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Groups of oligoclonal immunoglobulin G (IgG) bands were isolated from sera of
patients with subacute sclerosing panencephalitis by employing preparative
isoelectric focusing. Six IgG fractions containing two to three oligoclonal bands
with different isoelectric points were used to precipitate the proteins from Vero
cells infected with measles virus. The results showed that all of the measles virus
proteins except the M protein were precipitated by all of the IgG fractions and that
the precipitation of viral proteins by the fractions containing groups of oligoclonal
IgG showed slightly different patterns in some sera, whereas other sera showed no
significant differences. The present study indicates that oligoclonal IgGs in
subacute sclerosing panencephalitis sera are not specific to individual measles
virus proteins.

Measles virus has been implicated as the
cause of subacute sclerosing panencephalitis
(SSPE), a slow central nervous system disease
of children. One of the important characteristics
of SSPE is the presence of oligoclonal immuno-
globulin G (IgG) bands in cerebrospinal fluid
(CSF) and serum, demonstrable either by elec-
trophoresis or by isoelectric focusing (IEF) (7, 9,
11). A number of studies (7, 12) have shown that
the oligoclonal IgG bands represent specific
measles virus antibodies. Recently, several in-
vestigators have identified antibodies against
individual measles virus proteins in whole SSPE
sera, using immune precipitation and sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (2-5, 13). However, the antibody specific-
ity of individual oligoclonal IgG bands has not
been determined. In the present study, we iso-
lated IgG fractions, each containing two to three
oligoclonal bands, from SSPE sera and tested
their specificity to individual measles virus pro-
teins by immune precipitation.
Whole IgG. was isolated by passing sera

through a protein A-Sepharose 4B column as
previously described (6). The IgG, when exam-
ined in immunoelectrophoresis, showed a single
precipitin line with rabbit anti-whole human and
anti-human IgG sera. The IgG was further frac-
tionated by preparative IEF by the method
described by Radola (10). Briefly, the gel slurry
was prepared by adding 4 g of Ultrodex (LKB
Instruments, Rockville, Md.) to a solution con-
taining 6 ml of dialyzed IgG, 2.5 ml of ampholine

(pH 8.0 to 9.5), 3.5 ml of ampholine (pH 9 to 11),
and 88 ml of distilled water. The gel was run at 8
W constant power for 18 h at 10°C and cut into
30 fractions with an LKB fractionating grid.
Each fraction was eluted with 5 ml of distilled
water, and the pH was measured. They were
then dialyzed, concentrated, and examined in
thin-layer IEF in a polyacrylamide gel by the
method described by Mehta et al. (8).
Whole IgG from the sera showed 15 to 20

distinct oligoclonal bands in a pH region of 7.5 to
9.4 (Fig. 1). In contrast to whole IgG, isolated
IgG fractions showed a restricted number of
bands with pIs differing from one another. The
sharp distinct bands seen in the IEF pH region
of 8.4 to 9.3 of whole serum IgG represent
measles-specific antibodies, since most of the
bands disappeared when the whole IgG prepara-
tion was absorbed with measles virus (P. D.
Mehta, B. A. Patrick, and H. Thormar, Immu-
nology, in press). In addition, we have recently
identified measles-specific oligoclonal IgG
bands in SSPE serum and CSF in isoelectric
focusing with immunofixation with measles vi-
rus antigen, followed by staining with peroxi-
dase-conjugated goat anti-human IgG serum.
The SSPE sera showed dark-brown measles-
specific bands in a pH region of 8.4 to 9.3,
whereas sera from normal individuals showed
no specific staining. SSPE bands were not
stained by herpes simplex virus and poliovirus
antigens prepared in the same manner as the
measles virus antigens. Immune precipitation of
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FIG. 1. IEF profiles. (A) Serum 1 whole IgG and
(lanes 1 through 6) isolated oligoclonal IgG fractions
with different pls. (B) Serum 2 whole IgG an$1 (lanes 1
through 6) isolated oligoclonal IgG fractions with
different pIs.

measles virus proteins by the isolated IgG frac-
tions was done by procedures described previ-
ously (4). We screened 12 SSPE sera with
matched CSF. Figure 2 shows the protein pre-
cipitation patterns by 6 of the 12 pairs. Two of
the six sera and none of the CSF had detectable
antibody against the M protein. The other six
pairs showed a pattern identical to that shown in
Fig. 2, except only one serum contained detect-
able anti-M. These results confirm reports from
other laboratories (2, 3, 5, 13). We selected 4 of
the 12 sera for detailed study. Two of the four
sera had detectable anti-M, whereas the other
two did not. Fig. 3A shows immune precipitates
by IgG fractions isolated from a serum that
contains detectable antibody against the M pro-
tein (Fig. 2, lane 2S). This experiment showed
that all IgG fractions precipitated measles virus
proteins H, P, and NP. A very small amount of
M protein was precipitated by IgG fractions 4, 5,
and 6, which are located in the low pI regions. It
was noted that the precipitation of the viral
glycoprotein H was heavier in the higher pI
fractions (Fig. 3A, lanes 1 and 2) than in the
lower pI regions. The reverse was true for the
precipitation of P. Although the data seemed to
suggest some differences in the antibody speci-
ficity of IgG fractions separated by isoelectric
focusing, we wished to refrain from emphasizing
this conclusion. In the other three sera studied,
one had detectable anti-M in the whole serum
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FIG. 2. Fluorograph of polyacrylamide gels containing measles virus proteins precipitated by sera and CSF
from SSPE patients. The labeling of measles virus-infected Vero cells with [35S]methionine, the preparation of
protein extracts, immune precipitation, sodium dodecyl sulfate-polyacrylamide slab gel electrophoresis, and
fluorography have been described previously (4), except 1 mM tosyl-L-lysyl chloromethane was included in the
protein extracts. The reaction mixture consisted of 100 ,ul of protein extract and 10 or 20 p1 of undiluted serum
and CSF, respectively. Ra, Rabbit antiserum against Edmonston strain of measles virus; S and C, serum and
CSF, respectively, of a patient; V, purified Edmonston measles virus. The nomenclature of proteins is that
described by Graves et al. (1).
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FIG. 3. Fluorographs of measles virus proteins
precipitated by IgG oligoclonal fractions. All of the
experimental procedures were the same as those de-
scribed in the legend to Fig. 2. The approximate pl of
each fraction was: lane 1, 9.3; lane 2, 9.1; lane 3, 8.9;
lane 4, 8.8; lane 5, 8.6; lane 6, 8.4. (A) IgG fractions
from serum 1; 350 gig per fraction. (B) Serum 2. Lane 7
in (B) was 10 ,ul of whole serum from patient 2. V,
Purified Edmonston measles virus; Ra, rabbit anti-
Edmonston (10 gil).

but not in the isolated IgG fractions and showed
a protein precipitation pattern reverse to that
shown in Fig. 3A. The other two, which showed
no detectable anti-M, did not have any distinct
pattern for serum 2 (Fig. 3B). In this serum,
antibody activities against H, P, NP, and F1
were detected in all of the IgG fractions. In
contrast to Fig. 3A, antibodies against H and P
were about equally distributed in every fraction.
To quantitate H and P shown in Fig. 3, we cut
out radioactive bands from both gels and mea-
sured the radioactivity in a scintillation counter
(Table 1). The counts were in good agreement
with the intensities of the bands shown in the
autoradiographs.
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TABLE 1. Radioactivity in protein bandsa
Radioactivity (cpm) of

Oligoctonal pI virus proteins:
fraction

H P
Serum 1

1 9.3 2,280 1,570
2 9.1 1,970 1,220
3 8.9 1,340 1,440
4 8.8 1,850 2,360
5 8.6 1,720 2,020

Serum 2
1 9.3 1,980 1,450
2 9.1 1,880 1,060
3 8.9 2,380 980
4 8.8 1,890 910
5 8.6 1,930 1,030
6 8.4 1,820 1,140
a The radioactive bands located by the exposed X-

ray films were cut out from the gels and solubilized in
Soluene-Liquiflour-Toluene (Packard Instrument Co.)
at 60°C for 18 h, and the radioactivity was measured in
a Packard scintillation counter. Results from sera of
patients 1 and 2 are shown in Fig. 3A and B, respec-
tively.

The present work indicates that oligoclonal
IgG bands in SSPE sera separated according to
difference in pI do not differ significantly in
specificity to precipitate individual measles vi-
rus proteins. The results are in agreement with
our previous studies (7), where measles anti-
body activities measured by different serological
tests were evenly distributed in slow- and fast-
moving IgG fractions isolated from SSPE sera.
Because of obvious technical difficulty in isolat-
ing single individual oligoclonal bands from
SSPE sera, the isolated fractions consist of two
or more bands. However, the fractions repre-
sent a restricted number ofbands with no detect-
able overlapping, as shown by immunofixation
with either anti-human IgG serum or measles
virus (Mehta et al., manuscript in preparation).
Our study indicates that groups of oligoclonal

bands isolated from SSPE sera have antibody
activity against all of the major measles virus
proteins except M. The immune precipitation of
measles virus proteins by the isolated IgG frac-
tions tested in a series of experiments does not
clearly identify oligoclonal IgG bands specific
for any individual viral protein. However, our
data suggest that, when antibody against the M
protein is present in an SSPE serum, it is located
in the lower pI range.
Owing to an insufficient amount of material, a

similar study was not undertaken on CSF from
these patients. However, when the patterns of
measles-specific IgG eluted from SSPE sera and
CSF were compared in IEF, striking similarities
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in oligoclonal bands were seen, indicating a
common origin (Mehta et al., in press).

LITERATURE CITED

1. Graves, M. C., S. M. Silver, and P. W. Choppin. 1978.
Measles virus polypeptide synthesis in infected cells.
Virology 86:254-263.

2. Hail, W. W., and P. W. Choppin. 1979. Evidence for lack
of synthesis of the M polypeptides of measles virus in
brain cells in subacute sclerosing panencephalitis. Virolo-
gy "9:443-447.

3. Hall, W. W., R. A. Lamb, and P. W. Choppin. 1979.
Measles and subacute sclerosing panencephalitis virus
proteins: lack of antibodies to the M protein in patients
with subacute sclerosing panencephalitis. Proc. Natl.
Acad. Sci. U.S.A. 76:2047-2051.

4. Lin, F. H., and H. Thormar. 1980. Absence of M protein
in a cell-associated subacute sclerosing panencephalitis
virus. Nature (London) 285:490-492.

5. Machaner, C. E., E. C. Hayes, and H. Zweerink. 1981.
Cells infected with a cell-associated subacute sclerosing
panencephalitis virus do not express M protein. Virology
109:515-520.

6. Madsen, L. H., and L. S. Rodkey. 1976. A method for
preparing IgG F(ab')2 using small amounts of serum. J.
Immunol. Methods 9:355-361.

7. Mehta, P. D., A. Kane, and H. Thormar. 1977. Quantita-
tion of measles virus specific immunoglobulins in serum,
CSF and brain extract from patients with subacute scler-
osing panencephalitis. J. Immunol. 118:2254-2261.

8. Mehta, P. D., B. A. Patrick, and H. M. Wisndewski. 1981.
Isoelectric focusing and immunofixation of cerebrospinal
fluid and serum in Multiple Sclerosis. J. Clin. Lab.
Immunol. 6:17-22.

9. Mehta, P. D., A. J. Tetley, and H. Thormar. 1975. Mea-
sles antibodies and immunoglobulins in sera from patients
with subacute sclerosing panencephalitis (SSPE) and from
an infected ferret. J. Neurol. Sci. 26:283-294.

10. Radola, B. J. 1974. Isoelectric focusing in layers of granu-
lated gels. II. Preparative isoelectric focusing. Biochim.
Biophys. Acta 386:181-195.

11. Vandvik, B. 1977. Oligoclonal measles virus-specific IgG
antibodies isolated from sera of patients with subacute
sclerosing panencephalitis. Scand. J. Immunol. 6:641-
649.

12. Vandvik, B., and E. Norrby. 1973. Oligoclonal IgG anti-
body response in the central nervous system to different
measles virus antigens in subacute sclerosing panenceph-
alitis. Proc. Nati. Acad. Sci. U.S.A. 70:1060-1063.

13. Wechsler, S. L., H. L. Weiner, and B. N. Fields. 1979.
Immune response in subacute sclerosing panencephalitis:
reduced antibody response to the matrix protein of mea-
sles virus. J. Immunol. 123:884-889.


