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Diagnostic Assay

[001] The present invention . relates to mimotopes of blood

group antigens, and uses thereof.

[002] Blood group‘antigens exist on membrane proteins on
the surface of erythrocytes. The genes encoding all but one
of the'29 blood Qroup systems (Rhesus, Kell, Duffy, Kidd,
ABO, MNS, P, Luthéran, Lewis, ’Diego, Yt, Xg, Scianna,
Dombrock, Colton, Landsteiner—Wienef, Chido-Rodgers, Hh, Kx,
Gerbich, Cromer, Knops, Indian, Ok, Raph, JMH,‘I, Globoside
and GIL) have .been cloned, seqﬁenced, the amino acid

sequences deduqed, and the membrane structure predicted.

[003] Of the Rhesus, Kell, Duffy and Kidd blood systems
etc, the Rhesus antigens are the most complex beiﬁg the
products of two highly homologous genes, RHD and'RHCEf The
antigens are predicted to have six extracellular loops that

are available for antibody binding.

[004] The RhD polypeptide, the most commonly expressed of
the Rhesus antigens, differs by 36 amino acids from its
nearest equivalent, the RhCcEe pdlypeptide. Both are

co-expressed with the Rhesus-associated glycoprotein (RAG)

25 polypeptide.



5

10

15

20

WO »2‘008/ 120006 ) PCT/GB2008/001200
- 2 -
[005] The RHCE geﬁe product exists in four allelié forms
and each allele determines the expression of two antigens in
combination i.e. Ce, ce, cE or CE. The RhC an;igen diffefs
’from Rhc by one amino acid in loop 2 (SerlO3Pro), and for
E/e, a single exofacial'amino acid difference.is predicted

in loop 4 (Pro226Ala).

V[OOG] The Kell protein is a single pass membrane
 structure, and the K/k alleles are the result. of a- single
nucleotide polymorphism (SNP) resulting in a single amino

acid change (Meti93Thr) in the extracellular region.

[007] The Duffy protein . is prédicted to have 3
extracellular loops with the N-terminus being extracellular,
and the Fy?/Fy® alleles are the result of a SNP giving rise
to.an amino acid substitution (Asp42Gly) in the N-terminal

. region.

[008] The Kidd glycoprotein is predicted to have 10
membrane-spanning domains with intracellular N- and C-
termini. The Jk?/ka polymorphism results from a SNP giving
rise to a single amino acid substitution (Asp280Asn) on the

fourth extracellular loop.

25 [009] The immunologiéal determinants on an antigen that
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bind antibodies are defined as B-cell epitopes since they are
chogniséd by fhe surface-membrane immunoglobulin receptors
of B-lymphocytes. These epitopes may  be linear i.e. a
continuous stretch of amino acids from the protein sequence,
or conformational and depend on the épatial juxfaposition of
amino acids which are not contiguous. Study of the B-cell
epitope structure of blood group antigens has largély been
restricted to the RhD antigen, and to date over 30 epitopes

have been identified serologically.

[0010] A single amino acid substitution can affect more than
one epitope, even though the predicted loops involved are
some distance apart in the linear sequence, and it is

concluded that the RhD B-cell epitopes are conformational.

[0011] ‘The B-cell epitopes on C/c and E/e are predicted to
be fewer, but are likely to be conformational since full

antigenicity requires co-expression of the RAG polypeptide.

[0012] The .K/k polymorphism is predicted to -disrupt a
glycosylation site, which may account for the antigenicity
of the K allele, and it is anticipated that the epitopic

determinants will also be conformational.

[0013] Blood group antigens may induce the production of

alloantibodies that can cause destructibn of transfused red
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blood cells. Reactions to transfused blood may, therefore,
occur when a recipient of transfused erytﬁrocytes Ihas
antibodies to those eryth#ocytes; resulting in their
destruction. . An immedia%e reaction including feﬁer,
5 hypotension, nausea énd voﬁiting, and pain in the Béck.and
chest can occur, with the severity of the reaction depénding

on the class and amount of antibodies involved.

[0014] Alloantibodies to blood group antigens may also cfoss
10 the placenta of a pregnant woman and give rise to haemolytic
disease of the newborn (HDNB). Haemolytic disease of the
newborn (HDNB) can occur when the mother has been sensitised
to antigénsn oﬁ ‘the infant’s erythgocytés and makes IgG
antibodies to these antigens. These antibodies caﬁ-cross the
15 placenta and react with the foetal erythrocytes causing their

destruction. RhD is the most commonly involved antigen.

[0015]. Blood group antigens may also induce the production

of autoantibodies involved in autoimmune diseases such as

20 autoimmune haemolytic anaemia. The trigger for this
autoimmune disease is unknown and therefore it may occur at
anytime and results in the body producing autoantibodies of
broad Rh group specificity which attack the body’s own red
blood cells.

25

[0016] The most important blood groups associated with
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alloantibody generation are Rhesus, Kell, Duffy, and Kidd.

[0017] Current methods for detecting alloantibodies that may
destroy transfused erythrocytes or cross the placenta to
cause HDNB, or for detecting autoantibodies, rely on blood
donor red cell reagents. These have a short shelf—life and
vary considerably in the antigen expression between donors.
Use of human blood products also introduces ;safety
implications, for example; involving the potential transfer
of wiral infections. The rigorous testing and screening
required Wnen using human  reagents, together with
inconsistencies between samples slows the availability of
reagents for detecting alloantibodies, as weli as increasing

the cost of obtaining suitable reagents.

[0018] The present invention, accordingly, seeks to overcome
the problems associated with the prior art, in particular,
the problems associated with existing methods for detecting

alloantibodies and autoantibodies.

[0019] According to an aspect of the present invention there

is provided a mimotope of a blood group antigen.

[0020] The term “mimotope” refers to a peptide which is
capable of mimicking an epitope of a native peptide. 'Usually

such peptides are synthetic peptides. In this respect,
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~“synthetic peptide” includes any peptides which are

synthesised rather than expressed natively in a biological
system. Synthesis may be by recombinant technology such as
phage display, F-moc chemistry or any other method for
expressing or synthesising foreign peptides in biological or

non-biological systems or environments.

[0021] The present invention thus provides novel peptides
which ére capable of binding to antibodies which have been
raised to bloéd group antigens. These peptides. are not
necessarily from naturéL sources such as human blood and,
therefore, do nof carry the'health risks, storage problems .

and variability associated therewith.

[0022] Conveniently, the blood g;oup antigen is.selected
from Rhesus, Kéll, Duffy, Kidd, ABO, MNS, P, Lutheran, Lewis,
Diego, Yt, Xg, Scianna, Dombrock, Colton, Landsteiner-Wiener,
Chido-Rodgers, Hh, Kx, Gerbich, Cromer, Knops, Indian, Ok;

Raph, JMH, I, Globoside or GIL.

[0023] The deduced amino acid structure‘of a mimqtdpe may
not necessarily correséond to the amino acid structure of the
antigen which it mimics. Indeed, in the present studyAit
was discovered that the ﬁajority of the blood group mimotopes

identified have amino acid sequences which differ widely from

the amino acid sequence of the native antigen that they



10

15

20

25

WO 2008/120006 . PCT/GB2008/001200

mimic.

[0024] As the epitopes of many blood group anfigens are
thought to'be complex in confermation, it is surprisiné that
the syntheticlpeptides, identified in tﬁe present invention
by means of immunopenning, are capable of binding antibodies
raised to native antigens in a specific manner.‘This finding
suggests that the syhthetic blood group mimotopes assuﬁe and
maintain a three dimensional conformation which ellOWS them
to specificelly bind the antibodies raised to their

corresponding antigen.

[0025] Conveniently, the mimotope 1is: synthesised. This -
removes the problems associated with wusing human blood

reagents, for example, the potential risk of contamination

“and infection, difficulties regarding storage, donor

identification, variability and screening. These problems
have asseciated costs which will be reduced throﬁgh use of
synthetic mimotopes. Use of synthetic mimotopes also-
provides a greater degree of confrol over the reagents that
are available for use, ensuring that shortages never oecur

and unnecessary waiting for reagents can be avoided.

[0026] Through the present study, numerous mimotopes- of
blood group antigens were identified. Some of the peptides

conveniently identified as blood group mimotopes are
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identified in Tables 2-5 and include peptide fragments,

immunoreactive analogues or derivatives thereof.

[0027] According to a further aspect of the present
invention there is provided a method fér identifying a
mimotope of a blood group antigen,‘the method comprising
contacting a random phage display library with an antibody
to a blood group antigen and detecting binding of the
antibody to peptides in the phage display librafy, wherein
binding of an antibody to a peptide is ihdicative of. the

peptide being a mimotope of a blood group antigen.

[0028] Preferably, the blood group antigen is Rhesus, Kell,
Duffy; Kidd, ABO, MNS, P, Lutheran, Lewis, Diego, Yt, Xg,
Scianna, Dombrock, Colton( Landsteiner-Wiener, Chido-Rodgers, -
Hh, Kx, Gerbich, Cromer, Knops, Indian, Ok, Raph, JMH,.I,
Globoside or GIL. These are the blood group antigens-
associated with the geﬁeration of alloantibodies and

‘autoantibodies.

[0029] The antibody to which the mimotope binds may be a
monoclonal antibody or a preparation of polyclonal
antibodies. Methods for generating monoclonal antibodies and

polyclonal antibodies are well known in the art.

[0030] Random phage display libraries comprising 7-mer, 12-
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mer and l5-mer peptides were used to identify peptides which
could bind antibodies raised to native blood group antigens.
Identification and seque501ng of- peptldes which bound to the
antlbodles enabled 1dent1f1cat10n of potentlal blood group
antigen mimotopes. Subsequent analysis of these peptides by
ELISA followed by synthesis of'these peptides by SPOTs and
analysis of the membrane-bound SPOTs confirmed the stfength
and speeificity of the peptide-antibody binding. This
confirmed that synthetic peptides structurally different from
the native ahtigens which they mimicked Were-suceessfully
able to specifically\bind antibodies raised to native blood
group antigens, thus representing effective mimotopes of the
blood group antigens in question. immobilieation of the-
mimotopes onto, for' example, microsphere beads or
superpéramagnetic beads did not affect the ability of the
mimotopes to specifically bind antibodies raised to native
blood. group antigens.- The method described ‘therefore
represents an effective and efficient method for identifying
synthetic mimotopes of blood group antigens which can be used
in a- clinical setting, for example, in the diagﬁosis of -
diseases associated with the production of alloantibodies or

autoantibodies.

[6031] Binding of antibodies to the phage-peptides may be
detected by any means suitable, such means being known to a

person skilled in the art. Examples of the type of binding
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which can be used is described in the Examples.

[0032] According to a further aspect of the present

~invention there 1is provided a method for detecting an

antibody to a blood group antigen in a sample. The method
comprisiﬁg reacting a mimotope of said blood gioup antigen
with the sample to be tested, detecting any reaction between
the sample and the mimotope, wherein a»reaction between the
sample and the.mimotbpe is indicative of the presencé of an

antibody to the blood group antigen.

[0033] Conveniently before carrying out the above identified .

- method the mimotope : is immobilised on a solid support.

15

20

25

Immobilisation of the mimotopes onto a solid support such as..
microsphere beads or superparamagnetic beads did not affect
the -ability of the mimotopes to specifically bind antibodies
raised to native blood group antigens. In this connection,
the method compfises immobilising a mimotopé of a blood gréup
antigen on a solid support, contacting the immbbilised
mimotope with the sample to-be tested and detecting binding
of the saméle to the mimotope, wherein binding of the sample -
to the mimotope~is indicative of the presence of an ahtibody

to the blood group antigen mimicked by the mimotope.

[0034] Conveniently, the blood group antigen is Rhesus,

Kell, Duffy, Kidd, ABO, MNS, P, Lutheran, Lewis, Diego, Yt,
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Xg, Scianna, Dombrock, Colton, Landsteiner-Wiener, Chido-

Rodgers, Hh, Kx, Gerbich, Cromer, Knops, Indian, Ok, Raph,

JMH,'I, Globoside or GIL.

[0035] In this respect, given that many epitopes of native
blood group antigens are thought to be conformational it is
surprising that the synthetic mimotopes identified herein are
capable of presenting a three dimensional conformation”which
specifically bina antibodies raised to native blood  group
antigens, éven when bound to a solid support. The solid
support may compriée any support suitable for the purpose but
conveniently coﬁprisés a membrane, .glass slide of bead"
(glass, polystyrene etc.). Attachment to the support can be:
by any suitable means, for example using Ni—NTA groups -
attached to the surface of polystyrene microsphere beads or
using superparamagnetic pélystyrene beads. Polyhistidine
tags may be incorporated into the C-terminal or N-terminal
of mimotopes to aid attachment‘td the support. Membranes
having a lower background and which can be successfully

stripped and re-probed, for example INTAVIS AG membranes, are

preferable.

[0036] The present invention, therefore, provides a method-
which effectively identifies antibodies in biological samples
that have been raised to blood group antigens. Use of

synthetic mimotopes removes the problems identified with
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regard to use of human reagents. This will increase

consistency in antibody detection and enabie detection of
raref antibodies for little or no extra cost, compared with’
existing techniques for screening antibodies raisedvfo blood
group antigens. Avoiding use of human blood products. also
increases safety, avoids the rigorous testing required when
using humah blood‘products and increases the consistency of
the reagents available for'use.. This reduces the cost of
sourcing and clearing reagents for use. The method described
is therefére more reliable, safe and convenient than existing
detection methods, making detéction of antibodies to Blood
gfoup antigens in biological samples quicker, cheaper and

easier to conduct.

[0037] The antibodies detected may be alloantibodies or

- autoantibodies to blood group antigens. The method

20

25

described, therefore, provides improved methods‘of detecting
and diagnosing diseases or a reaction 'to._blood products
involving the generation of alloantibodies or autoantibodies.
Such diseases include haemolytic reactions to red cell
transfusions (HTR), haemolytic disease of the newborn and

autoimmune haemolytic anaemia.

[0038] Conveniently, the antibody is an - alloantibody,
allowing one to reliably and safely diagnose the risk of HTR

or haemolytic disease of the newborn.
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[0039] According to another aspect of the present invention
there is provided a device for detecting the presence of an
antibody in a sample to a blood group antigen. The device
comprising a solid support (membrane, glass slide, microarray
chip or bead(s) etc.) having an array of mimotopes of a
blood groué antigen iﬁmobilised thereon or. having one
mimotope on each solid' support and having provided a

plurality of solid supports.

[0040] An array may be constructed comprising only Rhesus,
Kell, Duffy, Kidd, ABO, MNS, P, Lutheran, Lewis, Diego, Yt,
Xg, Scianna, Dombrock, Colton, Landsteiner—Wiener, Chido—_
Rodgers, Hh, Kx, Gerbich, Cromer, Knops, Indian, Ok, Raph,
JMH, I, Globoside or GIL antigen mimotopes. Alternatively,
an array may be developed comprising any combination of blood
group mimotopes, with mimotopes from multiple blood groups
being arranged on the same diagnostic array. The composition
and design of the array may depend on the intended purpose
of the device and bespoke arrays méy be developed as
required. Arrays required for specific purposes can be
constructed quickly, reliably andﬁcost—effectively, without

having to consider the availability of reagents.

[0041]- With regard to the construction of arrays, different

types and length of spacer for attaching peptides to a solid
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membrane support can be used, for example an amino-PEG spacer
or a limited number of amino acid residues could be used to

link the mimotope peptide sequence to the solid support.

[0042] Conveniently, the antibody is an alloantibody. The
device can fherefore be used for detecting alloantibodies in
a sample of biood bbtainedl from a patien£ suspected of
generating alloantibodies to blood group antigens, without
requiring the use of human blood group reagents. Removal of
the need for blood group reagents willvconvénient;y increase
the availability of reagents for detection of antibodies in

blood group samples.

[0043] Antigen-capture systems as described herein can also

increase the sensitivity and accuracy of antibody detection,

thus providing an improvement over existing methods for the

detection of blood group.

(0044] By showing ‘that phage-peptides, selected Dby
biopanning, specifically bind the antibodies originally used

to identify them, the experiments described herein confirm

the potential wvalue of the selected phage-peptides as

25

diagnostic reagents.

[0045] The mimotopes identified in the present study, when

coupled to a suitable solid phase, can be used as screening
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reagents to detect antibodies to blood group antigens.

[0046] In this respect, the mimotopes may be used to
diagnose diseases associated with blood group antigens, such
as diseases associated with the production of alloantibodies

or autoantibodies.

(0047] Further potential uses of the mimotopes identified
and described herein, together with uses of the arrays formed

therewith, will be evident to a person skilled in the art.

[0048] The present invention will now be described by way of-
illustration only with reference to the accompanying -

drawings:

[0049] Figure 1 shows the results of phage ELISA, confirming
binding of the anti-Fy® antibody (LM447) to 14 of 20 Fy

phage-peptides assayed.

[0050] Figure 2 shows the results of SPOTs hybridisation
experimenté. 20 Fyb peptide mimotopes were synthesised ip
duplicate. Biﬁding experiments confirmed the ability of Fyb
peptide mimotopes to recognise and bind the anti- Fy®

antibody, when synthesised on a membrane support.

(0051] Figure 3 shows the results of phage ELISA, confirming
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binding of the anti-Fy* antibody (LM487) to 16 of 19 Fya

phage-peptides assayed.

[0052] Figure 4 shows the results of a SPOTs. hybridisation
experiment. A eeries of 37 Fya peptide mimotopes were
synthesised on a membrane and tested for their ability to

bind the anti-Fy® antibody (LM487).

[0053] Figure 5 shows the results of reciprocal ¢
hybridisation of Fya peptide mimOtdpes with the anti-Fy* and

anti-Fyblnonocional antibodies, LM447 and LM487. A series of

Fy® and peptide mimotopes were synthesised in duplicate and

hybridisation of the membranes with the 2 monoclonals
identified antibody-specific and cross-reactive peptide‘

mimotopes.

[0054] Figure 6 shows the results of amino acid substitution

experiments. A series of 16  synthetic peptides were

. synthesised in duplicate by SPOTs. These sequences were

derived from the Fyb Consensus I sequence and generated by
amino acid substitution. The synthetic peptide mimotopes were
tested for their ability to bind the anti- Fy* and anti-Fy®

monoclonal antibodies.

[0055] Figure 7 shows the results following hybridisation of

a subset of the anti-RhD antibody-selected peptide mimotepes
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with the monoclonal antibody T10. 40 peptides (RhD41-RhD80)
were synthesised and positive signals were observed in 11
spots (Spots 1-3, 8, 17, 27, 28, 31, 37, 39 & 40; see Table

for peptide sequences).

[0056] Figure 8 shows the results of a SPOTs hybridisation
experiment. A series of 28 RhD peptide mimotopes were’
synthesissd by SPOTs and hybridisation of the membrane with
the poiyclonal anfi—RhD antisera preparation identified

antibody—reéctive peptides.

[0057] Figure 9 shows the results of a SPOTs hybridisation“
experiment. A series of 36 RhE peptide mimotopes were.
synthesised by SPOTs. Hybridisation of the membrane with the :
monoclonal antibody E0002 identified antibody-specific.

peptide mimotopes.

- [0058] Figure 10 shows the results of a SPOTs hybridisation

experiment; A series of 16 Rhe peptide mimotopes were

RN

synthesised by SPOTs. Hybridisation of the membrane with the

monoclonal antibody e0002 identified antibody-specific

- peptide mimotopes.

25

[0059] Figure 11 shows specific binding of anti-Fy®
monoclonal antibody (LM447) binding to peptide mimotope Fyblé

immobilised onto polystyrene LiquiChip Ni-NTA microsphere



WO 2008/120006

10

15

20

25

PCT/GB2008/001200
- 18 -
beads. The intensity of the signal equates to the quantity
of monoclonal antibody bound to the immobilised peptide

mimotope.

[0060] Figure 12 shows specific binding of anii—RhD
monoclonaliantibody (T27) binding to peptide mimotope RhD12
immobilised onto polystyrene LiquiChip Ni-NTA microsphere
beads. The intensity of the signal equates to the quantity
of monoclonal antibody bound to the immobilised peptide -

mimotope.

[0061] Figure 13 shows the specific binding of the anti-RhD

monoclonal -antibody (T27) to peptide 'mimotope RhD12
immobilised onto superparamagnetic polystyreme beads in a
modified gel agglutinétion assay.Chamber 1: Beads + His-
tagged peptide mimotope RhD12 only; Chamber 2: Beads +.His-
tagged RhD12 + anti—Ff’monbclonal antiquy (LM447); Chamber
3: Beads.+ His-tagged RhD12 + .anti-RhD monoclonal amtibody

(T27) .

[0062]) Figure. 14 shows the specific binding of the anti-Fy®
monoclonal antibody (LM447) to peptide mimotope Fybleé
immobilised onto superparamagnetic polystyrene beads in a
modified gel agglutination assay. Chamber 1: Beads + His-
tagged peptide mimotope Fybl6 only; Chamber 2: Beads + His-

tagged Fybl6 + anti-Fy® monoclonal antibody (LM447); Chamber
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3: Beads + His-tagged Fybl6é + anti-RhD monoclonal antibody

(T27) .
[0063] Examples
[0064] Methodology

t0065] Identification of mimotopes of blood group antigens
commenced with biopanning 'of four\phage—peptide libraries

10 with a series of blood group antigen-specific monoclonal
antibodies (3x anti-RhD, 3x RhE, 2x Rhe, 1x Fy?, 1x Fy®) and
an RhD polyclonal preparation:\ In total, 490 pﬁage were
selected and initially characterised by DNA sequencing and
ELISA. DNA sequence analysis identified 295 unique phage-

15 peptide sequénces,'which were synthesiséd on membranes by
SPOTS technoiogy. The specificity of the‘peptide/antibody
reaction was tested by ELISA and SPOTS assays and identified
84 peptides capable of detecting specific RhD, RhE, Rhe, Fy?
& Fy® antibodies.

20

[0066] Biopanning

[0067)] Three different phage libraries from New England
‘Biolabs. (Ph.D. 7 and Ph.D. 12 displaying linear 7- and 12-
25 mer peptides, respectively and Ph.D. C7C displaying 7-mer

peptides constrained by a disulphide bridge at their termini)
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and a linear 15mer library (kindly provided by Prof. George

P. Smith,»University of Missouri) were used in biopanning

experiments with 10 different monoclonal antibodies and a

polyclonal preparation (Table 1).

[0068] Table 1: Antibodies Used in Biopanning.

[0069]
Specificity | Epitope | class ID Source
Anti—RhD epD3 [3.1] IgGI/x | T10 (LHM76/55) Human
10 | Anti-RhD | epD6/7[6.3j IgGI/N | T22 (LHM 169/é0) Human
Anti-RhD epDl [1.2] |IgGI/x |T27 (LHM169/81) |Human
Anti-RhD Polyclonal - HumanlAnti—D Ig Human
Anti-RhE Not known | IgGl E0001 (HIRO17) Human
Anti-RhE Not known IgM E0002 Human
(NaTH110-1D6)
15 «Anti-RhE Not known IgM E0Q03 Human
(NaTH110-IH4)
Anti-Rhe Not known IgM e0002 (MS62) Human
‘Anti-Rhe Not known IgM e0003 (MS69) Human
Anti-Fy? Not known IgGl LM487 Murine
Anti-Fy® | Not known IgGl LM447 Murine
20
[0070] All monoclonal antibodies listed.were purified from

culture supernatants. Polyclonal anti-RhD preparation was

obtained from the Scottish National Blood Transfusion
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Service.

.[0071] For each target antibody/library combination, a

separate well of a 96-well Immulon 4 flat—bottomed ELISA
plate (Thermo'Labsystems) was coated with 5ug of antibody in
1501.1’1 ELISA coating buffer (15mM Na,CO;, 35mM NaHCO;, pH9.6).
Plates were_sealed and incubated at 4°C overnight. Unbound
anfibody wés discarded and 350pl of blockiné buffer (0.1M

NaHCO,/3% skimmed milk powder) was added to each well. Plates

were sealed and incubated for 1 hour at 4°C. The blocking

buffer was removed and the wells were washed six timés with
300pl TBS/0.1% Tween 20. Approximately 2x10* plaque forming
units (pfu) in 100pl TBS/0.1% Tweeﬁ 20 were added to each
well and the plates'were_incubated at room temperature for
1 hour. Wells were washed ten times with 300pnl TBS/O.l%\Tween -
20. Boﬁnd phage were elutedvby incubation with 100ul of 0.2M
glycine—HCl/BSA, pH2.2 (lmg/ml) for 10 minutes, then
neutralised with 15pul of 1M Tris-HCL (pH9.1l). An aiiquot of
the Round 1 eluate was removed and titred. The remainderrof
the eluted phage were amplified by infection of E. coli
ER2538 cells for 4.5 hours at 37°C. The cultures were

centrifuged for 10 minutes at 10,000 rpm at 4°C. The

.supernatants were recovered, 1/6 volume PEG/NaCl (20%

polyethylene glycol 8000; 2.5M NaCl) added, then incubated
overnight at 4°C. The PEG-precipitated phage were centrifuged

at 10,000 rpm for 15 minutes at 4°C. The supernatant was
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removed and the phage pellet resuspended in 200ul TBS. Two

further rounds of panning were undertaken and approximately
2 X 1011pfu”of the Round 2 or Round 3 amplified eluates were
used as input phage. Roﬁnd 3 eluates were titra;ed but not
amplifiéd. Individual plaques were amplifiéd and subjected
to PCR amplification, prior to DNA sequence analysis.'The
specificity"of peptide-antibody binding was éubsequently

determined using both phage‘ELISA and SPOTs techniques.
[0072] Phage Culture

{0073] Individual phagé clones were randomly'selected from
the Round 3 tifration plates and amplified in 1ml volumes of
1:100 dilution of an overnight cﬁiture of E. coli ER2538,
grown in L-Broth. Cultureé Were incubated at 37°C for 4.5
hours, tﬁen ceﬁtrifﬁged at 13OOQrpm fqr 1 minute. The phage
sﬁpérnétants were recovered for further analysis 'by PCR |

amplification, DNA sequencing and phage ELISA.
[0074] PCR Amplification
[0075] .To determine the peptide sequences displayed in each

of the selected phage clones, the DNA insert encoding the

peptide segquence was obtained by PCR. PCR amplification was

25 performed in a final volume of 25pl containing 1lx buffer

(Bioline), 400pM dNTPs, 1.5mM MgCl,, 1 unit of Taq . DNA
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polymerase (Bioline), 1lpl of phage culture supernatant and

0.5uM each of the appropriate forward and reverse primers.

The primers 12MER1For: 5-CGCAATTCCTTTAGTGGTAC-3 and
12MER2Rev: 5-CCCTCATAGTTAGCGTAACG-3 were used for
amplification of the C7C, linear 7-mer and 12-mer

phage/peptides. The‘ primers FuseSForl: 5’ -
ACCGATACAATTAAAGGCTC-3’ and Fuse5Revl: 5’ -TGAATTTTCTGTATGAGG—
3’ were. used . for the amplification of the 15-mer
phage/peptides. PCR Qas carried out in a thermal cycler
(Techgehe, model FTGene2D; Techne, Cambridge, UK) under the
following conditions: denaturation at 95°C for 1 minute;
annealing at- 55°C fof 1 minute; and extension at 72°C for 3
minutes. After 30 cycles, extension was continued at 72°C for
an additional- 9 minutes. PCR products were recovered using

the QIAquick PCR Purification Kit (Qiagen) for sequence

analysis..

[0076] Sequence Analysis

[0077] The nucleotide sequencés of the phage peptides were
obtained using the BigDye Terminator Cycle Sequencing Ready
Reaction Kit and an ABI Prism 377 DNA Sequencer (Applied

Biosystems). Primer 12MER2Rev was used to determine the

‘random peptide sequences of the C7C, linear 7-mer and l2-mer

PCR products. Primer Fuse5Revl was used for the 15-mer PCR

products. BAmino acid sequences were deduced from the
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nucleotide sequences using Lasergene software (DNASTAR Inc.,

Wisconsin, USA).
[0078] Phage ELISA

[0079] The ability:of the recovered phage—peptides to react
with the ahtibodies used in their selection was confirmed by
capture ELISA. A 10pg/ml stock of appropriate monoclonal
antibody was prepared<-in ELISA coating buffer and 150nl
aliquots were added to welis of an Immulon 4 ELISA plate,
and then incubated overnight at 4°C. Unbound antibody was
discarded and the welis were blocked with 350ul of blocking
buffer (O.iM NaHCO;/3% skimmed milk poWder) for 1 hopr‘ét
4°C. The wells were washed three times with 300pl TBS/0.5%
Tween 20 and 100pl of selected phage culture Supefﬁatants:
were added to abpropriate wells for 1 hour at room
temperature. Unbound‘phage were removed and the wells washed
six times with 300pl TBS/0.5% Tween 20. A 1:5000 dilution of
horseradish‘peroxidase (HRP) conjugated anti-M13, secondary
antibody was prepared in‘blocking buffer and 100pl aliquots
added to each well. Following incubation for 1 hour at room
temperature the wells .Were washed six times with 300ui
TBS/0.5% Tween 20. To develop the reactions,.a 200p1 aliqqot
of o-phenylenediamine dihydrochloride (OPD) substraté (Sigma)
was added to each well. The absorbance at 450nm was meésured,‘

following incubation at room temperature for 1 hour, by a
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microplate ELISA reader. An OD450 signal greater than 0.1 was

considered positive.
[0080] SPOT Synthesis

[0081] The peppide mimofopes were synthesised by the SPOT
method (Frank; 1992) usind F-moc chemistry. The peptides were
ancﬁored to an amino-PEG derivatised cellulose membrane

(Intavis’AG) and synthesised as discrete spots. Synthesis.was
by stepwise elongation of the peptide chain from C-terminus
to.the N-terminus, by manual pipetting of the respective
amino acids, according.- to the Sigma Genosys protocol.
Incubation times were modified’ wheﬁ using Intavis - AG
membraﬁes; After addition of thé final amino acid, the
terminal residues and side chains ofA the peptides Vwere.

deprotected and the membrane was washed with methanol; air

dried and then stored at -20°C prior to use.
[0082] Screening of SPOT membranes

[0083] A membrane was placéd in a 50ml Falcon tube aﬁd
blocked overnight at 4°C with gentle agitation in TBS/0.25%
Tween 20/5% skimmed milk powder. A 2pg/ml dilution of the
primary (1°) antibody (monoclonal or polyclonal) was prepared
in TBS/0.25% Tween20/5% skimmed milk powder before incubation

with the membrane for 1 hour at room temperature on a spiral
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rotor. Following 4 washes, each for 5 minutes with 20ml of
TBS/0.25% Tween20, the membrane was incubated for 1 hour‘at
room temperature with a 1/5000 diluﬁion'Of thé secondary (2°)
antibody, prepared in TBS/0.25% TweenZO/S% skimmed milk
powder. Peroxidase labelled rabbit anti-mouse IgG (Sigma) was
uséd for the detection Qf.the murine anti-Fy® (LM487) and
anti-Fy® (LM447) 1° antibodies and peroxidase labelled goat
anti—ﬁuman IgG (Pharmacia) for the detection of the'human'1°
antibodies. Following 4 washes, each for 5 minutes with 20ml
of TBS/0.25% Tween20, the membrane was blotted to remove
excess _flﬁid. N Bound ~antibody was detected‘ by
chemiluminescence. ECL detection reagents (Amersham
Biosciences) were mixed and overlaid on the membrane for 2
minutés. The chemiluminescent substrate was removed and the
membrane blotted to remove excess fluid. Positive spots were
visualised following exposufe to Hyperfilm ECL (Amersham
Biosciences) for a series of short incubation times (5

seconds to 10 minutes) .
[0084] Example 1

[0085] " Identification of phage—peptides which mimic the

Duffy antigenic epitopes

[0086] The anti-Fy® (LM487) and anti-Fy° (LM447) -specific

monoclonal antibodies were developed using immunogenic
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peptides derived from epitopes on the Duffy glycoprotein
(Colligan et al, 1998). These antibodies were used to pan
phage libraries for peptides that mimicked the native Duffy
antigens. Ciones from the final third round of each‘panning
5 experiment were chosen at random for amplification and DNA
sequencing. The amino acid sequences encoded by the'phage—

peptides were deduced from the DNA sequence data.

[0087] Biopanning of each. of the 4 phage-peptide libraries

10 was undertaken with the anti-Fy® monoclonal antibody (LM447)
and resulted in the idéntification of multiple copies of
particular sequences from each of the libraries. In total,
100 unidue Fyb peptide mimotbpes were identified (see Table
2/ peptides Fybl-71 & Fyb88-116). None. of the sequences

'15 identified \rgsembled the 1l4-mer immunisation peptide.
(PDGDYDANLEAAAP; CPep75) used in the development of the LM447
antibody. However, analysis of the amino acid sequences of
these "Fyb" peptide mimotopes identified 2 consensus
sequences:

.20

[0088] Consensus 1: M(F/Y)QPD (N/P) (P/L) (T/P)T(K/L) (N/Q) (P/V/A/S)

[0089] Consensus 2: D(H/M/V)HYT(S/N)NTDPL(H/N/R)(A/P/V)P_

25 [0090] Certain positions within each consensus sequence had

a limited number of amino acids (shown in brackets). These
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occurred with equal frequency amongst the total population

Fyb peptides

of Fyb peptide mimotépes selected.

Table 2:

[0091]
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94 [|Fy b94fFy® Llp g [RIT D [vj v [T |p [E
95 [Fy b95|Fy® Hlp A [viplp [Pl |1 [y M [F
96 |Fy b9gFy® vip It [y [E [ |1]r R |6 |T R
97 [Fy b97JFy® slplsfpMIF [1ls |IT [0 R [L
98 [Fy bog[Fy® Lt lolr |t Rly A |p M |s
99 |Fy b99Fy® MM N |Is D[P KIS [F L [s L
100 [Fy Fy® MR N [p[vip WiT [P W |P [V
100
101 |Fy Fy® tTblply b [k MHE R N[ L
101
102 [Fy  [Fy® ols v |s [p R |F
102
103 |Fy Fy® LKIlQR T |L M
1103
104 [Fy FyP olslrlplop [L
104
105 [Fy FyP ols It |s [p [k ¥
b105
106 [Fy Fy® aM |y [o|p|T |H
b106
107 |Fy Fy® Hw [y H N [T |D
107
108 |Fy FyP LIsfyslp R |v
108
109 |Fy Fy® E{S |y [S [P |R [Hf
"b109
110 |Fy Fy® QIS |y |IP|S [V [Y
110
111 [Fy FyP Disly s |p K |F
111
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112 [Fy FyP Qfs |y [P A [K |F
112

113 [Fy  [FY® RIS A (s [ajL |w
113

114 [Fy Fy® E[s|y|S|P R [L
b114

115 [Fy Fy® PII|F|T KL [H
115

116 [Fy Fy® Qs [y [P ¥ R [G
116

f0092] -Biopanning ~with the 'énti-Fya monoclonal, 1LM487,
identified a total of 37 unique peptide sequences (see Table
3/Fy® peptides Fyél-37). A small number of fhe "Fya" phage-
peptides, “contained sequence identiéal to the  Fy®
polymorphism, present within the original l4-mer immunisation
peptide (PDGDYGANLEAAAP; CPepll8), thus validating the usé
of phage display as an approach'to identifying blood group °
antigen mimics. Sequence analysis 6f the amino acid sequences
of these "Fya" peptide mimotopes also identified 2 putative

consensus sequences:
[0093] Consensus I: YNYQSYPNPFPV

[0094] Consensus II: GI(A/S) (E/D) (D/G)DYGALSW



WO 2008/120006 PCT/GB2008/001200

_33_
[0095] However, in contrast to the “Fyb” results, many of

these "Fya" peptide mimotope sequences did not conform to

either consensus sequence identified above.

5 [0096] Table 3: Fya peptides

[0097]

B
117 |Fy al |[Fy? wlols [y [p N |P
10| 118 |Fy a2 ‘Fya TIN|IL R |L |P |A
119 |Fy a3 |Fy? YIS |Y |[P |P |P
120 |Fy a4 |Fy® YIS ¥ P M R
121 [Fy a5 |Fy? My e [p w o |o
122 |Fy a6 |Fy? LEIR [D [P [P |V
15| 123 [fy a7 |[Fy? YloIs [y [P [N [w
124 [Fy a8 |Fy® Livip [P |p |e |v
125 . |Fy a9 |[Fy® A |P |F ‘W Q W M
126 |ry a0 lrye |F|s|p P I8 W |y
127 [y all [Fy® “IFlalp W Y [0 0 R
20| 128 [Fy al2 |Fy® olsly Ip N [T |F
129 [Fy al3 [Fy® . DWIL [F |K M |S
130 |ry ald |Fy?® GIDW |L H |W
131 |Fy al5 [Fy? sblc [p |y I A
‘ 132 |Fy aleé [Fy? GIP|S W |Q |S |T
25 133 [Fy al7 |Fy? viply Ip [N [o M. |c
134 |ry al8 |Fy® PISIP |G IQ |T
135 |Fy al9 |Fy? FElp [P N W [DI|s |6 [P |R |P
136 |Fy a20 |Fy® cltaAlEpp |y |ca L |s W
137 [Fy a21 |Fy? yNlolvjols |y PP |s L |0
30| 138 [Fy a22 [Fy? ylols tlp|Is R [P PV R |L
139 |Fy a23 |Fy? aLfalpP[EEPDPIE(WMNIF [y v
140 |Fy a24 |Fy? viLlL [P E[s p[E|s H [R A
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141 |Fy a25 |Fy? IPIN [W S |C
142 |Fy a26 |Fy? ‘Isilclv a | [c|lp P W i(wilc D |G [P L
143 [Fy a27 |Fy? wlplR H v L |[Flg|L [DI|G][x (v ]IT
144 |Fy a28 |Fy? ARE [r et RIF s L [T |6 [6 |¥ R
5| 145 [Fy a29 |Fy? AlsRR L LIPS D[V [RI|LIP[S|S
146 [Fy a30 |Fy? Lwlp Iplp P [Flc L is RT |FI|F |G
147 |Fy a3l |Fy? pAR [P IL A Wil E[E[PI|S|F W M
148 [Fy a32 [Fy? slely AR IPIFJy Qs iy P A A [S
149 |[Fy a33 |Fy? viNI|s |IT [k W [P |G M |[P |s |F
10| 150 |Fy a34 |Fy? vislp|lp [ w y [P L A A [D
151 [Fy a35 |[Fy® Itlelp kK[t Hlclp P |p v
152 |[Fy a36 |Fy? FIKIN [P IS foI|s (|t |p [P [E |P
153 |Fy a37 |Fy? FlTM[E RDPIIPP T p[R |

15
[0098] The aata shows that phage—peptides were identified
that mimicked fthe Duffy antigenic epitopes. The ianti—Fya
antibody bound phage-peptides (Peptides Fyal5 & Fya20) that
contained sequences identical to the FYfpolymorphism and the
20 anti-Fy® antibody selected peptide mimotopes, éonfirming the
use of phage display as a valid ﬁeans of identifying blood

group antigen mimics.

[0099] Example 2
25

[00100] Identification of phage-peptides which mimic the

complex RhD antigenic epitopes

[00101] Phage-peptides that mimic RhD antigenic epitopes
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were identified with 3 monoclonal anti-Ds (T10, T22 & T27).

Biopanhing of the 4 phage?peptide libraries with this limited
number of monéclonal antibodies selected 80 RhD peptide
mimotopes (see Table 4/ Peptides RhD 1-80). Additionally,
5 biopanning with a polyclonal anfi—RhD préparation identified
a further 25 RhD peptide mimotopes (see Table 4/ peptides
RhD81—105). Peptide RhD52lwas selected with both T10 and the

polyclonal anti-RhD preparation.

10 [00102] Tablg 4: RhD peptides

154 1 [RhD T27 |Gfu |F K[T [o [P
15| 155 2 |rRhD T27 |L|c |H HIN |p H
156 3 |RhD T27 NfL L [P]a KL
157 4 [RnpT27 [Hjr A [Ls |7 |s
158 [RhD 5. [RhD T27 |T[P (G [s|c o |F
159 RhD 6 [RhD T27 |Fis [P [N s [E [TfT N |v T
20| 160 IRhD7 RhD T27 |Tfr [v |pfp T W VIL|F [P R
161 [Rhp 8 [RhD T27 s v [PfL B W rL]s |p R
162 [RnD 9 [RhD T27  WlH |F [ElW W [R AIT[P | |6
163 [rhp 10 [RhD T27  IN|y [P AV v |s N|S|L | |a
164 JRhp 11 R T27 v |y |pfr R [P [YH|S |F |m
25| 165 [RhD 12 [RhD T27  lHlo v |plw L L WlP[R | |F
166 [RnDp 13 [RhD T27 VI |0 WL [ |c |P|RIG |F s C M
167 [rhp 14 [RhDp T27 DR R |I|F W W |s|L|R |s | P |G
168 JRhD 15 RhD T27 L A [WlH R N |TiIlG [W W F
169 [RhD 16 RhD T22  [W(G L [W|F |s |N
30[ 170 |rnp 17 |Rhp T22  wle |t [Ww N N
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236 IRhD 83 |RhD HIS |[D FIT [W
polyclonal ‘

237 |RhD 84 |RhD HI|E |N T T |R
polyclonal

238 |RhD 85 [RhD HIS |V A |[E |G
polyclonal

239 '|IRhD 86 |RhD HI|S [N T A |R
polyclonal

240 |[RhD 87 [RhD H |S - |N R [A |R
polyclonal

- 241 |RhD 88 |[RhD GIlY [Q P IL |[L

polyclonal

242 |RhD 89 |RhD H W |R P IG |Q
polyclohal

243 |RhD 90 |RhD P [T |S G |F |¥
polyclonal

244 RhD 91 |RhD - L |P [E E|S |A R
polyclonal

245 . [RhD 92 |[RhD HW [W N |G M
polyclonal

246 [RhD 93 |[RhD H R |P T |[P |L
polyclonal

247 |RhD 94 [RhD H W |R P IS |S
polyclonal

248 [RhD 95 [RhD H W |W P IG |S
polyclonal

249 [RhD 96 [RhD H W |W T |P |S
polyclonal

250 |[|RhD 97 |[RhD H W [H W [S |Y
polyclonal
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251 IRhD98 RhD LH[R [EW [T Y [PIYIL |T |S
polyClonal
252 JRhD 99 |RhD- Gl [K [T|H N |P |[FH|L H [P
polyclonal
253 |RhD 100 |RhD alr w |slH H L |S|s]a |G L‘
polyclonal
254 |RhD 101 [RhD FIH R [H[y [y [P WRL [T [0
polyclonal
255 |RhD 102|RhD  [H|S [L [K|E |T |0 MIS[Y |s |S
. polyclonal ;
256 |RhD 103 [RhD Isiv s (VIG M K [PIS|P |R [P
polyclonal
257 |JRhD 104 |RhD Wi{P H [Qlv H K HITI|Y [R |Q
polyclonal
258‘IRhD 105 |RhD AP |IP [Y|P |G |P IL[PIL |S |L
polyclonal
[00103] Example 3
[00104] Identification of phage-peptides which mimic RhEe
antigenic epitopes
[00105] . Biopanning was undertaken with 3 anti-RhE

monoclonal-anﬁibodies (1x IgG, 2x IgM; see Table 1) and
resulted in the identification of multiple copies'of many
sequences from each of the 4 phage-peptide libraries.

>Sequence similarities were also evident between the selected
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phage-peptides from the different libraries.'Peptides RhE18

and RhE24 were seleCted with antibodies E0002 and E0003 and
Peptide RhE19 waé selected with antibodies E0001 and E0002
These results indicate that, regardless of Class, antibodies
5 raised against fhe same epitope will identify some phage
with the identical peptide sequence. In total, 36 unique RhE
pepﬁide.mimotopes were identified (see Table 5; Peptides
RhE1-36). Biopanning with 2 anti-Rhe monoclonal antibodies
(2x IgM; see Table 1) identified 17 unique Rhe péptide

10 mimotopes (see Table 5; Peptides Rhel-17).

[00106] - Table 5: RhE/e

100107]

AlalplplyvI|Flc |st]s [P R

260 [RhE2  |RhE rivpbjLilslplpalr LlFF R |L|A

261 |RhE3 [RhE stplpjrfsp R TlL]R [vI|c |s A

262 |RhE4  [RhE RINVIL[fpltfp N plvy T pIL
20| 263 [RhE5 [RhE RNV Pt |lp N DIv[r Wit A[F

264 |RhE6  [RhE I NN T [F|T |w

265 [RhE7  [RhE Yy ElL [N |o M |T

266 |RhES  |RhE wieltir(vE|rfa [vyleir |a

267 IRhE9’ RhE Nt wlglr Ris M R
25| 268 [RhE10 [RBE N [vis it WLt [y K[p R

269 |RhE1l |RhE vyirlplplpwlsw wilejp |p

270 |RhE12 [RhE I KNIT sl L v A

271 |RhE13 [RhE EWLRI|yple|t R]pfr |s

272 |RhE14 |RhE Hiak violvis|s [pjr [ [P
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307 |Rhe13 Rhe AWVIKIL[RIP|S|s [c K T
308 IRhe14' Rhe RI|F[D|c [T DL [R S v
309 IRhe15 Rhe AlspHIPVIP[K [T W S L
310 IRhe16 Rhe L AP |P [P S |P
311|Rhe17 Rhe AWVITIFINI|ISIYI|IF IGIF|S [T |T S|V
[00108] ~ Example 4
[00109] Specific binding of synthetic peptides to the

original Duffy monoclonal antibodies

[00110] | The relevance of the phage-peptides selected by
biopanning was tested in immunological studies. Initially,
20 "Fy°" phage (Peptides Fybi—l3, Fyb 20-21, Fyb 24—2é; see
Table 2 for seqdence details) were selected for investigation
by both phage ELISA and SPOTs analysis, to bopfirm that
synthetic peptides could bind specifically the original

monoclonal antibodies.

[00111] The éhage ELISA results confirmed the binding of
the énti— Fy® monoclonal, LM447. A 10pg/ml stock of this
monoclonal antibody was prepared in ELISA coating buffer and
150pl aliquots ‘were added to wells of an Immulon 4 ELISA
plate, and then incubated overnight at 4°C. Unbound antibody
was discarded and the wells were blocked with 350pl of
blocking buffer for 1 hour at 4°C. The wells wefe washed

three times with 300pl TBS/0.5% Tween 20 and 100pl of
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selected phage culture supernatants were added to appropriate

wells for 1 hour at room temperature. Unbound phage were
removed and the wells washed six times witﬁ 300pl TBS/0.5%
Tween 20. A 1:5000 dilution of horseradish peroxidase (HRP)
5 conjugated anti-M13, secondary antibody was ‘prepared in
blocking buffer and 100pl aliquots added to each well.
Following incubation for 1 hour at room temperatuie the
wells were washed six tiﬁes with 300nl TBS/0.5% Tween 20. To
develop the reactions, 200ul'aliqﬁbts of o-phenylenediamine
10 dihydrochloride (OPD) substraté (Sigma) was added to each
well. The absorbance at 450nm was measured following
incubation at room temperature for 1 hour. The absorbance
values at 450nm, confirmed the binding of 14 (Peptides Fybl,
Fyb2, Fyb4-5, Fyb7-13, Fyb25, 27 & 28) of "the 20 phage

15 assayed (see Figure 1).

[00112] The 20 Fy® peptide mimotopes were synthesised in
duplicate, by SPOTs. Binding experiments using the anti-FyP
~antibody (LM447) showed that the antibody succeésfully bound
20 2 of the 20 peptide sequences (Peptides Fybl2 & Fybl3)
tested (Figﬁre 2). Binding was also observed in Spot 21 with
the Peptide.Céep75 (the positive control for the assay).
Despite Peptides Fybl, Fyb7, Fyb9 and Fybll producing phage
ELISA signals equally as strong as Peptides FybiZ and Fybl3,

'25 these 4 peptides failed to react with the anti-Fy® antibody

(LM447) when synthesised as SPOTs.
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[00113] Phage ELISA analysis of 19 “Fy®” phage;pepﬁide
clones (Peptides Fyal-18 & Fya25; see Table.3 for sequence
detéils) confirmed the binding specificity of the LM487
antibody for the‘Fy’phage—peptides. Figure 3 shbws that oﬁlyl
3 of 19 (Peptides Fya2, Fyal4 & Fyal8) failed to bind the
antibody. These 19 peptides were amongst 37’(Peptides Fyal-~
37) synthesised as SPOTs and a strong positive signal was
ohly observed with Peptide Fyal5 (Spot 15), following

hybridisation of the membrane with the anti-Fy® antibody

(Figure 4).
[00114] " These results mirrored the observations obtaiped

for the Fy° phage—pepfides.when tested in pafallel by both
phage.ELISA and SPOTs. A positive phage ELISA sigﬁal did not
automatically guarantee a ©positive signal when the
cofresponding péptide mimofope was synthesised and tested by
SPOTs hybridisation. Moreover, sequence analysis idéntifiéd
no obvious sequence“similarities amongst either positive or

negative peptides.

[00115] The results from both the Fy® and Fy® phage ELISA.
and SPOTs assayé suggested that the mode of presentation of
the peptide is important in antibody binding. Peptides that
form part of a fusion protein in'the phage coat may adopt a

different conformation when synthesised on a membrane by



10

15

20

25

WO 2008/120006 PCT/GB2008/001200

- 45 - .
SPOTs. Without the surrounding protein, antibody recognitipn
may be subsequently affected. Therefore, rather than simply
using ELISA to selec£ phage—peptide clgnes for analysis by
SPOTs, all phage-peptides (Fy®, Fy®, RhD and RhEe) selected
by biopanning were characterised by DNA sequenée analysis,
prior to. SPOTs analysis with the monoclonal antibody
originally. used in their selection, in order to ensure no
potentially diagnostic peptide was overlookéd;
[00116] Reciprocal Hybridisation to Identify Cross-
reactive Peptides |
[00117j A éeries ‘of 44 peptides was synthesised in
duplicate (Figure 5). Spots 1-37 were Fya peptide mimétopes
(Fya 1-37), Spots 38-40 were repéats_ of Peptides Fyal7,.
Fya25 and Fya35, respectively and Spots 41-44 were Control
peptides (Spof 41 was the immunisation peptide [Cpep75] used
to generate the anti-Fy® antibody; Spot 42 an ifrelevant 12-

mer [Cpep76]; Spot 43 the immunisatipn peptide [CPepll8] uséd

to generate the anti-Fy® antibody and Spot 44 an Fyb peptide
mimotope - [Fybl]). Hybridisation of the membranes, in
parallel, with the anti- Fy® and anti-Fy® monoclonal

antibodies, confirmed the Fy®-specificity of a number of the
peptides (Peptide spots 15, 20, and 43) but also identified
peptides capable of binding the anti-Fy® antibody (Spots 36

and 41) and a further peptide displaying cross-reactivity
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with both antibodies (Spot 3). The signals observed with
Spots 43 and 41 were not unexpected as these 2 peptides were

included as positive controls for the anti- Fy® and anti-Fy®

monoclonal antibodies, respectively.

[00118] Generation of consensus sequence-derived

synthetic Fyb peptide mimotopes by amino‘acid.substitution

‘ [00119] Sequence analysis éf the 100 unique "Fyb" peptide
mimotopes (Fybi—71 & Fyb88-116) had idéntified 2 consensus
S e g uen c‘e s . C onsensus 1
M(F/Y)QPD(N/P) (P/L) (T/P)T(K/L) (N/Q) (P/V/A/S) contains a
series of positions (amino acid 2, 6, 7, 8, 10, 11 & 12)
which have a limited number of residues occurring with equal
frequency. A series of 16 peptide‘mimotopes (Peptides Fyb72-
87; see Table 2) were syﬁthesised by SPOTs, with amino acid
substitutions at positions 2, 6, é and 12. On testing, 2 of
these consensus sequence-derived peptide mimotopes (Peptide
Fyb84; Spot 13 and Peptide Fyb85; Spot 14) proved capable of
binding the anti-Fy® antibody LM447 Fsee Figure 6). Anélysis
of these 2 synthetic, peptide mimotope sequences identified

a single amino acid difference at position 12. The strength

- of signal observed for these 2 sequences was however

dramatically lower than that achieved with’Peptide CPep75
(Spot 17),>the positive control used for this assay. This

result shows that peptide mimotopes may also be artificially
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generated through amino acid substitutioﬁ experiments and not

simply through biopanning.
[00120] Example 5

[00121] Specific binding of antibodies to synthetic Rh

peptides determined by SPOTs

[00122] | The  RhD, RhE .and Rhe peptide mimotopes (sée
Tables 4 & 5) were synthesised by SPOTs and hybridisation of
the membranes was undertaken with the appropriate antibodies
(Table 1). Figures 7-10 show examples of peptide mimotopes

reacting specifically with the antibody originally used in

their selection.

[00123] Figure 7 shows the results following
hybridisation of a subset of the anti-RhD antibody-selected
peétide mimotbpes with the monoclonal antibody T10. 40
peptides (RhD41-RhD80) were synthesised and positive signals
were .observed in il spots (Spots 1-3, 8, 17, 27, 28, 31, 37,

39 & 40; see Table for peptide sequences).

[00124] A further 28 RhD peptide mimotopes were
synthesised by SPOTs. Peptide mimotopes RhD81-105 (Spots 1-
25) were originally selected with the polyclonal anti-RhD

preparation and Peptides RhD68, RhD71 and RhD79 (Spots 26-28)
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were identified through biopanning with the anti-RhD antibody
T10. The peptides CPep75 (Spot 29) and CPep76 (Spot 30) were
included 1in the assay as negative. controls. Figure 8
identifies a series of 11 peptides recognised by the
polyclonal anti-RhD (Spots 3, 5, 6, 12, 14, 16, 24, 26-28 &
30; see Table for peptide sequences)i_ This series of
peptides includes 3 peptides (Spots _26—28) originaliy
selected with T10. This result strongly suggested that
peptides identified with individual monoclonal antibodies (eg
T10) mimic epitopes of the antigep to which the polyclonal

antibody was raised.

[00125] Figure 9 shows the results following

hybridisation of the 36 RhE peptide mimotopes with the anti-

n~

RhE monoclonal antibody EOdOZ. The peptides CPep75 (Spot 37)
and CPep76 (Spot 38) were included in the assay as negative
controls. Specific binding of the antibody was achieved with
4 spots (Spot 18: Peptide mimotope RhE1S8; Spot 19: RhE19;
Spot 24: RhE24 & Spot 25: RhE25).

[00126]" Figure 10 shows the results  following
hybridisation of the 16 Rhe peptide mimotopes with the anti-
Rhe monoclonal antibody e0002. The peptides CPep75 (Spot 17)
and CPep76 (Spot 18) were included in the assay as negetive
controls. Strong positive signals were observed with 2 spots

(Spots 10 & 13; see Table for peptide sequences). A further
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3 weakly, positive spots were also noted (Spots 8, 11 & 16)

however these signals were only as strong as that achieved
with the control peptide CPep 76 '(Spot 18) which was

included in the assay as a negative cqntrbl.

[00127] Overall, the results achieved with the Rﬁ peptide
mimotopes were comparable to those obtained with the Fya and
Fyb peptides and Fy* and Fy® monoclonal antibodies. SPOTs
analysis identified Rh peptides that reacted specifically

with their cognitive antibody.
[00128] Example 6

[00129] Specific binding of antibodies to synthetic

peptide mimotopes bound to microsphere beads

[00130] Further confirmation that the peétide mimotopes
can specifically bind éntibodies raised to native blood group
antigens was achieved following the immobilisation of peptide
mimotopes onto poiystyrené LiquiChip Ni-NTA microsphere beads

(Qiagen) .

{001}31] Peptide mimotopes (e.g. Fybl6; RhD12) were
synthesised with a C-terminal tag consisting of 6 Histidine
amino acids. Stock solutions (4pug/ml) of the 6xHis tagged

peptide mimotopes were prepared in PBS/0.1%BSA. The'peptides‘
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were immobilised onto the beads using the Ni-NTA groups

attached to the surface of the beads, as folloWs. A SOul
volume of a 4ug/mi peptide stock (Fyblé or RhD12) was mixed
with an equal volume of LiquiChip Ni-NTA beads (Bead 50 or
Bead 52, fespectively). Following incubation with mixing at
4°C overnight, the Bead/peptide mixture was diluted with
900nl of PBS/O.l%BSA. The Bead/peptide mixture was vortexed
for 2 minutes and then a 10ul volume was aliquoted into the
well of a 96-well, round-bottomed ELISA plate (Nunc). A 10pl
volume of tﬁe test monoclqnal antibody (LM447: anti-Fy® or
T27: anti—RhD) wés added to the weli of the ELISA plate and

the reaction volume was made up to 60pl with PBS/1%BSA. The .

plate was incubated at room temperature for 90 minutes, in

the dark and then a 10pl volume (200ng) of phycoerythrin

cOnjugatéd sheep anti-mouse IgG (added to wells éontaining
the LM447: anti—Fyb"monoclonal antibody) or phycoerythrin
conjugated goat anti-human IgM (added to wells containing the
T27: anti-RhD monoclonal antibody) was added into the well.

The plate was incubated at room temperature for a further 90

20 minutes, in the dark. The plate was briefly vortexed, then

25

loaded into a Luminex 100 Analyser (Luminex). Confirmation

of bound monoclonal antibody was determined by the detéction

-of a phycoerythrin fluorochrome signal. The intensity of the

signal equates to the -quantity of monoclonal antibody bound

to the immobilised peptide mimotope.
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The results are set out in Figures 11 and 12 where specific
binding of anti-Fyb monoclonal antibody (LM447) to Peptide

Mimotope Fyblé and specific binding of the anti-RhD

monoclonal antibody (T27) to Peptide Mimotope RhD12 is shown.
[00132] Example 7 -

[00133] Specific binding of antibodies to synthetic peptide

mimotopes bound to superparamagnetic beads

" [00134] The ability of peptide mimotopesvto specifically bind
antibodies was further tested using superparamagnetic
polystyrene beads (TALON Dynabeads; Invitrogen) in a modified .-

gel agglutination assay.

[00135] A 50pl‘volume of the magnetic beads was added to
700pl of TBS (50mM fris—HCl pH7.5; 150mM NaCl). Following
mixing for 5 minutes at robm temperature, the magnetic beads
were isolated dsing a Magnetic tPaFticle Conéentrator
kInvitrogen). The supernatant was discarded and the Dbeads
were washed for 5 minutes in 700 pl of TBS. The beads were
again separated from the buffer using the MPC magnet, and

then resuspended in 700 pl of TBS. Peptide mimotopes (e.g.

Fybl6; RhD12) were synthesised with a C-terminal tag

25 consisting of 6 Histidine amino acids. Stock solutions

(100pg/ml) of the 6xHis tagged peptide mimotopes were
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prepared in PBS.

{00136] A 50nl volume of diluted TALON beads was placed in
the reaction chamber of an NaCl gel card (ID Microfyping
System; Diamed), together with-a 50pl volume of diluted His-
tagged peptide mimotope (e.g. RhD12) and 100ul of test human
monoclonal antibody (e.g; T27: anti-RhD). The gel card was
incubated at 37°C for 1 hour in an Incubator-ID (DiaMed).
Following incubation, the card was centrifuged for 10 minﬁtes

in an ID Centrifuge 248 (DiaMed) . Antibody-positive reactions.

are visualised by a layer of beads upon the surface of the

-gel matrix. In negative reactions, noﬁ—agglutinated beads

pass through the gel matfix and form a pellet.

[00137] To test the binding of a murine monoclonal antibOdy.
(e.g. 1LM447: apti—Fyb monoclonal antibody), a 1ul volume of
sheep anti-mouse IgG is firét added to the ;eaction chamber
of an NaCl gel card and allowed to equilibrate with the gel
matrix fof 10 minutes at room temperature, prior to the
addition of é 50pl volume of diluted TALON beads, a 50pl
volume of diluted His-tagged peptide mimotope (e.g. Fyblé6)
and lOOﬁl of the test murine ‘monoclonal antibody (e.g.
LM447: anti-Fy®). The éel card was incubated at 37°C for 1

hour in an ID Incubator (DiaMed). Following incubation, the

25 card was centrifuged for 10 minutes in an ID centrifuge

(DiaMed). Again the reaction was read visually.
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[00138] These examples demonstrate that the synthetic peptide

mimotopes are capable of specifically binding antibodies
raised to native blood group antigens even when bound to a

solid support. 1In these examples the solid support used is

5 polystyrene Ni-NTA microsphere beads or supermagnetic

10

15

polystyrene'beads but it is envisaged that the synthetic
peptide mimotopes will be capable of specifically binding
antibodies raised to native blood group antigens when

immobilised on any suitable support.

The results are identified jjl Figures 13 and 14 whereby
specific binding of anti-RhD monoclonal antibody (T27) to
Peptide Mimotope RhD12 and specific biﬁdingvof the anti-Fy®.
monocolonal aﬁtibody (LM447) to Peptide Mimotope Fyblé is

shown.
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CLAIMS

1. A mimotope selected from at least one of SEQ ID Nos 1
to 311 or a peptide fragment, an immunoreactive analogue or

derivative or a cross-reactive sequence thereof.

2. A nethdd for detecting an antibody to a blood group
antigen in a sample, the method comprising: |

a)reacting a mimotope of said blood group antigen ﬁith
the sample to be tested, A

b) ‘detecting ény reaction between the sample and the
mimotope,

c) wherein a reaction between the sample and the

mimotope is indicative of the presence of an antibody to the

blood group antigen.

3. A method according to claim 2 wherein before step a)

the mimotope is immobilised on a solid support.

4. A method according to claim 3 wherein the solid support

is selected from a membrane, glass slide~o£‘bead.

5. A method according to any of claims 2 to 4.wherein the

antibody is an alloantibody.

6. A method of diagnosing diseases or a reaction to blood

products involving the generation ‘of ‘alloantibodies or
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autoantibodies, the method comprising using a mimotope of a

blood group antigen to identify antibodies associated with

the disease.

7. A method according to claim 6 whereih the disease is
HTR, haemolytic disease of the newborn or -autoimmune

haemolytic anaemia.

8. A method of diagnoéing according to either claim 6 or 7
wherein the method of detecting is according to -any of

claims 2 to 5.

9. A method according fo any preceding claim wherein:fhe
blood group antigen is selected from Rhesus, Kell, Duffy,
Kidd, ABO, MNS, P, Lutheran, Lewis, Diego, Yt, Xg, Scianna,
Dombrock, Colton, Landsteiner-Wiener, Chido-Rodgers, Hh, Kx,
Gerbich, Cromer, Kﬁops, Indian, Ok, Raph,.JMH; I, Globoside

or GIL antigen mimotopes.

10. A device for detecting the presence of an antibody to a
blood group antigen in a sample, the device comprising an

array of mimotopes of a blood group antigen.

11. A device according to .claim 10 wherein 'the mimotope is

immobilised on a solid support
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Figure 11
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Figure 12
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