
EP 0190 205 B1 Description This invention relates to a method of detecting
or determining a sequence of monomer molecules which corresponds to an
epitope on an antigen, or which has the equivalent molecular topology to
that epitope. 5     As used throughout this specification, the terms listed
below have the following meanings:- epitope: the specific surface of an
antigen molecule which is delineated by the area of interaction with an
antibody molecule. catamer: 10 a polymer molecule which has a precisely
defined sequence and which is formed by the condensation of a precise
number of small molecules. Note that this term includes molecules in which
different types of condensation reactions are used to join the small
molecules. A number prefixed to the word 'catamer' indicates that the
catamer is formed by the condensation of the indicated number of small
molecules, for example, 8-catamer means that the catamer is made up from
eight small molecules. Examples of catamers 15 include any given peptide,
and any given oligo-saccharide. monomer: a member of the set of small
molecules which can be condensed together to form a catamer. The set of
monomers includes but is not restricted to, for example, the set of common
L-amino acids, the set of D- amino acids, the set of synthetic amino acids,
the set of nucleotides, and the set of pentoses and hexoses. 20  peptide: a
catamer in which the small molecules are alpha-amino acids which are joined
together through peptide bonds. In the context of this specification it
should be appreciated that the amino acids may be the L-optical isomer or
the D-optical isomer. mimotope: 25 catamer which in at least one of its
conformations has a surface region with the equivalent molecular topology
to the epitope of which it is a mimic. complementary: refers to the
matching together of the reacting surfaces of an antibody paratope and its
particular epitope. These surfaces must match during the binding of an
antibody paratope with its epitope. Thus, the paratope 30 and its epitope
can be described as complementary, and furthermore, the contact surface
characteristics are complementary to each other. paratope: the combining
site of an antibody which is complementary to a particular epitope. It is
already well known that:- 35    1. an antigen is a macromolecule such as a
protein or polysaccharide which is usually, but not necessarily, foreign to
a human or animal and when introduced into the human or animal body,
stimulates either a humoral or cellular immune response, or both; 2. the
specific region of the antigen to which antibodies bind is known as the
epitope; 3. there may be more than one epitope on an antigen molecule; 40
4. the overall humoral response of the body to an antigen is to produce
antibodies against the various epitopes of the antigen; each of the
individual antibodies is a monoclonal antibody and by definition is
produced from a group of cells which come from the multiplication and
differentiation of a single progenitor B-cell; 5. the paratope of an
antibody molecule is defined as the molecular surface of the antibody
combining 45    site which is the contact surface between epitope and the
antibody; 6. there may be produced against a given epitope of the antigen
more than one antibody which differ in their paratopes; each paratope can
be characterised by its specificity for the complementary epitope; and 7.
antibodies produced in response to a challenge by antigen can be further
characterised in that some 50    may neutralize directly by binding with
the antigen; others may form aggregates which can be dealt with by the
macrophage system; and yet others may fail to exhibt any measurable
biological effects. 



It is a primary object of the present invention to detect or determine the
one or more short sequences of monomers which equate with an epitope of an
antigen, such that these sequences can combine with the same antibody as
the epitope. These catamers would be the mimotopes of the epitope. This
information is 55 invaluable in the design of synthetic catamer vaccines
against diseases and for the design of very specific diagnostic and
therapeutic agents. The most usual group of small molecules which may be
condensed together to form a catamer is the group of alpha-amino acids.
However, other molecules which are consistent with the chemistry chosen may
2    EP 0 190 205 B1 be used. For example, beta-amino acids may be used
with advantage to add an extra -C- bond spacer at precisely controlled
positions in the catamer. PNAS, 81 (1984), p3998-4002 discloses a procedure
for the rapid synthesis of hundreds of short peptides derived from the
known sequence of FMDV type [err]. These peptides can then be screened for
5  immunogenicity. EMBO journal, Vol 3, no. 6, (1984) p1295-1300 discloses
the characterization of the epitope of the rat monoclonal antibody YL 1/2.
This characterization is carried out using synthetic peptides spanning the
carboxy-terminus of tyrosinated [err]-tubulin. According to the present
invention there is provided a method of determing the sequence of monomers
10 selected from a defined set of monomers which is a conformational
equivalent of an epitope which is complementary to a particular paratope of
an antibody of interest, the method comprising the steps of: (i)
synthesizing a plurality of catamer preparations; each of said catamer
preparations consisting of a plurality of catamers made of a defined set of
monomers and in which (i) the composition at two or more designated
positions in each catamer is known and is constant for each catamer in the
catamer 15    preparation, and (ii) the composition at each of the
remaining positions are randomly made up from the members of said defined
set of monomers; and said plurality of catamer preparations comprising
preparations in which the monomer(s) at the designated positions are
systematically varied to contain members from said defined set of monomers;
(ii) contacting each of said plurality of catamer preparations with the
antibody of interest; and 20   (iii) detecting the presence or absence of
binding between each of said plurality of catamer preparations and said
given antibody; and (iv) determining a partial sequence of monomers for the
conformational equivalent of an epitope which is complementary to the
particular paratope of said antibody from the known composition of said two
or more designated positions in each of said plurality of catamer
preparations that bind to said antibody. 25     Preferably, the method also
comprises the further steps of:- (v) synthesizing a further plurality of
catamer preparations as defined in claim 1 and which include the
composition of the partial sequence as determined in said step (iv) as
initial designated position, each of said further plurality of catamer
preparations having at least one or more additional position in each
catamer as a designated position in which the monomer is known; and 30
(vi) repeating (ii), (iii), and (iv) as defined in claim 1 in respect of
said further plurality of catamer preparations. The procedures of steps (v)
and (vi) may be repeated until all positions in each catamer preparation
have been designated; and all deduced mimotopes may then be synthesised to
determine from their relative ability to react with the antibody of
interest which are the better mimotopes for the epitope 35 corresponding to
this given antibody. The method of the present invention is based on the
realisation that a given antibody will specifically react with a catamer
which is the mimotope of the epitope to which the antibody is directed. It
further relies on the knowledge that modern techniques of immunology allow
the detection of reactions between an antibody and its epitope when both
are present in very small amounts. Binding has been detected when an 



40 antibody and its epitope are present in amounts of about 1 pmole. Thus,
if an antibody is presented with a mixture of catamers, amongst which is a
mimotope to its epitope then it will be seen to react with the mixture,
binding specifically to the mimotope. The identity of mimotopes is deduced
from the known monomer composition at the designated positions of reacting
catamer preparations. A complete mimotope would be expected to be some
combination of the reacting components deduced in this way. 45    It will
be apparent that the method of this invention requires no previous
information about the nature of the antigen and in particular it requires
no foreknowledge of the sequence of monomers which make up the antigen. In
fact, it is not necessary for the application of this invention to know the
source or the identity of the antigen to which the antibody is directed.
Furthermore, this invention makes no assumptions about the epitope which
stimulated the production of the particular antibody. This method will
identify mimotopes of 50  discontinuous as well as continuous epitopes.
Because of the very nature of the method of the invention it will be
appreciated that it applies to any antigen, which in part or in total is
non-proteinaceous, whose epitopes can be mimicked by a suitable catamer.
Mimotopes may or may not be made from members of the same set of monomers
which make up the antigen. Preferably the method of the present invention
is carried out by screening a plurality of synthesized 55  catamer
preparations against an antibody of interest. Ideally the antibody will be
a monoclonal antibody which can be prepared by any of the usual methods.
Polyclonal antiserum from humans and animals may be used if a source of
monoclonal antibody is not available, however, analysis of the resulting
data may be complicated because the reactions observed could be from more
than one monoclonal antibody. When 3    EP 0 190 205 B1 using polyclonal
antiserum it may be necessary to reduce the antibody diversity by using
techniques well known to those skilled in the art, for example iso-electric
focusing, HPLC-based chromatography or affinity chromatography. Current
indications suggest that an epitope can be mimicked by a catamer which is
about eight 5  monomers in length when the monomers come from the set of
alpha amino acids. The ability of the 8- catamer to be the mimotope of the
epitope is not critically dependent on every position having a particular
monomer. It is to be understood, however, that the present invention is not
restricted to sequences formed from eight monomers. The plurality of
catamer preparations required to be synthesized in the application of this
invention may 10  be prepared by any of the known methods of catamer
synthesis. The preferred method when the monomers are amino acids is to use
the solid phase technique described in Australian Patent Specification No.
25429/84, whereby each mixture of catamers is synthesized on a polyethylene
support. The following is a detailed description of one embodiment of the
present invention:- 15 A. Synthesis of a plurality of catamer preparations.
As noted above, the preferred method of applying this invention is to
synthesize the catamers on a solid support. In this embodiment, the
plurality of catamers will all have the general formula 20
Y-X-X-[err]-X-X-X-X-[solid support], where 'X' represents a member of a set
of monomers. Ideally, each catamer preparation should include catamers in
which each of the 'X' positions in the catamer formula represents a member
of the set of monomers such that each member of the set is present in the
catamer preparation in approximately 25 equimolar amounts. Note that the
same set of monomers need not be used at each 'X' position. 'Y' in the
general formula is an end group of the catamer and may be, but is not
restricted to, for example a hydrogen atom or an acetyl group. [err] and
[err] represent designated positions occupied by monomers which are known
and constant in each catamer preparation synthesized; but which are altered
systematically between catamer preparations. Note that the same set of
monomers need not be used at each designated position. It 30  should also
be noted that when the catamers are synthesized from amino acids the
catamers may be coupled to the solid support through their -COOH ends, or
through their amine ends. 



If i is the number of members in the set of monomers to be coupled in the
[err] position and j is the number of members in the set of monomers to be
coupled in the D2 position then a total of i.j different catamer
preparations will be synthesized. 35     In the present embodiment, the
support rods are prepared so that the monomers can be coupled to them. The
rods are then exposed to the reaction mixture containing each member of the
set of monomers being considered. This will couple monomers at the first
'X' position. This process is repeated thrice to give the catamer
Z-X-X-X-X-[solid support] where 'Z' is the protective group appropriate to
the set of monomers being considered; examples of 'Z' where the monomers
are amino acids include the BOC and Fmoc 40  groups. Up to this stage in
the performance of the method all rods have been treated in an identical
manner. For the coupling at the [err] position each rod will be treated
with a reaction mixture which contains only a single monomer such as a
protected amino acid or the like. In the [err] position each of the i
monomers will be coupled to i rods. For the coupling at the [err] position
each rod is again treated with a reaction mixture 45  containing only a
single monomer such as a protected amino acid or the like. Each of the j
rods which has a particular monomer in the [err] position will have a
different monomer coupled at the D2 position. In this way every combination
of the members of the set(s) of monomers will be found in the i.j rods.
Coupling of monomers in the remaining 'X' positions is identical to the
coupling in the X' positions closer to the solid support. 50     After
synthesis of the plurality of catamer preparations any side-chain
protective groups are removed from the catamer preparations using the usual
techniques and the rod-coupled catamers are washed. It has been found to be
a preferred embodiment of the invention to synthesize more than one set of
pluralities of catamer preparations to aid in the analysis of data. Thus,
as well as synthesizing catamers with the general formula 55 Y-X-X-[err]
-X-X-X-X-[solid support] as described above, additional sets of catamers
may be prepared with the general formulae 4    EP0190205B1 Y-X-X-D2
-X-[err] -X-X-X-[solid support] and 5 Y-X-D2 -X-X-[err] -X-X-X-[solid
support]. Note that other general formulae may be selected for the
syntheses of other sets of catamer preparations. 10  B. Testing of the
catamer preparations. The plurality of catamer preparations prepared as in
A above are then contacted with the particular antibody of interest. The
reaction between antibody and components of the catamer preparations can
then be detected by any of the usual methods, for example Radioimmunoassay
(RIA). However, the preferred 15  method of detection of the presence of
antibody-mimotope binding is to use the well-known enzyme-linked
immunosorbent assay (ELISA). At the end of each assay antibodies can be
removed from the catamer preparations by, for example, washing with a
solution of 8M urea, 0.1% 2-mercaptoethanol and 0.1% sodium dodecylsulphate
followed by several washes in phosphate buffered saline. In this way the
plurality of catamer preparations may be used 20 for testing with many
other antibodies. C. Analysis of data. In the testing of the catamer
preparations with antibody it will be found that certain rods will show 25
detectable binding with the antibody. The catamer preparation coupled to
such a reacting rod contains a defined combination of the members of the
set(s) of monomers in positions [err] and [err]. This combination of
monomers is likely to form part of the catamer which makes up a mimotope
for the epitope which is 



complementary to the antibody. Further analysis of the data can be carried
out in a number of ways. These include:- 30    1. combining and permutating
these reacting monomers to create a list of catamers which may include one
or more mimotopes for the epitope; each catamer in this list could be
regarded as a possible mimotope; 2. taking the most suitable candidates
from the list of reacting combinations of monomers (but not necessarily
those giving the highest antibody binding activity) and further
synthesizing sets of catamer 35    preparations in which the known reacting
combination of monomers is held constant and the monomers at other
positions of the catamers are varied systematically; thus in the example
above, a suitable set of such catamer preparations would include catamers
with the formulae Y-X-[err] -X-X-X-X-[solid support] 40 and
Y-X-X-[err]-X-X-X-[solid support], 45    where [err] and [err] constitute
the reacting combination of monomers and [err] and [err] are other
designated positions where each of the members of the set of monomers is
systematically varied; and 3. combining the results from more than one of
the sets of plurality of catamer preparations and decoding to produce a
single sequence of monomers, or possibly a very small number of such
sequences which may mimic the epitope of interest; this is because, using
the embodiment given above, so   the reacting combinations of monomers when
they are adjacent to each other, the reacting combinations of monomers when
they are separated by one position and finally the reacting combinations of
monomers which are separated by two positions, are all known; these data
may be easily decoded to yield the sequence of the mimotope; this approach
will be of greatest benefit when the antibody used to test the plurality of
catamer preparations is a monoclonal antibody. 55 D. Synthesis of selected
mimotopes. The selected mimotopes can then be synthesized using similar
methods to those described in 5    EP 0190205 B1 Australian Patent
Specification No. 25429/84. After the selected catamers have been
synthesized they are reacted with the antibody of interest. It is then
simple to select the catamer which binds most strongly with the antibody.
As a final check that this catamer is the best mimotope of the epitope, the
sequence of the catamer may be used as the parent sequence of a replacement
net as described in Australian Patent 5  Specification No. 25428/84. In
Examples 1, 2 and 3 given below, the defined set of monomers is the set of
the common L-alpha amino acids. This set of monomers is used for both the
designated positions and the random positions (positions  [err] and 'X' as
used in the general formulae above). Furthermore, in these examples, the
end group of the catamers (the 'Y' group) was the acetyl moiety. 10 EXAMPLE
1 A plurality of 8-catamer preparations was synthesized with the general
formula 15 Acetyl-NH-X-X-[err] -X-X-X-X-[solid support] where 'X' is a
member of the set of 20 common L-alpha amino acids, such that each member
of the set is present at the 'X' position in the catamer preparations in
approximately equi-molar amounts; both designated positions, [err] and
[err] are members of the same set of monomers; and '-NH-' represents the 20
terminal amine group of the catamer. The 8-catamer preparations were
synthesized on a solid polymer pin or rod as described in general in
Australian Patent Specification No. 25429/84, using the BOC group as
protection for the L-alpha amino acids during synthesis. 



Members of the set of common L-amino acids were coupled in the 'X'
positions in the following way:- 1. A mixture of amino acids was dissolved
in 102ml of Dimethylformamide (DMF). The mixture consisted 25    of:-
BOC-L-Alanine                  32 mg BOC-Methoxybenzyl-L-Cysteine   100 mg
BOC-Benzyl-L-Aspartic acid     90 mg 30
BOC-Benzyl-L-Glutamic acid     96 mg BOC-L-Phenylalanine            61 mg
BOC-L-Glycine                  27 mg BOC-Tosyl-L-Histidine         142 mg
BOC-L-Isoleucine.1/2 [err]       51 mg 35
BOC-Carbobenzoxy-L-Lysine     124 mg BOC-L-Leucine H20              55 mg
BOC-L-Methionine               54 mg BOC-L-Asparagine               47 mg
BOC-L-Proline                  42 mg 40 BOC-L-Glutamine                53
mg BOC-Tosyl-L-Arginine.H2 0     167 mg BOC-Benzyl-L-Serine            76
mg BOC-Benzyl-L-Threonine         83 mg BOC-L-Valine                   42
mg BOC-L-Tryptophan               78 mg BOC-Benzyl-L-Tyrosine         116
mg 2. A solution of 1310 mg of 1-Hydroxybenzotriazole (HOBT) was made in 34
ml of DMF. 50    3. A solution of 1150 mg of N,N'-Dicyclohexylcarbodiimide
(DCC) was made in 34 ml of DMF. 4. Before use, the solution of HOBT was
added to the solution of amino acids and mixed. Then the solution of DCC
was added and mixed. The catamer or linking molecule already on the solid
support was then reacted with the resulting mixture. Individual L-amino
acids were coupled in the [err] and [err] positions by the method described
in Australian 55 Patent Specification No. 25429/84. This resulted in the
synthesis of 400 catamer preparations, comprising all possible pairings of
the 20 common amino acids at the [err] and [err] positions. The plurality
of 8-catamer preparations were tested against a monoclonal antibody by
ELISA. This monoclonal antibody was prepared against Foot-and-Mouth Disease
Virus (FMDV) subtype [err] using    EP 0 190 205 B1 techniques well known
to those skilled in the art. In performing the ELISA assay support-coupled
peptides were incubated in a precoat solution of 1% ovalbumin/1% bovine
serum albumin/0.1% Tween 20 in phosphate buffered saline (PBS) for 1 hr at
[err] to block non-specific absorption of antibodies. Overnight incubation
at [err]  in a suitable dilution of monoclonal antibody in precoat solution
was followed by three 5  washes in 0.05%  Tween 20/PBS. Reaction for 1 hr
at [err] with goat anti-mouse IgG conjugated to horseradish peroxidase,
diluted in the precoat solution, was again followed by extensive  washing
with PBS/Tween to remove excess conjugate. The presence of antibody was
detected by reaction for 45 min with a freshly prepared enzyme substrate
solution (40mg of o-phenylenediamine and 18[err] of "120 vol." hydrogen
peroxide in 100ml of phosphate/citrate buffer, pH 5.0), and the colour
produced determined at 70 450nm. Figure 1 shows the result of testing the
8-catamer preparations with this antibody. In Figure 1, each group of
twenty lines represents the response in an ELISA in units of absorbancy of
the colour developed when measured at 450nm. Each member of the group of
twenty lines has a common amino acid in the [err] 



position which is given in single-letter code immediately below each group.
Each member of a group of 15 twenty lines represents a different amino acid
in the [err] position - these are in alphabetical order of their
single-letter code. The results are summarised in Table 1. (In Table 1, and
throughout the remainder of the Examples, the single letter code for amino
acids will be used.) TABLE 1 20 Antibody binding activities of the
8-catamer preparations mixtures Ac-X-X-[err]-X-X-X-X-[err]. Peptide Mixture
Extinction [err] Ac-X-X-M-H-X-X-X-X-[err]                           0.624
25                    Ac-X-X-M-K-X-X-X-X-[err]
0.582 Ac-X-X-K-K-X-X-X-X-[err]                           0.537
Ac-X-X-K-H-X-X-X-X-[err]                           0.510
Ac-X-X-Q-H-X-X-X-X-[err]                           0.488
Ac-X-X-H-H-X-X-X-X-[err]                           0.486 30
Ac-X-X-Q-N-X-X-X-X-[err]                            0.460
Ac-X-X-W-M-X-X-X-X-[err]                           0.448
Ac-X-X-K-N-X-X-X-X-[err]                           0.431
Ac-X-X-H-K-X-X-X-X-[err]                           0.417 35        Mean
extinction of the lower 200 values was 0.202 (Standard deviation 0.021). Ac
means the acetyl moiety. [err] means (solid support]. 40    It will be seen
that the antibody reacts strongly with a number of 8-catamer preparations.
In order of strength of reaction, these include 8-catamer preparations in
which the designated positions [err] are: -M-H-, -M-K-, -K-K-, -K-H-, -Q-H-
and -H-H-. Two further pluralities of 8-catamer preparations were
synthesized. These had the formulae 45 Acetyl-NH-X-[err]-M-K-X-X-X-X-[solid
support] and Acetyl-NH-X-X-M-K-[err]-X-X-X-[solid support] 50 where 'M'
means a methionine residue, 'K'  means a lysine residue and [err] and [err]
are the new designated position for these series of syntheses; other terms
in the formulae are as used previously. These 8-catamer preparations were
tested against the monoclonal antibody against FMDV [err]. Figures 2A and
2B show the results of ELISA testing with the monoclonal antibody used to
produce the results 55 shown in Figure 1. Figure 2A represents 8-catamer
preparations with the general formula Acetyl-NH-X-[err]-M-K-X-X-X-X-[solid
support]. 7    EP 0 190 205 B1 Figure 2B represents 8-catamer preparations
with the general formula Acetyl-NH-X-X-M-K-[err]-X-X-X-[solid support]. s
In both figures the amino acid in the [err] or [err] position is given
below each line which represents the absorbancy of the colour developed
when measured at 450nm. The results are summarised in Table 2. Antibody
binding activities are shown relative to the 8-catamer preparations
containing the dfined amino acid pair M-K for all the 8-catamer
preparations giving a value greater than 1.1. Also shown is the value found
for the reverse pair K-M. 10 TABLE 2   Relative antibody binding activities
of 8-catamer preparations containing three 15                       defined
amino acids. 



Amino-terminal extension    Carboxyl-terminal extension 20
Sequence                     Activity    Sequence
Activity Ac-X-H-M-K-X-X-X-X-[err] 2.54  Ac-X-X-M-K-H-X-X-X-[err] 2.85 25
Ac-X-W-M-K-X-X-X-X-[err] 2.50  Ac-X-X-M-K-Q-X-X-X-[err] 2.20
Ac-X-Q-M-K-X-X-X-X-[err]  1.69  Ac-X-X-M-K-W-X-X-X-[err]  1.97
Ac-X-N-M-K-X-X-X-X-[err]  1.27  Ac-X-X-M-K-G-X-X-X-S  1.41
Ac-X-G-M-K-X-X-X-X-[err] 1.14  Ac-X-X-M-K-N-X-X-X-S  1.26 30
Ac-X-C-M-K-X-X-X-X-S  1.11 Control sequences M-K    1.00 ([err] = 0.14) 35
K-M         0.97 Test background [err] = 0.08. 40 It will be seen that the
8-catamer preparations which gave the greatest reactions with the
monoclonal antibody had the following sequences in the designated
positions: -H-M-K-, -W-M-K-, and -Q-M-K- in Figure 2A; and -M-K-H-, -M-K-Q
and -M-K-W- in Figure 2B. Incorporation of histidine at either side of the
M-K defined pair resulted in the greatest antibody binding 45  activity.
However histidine at the amino terminal side was not significantly better
than tryptophan, and the defined sequence W-M-K-H was selected for further
evaluation. The validity of proceeding with the defined sequence W-M-K-H,
predicted to be optimal by combining the individual preferred extensions to
the pair M-K, was tested. Catamer preparations based on the parent sequence
of Acetyl-NH-X-W-M-K-H-X-X-X-[err] [solid support] were synthesized, in
which at each of the four so  defined positions all 19 alternative amino
acids were substituted, one at a time. Testing of this set of catamer
preparations for binding activity with the test monoclonal antibody (MAb)
showed Q-M-R-H to be the preferred sequence for extension (E4so obtained
were; Ac-X-W-M-K-H-X-X-X-[err]  = 0.69, Ac-X-Q-M-K-H- X-X-X-[err] = 1.47,
and Ac-X-W-M-R-H-X-X-X-[err] = 1.11, test background was 0.2). The
preference for glutamine at the amino-terminal side of the defined sequence
M-K-H rather than tryptophan as had been 55  determined for the pair M-K,
demonstrates the inter-dependence of individually determined optima.
8-Catamer preparations with the general formulae
Acetyl-NH-[err]-Q-M-R-H-X-X-X- [solid support] and    EP 0 190 205 B1
Acetyl-NH-X-Q-M-R-H-[err]-X-X- [solid support] were synthesized. The
preparations with the highest antibody-binding activity were those with Ds
= tryptophan and [err] = serine, which suggests that W-Q-M-R-H-S is the
optimum sequence. No significant 5  improvement in antibody binding
activity was achieved by defining further amino acids to either end of this
sequence. Assessment of the set of peptides comprising all the single amino
acid substitutions of this sequence, synthesized as hexapeptides, confirmed
that W-Q-M-R-H-S was close to the optimum hexapep- tide. Some increase in
antibody binding activity was shown when glycine replaced arginine in the
peptide to give the sequence W-Q-M-G-H-S. 10    In order to confirm the
specificity of the antibody-binding reaction of the determined group of
related peptides for the test MAb, the titre of the test MAb for a number
of the peptides was compared with those of a MAb to Sperm whale myoglobin
or hepatitis A (Table 3). The specificity of the antibody-binding reaction
is clearly for the test MAb, the antibody used to determine the sequence of
those peptides. 15                                           TABLE 3
Specificity of Test MAb for W-Q-M-G-H-S related peptides. Peptide
Titre 20                                       Test MAb   anti-hepatitis A
anti-myoglobin Ac-X-X-M-K-X-X-[err]       2,000       < 200           < 200
Ac-X-W-M-K-X-X-[err]      14,000       < 200            1,600 



Ac-X-X-M-K-H-X-[err]      17,000       < 200           < 200 25
Ac-X-W-M-K-H-X-[err]      36,000        < 200            800
Ac-W-Q-M-R-H-S-[err]    100,000        < 200           < 200
Ac-W-Q-M-G-H-S-[err]     120,000       < 200           < 200 Antibody
titres for each MAb were determined by ELISA and correspond to the
reciprocal dilution of the 30 ascites fluid giving an extinction of three
times the test background. Values were corrected for non-specific
absorption as determined by reacting each dilution of ascites fluid with
unrelated peptide controls (Ac-G-D- L-G-S-I-[err] and
Ac-G-D-L-Q-V-L-[err]). Monoclonal antibodies tested were: Test MAb,
anti-FMDV, type [err] as described in the text (titre against the whole
virus 1.3x[err]); anti-hepatitis A, site of reaction unknown (titre 35
against hepatitis A virus 106); and anti-myoglobin (sperm whale), site of
reaction also unknown (titre against sperm whale myoglobin [err]). EXAMPLE
2 Example 2 illustrates the application of the invention to a polyclonal
antibody. A further plurality of 8-catamers was synthesized with the
general formula Acetyl-NH-X-X-[err]-X-X-X-X-[solid support] as described in
Example 1. This was tested against an antibody which had been produced
against the synthetic peptide C-G-D-L-G-S-I-A-K This peptide was prepared
using the usual techniques of Merrifield solid-phase peptide synthesis. The
peptide was coupled to Keyhole Limpet Haemocyanin through the sulfhydryl
group of the cysteine moiety. The coupled peptide was formulated with
Freund's incomplete adjuvant and injected into a rabbit via the
intramuscular route. Antiserum was obtained by bleeding the rabbit 40 days
after injection. 50     The results of ELISA testing the plurality of
8-catamer preparations with the antibody are given in Figure 3 in the same
manner as in Figure 1. It will be seen that all 8-catamer preparations
which had E (glutamic acid) in the [err] position reacted significantly
with antibody. Other combinations which reacted significantly with antibody
include in decreasing order:- -D-l-, -G-D-, -I-G-, and -D-V-. 55     As
described in Example 1 above, further pluralities of 8-catamer preparations
were synthesized with the formulae:- Acetyl-NH-X-[err]-D-I-X-X-X-X-[solid
support] 9    EP 0190 205 B1 and Acetyl-NH-X-X-D-I-[err]-X-X-X-[solid
support] 5  where D is aspartic acid and I is isoleucine. Results of
testing with the antibody are shown in Figure 4 in the same manner as in
Figure 2. Figure 4A represents 8-catamer preparations with the general
formula Acetyl-NH-X-[err]-D-I-X-X-X-X-[solid support]. 10 Figure 4B
represents 8-catamer preparations with the general formula
Acetyl-NH-X-X-D-I-[err]-X-X-X-[solid support]. Figure 4 shows that
8-catamer preparations which react with antibody include the following
sequences 15 in the designated positions:- -G-D-I-, -A-D-I-, -P-D-I-,
-D-I-D-, -D-I-M- and -D-I-T-. It can plainly be seen by comparing Figure 4A
with Figure 4B that the position immediately before the -D-I- pair permits
far less latitude in allowable amino acids than does the position
immediately after the -D-I- pair. 8-Catamer preparations based on the
parent sequence 20 Acetyl-NH-X-X-G-D-I-D-X-X-[solid support] were
synthesized, in which at each of the four defined positions in the catamer
preparation all 19 alternative amino acids were substituted, one at a time.
Testing of this set of preparations for binding activity with the test
antibody showed that to retain the ability to react with this antibody, the
glycine residue could only be 25 replaced with alanine; the amino-terminal
aspartic acid could not be replaced by any amino acid; the isoleucine could
be replaced with valine, leucine or threonine or with about ten other amino
acids with a 



reduction of binding activity; and the carboxyl-terminal aspartic acid
could be replaced by virtually any amino acid, serine in this position
giving the strongest binding. The testing showed that the defined sequence
G-D-I-S was the preferred one for extension. 30     Extending the defined
sequence above demonstrated the preference for incorporation of tryptophan
at the amino-terminal end and histidine at the carboxyl-terminal end.
However, neither extension produced a very marked increase in the
antibody-binding activity. Further extension of the preferred defined
sequence W-G-D-I-S-H showed that there was little advan- tage in extending
the sequence further. 35    It will be noted that the mimotope determined
for this particular antibody, namely, W-G-D-I-S-H has only a passing
similarity to the peptide which was used to induce the antibody, namely,
C-G-D-L-G-S-I-A-K. However, testing of the antibody in a replacement net
based on the immunogenic sequence G-D-L-G-S-I showed a marked preference
for the sequence G-D-L-G-D-I rather than the inducing sequence G-D-L-G-S-I
([err] values 0.45 and 0.16 respectively). There is a similarity between
the mimotope as determined and a 40 preferred binding peptide for the
antibody. This is strong evidence for the broad applicability of the
method. EXAMPLE 3 Example 3 illustrates that the length of the plurality of
catamer preparations can be shorter than 8- 45 catamers. A plurality of
4-catamer preparations was synthesized with the general formula
Acetyl-NH-X-[err]-X-[solid support] so  where the abbreviations are as used
for Example 1. The method of synthesis was identical to that used for
Example 1. This was tested against a monoclonal antibody which had been
raised against sperm whale myoglobin using techniques well known to those
skilled in the art. The results of ELISA testing the plurality of 4-catamer
preparations with the antibody are given in Figure 5 in the same manner as
in Figure 1. It will be seen that only the catamer preparations with the
formula 55 Acetyl-NH-X-L-A-X-[solid support] was able to react with the
monoclonal antibody. 10    EP 0 190 205 B1 As described in Example 1 above,
further pluralities of 4-catamer preparations were synthesized with the
formulae: Acetyl-NH-D3-L-A-X-[solid support] and
Acetyl-NH-X-L-A-[err]-[solid support] 10 Table 4 summarizes the most
reactive catamer preparations when tested in an ELISA system with the
monoclonal antibody. TABLE 4 - Relative antibody binding activities of 15
4-catamer preparations containing three defined amino acids. 20
Amino-terminal extension   Carboxyl-terminal extension Sequence
Activity               Sequence               Activity 25
AC-P-L-A-X-[err]             1.80                Ac-X-L-A-Q-[err]
1.73 Ac-A-L-A-X-[err]    1.36                         Ac-X-L-A-R-[err]
1.58 Ac-F-L-A-X-[err]   1.33                         Ac-X-L-A-S-[err]
1.39 30 Control sequences Ac-X-L-A-X-[err]  1.00 ([err] = 0.17)
Ac-X-A-L-X-[err]  0.94 35 



Catamer preparations based on the parent sequence Acetyl-NH-P-L-A-Q-[solid
support] 40 were synthesized to form a replacement net as described in
Example 2. Figure 6 shows the result of testing these peptides in an ELISA
with the monoclonal antibody. Each group of twenty lines in Figure 6
represents the response in percentage when compared to the mean of the
parent response ([err] = 2.62 with a background of 0.25). Each member of a
group of twenty lines has had the amino acid indicated below 45
substituted by another amino acid. The order of the lines is the
alphabetical order of the single letter code of the amino acid. The
thickened line in each group of twenty indicates the parent sequence
P-L-A-Q. It can clearly be seen that for the catamer preparation to be able
to bind to this monoclonal antibody with at least half the activity of the
parent sequence the proline may be replaced with the valine, isoleucine,
leucine, alanine or serine; the leucine can be replaced by phenylalanine
only; the alanine is freely replaceable by 50  virtually any other amino
acid; and the glutamine residue can only be replaced by asparagine. A set
of all overlapping 4-catamers of the sperm whale myoglobin sequence was
synthesized using the methods described for the designated positions in
Example 1. These catamers were reacted in an ELISA with the monoclonal
antibody. The results are shown in Figure 7. Each line represents the
colour developed in an ELISA, read at 450nm. Each line is numbered so that
the residue at the amino terminal end of the 55  particular catamer has the
same number as in the sperm whale myoglobin sequence. It can clearly be
seen that the only 4-catamer which reacts with the monoclonal antibody is
that comprising residues 88 to 91 of the sperm  whale sequence. This
sequence is P-L-A-Q. Clearly, the monoclonal antibody recognizes this
particular determinant on the sperm whale myoglobin. 11    EP 0 190 205 B1
A set of 5-catamers with the general formulae
Acetyl-NH-[err]-P-L-A-Q-[solid support] 5  and Acetyl-NH-P-L-A-Q-[err]
-[solid support] were synthesized to determine the best extensions to the
defined sequence. The best binding preparations 10  were
Acetyl-NH-K-P-L-A-Q-[solid support] and Acetyl-NH-P-L-A-Q-Y-[solid
support]. 15    It should be noted that the sequence K-P-L-A-Q is
homologous with the sequence of sperm whale myoglobin at residues 87 to 91.
Again, this example illustrates the applicability of this technique. Claims
20  1. A method of determing the sequence of monomers selected from a
defined set of monomers which is a conformational equivalent of an epitope
which is complementary to a particular paratope of an antibody of interest,
the method comprising the steps of: (i) synthesizing a plurality of catamer
preparations; each of said catamer preparations consisting of a plurality
of catamers made of a defined set of monomers and in which (i) the
composition at two or 25        more designated positions in each catamer
is known and is constant for each catamer in the catamer preparation, and
(ii) the composition at each of the remaining positions are randomly made
up from the members of said defined set of monomers; and said plurality of
catamer preparations comprising preparations in which the monomer(s) at the
designated positions are systematically varied to contain members from said
defined set of monomers; 30       (ii) contacting each of said plurality of
catamer preparations with the antibody of interest; and (iii) detecting the
presence or absence of binding between each of said plurality of catamer
preparations and said given antibody: and (iv) determining a partial
sequence of monomers for the conformational equivalent of an epitope 



which is complementary to the particular paratope of said antibody from the
known composition of 35        said two or more designated positions in
each of said plurality of catamer preparations that bind to said antibody.
2. A method according to claim 1, further comprising the additional steps
of: (v) synthesizing a further plurality of catamer preparations as defined
in claim 1 and which include 40       the composition of the partial
sequence as determined in said step (iv) as initial designated position.
each of said further plurality of catamer preparations having at least one
or more additional position in each catamer as a designated position in
which the monomer is known; and (vi) repeating (ii), (iii), and (iv) as
defined in claim 1 in respect of said further plurality of catamer
preparations. 45 3. A method according to claim 1, wherein each of said
plurality of catamer preparations is made up from the set of alpha-amino
acids. 4. A method according to claim 3, wherein each of said plurality of
catamer preparations consists of a so     plurality of 4-catamers to
8-catamers. 5. A method according to claim 1, wherein each of said
plurality of catamers is synthesized on a solid support, and has the
general formula: 55     Y-X-X-[err]-X-X-X-X-[solid support],
Y-X-X-[err]-X-[err] -X-X-X-[solid support] or
Y-X-[err]-X-X-[err]-X-X-X-[solid support] 12    EP 0 190 205 B1 A set of
5-catamers with the general formulae Acetyl-NH-[err]-P-L-A-Q-[solid
support] 5 and Acetyl-NH-P-L-A-Q-[err] -[solid support] were synthesized to
determine the best extensions to the defined sequence. The best binding
preparations 10 were Acetyl-NH-K-P-L-A-Q-[solid support] and
Acetyl-NH-P-L-A-Q-Y-[solid support]. 15    It should be noted that the
sequence K-P-L-A-Q is homologous with the sequence of sperm whale myoglobin
at residues 87 to 91. Again, this example illustrates the applicability of
this technique. Claims 20  1. A method of determing the sequence of
monomers selected from a defined set of monomers which is a conformational
equivalent of an epitope which is complementary to a particular paratope of
an antibody of interest, the method comprising the steps of: (i)
synthesizing a plurality of catamer preparations; each of said catamer
preparations consisting of a plurality of catamers made of a defined set of
monomers and in which (i) the composition at two or 25        more
designated positions in each catamer is known and is constant for each
catamer in the catamer preparation, and (ii) the composition at each of the
remaining positions are randomly made up from the members of said defined
set of monomers; and said plurality of catamer preparations comprising
preparations in which the monomer(s) at the designated positions are
systematically varied to contain members from said defined set of monomers;
30       (ii) contacting each of said plurality of catamer preparations
with the antibody of interest; and (iii) detecting the presence or absence
of binding between each of said plurality of catamer preparations and said
given antibody; and (iv) determining a partial sequence of monomers for the
conformational equivalent of an epitope which is complementary to the
particular paratope of said antibody from the known composition of 



35        said two or more designated positions in each of said plurality
of catamer preparations that bind to said antibody. 2. A method according
to claim 1, further comprising the additional steps of: (v) synthesizing a
further plurality of catamer preparations as defined in claim 1 and which
include 40       the composition of the partial sequence as determined in
said step (iv) as initial designated position, each of said further
plurality of catamer preparations having at least one or more additional
position in each catamer as a designated position in which the monomer is
known; and (vi) repeating (ii), (iii), and (iv) as defined in claim 1 in
respect of said further plurality of catamer preparations. 45 3. A method
according to claim 1, wherein each of said plurality of catamer
preparations is made up from the set of alpha-amino acids. 4. A method
according to claim 3, wherein each of said plurality of catamer
preparations consists of a 50     plurality of 4-catamers to 8-catamers. 5.
A method according to claim 1, wherein each of said plurality of catamers
is synthesized on a solid support, and has the general formula: 55
Y-X-X-[err]-X-X-X-X-[solid support], Y-X-X-[err] -X-D, -X-X-X-[solid
support] or Y-X-[err]-X-X-[err]-X-X-X-[solid support] 12    EP 0 190 205 B1
wherein Y is an end group of the catamer, X (which may be the same of
different) is a member of the set of monomers such that each member is
present in the catamer preparation, and [err] and [err] are known monomers
which are constant in each of the catamer preparations. 5  6. A method
according to claim 5, wherein each of said plurality of catamers has the
general formula: Acetyl-NH-X-X-[err]-X-X-X-X-[solid support] wherein X is a
member of the set of L-alpha amino acids, and such plurality of catamers is
such that 10     each member of the set is present at the X position in
approximately equi-molar amounts, [err] and [err] are known monomers
selected from the set of L-alpha amino acids. PatentansprUche *5  1.
Verfahren zur Sequenzbestimmung von Monomeren, ausgewAhlt aus einem
definierten Satz von Monomeren, welcher ein Konformations-Aquivalent pines
Epitops ist, das komplement~r zu einem bestimmten Paratop pines Antikorpers
von Interesse ist, wobei das Verfahren die Schritte umfasst: (i) pine
Vielzahl von Catamer-PrAparationen herzustellen; wobei jede der
Catamer-Praparationen aus einer Vielzahl von Catameren besteht, die aus
einem definierten Satz von Monomeren hergestellt 20        wurdan und worin
(i) die Zusammensetzung an zwei oder mehr bezeichneten Positionen in jedem
Catamer bekannt und for jedes Catamer in der Catamer-Priparation konstant
ist, und (ii) die Zusammensetzung der verbleibenden Positionen durch die
Teile des definierten Satzes der Mono- mere zufallig gebildet werden; und
die Vielzahl der Catamer-Pr~parationen Pr~parationen umfassen, in denen
das/die Monomer(e) bei den bezeichneten Positionen systematisch variiert
werden, damit 25        Teile des definierten Satzes von Monomeren
enthalten sind; (ii) Zusammenbringen jeder der Vielzahl von
Catamer-Pr~parationen mit einem Antik6rper von Interesse; und (iii)Nachweis
des Vorhandenseins oder Fehlens von Bindung zwischen jeder der Vielzahl von
Catamer-Praparationen und dem gegebenen Antikorper; und 30       (iv)
Bestimmung einer Teil-Sequenz von Monomeren aus der bekannten
Zusammensetzung der zwei oder mehr bezeichneten Positionen in jeder der
Vielzahl der an den Antikorper bindenden Catamer- Pr~parationen, fOr das
Konformations-Aquivalent eines Epitops. das zu dem einzelnen Paratop des 



Antikdrpers komplementir ist. 35 2. Verfahren nach Anspruch 1, weiter
umfassend die zusatzlichen Schritte: (v) eine weitere Vielzahl von
Catameren wie in Anspruch 1 definiert, und welche die Zusammenset- zung der
Teilsequenz wie in Schritt (iv) als anfanglich bezeichnete Positionen
bestimmt, einschlie- Ben, herzustellen, wobei jede weitere Vielzahl von
Catamer-Praparationen wenigstens eine oder mehrere zusltzliche Positionen
in jedem Catamer als eine bezeichnete Position, an der das 40
Monomer bekannt ist, enth~lt; und (vi) (ii), (iii), und (iv) wie in
Anspruch 1 beschrieben zu wiederholen, im Hinblick auf die weitere Vielzahl
von Catamer-Pr~parationen. 3. Verfahren nach Anspruch 1, wobei jede der
Vielzahl der Catamer-Praparationen aus dem Satz der 45
alpha-Aminosduren gebildet wird. 4. Verfahren nach Anspruch 3, wobei jede
der Vielzahl der Catamer-Pr~parationen aus einer Vieizahl von 4-Catameren
bis 8-Catameren besteht. 50  5. Verfahren nach Anspruch 1. wobei jede
Vielzahl von Catameren an einem festen Tr~ger hergestellt wird, und die
allgemeine Formel besitzt: Y-X-X-D2-DI-X-X-X-X-(fester Tr~ger)
Y-X-X-D2-X-D1 -X-X-X-(fester Trager) 55     Y-X-D2-X-X-Di -X-X-X-(fester
Triger) wobel y eine endstandige Gruppe des Catamers ist, X (welches gleich
oder unterschiedlich sein kann) ein Teil des Satzes von Momomeren ist.
dergestalt, daB jeder Tell in der Catamer-Praparation 3I 1111111 IIIIDI
IIIID 11D III    EP 0 190 205 B1 vorhanden ist, und Di und D2 bekannte
Monomere sind, die in jeder Catamer-Praparation konstant sind. 6. Verfahren
nach Anspruch 5, wobei jede Vielzahl von Catameren die aligemeine Formel
besitzt: 5 Acetyl-NH-X-X-D2-D, -X-X-X-X-(fester Trager) wobei X ein Tell
des Satzes von L-alpha-Aminosauren ist, und diese Vielzahl der Catamere
dergestalt ist, dafl jeder Teil des Satzes an der X-Position in etwa
aquimolaren Mengen vorhanden ist, Di und D2 10     bekannte Monomere
ausgewlhIt aus dem Satz von L-alpha-Aminosauren, sind. Revendlcations 1.
Procede de determination de la sequence de monomeres choisis dans un
ensemble defini de is     monomeres qui est un equivalent conformationnel
d'un epitope complementaire d'un paratope parti- culier d'un anticorps
interessant, le procedd comprenant les etapes de: (i) synthese d'une
pluralit6 de preparations de catameres; chacune desdites preparations de
catameres consistant en une pluralite de catambres constituee d'un ensemble
defini de monomeres et dans laquelle (i) la composition en ce qui concerne
deux positions designees ou plus dans 20       chaque catamere est connue
et constante pour chaque catamere dans la preparation de catameres, et (ii)
la composition sur chacune des positions restantes est constituee de faQon
al6atoire des membres dudit ensemble defini de monom&res; et ladite
pluralite de preparations de catameres comprend des preparations dans
lesquelles le ou los monomeres aux positions designees sont
systematiquement modifi6s pour contenir des membres dudit ensemble d6fini
de monomeres; 25       (ii) mise en contact de chacune de ladite pluralit6
de preparations de catameres avec l'anticorps interessant; et (iii)
detection de la presence ou de l'absence de liaison entre chacune de ladite
pluralite de preparations de catambres et ledit anticorps donne; et (iv)
determination d'une sequence partielle de monomeres pour l'4quivalent
conformationnel d'un 0 so     epitope complementaire du paratope
particulier dudit anticorps a partir de la composition connue 



desdites deux positions designees ou plus dans chacune de ladite pluralite
de preparations de catambres liee audit anticorps. 2. Procede selon la
revendication 1, comprenant de plus les 6tapes supplementaires de: 35
(v) synthese d'une pluralite suppl~mentaire de preparations de catameres
telle quo definie dans la revendication 1 et qui comprend la composition de
la sequence partielle telle quo determinee dans ladite etape (iv) comme
position d~signee initiale, chacune de ladite pluralite supplementaire de
preparations de catameres ayant au moins une position additionnelle ou plus
dans chaque catamere comme position designee dans laquelle le monomere est
connu; et 40       (vi) la r6p6tition de (ii), (iii), et (iv) telles que
d6finies dans la revendication 1 on ce qui concerne ladite pluralite
supplementaire de preparations de catameres. 3. Proced6 selon la
revendication 1, dans loquel chacune de ladite pluralite de preparations de
catameres est constitueo de lensemble des alpha-aminoacides. 45 4. Procede
selon la revendication 3f dans lequel chacune de ladite pluralite de
preparations de catambres consisto en une pluralite de 4-catambres a
8-catambres. 5. Procede selon la revendication 1, dans lequel chacune de
ladite pluralite de catambres est synthetis6e 50     sur un support solide,
et a la formule generale: Y-X-X-D2-Di -X-X-X-X-Csupport solide],
Y-X-X-D2-X-Di-X-X-X-[support solide] ou Y-X-D12 -X-X-D, -X-X-X-(support
solide] 65 dans laquelle Y est un groupe terminal du catambre, X (qui pout
etre identique ou different) est un membre de l'ensemble de monomeres tel
quo chaque membre est present dans la preparation de catambres, et Di et D2
sont des monomeres connus qui sont constants dans chacune des preparations
14    EP 0190 205 B1 de catambres. 6. Procedd selon la revendication 5,
dans lequel chacune de ladite pluralit6 de catambres a la formule g6nerale:
5 Ac6tyl-NH-X-X-D2-DI -X-X-X-X-[support solide] dans laquelle X est un
membre de l'ensemble des L-alpha aminoacides, cette pluralite de catameres
etant telle que chaque membre de l'ensemble est pr sent a la position X en
quantitds approximative- 10     ment 6quimolaires, Di et D2 etant des
monomeres connus choisis dans l'ensemble des L-alpha aminoacides. 15 20 25
30 35 40 45 50 55 15    


