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Abstract: Serum samples of buffalo calves naturally infected with Toxocara vitulo-
yum were fractionated by means of ‘Sephadex’ G—200 gel—filtration. On gel—filtra-
tion, the buffalo sera separated into three main peaks sometimes with two  minor
peaks between peaks—1 and —2 as were those of other domestic animals. IgM and
X,—macroglobulins were eluted mostly with the peak—1 and the trough following
this peak. The IgG’s were eluted largely with the peak—2 and the trough following
this peak. On further fractionation the bulked and concentrated eluates of peak—2
resolved into two subclasses consisting of IgG, and IgG;. The antibody activity of
these classes was examined by the enzyme—linked immunosorbent, gel—diffusion,
in vitro larval precipitin and passive cutaneous anaphylaxis technmiques (ELISA,
GPT, IVP, PCA). A phosphate buffered saline extract of infective 7. vitulorum
eggs was used as the antigen. The ELISA activity was distributed throughout the
peaks—1 ‘and —2, the trough between these peaks and that following peak—2. The
GPT and IVP antibodies were present in the IgG; and not in IgG, the immunoglobu-.
lin subclasses constituting the peak—2. The PCA activity was confined largely to the
ascending part of peak—1 in the sera collected during the prepatent and patent phases
of the infection whereas this activity was mostly confined to two minor peaks
preceding peak—2 in the sera collected from days 174 of birth but after the experi-
mental infection with 50,000—100,000 infective eggs on day 160.

1. Introduction

In the past decade a considerable amount of work has been done on the
isolation and characterization of the serum immunoglobulins of. bovridae?"‘-'15
These studies have shown that in general the immunoglobulins -of bovi-.
dae have features similar to those of man and other mammals. Three main
classes of serum immunoglobulins namely IgM, IgG and IgA have been
recognized in the bovidae. Furthermore studies have been made on the
immunoglobulins of the Indian buffalo by.means immunoelectrophoresis
_against rabbit antibuffalo serum!%-17-18 and these studies have revealed
that there were three main classes, namely, IgG, IgA and IgM in buffalo sera
similar to those in cattle. But the identification of these immunoglobulins
had been based mainly on the immunoelectrophoretic precipitation pat-
tern, relative mobility, position and shape of the precipitin bands and not
on the more reliable characteristics such as the elution pattern in column
chromatography and precipitation studies with specific antisera prepared
against the heavy chains or Fc fragments of the relevant immunoglobulins.
An immunoglobulin class consists of two light and two heavy polypeptide
chains and the light chains (k or 1) are shared by all the immunoglobulin
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classes whereas the heavy chains v, a and u of IgG, IgA and IgM are specific
for the classes. Thus a considerable amount of cross reactions could have
occurred among these immunoglobulins. Further studies on the immunoglo-
bulins of buffaloes, cows, sheep, goat, horse and man have shown that a
considerable degree of cross reaction occurred among the immunoglobulins
of these species.!8

In general Toxocara vitulorum infection becomes patent about 21
days after birth and thus during this prepatent period a larval infection
acquired by a calf from the milk of the dam matures in the intestines and
" eggs of T. vitulorum appear in the faeces from about the third week after
birth. The patent phase lasts four to six weeks and at the end of this phase
T. vitulorum egg counts in the faeces fall to almost zero levels. During this
postpatent phase which follows the patent phase the calf is solidly immune
to an acquired reinfection. In brief, a reinfection does not reach maturity
in the host. During the postpatent phase some animals were infected experi-
mentally with a single dose from 160th day of birth. Thus in this study
serum samples collected weekly from day 174 were exammed also for their
antibody activity.

2. Materials and Methods
2.1 Sera

Buffalo calves were bled for sera on day O (immediately after birth) before
being fed with colostrum, and thereafter, the calves were allowed to remain
with their dams. Subsequently the -animals were bled on days 1 and 7, and
thereafter every week. The sera collected after overnight—clotting were
centrifuged and stored at —20°C until required for use.

‘2.2 ‘Sephadex’ G—200 gel-filtration

This was carried out by upward flow in three (100 x 2.6 cm) columns (Phar-
macia Fine Chemicals, Sweden) connected in series. The flow rate was
adjusted to 25 ml/h and phosphate buffered saline pH 7.2 (PBS) was used in
a continuous flow’ and the volume of the serum sample apphed at each
fractionation was 6 ml.

2.3 Ion exchange chromatography

This was carried out in DEAE—A—25 ‘Sephadex’ (Pharmacia) in 0.056M
Tris—hydrochloride buffer pH 8.6.° . A Pharmacia column 25 x 1.5 cm was
packed with the resin to a height of 20 cm at a hydrostatic pressure of 37.5
cm. The concentrated eluates from the peak—2 of ‘Sephadex’ gel-filtration
(Figures 1 & 2) were applied in a volume of 2.5 ml. The protein concentra-
tion of the samples applied was 10 mg/ml. The flowrate of the column was
adjusted to 24 ml/h and the column was washed with 120 ml of the starting
buffer to elute the first peak and thereafter the second buffer which was the
starting buffer with 0.1M sodium chloride (Figure 6) was applied.
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2.4 Characterization of the fractions

The eluates pooled from different parts of the chromatogram as mdlcated in
the Flgures 1 and 2 were concentrated by dialysis in polyethylene glycol
M.W. 300,000 (Aquacide—III, Calbiochem, California). In the results
fractions (F) refer to the bulked and concentrated eluates constituting the
appropriate parts of the chromatograms (Figures 1 and 2; marked on top of
each figure). The numerals after the F (suffixes) refer to the fraction
number in the appropriate part of the chromatogram. '

The elution pattern and the behaviour of the fractions in immunoe-
lectrophoresis against the appropriate antisera were the main criteria used in
identification. :

2.5 Antigen

Extracts of embryonated T. vitulorum eggs (TVE) prepared with phosphate
buffered saline pH 7.2 (PBS) as described earlier® for Toxocara canis was
used as the antigen. The protein concentration of the antigen was deter-

mined by the Folin—Ciocalteau phenol reagent. 20 Antigen solutions with
0.07 mg and 1.0 mg per ml in the appropriate buffers were used in the
ELISA and the GPT reactions. The appropriate protein concentrations of
the antigens required for the tests were determined by a series of preliminary
titrations.- o

2.6 Enzyme linked immunosorbent assay (ELISA)

This technique was carried out in polyvmyl chlorlde microplates MIC—6000
(Dynatech Laboratories) as described earlier.!

2.7 Gel—diffusion precipitin (GPT) test

The GPT was carried out in 1% agarose (type—IV, Sigma Laboratories,
U.S.A.) in veronal buffer 221 as described earlier.”

2.8 In vitro larval precipitin test (IVP)
The IVP was carried on all the fractions (Figures 1,2,6) as described earlier.”
2.9 Immunoelectrophoresis A

The immunoelectrophoresis was carried out in 1.0% agarose.!* The precipi-
tin arcs corresponding to the separated globulins were developed with rabbit
antibuffalo globulin serum prepared in the laboratory and with antibovine
IgM heavy (u), IgG heavy (v) and light (K or 1) and antihuman heavy (¢)
chain specific rabbit IgG fractions (Cappel Laboratories, Cochranville, PA.
19330, U.S.A)).
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2 10 Passive cutaneous a.naphylaxm (PCA)

The principles of the technlque (PCA) were similar to those used by earlier
workers.? 13,24

Since the skin of buffalo calves is darkly pigmented and the infection
is endemic in buffalo calves the PCA tests could not be performed on them. -
Thus, these tests were carried out on four Ayreshire calves known to be free
of helminth infection with the appropriate fractions from sera from four
buffalo calves taken during the prepatent, patent, postpatent periods as well
as after the experimental infections with eggs. The protein concentration of
the fractions was adjusted to 1.0 mg per ml in PBS and 0.5 ml amounts of
the fractions were injected intradérmally into areas marked previously on the
shaved abdomen of the animal. The sites of the injections were examined
daily. Seventy two hours!! after the intradermal injections the animals were
given 0.5 of T. vitulorum egg antigen intravenously followed immediately by
20 ml of 0.5% Evans blue by the same route. The discrete blue patches
which appeared within 20—30 minutes were measured in mm, 30 min after
the injection of antigen and dye.

2.11 Action of 2—mercaptoethanol -

Pooled concentrated fraction (protein 1.0 mg/ml) from the ascending limb
" of the first peak of the ‘Sephadex’ G—200 gel—filtration sera was incubated
with an equal volume of 2—mercaptoethanol (0.2M) at 37°C for one hour
and then dialysed for three days in several changes of PBS containing 0.02M
iodoacetamide in order to remove the excess 2—mercaptoethanol. The
sample was thereafter concentrated by dialysis against polyethylene glycol.

The ascending limb of the peak—1 contained largely of IgM and
presumably a, —macroglobulin (Figure 4) and no other proteins. Therefore
only the ascending limb of peak—1 was taken to ascertain the action of 2—
mercaptoethanol on the protein which reacted with the rabbit anti—IgM
specific IgG fractions. The fraction (2) from peak—1 following that pre-
pared from the ascending limb contained a minimum of 3—4 proteins
(Figure 3). Therefore these fractions were not used for this test.

3. Results
3.1 ‘Sephadex’ G—200 gel—filtration
Examples of the gel-filtration chromatogram profiles of buffalo sera are
shown (Figures 1 and 2). In the same figures the distribution of antibodies

determined by ELISA and PCA is shown.

On ‘Sephadex’ gel—flltratlon buffalo calf serum in general separated.
into three main peaks. The sera collected after experimental infection
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revealed also two minor peaks between Peaks 1 and 2 (Figure 2). The
‘concentrated fractions from the eluates constituting the ascending and
descending limbs and summits of the peaks were subjected to immunoelec-
trophoresis and the precipitin bands were developed against rabbit anti-
buffalo globulin sera. The pattern of a representative reaction is shown

(Figure 3).

Figure 3. Immunoelectrophoretic precipitin pattern of the concentrated fractions pre-
pared from thé eluates from ‘Sephadex’ gel—filtration of a serum sample.
(6 ml). Longitudinal troughs contained the rabbit antibuffalo globulin; the-
horizontal wells contained the concentrated fractions (1—7) from Figure 1.

3.2 Peak 1

The fraction 1 from the ascending limb of peak—1 revealed two distinct
bands one with the cathodal movement but commencing from the anodal
side of the fraction well and the other band with the anodal movement
commencing little distance away from the cathode side of the well but
sometimes running througl'”x the well. '

For more specific identification of the protein in the fraction—1 by
immunoelectrophoresis, the precipitation arcs were developed also with
rabbit antibovine IgM (u—chain) specific IgG fractions. An example of a
precipitation pattern developed is shown (Figure 4). A very strong precipi-
tation arc similar to the band representing the protein which showed catho-
dal migration with fraction—1 was observed indicating that (1) it is an IgM
(2) the serum IgM of cattle and buffalo origin show a strong cross reaction.
The protein which showed an anodal type of migration is thought to be the
a,— macroglobulin and it did not react with the rabbit antibovine IgM
specific serum. The neonatal calf serum did not react with rabbit anti
bovine IgM (u—chain) specific anti IgG. But it reacted with rabbit anti-
buffalo globulin serum. C
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Figure 4. Immunoelectrophoresis on fraction—1 constituted from the eluates of the

' ascending limb of peak—1, Figure —1 and on a neonate whole serum sample of
a buffalo calf before being fed with colostrum. NS, neonate buffalo calf
serum; 1/8, Fraction—1 from the chromatogram (Figure—1); Ay, rabbit anti-
bovine IgM (u—chain specific); ABS, rabbit antibuffalo globulin sera.

To ascertain the pattern of elution of IgM, protein fractions on
‘Sephadex’ gel—filtration, agarose-gel diffusion precipitin tests were carried-
out on the fractions from peaks 1 and 2 against antibovine IgM. It was
evident that most of the IgM is eluted with the first peak and traces with
the trough following this peak. ’

3.3 Peak 2

The fractions constituting the ascending and descending limbs, summit of
this peak and part of the trough immediately following it consisted largely
of IgG’s. Usually the bands representing the IgG’s were faint and appeared
to consist of a minimum of two lines which, in general, showed a marked
cathodal migration (Figure 3).’
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A comparison of the buffalo serum proteins eluted in ascending limb
of ‘a peak—1 and the summit of a peak—2 was made with those from the
similar peaks eluted from a serum sample of a calf from ‘a ‘Sephadex’
G—200 gel—filtration. An example of an immunoelectrophoresis precipitin
pattern of these apparently comparable fractions is shown (Figure 5). The
bovine and buffalo fractions representing the corresponding parts of the
chromatogram showed a similar type of mobility and precipitin pattern.

" Figure 5. Immunoelectrophoresis on the bovine and buffalo whole sera and their concen-
trated fractions prepared from the eluates of the ascending limbs of ‘Sephadex’
G—200 gel—filtration. 1, a whole bovine serum sample; 2, fraction—1 constitu-
ted from the peak—1; 3, fraction—1 from G—200 gel—filtration chromato-
graphy of a whole buffalo serum sample; 4, whole buffalo serum-'sample.
Rabbit antibovine (ABS) and rabbit antibuffalo (ABO) sera have been used
to elicit the precipitin reaction.

3.4 DEAE—A 25 Sephadex Chromatography

In order to resolve the slow and fast IgG’s (IgG, ; IgG, ) the eluates (35—53)
of peak-2 (Figure 2) were bulked and subjected to DEAE—A—25 ‘Sephadex’

_ion exchange chromatography. A chromatogram profile of this type of
separation is shown (Figure 6). The immunoelectrophoretic patterns of

_the concentrated fractions from the two peaks are shown (Figure 7). The
pattern of the reaction indicated that the fractions from peak—1 (break
through peak) consisted largely of the IgG, the slow type and that from
peak—2 consisted mainly of IgG, the fast type. In addition the second peak
contained also a minor fraction which requires confirmation. This might be
the subclass IgG;. :
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Figure 6. Ion exchange chromatography on DEAE—A—25 ‘Sephadex’ of IgG’s from a

sample constituted by concentrating the bulked eluates from the second peak
of ‘Sephadex’ G—200 gel—filtration (Figure 2). Peak—1 of Figure 6 was
cluted with the starting buffer 0.056M Tris—hydrochloride (pH"8.6) and

"peak-—2 was eluted with the second buffer 0.056M Tris—hydrochloride in

0.1M sodium chloride (pH 8.6). Six ml amounts of eluates were collected;
DEAE—A—-25 was washed with three column volumes of the initial buffer
before the second buffer was applied; The second buffer was applied after

the 23rd eluate was collected.
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Figure 7. Immunoelectrophoresis on the concentrated pooled eluates from the peaks 1
and 2 (Figure 6). Well 1, slow IgG (IgGj) eluted in the peak—1; Well 2, fast
IgG (IgG,) cluted in the peak—2; The precipitin reaction was elicited with
rabbit antibuffalo globulin serum in the longitudinal trough; IgG, shows little
movement towards the anode whereas IgGy shows a considerable movement
towards the anode. ‘

3.5 Action of 0.2M 2—mercaptoethanol (2—ME) on the antibody activity of
the fractions '

It was observed (Figures 3,4) that most of the IgM was eluted along with the
probable a, —macroglobulin in the ascending limb of peak—1, whereas with
the fraction 2 of the peak which follow the ascending limb, the IgM and the
probable &, —macroglobulins were eluted with a minimum of two other
proteins which have not been identified in this study. Therefore immunoe-.
lectrophoresis was carried out only on fraction—1 of ‘Sephadex’ G—200 gel—
filtration subjected to the 2—ME reduction. The band which migrated to the
cathode starting from the anode side of the well disappeared on 2—ME
treatment. But the band starting from the cathodal side with anodal migra-
" tion was not affected. Thus the protein representing this distinct and thick
band was not affected by 2—ME reduction. It is thought that this protein
is an &, —macroglobulin-type.
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3.6 Distribution of antibodies

Gel precipitins test (GPT) of fractions against infective egg antigen of
T. vitulorum (TVE) and in vitro larval precipitin reaction (IVP)

The GPT were located mostly in the fractions constituting the ascending
limbs and summits of the peak—2 of ‘Sephadex’ G—200 gel filtration chro-
matograms and in the peak—2 of the chromatogram from DEAE—A—25.
This indicated that the GPT were present in the IgG,. Likewise the IVP
reaction was confined to the ascending and- descendmg llmbs and the summit
of the peak—2 of ‘Sephadex’ G—200 gel filtration chromatogram and
peak—2 of DEAE—A—25 ‘Sephadex’ chromatogram confirming that the GPT
and IVP activity were confined largely to the - 1gG, not to IgG,,.

’I‘he GPT and IVP activities were detected only from fractions of sera
collected from two weeks after the experimental infection of buffalo calves
on day 160 and not from the sera collected dunng the prepatent and patent
phases.

3.7 ‘ Enzyme 1inked immunosorbent assay (ELISA)

The ELISA activity was distributed throughout in the peaks—1 and —2,
the trough between these peaks and in the trough following peak—2. There
was little or no quantitative difference in the activities of the fractions of
peaks—1 and —2 which consisted largely of ]gM and IgG. The peak—3
‘showed only little activity in the early part of the ascending limb (Figures 1
‘and 2). The activities of the troughs between peaks—1 and —2 and those of
the trough following peak—2 were relatively low. -

The serum which was collected after 24 hours of birth showed a
slightly different type of antibody distribution in that even the troughs bet-
ween peaks—1 and —2 revealed a considerable amount of ELISA activity.
The reason for this behaviour is not known. The ELISA activity of the
fractions from the troughs fell to very low levels by day 7. In general the
distribution of ELISA activity in the fractions of sera collected in the
course of prepatent, patent and four to eight weeks after an experimental
infection did not show any noticeable difference.

8.8 Passive cutaneous anaphylaxis (PCA) reaction on fractions of ‘Sephadex’
G—200 gel filtration

The test could be carried out on the fractions of three serum samples each
collected during the patent and post—experimental phases of the infection
because only two Ayreshire calves reared free of helminth infections were
available for skin sensitization. Only the fractions from ‘Sephadex’ G—200
filtration were used. The PCA activity of the sera during the patent phase of
T. vitulorum infection (6—8 weeks of birth) was mainly located in. the
ascending part of peak—2. The ascending and descending limbs of the small
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" peak preceding the peak—2 also showed a considerable activity (Figure 1;
Fractions 4 and 5). But the activity of the sera collected after 1—5 weeks
after experimental infection. was confined to two small-peaks (la ; 1b)
preceding peak—2 (Figure 2: Fractions 5 and 6). In addition weak reactions
were noted in the fractions from descending limb of the peak—2 and the
trough following the same peak. The number of serum samples and their
fractions used to elicit the PCA reactions is inadequate to make a reasonable
interpretation of the data. Further PCA studies were carried out using the
IgG, and IgG, fractions isolated from post—experimental infection sera by
'DEAE—A—25 ‘Sephadex’ fractionation, and it was noted that the reaction
was condined to the breakthrough peak which consisted largely of IgG,

(Figure 6).

3.9 Cross reactivity of the fractions constituting the area preceding the
peak 2 against sheep antihuman IgE (6—chain) specific serum

No cross reaction was noted in agar diffusion precipitin test when the
fractions (Figure 2) suspected to contain the IgE type of antibody (two
small peaks la and 1b preceding the peak—2) were diffused against sheep
antihuman IgE (6—chain) specific sera.

4. Discussion

Upto now it appears that little or no systematic attempt has been made on
the characterization of buffalo immunoglobulins and a considerable amount
of work is necessary to characterize these immunoglobulins and compare
them with those of the other related species of the bovidae. ’

The results of these studies clearly showed that the buffalo immuno-
globulins namely IgG and IgM cross—react with the antibodies to homolo-
gous immunoglobulins of cattle (Figures 4 and 5). It is therefore evident
that the antisera prepared against the heavy chains (y and u) of the cattle
can be used in serodiagnosis of buffalo immunoglobulins. Immunoelectro-
phoretic studies on the fractions concentrated from different parts of the
elution peaks from ‘Sephadex’ G—200 gel—filtration confirmed similarities
of the pattern of precipitin arcs of buffalo IgG and IgM to those of similar
immunoglobulin classes in other domestic animals and in man (Figure 3).
The buffalo IgM which was eluted in the first peak and the trough following
the first peak cross—reacted with rabbit antibovine IgM (u—chain) specific
sera confirming that it was the immunoglobulin type IgM. This was again
confirmed by its sensitivity to 2—mercaptoethanol treatment. It was noted
also that with the eluates of the peak—1 of the ‘Sephadex’ gel filtration
chromatogram the IgM was eluted along with another protein possibly an
" a,— magroglobulin ‘type. This protein was well defined in the ascending
limb of the peak—1 of gel filtered sera collected on days 1 and 7 of birth.
And this was confirmed by the similar precipitin pattern observed when this
fraction was subjected to immunoelectrophoresis along with neonate sera of
a buffalo calf which is rich in a,— macroglobulin. The contamination of the
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a;— macroglobulin with IgM of bovine sera is the main problem in purifi-
cation of IgM.? '

The reaginic antibody activity however showed a distribution mostly
in the area immediately preceding the peak—2. Further examination of the
IgG; and IgG, subclasses revealed that IgG, had a considerable reaginic
activity. Earlier studies of the reaginic antibodies in the sera of goats sensiti-
zed with human gamma globulin has shown?? that the activity was confined
to the IgG, and further it was susceptible to the action of heat and 2—
mercaptoethanol reduction as was the IgE of man. Further these studies??
have. shown also that only IgG, - was active in haemolysis in complement
fixation, and this subclass induced PCA and passive Arthus reaction in
heterologous species whereas the IgG; lacked haemolytic and complement
fixation ability but induced homologous PCA,:, '

The results of PCA tests on fractions prepared from buffalo sera
revealed the presence of a reaginic antibody similar to human IgE type which
was eluted also preceding peak—2 in ‘Sephadex’ G—200 gel filtration.
Halliwell, Schwartzman, Montgomery and Rocky!® found that in canine
sera the IgE activity was confined also to the area preceding the 7S (peak—
2) and to half of the ascending slope of this peak from ‘Sephadex’ G—200
gel filtration and that the highest IgE activity was confined to the commen-
cement of the 7S peak (second peak). In the course of natural patent infec-
tion of buffalo calves the reaginic antibody activity apparently similar in its
action to IgE was low when compared with that elicited by similar G—200
filtration fractions of sera in the course of the post—experimental infection.
But the undiluted sera of the patent phase of natural infection showed a
marked PCA reaction. On the other hand the neat sera of the post—experi-
mental infection either showed weak or no PCA reactions. This may be
referable to masking of IgE—like antibody activity in the presence of IgG,
or the competition of the antibodies for mast cell receptors. Similar type of
masking IgE in the presence of IgG1 has been described previoysly®:11:19 jp
mice where the homologous PCA activity is confined to IgG 1 subclass.
There is no information on the receptor sites of the buffalo IgG, and IgE—
like antibodies. Therefore more studies are needed on these lines. Further
in this study the fractions from ‘Sephadex’ G—200 filtration were used and
the chances of contamination of IgE and IgG, types in a fraction can be
assumed to be less likely for the masking or competition of antibodies to
occur (unlike with the case of unfractionated sera). Therefore the observed
values of the PCA reactions can be assumed to be proportional to the actual
level of the each homocytotropic antibody in the sera.

The antigenic cross reaction of reaginic antibodies (IgE) was described
in several species. Sharing of common antigenic determinants of canine and
human IgE in reverse cutaneous anaphylaxis using antihuman IgE has been
noted.“? In this ;tudy however an attempt to identify a reaginic antibody
of buffalo sera by means of gel—diffusion reactions using sheep antihuman
IgE (G—chain) specific sera was not successful. Likewise cross reactions
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between rabbit or,sheep antihuman IgE antibodies with the bovine IgE could

not be demonstrated. On the other hand Nielsen?3 recorded strong cross

reactions of cow, goat, pig and rabbit sera against sheep antihuman IgE

specific sera by radial immunodiffusion and by the ability of the reaginic .

immunoglobulin to bind to. rat mast cells. Further work is necessary for the
_identification of reaginic type of antibodies in the buffalo sera.
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