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A~tract--Techniques are described which have enabled the production and characterisation of mono- 
clonal antibodies to myelin basic protein. These are shown by enzyme immunoassay to react with six 
different epitopes. Two of these are to peptide 82-91, a region claimed to be present in the spinal fluid 
of patients with demyelinating disease. One of these, an IgG~, is shown to react only with peptides in 
which the 91-92 phe-phe bond has broken. The other, an IgM, also reacts with whole myelin basic protein. 
The IgG2~ antibody is shown to have an affinity suitable for use in immunoassay of peptide 82-91. The 
enzyme immunoassay procedures described help to minimise the work load involved in the preparation 
and characterisation of monoclonal antibodies to this protein. 

Myelin basic protein is a major  protein of  the myelin 
sheath (Rumsby, 1978). Ultrasensitive immunoassays 
capable of  measuring the breakdown peptides of  
MBP in body fluids might be a useful clinical tool in 
patients with active demyelination. At present infor- 
mative analysis of  MBP in clinical samples is in- 
hibited by incomplete knowledge of  the fate of  indi- 
vidual MBP peptide regions in blood and CSF (Day, 
1982). It is possible that monoclonal  antibodies to 
defined epitopes on MBP may enable novel immu- 
noassays with improved sensitivity specificity and 
convenience to be devised. It has been claimed that 
antibodies which react well with both human MBP 
peptide 82-91 and whole MBP are useful for mea- 
suring M B P  catabolism products in CSF (Whitaker, 
1980). More  recently a monoclonal  specific for region 
129-138 has been used to detect this epitope in the 
serum of  a patient with cerebrovascular accident 
(Dowse et al., 1983). 

In this laboratory we are attempting to make 
monoclonal  antibodies reactive with peptide 82-91 
and as many other epitopes as possible. We describe 

Abbreviations used: MBP: myelin basic protein; CSF: 
cerebrospinal fluid; ELISA: enzyme linked immu- 
noadsorbent assay; ABTS: 22' azino (3 ethyl 
benzthiazoline-6-sulphonic acid); HRP: horse radish 
peroxidase; HPLC: high performance liquid chro- 
matography. 

The numbering of MBP residues used in this study is that 
proposed by Martenson (1984). 

here the immunisation and enzyme immunoassay 
techniques we have developed to make and character- 
ise our clones. We also report evidence that six of  our 
clones react with different epitopes. 

EXPERIMENTAL PROCEDURES 

Materials 

The mouse myeloma cell line NSO which does not make 
immunoglobulin chains (Clarke et al., 1981) was obtained 
from Dr Milstein, MRC Laboratory of molecular biology, 
Cambridge, U.K. Monoclonal antibody to MBP region 
129-138 was obtained from Hybritech, Speywood Labora- 
tories, Bingham, Nottingham. 

Mice were obtained from Olac Ltd, Station Road, Bi- 
cester, U.K. Freunds complete and incomplete adjuvant and 
Mycobacterium tuberculosis were obtained from Difco 
Laboratories, Central Avenue, West Molesey, Surrey. Nunc 
immunoplates (Typel with certificate) were obtained from 
Gibco Europe, Uxbridge, Middlesex. 

Bovine serum albumin (type 1), ABTS, phosvitin, glu- 
taraldehyde (grade 1) and tween 80 were obtained from 
Sigma Chemicals, Fancy Road, Poole, Dorset, U.K. Anti 
mouse IgG and anti rabbit IgG/peroxidase conjugates and 
sheep antibodies to mouse immunoglobulin isotypes were 
obtained from Miles Laboratories, Stoke Poges, Slough, 
Buckinghamshire, U.K. 

Peroxidase labelled anti sheep IgG was obtained from 
Serotec Ltd, Station Road, Bicester, U.K. 

Human brain from autopsy material was a gift from Dr 
L. Cuzner. Bovine spinal cord and sheep brain were ob- 
tained from a local slaughterhouse. Guinea-pig brain was 
obtained from Pelfreeze, P.O. Box 68, Rogers, Arkansas. 

MBP was purified by a standard method (Chou et al., 
1976). The last three peaks eluting from the carboxymethyl 

309 



310 N1GEL GROOME et al. 

cellulose column were pooled and stored lyophilised. The 
purity of  the MBP samples was assessed by electrophoresis 
at acid pH (Deibler et aL, 1972). All the preparations gave 
just one strong major band at a gel loading of 50pg.  The 
human  MBP preparation also had traces of  material of  
slightly greater electrophoretic mobility. 

H u m a n  MBP peptides 1-44, 45-91, l - l l 8  and 119-178 
were a gift from Dr R. Thompson.  Peptides 1~[4 and 45-91 
were prepared from a pepsin digest. Peptides 1-118 and 
119-178 were prepared by chemical cleavage at the tryp- 
tophan residue. The identity of  these peptides was confirmed 
by amino acid analysis and/or amino terminal sequencing. 

Bovine peptide 45-178 was a gift from Dr S. Brostoff. 
Bovine peptide 45-91 was prepared as described by Chou et 
al., (1976). Rabbit MBP was a gift from Dr M. Kies. H u m a n  
peptide 82-91 was custom synthesised by Dr  Fox at the 
University of  Birmingham, Edgbaston, U.K. The sequence 
requested was H Thr-Gln-Asp-Gln-Asp-Pro-Val-Val-His- 
Phe-OH. This was based on the sequence reported by 
Carnegie (1971). Since this work was completed it has been 
shown that the correct sequence is slightly different. Bovine 
and human  83-91 actually have a similar sequence: 
Gln-Asp-Glu-Asn-Pro-Val-Val-His-Phe-OH (Gibson et al., 
1984). 

If our unnatural  synthetic 82-91 had been used for both 
immunisat ion of mice and screening hybridomas this dis- 
crepancy could have seriously jeopardised our study. How- 
ever, this is not  so because we used natural bovine 45-91 for 
immunisation. Only sequences common to natural 45-91 
and our peptide 82-91 are likely to be recognised by our 
monoclonal antibodies. In consequence our clones to 82-91 
probably react with the last five amino acids near the C 
terminal (Pro-Val-Val-His-Phe) .  

HPLC and Fast Atom Bombardment  spectrometry of  our 
peptide indicated that at least 50~ had the target molecular 
structure. For the purposes of  this study this material was 
not purified further. Because natural 45-91 was used as the 
antigen a screening test using synthetic 82-91 will detect 
clones reacting to common sequences in the two structures. 
Error peptides in the 82-91 preparation will therefore play 
no part in the reaction and will not affect the validity of  the 
screening of  hybridoma supernatants.  All the monoclonals 
we have made which react with 82-91 in the primary screen 
have also been found to react well with the natural 45-91 
used for immunisation.  

Immunisation o f  mice for fusions 
For production of  clones 1 and 2, mice of  the NIH strain 

were immunised as follows. An initial subcutaneous immu- 
nisation with 100 #g  of  bovine MBP in Freunds complete 
adjuvant was followed by a boost of  100 #g  in incomplete 
adjuvant after 1 month.  The fusion was carried out 4-6 
weeks later. Mice received, on each of the 4 days before 
fusion, 0.5 mg each of  MBP and phosvitin mixed in 0.5 ml 
of  isotonic saline. The two combine to form a colloidal 
suspension. For Clones 3 and 6 the schedule was different. 
An initial immunisat ion of  100 #g  MBP/phosvit in in com- 
plete adjuvant was followed after 1 month  by the same dose 
in complete adjuvant.  The four prefusion boosts were again 
with MBP/phosvitin. For preparation of Clones 9 and 10 
reactive with peptide 82-91, mice of  the A/J strain were 
immunised with 45-91/ovatbumin conjugate as follows. 
Fifty micrograms of  peptide in Freunds complete adjuvant 
(with additional Mycobacteria added to a concentration of 

2.5 mg/ml), were given initially followed after 1 month  by 
50/~g in incomplete adjuvant and after a further month  
by a dose of 25#g.  After a further 4 months,  high 
responding mice were given four daily intravenous boosts 
of  conjugate containing 100/~g of  peptide in saline before 
fusion. In each case mice were screened for relevant 
antibody production by ELISA and only the best mice used 
for fusions. 

Preparation oj' monoclonal antibodies 

Clones 1, 2 and 3 were made by plating of  the fusion 
mixture into viscous methyl cellulose medium (Davis et al., 
1982). Clones 6, 9 and l0 were made by plating into liquid 
medium (Goding, 1982). 

Measurement of  antibodies to M B P  by ELISA 
Nunc Immunoplates  were coated with MBP as follows. 

Two hundred microlitres of  MBP solution (1 #g  per ml) in 
0.1 mol/l phosphate  buffer pH 6.0 was added to each well 
and the plates left in a moist box overnight. The following 
day the plates were washed 10 times with a Nunc immu- 
nowash device using wash solution (12 g/1 sodium chloride, 
0.5 g/l tween 80). After three further washes with distilled 
water the plates were air dried and stored dry at +4°C.  We 
have never had a plate which became unusable through 
length of storage under these conditions. 

The solution used for antibody dilution (hereafter re- 
ferred to as diluent) was 0.05 mol/1 phosphate buffer pH 7.0 
containing 5 g/1 Tween 80, l0 g/l bovine albumin and 12 g/1 
sodium chloride. One microlitre of  mouse blood was sucked 
up from the tip of  the tail after a single prick with a needle. 
This was immediately expelled into l ml of  diluent and 
rapidly mixed giving an initial 1 in 1000 dilution. Red cells 
were pelleted by centrifugation and the supernatant  (200 ,u l) 
added in duplicate to adjacent wells on an MBP coated 
immunoplate.  The immune reaction was allowed to proceed 
overnight at room temperature in a moist box. The wells 
were washed l0 times with wash solution and shaken dry. 
To each well was added 200#1 of ant imouse IgG/ 
peroxidase conjugate (1 in 10,000 dilution). The plate was 
left for I h at room temperature and washed again l0 times 
with wash solution, 3 times with distilled water. The plate 
was struck firmly on paper towelling to remove the last 
traces of  moisture and 200 #l of  substrate solution added 
to each well. The peroxidase substrate was 1.8mmol/t  
ABTS, 0.1 mmol/1 H202 in 0.1 mol/l citrate buffer pH 4.0. 
For max imum sensitivity the reaction could be allowed to 
run overnight in the dark at room temperature in a moist 
box. Absorbances were read at 405 nm against a blank 
which had received diluent only at the first stage. Absorb- 
ances are a linear function of antibody amount  until an 
absorbance of about 0.8. 

To screen hybridoma supernatants  for reactivity to whole 
MBP 25,ul of  supernatant  was added to an MBP coated 
well containing 100#l of  diluent. Subsequent stages were 
identical to above. Strongly + r e  clones produced a green 
colour within a few minutes of  adding the substrate. 

Measurement o f  antibodies to human peptide 82-91 
Synthetic human  peptide 82-91 was attached to poly- 

styrene wells of  Nunc  immunoplates via the amino acid 
terminal using glutaraldehyde (Suter, 1982). The wells were 
reacted overnight with 200#1 0.250/,, (w/v) gluteraldehyde 
diluted in 0.1 mol/l phosphate buffer pH 5.0. Ordinary 
gluteratdehyde with an A280/A235 ratio of  0.1 (Place and 
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Schroeder, 1982) was used. The wells were washed ten times 
with water, shaken dry and 200/~1 of peptide 82-91 solution 
(0.6#g per ml) in 0.1 mol/l phosphate buffer pH 8 were 
added. The plate was again incubated overnight. The 
peptide was removed and the wells filled with 0.1~o (w/v) 
ethanolamine and left for 3 h to block excess reactive sites. 
The plates were then washed ten times with water, air dried 
and stored at +4°C. Screening of mouse blood and 
hydridoma supernatants for antibodies reactive with 82-91 
was done exactly as described for the measurement of 
antibodies to whole MBP but on 82-91 coated plates. No 
problems have been encountered in any aspect of the use 
of 82-91 or MBP coated microplates. 

Identification of mouse immunoglobulin isotypes of mono- 
clonal antibodies by ELISA 

Hybridoma supernatants were diluted sufficiently to give 
a strong colour under the standard ELISA conditions on 
an MBP or 82-91 coated plate (1 in 10 or 1 in 100 dilution 
was usually used). Two hundred microlitres of solution 
were added to six wells of a coated plate and the seventh 
received diluent only. The plate was incubated for 3 h at 
room temperature and then washed and drained. To each 
of the first six wells 200/~1 of a 1 in 1000 dilution of each 
Miles Laboratories sheep antimouse isotype antibody 
(IgG 1, IgG2a, IgG2b, IgG3, IgM, IgA) were added. The 
seventh well again received diluent only. The plate was 
incubated for 3 h at room temperature. After washing, each 
well received 200 ~tl of a 1 in 1000 dilution of antisheep 
lgG/peroxidase conjugate. After 1 h at room temperature 
the plate was washed and substrate added. The plate was 
interpreted as soon as one of the wells developed strong 
green colour. For each clone we have tested so far one of 
the isotype specific antibodies gave an unambiguously 
stronger reaction than the others. The blank well col- 
ouration should be negligible. One batch of antisera we 
used on a known IgG~ monoclonal gave equal colouration 
with the IgG~ and IgG2b antisera but this problem was 
overcome when fresh antisera were obtained. 

Since one is very dependent on the specificity of the 
antisera used in these commercial mouse immunoglobulin 
typing kits it is a help if some +ve controls of known 
isotype to the antigen of interest are available to check that 
the test is giving the expected results. 

We should point out that the Miles reagents are designed 
for testing monoclonals by immunodiffusion not ELISA. 
One advantage of using them by ELISA as described is that 
one can correctly identify the isotype of an antiMBP 
antibody in a supernatant before cloning. Another is that 
the ELISA format allows allows the same reagents to test 
a larger number of monoclonals (at least 50 x as many). 

Preparation of ELISA plates for preliminary comparison of 
the specificity of different monoclonals 

Monoclonals reactive to human peptide 82-91 were 
detected directly on 82-91 coated Immunoplates. To dis- 
tinguish between the specificities of our other monoclonal 
antibodies we first used a simple "characterisation ELISA 
plate" prepared as follows. Solutions of purified whole 
MBP from different species and of bovine peptide 45-91 
and bovine peptide 45-178 were prepared at 1 #g per ml 
in 0.1 mol/1 phosphate buffer pH 6. Two hundred micro- 
litres of each solution were added to an immunoplate as 
follows. Row A sheep MBP, B guinea-pig MBP, C human 
MBP, D rabbit MBP, E bovine MBP, F bovine 45-9t, G 

bovine 45-178, H uncoated. After overnight incubation the 
plate was washed thoroughly and stored dry. A large 
number of these plates could be prepared at one time and 
stored ready for use.. 

Characterisation of a monoclonal could begin as soon as 
a small volume of tissue culture supernatant became 
available. Three different 10-fold dilutions of each super- 
natant were added to one vertical row each of the charac- 
terisation plate. Thus each antibody was tested at three 
dilutions against each of the different MBP's and peptides. 
The plate was incubated overnight, washed, incubated with 
anti mouse IgG/peroxidase conjugate (1 in 1000 for 1 h), 
washed, and substrate added. The plate was photographed 
at various times and absorbances read on a Dynatek, micro 
ELISA plate reader. The dilution row of each antibody 
which gave an absorbance of 0.3-0.6 after incubation with 
the homologous MBP or peptide used for immunisation 
was used for interpretation. Photographs of the plate 
provided a useful visual record of the pattern of reactivities. 

To further cbaracterise each antibody, human peptides 
1-118, 119-178, 1-44 and 45-91 were coupled to the 
polystyrene wells of Gilford enzyme immunoassay cuvettes 
as follows. The wells were activated with gluteraldehyde 
exactly as for 82-91 coating and then allowed to react with 
200 #1 of a 0.05 #g/ml solution of each peptide in 0.1 mol/l 
phosphate buffer pH 8.0 overnight. Each hybridoma super- 
natant to be tested was diluted 1 in 100 and 200#1 added 
to each well. The cuvette strip was left overnight. The 
second antibody stage and peroxidase assays were carried 
out as before. An unambiguously stronger reaction with 
some fragments rather than the others locates the epitope. 

Inhibition enzyme immunoassay of peptide 82-91 using 
polyclonal and monoclonal antibodies raised by immunisation 
with 45-91 ovalbumin conjugates 

Nunc immunoplates were coated with peptide 82-91 at 
a concentration of 0.6 #g per ml. The rabbit antibody or 
monoclonal antibody solution was diluted and 200#1 of 
each dilution added to duplicate wells on the plate. The 
plate was then incubated overnight at + 4°C. The plate was 
washed and antirabbit IgG/peroxidase or antimouse 
IgG/peroxidase conjugate added at a dilution of 1 in 1000. 
The plate was incubated for 3 h at room temperature 
before washing and addition of substrate. The substrate 
reaction was allowed to proceed overnight at 25°C. 

From this preliminary experiment a dilution of the first 
antibody was selected which gave an absorbance of 0.5. 
This concentration of antibody was then incubated with 
various amounts of peptide 82-91 overnight at +4°C 
before addition to a fresh coated plate. The plate was again 
incubated overnight at +4°C. The second antibody and 
substrate stages were as before. The extent of inhibition by 
a given concentration of peptide depends largely on the 
affinity of each antibody for the peptide. This can be used 
as a preliminary screening assay to compare the affinities 
of different antisera or monoclonals reactive with this 
peptide. 

RESULTS 

Monoclonal antibodies to MBP 

Our early at tempts to make monoclonal  antibodies 
to MBP using the usual Balb/c stain of  mice boosted 
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intravenously with soluble MBP were unsucessful. 
We therefore systematically studied the immune re- 
sponse to MBP in a number of  other strains including 
Biozzi High Responders. The results, not shown, 
satisfied us that of  the strains tested: Balb/c, 
C57B1/6, NIH, C3H, CBA/CA and Biozzi; the NIH 
strain consistently gave the highest titres of  antibody 
to MBP. Furthermore a higher proport ion of  the 
immunised NIH mice always responded than when 
Balb/c was used, All our subsequent fusions with 
whole MBP as immunogen have been done with this 
strain. To increase the number of  blast cells in the 
spleen at the time of  fusion we reasoned that colloidal 
MBP/phosvit in suspensions given intravenously 
might be localised more rapidly in the spleen than 
would soluble MBP. This suspension produced no 
adverse reaction in the mice when injected in the tail 
vein. Clones 1, 2 and 3 were produced by direct 
cloning of  the fused cells into methylcellulose con- 
taining thymocytes and lipopolysaccharide (Davis et 
al., 1982). This method has been claimed to have 
advantages in avoiding overgrowth of  the antibody 
secreting cells by non secretors. Clones 1, 2 and 3 
were very stable high producing clones. Clones 1 and 
2 produce around 100 #g/ml  of  antibody in culture 
supernatants. However, an unexpected difficulty en- 
countered with this method was failure of  many of 
the clones picked from methylcellulose to grow sub- 
sequently in liquid medium. We could not induce 
these to grow by addition of  feeder cells to the 
medium and despite the initial feeling that the prob- 
lem ought to be soluble we were forced to the con- 
clusion that some clones become adapted to growth 
in methylcellulose during early postfusional growth. 
We therefore stopped using this method in favour of  
plating out in liquid medium (Goding, 1982), because 

many + ve clones were being lost. Clone 6 was made 
by plating out in liquid medium. 

Direct screening for antibodies to human peptide 82-91 

Peptide 82-91 is claimed to be one of  the dominant  
regions of  MBP surviving in the CSF of  patients with 
demyelinating disease (Whitaker et aL, 1980). We 
needed a direct enzyme immunoassay screening 
method to measure mouse antibodies to this region 
and to screen our hybridoma supernatants. 

Peptide 82-91 is too small to attach to polystyrene 
directly but we reasoned that as the epitope of  this 
peptide is usually near the C O O H  terminal (Whitaker 
et aL, 1977) the N H  2 terminal could be used to attach 
the peptide to polystyrene by the glutaraldehyde 
method (Suter, 1982). The validity of  the assay for 
antibodies to 82-91 was first tested using a rabbit 
antiserum prepared by immunisation with bovine 
45-91/ovaibumin and likely to contain antibodies to 
82-91 (Whitaker et al., 1980). It can be seen from the 
chequer board shown in Table 1 that the rabbit serum 
contained a high level of  antibodies reactive with 
solid phase 82-91. Little binding was observed to an 
uncoated plate and at each level of  peptide the 
antibody binding was initially a linear function of  it's 
concentration. We use a concentration of  0.6/~g/ml 
peptide for the measurement of  antibody levels and 
screening hybridomas. This is slightly less than the 
opt imum but biases the assay towards detecting the 
highest affinity antibodies. In 12 months of  using 
82-91 coated plates we have had no false positive or 
negative reactions which could not be attributed 
simply to insufficient washing of  the plates. The intra 
plate variability is around 6.6~o when using Nunc 
immunoplate Type 1. 

No significant variable edge effects have been 

Table 1 

Concentration of 
peptide 82-91 Dilution of antiserum Diluent 

(#g/ml) 1/1000 1/2000 1/4000 1/8000 1/16000 1/32000 1/64000 only 
10 > > 1.495 0.884 0.50 0.239 0.122 0 
5 > > > 0.781 0.448 0.192 0.092 0 
2.5 > > 1.142 0.654 0.355 0 .142 0.067 0 
1.25 > 1.476 0.774 0.494 0.260 0.092 0.042 0 
0.62 > 1.292 0.701 0.377 0.179 0.09 0.044 0 
0.31 1.451 0.914 0.442 0.21 0.11 0.051 0.02 0 
0.156 0.695 0.372 0.146 0.04 0.01 0 0 0 

Buffer only 0.329 0.195 0.12 0.06 0 0 0 0 

Chequer board titration of rabbit antiserum to bovine 45-91/ovalbumin reacting with 82-91 coated wells 
of a Nunc immunoplate. Coating concentrations of peptide and dilutions of antiserum are shown. 
0.2 ml of antiserum dilution was added to each well. The plate was incubated overnight at +4°C. 
After washing the plate, 0.2 ml of 1/1000 goat anti rabbit IgG/peroxidase conjugate was added for 
l h at room temperature. The plate was washed and substrate added. Absorhance measurements 
at 405 nm were taken on a Dynatek microplate reader after 20 h incubation at room temperature. 
> = off scale. 
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Fig. 1. Inhibition enzyme immunoassay of human pcptide 
82-91. Free peptide 82-91 and 82-91 on the coat compete 
for antibody. Plates coated with 0.6 gg/ml of 82-91 were 
used. Control test and blank solutions were preincubated 
overnight at + 4°C. Control solution was 1 in 8000 rabbit 
anti 45-91/ovalbumin serum. Test was an equal volume of 
1 in 4000 antiserum + peptide at various concentrations. 
Blank was diluent only. The solutions were then added to 
the coated plate at the rate of 0.2 ml/well. Five replicates 
were used for each point. The plate was incubated overnight 
at +4°C. Peroxidase conjugated antirabbit IgG was used 
for 3 h at 1/1000 dilution. Substrate incubation was for 20 h. 

found with the plates. The method is equally applica- 
ble to screening rabbit and mouse serum. The assay 
is capable of detecting levels of antibody down to a 
few ng per ml. 

For screening hybridoma supernatants peptide 
82-91 coated plates are excellent. Without their use 
it would have been necessary for us to screen with 
45-91 and then identify those reactive with 82-91 by 
inhibition. 

A further application of 82-91 coated microplates 
is to compare the affinity of different antisera and 
monoclonals to this peptide. Free peptide is able to 
compete with solid phase 82-91 in binding a limiting 
amount of antibody. The higher the affinity of the 
antibody the greater the percentage inhibition for a 
given amount of peptide. This enables an assessment 
of each monoclonals potential as a reagent for the 
immunoassay of peptide 82-91 at an early stage of 
post fusional growth. Figure 1 shows conditions 
under which our best rabbit antiserum can detect 
1 ng/ml of peptide 82-91. It was hoped to obtain a 
monoclonal which could equal this under the same 
conditions. 

Preliminary characterisation o f  monoclonals made us- 
ing whole M B P  as antigen 

We needed a simple and rapid enzyme immu- 
noassay screening procedure to sort out our mono- 
clonals at an early stage of post fusional growth in 
order to determine whether the specificity was new 
and whether the antibody reacted as well with human 
MBP as with bovine MBP used as antigen. We 

decided to use a direct binding method as this is 
simpler than inhibition studies (Sires et aL, 1981) and 
uses smaller quantities of MBPs and peptides. 

Rows on a microplate were coated with sheep, 
guinea pig, human, rabbit, or bovine MBP's and with 
bovine peptides 45-91 and 45-178. One row was left 
uncoated. Figure 2 shows how our clones l, 2, 3 and 
6 tested at a range of different dilutions reacted with 
these plates. We interpreted the reactions of each 
clone on a dilution which gave an absorbance of 
0.3-0.6 with the bovine MBP used for immunisation. 
An advantage of testing several dilutions all at once 
is that it avoided the need for a pretitration stage and 
virtually guaranteed a result first time. Our clone 1 
(an IgG2,) reacts well with most of the whole MBPs 
except guinea pig. It also reacts well with 45-178 but 
much less with our 45-91 preparation. On wells 
coated with 1-118 and 119-178 the reaction with 
119-178 was 40 × stronger (Fig. 3). This places the 
epitope from 119-178, in a region where human and 
bovine MBP have a very similar or identical sequence 
and guinea-pig has a significant difference. Consid- 
eration of the MBP amino acid sequences of each 
species suggests that the epitope must involve either 
residue 134 where guinea-pig has a single deletion, 
or 139-140, where there is a double deletion 
(Martenson, 1984). 

Also shown in Fig. 2a are the reactions of the 
monoclonal sold by Hybritech. This was made by 
Sires et al. and is known to react with the region 
129-138 (Sires et al., 1981). The similarity between 
the reactions of our clone 1 and the Hybritech 
antibody suggests that the epitope might be very 
similar. This has been confirmed (Hruby et al., in 
preparation). The region 129-138 appears to be 
immunodominant in mice as at least one other group 
has reported a mouse monoclonal to this region 
(Carnegie et al., 1983). Each Of these three mono- 
clonals has been made using a different strain of mice. 

Clone 2, an IgG~, is clearly different to clone 1 in 
reacting equally with all the whole MBPs tested 
including guinea-pig. The greater reactivity with 
45-178 than 45-91 and a 30 x greater reactivity with 
119-178 rather than 1-118 (Fig. 3) places the epitope 
in a region of 119-178 where all the MBPs have 
similar or identical sequences. Clones 1 and 2 and the 
Hybritech clone all appear to react with bovine 45-91 
in the presence of excess antibody or if the incubation 
period is prolonged. Also, they all appear to react 
slightly with human 1--44 (Fig. 3). The essential non 
reactivity of all three with 1-118 makes it unlikely 
that these reactions are due to the presence of cross 
reacting epitopes in either human 1-44 in bovine 
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Fig. 2. Characterisation ELISA plate. Rows of  a Nunc immunoplate were coated with different MBPs 
and peptides as described in Experimental Procedures. A (top) sheep, B guinea-pig, C human, D rabbit, 
E bovine, F bovine 45-91, G bovine 45-178, H uncoated. (a) Different dilutions of  supernatant from each 
clone were reacted overnight at room temperature, then for 1 h with l in 1000 peroxidasc conjugated 
antimouse IgG. Substrate was added and the plates photographed at various times. (a) Shows testing of  
clones l, 2, 3 and the Hybritech clone. Plate photographed after 30 min with substrate (b) shows testing 
of  Clones 6, 9 and 10 after 20 h. The clone l pattern of  reactivity was interpreted from the l0 -3 dilution 
(plate a), Clone 2 10 -3 dilution (plate a), Clone 3 10 2 dilution (plate a), Clone 6 10 -2 (plate b), Clone 
9 10 -2 (plate b), Clone 10 10 2 (plate b). The characteristic patterns of reactivity are lost when excess 

antibody and/or long incubation allow the substrate reaction to go to completion. 
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Fig. 3. Direct ELISA used to test reactivity of monoclonals 
with human MBP peptides. Glutaraldehyde activated wells 
were coated with human MBP peptides as follows: Well 1, 
1-44; Well 2, 45-91; Well 3, 1-118; Well 4, 119-178; Well 
5, Uncoated. These tests were done in Gilford enzyme 
immunoassay cuvettes rather than immunoplates. The 
figure shows the results of testing our Clones 1, 2 and 10. 
The wells received a 1 in 100 dilution (0.2ml) of each 
supernatant for 6 h. The second antibody peroxidase conju- 
gate (1 in 1000) was added for 30min. Absorbances were 

recorded with a Gilford cuvette reader. 

45-91. Thus we believe these small peptides must be 
contaminated by trace amounts of C terminal pep- 
tides. Clones 1 and 2 were prepared by immunising 
mice with bovine MBP using MBP/phosvitin only for 
the last boost. 

In contrast Clones 3 and 6 were made using bovine 
MBP/phosvitin at every stage of the immunisation. 
This would have the effect of making phosvitin a 
more immunologically active carrier in the second 
case. 

Clone 3, an IgG], was extremely species restricted 
in it's reactions. The order of reactivity was 
bovine = sheep > rabbit > guinea-pig ~> human. In 
contrast to Clones 1 and 2, Clone 3 reacted as well 
with 45-91 as with 45-178 (Fig. 2a). This places the 
epitope in a region of 45--91 with large divergences in 
structure between different species. Even when excess 
antibody and long incubation time with substrate 
have taken the bovine reaction with Clone 3 well off 
the absorbance scale Clone 3 only just showed a trace 
of reactivity with human MBP. 

Clone 6 was different again (Fig. 2b). It showed 
reactivity with sheep and bovine MBP but little 
reactivity with either peptide 45-91 or 45-178. This 
places the epitope in the N terminal region of the 
molecule in a region where human and bovine differ. 

Further studies are needed to determine whether 

antibodies with specificity of the Clone 1 and 2 type 
are more likely to occur when the final boost is 
MBP/phosvitin and the Clone 3 and 6 specificity 
more likely when MBP/phosvitin is used at each stage 
of the immunisation schedule. We also do not know 
whether the specificities of some of the MBP anti- 
bodies were influenced by the particular strain of 
mice used for these studies. 

Preparation of monoclonal antibodies to a defined 
peptide of human MBP (peptide 82-91) 

Mice immunised with whole MBP have very low 
levels of antibody to peptide 82-91 (Groome, un- 
published data). Therefore we immunised mice 
with bovine peptide 45-91/ovalbumin conjugates 
(Whitaker et al., 1980) to generate an enhanced 
response to this region. We have so far obtained two 
clones to this peptide by application of the direct 
screening assay with solid phase 82-91. Their reac- 
tions on the characterisation microplates are of inter- 
est (Fig. 2b). Clone I0, an IgG2a, reacted as expected 
with peptide 45-91 but hardly at all with any whole 
MBPs or the fragment 45-178 in which the phe-phe 
bond at 91-92 remained intact. We concluded that 
Clone 10 recognises 82-91 only in the context of it's 
conformation or sequence at the end of a peptide. 
Clone 9, an IgM was different. It reacted equally on 
the plate with all the whole MBPs and with the 
peptide ending in phenylalanine 91. Therefore this 
apparently recognises the same peptide region 
(82-91) in a different conformation. 

Assay potential of Clone 10 

As an IgM, Clone 9 was unlikely to be useful for 
sensitive immunoassays of 82-91 in clinical samples, 
and this was therefore not investigated further. How- 
ever, in contrast, when Clone 10 was tested using 
inhibition experiments similar to those used in testing 
the rabbit antiserum (Fig. 1) it was found to be as 
good as the rabbit antiserum in detecting small 
amounts of free peptide 82-91 (50 ng/ml gave 80~o 
inhibition of binding). This result justifies further 
investigation of the use of this monoclonal antibody 
in the development of more sensitive assays for 
peptide 82-91. 

DISCUSSION 

One purpose of our work is to obtain monoclonal 
antibodies suitable for the immunoassay of MBP 
peptides in clinical samples. The results will be dis- 
cussed in this context. 
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Species specificity of  monoclonal antibodies to MBP 

Bovine MBP was used as an antigen only because 
this is easier than human MBP to obtain in quantity 
in a highly purified state. The results show that of the 
four clones made by immunisation with whole bovine 
MBP two showed a weaker reactivity with human 
MBP than with bovine. These antibodies (Clones 3 
and 6) are helpful in defining new epitopes but will 
not be as useful as clones reactive with the same 
region of human MBP. We conclude that immu- 
nisation with human MBP is preferable for our 
purpose and our future fusions will all use human 
MBP. Clone 10, although prepared by immunisation 
with bovine 45-91/ovalbumin was screened with hu- 
man 82-91 and as noted here had sufficient affinity to 
be useful for sensitive assays of human 82-91. 

Techniques for screening hybridoma supernatants 

Hybridoma production is a labour intensive pro- 
cess. It would be helpful if one knew in advance 
which specificities were likely to prove useful in 
clinical assays and screened for these directly. Whit- 
aker et al., have described one antibody specificity 
which is useful for CSF measurements. This is one 
which reacts well with both human MBP and peptide 
82-91 (Whitaker, 1980). To help us make monoclonal 
antibodies reactive with this peptide we have devel- 
oped a direct enzyme immunoassay for antibodies to 
it. A rat monoclonal antibody similar to our Clone 10 
has been described previously (Fritz and Chou, 
1983). This was made by immunisation with 45-91 
and the specificity established by inhibition. Since the 
production of high affinity monoclonals to this pep- 
tide requires the screening of large numbers of super- 
natants we believe our direct screen is a valuable tool. 
We also describe how 82-91 coated plates can be used 
for inhibition ELISA to compare the relative affinities 
of different antibodies to this peptide at an early stage 
of the growth of clones. Our data show that Clone 10 
may have potential as a reagent for the immunoassay 
of peptide 82-91. It was not possible to compare 
precisely the affinity of our Clone 10 antibody with 
that of Fritz and Chou. However, in their paper it 
took 10,000 ng of peptide 82-91 to inhibit binding by 
14~. For our Clone 10, 50ng/ml gave 80~ in- 
hibition. This may suggest that our antibody has a 
higher affinity. Our Clone 10 is IgG2a. Fritz and Chou 
do not report the isotype of their antibody. 

Localisation of  epitopes for monoclonal antibodies to 
MBP 

It is possible that regions of MBP other than 82-91 

may be found in clinical samples. Therefore our 
strategy is to make monoclonals to as many different 
epitopes as possible. We therefore used a different 
strain of mice to the normal Balb/c and have experi- 
mented with different physical forms of MBP for 
immunisation. 

We also needed an enzyme immunoassay charac- 
terisation system which could assist us to identify new 
specificities. This needed to possess certain character- 
istics. (1) Applicable to small volumes of culture 
supernatant with low antibody levels. (2) Economical 
in usage of MBPs and MBP peptides. (3) Reliable and 
simple. (4) Able to discriminate effectively between 
antibodies to different epitopes. 

Our direct ELISAs used for characterisation have 
fulfilled these functions very well and have been able 
to distinguish unambiguously between the six mono- 
clonals we have made so far. They have also success- 
fully defined two further epitopes in clones prepared 
by Elfman et al., (in preparation). 

Combined with isotype determination also by 
ELISA, these techniques can enable a large amount 
of information to be accumulated on an antibody 
available in small amounts even before cloning. This 
is only true if the frequency of + ve wells in the fusion 
is low enough to preclude mixed MBP clones in the 
same well. 

Our data show that clone 1 is probably of identical 
specificity to that of previous monoclonals reactive 
with 129-138. Clone 2 is to a new epitope in the 
119-178 region of the molecule. Clone 3 is to a new 
epitope in the 45-91 region. Clone 6 to a new epitope 
in the 1-44 region. Experiments enabling more pre- 
cise localisation and characterisation of some of the 
reactive epitopes will be published elsewhere (Hruby 
et aL, in preparation). 

Monoclonals for immunoassay of  MBP in clinical 
samples 

One might expect monoclonal antibodies reactive 
with sequential epitopes to be more useful than those 
to conformational epitopes for use in immunoassays 
detecting small MBP peptides in clinical samples. In 
this case even small peptides containing the epitope 
might be detected. This would not be the case how- 
ever if the intermediate peptides assume a novel 
conformation in which the sequential epitope is ste- 
rically hindered. 

If single monoclonals are used they will need to be 
of high affinity to permit sensitive competitive assays. 
If pairs of monoclonals reactive with adjacent non 
overlapping epitopes became available, it may be 
possible to develop more sensitive two site sandwich 
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assays, using monoclonals  of  more moderate  affinity. 
Monoclonals  reactive with distant epitopes will be 
less useful since the peptides in clinical samples may 
be too small to contain both. 

Our Clone 10 appears to be of  reasonable affinity 
and may prove useful for immunoassays. It differs in 
specificity, however, from that stated to be optimal 
for CSF measurements (Whitaker, 1980). Clone 9 has 
the desired specificity but as an IgM is not  useful for 
immunoassay. 

Also of  interest is our Clone 1, since an antibody 
of  similar specificity has been used to detect epitope 
129-138 in the serum of  a stroke patient (Dowse et 
al., 1983). 

We conclude that the techniques described here are 
capable of  generating monoclonals  for the immu- 
noassay of  a wide range of  M B P  peptides. Whether  
any of  these find a clinical application depends on 
how convenient and sensitive the assays can be made. 
Much work is needed on the preparation of  more 
monoclonals  and characterisation of  the epitopes 
before an optimised assay for clinical use will emerge. 
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Note added in proof: 
Antibody from clones 1, 2 and 10 can be obtained from 
Serotec Ltd, Station Road, Blackthorn, Bicester, U.K. 


