Chapter 5

PROTOCOL

Use of Polyclonal Avian Antibodies

INGRID BEHN, UNDINE HOMMEL, MICHAEL ERHARD,
ANDREAS HLINAK, RUDIGER SCHADE,
CHRISTINE SCHWARZKOPF, and CHRISTIAN STAAK

Introduction

For many years antibodies have been used for quantitation and
detection of a lot of different substances. The specific recogni-
tion between antibodies and antigens has led to the develop-
ment of diverse methods for basic research in the sciences as
well as for diagnosis in human and veterinary medicine.

In principle, specific antibodies (immunoglobulins) can be
gained by collecting serum from vertebrates immunised with
substances (structures) which are antigenic (polyclonal antibo-
dies), or they can be produced by the cell-fusion of antibody-
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producing cells with permanently growing myeloma cell-lines
(monoclonal antibodies).

Traditionally, the species chosen for antibody production
have been taken from mammals, especially rabbits, but recently
there has been a growing use of hens.

Hen IgY is the main serum antibody, but its transfer to the
egg resembles the placental or colostral transfer of IgG in mam-
mals. The active transfer of IgY from serum to eggs leads partly
to a higher concentration in the yolk than in the serum. After
birds have been immunised, polyclonal antibodies can be pre-
pared in various ways without blood-taking (see Chapter 3 and
Chapter 4).

The properties of prepared IgY enable it to be used for mani-
fold specific antigen-antibody reactions, so these antibodies can
be used not only for diagnostic purposes but also for therapeutic
ones. The immunisation of hens instead of rabbits with antigens
from mammals can be advantageous, especially in the case of
phylogenetically highly conserved antigens. Prepared IgY-anti-
bodies can easily be marked, for instance with enzymes, fluor-
ochromes and biotin, and both marked and unmarked IgY-pre-
parations can be kept for quite a time under suitable conditions
(see Chapter 4 and appendix, respectively).

Use of polyclonal avian antibodies as primary and secondary antibodies
in immunological reactions

This chapter describes several ways of assaying antibodies and
antigens. For modern practical purposes, investigators need
methods which are specific, sensitive, reproducible, quantitative
and quick. Ideally, the methods should need no costly reagents
or equipment. They should be effective in measuring many anti-
gens differing in nature and origin, including polyclonal or
monoclonal antibodies.

In Subprotocols 1-5 several classical immunoprecipitation
techniques are described.

The indirect marking of antigens using an antigen-specific
primary Ab and a species specific labeled secondary Ab is ad-
vantageous since the wide range of antigen-specific primary Abs
(like mouse monoclonal Abs) can be marked by means of only
one species-specific labeled secondary Ab. Therefore, methods
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are included in this chapter which describe in detail procedures
to conjugate an IgY Ab with enzymes or fluorescent markers
(see Subprotocols 6-8).

In Subprotocols 9-17 several ELISA variants are described in
detail, which use the IgY-Ab as labeled or non-labeled primary
Ab, as a capture Ab or as a labeled or non-labeled secondary Ab.
Simple to perform Dot-Blot methods as well as a Western-Blot
procedure based on IgY-Abs are recorded in Subprotocols
18-20.

The suitability of IgY Ab for immunohistochemical methods
is demonstrated in Subprotocols 21-24. In Subprotocols 25-27
the advantageous application of labeled IgY-Abs is displayed in
FACS-analysis. The Subprotocol 28 exemplaryly describes an
IgY-based RIA and in Subprotocol 29 a rather complicated pro-
cedure is described, which uses IgY for a complement fixation
test, although IgY does normally not activate mammalian com-
plement. Procedures are shown in this subprotocol to circum-
vent this problem. In Subprotocols 30-32 IgY is used for pro-
phylactic and therapeutic purposes in veterinary medicine.
The application of specific chicken egg yolk Abs in this field

Table 1. Comparison of the sensitivity of several immunological methods

Method Detection limit (mg/l) Application
Qualitative Quantitative

Precipitation

Mancini 10 - 20 - ++

Ouchterlony 10 - 30 ++ -

Immunoelectro-

phoresis

Grabar and Willams 10 - 20 ++ -

Rocket 0.2 -1.0 - ++

Two-dimensional 0.1 -1.0 ++ +

Radioimmunoassay 0.0001 - 0.01 - ++

Enzymimunoassay  0.001 - 0.1 - ++
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becomes possible because of the high amount of such Abs ob-
tainable from only a few chickens. The use of specific IgY Abs in
therapy and prophylaxis of e.g. diseases of the digestive system
of mammals in their early life may be an interesting alternative
to the use of antibiotics.

A comparison of the detection limits of the various methods
is shown in Table 1.

Subprotocol 1
Single Radial Immunodiffusion (SRID) - ‘Mancini’

Basically, immunoprecipitation and agglutination (e.g. Subpro-
tocols 1-5) are techniques which are simple in nature and re-
quire only the participation of antigen and antibody to produce
a visible immunocomplex (IC). In agglutination the antigen is of
corpuscular nature, in immunoprecipitation it is of non-corpus-
cular nature. In precipitation, ICs are formed either at the inter-
phase between an antigen containing and an antibody contain-
ing fluid or in gel at an area of diffusion where the ratio of anti-
gen and antibody amounts lies within the equivalence range.
Due to its growing size, the precipitate can neither diffuse
nor migrate electrophoretically in gels, and different precipita-
tion techniques are based on this immobilisation.

Specific IgY from hens differs from mammalian antiserum,
for instance, in the fact that maximal immunoprecipitations oc-
cur in a medium of 1.5 M NaCl (high salt) (Benedict and Yamaga
1976). Precipitation can be further increased by adding 5% (w/v)
PEG 6000 to the medium (Ntakarutimana et al. 1992). The ex-
tent to which these manipulations should be used depends on
the questions posed. In parallel investigations using 1.5 M and
the ‘normal’ concentration of 0.15 M NaCl, Polson et al. (1980)
found no basic difference in the results. Hence in routinely
using IgY in immunoprecipitation-techniques, one generally
has the advantage of being able to use the rich experiences
of classical serology with mammalian antibodies in the physio-
logical medium (0.15 M) without having to introduce a second
buffer system.

For immunoprecipitations, gels have proven their worth as
semi-solid carriers. Use has been made of both purified agar and
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Equipment

agarose. Polson et al. (1980) preferred to use agarose rather than
agar, since occasionally white haloes formed round the cup con-
taining the IgY. The authors suspected that these haloes were
due to a reaction between agaropectin in the agar on the one
hand and traces of lysozym in the not completely purified
IgY on the other.

Agar is a mixture of polysaccharides, most of which contain
the disaccharide agarobiose. Agarobiose contains many reactive
side-groups able to absorb various proteins like fibrinogen, ly-
sozym, thyreoglobulin and B-lipoproteins. For this reason, agar
has been fractionated into agaropectin and agarose. Unlike agar,
agarose has no absorbent qualities so it is easier to standardise
(Ferencik, 1993).

Antigens are added to wells punched in agarose-gel from
where they diffuse radially. They react with antibodies (IgY) dis-
tributed evenly in the gel and precipitate round each well as a
ring. Within the equivalence range, the width of each ring is
proportional to the amount of antigen. Known concentrations
of antigens (standard curve) serve as a standard of comparison
for the quantification of others.

SRID is used for example for quantifying serum-Ig-isotypes
but has other uses too.

SRID is often used when so-called rocket-immunelectro-
phoresis does not lead to a reliable quantification of the sample,
owing to insufficient electropheretic migration of the protein to
be determined.

Here is the procedure, as shown by finding the concentration
of bovine IgGl1 in the serum of cattle:

Materials

- gel-punchers, preferably 2 mm in diameter

- a surface to be coated with gel, like
glass plates or

petri-dishes or
microscope-slides or
foil-materials
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a temperature controlled waterbath

a cooker (electrical or gas, for melting the agarose)
dryer (for drying the gels, e.g. a hair dryer)
pipettes

pipette-tips

If it is intended to stain the gel after completion of the test, the
carrier glass slides should be coated with melted 0.2% agarose,
then baked for 1 h at 100°C in a hot-air steriliser. This is advi-
sable to stop the gel from slipping off the carrier during washing
processes.

agarose (e.g. Serva 11397)
phosphate-buffered saline (PBS, 0.15M), pH 7.2 - 7.4

precipitating IgY-anti-bovine IgG1. The dilution for use is to
be found by trial and error. The example here is 1% in the
gel.

the standard serum from cattle with known IgG1 content.
The example here is 10.05 mg/ml.

polyethylenglycol 6000 (this additive leads to a better preci-
pitate formation)

Procedure

The Mancini-plates are made as follows:

1.

Prepare an agarose solution. For a 1.5% solution, heat 0.75 g
agarose in 50 ml PBS to a clear solution. Sodium azide may
be added in a concentration of 0.02%.

Fill each glass tube with 8 ml, then cool it in a water bath to
56°C.

Pre-dilute IgY anti-bovine-IgG1 1:20 (PBS), add 2 ml of the
diluted serum to each glass tube and mix well with 8 ml of
the fluid gel. The agarose-concentration then comes to 1.2%
with an antibody-concentration of 1% in the mixture.

Reagents,
solutions
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4. Pour the gel onto the levelled microscope-slide to a thickness
of about 2-3 mm (10 ml of agarose are enough to coat a sur-
face of 50 cm? with 2 mm in thickness).

5. (Optional but advisable) Put the plates into a refrigerator for
a while, to render the gel firmer.

6. Punch cups of a predetermined pattern in the solidified gel.

7. Fill the cups with cattle-serum, diluted for instance 1:8 or
1:16, as also with a control serum diluted to the same extent
in a volume of 2-5ul (dependent on the cup diameter).

8. Incubate the plates in a moist chamber at room temperature
for 48 h.

Evaluation is based on the circular precipitation areas. Forma-
tion of the precipitate is complete when the latter is enclosed by
a white halo.

Note: The precipitate can be measured more easily if stained.
For staining, the plates are immersed in 1% saline with
0.02% NaN; for 2 days to remove proteins (with several
changes), shortly (1 h) rinsed in distilled water and finally dried.
The staining can be done with Coomassie brilliant blue or with
other protein-stains like azo-carmine or amido-black according
to standard protocols.

Note: The period of preparation for staining can be notably
shortened.

1. Cover the Mancini-plates with moist filter-paper, leaving no
blisters, and with absorbent material on top of it.

2. Place a plate and a suitable weight on the absorbent material
for 30 min. The aim is to squeeze water and remaining so-
luble proteins out of the agarose layer.

3. Remove the pressing device and immerse the plates in tap
water for 1 to 2 h. Repeat step 1/2.

4. Dry the plates covered with filter-paper at room temperature
or with a hair-dryer.
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The reaction area (precipitate) of the sample is compared to the
reaction area of a standard as follows:
mg/ml sample = mg/ml control x area of sample / area of control

Results

One alternative is to take the precipitate’s diameter (or diameter
squared) as a basis, since this is proportional to the concentra-
tion of antigens after full formation of the precipitate which as a
rule is reached after 2 days incubation. Under these conditions,
a straight line is produced by plotting diameter against concen-
tration (method according to Mancini et al. 1965). Another al-
ternative is to measure the precipitate’s diameter already after
6-24 h before full formation (Fahey and McKelvey 1965). In this
case the diameter is directly proportional to the logarithm of the
concentration of antigens, but the results are less accurate, with
a variation coefficient of 10% as compared to about 2% with
the Mancini technique. The samples are determined by means
of a standard curve. With very good antisera, a detection limit of
1-3 mg/1 (of, for instance, IgG or albumin) can be reached (see
Table 1).

Troubleshooting

It is recommended to put the gel plate in a refrigerator for about
20 min. In this way the gel becomes more solidified and may not
be so easily damaged by preparing the sample cups. Take care to
not inundate the cups with inadequate sample volumes.The pre-
cipitate can be evaluated only if the agar-solution has been
mixed thoroughly with the antibody-solution otherwise irregu-
larly shaped precipitates may occur (see Figure 1). The tempera-
ture of the liquid gel before pouring should stay below 58°C, so
as not to destroy antibodies. According to our experience, the
precipitate evolves better at room temperature than in the
fridge, as with other techniques. For ring-precipitation, the
plates must be perfectly horizontal; and the punched wells
must be far enough from the edge of the gel to avoid edge-phe-
nomena (see Figurel). For further details see Behn 1991.

Evaluation
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Fig. 1. The quantitative determination of various dilutions (1:2-1:512) of bo-
vine IgG1 by means of radial immuno-precipitation (Mancini-technique). The
material used was an IgY anti-bovine IgGl antibody (1.0%). The developed
precipitate was stained with Coomassie brilliant blue G250. 1) The clearly
marked ring reveals complete precipitation. 2) Lack of a clear ring reveals ir-
regular precipitation and implies a non-horizontal basis. At low concentra-
tions, this effect is mostly negligible. 3) Here there is incomplete precipitation.

Subprotocol 2
Agar Gel Double Immunodiffusion Test (AGIDT) —
‘Ouchterlony Technique’

In AGIDT, antibodies and antigens from neighbouring cups dif-
fuse radially into the gel and in positive cases create line-shaped
immune-complexes. The procedure is suitable for showing the
presence of either antibodies or antigens. Antibodies are often
titred out, but the results are no more than suggestive. The
AGIDT’s popularity is due to its use in revealing the presence
of infections, and the OIE (Office International des Epizooties,
1996) qualifies it in many cases as a prescribed or alternative
procedure for the qualitative determination of antibodies.
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Materials

Punchers of various kinds. The most widely accepted pattern
consists of 6 punch-holes in a circle around a central cup.
These holes are normally 4 mm wide and 8 mm apart (other
distances are possible). There are many alternative forms.

Otherwise as given under Mancini-technique.

As given under Mancini-technique.

Equally good results can be obtained by using physiological
saline (0.85% NaCl) instead of PBS (see the comments about
‘high salt’ in the introduction).

precipitating IgY-anti-CRP

human CRP-standard serum

Procedure

1% (w/v) agar in PBS is heated until the solution is comple-
tely clear.

The hot gel is poured on a glass-slide (or a foil-carrier) in a
volume to reach a thickness of about 2-3 mm.

After cooling, wells are punched according to a chosen pat-
tern.

Fill the wells with antigen suitably diluted and others with
corresponding antibody in a way that antigen and antibody
containing wells are in neighbouring positions. For titrating
an antibody, a central well can be filled with CRP-antigen
and the surrounding wells with serially diluted anti
CRP-ADb. The volume of the wells should range between
5-20ul, depending on the size of the cup. In the case of Figure
2 the Ab is filled in the central well while surrounding wells
have been charged with antigen dilutions.

Incubate the materials in the moist chamber for 48 h.

Evaluate the results. One or more lines of precipitation are to
be regarded as a positive result. In the titration of an anti-

Equipment

Reagents,
solutions

Production of
the AGIDT-
plates

Test
procedure
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body, the dilution at which a precipitation still visibly occurs
under constant conditions counts as the titre.

Results

If the available amounts of antibodies and antigens are small
microscopic slides may be used as carrier. A stencil of glass-
clear plastic, in which a central reservoir surrounded by further
reservoirs, has been cut, is placed on a gel layer about 0.3-0.5
mm thick. The reservoirs are filled with the solutions, with
for instance antibodies in the centre and antigens diluted to var-
ious extents in the surrounding wells. Through a small hole
bored in the base of the reservoir there is a connection to
the gel. Usually a blunt needle is pushed through the hole to
punch a micro-hole in the gel. The evaluation follows as above.

In qualitative investigations into antigen identities between
various antigens in neighbouring cups, note not only the pre-
cipitation but also the behaviour of lines of precipitation in the
mutual field of reaction. They may create the following patterns.

e Total fusion of both lines in the transition area. This shows
that the two antigens are the same (see Figure 2).

o Crossing over without fusion. This shows that the two anti-
gens are different.

e The creation of a spore, if the lines fuse and a spore is created
by one of the lines. This shows that the antigens are partly
the same.

Troubleshooting

Unfavourable dilution-ratios of antigens and antibodies can
yield negative results, so various ratios have to be tried out.
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Fig. 2. The qualitative determination of rat CRP by means of the Ouchterlony-
technique. To the middle hole (7) are added IgY anti-CRP antibodies, and to
holes 1-6 are added various CRP preparations in various dilutions (well 1 con-
tains the serum sample, and wells 2-6 contain isolated CRP in various dilu-
tions). Pr = precipitate.

Subprotocol 3
Immunoelectrophoresis According to Grabar and Williams
(1953)

These methods include both electrophoresis and diffusion
(Friemel 1991). They are usually carried out in agarose or
agar on glass plates or flexible plastic materials. In the first
part antigen substances are separated by means of an electric
field, and in the second part mono- or polyspecific antibodies
diffuse into the gel and form curved precipitates with homolo-
gous antigen fractions or the separated protein fractions mi-
grate electrophoretically into an Ab-containing gel. According
to the aim, various kinds of agarose with various qualities (like
high purity, low electroendoosmosis and low non-specific ab-
sorption) can be used. The agarose can be prepared by means
of various buffer-systems (like veronal- or tris-barbital, pH 8-9,
ionic strength 0.025, containing 0.02% sodium azide or 0.01%
merthiolate as preservatives).
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This procedure is of only limited use for quantitative work,

and for this reason has not become part of routine diagnosis,
but it can be used in comparative investigations into antigens
and antibodies.

The procedures still common today are:

classical immunoelectrophoresis according to Grabar and
Williams (1953)

rocket immunoelectrophoresis (Laurell 1966), and

two-dimensional (crossed) immunoelectrophoresis (Laurell
1965).

These methods have many variations like fused rocket immu-
noelectrophoresis (see Figure 7, Chapter 4).

Materials

electrophoresis apparatus (Pharmacia LKB, Multiphor II)
filter-paper (Schleicher Schiill, No. 334497)

punch cannule (1-3 mm in diameter)

carrier (for instance microscope-slide)

levelled plate

scalpel (to prepare the reservoires for the Ab)

buffer (for instance a veronal or veronal-sodium buffer, see
Chapter 8)

agarose in electrophoresis buffer (1-2%)
antigen-dilutions
Ab-dilutions

staining-solution (e.g. Coomassie brillant blue, see Chap-
ter 8)
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Procedure

There are two stages, electrophoresis and double diffusion.

Coat the slide with agarose as described.

Punch a well in the middle of the carrier and fill it with the
antigen to be fractionated electrophoretically.

Fill the buffer reservoirs with the appropriate buffer, then
use several layers of filter-paper to connect the buffer in
the reservoirs with the agarose on the slide.

Fractionate the antigen solution by means of an electric cur-
rent of ca. 5 V/cm for about 60 min.

Cut a trench about 2 mm wide along the slide in the agarose
on both sides of the punched hole. The pattern may be chan-
ged to a central trench with antigen wells to the left and to
the right of the trench.

Fill the trench with an antiserum suitably diluted, so that the
separated antigens and the antiserum diffuse towards each
other. This leaves curved precipitates, which may be stained
as described above.

Results

This method is suitable not only for the qualitative demonstra-
tion of mixtures of antigens but also for assessing the identities
of various proteins (see Figure 3).

Troubleshooting

The concentrations of the antigen and the antiserum must
‘match’, and the chosen voltage must not be so great as to
warm and shrink the gel. To know when the electrophoresis
has ended, mix the antigen solution with bromphenol-blue
for instance, as this dye is the quickest to migrate and can serve
as a marker.

Electro-
phoresis

Double
diffusions
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chicken Ab

< » 4

Fig. 3. The qualitative determination of rat CRP by means of immuno-electro-
phoresis. The material applied is a CRP-preparation (antigen), which has been
developed against two different antibodies (monospecific anti-CRP antibodies
from hens and rabbits). As both precipitate curves join at the end, both anti-
bodies recognize the same antigen (identical specificity).

Subprotocol 4
Rocket Immunoelectrophoresis (RIE)

This method, also known as electro-immuno-diffusion, was in-
troduced by Laurell in 1966.

Like simple radial immune diffusion according to Mancini,
this procedure is based on the diffusion of antigens into an agar-
ose-gel containing antibodies, but the antigens and antibodies
migrate respectively to the anode and cathode in an electric
field. To move towards the anode, cathodic migrating proteins
(e.g. IgG) must be carbamylated. Rocket-shaped more or less
pointed precipitates grow from cups filled with antigens. By in-
cluding standards of known concentration antigens can be
quantified.

Materials

See Subprotocol 3.



5 Use of Polyclonal Avian Antibodies

123

Procedure

1. Melt agarose to a clear solution, then cool it to about 56°C.

2. Mix the antiserum (which for the quantitative determination
of a protein is usually a monospecific antiserum) thoroughly
with the agarose. The antibody dilution suitable for this tech-
nique must be found by trial and error.

3. Pour the antibody containing gel onto the carrier, cool until
the gel has solidified.

4. At asatisfactory distance from the edge of the carrier (about
1 cm, needed for the bridges of filter-paper), punch a row of
wells 2 mm wide and 5 mm apart. Provide each plate with
sufficient wells for standard samples.

5. Connect the prepared plate with cotton-wicks (filter-paper),
as described above, then under slight voltage add the sam-
ples to be investigated to the holes.

6. After filling the holes, apply a voltage of 10-15 V/cm. De-
pending on the electrophoretic properties of the antigen,
the rocket develops completely within 30-180 min.

7. Evaluate the plates directly or after staining. The height of
the precipitate is directly proportional to the concentration
of the antigen and, given the curve of calibrations, can be
evaluated simply with the help of an appropriate compu-
ter-program.

Results

The RIE (see Figure 4) can also be used the other way round by
putting the antigen in the gel, and the antibodies in the well. In
this form, the method is sensitive enough to be excellent for
identifying serum proteins or other antigens.

Troubleshooting

Too high a voltage can heat the agarose and cause it to shrink.
Larger sample numbers should be added to the holes under low
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Standard curve Samples

Fig. 4. The quantitative determination of rat CRP by means of rocket immuno-
electrophoresis. Use was made of a monospecific IgY anti-rat CRP antibody
(1%). The left part of the figure shows an example of a standard series (dilu-
tions 1:1024-1:16), and the right part shows the determination of various sam-
ples (rat serum 1:10 diluted).

voltage, otherwise the samples added first may start to diffuse
radially and to precipitate. They are then not available for form-
ing the rocket-shaped precipitate, so the results are distorted.

Subprotocol 5
Two-Dimensional (Crossed) Immunoelectrophoresis

The method is a combination of simple electrophoresis and RIE
and was developed in the sixties (Ressler 1960, Laurell 1965,
Clarke and Freeman 1966).

Materials
As Subprotocol 4, further, a knife or other suitable means to cut
gel strips (containing electrophoretical separated antigen-mix-
tures) and to transfer them on to glass plates about 10 x 10 cm.

Other sizes and materials may be used.

As Subprotocol 4.
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Procedure

There are two stages, first dimension-electrophoresis and
second dimension-crossed electrophoresis.

Carry out a simple electrophoresis on the samples to be inves-
tigated in the agarose-gel (see above). Separation is also possible
in other gels (PAG) or with other procedures like isoelectric
focussing.

1. After completion of electrophoresis, cut off a strip of gel (2 x
10 cm for instance) containing the separated antigens and
transfer it to an empty glass plate.

2. Cover the free part of the glass plate with agarose containing
a corresponding antiserum.

3. Carry out a second electrophoresis at right angles to the first
(i.e. crossed IE). The conditions are the same as for RIE.

According to their electrophoretic mobility, various precipitates
form, where the areas or heights at the completion of electro-
phoresis are proportional to the concentrations of antigens.

Results

The method is suitable for evaluating mixtures of antigens - like
the serum-profile (see Figure 5)- both qualitatively and semi-
quantitatively under many conditions. It has variants for iden-
tifying antigens in a mixture, like tandem two-dimensional
IE, intermediary gel two-dimensional IE and two-dimensional
line IE.

Troubleshooting

Pay attention to the relation between the height of voltage and
the rise in temperature. The contact between the transferred and
the newly poured gel should be as near as possible, with no over-
lapping. Otherwise as with Subprotocols 1-4.

First dimen-
sion-electro-
phoresis

Second
dimension-
crossed
electro-
phoresis
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Fig. 5. The protein profile of rat serum (diluted 1:4, 1st dimension). A poly-
specific IgY anti-rat serum antibody served as the antibody (4%, 2nd dimen-

sion).
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Subprotocol 6
Labeling IgY-Antibodies with Biotin

Biotin is a naturally occurring vitamin with a molecular weight
of 244 daltons and an extremely strong affinity for avidin and
streptavidin. It can easily be coupled to antibodies via an N-hy-
droxysuccinimide ester without disturbing the antibodies’
properties. (Method modified according to Ey et al., 1978)

Materials

- magnetic stirrer Equipment
- pipettes and tips

- plastic tubes

- dialysis bags

- shaker

- IgY-protein solution (1 mg/ml in PBS or egg buffer, see Reagents,
Chapter 8) solutions

- biotin amidocaproat N-hydroxysuccinimid ester solution
(fresh!) (1 mg /100 ul DMSO)

- 3 M glycine
- PBS

Procedure
IgY-antibodies are mixed with biotin solution and cross-linked
by incubation.

Note: The biotin solution should be freshly prepared (immedi-
ately before the incubation starts).

1. Transfer IgY-protein solution into plastic tube (1 ml)
2. Add biotin solution (25 ul)

3. Incubate 1 h at room temperature while slowly rotating.
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4, Stop the reaction and block non-reacted groups for 5 min by
adding 80 pl 3 M glycine (rotate slowly).

5. Dialyse the preparation overnight against PBS.
6. Dilute with PBS (1:20) in portions.
7. Store at -20°C.

Results

IgY-biotin conjugates are tested against a panel of proteins to
ensure specificity, reactivity and cross-reactivity. The optimal
working-dilution in direct and indirect assays should be deter-
mined in a titration.

Subprotocol 7
Labeling IgY with Fluorochrome

The conjugation of fluorescein isothiocyanate (FITC) to antibo-
dies is an extremely valuable technique for identifying cell sur-
face molecules by using either fluorescence microscopy or flow
cytometry. Fluorescein derivatives are coupled to amino groups
of the antibody molecule (IgY). Method modified according to
Reisher and Orr (1968, see also Goding 1976, Kronick 1986, and
Mohr 1991).

Materials

chromatographic equipment
- photometer

-~ G25 column (Pharmacia)

- centrifuge

carbonate buffer pH 9.6 (FITC labeling buffer)

- IgY-protein solution (10 mg/ml) dialysed against carbonate
buffer pH 9.6 at 4°C with two or three changes
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- PBS

- fluorescein isothiocyanate (FITC, Isomer J, adsorbed to Kie-
selgur, Serva)

- 5 ml Sephadex G25 (Pharmacia)

- dextran blue

Procedure

1. Mix the dialysed protein solution (100 pl) with 1mg FITC
adsorbate.

2. Incubate for 30 min at room temperature while slowly rotat-
ing in the dark.

3. Separate the free from bound FITC by means of chromato-
graphy on a Sephadex G25 column (with PBS). Dextran blue
serves as a marker (due to a mol weight of approx. 2000 kDa
dextran blue runs in front of the eluate).

4. Determine and record Ejgy and Eggs.

5. Determine the working dilution.
Determine the fluorochrome/protein (F/P) ratio. Mol FITC/
protein = (2.87 x E495) / (Epg0 - 0.35 X Eyo5).

6. Store at -20°C.

Results

IgY-FITC conjugates are tested against a panel of cells to ensure
specificity, reactivity and cross-reactivity. F/P ratio should be
3-4 Mol FITC per Mol protein. Other fluorochromes for conju-
gation are possible, especially rhodamine (TRITC), phycoery-
thrin and Cy3.

Troubleshooting

The immunoglobulin fraction should be pure, to avoid possible
fluorescence due to fluorochrome’s binding to accompanying
proteins like albumin.
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Equipment

Reagents,
solutions

The optimal working dilution in direct and indirect assays
should be determined in a titration.

Subprotocol 8
Labeling IgY with Enzyme
(e.g. Horse Radish Peroxidase - POD)

Whether used qualitatively or quantitatively, enzyme antibody
conjugates are most often used via enzyme-substrate reactions
which yield a measurable colour. The variety of enzyme and
substrate systems enables conjugates to be used in a lot of dif-
ferent enzyme-linked immunosorbent assays as well as in other
tests (e.g. in blot systems or immunohistochemistry). Method
according to Nakane and Kawoi 1974).

Materials

photometer (Ultraspec)

- pH-meter

- shaker

- stirrer

- pipettes

- pipette-tips

- dialysis-bag

- centrifuge

- refrigerator

- IgY-protein solution, dialysed against PBS
- PBS

- distilled water

- horse-radish peroxidase (RZ about 3.0)

- 0.1 M sodium m-perjorate solution
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10.

11.
12.
13.

14.

0.001 M sodium acetate buffer pH 4.4

0.1 M sodium borohydride solution

0.2 M sodium carbonate solution

ammonium sulphate solution, cold-saturated with pH 7.4

50% (v/v) ammonium sulphate solution (made from cold-
saturated ammonium sulphate solution)

Procedure
Dilute 5 mg POD with 1 ml distilled water and activate POD
with 200 ml 0.1 M sodium m-perjorate solution.
Incubate and rotate for 20 min at room temperature.

Dialyze overnight at 4°C against 0.001 M sodium acetate buf-
fer pH 4.4.

Determine the content of POD photometrically after dialysis
by E4o3 in Ultraspec.

Mix the activated POD and IgY-sample in a molar relation
1:2,

Quickly adjust the pH-value to 9.6 by means of 0.2 M sodium
carbonate solution.

Incubate and rotate for 2 h in the dark at room temperature.

Stop the reaction with 100 ml freshly prepared 0.1 M sodium
borohydride solution.

Incubate at 4°C for 2 h.

Add, drop by drop, cold-saturated ammonium sulphate so-
lution (pH 7.4) in the ratio 1:1 (v/v).

Incubate overnight in refrigerator.
Centrifuge at 4000 g for 10 min.

Wash the sediment thrice with 50% saturated ammonium
sulphate solution and centrifuge as above.

Dilute the enzyme-antibody conjugate with 4 ml PBS.
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15. Dialyse intensively against PBS for 24 h.

16. Determine the molar relation of the POD to IgY by measur-
ing E43 and Ejg.

17. Dilute the enzyme-protein conjugate with PBS/10% foetal
calf serum to a concentration of 0.1 mg POD/ml.

18. Store at -20°C in portions or lyophilise.

Troubleshooting
Storage of the preparation at -20°C is recommended instead of
lyophilisation.

Comments
Determine the optimal working dilution in direct and indirect
assays in a titration. IgY-POD conjugates are tested to ensure
specificity and cross-reactivity, and various combinations are

suitable as enzymes and substrates for ELISA.

Frequently used marker enzymes and the corresponding substrates

Enzyme Substrate

(I) horse-radish peroxidase 2,2’-acino-bis(ethylbenzthiacoline-
6-sulphonic acid) (ABTS) 405 nm

o-phenylenediamine (OPD) 492 nm

3,3’,5,5-tetramethylbenzidine (TMB)
450 nm

(1) alkaline phosphatase  p-nitrophenyl phosphate (pNPP) 405 nm
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Subprotocol 9
Direct ELISA to Detect Antigens with a Labeled
Antigen-Specific 1gY-Antibody

An enzyme-immunoassay (EIA) is any immunoassay in which a
substance’s concentration is found through the activity of a
marker-enzyme. In EIA there are basically two reactions: one
immunologic and the other enzymic.

There are many assay-variants, classed roughly according to
the reaction-principle:

e non-competitive techniques, with direct or indirect assays
(sandwich-assays)

e competitive techniques, with the substance competing with a
marked tracer for the same binding site

Only competitive assays rely on a single binding-site.

Moreover, according to the sequence of immunologic and
enzymatic reactions, a line can be drawn between homogeneous
and heterogeneous assays:

e In a homogeneous assay, both reactions take place in a
homogeneous solution.

e In a heterogeneous assay, they take place in different solu-
tions (direct and indirect two-sided assays).

Finally the concept EIA applies to the determination of antigens
or haptens, whereas ELISA (enzyme-linked immunosorbent as-
say) applies to the determination of specific antibodies (see, for
instance, Engvall 1980, Tijssen 1985, Porstmann and Porstmann
1991). But in the literature, the terms are used loosely at times.
In the following we use the term ELISA.

Outline

Figure 6 shows a schematic view of the assay principle.
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Equipment

Reagents,
solutions

PoD o%¢

primary Ab

Antigen : :
: plate

direct ELISA

Fig. 6. Scheme for a direct ELISA.

Materials
microtitre-plates (from different suppliers, e.g.Flow Labora-
tories, Linbro No.76-381-04)
microtitre-plate reader (e.g. Tecan, Spectra)
microtitre-plate washer (e.g. Corning, ELISA plate washer)

multi-channel pipettes (e.g. Bibby Dunn, Labortechnik
GmbH)

pipette tips
incubator
coating buffer (carbonate buffer 0.05 M, pH 9.6 or PBS)

wash buffer, PBS, pH 7.2-7.4/0.05% Tween 20 (Triton-X 100
can be used instead of Tween 20, different wash buffer)

stop solution, like sulphuric acid (1M)

blocking solution (to block non-specific binding, several al-
ternatives are possible e.g. 0.5% gelatine, 10% horse serum,
10% gelafusal [Serumwerke Bernburg], 10% haemaccel
[Behring-Werke], 1% BSA)

substrate solution for POD (especially ABTS or TMB or
OPD)
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- antigen dissolved in coating buffer (1-10 ng/ml, pH 9.6)

- detecting antibody (IgY-POD-labeled) diluted with PBS pH
7.2/0.05% Tween 20

Procedure

1. Coat the plate with 100 pl antigen solution (here mouse IgG)
to each well.

2. Incubate overnight at room temperature.

3. Wash the plate with 150 ul PBS/0.05% Tween 20 (wash buf-
fer) thrice.

4. Add 50 pulIgY-antibody enzyme conjugate (POD-labeled hen
anti-mouse Ig).

5. Incubate for 1h at 37°C.
6. Wash the plate as above.

7. Add 50 pl (ABTS) substrate solution to each well and leave
for 15-45 min at room temperature.

8. Read the plates on a microtitre plate reader, using a 405 nm
filter.

Results

This test has been used for determination of the titre of isotype-
and subtype-specific antibodies (IgY) against mouse immuno-
globulins (Behn et al., 1996).

Troubleshooting

The choice of microtitre plates is important, as the binding-qua-
lities of plates vary a great deal. Before starting an investigation,
try to become fully informed or test various makes. Also take so-
called edge-phenomena into account. Rows along the edges
(horizontal or vertical) may yield results differing from the rest.
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The choice of the substrate must depend on the optical filters
available for the measuring instrument. OPD is nowadays less
commonly used, owing to the suspicion that it is cancerogenic.

Adjust the colour-reaction’s period of development to indi-
vidual requirements. It can range from a few minutes to more
than thirty. (For details see Porstmann and Porstmann 1991).

Subprotocol 10

Indirect ELISA to Detect Protein Antigens or Haptens
Coupled to a Protein Carrier with an Unlabeled Antigen-
Specific IgY-Antibody and a Labeled Secondary Antibody

Outline

Figure 7 shows a schematic view of the assay principle.

Materials

See Subprotocol 9.
Additionally, antibody-enzyme conjugate (e.g. POD-labeled
rabbit anti-chicken IgY).

POD OOO

secondary Ab

primary Ab

Antigen S :
plate

indirect ELISA
Fig. 7. Scheme for an indirect ELISA.
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10.

11.
12.
13.

Procedure
Coat the plate with 100 pl antigen in the appropriate dilution
(coating buffer) to each well.
Incubate overnight at 4°C or for 1 h at 37°C.

Wash the plate with 150 ul PBS/0.05% Tween 20 (wash buf-
fer) thrice.

Block unspecific binding by incubation with 0.5% gelatine in
PBS, 200 pl/well (30 min - 1 h at RT or 37°C).

Wash the plate as above.

Add 50 pl IgY-antibody preparation (hen anti-x, see Results)
suitably diluted to each well and incubate at room tempera-
ture or for 1 h at 37°C.

Wash the plate as above.

Add 50 pl antibody-enzyme conjugate (POD-labeled rabbit
anti-chicken IgY) suitably diluted to each well and incubate
at room temperature or for 1 h at 37°C.

Wash the plate as above.

Add 50 pl (ABTS or TMB or OPD) substrate solution to each
well.

Incubate for 15-45 min at room temperature.
Stop the reaction with sulphuric acid (e.g. 1M).

Read the plates on the microtitre plate-reader using the cor-
responding filter (e.g. ABTS-405 nm).

Results

With this assay, various antigens can be determined qualita-
tively and quantitatively. In the following, only a few references
are given. For further references, see (Chapter 8).

Detection of various isotypes of mouse immunoglobulin by
using hen anti-mouse IgM or IgG (Behn et al. 1996).
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Reagents,
solutions

e Detection of DNP-haptens on bovine gammaglobulin (BGG)
as carrier with hen-anti DNP-human serum albumin (HSA)
(Behn et al. 1996).

e Detection of p23 (Hlinak et al. 1996).
e Detection of sCD14 (Hlinak et al. 1996).

Troubleshooting

See Subprotocol 9.

Subprotocol 11
Direct Sandwich ELISA for Detecting C-Reactive Protein

Outline
In this assay, the capture-antibody is avian, to avoid misleading
reactions with so-called rheumatoid-factors (see Figure 8 for as-
say principle).

Materials

See above, buffers as described in Subprotocol 9, additionally:

serum samples from patients with inflammatory disease

- monospecific anti-CRP Ab from hen

- monospecific anti-CRP Ab from sheep (POD-labeled)

Procedure

The procedure is like those already described.

1. Couple the capture-antibody (100 pl antibody-solution/well,
purified avian anti-CRP antibody, 2.5 pg/ml) to the plate
with carbonate buffer (pH 9.6).
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1 2a 2b
chicken ELISA sheep ELISA sheep ELISA

POD OOO

detection Ab

(anti CRP, rabbit)
CRP O
rheumatmd
factor

capture A capture Ab
(anti CRP, (anti CRP,

shee shee

capture Ab
(anti CRP,

chicken
ELISA plate ELISA plate EL!SA plate
positive positive false positive
response response response

Fig. 8. Direct ELISA for determining CRP. There are two versions of the test: I.
With hen anti-CRP as capture antibody. 24, 2b. With sheep anti-CRP as capture
antibody. Due to the binding of rheumatoid factors with immunoglobulins
there may be false positive reactions with the second version (2b).

2. Incubate for 1 h at 37°C (or at room temperature overnight).

3. Wash the plate with PBS-Triton X 100 (pH 7.4, 0.05%, v/v)
thrice with 150 pl.

4. Block unspecific binding by incubation with 0.5% gelatine in
PBS, 200 pl/well (1 h at 37°C).

5. Add 50 pl of the serum sample (diluted 1:100 with PBS pH
7.4) and incubate for 1 h at room temperature.

6. Wash as above.

7. Add a POD-labeled anti-human CRP antibody (50 pl, Sigma,
diluted 1:1.500).

8. Wash as above.

9. Add 50 ul OPD-substrate solution and incubate at room
temperature for 15-45 min.

10. Add 50 pl sulphuric acid (e.g. 1M).

11. Read plates on microtitre plate reader using a 492 nm filter.
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Results

The combination of an avian antibody with a mammalian one
prevents rheumatoid factors from forming a ‘bridge’ between
capture and primary antibodies (see Figure 8), so results are
reliable (Larsson and Sjoquist 1990, Rieger et al. 1996). For de-
tails, see Chapter 6.

Troubleshooting

See Subprotocol 9.

Subprotocol 12
Direct Sandwich ELISA for Detecting Bovine IgG2. Use of
POD-Labeled Protein G Instead of a Labeled Antibody

This test is suitable for determining the immunoglobulin of
mammals. This ELISA functions in this construction only be-
cause protein G reacts with immunoglobulin (IgG) of many
mammalian species but not with IgY. Protein G also could
be used as a binding molecule (instead of a capture antibody)
with labeled IgY as the detection-antibody. The assay principle
presented here is often less costly than the use of commercial
antibodies.

Outline

Figure 9 shows a schematic view of the assay principle.

Materials

See Subprotocol 9, additionally:

- anti-immunoglobulin antibodies from chickens
- immunoglobulin in suitable dilution

- protein G (labeled with POD)

- bulffers as above
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pobp 0%

anti mammalian IgG

(from mammal) _ O poD
protein G
mammalian lgG O mammalian IgG O

anti mammalian IgG anti mammalian IgG
(from mammal) (from chicken)

ELISA plate ELISA plate

Fig. 9. Direct ELISA for determination of mammalian immunoglobulins (IgG).
On the left, the capture antibody is a mammalian anti-IgG antibody, and on the
right, an anti-IgG antibody from hens. Through this substitution, the bound
IgG can be marked with POD-labeled protein G. The latter has no affinity with
hen IgY, so false positive reactions are avoided.

Procedure

1. Coat microtitre plates (Maxisorb, Nunc, Wiesbaden Ger-
many) with affinity-isolated hen anti-bovine IgG2 (100 pl/
well, 10 ug Ab/1 ml coating buffer) and incubate overnight
at 4°C.

2. Wash the plate with PBS-Tween 20 (pH 7.2, 0.05% Tween 20,
v/v) thrice with 150 pl.

3. Block non-specific binding sites with 0.5% gelatine (in PBS,
pH 7.2, 200 pl/well), incubate for 1 h at 37°C.

4, Wash as above.

5. Add serum samples from new-born calves or colostrum in
suitable dilutions (1:2.000, log,, 50 pl/well) and incubate for
1 h at 37°C.

6. Wash as above.

7. Add POD-labeled protein G (1:2,500 in PBS-Tween, 50 pl/
well) and incubate for 1 h at 37°C.

8. Wash as above.
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Reagents,
solutions

9. Add substrate solution to each well (TMB, 0.2 mg/ml in 0.1
M acetate-citrate buffer, pH 5 with 0.0005% H,0,, 100 pl/well,
see Appendix).

10. Stop the reaction after 10 min with 1 M H,S0, (50 pl/well).
11. Read the plates using the corresponding filter (450 nm).

Results

Purified bovine serum IgG2 (0.5 ug/ul, logy, 50 pl/well) served as
standard.

Troubleshooting

See Subprotocol 9.

Subprotocol 13
Sandwich-ELISA With Primary IgY-Antibodies
for Detecting Ascaris suum - Antigens

Outline

Figure 10 shows a schematic view of the assay principle.

Materials
See Subprotocol 9, in addition:
- capture-antibody (from rabbit) dissolved in coating buffer
(6 ug/ml, pH 9.6).

- extract of samples (aqueous extract of faeces from pigs and
other species).

- hen anti-SoAg IgY (somatic antigen of Ascaris suum) as pri-
mary detection antibody (from hyperimmunised hens) in
working dilution.
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Fig. 10. Scheme for an indirect ELISA with a capture antibody as the antigen
binding site.

- commercial POD-labeled rabbit anti-chicken IgY in working
dilution.

Procedure

1. Coat the plate with 100 pl capture-Ab solution to each well.
2. Incubate overnight at room temperature.

3. Wash the plate with 150 pl PBS/0.05% Tween 20 (wash buf-
fer) thrice.

4. Block unspecific binding by incubation with 0.5% gelatine in
PBS, 200 pl/well (1 h at 37°C).

5. Wash as above.

6. Add 50 pl samples into each well and incubate 1 hr at room
temperature.

7. Wash as above.

8. Add 50 pl Ab-preparation in dilution (hen anti SoAg) and
incubate 1 hr at room temperature.
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9. Wash as above.

10. Add 50 pl POD-labeled rabbit anti-chicken IgY in working
dilution.

11. Wash as above.

12. Add 50 pl (OPD) substrate solution to each well and incubate
for 15-45 min at room temperature.

13. Stop the reaction with sulphuric acid (e.g. 2.5 N).

14. Read the plates on a microtitre plate reader, using a 492 nm
filter.

Results

This test enables infestation with Ascaris suum to be shown
clearly (note the time lag according to infestation!) not only
in the case of pigs but also of humans. ELISA is more reliable
than a coproscopic test (Schniering 1995, Schniering 1996).

Troubleshooting
For this test it is crucial to add 50% foetal calf serum to the sam-

ple, since the proteolytic activity of the faeces-contents may
otherwise destroy the layer of capture-antibodies.

Subprotocol 14
ELISA for Detection of Antibody from Horses Against
Dourine (Trypanosoma equiperdum)

Outline

The test system is a typical example for commercial ELISA kits
used for control of contagious diseases. The O.LE. (Office Inter-
national des Epizooties) has accepted this ELISA as an alterna-
tive next to the CFT (complement fixation test). Horse sera are
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tested in parallel in wells with and without antigen. Differences

in extinction between the two are termed “net extinction®

(n.Ext.) and a reading »0.300 is regarded as a positive result.
See Fig. 7 for assay construction.

Materials
See Subprotocol 9. Equipment
- carbonate buffer (see Subprotocol 9) Reagents,

- phosphate buffer with Tween 20 (PBS, see Subprotocol 9) solutions
- blocking buffer: carbonate buffer plus 3% fetal calf serum
(FCS)

- sample and conjugate buffer: PBS-Tween plus 6% FCS

- substrate indicator system: 40 mg ABTS (see Chapter 8) dis-
solved in 100 ml citric phosphate buffer (see Chapter 8), just
before use 100 pl of 1:40 diluted H,0, is added to 10 ml of
ABTS solution

— field and control sera from horses

- antigen: Trypanosomes are isolated from parasitaemic
blood from artificially infected rats according to the method
of Lanham and Godfrey (1970). 0.5 ml antigen is reconsti-
tuted in 5 ml of carbonate buffer, sonicated 3 x 10 sec at
12 microns peak to peak, and centrifuged at 10,000 x g
over 4 min. The supernatant is further diluted in carbonate
buffer according to results from pretesting.

- conjugate: POD-labeled IgY anti-horse Ig at a pretested
working dilution

Procedure

1. Charge wells of columns 2, 4, 6, 8, 10, 12 with 50 pl of antigen,
and columns 1, 3, 5, 7, 9, 11 with 50 ul of carbonate buffer.

2. Incubate at 37°C for 40 min in a moist chamber.
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10.

Wash with tap water and afterwards with carbonate buffer.

Add 200 pl per well of blocking buffer and incubate at 37°C
for 20 min

Wash with tap water followed by 4 wash cycles with PBS-
Tween.

Add sample serum prediluted 1:100 in sample buffer into 2
neighbouring wells (one with antigen and one without anti-
gen), incubate 30 min at 37°C in a moist chamber.

Wash as under 5.

Add 50 pl of properly diluted conjugate and incubate as un-
der 6.

Wash as under 5.

Add 100 pl of ABTS/ H,0, solution to all wells of the plate.
The reaction is stopped by the addition of 25 pl/well of a 1:10
diluted household detergent when the positive standard ser-
um diluted to 1:800 reaches a net-extinction of »0.300.

Results

Results are read by a plate reader at 405 nm and results are given
as net extinction. The 1:800 diluted standard serum provides a
reaction of 100%. Results from the field sera are expressed in
percent to the standard reaction.

Troubleshooting

The system with an integrated control and with the exclusion of
non-specific adsorption to the plastic material provides a robust
ELISA technique. Misinterpretations can result from reactions
caused by contacts with related antigens such like trypanosomes
from the T. brucei-group. But these do not occur on the north-
ern hemisphere.
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Subprotocol 15
Competitive ELISA

ELISA procedures are notably flexible. Most of the methods now
used in routine investigations are non-competitive indirect pro-
cedures with an immobilised antigen, but in recent years com-
petitive assays have become more common. Some authors draw
a line between competitive and blocking ELISA:

In competitive ELISA, serum samples and detection-antibo-
dies are added at the same time to compete on equal terms for
specific binding sites.

In blocking ELISA, antibodies present in the sample com-
pete with labeled detection antibodies for the binding sites.
If the former predominate, they block all available sites, so
enzyme-reactions are weak or absent.

The use of specific IgY (anti-HSP 70) in a competitive ELISA
system is illustrated below in the quantitative detection of heat
shock protein (HSP 70) (Gutierrez and Guerriero 1991). The
idea is that in the pre-incubation of HSP 70 with a standardised
concentration of IgY-anti-HSP 70, the latter bind to HSP in pro-
portion to their concentration, so the results in the following
ELISA depend on the amount of bound or non-bound anti-
HSP 70 IgY (see Figure 11).

Outline

Figure 11 shows a schematic view of the assay principle.

Materials

See Subprotocol 9, additionally:
- HSP 70 in suitable dilutions
— chicken anti-HSP 70

- buffers as above
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Fig. 11. Scheme for a competitive ELISA. What is shown tallies with stage II (preincubation) and
stage III (sample transfer) in Subprotocol 15.

Procedure

ELISA plates Preparation of the ELISA plates:

1. Coat the plate with HSP 70 as the antigen (100 pl antigen
solution in coupling buffer).

2. Wash the plate thrice with PBS Tween 20, 0.05%, pH 7.2)
3. Block the plate with gelatine (Tween 20-PBS, 0.1% gelatine).
4. Wash as above.

HSP 70- Preparation and preincubation of the HSP 70- standard and the
standard samples:

and samples 1. Prepare a HSP 70 stock-solution in a concentration of 800

ng/100 pl.

2. Prepare standard-dilutions as follows: ng/100 pul = 1:400,
1:200, 1:100, 1:50, 1:25, 1:12.5.
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3.

Add equal volumes of the pre-tested anti-HSP IgY and in-
cubate the mixtures.

Transfer of the incubated samples onto the coated ELISA-plates:

1.

Transfer the 6 variously diluted standard and assay-samples,
pre-incubated anti-HSP IgY, onto the ELISA plate and incu-
bate at 37°C for 2 h.

Wash as above.

Add AP(alkaline phosphatase)-labeled rabbit anti-IgY con-
jugate in working dilution, then incubate them at room tem-
perature for 1 h.

Wash as above.

Add substrate (p-nitrophenyl phosphate, pNPP) (see Chap-
ter 8).

Determine the net-extinction (405 nm) through photometry,
then determine the HSP-concentration of the sample by
comparing it with the standard set.

Results

See Figure 11.

In the sample there was a lot of HSP: anti-HSP IgY was

wholly bound at stage II, so was unable to react at stage III.

In the sample there was little or no HSP: anti-HSP IgY was

hardly or not bound at stage II, so was able to react at stage III.

Competitive ELISA can be used on samples to detect anti-

gens as well as antibodies.

Troubleshooting

As with other ELISAs.

Transfer
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Subprotocol 16

ELISA to Determine the Content of Mouse Monoclonal
Antibodies by Means of a Mouse Ig-Specific Capture-Anti-
body and a Labeled Detecting Antibody from Chicken
(Sandwich)

Outline

For principle see Figure 8.

Materials

See Subprotocol 9, in addition:

commercial rabbit anti-mouse Ig (capture antibody solution
1-10 mg/ml PBS)

monoclonal antibodies of various isotypes (the mAbD in this
system are the antigens to be detected)

chicken antibody-enzyme conjugate

Procedure
Coat the plate with 100 pl capture Ab solution into each well
and incubate overnight at room temperature.

Wash the plate with 150 pl PBS/0.05% Tween 20 (wash buf-
fer) thrice.

Add 50 pl solution containing mouse monoclonal antibodies
to each well and incubate 1 hr at room temperature.

Wash as above.

Add 50 ul POD-labeled chicken anti-mouse IgY in appropri-
ate dilution to each well and incubate at room temperature.

Wash as above.

Add 50 pl ABTS substrate solution to each well and incubate
for 15-45 min at room temperature.
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8. Read the plates on the microtitre plate reader using a 405 nm
filter.

Results

This assay was successfully used for estimation of content of
IgM or IgG in hybridoma cell culture supernatants.

Troubleshooting

See Subprotocol 9.

Subprotocol 17
Indirect ELISA to Detect Antigens With an Unlabeled Primary
Antibody and Labeled Secondary Antibody (IgY)

Outline

See Figure 7.

Materials

See Subprotocol 9, in addition:

antigen solution (1-10 mg/ml PBS)

- unlabeled mouse monoclonal antibody in appropriate dilu-
tion.

- POD-labeled chicken anti-mouse immunoglobulin in appro-
priate dilution.

Procedure

1. Coat the plate with 100 pl antigen solution to be identified to
each well and incubate overnight at room temperature.
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2. Wash the plate with 150 ul PBS/0.05% Tween 20 as a wash
buffer thrice.

3. Add 50 pl unlabeled mAb of different supernatants of hybri-
doma cell cultures to the wells and incubate for 1 h at room
temperature.

4. Wash as above.

5. Add 50 pl POD-labeled chicken anti-mouse immunoglobu-
lin Ab to each well and incubate for 1 h at room temperature.

6. Wash as above.
7. Add 50 pl ABTS substrate solution to each well.
8. Read the plate using the corresponding filter (405 nm).

Troubleshooting

See Subprotocol 9.

Applications

This procedure was successfully used for estimation of antibody
production of hybridoma cell cultures (screening).

Subprotocol 18
Proof of Specificity of Avian Antibodies Used Against CCK
(Dot Blot)

The blot assay is a simple way of testing the specificity of anti-
bodies. In this protocol various CCK-derivatives are transferred
to foil and developed with anti-CCK Abs of different specificity.

Outline

See Figure 12.
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Fig. 12. Scheme for an indirect immunohistochemical marking of an antigen.

Materials

shaker Equipment

pipettes

pipette-tips

incubator

plastic dish

nitrocellulose sheet like NC 2, pore-size 0.2 mm, Serva Reagents,

blot buffer (see Chapter 8) solutions
Triton X 100

antigen solution (several CCK-derivatives, see Figure 13)

paraformaldehyde

skimmed milk-PBS solution (Gliicksklee, skimmed milk
powder, Nestlé)

primary IgY-antibody (anti-CCK Ab from hen) in an appro-
priate dilution (blot buffer)

secondary anti-IgY antibody, POD-labeled and diluted in a
blot buffer
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10.
11.
12.

13.
14.
15.
16.

15 mg DAB (Sigma) in 50 ml PBS with 1500 ml ammonium
nickel sulphate (3% w/v) and with 15 ml H,0; (1 ml 30%

distilled water

Procedure
Prepare the nitrocellulose strips, handling them carefully
(don’t touch them).

Wash the sheet in a blot buffer (PBS-Triton X 100) for 10 min
and shake slowly.

Dry the sheet for about 15 min at 37°C in an incubator.

Apply the antigen solution in a dilution range, with 1.5 pl
solution per dot, to the sheet through a suitable pipette tip.

Dry the sheet for 10 min at 37°C.

Keep the sheet for 1 h in a paraformaldehyde atmosphere at
80°C in case peptides are detected.

Repeat step 2.

Block the sheet in a 5% (w/v) skimmed milk PBS solution
and shake slowly (1 h).

Repeat step 2.
Incubate the sheet in the primary IgY-antibody for 1 h.
Repeat step 2.

Incubate the sheet in the secondary anti-IgY Ab, labeled with
POD, for 30 min.

Repeat step 2.
Stain the sheet for about 10 min or less in a DAB solution.
Stop the reaction by means of distilled water.

Dry the sheet.
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Results

This is a quick and simple test of the binding of an antibody with
a lot of different antigens. Even with protein-antigens, steaming
with paraformaldehyde can improve the results (see Figure 13).
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e R AR R 4  Succ CCK-8SE
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2, 8 GE410
Prae-Immuno IgY 9  Chicken CCK-8SE
. e s b ol | 10 Turtle CCK-8SE
11 CCK-4
Sec. Ab 12 CCK-8NS
13  CCK-2-6
Ch 22 Asp-Tyr(SE)-Met-Gly-Trp-Met-Asp-Phe -NH-(Lsy),-PEG-Resine
Ch23 KLH-(Gly),-Asp-Tyr(SE)-Met-Gly-Trp-Met-Asp-Phe - NH,
Ch 89 BSA-Suc-Asp-Tyr(SE)-Met-Gly-Trp-Met-Asp-Phe -NH,
Ch 131 BSA-Suc-Asp-Tyr(SE)-Met-Gly-Trp-Met-Asp~Phe -Tyr(SE)-NH,

Fig. 13. Comparison of the specificity of four chicken antibodies, raised against four CCK-deri-
vatives; specificity testings of various IgY antibodies by means of dot-blot methods (indirect de-
tection). The lower list gives information about the structure of the antigens used for immunisa-
tion. The antibodies were used in dilutions of 1:200 - 1:400. The various CCK-derivates (equimolar
concentrations) were applied in amounts of 1.5 pl. Dependent on the specificity of the Abs used the
various derivatives are marked with various intensities, and antibodies Ch22 and Ch89 distinguish
between CCK and gastrin. (CCK and gastrin belong to a peptide family, and have the last 5 amino
acids [in italic] in common). SE = sulphated, NS = not sulphated.
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Equipment

Reagents,
solutions

Troubleshooting

Handle the nitrocellulose sheet carefully, without touching it.
The sheet must be wholly dry, or the dots will be irregularly
shaped. A critical step is the blocking of non-specific binding.
We have good experience with low-fat milk powder.

Subprotocol 19
Dot Blotting, Detection of Rubella-Virus Proteins

QOutline

See Subprotocol 18 and Figure 12.

Materials

See Subprotocol 18, additionally:

= Sscanner

rubella-antigen solution (110 virus units/ml)
— nitrocellulose (BIOMETRA) GM 045

- PROMEGA-Kit A (special buffer concentrate, concentrate:
distilled water, 1:1)

- wash buffer I (PBS, 3% skimmed milk powder, 0.2% Tween
20)

- wash buffer II (wash buffer I:solution A, 4:1)

- wash buffer III (solution A:wash buffer I [without Tween 20],
1:1

- substrate buffer (50 ml III + 10 ng DAB + 8 ml H,0,, 30%)
- 1 M sodium acetate buffer

- monoclonal anti-rubella antibody (primary mouse antibody
B1, IgG2a, diluted in wash buffer I)

- POD-labeled detection antibody (secondary chicken anti-
mouse IgG antibody) in appropriate dilution (wash buffer I)
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NS oo

o

10.
11.
12.
13.
14.

Procedure
Prepare the nitrocellulose sheet, handling it carefully (see
Subprotocol 18).

Apply the antigen solution in a working dilution, with for
instance 1 pl solution per dot, to the sheet by means of a
pipette with a suitably sized tip.

Dry the sheet for 10 min.

Wash the sheet for 20 min in blot buffer I and shake it.
Incubate the sheet in the primary antibody for 18 h (1:500).
Wash the sheet four times in wash buffer I for 15 min.

Incubate the sheet in the POD-labeled secondary antibody
for 1 h.

Wash the sheet four times in wash buffer I.

Wash the sheet thrice in wash buffer II.

Incubate the sheet once in wash buffer III.

Incubate the sheet once in substrate buffer for 15 min.
Stop the reaction with 1M sodium acetate buffer for 5 min.
Dry the sheet.

Evaluate the results by means of a scanner.

Results

See Figure 14.

Troubleshooting

See Subprotocol 18.
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Fig. 14. Dot blot method. Demonstration of Rubella virus protein by means of mouse monoclonal
antibody. Shown is a comparison between the efficacy of a commercial POD-labeled goat anti-
mouse IgG Ab (GAM) and different POD-labeled chicken anti-mouse IgG Ab (CAM). The lower
part of the Fig. shows the original spots and the corresponding scans which are expressed in the
upper part as a relative value.
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Subprotocol 20
Immunoblotting, Western Blotting

This method is used frequently to demonstrate a specific agent
out of a mixture of several agents or to demonstrate the speci-
ficity of an antibody.

Outline

The principle of the method is based on an electrophoretical
separation of a fluid followed by an electrophoretical transfer
of the separated fractions on a suited foil. This foil is further
treated as described in Subprotocol 18 (dot-blot).

Materials
- polyvinylide-difluoride membrane (Immobilon P, Millipore, Equipment
pore size 0.45 pm)
- electrophoresis chamber (Protean II xi, BIORAD)
- blotting chamber (Trans-Blot-Cell, BIORAD)

— shaker

- acrylamide/bisacrylamide stock solution, monomer concen- Reagents,
tration 30%, cross-link concentration 1% (SERVA, Heidel- solutions
berg)

- buffer stock-solution (Tris 77.43 g, sodium acetate 43.83 g,
EDTA 9.37 g, in 1000 ml dist. water)

- electrophoresis buffer (buffer stock-solution 75ml, SDS 1.2 g,
in 1125 ml dist. water)

- sample buffer (32.5 ml dist. water, buffer stock-solution
3.0 ml, SDS 7.5 ml, 2-B-mercaptoethanol 2.5 ml)

- LPS solution of different origin
- Mol weight marker (Rainbow, Amersham)

- bromphenol blue (marker for electrophoresis)
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Step 1

Step 2

methanol
blot-buffer (25 mM Tris, 192 mM Glycin, 10% methanol)
PBS-Tween 20 [0.1%]

PBS-Tween 20 (0.1% + 3% skimmed milk, Gliicksklee,
Nestlé)

chicken anti-LPS Ab diluted 1:100 in PBS-Tween
POD-labeled anti-chicken IgY diluted 1:5,000 (SIGMA)
substrate solution (DAB, see Subprotocol 18 or Chapter 8)

Procedure

Separation of LPS-samples using a modified continuous system accord-
ing to Laemmli 1970

1.

Prepare the separation gel (gradient 12-16%, pH 7.4, SDS 1%,
stacking gel 4% otherwise as with the separation gel), gel size
140 x 160 x 1 mm.

Dilute LPS stock solutions (10 mg/ml) with sample buffer
(1:9, vol/vol) and incubate for 5 min at 100°C.

Load the LPS sample and the mol weight marker, respec-
tively on the gel in a volume of 20 pl/slot.

Run the electrophoresis (40 V, 30 mA/gel, ca. 18 h), under
these conditions the bromphenol blue line migrates approxi-
mately 10 cm.

Keep the temperature during the electrophoresis at 5°C (flow
cooler) and exchange continuously the buffer between the
upper and lower buffer reservoire (peristaltic pump).

Transfer of the separated substances on the blot membrane modified
according to Towbin et al. 1979, and Towbin and Gordon 1984

1.

Treat the blot membrane with methanol for 2 min and wash
subsequently with distilled water.
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10.

11.
12.

13.

Prepare the blot-sandwich according to the instructions of
the manufacturer.

Run the transfer at RT for 18 h (0.1 mA, 10V).

After the transfer rinse the membrane shortly in methanol
and dry the membrane for 30 min at RT.

For orientation stain the mol weight marker with amido
black.

Block non-specific binding by incubation in PBS-Tween with
3% skimmed milk for 6 h at RT (shake continuously).

Wash thrice with PBS-Tween for 15 min.

Incubate in the chicken anti-LPS Ab for 18 h at RT (shake
continuously).

Wash as above.

Incubate in the anti-chicken IgY Ab for 1 h (shake continu-
ously).

Wash as above.

Stain the membrane with DAB as described in Subprotocol
18 and block the reaction with distilled water.

Dry the membrane at RT.

Results

See Figure 15.

Troubleshooting

The transfer sandwich must be prepared carefully to avoid air
bubbles which can disturb the correct transfer of the substances
separated. Otherwise as with Subprotocol 18 (for further tech-
nical details see Kyhse-Anderson 1984, Bjerrum and Schaffner-
Nielsen 1986).
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Fig. 15. Western blot. Specificity analysis of chicken antibodies raised against
lipopolysaccharide (LPS)-species of different origin. kD = kilo Dalton.
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Subprotocol 21
Immunohistochemistry, Visualisation of CCK-8
by an Indirect Staining Method

Immunohistochemical processes are used to reveal tissue-struc-
tures. In principle, the assays are designed like an ELISA, so
there are both direct and indirect forms. Moreover there are
various methods, like the biotin-avidin one, for strengthening
the specific signal. For the sake of good results, the tissue to be
examined should be suitably prepared, for instance by fixing if
necessary. Various procedures are common and may lead to
varying results (see Cuello 1983, Ambrosius and Luppa 1987).

Outline

See Figure 12.

Materials

- beakers

- water-bath

- filtering apparatus

(The solutions should be filtered to leave no foreign bodies visi-
ble on the sections.)

- picric acid

- formaldehyde

- mercuric chloride

- glacial acid

— distilled water

Equipment
for step 1

Reagents,
solutions
for step 1
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Equipment
for step 2

Reagents,
solutions
for step 2

Equipment
for step 3

Reagents,
solutions
for step 3

2 peristaltic pumps (e.g. Ismatec MC 360), for a buffer-solu-
tion and Bouin’s solution respectively

pressure-bottles
connecting-tubes
valves

scissors and pincettes
clamp

button cannula
400 mg/ml cloralhydrate (Merck)

200 ml haemaccel/PBS-solution (1:5 v/v)

500 ml Bouin’s solution
vibratome, cryo-microtome

vials, 5-10 ml (Greiner), covered by fine sieves
slides

small brush

Petri-dishes

microscopes

shaker

magnifying-glass

The fine sieves are for covering the vials in which the sections
are freely floating, so that solutions can be poured out without
losing the sections.

The brush is used for picking the floating sections up.

1% H,0,-solution in 100% methanol

PBS

PBS with 2% goat serum and 0.5% Triton X 100
PBS with Triton X 100 (0.5%)

primary IgY-antibody in working dilution
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- species-specific POD-labeled secondary antibody in working
dilution

- 15 mg DAB (Sigma) in 50 ml PBS with 1500 ml ammonium
nickel sulphate (3% w/v) and with 15 ml H,0, (1 ml 30%

- gelatine
— alcohol series

- entallan (Merck)

Procedure
Preparation of the fixative Step 1

There are several possibilities:

e The use of tissue-samples already fixed (often by means of
formalin), and the preparation of tissue-sections by a cryo-
microtome or vibratome. :

e The use of samples already fixed after transfer into paraffin,
with the ‘paraffin-dependence’ of the primary antibody
being a problem, and the preparation of tissue-sections
by a microtome.

e Intracardial perfusion of an anaesthetized animal (rat) with
a solution of fixative, followed by point 1 or 2.

The intracardial perfusion of an anaesthetized animal with
Bouin’s sublimate solution as a fixative (Sofroniev, 1987) is de-
scribed below.

For further fixative solutions see Cuello 1983 and Ambrosius
and Luppa 1987.

Bouin’s sublimate solution is made as follows:

1. Add 11boiling distilled water to 200 g picrid acid, to form a
saturated solution.

2. Concentrated solution of formaldehyde (37%).

3. Make a saturated aqueous sublimate solution (mercuric
chloride, HgCl, [6% w/v in distilled water], dissolve the sub-
limate in a boiling water-bath).
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4.
5.
6.

Glacial acetic acid (to be added just before use).
Filter the single solutions.

Mix the solutions 1, 2, 3 and 4 just before use in the ratios
15:5:2:1 e.g. 315 ml, 105 ml, 42 ml, 21 ml.

Step 2 (Cardial perfusion of a rat

Step 3

1.

Anaesthetise a rat with chloralhydrate (400 mg/kg body
weight, i.p.).

Open the rat’s rib-cage.
Cut off the tip of the heart and push a button cannula into

the left ventricle as far as the aorta and fix the button cannula
so that the heart-opening is shut.

Clamp off the body circulation with an appropriate clamp
(Clamping the Vena cava and the Aorta descendens below
the diaphragm cuts the greater circulation off, so the fixative
is pumped solely through the pleural/brain circulation).

Open the right heart-vestibule, so as to ensure that the fixa-
tive can flow out.

Perfuse the anaesthetised rat with about 200 ml Haemaccel/
PBS-solution (1:5 v/v), to rinse the blood away, using a pres-
sure of 50-100 ml/min applied by an Ismatec MC 360 pump.

Perfuse with about 500 ml Bouin’s solution, using the same
pressure as before.

Prepare the brain.

Fix once more for 2 h in Bouin’s sublimate solution.

Visualisation of the antigen with IgY-primary antibody

See Figure 12 for an indirect immunohistochemical marking of
antigen.

1.

2.

Cut the brain using a cryo-microtome or vibratome (we use a

vibratome, the thickness of the sections is 50 um).

Put the sections freely floating in PBS.
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10.

11.
12,

13.
14.

15.
16.

Wash the sections 3 x 15 min freely floating in PBS (in vials,
Greiner), then put the vials onto a shaker, as also in the fol-
lowing steps.

Incubate the sections for 30 min freely floating in a 1% H,0,-
solution in 100% methanol, repressing the non-specific per-
oxidase-reaction.

Repeat step 1.

Incubate for 30 min in PBS with 2% goat serum and 0.5%
Triton X 100, blocking the non-specific binding sites.

Repeat step 1.

Incubate overnight for about 16 h at room temperature in
primary IgY-antibody. (In this case we used the antibody
Ch 22 diluted 1:500 with PBS-Triton X 100, see Figure 13).

Repeat step 1.

Incubate for 2 h in the species-specific POD-labeled second-
ary antibody (from donkey), diluted with PBS-Triton X 100).

Repeat step 1.

Stain the sections for about 10 min or less in a filtered DAB
solution (15 mg DAB in 50 ml PBS), add 1500 pl ammonium
nickel sulphate (3% w/v) and add 15 pl H,0; (1 ml 30% H,0,
in 30 ml PBS).

Stop the reaction with distilled water.

Mount the sections on gelatine slides coated through the fol-
lowing procedure: Dissolve 1 g gelatine (type A or B, Sigma)
in 50 ml distilled water boiling in a bath, add a pinch of chro-
malum, coat the slides with this solution, then dry the slides
at 60°C for about 12 h.

Dry the sections at room temperature.

Transfer the sections into a rising alcohol series and leave
them for 10 min in each of the following solutions respec-
tively:

- 30% alcohol

- 50% alcohol

- 70% alcohol
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- 90% alcohol

- 96% alcohol, 1
- 96% alcohol, 2
- isopropanol

- xylol

17. Cover the sections with entellan (Merck).

Results

Fixing the tissues is a decisive step which may influence the re-
sults. In determining peptides, we have had good experiences
with Bouin’s solution, as have other authors (Ambrosius and
Luppa 1987, Sofroniew 1983). As second Ab we use an anti-
chicken IgY Ab from donkey, Dianova (703-035-155).

See Figure 16 a-f (see also Schade 1991).

Troubleshooting

Non-specific markings are very problematic. To avoid non-spe-
cific staining, it is advisable to dilute the primary or secondary
antibodies with PBS, which contains normal serum (about 2%)
from other species like goats, sheep and horses.

A precondition for a good result is a good fixation. A critical
point is the formaldehyde solution, which may oxidize with in-
creasing usage. In the case of frozen sections, the preservation of
tissue-structure can be a problem.

The staining-solution should be prepared just before use and
the reaction takes place in the dark. The sections are then blue-
black. Take care that the DAB is not to old. Dissolved DAB
should have a slight violet gleam.

We have achieved good results with this fixing and staining
method. For further variations see Chapter 8, References.
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Fig. 16. Indirect visualisation of neurons with CCK-like immunoreactivity in the cortex and hy-
pothalamus of the rat brain. As a primary antibody, an IgY anti-CCK antibody (Ch 22) was used.
As an antigen, a MAP-CCKS8 construct was used, which makes coupling to a protein carrier un-
necessary (see Figure 13). As a secondary antibody, a commercial POD-marked antibody from
donkey (Dianova) was used. In Figures 15a, ¢, the pyramidal neurons in the cortex are visualized.
In Figure 15, two neurons are marked with different degrees of intensity. This was not part of the
method but is a result due perhaps to various degrees of activity of the neurons. Figures 15b, d, f
show three different kinds of neurons from the thalamus of rats. Cortical pyramidal neurons have
so far been successfully detected only twice (Sakamoto et al. 1984, Morino et al. 1994). The detec-
tion in the former case has been ignored in the relevant literature, and the detection in the latter
case succeeded only after preliminary treatment with colchicin and an antibody developed against
pro-CCK. We have two IgY antibodies (antigen: CCK8-derivatives) which reliable visualize pyr-
amidal neurons.
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Subprotocol 22

Immunohistochemistry Detection of MHC Class Il-Antigens
in Cryostate-Slices From the Lung Lymph-Nodes of Pigs
Using Mouse Monoclonal Antibodies

Outline

See Figure 17.

Materials

See Subprotocol 21, equipment and materials for step 3, addi-
tionally:
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Fig. 17. Indirect marking through the PAP-technique (PAP = peroxidase-anti-
peroxidase).
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10.
11.
12.

frozen sections of lung lymph-nodes from pig (6-8 um)
PBS (pH 7.4)

mouse mAb (MSA3, 2G6: isotype 1gG)

POD-labeled chicken anti-mouse IgG

peroxidase-anti-peroxidase-complex (PAP-complex: SIG-
MA) diluted 1:800

3,3’-diaminobenzidine (DAB: Merck): 1 mg/ml PBS
Canada balsam (Riedel de Hien)

Procedure

. Prepare tissue sections as above using a cryostate.

Fix the air-dried sections in acetone for 10 min at room tem-
perature.

Incubate with primary antibody for 30 min in a moist cham-
ber at room temperature. To safe Ab-solution the sections
may be encircled with a DAKO Pen (DAKO). In this way
a barrier is formed which keeps the Ab-solution within
the encircled area.

Wash thrice with PBS.

Incubate with POD-labeled secondary antibody (hen anti-
mouse immunoglobulin) for 30 min in a moist chamber
at room temperature.

Wash thrice with PBS.
Incubate with the PAP-complex.
Wash thrice with PBS.

Visualise the enzyme-linked antibody by having it react with
DAB and hydrogen peroxide as described above and in Sub-
protocol 21 at room temperature for 10 min.

Counterstain the sections slightly with haematoxylin.
Mount them with Canada balsam.

Examine them by light microscopy.
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Results

See Figure 18.

Troubleshooting

See Subprotocol 21.

Fig. 18. Demonstration of MHC class II antigens on macrophages (lung lymph-nodes of a pig)
according to Subprotocol 22. The brown colored cells are MHC class II positive.
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Subprotocol 23
Detecting GABAergic (g-Amino-Butyric Acid) Cells in the
Brain of Mongolian Desert Mice (Meriones ungulatus)

Outline

In this assay the chicken Ab is used as a non-labeled species-
specific secondary Ab which is detected by a POD-labeled ter-
tiary rabbit anti-chicken Ab.

Materials

See Subprotocol 21, additionally:

brain sections (cryostate, 50 pm)

methanol, PBS, goat normal serum, BSA, Triton X-100, so-
dium azide, Tris buffer

mouse anti-glutamic acid decarboxylase (GAD, Boehringer
Mannheim)

unlabeled chicken anti-mouse Ig, diluted 1:15

rabbit anti-hen IgY (POD-labeled, Chemicon, Temecula) di-
luted 1:500

DAB solution (0,02%) in TBS with 0.05% H,0,

Procedure

Take the sections free floating in PBS in multi-well plates.

Incubate the sections for 60 min at 4°C in a 1% H,0, solution
in PBS/methanol (1:1), suppressing the non-specific per-
oxidase reaction.

Wash the sections 3 x 20 min in PBS.

Incubate the sections for 60 min at room temperature in PBS
with 2% goat normal serum and 5% BSA, 0.1% Triton X 100,
0.01% NaNj; blocking the nonspecific binding sites.
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5.

10.
11.
12.

13.
14.
15.

16.

Incubate for 2 days at 4°C with anti-GAD (diluted 1:5.000 in
PBS, 5% BSA, 0.1% Triton X 100, 0.01% NaN3).

Wash the sections 3 x 20 min in PBS.

Incubate for 150 min with chicken anti-mouse IgG (diluted
1:15 in PBS, 1% BSA, 0.01% NaN3).

Wash the sections 2 x 20 min in PBS and 1 x 20 min in TBS.

Incubate for 60 min at room temperature with POD-labeled
rabbit anti-chicken IgY (diluted 1:500 in TBS, 1% BSA).

Wash the sections 3 x 20 min in TBS.
Stain the sections for 15 min in DAB solution.

Wash the sections 2 x 30 min in TBS and overnight in PBS
at 4°C.

Mount the sections on slides.
Dry the sections at room temperature.

Transfer the sections into a rising alcohol series and leave
them for 2 min in each of the following solutions respec-
tively: optal, xylol (2 x) (see also Subprotocol 21).

Cover the sections with entellan (Merck).

Troubleshooting

See Subprotocol 21.
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Subprotocol 24
Immunocytochemical Detection of CD44
in Human Keratocytes in vitro

Outline

For principle see Figure 12.

Materials

See Subprotocol 21, additionally:

primary culture praeputium, about 7500 cells/well in 16-
chamber slides (The culture is kept at 37°C till subconflu-
ence)

hen normal serum
TBS, BSA

anti-CD44 (mouse monoclonal antibody J173, Immuno-
Tech)

Cy3-labeled hen anti-mouse Ig
entallan (Merck)

fluorescence microscope

Procedure

Keep the cells at 37°C till confluence.

Fix the cells for 9 min with methanol, for 1 min with aceton
(-20°C) on slides.

Dry the slides.
Wash the slides for 10 min in 0.05 M TBS pH 7.6.

Block with hen normal serum (0.1% in TBS with 5% BSA) for
2 h at room temperature.
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6.

10.
11.
12.

13.
14.

Add the primary Ab, anti-CD 44, diluted 1:30 in TBS with 5%
BSA.

Incubate the slides overnight in moist atmosphere at 4°C.
Wash the slides 3 x 10 min in 0.05 M TBS.

Add the secondary antibody Cy3-labeled hen anti-mouse
immunoglobulin diluted 1:100 in TBS with 5% BSA.

Incubate the slides overnight in moist atmosphere at 4°C.
Wash the slides 3 x 10 min in 0.05 M TBS.

Transfer the slides in a rising alcohol series (see Subprotocol
21, step 3).

Cover the slides with entallan (Merck).

Analyse the slides by means of a fluorescence microscope.

Troubleshooting

See Subprotocol 21.

Subprotocol 25

Use of IgY-Ab as Secondary Antibodies in Flow Cytometry:
Immunofluorescent Staining of a Single Cell Suspension
from Human Peripheral Blood to Detect Surface Antigens
Through One-Colour Labeling (Indirect Method)

The following reactions show the use of hen antibodies as sec-
ondary ones, as well as the efficacy of IgY-antibodies as double
ones (labeled and unlabeled) and as double sandwich ones.
Flow cytometry is widely used for detecting the expression of
cell-surface and intracellular molecules and is used mainly to
measure the intensity of fluorescence.

Antibodies fluorescently-labeled can bind specifically to so-

luble antigens or cell-associated molecules. The direct and in-
direct immunofluorescence of cells can yield information about
the antigen and the binding of antibodies. The antigen-antibody
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complexes can be detected by means of secondary antibodies
coupled to fluorescent stains.

Flow cytometry data are generally analysed to type and de-
fine different cell populations and/or to ascertain the relative
amounts of cell-surface antigen-molecules.

The frequency is determined by the analysis of single para-
meter fluorescence (histograms, see Fig. 20) and of dual-para-
meter fluorescence (dot points, see Fig. 22). The direct immu-
nofluorescent method is faster but less sensitive than the indir-
ect one. Many distinct antibodies (e.g. mouse ones) can be de-
tected with the latter.

In indirect staining the primary reagent is not labeled but
detected by a second fluorochrome-labeled reagent. This second
reagent may be an antibody reacting specifically to the first one.
Alternatively the streptavidin/avidin system can be used, where
an antibody is conjugated to biotin and detected with phyco-
erythrin-labeled streptavidin/avidin.

QOutline

See Figure 19.

* PBC Peripheral Blood Cell
I ’ cell antigen 1

) cell antigen 2

)—. mouse mAb (IgG, IgM)

Y=—3LE FITC labeled IgY Ab

Fig. 19. Scheme of indirect marking of peripheral blood cells (PBC) for FACS
analysis.
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Equipment

Reagents,
solutions

© ® N @

LU A A

Materials

polystyrene microtitre plates (96, V)
pipette and pipette tips

centrifuge with rotor for microtitre plates
vortexer

FACscan (Becton Dickinson)

refrigerator
living cells, like peripheral human lymphocytes

PBS
PBS/0.01 M sodium azide (washing solution)

antibodies:
- mouse monoclonal antibody in appropriate dilution
- FITC-labeled hen anti-mouse IgY in appropriate dilution

Procedure

Add 50 pl unlabeled mouse antibody to the well on the plate.
Add 50 pl cell suspension (2-10 x 105/ml)

Mix gently.

Incubate for 45 min at 4°C in a moist atmosphere.

Wash the cells thrice with a wash buffer (50 ul, 100 pl, 100 pl)
at 2 min intervals and each time centrifuge at 300 g for 3-5
min after washing.

Stain the cells with 50 pl FITC-labeled hen anti-mouse Ig.
Incubate for 30 min at 4°C in a moist atmosphere.

Wash the cells thrice as above.

Fix the cells, using 100 pl 1% formaldehyde/wash buffer.

Keep the cell suspension at 4°C until analysed by flow cyto-
metry.
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Fig. 20. Histogram of FACS-analysis to detect mouse mAB using biotin- or
FITC-labeled chicken anti-mouse antibodies (see also Figure 21).
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Results

See Figure 20.

Troubleshooting

Note that there is no loss of cells during the wash procedures.
The resuspension after washing is performed merely by gentle
lateral knocking on the microtiter plates. The analysis of the
labeled and fixed cells can be performed in one week.

Subprotocol 26

Double-Immunofluorescent Staining of a Single Cell
Suspension From Human Peripheral Blood to Detect Surface
Antigens Through Two-Colour Labeling (Indirect/Direct
Method)

Qutline

See Figure 21.

& )—;):is
. )—# FITC labeled mouse mAb
H mouse mAb
fame

]—. Biotin labeled IgY Ab

)—# Streptavidin/Phycoerythrin

Fig. 21. Scheme of direct/indirect marking of PBC for FACS analysis.
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Materials

See Subprotocol 25 (except antibodies).

LA I

© ® N @

11.
12.
13.

14.
15.

unlabeled mouse antibody (IgM, directed against CD4, B40, Antibodies
Ia/1) in appropriate dilution

biotin-labeled hen anti-mouse IgM/streptavidin-phycoery-
thrin

FITC-labeled mouse antibody (IgG, directed against CD3) in
appropriate dilution

Procedure
Add 50 pl unlabeled mouse antibody (IgM) to the wells on
the plate.
Add 50 pl cell suspension (2-10 x 10%/ml).
Mix gently.
Incubate for 45 min at 4°C in a moist atmosphere.

Wash the cells thrice with a wash buffer (50 pl, 100 pl, 100 pl)
at 2 min intervals and each time centrifuge at 300 g for 3-5
min after washing.

Suspend the cell-pellet again gently.

Incubate the cells with 50 pl hen-anti mouse IgM-biotin.
Incubate for 30 min at 4°C in a moist atmosphere.
Wash as above.

Add 50 pl labeled streptavidin-phycoerythrin.

Incubate for 30 min at 4°C in a moist atmosphere.
Wash as above.

Add 50 pl FITC-labeled monoclonal mouse antibody (iso-
type IgG).
Incubate for 30 min at 4°C in a moist atmosphere.

Wash as above.
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16. Fix the cells, using 100 pl 1% formaldehyde/wash buffer.

17. Keep the cell-suspension at 4°C until analysed by flow cyto-
metry.

Results

See Figure 22.

Troubleshooting

See Subprotocol 25.

Subprotocol 27

Double-Immunofluorescent Staining of a Single Cell
Suspension from Human Peripheral Blood

to Detect Surface Antigens Through Two-Colour Labeling
(Indirect/Indirect Method)

Outline

See Figure 23.

Materials
Equipment See Subprotocol 25.

Reagents, See Subprotocol 25 (except antibodies, specificity of the mouse
solutions mADb as in Subprotocols 25 and 26).

Antibodies - unlabeled mouse monoclonal antibody (different isotypes,
e.g. IgGl, IgG2b or IgM)
- FITC-labeled hen-anti mouse IgG1
- Dbiotin-labeled hen-anti mouse IgG2b or IgM
- streptavidin-phycoerythrin in appropriate dilution
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Fig. 22. Dot-plot of FACS-analysis to demonstrate several human cell differentiation antigens by
means of the direct/indirect method. Comparison between the efficacy of an avian and a mam-
malian antibody.
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mouse mADb (IgG)

mouse mADb (IgM)

¥
e
!

TII

Biotin labeled IgY Ab
° FITC-abeled IgY Ab
. P# Streptavidin/Phycoerythrin complex

Fig. 23. Indirect/indirect marking of PBC for FACS-analysis.

I.rl

Procedure
1. Add 50 pl unlabeled mouse mAb (IgG1) to the wells on the
plate.
Add 50 ul cell suspension (2-10 x 10%/ml).
Mix gently.
Incubate for 45 min at 4°C in a moist atmosphere.

Wash the cells thrice with a wash buffer (50 pl, 100 ul, 100 pul)
at 2 min intervals and each time centrifuge at 300 g for 3 min
after washing.

R O

Suspend the cell pellet again gently.
Stain the cells with 50 pl FITC-labeled hen-anti mouse IgGl1.

Incubate for 30 min at 4°C in a moist atmosphere.

° * N @

Wash as above.

10. Add 50 pl unlabeled mouse mAb (IgG2b or IgM).

11. Incubate for 30 min at 4°C in a moist atmosphere.

12. Wash as above.

13. Add 50 pl biotin-labeled hen-anti mouse IgG2b or IgM.

14. Incubate for 30 min at 4°C in a moist atmosphere.
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15. Wash as above.

16. Add 50 pl streptavidin-phycoerythrin.

17. Incubate for 30 min at 4°C in a moist atmosphere.

18. Wash as above.

19. Fix the cells, using 100 pl 1% formaldehyde/wash buffer.

20. Keep the cell-suspension at 4°C until analysed by flow cyto-
metry.

Troubleshooting

See Subprotocol 25.

Subprotocol 28
Competitive Radioimmunassay Determination
of Neuronal CCK-8 (Cholecystokinin Octapeptide)

In radioimmunoassays a reaction-partner is radioactively
marked, and here the antigen (CCK) is marked with '*°I. By
measuring the radioactivity of the reaction-product (Ag-Ab
complex), conclusions can be drawn about the amount or con-
centration of the substance investigated. As with ELISA there
are competitive and non-competitive assays. In the former, a
marked -and a non-marked substance compete for a limited
number of binding sites, and in the latter a substance reacts
with a marked binding-protein.

QOutline

See Figure 24.
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Equipment

A

YOY
Y

A,
Yv

0000

® tracer (radioactive labeled peptide)

O peptide

Y specific antibody
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Fig. 24. A competitive radio immunoassay, taking as an example a peptide
(CCK)-determination. The amount of the antibody (IgY anti-CCK antibody)
and of the tracer are defined. The concentration of the samples varies. The
more CCK contained by a sample, the less the marked tracer can be bound,
and the lower is the sample’s radioactivity.

Materials

vortex

- refrigerator

- cool-centrifuge (e.g. Hermle Z 360 K, rotor 220.27 V03)

- g-counter (e.g. 1470 Wizard, Pharmacia)

- pipettes

~ pipette-tips

- safety-equipment for radioactive-work
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10.

RIA buffer: see Chapter 8 Reagents,
solutions

plastic tubes (volume ca. 1 ml, compatible with the g-counter
used)

samples and standard (see Table 2)

tracer (radio-labeled, adjusted to 1.000 cpm/100 ml)
anti-CCK IgY-antibody diluted with RIA buffer (1:1.000)

charcoal (Norit A, Serva) in RIA buffer

Procedure

Prepare the IgY-antibody dilution with RIA buffer.

Add the following solutions in a plastic tube (see Table 3):
Standard or sample

RIA buffer

Tracer (**’I-CCK)

Diluted IgY-antibody

Shake the mixture, using a vortex.

Incubate for 24 h or longer (see Chapter 8) in a refrigerator at
4°C.

Separate the bound from the unbound tracer by adding 500
ul of the charcoal mixture to the solutions in the tube.
Shake vigorously.

Incubate for 1 h in a refrigerator at 4°C.

Centrifuge the tubes for 20 min in a cooling- centrifuge at
4,000 cycles/min.

Decant the supernatant completely, pouring it out into an-
other plastic tube.

Measure the supernatant with a y-counter for 3-10 min.
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Table 2. Example of a standard curve

Standard 6
Standard 5
Standard 5
Standard 5
Standard 4
Standard 4
Standard 3

0.2 fMol/100 ul
1.0 fMol/100 pl
2.0 fMol/100 pl
4.0 fMol/100 pl
10.0 fMol/100 ul
20.0 fMol/100 pl
80.0 fMol/100 pul

100 pl
50 pl

100 pl
200 pl
50 ul

100 pl
100 pl

The various volumes are equalised by means of the RIA buffer (Standard +
RIA buffer = 200 pl). The standard curve is calculated with the RIA Calc
Program (LKB, Wallac) as is the precision profile, which yields information
about the most precise area of measurement (see Figure 25).

Table 3. Example of an RIA pipetting-scheme on the basis of an IgY-anti-

body
Standard  RIA-buffer Tracer  Antibody Charcoal
or sample 125.CCK
Non-specific - 300 Wl 100l - 500 i
binding
Specific - 200 pl 100 ul 100 pl 500 wl
binding
Total - 800 pl 100pl - -
s6 100 pl 100 pl 100 ul 100 pl 500 pl
s5 50 pl 150 pl 100 ul 100 pl 500 pl
s5 100 pl 100 pl 100 pl 100 pl 500 pl
s5 200 wl 100 ul 100 pl 500 pl
s4 50 ul 150 ul 100 ul 100 pl 500 pl
s4 100 pl 100 pl 100 ul 100 pul 500 pl
$3 100 pl 100 pl 100pl  100pul 500 pl
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Results

Through addition of active charcoal, the bound radioactivity is
separated from the unbound (see Figure 24). Other means of
separation are possible (e.g. separation by means of species-spe-

CCK-RIA standard curve (chicken antibody 131)
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Fig. 25. An example of a standard curve (upper part). In the lower part is the
corresponding precision-profile, which shows in which range measurements
are most reliable. Here it is from about 3-15 fMol/incubate.
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cific antibodies). For standard curve and precision profile see
Figure 25 (Schade et al. 1988, Schade et al. 1996, Vick 1995).

Troubleshooting

There may be an increasing non-specific binding with increas-
ing age of the tracer (decay period). Depending on the quality of
the antibody used, an incubation-period of more than 24 h may
be needed. A pre-incubation of antibody and sample may raise
the sensitivity of the sample. A good separation of the bound
from the unbound tracer may depend on the charcoal used.

Subprotocol 29
Complement Fixation Test (CFT)

In its latest edition of the O.LE. “Manual of Standards for Di-
agnostic Tests and Vaccines“ (“Office International des Epizoo-
ties“, Paris 1996), CFT is second only to ELISA as a prescribed or
recommended way of diagnosing infections. Its reliability, in
diagnosing brucellosis for instance, has established it as a con-
firmatory test.

Complement (C) belongs to the non-specifically acting de-
fense mechanisms which by itself doesn’t act as an antibody but
is needed for destruction of antigens by increasing phagocytosis
or by extracellular lysis. In serum, the complement system (C1 -
C 9 with additional subfactors) is present in an inactive form.
Activation of C is caused by the formatidon of immune com-
plexes (IC) where the first C-fraction “C1q“ joins the IC and
thereby activates the cascade of subsequent C-fractions.

Outline

In vitro, the CFT provides an answer to the question whether C
has been fixed by an antibody-antigen complex (IC) (positive
case) or not (negative case). It is obvious that the quantity of
C plays an important role in regard to the outcome of the
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test. Therefore, C from the side of the test-serum has to be in-
activated by heating to 56 - 60°C. For the test, heat inactivated C
is replaced by a foreign properly diluted C collected normally
from guinea-pig.

The test runs in two steps: During the first step, C is either
fixed to the IC (positive), or not (negative), and is consequently
either not available anymore or still available. During the
second step, the resulting availability is tested by a second IC
where sheep red blood cells (SRBC) together with anti-SRBC
(“amboceptor or “anti-sheep-hemolysin®) form the hemolytic
or indicator system. In a positive case, no C is available to cause
lysis - here hemolysis- during the second step, and vice versa
(Figure 26).

After binding to antigens, antibodies from hens are unable to
activate the first factor (C 1) of guinea-pig complement and re-
lease the C-cascade (Benedict and Yamaga in Marchalonis J:
Comparative Immunology, Blackwell Scient Publ 1976). During
research work on CFT with avian sera, it was found that the
simplest way to overcome this handicap was to add normal
hen-serum to guinea-pig C which caused lysis of sensitized
SRBC. Apparently, the corresponding C-components of hens
and guinea-pigs are compatible (Brumfeld et al. 1961, Mar-
quardt and Newman 1971).

Anti-complement reactions, in part very disturbing, led to
further research. Stolfi et al. (1971) used an amboceptor from
hens, guinea-pig C minus C 1, and C 1 from chicken to supple-
ment the C1-devoid guinea-pig C. This modified CFT has been
applied by Van Regenmortel and Burckhard (1985) for detec-
tion of IgY-antibodies directed against rotavirus and plant-
virusses (“tomato bushy stunt virus“ and “tobacco mosaic
virus“).The procedure was optimized by adjustment of the
dilution-buffer during the procedure.

Materials

- photometer (for photometric measurement of hemolysis or
for subjective determination of the amount of the non-lysed

erythrocytes)

- refrigerator

Equipment



192 INGRID BEHN et al.

hemolysin (Ab) complex

EE&{?’Hemlyas by Ag-Ab complex

C-activation by

Ag-Ab complex
Antigen (Ag)
Antibody (Ab)
Complement (C)
Ag-Ab complex
activated C
activated C

Ag-Ab complex

{'{‘ Sheep Red Blood Cell (SRBC)

¥

¥
¥
v
Yo
¥

23 .-
w D
A D 52 > e
@
o g2 () ES
N <3 25
m o o = @
ca =
+ ] 1]
E =
2 8
o X C x
@ L
> D \. 'b-q‘ £3 23
D i Vé,{la gg 55
(& 58
> 38 S8
o o
W w
+ +
0
(] =
0 @
[>>OD>@ 3 5
22 ® =
> [&]
Do DF /€ :
2 ® §
5
> )
28 .
- Se >
-] -
g g g
n 7 &

Fig. 26. The scheme of the complement fixation test. Stage I represents the stage of complement
activation through the formation of the Ag-Ab complex (IC). If there are no antibodies in the
sample to be determined, there is also no complement binding. Stage IIa shows full complement
binding, so that no C can bind to the SRB hemolysin complex and consequently no hemolysis
appears. This means that the sample contains the sought antibody. In stage IIb, there is unbound
C, which binds to the SRBC-hemolysin complex and causes hemolysis. This means that the sample
does not contain the sought antibody.
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- micro-titre plates

- pipettes

- centrifuge

- waterbath 37°C

- waterbath 56 - 60°C

- CFT-buffer
- antigen Reagents,
- antibody solutions
- sheep red blood cells (SRBC)
- amboceptor (antibodies against SRBC)
- complement (from guinea-pigs and hens)
Yolk-antibodies were extracted in the way described by Polsen
et al. (1980).
- veronal-buffer (VB) pH 7.3 - 7.4 Buffers
85.000 g NaCl
3.750 g sodium 5.5-diethyl barbiturate
0.220 g CaClz -2 Hzo
1.015 g MgClz -6 H20
5.750 g 5.5-diethyl barbituric acid
Dissolve the acid hot and add the other components, then top the
mixture up to 2000 ml (dist. water) to produce a fivefold concentrated
buffer.
Preparation of the components
Dilute concentrated VB 1:5 and add 0.1% gelatin. A1: GVB
(gelatin vero-
nal buffer)

Mix equal volumes of GVB and a 5% solution of dextrose in A2: DGVB
water, while doubling the concentrations of Ca** and Mg*™. (dextrose
GVB)
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A3:DG (dex-
trose-gelatin)

B1: IgY anti-
SRBC Ab
(Amboceptor)

B2: Sensitized
SRBC (Eab®")

C1: Chicken
C1

C2: Guinea-
pig C without
C1

Mix 5% dextrose in dist. water with 0.1% gelatin, 0.00015 M Ca**
and 0.0005 M Mg*".

B: Hemolytic system

Immunise a hen several times with washed SRBC (see Chap-
ter 3), collect serum, mix it with an equal amount of glycerol
and store it at -20°C.

Take washed sheep blood-cells (SRBC 1x10%) in 0.01 M isotonic
EDTA in GVB without Ca*™ and Mg**, and sensitize with the
same volume of non-activated IgY anti-SRBC diluted 1:100 in
the same buffer and incubated for 30 min at room temperature.
Wash the sensitized cells and adjust them to a concentration of
108/ml with dextrose GVB for immediate use.

Precipitate the C 1-component of hen-C from the whole serum
by addition of 1 volume of serum to 8 volumes 0.02 M acetate
buffer, pH 5.0, then dissolve the precipitate in tenfold the ori-
ginal volume of GVB.

Resuspend lyophilized guinea-pig C in GVB pH 7.4 then dialyse
it against GVB 7.4 ( 1=0.04). Remove the resulting precipitate by
centrifuging and discard it. The supernatant fluid contains all
the C-components of guinea-pig serum save C 1. Test for the
optimal concentrations of guinea-pig C minus C 1, of hen C 1
and of hemolysing IgY anti-SRBC with a checkerboard system.

Procedure

The test is performed in tubes kept in an ice bath. The following
reagents, all diluted with GVB were added:

1. 0.2 ml of antigen, 0.2 ml of chicken C1 and 0.2 ml of specific
IgY (specific against the antigen) at different dilutions, in-
cubation overnight, 4°C.

2. The ionic strength of the mixture was lowered to 1=0.075 by
addition of 0.6 ml of DG (to preserve maximal C 1 activity).
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3. 0.2 ml of freshly prepared sensitized SRBC were added, in-
cubation at 30°C for 30 min.

4. Addition of 0.2 ml guinea-pig C devoid of Cl, incubation for
2 hours, centrifugation and measuring the supernatant by
photometer at wavelength 413 nm.

The following controls may be used too, see subsequent dia-
gram, Table 4:

- antiserums in suitable dilutions + C without antigen
- antigen + C without antiserum

- two tubes for single and double C-doses without antigen or
antiserum, so as to reveal the C-dose for complete hemolysis

- two tubes with dilution buffers, to measure or exclude spon-
taneous hemolysis

Results

Centrifuge the tubes and determine the absorbance photome-
trically at 413 nm, then express the result as% fixed C through
the following formula:

[(A4; total lysis - Aygps background) - (Agy; test - Ayy3 back-
ground)] : [(A43 total lysis) - (A43 background) x 100]

The CFT is used only for research purposes but not for rou-
tine diagnostic work.

Troubleshooting

Using this test system it is very important to carry out careful
controls according to Table 4 and to test out appropriate dilu-
tion ratios of the several components involved in reaction.

Controls
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Table 4. Control schedule (Data in ml)

IgY-Ab  Chicken Antigen Single  Double Buffer

dilution Cl1 dose C1 dose Cl

(several)
1. 0.2 0.2 - - - 0.2
2. - 0.2 0.2 - - 0.2
3. - - - 0.2 - 0.4
4, - - - - 0.2 0.4

Subprotocol 30

Field Studies of the Prophylactic use of Specific Egg-Anti-
bodies Against Diarrhoea due to Various Infections in New-
Born Calves

Yolk antibodies in the prophylaxis and therapy of diarrhoea in domestic
animals

Diarrhoea due to infection is one of the commonest dangers to
animal-life world-wide. The standard therapy is with antibio-
tics, but the side-effects are notably negative, and the main
ones are often negative too. Antibiotic therapy may harm the
balance of bacterial species in the intestines, leaving the latter
with a predisposition towards further infections, so it should be
used to treat only feverish general ailments. In treating diar-
rhoea, priority should be given to rehydration and electrolytic
supply.

Moreover, as a veterinary prophylaxis against diarrhoea in
suckling calves and piglets, the dams are now given vaccina-
tions, which via colostrum induce local passive immune protec-
tion in the sucklings’ guts. Immune protection there is also sig-
nificantly increased by means of specific antibodies adminis-
tered orally. The sources of such antibodies may be serum, co-
lostrum, milk and monoclonal antibodies.

An alternative source may be hens’ eggs (Losch et al. 1986),
since serum IgY antibodies produced after immunization are
transferred through egg-follicles to yolks (Rose et al. 1974, Ko-
walczyk et al. 1985). Hence IgY from yolk can be produced easily
and abundantly, with a yield of up to 250 mg per hen’s egg (Er-
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hard et al. 1997). Akita and Nakai (1993) described a total IgY of
8 - 20 mg IgY/ml yolk with up to 10% of specific IgY. Specific IgY
is also able to bind or to neutralize pathogens.

The efficacious use of colostrum- and milk-antibodies
against diarrhoea had already been described, so it seemed ad-
visable to investigate the efficacy of specific yolk-antibodies in
prophylaxis and therapy. Due to the phylogenetic gap between
birds and mammals the spectrum of antibodies may be quite
different. Birds’ may deal with epitopes which have no effects
as antigens on mammals.

To check the practical efficacy of orally administered egg-
antibodies, the investigations described under the following
Subprotocols were carried out.

QOutline

- Investigation of 2 experimental groups: Experiment 1
- Group 1: E coli K99- and rotavirus-specific egg-powder
(antibody-powder 22 g)
- Group 2: control egg-powder from non-immunized hens
(control-powder 22 g)

- Treatment with 22 g of egg-powder per day in the first 14
days post natum (p.n.) twice a day with the meal.

- Investigation of 3 experimental groups: Experiment 2
- Group 1: E coli K99- and rotavirus-specific egg-powder
(antibody-powder 16 g)
- Group 2: E. coli K99- and rotavirus-specific egg-powder
(antibody-powder 8 g)
- Group 3: without feed additive (control)

- Treatment with altogether 16 or 8 g of egg-powder per day in
the first 10 days p.n. twice a day with the meal.

- Investigation of 4 experimental groups: Experiment 3

- Group 1: E coli K99- and rotavirus-specific egg-powder
(antibody-powder 8 g)

- Group 2: E coli K99- and rotavirus-specific egg-powder
(antibody-powder 4 g)

- Group 3: E coli K99- and rotavirus-specific egg-powder
(antibody-powder 2 g)

- Group 4: without feed additive (control)
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- Treatment with altogether 8, 4 or 2 g of egg-powder per day
in the first 14 days p.n. twice a day with the meal.

Procedure

In prophylaxis with specific egg-antibodies, attention has to be
paid to not only the range but also the times of possible infec-
tion. Calves most often have diarrhoea in the first two weeks of
life. The main pathogens are rotaviruses, coronaviruses, K99-
positive enterotoxic E. coli and cryptosporides. The pathogen
diagnosis was normally carried out on day 7, or in the case
of diarrhoea, with the help of Lactovac®-ELISA (Hoechst Unter-
schleiffheim, Germany). The parameters considered are the rate,
intensity and duration of diarrhoea, as also the gain in body-
weight. Altogether, three investigations were carried out inde-
pendently of one another. In the egg-powder, titres of antibo-
dies were measured against E. coli K99 of at least 330 ELISA-
units and against rotaviruses of at least 800 units by the neu-
tralization test. The egg powder was fed with the colostrum
or milk.

1. Immunization of laying hens (see Chapter 3).

2. Obtaining egg-powder by spray-drying.

3. Testing the powder for pathogen-specific yolk-antibodies for
use in calves and piglets.

4. Pathogen diagnosis of the infected animals.

5. Prophylactic treatment of the infected animals by applying
the egg-powder (together with colostrum or milk).

6. Monitoring the development of the infection by means of
various parameters (rate, intensity and duration of diar-
rhoea, body weight gain).

Results
The field trials of the prophylactic use of hen-antibodies on

calves were carried out in three different places: south-west Ger-
many, south-east Germany and Turkey.
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Table 5. Prophylactic use of specific egg-antibodies against diarrhoea due to various infec-
tions in new-born calves

Parameter 22g Ab 22g Co 16g Ab 8g Ab Contr. 8g Ab 4g Ab 2g Ab Contr.
(trial 1) (triall) (trial 2) (trial 2) (trial 2) (trial 3) (trial 3) (trial 3)(trial 3)
All calves n=51 n=54 n=58 n=60 n=55 n=55 n=53 n=56 n=80

Rate of diarrhoea53 69 69 68 75 15* 15* 14* 39
(%)

Duration of 42* 60 48* 53 64 55* 67* 48* 84
diarhoea (days)

High intensity 31 49 5 5* 23 nd nd nd nd
of diarrhoea (%)

Daily gain in 431* 269 378* 367 276 292*  300*  269* 185
body weight
(g/d)

Rotavirus positive

Rate of diarrhea 80 76 76 78 94 19* 44 28 60
(%)

Duration of 4458  44*51 6858  7248* 88

diarrhoea (days)

High intensity 19 50 5% 7* 50 nd nd nd nd
of diarrhoea (%)

Daily gain in 462 254 311 300% 122 277 238*  246* 154
body weight (g/d)

E. coli K99

positive

Rate of diarrhea 31* 92 25 33% 100 nd nd nd nd
(%)

Duration of diar-60 68 24 54 55 nd nd nd nd
rhoea (days)

High intensity of 25 50 0 0 20 nd nd nd nd
diarrhoea (%)

Daily gain in body462* 262  556* 333 189 nd nd nd nd
weight (g/d)

Calves received egg-powder in amounts ranging from 2 to 22 g with (Ab) or without (Co)
pathogen-specific egg-antibodies. No egg powder was applied in trial 2 and 3 (Co). In trial 3
the intensity of diarrhoea was not determined, and the calves were too few for results related
to Escheria coli K99 to be significant (*p<0.05 vs. control groups of the corresponding trial.).
nd = not determined
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In the case of the parameters rate, intensity and duration of
the diarrhoea, the results of using antibody-powder were often
significantly different to the results of using a control-powder or
no feed additive. Large differences were recorded in the gain in
body-weight. The most important results are summarised in Ta-
ble 5 and described in more detail by Erhard et al. (1993) and
Ozpinar et al. (1996).

Subprotocol 31
Field Studies of the Prophylactic Use of Specific Egg-Anti-
bodies Against Diarrhoea Due to Infection in Weaned Piglets

Outline

3 experimental groups:

- Group 1: egg-powder with specific antibodies against E. coli
K88, K99, 987P and rotaviruses (antibody-powder)

- Group 2: egg-powder of not immunized hens (control-pow-
der)

- Group 3: without any feed additive (control)

Procedure

The study on weaned piglets was carried out in a piglet-produ-
cing farm in the south of Germany with 70 sows and their 179
weaned piglets.

To limit possible financial harm to the owner, animals whose
health was strongly affected were treated additionally with anti-
biotics.

In the egg-powder the following antibodies were measured:

E. coli K88 (ELISA: at least 470 units)
E. coli K99 (ELISA: at least 100 units)
E. coli 987P (ELISA: at least 860 units)

rotaviruses (neutralization test: at least 512 units)
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1. Suckling of the piglets by the sows in the 7 week of life.

2. Use of the respective powder from the 28 to the 56 day of
life. The powder was offered in a feed ration made up of 5%
of the mixture and was mixed freely.

3. Diagnosis of pathogens by investigating samples of feces.

4. Evaluation of the parameters: rate and duration of the diar-
rhoea and gain in body weight additional treatment with
antibiotics in the event of severity of symptoms.

Results

Diarrhoea in suckling piglets was positively affected by the ad-
ministration of specific egg-powder containing pathogen speci-
fic Abs. Whereas diarrhoea occurred in 60% of the piglets in the
control group with egg-powder and in 57% in the control group
without egg-powder, it occurred in only 17% of the group with
antibody-powder.

The efficacy of the antibody-powder is likewise shown by the
incidence, duration and intensity of disturbances to the general
well-being of piglets in the respective groups. For instance, more
than half the piglets in the control groups had to be treated with
antibiotics. There were no significant differences in the intensity
and duration of diarrhoea in the various groups nor in the gain
in weight. The results are shown in Table 6 and described in
more detail by Erhard et al. (1996).

Subprotocol 32
Field Study of the Therapeutic Use of Specific Egg-Anti-
bodies Against Diarrhoea Due to Infection in Weaned Piglets

Outline

The therapeutic use of specific egg-antibodies was investigated
on newborn piglets in two farms of south Germany which had
problems with enterotoxic E. coli (ETEC) infections and diar-
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Table 6. The prophylactic use of specific egg-antibodies against diarrhoea
due to infection in weaned piglets

Parameters Control- Control Antibody-
group egg-group  group
(n=58) (n=61) (n=60)

Rate of diarrhea (%) 56.7 60.7 17.2*

Duration of diarrhea (days) 1.4 (SD 0.7) 1.5 (SD 0.8) 1.3 (SD 0.5)

High intensity of diarrhea (%) 62 68 60

Severity of symptoms (%) 26.7 39.3 5.2*

Daily gain in body weight (g) 310 (SD 50) 280 (SD 30) 290 (SD 50)

Additional treatment (%) 51.7 55.7 8.6

Mortality rate (%) 1.7 33 0.0

The animals in the antibody-group or control egg-group were given egg-
powder (5% of the ration), respectively with or without pathogen-specific
egg-antibodies, whereas the piglets in another control group were given no
egg-powder at all (*p<0.05 to the control groups, SD = standard devia-
tion).

rhoea. The antibody-titres of egg-powder are according to the
trial described under Subprotocol 31 (procedure).
Investigation of 3 groups:

- Group 1: given egg-powder with specific antibodies against
E. coli K88, K99, 987P and rotaviruses (antibody-powder)

- Group 2: given egg-powder of not immunised hens (control-
powder)

- Group 3: given no feed additive (control)

Procedure

1. Oral administration of the corresponding egg-powder with a
dosage help (3 g per animal per day for 3 days after the start
of diarrhoea).

2. Diagnosis of the pathogens.

3. Measurement of the parameters intensity and duration of
the diarrhoea.
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Table 7. Therapeutic use of specific egg-antibodies against diarrhoea due
to infection in weaned piglets

Control Control Control with
without powder with powder antibody-powder
Farm 1 1.9 1.8 1.3
Farm 2 35 2.6 1.0

The numbers indicate the mean duration of diarrhea in days.

Results

Several samples of feces from piglets suffering from diarrhoea
were examined, and hemolytic E. coli with the antigen K88 was
found.

On the two farms, altogether 105 new-born piglets got diar-
rhoea.

On average, the diarrhoea lasted for the number of days as
indicated in Table 7. Regarding the intensity of diarrhoea, there
were clear differences between the results for piglets treated
with antibody-powder and those for the controls. On the whole,
diarrhoea occurred more often in the control groups and was
more watery and continuous. The results are described in more
detail by Kellner et al. (1994).

Comments

Schmidt et al. (1989) and Wiedemann et al. (1990) were able to
show that yolk antibodies, especially in the form of the full egg,
are well protected from the processes of digestion. Shimizu et al.
(1988) found an acid-stability of purified yolk-antibodies up to
pH 4.0. In young animals, whose digestive system is not yet fully
functional, orally administered antibodies pass fairly freely
through the intestine, so the precondition for the local effect
of specific antibodies against diarrhoea due to infections is ful-
filled, though little is still known about the concentrations of
antibodies needed. A tip about use is given by Yokoyama et
al. (1993) in reporting on an infection trial. The specific antibo-
dies proved to be efficacious only if their period of passage
through the intestines was long enough.
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The advantage of this kind of immune prophylaxis or ther-
apy is that effective action can be taken at any time. It is possible
to react immediately and specifically to pathogens, as with a
farm-specific vaccine. Care must only be taken to react ade-
quately to a given spectrum of pathogens with a corresponding
spectrum of egg-powder antibodies.

This method of local immune-protection helps limit the use
of antibiotics to fewer cases and thus limit the development of
resistance and imbalance among flora in the intestines. More-
over with the combination of colostral and egg antibodies, the
range of antibodies is extended and the efficacy of treatment
improved.

In all investigations, irrespective of the kind of animal, of the
form in which the antibodies were administered as prophylaxis
or therapy, and of the animal’s age, the administration of patho-
gen-specific yolk-antibodies was notably effective (see also Per-
alta et al. 1994, Ikemori et al. 1996, 1997). An amount of anti-
bodies low in comparison to the concentration of antibodies in
the colostrum was enough to thwart pathogens.

Acknowledgements. The samples of faeces were examined by Dr. Wittig of the
Landesuntersuchungsanstalt fiir das Gesundheits- und Veterinidrwesen
(County Health and Veterinary Office) in Saxony as well as by the Tiergesund-
heitsdienst (Animal Health Service). This studies were supported by Lohmann
Animal Health (LAH, Cuxhaven, Germany).

References

Akita EM, Nakai S (1993) Comparison of four purification methods for the
production of immunoglobulins from eggs laid by hens immunized with
enterotoxigenic E. coli strain. J. Immunol. Methods 160:207-214

Ambrosius H, Luppa, H. (1987) Immunhistochemie, Grundlagen und
Techniken, Akademie-Verlag Berlin, pp. 105-140.

Behn E (1991) Immunodiffusion. In: Friemel H (ed) Immunologische Ar-
beitsmethoden, 4. Auflage, Gustav Fischer Verlag, Jena, pp. 81-95

Behn I, Hommel U, Oertel M, Hauschildt S (1996) Kinetics of IgY Forma-
tion after Immunisation of Hens with different Protein Antigens. Altex
13 Supplement 96:18-21

Benedict AA, Yamaga K(1976) Immunoglobulins and Antibody Produc-
tion in Avian Species, In: Marchalonis JJ (ed) Comparative Immunol-
ogy, Blackwell Scient.Publ., Oxford London Edinburgh Australia.



5 Use of Polyclonal Avian Antibodies

205

Bjerrum OJ, Schaffner-Nielsen C (1986) Buffer systems and transfer para-
meters for semidry electroblotting with horizontal apparatus. Electro-
phoresis 86:315-319

Brumfield HP,Benson H, Pomeroy BS (1961) Procedure for Modified Com-
plement Fixation Test with Turkey, Duck, and Chicken Serum Anti-
body. Avian Dis 5:270-282

Clarke HGM, Freeman T (1966) A quantitative immuno-electrophorasis
method (Laurell electrophoresis). Protides Biol Fluids proc Collog
14:503-509

Concetti A, Ripani E, Barboni L, Torregiani E, Bombardelli E, Gariboldi P,
Venanz FM (1994) Immunorecognition of ring skeleton of taxanes by
chicken yolk antibodies. Bilogical Chemistry Hoppe-Seyler 375(6):419-
423

Cuelo AC (1983) Immunohistochemistry. IBRO Handbook Series: Meth-
ods in the Neurosciences Vol. 3, John Wiley & Sons, Chichester New
York Brisbane Toronto Singapore

Danielpour D (1993) Improved sandwich enzyme-linked immunosorbent
assays for transforming growth factor beta;. ] Immunol Meth 158:17-25

Engvall E (1980) Enzyme Immunoassay ELISA and EMIT. Meth Enzymol
70:419

Erhard MH, Bergmann J, Renner M, Hofmann A, Heinritzi K (1996) Pro-
phylaktische Wirkung von spezifischen Dotterantikdrpern bei Escher-
ichia coli K88 (F4)-bedingten Durchfallerkrankungen von Absatzfer-
keln. (Prophylactic effect of specific egg yolk antibodies in diarrhea
of weaned piglets cause by Escherichia coli K88 (F4)). Vet Med A
43:217-223

Erhard MH, Kellner J, Eichelberger ], Losch U (1993) Neue Mdglichkeiten
in der oralen Immunprophylaxe des Kalbes - ein Feldversuch mit spe-
zifischen Eiantikorpern (New aspects in oral immunprophylaxis for the
prevention of infectious diarrhea of newborn calves - a field study with
specific antibodies). Berl Miinch Tierdrztl Wschr 106:383-387

Erhard MH, Quistorp I von, Schranner I, Jiingling A, Kaspers B, Schmidt P,
Kiithlmann R (1992) Development of specific enzyme linked immuno-
sorbent antibody assay systems for the detection of chicken immuno-
globulins G, M, and A using monoclonal antibodies. Poultry Sci 71:302-
310

Erhard MH, Schmidt P, Hofmann A, Bergmann J, Mittermeier P, Kauf-
mann P, Wiesmiiller K-H, Bessler W, Losch U (1997) The lipopeptid
Pam;Cys-Ser-(Lys)y: an alternative adjuvant to Freund’s adjuvant for
immunisation of chicken to produce egg yolk antibodies. ATLA
25:173-181

Ey PL, Prowse S, Jenkin CR (1978) Isolation of pure IgG1, IgG2a and IgG2b
immunoglobulins from mouse serum using protein-A sepharose. Im-
munochem 15:429-457

Fahey JL and McKelvey EM (1965). Quantitative determination of serum
immunoglobulins in antibody-agar plates. ] Immunol 94:84-91.

Ferencik M. (1993). Handbook of Immunochemistry, Chapman and Hall,
London Glasgow New York Tokyo Melbourne Madras. pp. 312-386.



206

INGRID BEHN et al.

Friemel H (1991) Immunelektrophorese. In: Friemel H (ed) Immunolo-
gische Arbeitsmethoden, 4. Auflage, Gustav Fischer Verlag, Jena, pp.
96-107

Goding JW (1976) Conjugation of antibodies with fluorochromes: modi-
fications to the standard methods. ] Immunol Meth 13:215-226

Guiterrez JA, Guirriero V (1991) Quantitation of Hsp 70 in tissues using a
competitive enzyme-linked immunosorbent assay. ] Immunol.Methods
143:81-88

Grabar C, Williams CA (1953) A method permitting the combined study of
the electrophoretic and immunochemical properties of a mixture of
proteins: application to blood serum. Biophys Acta 10:193-194

Hlinak A, Schrodl W, Witt S, Schade R, Kriiger M, (1996) Production of Egg
Yolk Antibodies against Human Cell-Associated Antigens Altex 13 Sup-
plement 96:76-79

Ikemori Y, Ohta M, Umeda K, Peralta RC, Kuroki M, Yokoyama H, Ko-
dama Y (1996) Passage of chicken egg yolk antibody treated with hy-
droxypropyl methylcellulose phtalate in the gastrointestinal tract of
calves. J Vet Med Sci 58(4):365-367

Ikemori Y, Ohta M, Umeda K, Icatlo Jr. FC, Kuroki M, Yokoyama H, Ko-
dama Y (1997) Passive protection of neonatal calves against bovine cor-
onavirus-induced diarrhea by administration of egg yolk or colostrum
antibody powder. Vet. Microbiol. 58:105-111

Kellner J, Erhard MH, Losch U (1994) Therapeutischer Einsatz von spezi-
fischen Eiantikorpern bei Siugferkeldurchfall - ein Feldversuch. Tier-
drztl Umschau 49:31-34

Kowalczyk K, Daiss ], Halpern J, Roth TF (1985) Quantification of mater-
nal-fetal IgG transport in the chicken. Immunol 54:755-762

Kronick MN (1986) The use of phycobiliproteins as fluorescent labels in
immunoassay ] Immunol Meth 92:1-13

Kyhse-Anderson ] (1984) Electroblotting of multiple gels: a simple appa-
ratus without buffer tank for rapid transfer of proteins from polyacryl-
amide to nitrocellulose. ] Biochem Biophys Meth-10:203-209

Laemmli UK (1970) Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature 227:655-685

Lanham SM, Godfrey DG (1970) Isolation of salivarian trypanosomes from
man and other mammals using DEAE-cellulose. Exp Parasitol 28:521-
534

Larsson A, Sjoquist J (1990) Chicken IgY. Utilizing the evolutionary dif-
ference. Comp Immun Microbiol Infect Dis 13(4):199-201

Laurell CB (1965) Antigen-antibody crossed electrophoresis. Anal Bio-
chem 10:358-372

Laurell CB (1966) Quantitative estimation of proteins by electrophoresis in
agarose gel containing antibodies. Anal Biochem 15:45-52

Losch U, Schranner I, Wanke R, Jiirgens L (1986) The chicken egg, an anti-
body source. ] Vet Med B 98:609-619

Mancini G, Carbonara AO, Heremans JF (1965) Immunochemical quan-
titation of antigens by simple radial immunodiffusion. Immunochem-
istry 2:235-254



5 Use of Polyclonal Avian Antibodies

207

Marquart WW, Newman JA (1970) A direct complement-fixation test for
detection of mycoplasma antibodies in chicken serum. Avian Dis 15,
139-149

Mohr J (1991) Markierung von Antikérpern mit Fluorochromen, In: Frie-
mel H (ed) Immunologische Arbeitsmethoden, Gustav Fischer Verlag,
Jena, pp. 135-188

Montes Perez RC, Murcia Meija C, Zarco Quintero L (1994) Production of
antibodies against progesterone from the egg yolk of hens and from
rabbit blood serum to be used in radioimmunoassay. Veterinaria -
Mexico 25(2):117-125

Morino P, Herrera-Marschitz M, Castel M N, Ungerstedt U, Varro A, Dock-
ray G, Hokfelt T (1994). Cholecystokinin in cortico-striatal neurones in
the rat: Immunohistochemical studies at the light and microscopical le-
vel. Eur ] Neurosci 6:681-692

Nakane PK, Kawoi A (1974) Peroxidase antibody. A new method of con-
jugation. ] Histochem Cytochem 22:1084-1090

Ntakarutimana V, Demedts P, van Sande M, Scharpe S (1992) A simple and
economical strategy for downstream processing of specific antibodies to
human transferrin from egg yolk. ] Immunol Methods 153:133-140

O.LE. (Office International des Epizooties)“Manual of Standards for Di-
agnostic Tests and Vaccines®, Paris 1996

Ozpinar H, Erhard MH, Aytug N, Ozpinar A, Baklaci C, Karamiiptiiglu S,
Hofmann A, Losch U (1996) Dose dependent effects of specific egg-yolk
antibodies on diarrhoea of newborn calves. Prev Vet Med 27:67-73

Peralta RC, Yokoyama H, Ikemori Y, Kuroki M, Kodama Y (1994) Passive
immunisation against experimental salmonellosis in mice by orally ad-
ministered hen egg-yolk antibodies specific for 14-kDa fimbriae of Sal-
monella enderitidis. ] Med Microbiol 41(1):29-35

Polson A, von Wechmar MB, Fazakerley G (1980) Antibodies to protein
from yolk of immunized hens. Immunol Commun 9:495-514

Porstmann T, Porstmann B (991) Enzymimmunoassay. In: Friemel H (ed)
Immunologische Arbeitsmethoden, Gustav Fischer Verlag, Jena, pp.
135-188

Reisher JI, Orr HC (1968) Removal of fluorescein isothiocyanate from se-
phadex after filtration of conjugated proteins. Anal Biochem 26:178-179.

Ressler N (1960) Two-dimensional electrophoresis of serum protein anti-
gens in an antibody containing buffer. Clin Chim Acta 5:795-803

Rieger A, Biirger W, Hiepe W, Schade R (1996) Determination of human
serum CRP using a chicken egg yolk antibody (IgY) to avoid interfer-
ences with rheumatoid factors. Comparison with mammalian antibo-
dies. ALTEX Suppl. 13:57-61

Rose ME, Orlan E, Buttress N (1974) Immunoglobulin classes in the hens
egg: their segregation in yolk and white. Eur ] Immunol 4:521-523

Sakamoto N, Takatsuji K, Shiosaka S, Tateishi K, Hashimura E, Miura §,
Hamaoka T, Tohyama M (1984). Cholecystokinin-8-like immunoreac-
tivity in the pre- and post-central gyri of the human cerebral cortex.
Brain Res 307:77-83



208

INGRID BEHN et al.

Schade R, Oelfiner W, Gohler K, Ott T, Pfister C, Henklein P, Furkert, FJ,
Rupprich Ch, Fekete M, Penke B, Jojart, I (1988) Characterization of anti
CCK-8 antibodies raised in hens and rabbits by means of several in vitro
and in vivo animal models. Biogenic Amines 5:535-550

Schade R, Henklein P, Hlinak A, de Vente J, Steinbusch H (1996) Specificity
of chicken (IgY) versus rabbit (IgG) antibodies raised against cholecys-
tokinin octapeptide (CCK). Altex 13 Supplement 96:80-85

Schade R., Pfister C., Halatsch R., Henklein P. (1991) Polyclonal IgY anti-
bodies from chicken egg yolk-an alternative to the production of mam-
malian IgG type antibodies in rabbits. ATLA 19:403-419.

Schmidt P, Wiedemann V, Kiihlmann R, Linckh E, Lésch U (1989) Chicken
egg antibodies for prophylaxis and therapy of infectious intestinal dis-
eases. II. In vitro studies on gastric and enteric digestion of egg yolk
antibodies specific against pathogenic Escherichia coli strains. ] Vet
Med B 36:619-628

Schniering A (1995) Untersuchungen zum Koproantigen-Nachweis des In-
testinalparasiten Ascaris suum unter Verwendung von avidren vitelli-
nen Antikdrpern. Inaugural-Dissertation, Fachbereich Veterindrmedi-
zin der Freien Universitdt Berlin (Journal Nr. 1837), Germany

Schniering A, Schade R, Hiepe T (1996) Aufbau eines Assays zu Detektion
von Ascaris suum-Antigenen auf der Basis von IgY. ALTEX Suppl.
13:62-65

Shimizu M, Fitzsimmons RC, Nakai S (1988) Anti- E. coli immunoglobulin
Y isolated from egg yolk of immunized chickens as a potential food in-
gredient. ] Food Sci 53:1360-1366

Shimizu M, Nagashima H, Sano K, Hashimoto K, Ozeki M, Tsuda K, Hatta
H (1992) Molecular stability of chicken and rabbit immunoglobulin.
Biosc Biotech Biochem 56:270-274

Shimizu M, Watanabe A, Tanak A (1995) Detection of high molecular
weight mucin-like glcoprotein-A (HMGP-A) of human milk by chicken
egg yolk antibody. Biosci Biotech Biochem 59(1):138-139

Shimizu M, Nagashima H, Hashimotot K, Suzuki T (1994) Egg-yolk anti-
body (IgY) stability in aqueous solution with high sugar concentrations.
] Food Sci 59 (4):763

Sofroniew MV (1983) Golgi-like immunoperoxidase staining of neurons
producing specific substances or of neurons transporting exogenous
tracer proteins. In: Cuello AC (ed) Immunohistochemistry John Wiley
and Sons, Chichester, New York, Brisbane Toronto, Singapore, pp. 413-
417.

Stolfi RL, Fugmann RA, Jensen JJ, Sigel MM (1971) A C1 Fixation Method
for the Measurement of Chicken anti-Viral Antibody. Immunology
20:299-306

Tjissen P (1985) “Laboratory Techniques in Biochemistry and Molecular
Biology: Practice and Theory of Enzyme Immunoassays“ Elsevier, Am-
sterdam, New York, Oxford

Towbin H, Gordon ] (1984) Immunoblotting and dot immunobinding-cur-
rent status and outlook. ] Immunol Meth 72:313-340



5 Use of Polyclonal Avian Antibodies

209

Towbin H, Stachelm T, Gordon ] (1979) Electrophoretic transfer of pro-
teins from polyacrylamide gels to nitrocellulose sheets procedure and
some applications Proc Natl Acad Sci 76:4259-4354

Van Regenmortel, Burckhard J (1985) Quantitative Microcomplement
Fixation tests using Chicken anti-Viral Antibody Extracted from Egg
Yolk. J Virol Meth 11:217-223

Vick K (1995) Circadiane Rhythmik von Cholecystokinin und Dopamin im
mesolimbischen und nigrostriatalen System der Ratte sowie deren
Einfluf$ auf pharmakologisch induzierte Gehaltsinderungen, Humboldt
University, Berlin: Inaugural Dissertation

Wiedemann V, Kithmann R, Schmidt P, Erhardt W, Lésch U (1990) Chick-
en egg antibodies for prophylaxis and therapy of infectious intestinal
diseases. III. In vivo tenacity test in piglets with artificial jejunal fistula.
] Vet Med B 37:283-291

Yokoyama H, Peralta RC, Sendo S, Ikemori Y, Kodama Y (1992) Detection
of passage and absorption of chicken egg yolk immunoglobulins in the
gastrointestinal tract of pigs by use of enzyme-linked immunosorbent
assay and fluorescent antibody testing. Am ] Vet Res 54:867-872

Suppliers
Egg-powder (Globigen®)

Lohmann Animal Health (Cuxhaven, Germany)

Labeled secondary anti-hen antibodies are available
from several suppliers

BIOGENES

Tel.: 0049-30-65 76 23 96

FAX: 0049-30-65 76 23 97

E-Mail: Biogenes@berlin.sireco.net

BIOZOL

Tel.: 0049-89-319 20 53
FAX: 0049-89-319 36 11
E-Mail: info@biozol.com

CALBIOCHEM

Tel.: 0049-6196-63955 or 56

FAX: 0049-6196-62361

E-Mail: customer.service@calbiochem-novabiochem.de
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DIANOVA

Tel.: 0049-40-45 06 70
FAX: 0049-40-45 06 74 90
E-Mail: info@dianova.de

DPC BIERMANN
Tel.: 0049-5221-349 817
FAX: 0049-5221-349-566

GERBU

Tel.: 0049-6223-95 13 0
FAX: 0049-6223-95 13 19
E-Mail: Gerbu@t-online.de

PROMEGA

Tel.: 0049-621-8501 0

FAX: 0049-621-8501 222

E-Mail: de_custserv@de.promega.com

SIGMA

Tel.: 0049-89-6513-1554

FAX: 0049-89-6513-1530

E-Mail: DEorders@eurnotes.sial.com

VECTOR Laboratories
Tel.: 0049-6401-900 77
FAX: 0049-6401-900 78
E-Mail: alexis-d.@alexis-corp.com



