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Résumé

HETEROGENEITE DES IMMUNOGLOBULINES PRECIPITANT LE VIRUS DE LA LEUCOSE
BOVINE DANS LE SERUM DE BOVINS A LEUCOSE. - Après purification, les anticorps séri-
ques précipitant le virus de la Leucose Bovine présents dans le sérum de bovins à différents sta-
des de la maladie furent identifiés à la sous-classes IgG1 et à la classe IgA. Chacune de ces immu-
noglobulines précipitante présentait plusieurs charges électriques et plusieurs poids moléculpire.
Des différences dans les activités précipitantes contre les antigènes gp69 et p24 ont pu être
observées lorqu’on a comparé le sérum d’un animal suspect avec celui d’un sujet fortement leu-
cosique: Dans des préparations de BLV dissociées, quatre antigènes ont été détectés par immu-
noélectrophorèse, dont deux ont pu être analysés. L’antigène gp69, moins basique que le p24,
montrait une mobilité beaucoup plus grande.

Although preceding studies (Matthaeus and
Weiland, 1976) indicated that neither IgG 2
and IgM, nor abnormal proteins (Matthaeus
and Straub, 1975, 1976), nor low-molecular
microglobulin components were involved in

precipitation reactions with BLV antigens, co-
ordination of the precipitating BLV antibodies
encountered difficulties with respect to the
bovine immunoglobulin classes. Minor diffe-
rences in ion-exchange behaviour and in elec-
trophoretic mobility, as well as immunoelec-
trophoretic precipitates similar in shapes, were
due to further extensive identification experi-
ments (Matthaeus et al., 1978). In the presen-
ted studies, thr behaviour of BLV antigens

was included as in previous experiments (Mat-
thaeus and Weiland, 1975, 1976) the immuno-
globulins were found to react only with a sin-
gle BLV antigen in immunoelectrophoresis
and counter-current electrophoresis.

Precipitating antibody-containing leukemic
sera used were isolated from 22 Holstein-
Friesian cattle with elevated lymphocyte
values (ranging from 13500 to 111500/pl) and
one animal with temporarily changing
lymphocyte values. This animal (n° 78) appea-
red to be suspect of leukosis while the others
suffered from multiple tumors (7), tumors of
the spleen (9), and persistent lymphocytosis
(6) (Matthaeus and Straub, 1976). Neither ani-



mal n° 78, nor the animals suffering from per-
sistent lymphocytosis exhibited clinical signs
of bovine leukosis. Each serum reacted positi-
vely in the immunodiffusion test against a mix-
ture of BLV antigens.

BLV-precipitating antibodies were separa-
ted from pooled serum fractions lacking
immunoglobulins IgG 2 and IgM (Matthaeus
and Weiland, 1976) by modified ion-exchange
experiments on DEAE-cellulose (Matthaeus et
a/., 19781. The obtained fractions precipitated
the antigens gp69 and p24 (Fig. 11. Immunoe-
lectrophoresis and crossed immunoelectro-

phoresis with intermediate gel (Fig. 2) revealed
the joint presence of IgG ! and IgA in such
antibody-containing fractions as well as their
heterogeneous electrical charges and shapes
of precipitation lines.

Following gel filtration on Sephacryl S-200
superfine, precipitating activities were detec-
ted in 19S and 7S peaks. The separation of
both immunoglobulins could not be achieved,
however (Fig. 3). While IgA was found immu-
noelectrophoretically in 19S and 7S fractions,
IgG ! was detectable from the high-molecular
19S fraction down to one or two microglobulin
peaks (Matthaeus et al., 1978) following the
4S peak in elution order. These results suggest
monomer-polymer characteristics for each of
the two immunoglobulins in bovine leukemic
sera and, moreover, the presence of IgG 1
with differing molecular sizes ranging from
macroglobular to microglobulin regions.

Different states of equilibrations have been
shown for immunoglobulins IgG i (Tewary
and Mukkur, 1975) and IgA (Richard and Sil-
berzahn, 1968). While monomer-polymer IgA
equilibration was due to IgA concentrations,

polymer IgG ! depended on the ionic-

strengths of the buffers used. The presented
demonstration of the molecular IgG i transi-
tions under physiological conditions suggest
the very IgG i presence in bovine leukemic
sera from a macroglobular to a microglobulin
state (Matthaeus et al., 1978).

The separation of both immunoglobulins as
well as evidence of their BLV-precipitating
activities was obtained by affinity chromato-
graphy (Matthaeus et al., 19781. Affinity chro-



matography on Sepharose-coupled gp69 anti-
gen yielded two fractions (Fig. 4).
The non-adsorbed effluent (N-fraction) con-

tained a mixture of the immunoglobulins IgG ! 1
and IgA and reacted against p24 as well as an
antigen obviously serologically related to gp69
(Fig. 4, 5d). The adsorbed proteins (A-
fraction) of all leukemic sera examined were
eluted with 3 M KSCN and exhibited serologi-
cal identity in immunodiffusion tests. They
showed only IgG ! subclass character and
consisted of precipitating antibodies exclusi-
vely directed against the gp69 antigen (Fig.
4,5,6). Precipitating activities of purified anti-
bodies, however, could not be found associa-
ted with paraproteinic forms in immunoelec-
trophoresis (Matthaeus and Straub, 1975,
19761.
The findings on the BLV-precipitating anti-

body classes were corroborated by experi-
ments on Sepharose-coupled y - globulins iso- I
lated from monospecific and subclass-specific
rabbit anti-bovine serum IgA and IgGI, respec-
tively (Fig. 41. The non-adsorbed fractions fol-
lowing affinity chromatography on Sepharose-
coupled gp69 could be separated by chroma-

tography on matrix-coupled IgA or IgG1 into
the corresponding immunoglobulins. Both

purified immunoglobulins reacted as p24-
precipitating antibodies. On the basis of such
a technique, no further separation could be
achieved applying monospecific gp69-
precipitating fractions of IgG1 subclass charac-
ter.

Differences were found in individual leuke-
mic sera concerning their precipitating activi-
ties against the various BLV antigens. While
most sera preferentially precipitated gp69,
serum isolated from the suspect animal no. 78
predominantly showed precipitating antibo-
dies against p24.

lmmunodiffusion tests following gel filtra-
tion of these purified precipiting antibody clas-
ses detected precipitating activities in both
19S and 7S peaks demonstrating monomer-





polymer equilibrations for each of the two
antibodies.

Heterogeneous net charges and precipita-
tion behaviours were immunoelectrophoreti-
cally shown to be dependent on the original
bovine leukemic sera (Fig. 5a, b) from which
the fractions were isolated by affinity chroma-
tography. In some cases, the precipitating
lines of both immunoglobulins resemble each
other too much for recognition of the immu-
noglobulin class merely by means of the posi-
tion without using specific rabbit anti-

immunoglobulin sera.

lmmunoelectrophoresis indicated a similar
variety of precipitation reactions when
applying BLV antigens (Fig. 5c-e). Dependent
on individual leukemic sera, this was impressi-
vely shown by the differing positions of the
precipitates developed by the gp69 antigen
and purified gp69-monospecific IgG , antibo-
dies (A-fractions Fig. 5c, d). Moreover, these
antibodies migrated more slowly than those of
the N-fractions. p24 did not precipitate gp69-
monospecific antibodies (Fig. 5e1. Parallel pre-
cipitates produced by disrupted BLV and N-
fractions (Fig. 5c) were attributable to the p24
antigen (nearer the well ; Fig. 5e) and a higher
molecular antigen (nearer the through ; Fig.
5d) obviously serologically related to gp69.
This is indicated by reactions of gp69 with the
N-fractions that were recycled by affinity chro-
matography on matrix-coupled gp69 to adsorb
all monospecific gp69 antibodies. The position
of the two lines which refer to equivalently
charged antibodies admitted no analysis con-
cerning the antibody class (Fig. 5c).

For immunoelectrophoretic discrimination
of BLV antigens use was made of the pOrified
precipitating antibodies. All non-adsorbed
fractions of the tested sera reacted with the

strong basic antigen p24 (Fig. 6) but did not
with gp69. Introducing disrupted BLV prepa-
rations, two or three further precipitates
appeared. These precipitates showed different
positions-(net charges ; parallel lines ; 78 N)
dependent on the individual leukemic serum
the antibodies were isolated from. Identifica-
tion reactions as regards the antigens involved
in these precipitation reactions could not be
accomplished in the absence of corresponding
antigens. Analysis concerning the parallel pre-
cipitation lines in Fig. 6 requires elucidation
whether these are due to reactions of a defi-
nite immunoglobulin with two antigens having
the same charges or are due to reactions of a

single antigen with two immunoglobulins sho-
wing the same charges but different molecular
sizes.

Gp69-monospecific antibodies of all leuke-
mic sera reacted exclusively with the gp69
antigen and disrupted BLV preparations by
producing a single precipitate. Whether a pre-
cipitate due to disrupted BLV and effluent
fractions (547 N) and migrating nearly in the
middle between the well and the p24 precipi-
tate was similar and corresponded, respecti-
vely, to gp69 could not be established. As
above-mentioned, the non-adsorbed fractions
reacted with an antigen serologically related to
gp69. An analysis of BLV antigens, performed
in this way, resulted in detecting the migration
behaviours of

1. the strong basic p24 antigen
2. the antigen gp69 in the (3 !-globulin

region of a serum
3. and obviously three unidentified anti-

gens.

The presented results show the following :
The origin of the heterogeneity in the elec-

trical charges and molecular sizes of the immu-
noglobulins which descended from different
bovine leukemic sera raised questions. It
seems as if this could become important in
view of contradictory IgM analysis in bovine
leukemic sera (Matthaeus and Staub, 1975,
1976 ; Pierce etal., 1977 ; Trainin etal., revie-
wed in Matthaeus and Straub, 1976) and diffe-
ring results on immunoglobulin production in
leukemic cattle following injection of low-

molecular antigens (Trainin et al., 1976) and
IBR-IPV virus infection (Matthaeus and

Straub, 1978), respectively. In connection
with these ideas, the presence of paraproteins
in leukemic sera (Matthaeus and Straub, 1975,
1976) and the surmise on monoclonal gammo-
pathies (Matthaeus and Straub, 1978) should
be called to mind. Paraproteins (Heremans et
a/., 1961) are proteins of monoclonal or oligo-
clonal origin and are always related to a certain
class of the immunoglobulins. Disorders of oli-
goclonal origin are called polyclonal gammo-
pathies and have been reported in chronic

inflammatory diseases as well as in autoim-
mune and neoplastic diseases. In sera of

patients, they show elevated heterogeneous
immunoglobulin components. Monoclonal

gammopathies (Zawadzki and Edwards, 1972 ;
Ritzmann et al., 1972 ; Braund et al., 1978)
have been described in association with multi-

ple myeloma and other lymphoproliferative



disorders such as lymphosarcoma and

lymphocytic leukemia. They are characterized
by an increased serum globulin fraction as a
result of elevated homogeneous immunoglo-
bulin components. Such disorders are charac-
terized by an electrophoretic spike of homoge-
neous immunoglobulin, originating from a

clone of immunoglobulin-producing cells.
Leukemic lymphocytes well known to have

properties like B-cells possibly produce antibo-
dies to a certain measure. The nature of the
examined antibody classes could be influen-
ced by the leukemic lymphocytes whcch show
different degreds of maturity. The state of the
maturity, on the other havd, may cause defec-
tive structures of the produced antibodies in
consequence of differing amounts of carbohy-
drates. This eventually explains the heteroge-
neity of the charges as well as the multiplicity
of the IgG ! molecules ranging in gel filtration
from the macroglobular 19S to the microglo-
bulin region.

Precipitation reactions obtained in immuno-
diffusion tests and immunoelectrophoresis
between gp69 and the affinity chromatogra-
phic effluent (Fig. 4) cannot be explained
satisfactorily, for the present, as repeated affi-
nity chromatography-recycling on matrix-

coupled gp69 should have removed all precipi-
tating activities against gp69. Immunoelectro-
phoretic precipitation lines (Fig. 4, 5) suggest,
however, that this phenomenon rather
depends on an antigen which is serologically
related to gp69 than on different antibody-
binding ratios directed against different deter-
minants of the gp69 antigen. Degradation pro-
ducts possibly descending from gp69 should
also, perhaps, be considered.

In immunodiffusion tests, broad and diffuse
precipitates were mostly developed between
gp69-precipitating IgG ! antibodies and prepa-
rations of the gp69 antigen or disrupted BLV.
For this, variation in electrical charges and
molecular sizes of the precipitating monospe-
cific gp69 antibodies as well as a mixture of
glycoprotein antigens in BLV preparations
combined with widely differing caryohydrate
moieties are thought to be the reason.
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Summary

Purified precipitating serum antibodies against bovine leukemia virus present in cattle suffering
from various stages of leukosis were identified as immunoglobulins of the IgG subclass and IgA
class. Each of these precipitating immunoglobulins exhibited several electrical charges as well as
molecular sizes the origin of which will be discussed. Differences in precipitating activities against
antigen gp69 and p24 could be observed comparing serum from a suspect animal and a highly
leukemic one. In disrupted BLV preparations four antigens were detected immunoelectrophoreti-
cally, and two of them could be analyzed. Antigen gp69 less basic than p24 showed a conside-
rably faster mobility.
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