP
precipitated the lipid faster than the mixture with 0.25% or
1% of HPMCP. The clear supematant(water-soluble protein)
in the upper layer of the mixture began to be formed at 2-3
hours after adding the solution of 5% HPMCP, and was
found to remain almost constant after 12 hours. Settling of
egg yolk granules was continued after 24 hours but amount
of water-soluble fraction was small. The precipitated egg
yolk granules appeared fluffy, forming a loose aggregate
and settling to more than 90% of total volume giving a very
clear colorless solution(Fig 3). The nature of precipitates

formed was light-yellowish and emulsive.

The amount of HPMCP treated supernatant was ap-
proximately 1,200ml(60% of egg yolk mixture) after in-
cubation at 4°C overnight and final solution after dialysis
was usually 42ml(21% of original egg yolk volume). Total
proteins in the egg yolk mixture, HPMCP treated su-
pematant, salting-out solution and dialyzed solution was 2.4,
2.2, 32.78 and 26.53 mg/ml, respectively(Table 1). The di-
lution of egg yolks with 10 volume of distilled water and
mixture with 0.5% of HPMCP gave a supernatant con-
taining 55% of total egg yolk protein. About 203mg of total
protein in supernatant was produced from on egg. The re-
covery rate of total proteins was 23.2% of the yolk protein
after ammonium sulfate precipitation and dialysis of su-
pernatant.

SDS-PAGE of water-soluble fraction, ammonium sulfate
precipitated solution and dialyzed solution has a heavy-
chain with high molecular weight, estimated MW; 60-70KD

and a light-chain with low molecular weight, estimated MW;
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Table 1. Total protein of various solutions for isolation of an-

tibody from egg yolk
Egg yok HPMCP weated Saltung-out Dialyzed
mixture®  Supernatant®  solution®  solution®
Toul volume 54y 1,200 36 0
(ml)
Toul protein 4 22 3278 2653

(mg/ml)

: 200g of egg yolk was used

: After lipid precipitation by 5% HPMCP HP-50
: ammonium sulfate precipitation(60%)

: used dialysis membrane

oo™

30-40KD(Fig 4). These bands were considered to be IgY H
and L chains, respectively. In non-reducing gel(1% SDS)
SDS-PAGE of IgY at various stages of isolation, each iso-
lated solution gave a protein band estimated 120-160KD of
molecular weight and was considered to be egg yolk im-
munoglobulin. Chicken serum IgG gave a protein band of
the same molecular mass 120-160KD of molecular weight
(Fig 5). Several proteins were obtained in the supernatant in-
cluding IgY after treating the egg yolk with HPMCP. Other

proteins were seems to be and livetin.

Fig 4.SDS-PAGE of various stages of solution in reducing 15%
pre-made SDS gel. Protein samples were prepared in the pres-
ence of 2-mercaptoethanol. Lane 1. ammonium sulfate pre-
cipitation; Lane 2. water-soluble fraction; Lane 3. ammonium
sulfate precipitation and dialysis solution.

Fig 5. SDS-PAGE of various stages of solution in nonreducing pre-made 15% SDS gel. Protein samples were prepared in the 1% SDS
without 2-mercaptoethanol. Lane 1. Chicken serum IgG; Lane 2. Ammonium sulfate precipitation; Lane 3. Water-soluble fraction;
Lane 4. Ammonium sulfate precipitation and dialysis solution; Lane 5. Whole egg yolk.
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Discussion

Egg yolk is an fluid emulsion with continuos phase of
protein(livetin} and a dispersed phase of lipoprotein particles
and yolk lipid". IgY is one of the livetins(-livetin). There-
fore, removal of lipoprotein or lipid is an important step for
the purification of IgY’. Partial lipoprotein precipitation
could be performed from simple dilution of egg yolks with
distilled water alone'. The separation of the supematant
from the precipitate could be obtained without requiring cen-
trifugation. Improving the procedure with a lipid pre-
cipitating agent facilitates delipidation and recovery of large
water-soluble fraction.

Beside mere precipitation, many purification methods for
IgY have been reported using lipoprotein separation by ul-
tracentrifugation’, delipidation by organic solvent'”, and
lipoprotein precipitation by polyethyleneglycol®, sodium
dextran sulfate’ or carageenan7. However, these methods
seem to be impractical, because of their scale and cost.
Moreover, IgY obtained from these methods using organic
solvent or chemicals may not be suitable for pharmaceutical
purpose’. In present study 5% aqueous hydrosypropyl-
methylcellulosephthalate(HPMCP)  dispersion effective for
precipitating lipid. Because HPMCP have been used as an
enteric coating substances, IgY prepared by this reagent
should by suitable for oral administration. Furthermore the
isolation of IgY using HPMCP is quite practical, because
the conjugation of HPMCP and lipids was easily pre-
cipitated by standing overnight and a clear supernatant was
obtained.

The mechanism of precipitation by HPMCP is unknown'*.
It is presumed to be similar to that with carrageenan, natural
gum’, wherein the main force causing precipitation with
lipoprotein is the ionic binding elaborated between the ne-
gative charge of the lipid acting substance and the net po-
sition charge of the lipoprotein. IgG is often digested and
inactivated by gastric juice. The HPMCP used to separated
yolk lipids in this study has been used as an enteric coating
substances for several drugs’. Apparently, HPMCP-coated

drugs are resistant to gastric juice, and dissolution in in-

testinal fluid is pH-dependent. In this study it is likely that
the concentrated antibody solution coated with HPMCP,
may have enteric resistance properties against low pH, there-
by allowing stable passage through the stomach and en-
suring the absorption of intact antibodies in the smail in-
testine.

The major proteins present in the water soluble fraction
include - and - livetins with molecular weight of 70KD and
42KD, respectively'®, and low-density lipoproteins. Rose et
al’ reported that molecular weight estimation of IgG from
serum and yolk gave identical results and molecular weight
of 170KD. Non-reducing SDS-PAGE electrophoresis in this
study showed a same m.w. band with chicken serum IgG at
various stages. Salt precipitation and dialysis caused selec-
tive removal of some contaminating proteins especially the
38KD and 53KD fraction with reduction of the 70KD pro-
teins.

A number of factors may influence the purification pro-
cess, including the quality of eggs used, the ambient tem-
perature, and optimal ratio of egg yolk and HPMCP. It was
observed that separation of the water-soluble fraction and
solid phase of the egg yolk and HPMCP mixture after stand-
ing at 4C overnight was more distinct, and a clearer su-
pernatant could be obtained when fresh eggs were used for
isolation. Long storaged stale eggs usually have fragile
yolks that easily break upon handling and incidence of egg
white contamination is high, leading to poor delipidation
upon treatment with HPMCP. The poor protein composition
of these eggs may also inhibit an effective binding with
HPMCP due to changes in molecular stability of proteins.
To avoid the problem freshly harvested eggs were used in
the present study.

Although water-soluble proteins constitute 42.4% of the
total proteins in egg yolk'’. Seventeen point four percent of
the total protein was recovered in the supernatant and that
results was concurred with previous finding by Kwan et al®®,

Chicken eggs contain as much as 200mg of IgG which is
found almost exclusively in the yolk®'®. The immunoglobulin,
which is not only readily produced but also easily purified”.
Egg yolk IgG is described as being like mammalian IgG, al-

though recently, it was suggested that this avian im-
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munoglobulin, called either IgG and IgY is antigenically sim-
ilar to mammalian IgG, IgA and IgE™?. In present study, the
previous finding that the specific humoral response to injected
antigens in hens is mirrored in the egg yolk*™ have been con-
firmed. Increased levels of serum antibodies to immunizing
CPV vaccine could be detected 1 week after immunization
and reached a peak at 1 week after 4th injection. As expected,
since the antibody in the yolks persisted for 16 to 20 weeks,
the protective effect persisted when the egg yolks were col-
lected from eggs laid by hens up to 16 to 20 weeks post-im-

munijzation.

Conclusions

The semipurified antibody solutions were obtained by con-
centration of the water soluble protein fraction of egg yolks us-
ing hydroxypropylmethylcellulose phthalate and ammonium
sulfate precipitation from immunized hens with commercial
inactivated canine parvovirus vaccine.

A 5% aqueous HPMCP treatment and ammonium sulfate
precipitation was effective to remove yolk lipid. The anti-
canine parvovirus antibody preparations showed clear reac-
tions in HI test. Yolk antibody titers reached peak levels at 5
to 6 weeks postinoculation. Antibody response of im-
munized chickens was significantly greater than that of non-
immunized chicken(p<0.01).
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