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Cross-reacting determinants in trypanosome
surface antigens

A.F. Barbet, T.C. McGuire, A.J. Musoke, and H. Hirumi

International Laboratory for Research on Animal Diseases,
Nairobi, Kenya

Abstract. We isolated surface glycoproteins from six clones of T. brucei and one of
T. congolense and produced antisera against them. We then used radioimmunoassay techniques to test
for cross-reactivity among the antigens. The tests followed a pattem: when homologous antiserum and
radioactively labeled antigen were used, the unlabeled homologous antigen was the only effective
inhibitor of precipitation; when heterologous antigen and antiserum were used, however, any of the
variant antigens completely inhibited precipitation of the labeled antigens. These results indicate
cross-reacting determinants in the trypanosome surface antigens, against which antibodies are produced
by inoculation of the purified molecules. We then began to analyze the structure of the cross-reacting
determinant. Comparing composite maps of antigens we found a few overlapping peptides, but the most
encouraging results came from tests using periodate to cleave the carbon-carbon bonds in the variant
antigen's carbohydrate component. This treatment abolished the antigen's ability to inhibit heterologous
immunoprecipitation.

After G.A.M. Cross (1975) described a method for
isolating and characterizing variable surface
antigen glycoproteins from T. brucei, we at the
International Laboratory for Research on Animal
Diseases decided to use a radioimmunoassay
method to investigate immunologic cross-
reactions between the isolated antigens. Similar
methods had been used successfully in studies on
viral proteins (Strand and August 1975). Radioim-
munoassay offered the advantages of great sen-
sitivity and a minimal requirement for the amount
of pure antigen, and used in combination with other
biochemical structural methods, it promised a
means to analyze degrees of relatedness among
trypanosome variant antigens. At the beginning of
the study, there was no evidence for biochemical or
immunologic similarity between the isolated sur-
face antigens, except for similarity in molecular
weights (Cross 1975) and in susceptibility to
limited tryptic cleavage (Bridgen, Cross, and
Bridgen 1976).

We isolated surface glycoproteins from six
clones of T. brucei and one of T. congolense
(Rovis, Barbet, and Williams 1978). Three of the
T. brucei glycoproteins, 049, 052, and 055, had
been characterized previously (Cross 1975), pro-
viding us with reference data on the isoelectric
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The Organism

points. We purified and characterized the other T.
brucei glycoproteins, which were from a different
original field isolate. Then we made antisera to
each of the isolated glycoproteins, using rabbits
(three injections, 10 ig protein each). We preferred
this immunizing dose because of the low antigen
cost, the adequacy of the antiserum produced, and
the fear that high immunizing doses would be more
likely to produce a detectable antibody response
against any unobserved contaminants in the
glycoprotein preparation. Each antigen was labeled
with 1251 by the chloramine-T method (Hunter
1973) and a double antibody immunoprecipitation
system devised where antigens were tested for
binding by various dilutions of rabbit antisera. The
rabbit antibodies were precipitated by a calculated
amount of sheep anti-rabbit IgG serum.

Fig. 1 shows the results. '251-labeled 055 antigen
was precipitated (Fig. Ia) by the homologous
antiserum, anti-055, and three heterologous anti-
sera anti-049, anti-052, and anti-T. con golense X4.
Fig. 1 (b) shows the converse where a single
antiserum, anti-052, precipitated three different
labeled antigens - homologous 1251o52 and two
heterologous 125J..Q49 and 1251.055. In all cases, the
homologous antiserum titrates out further, but all
the heterologous antisera bind the antigens. SDS-
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gel electrophoresis of the immunoprecipitates
demonstrated that all radioactivity was in a peak of
65000 apparent molecular weight, corresponding
to that of the isolated antigen. Two different
iodinated T. brucei surface antigens were precipi-
tated with each antivariant antigen serum (Fig. 2).

In the next series of experiments, we investigated
inhibition of precipitation of labeled antigen by
unlabeled antigen. Various amounts of unlabeled
antigens were added to the assay mixture; then the
rabbit antiserum was added in a dilution that, in the
absence of inhibitor, precipitated 50% of the
labeled antigen.

This assay conformed to a general pattern
(Barbet and McGuire 1978). When homologous
antiserum and labeled antigen such as 1251055 x
anti-055 were used, only the unlabeled homologous
antigen, e.g., 055, was an effective inhibitor.
However, when heterologous antigen and
antiserum, such as 1251..055 x anti-052 were used,
any of the isolated variant antigens completely
inhibited precipitation of the labeled antigens. The
results, therefore, show cross-reacting determinants
in the trypanosome surface antigens, against which
antibodies are produced by inoculation of the
isolated molecules. Antibodies raised against one
antigen will bind to any other purified antigen and
binding may be inhibited by any third purified
surface antigen a phenomenon suggesting that
the cross-reacting determinant(s) is similar in all
cases. As the homologous reactions are not inhib-
ited by heterologous antigen, it is likely that
antibodies to variable determinants predominate
over those against cross-reacting determinants.

We were concerned to eliminate the possibility
that cross-precipitation was due to artifactual con-
tamination of the glycoprotein preparations, with
either other variant antigen or another soluble
antigen, which was not variant. We believe there
are strong arguments against this possibility:

Antigens that have widely differing isoelec-
tric points cross-react very well and should,
therefore, be separated by the isoelectric focusing
step.

Hypothetically, isoelectnc focusing should
also separate at least some of the glycoprotein
antigens from an impurity containing cross-reacting
determinants which would, presumably, have a
single isoelectric point.

By indirect immunofluorescence, we found
that all antisera react specifically with a single
clone of trypanosomes even using undiluted sera.

SDS-gel electrophoresis of immunoprecipi-
tates shows all radioactivity in a peak of 65 000
apparent molecular weight.
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It is possible to precipitate nearly all the
radioactivity in an antigen by a heterologous
antiserum; therefore, one is not dealing with a
minor, contaminating impurity.

We have, during the last year, performed many
different purification procedures, in addition to
those described by G.A.M. Cross (1975), that end
with isoelectrofocusing. These include, for exam-
ple, gel filtration in different varieties of Ultragel,
Sephadex, and Biogel columns; purification on ion
exchange resins, and isoelectrofocusing in the
presence of the nonionic detergent NP4O. None of
the additional procedures affects the ability of the
variant glycoprotein to cross precipitate or to inhibit
the heterologous cross-reactions. We, therefore,
believe that the cross-reacting determinants are an
integral part of the variant glycoprotein molecule.

Cross-reacting antibodies do not produce
fluorescence of live trypanosomes, nor do they lyse
or neutralize them. This finding signifies that the
relevant determinants are not exposed when the
variant glycoprotein is in a normal conformation on
the surface of a trypanosome. The existence of
cross-reacting determinants, however, cautions
against using immunofluorescence of fixed
trypanosomes to diagnose antigenic type, without
confirmation from other tests such as neutralization
or immune lysis.

Since these results, our work has diversified into
two main areas. The first is a continuing study to
try and define the structure of cross-reacting
determinants; the second is to use some of the
methods that were designed during the initial
studies in other areas of trypanosome research.

An example of the latter is a project applying
radioimmunoassay techniques to studies on the
variant antigen content of the infective, blood-
stream type of trypanosome growing in cell culture
at 37 °C (Hirumi, Doyle, and Hirumi 1977). The
major differences between such trypanosomes and
those that have been cultured previously are their
infectivity to the mammalian host and the presence
of surface coat. In future, these cultures could be
used to study the rate of synthesis and turnover of
variant antigen and the factors that effect and
control this. In the meantime, we wanted to
establish whether these trypanosomes retain a fixed
complement of variant antigen for long periods of
time.

To answer this question, we used radioim-
munoassay to quantify the relative amounts of
variant antigen that could be released from trypano-
somes of a specific antigenic type growing in
culture for different lengths of time. We then



compared this figure to one obtained from trypano-
somes of the same antigenic type growing in rats.
These had never been in culture and had not been
derived from trypanosomes that had been cultured.

We isolated variant antigen corresponding to the
antigenic type grown in culture (221) and per-
formed the homologous inhibition radioimmunoas-
say, 1251.221 x anti-221 (precipitation inhibited by
221 in NP4O), using unlabeled 221 glycoprotein as
a calibration standard. We then used, as an
unknown inhibitor, various dilutions of a superna-
tant fluid (230000 g, 60 mm, 4 °C) from known
numbers of trypanosomes treated with detergent
(0.5% NP4O and sonication for 2 minutes on ice).
We ensured, by immunofluorescence, that greater
than 99% of trypanosomes bore the correct variable
antigen, and then we performed the assay. The
results demonstrated no marked difference between
the amount of 221 antigen released from
bloodstream-grown trypanosomes and that from
trypanosomes cultured at 37 °C (Table I).

Inhibiting
Reaction antigçn Treatment

Ag-221 (1251) 221 Control
v anti-RMI (incubated

16 hat 37 °C
then inactivated
trypsin was
added, 1:10)

221 Incubated 16h
at 37 °C with
trypsin (1:10)
then soybean
trypsin inhibitor
added

Ag-055 (1251) 221 Control
v anti-221

221 Incubated 24h
at 4 °C in the
dark with periodate
(250 moles/mole
glycoprotein);
acetate buffer
pH 4.75

221 Incubated 46h
at4 °Cin the
dark with periodate
(60 moles/mole
glycoprotein);
acetate buffer
pH 4.75
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221
glycoprotein

Time in mg/l0'°
Tiypanosome Source culture ypanosomes

Mouse-infective Culture I mo 7.2
Mouse-infective Culture 2 y 7.5
Mouse-infective Bloodstream n .a. 7.4
Noninfective' Culture - <0.01

These forms were derived by transformation of
221-infective culture forms at 25 °C.

na. = not applicable
Using supernatant fluid from 221 trypanosomes

that had been transformed to noninfective forms at
25 °C, we observed no inhibition. The value,
<0.01 mg/b"1 trypanosomes, represented the
lower detection limit using approximately 10
trypanosomes.

While performing these assays, we hoped to
discover whether the cross-reacting determinants in

Table 2. Ability of 221 antigen to inhibit heterologous immunoprecipitation.

Table I. Amounts of 221 antigen released from
bloodstream-grown and cultured trypanosomes.

Inhibition
(%)

Antigen
added (ng)

1000

Comments

89 Antigen intact
after

42 treatment
(shown by

5 SDS-gel
electrophoresis)

Antigen
extensively
degraded
(shown by
SDS-gel
electrophoresis)

Antigen binds
to Concanavalin
A and reacts
with homologous
antiserum by
imm unodiffus ion

Antigen does
not bind to
Concanavalin A
but reacts with
homologous
antiserum by
immunodiffusion

100

10

1000 71

100 28

10 10

1000 98

100 85

10 10

1000 0

100 0

10 0

1000 17

100 7

10 0



the variant antigen were present in the different
types of cultures. This was achieved simply by
using the same supernatant fluids to inhibit a
heterologous immunoprecipitation reaction. The
result was, in principle, the same as inhibition of
the 1251.221 x anti-221 reaction. That is, the
supernatant fluid derived from the infective
bloodstream forms cultured at 37 °C could inhibit
the heterologous reaction to completion, whereas
that derived from the noninfective forms cultured at
25 °C did not inhibit the reaction. Thus, on
transformation, infective bloodstream type 221
trypanosomes lost all 221 antigen detected by the
homologous inhibition raiioimmunoassay together
with all of that part of the variant antigen recog-
nized by the heterologous antisera.

A fundamental question left unanswered was
what is the structure of the cross-reacting determin-
ant. Is it a region of constant amino acid sequence
or, perhaps, a carbohydrate chain? Peptide map-
ping of tryptic and chymotryptic digests of isolated
variant glycoproteins revealed, mainly, the large
extent of diversity. Using the technique of com-
paring composite maps of two antigens run together
with their individual maps, we found a small
number of overlapping peptides but not sufficient
evidence to identify a peptide as the cross-reacting
determinant without sequence data on the overlap-
ping peptides together with further immunologic
evidence. To discover, therefore, whether attention
should be concentrated on the overlapping peptides
or on the carbohydrate part of the molecule, we
have been investigating the effects of some gross
treatments on the ability of variant antigens to
cross-precipitate or to inhibit the heterologous
immunoprecipitation reactions.

We treated 221 antigen with trypsin, which
produced extensive degradation of the molecule as
revealed by SDS-gel electrophoresis but did not
completely abolish the molecule's ability to inhibit
the heterologous precipitation, 1231.221 x anti-
RMI. The degree of inhibition was reduced com-
pared to that in the control (Table 2). Treatment of
the carbohydrate part of the antigen molecule,
however, had more drastic effects.

Because periodate cleaves carbon-carbon bonds
of sugar residues containing two adjacent, unsub-
stituted, hydroxyl groups, we used it to test whether
carbohydrates are involved as antigenic determin-
ants. However, periodate is a strong oxidizing
agent that could also change the structure of the
protein. For example, it may oxidize the amino
acids serine and threonine.

Periodate treatment of 221 antigen, with 250
moles/mole glycoprotein for 24 hours, completely
destroyed the ability of the antigen to inhibit the
heterologous reaction 1251.055 x anti-221. It also
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Table 3. Effect of periodate treatment (60 moles/mole
glycoprotein) on immunoprecipitation of 1251-labeled 221

antigen.

Antiserum dilution % Precipitation

abolished the antigen's ability to bind with Con-
canavalin A but not its ability to react with the
homologous antiserum, anti-native 221 (Table 2).
We had a similar result when we treated a second
surface antigen, RMI, with the same amount of
periodate. The fact that Concanavalin A binding is
altered by periodate treatment signifies that some
carbon-carbon bonds in the sugar residues of the
glycoproteins are susceptible to periodate, because
Concanavalin A has binding specificity for man-
nose and glucose. Briefer treatments with less
periodate did not completely destroy the antigen's
ability to inhibit. The minimum treatment that still
had a dramatic effect on the inhibiting ability of the
surface antigen was a periodate-to-glycoprotein
ratio of 60:1 and digestion time of 46 hours (Table
2). The resulting periodate-treated 221 antigen (60
moles/mole glycoprotein) was labeled with 1251 by
the chloramine-T procedure and immunoprecipi-
tated by homologous and heterologous antisera
against untreated surface antigens (Table 3). The
modified antigen still precipitated well with the
homologous antiserum (anti-22l), although less
than did the control. The ability to precipitate with
a heterologous antiserum (anti-RMI) was almost
completely abolished, as expected from the inhibi-
tion results.

Our conclusion is that cleaving carbon-carbon
bonds in the carbohydrate may abolish the glyco-
protein's ability to cross-precipitate. The results
provide us with a definite stimulus to concentrate
further efforts on the carbohydrate and to look for
supportive or contrary evidence, for example from
the use of specific glycosidase enzymes, or
immunoprecipitation from a cell-free protein syn-
thesis system, where the variant antigen should be
nonglycosylated.

Anti-22l Control Periodate-treated
l0 99 93
10-2 71 47
lO 39 19
10' 16 7

10 8 4
l0 S

Anti-RMI
10-' 64 5
102 31 2
10 12
l0- 3 0
10 2 0
l0 0


