
3 October 2005 WO 02/081683 I Protein Analysis PCTIGB02/01623 Field of the
Invention The present invention relates to a method of producing arrays for
conducting protein  5 analysis, in particular of antibodies, antigens or
antibody binding proteins, to protein  arrays produced, methods of
conducting analysis using them and novel entities  incorporated in them.
More specifically, the process relates to a method of producing a  range of
antibodies and/or antigens and immobilising these in an array, for use in
protein  or binding analysis. 10 Background  The concept of attaching a
number of different proteins to surface supports to form an  "array" of
proteins has been widely described in the literature (see for example
EP0063810, W084/03151, US5143854). 15 Recently, there has been a growing
interest in the concept of manufacturing devices  whereby large numbers of
proteins of various classes are arrayed onto different types of  solid
supports. Examples include antigen, antibody, protein (protein-protein
interaction)  and functional enzymes arrays. 20 The background to the
technology, and the potential uses for such devices, are  thoroughly
catalogued in the literature (loos et al Electrophoresis 2000, 21,
2641-2650,  Haab et al Genome Biology 2000 1(6), Borrebaeck Immunology
Today, August 2000)  and examples of potential utility can be found in a
number of recent patent applications 25 including WO 00/07024, WO 99/40434,
WO 99/39210 and W000/54046. The concept of creating antigen arrays was
described in EP 0063810 in 1982. It was  reported that antigens and
antibodies could be bound to a porous solid support enabling  an unlimited
number of antibody-antigen interactions to be conducted simultaneously. 30
To make antigen arrays, antigens were simply aliquoted in very.small
volumes onto  



nitrocellulose membranes or similar supports, allowed to adsorb and then
probed with  the corresponding antibodies. As with Enzyme Linked
Immunosorbent Assay (ELISA)  protocols performed in solution or in plastic
plates, non-specific interactions were 3 October 2005 WO 02/081683 2
PCT/GB02101623 blocked with Bovine Serum Albumin (BSA), and this is now
standard practise. It was  also reported that the elements (or spots) of
the array did not diffuse and were adsorbed  tightly onto the membrane. 5
It should be noted, however, that the dimensions for these elements were
considerably  larger than those obtained in micro array device systems. EP
0063810 describes how the  protein arrays could be made by aliquoting
proteins by hand, using mechanical  procedures including a "charged drop"
or lithographic process. In this manner elements  with. a diameter of less
than 500 microns (compared with 100 microns that can be 10 achieved with
current automated array systems) were produced. However, one of the main
disadvantages associated with the use of membranes as  opposed to
non-porous surfaces is that the elements tend to diffuse through the
support  material unless there is immediate binding. 15 Attempts were made
to overcome this problem. USP4496654 describes use of porous  surfaces such
as paper disks which were treated with streptavidin (which is adsorbed
onto the surface) enabling arrays of biotinylated antibodies to be arranged
in any desired  pattern. Following blocking with BSA, the paper discs could
be probed with the antigen 20 (exemplified with human chorionic
gonadotropin) which could then be detected with an  enzyme assay. The
biotinylated antibody immediately bound very tightly to the surface  of the
paper reducing diffusion of the spots. To achieve this using an "acceptor"
surface such as an avidin or streptavidin coated 25 surface, requires that
each antibody and antigen, which is attached to the array, must be
biotinylated prior to attachment to the array with no guarantee that this
process will not  impair its avidity (or antigenicity if an antigen is
used) compared with the native protein. Non-porous surfaces also have the
disadvantage that they are not as robust as solid 



30 surfaces, including various types of glass or plastics, and so cannot be
washed or treated  as stringently. 3 October 2005 WO 02/081683
PCT/GB02/01623 3 For antigen and antibody arrays, it has been found however
that attaching a protein to a  solid surface generally leads to a reduction
in antigenicity of the antigen and avidity of  the antibody compared with
that observed when the antigen or antibody is in free solution. Previous
attempts (see W084/03 1 5 1 and Haab et al 2000 supra.) to immobilise
antigens  and antibodies were not greatly successful. W084/03 1 5 1
describes that antibodies can  be applied directly onto glass surfaces such
as a microscope cover slip and dried. When  blocked and then exposed to
antigens, in this case in the form of whole cells, the 10 antigens were
captured by the array: However, W084/03 1 5 1 further describes that these
antigens needed to be added at a higher concentration compared with the
equivalent  ELISA performed in solution. It was also noted that the
antibodies had to be "highly  enriched in order to achieve a sufficiently
dense antibody coat for the desired cell  adherence". It also took
considerable time for the antibodies to be adsorbed onto the 15 glass
surface. Other approaches for the direct immobilisation of antigens and
antibodies have been  reported. One approach was to first adsorb calcium
phosphate in the form of  hydroxyapatite onto filter papers onto which
proteins were bound by ionic interaction as 20 described in US5827669.
These inventors reported that this was not effective. for acidic  proteins
and that the antibodies suffered from "bad orientation" onto the Ca I
phosphate  layer. Success was, however, reported when this method was used
in immobilising  streptavidin. 25 Another method for immobilising proteins
to solid, non-porous surfaces included  attaching them using an adhesive
polyphenolic protein isolated from muscles as  described in US5817470_ By
coating solid surfaces, such as a polystyrene multi-well  plate with
polyphenolic protein, various antigens could be bound to the treated
support  and detected in an ELISA sandwich comprising of a primary antibody
followed by a 



30 secondary antibody conjugated to an enzyme However, the inventors
conceded that the procedure was limited by the amount of  antigen bound or
adsorbed to the solid surface. The final amount of antigen strongly 3
October 2005 WO 02/081683 4 PCT/GB02/01623 bound to the surface of the
plate varied depending on a number of factors such as the  molecular
characteristics of the antigens, the properties of the solid support, the
concentration of the antigen in the solution as well as the characteristics
of the buffer  used to dissolve the antigen used to coat or to activate the
surface. In general, only a 5 small fraction of the antigen present in the
coating solution was adsorbed to the surface. Direct attachment of
antibodies and antigens to non-porous surfaces was also been  attempted
with a collection of 113 antibodies and their corresponding antigens (Haab
et  al, 2000 Genome Biology 1(6)). By exploiting technology developed for
DNA 10 microarrays, glass slides coated with poly-s-lysine were used to
immobilise both  antigens in one experiment and antibodies in another. The
results reported showed that  only 50% of the arrayed antigens and 20% of
the arrayed antibodies, provided specific  and accurate measurements of
their cognate ligands at or below concentrations of 1.61/m1 and 0.34gg/ml
respectively. 15 The high failure rate in binding antibodies to solid
surfaces would not be acceptable for  a large-scale antibody array
manufacturing programme- This supports the view that  direct attachment of
antigens and antibodies is an unsuitable technique to retain
antibody/antigen functionality if protein arrays are to fulfil their
potential. 20 The use of coatings such as avidin and streptavidin as
binders for biotin. labelled proteins  is well known for use in conjunction
with many proteins. The proteins are generally  isolated first, and then
biotinylated. Biotin can be conjugated to the protein at any or all active
lysine sites contained within it. 25 Thus, when antigens or antibodies are
biotinylated in this way, biotin groups may be  



present at their N-terminal groups and at any number of potential active
lysine residues  over their surface. This means that they will adopt any
number of different orientations once bound to the streptavidin layer and
so the binding properties will be diverse.  30 Furthermore, access to the
antigen or antibody immobilised via streptavidin will be  reduced by steric
hindrance, leading to generally inadequate assay. 3 October 2005 WO
02/0816.83 PCT/GB02/01623 It has been found that it is possible to reduce
the steric hindrance and increase the  sensitivity of the immunoassay by
including a linker between the antigen/antibody and  the biotinylated site.
5 US5811246 describes how small synthetic peptides used in either
immunoassays or for  raising antisera can be linked to a "carrier" protein
such as avidin or streptavidin via a  linker such as various bradykinin
derivatives. This has several advantages. Firstly, the  condensation
reaction between the free N-terminal group on the peptide and the linker
preserves the charged residues essential for recognition by an antibody
(immunoassay) 10 or to elicit an immune response (irdinunisation).
Secondly, the bradykinin linker can  then be biotinylated in such a way as
to preserve the free charged groups on the small  peptide. In each case,
the presence of the linker appears to promote a more sensitive  immunoassay
and an improved immune response when used as an immunising agent. 15 This
use of a bradykinin derivative in this way however introduces further steps
and  complications into the process. Biotinylated peptides fused to
peptides or proteins of interest are described in US Patent  Nos.
5,723,584, 5,874,239 and 5,932,433, and further in Beckett et al..Protein
Sci. 20 (1999) 8(4) 921-9. These peptides are used in order to biotinylate
recombinant  proteins, so as to allow rapid purification, immobilization,
labelling and detection  thereof It is not suggested that these peptides
should be used in particular with antigens or antibody binding proteins, or
that they should be formulated in arrays. 25 The present applicants have
found that the peptides used in these patents allow the  production of very
good antigen or antibody arrays, which can be efficiently produced on
non-porous supports whilst substantially retaining the binding avidity of
these  proteins. 



30 Summary of the Invention According to a first aspect of the present
invention there is provided a method of  forming an array of proteins
selected from antigens or antibodies; said method  comprising the steps of
3 October 2005 WO 02/081683 6 PCTIGB02/01623 (i) expressing in a
recombinant cell, a fusion protein which comprises either (a) an  antigen
or (b) an antibody binding protein, fused to a peptide having up to 50
amino  acids, which peptide comprised amino acid sequence of SEQ ID NO 1
LX1X2IX3X4X5X6KX7X8X9Xf0 (SEQ ID NO 1) where X, is a naturally occurring
amino acid, X2,is any naturally occurring amino acid  other than leucine,
valine, isoleucine, tryptophan, phenylalanine or tyrosine, X3 is
phenylalanine or leucine, X4 is glutamine or asparagine, X5 is alanine,
glycine, serine or 10 threonine, X6 is glycine or methionine, X7 is
isoleucine, methionine or valine, X8 is  glutamine, leucine, valine,
tyrosine or isoleucine, Xg is tryptophan, tyrosine, valine,  phenylalanine,
leucine or isoleucine and X10 is any naturally occurring amino acid other
than asparagine or glutamine; where said peptide is capable of being
biotinylated by a  biotin ligase at the lysine residue adjacent to X6; 15
(ii) biotinylating said peptide of the fusion protein at the lysine residue
adjacent X6;  (iii) isolating the biotinylated fusion protein; (iv)
applying the biotinylated fusion protein to an avidin or streptavidin
coated non- porous support; (v)-forming an array of at least three
different proteins on the support by either 20 (a)-where the fusion protein
comprises an. antigen, carrying out steps (i) to (iv) the  desired number
of times to form an antigen array; or (b) where the fusion protein
comprises an antibody binding protein, applying to said  protein, either
prior to or after step (iv) a plurality of different antibodies or binding
fragments thereof 25 The applicants have found that by using a fusion of
the antigen or antibody binding  



protein to a peptide of SEQ ID NO 1, these proteins may be immobilised onto
solid  surfaces, whilst substantially maintaining the antigenicity of
proteins, or the binding  capabilities of the antibody binding proteins.
30' This may be because the fusion peptide is biotinylated rather than the
protein itself, and  so there is less disruption of the protein's
antigenicity when attached to the support  surface- In addition, the
peptide including SEQ ID NO I appears to reduce steric 3 October 2005 WO
02/081683 7 PCT/GBO.2101623  hindrance to enable interaction between
antigen and antibody- By ensuring that the  peptide linker is attached at a
terminal region of the protein, and contains the  biotinylation site, sites
on the. protein which are essential for function appear to be  largely
unaffected. This combination is particularly advantageous in the context of
5 methods of analysis using antigens or antibody arrays. 10 The method
described herein represents the first time that the mode of attachment of
proteins to non-porous surfaces (step vi), the mode of protein isolation
from cell lysate  (step iii) and the method of biotinylation (step ii)
utilise the same fusion peptide. Unless defined otherwise, all technical
and scientific terms used herein have the same  meaning as commonly
understood by one of ordinary skill in the art. As used herein the
expression "antibody binding protein" refers to proteins which are  15
known to bind to regions of antibodies; or to mixtures of these- Examples
of such proteins include Protein A, Protein L and Protein G Antibody
binding proteins are used in accordance with the. invention in the
production of  antibody arrays- The antibodies are bound by antibody
binding proteins, such as 20 Proteins A, G and/or L or a mixture of one or
more of these, which are themselves  anchored via the linker to the
streptavidin coating on the support surface. While biotinylated versions of
native Protein A, G and L are commercially available and can be  attached
to the streptavidin coating on the support surface, the applicants have
found that  by fusing these proteins to biotinylated tags in accordance
with the present invention at 



25 the C and/or N-terminals, highly effective binding of antibodies of
various types was  achieved- This may also be the result of reduced steric
factors, or that the binding sites  on the proteins are all readily
available. In addition, by using the method of the invention, the
biotinylated fusion protein is 730 immediately captured on application to
the avidin or streptavidin coated support in step  (iv) leading to very
discrete spots of protein on the support, with minimal observable
diffusion. 3 October 2005 WO 02/081683 8 PCT/GB02/01623 Particular examples
of peptides having up to 50 amino acids, which peptide comprises  an amino
acid sequence of SEQ ID NO 1 are listed in US Patent Nos 5,723,584, US
Patent No 5,874,239 and US Patent No. 5,932,433, the content of which are
incorporated  herein by reference. Examples of peptides provided in these
references are listed below: 5 Leu Glu Glu Val Asp Ser Thr Ser Ser Ala Ile
Phe Asp Ala Met Lys Met Val Trp Ile Ser  Pro Thr Glu Phe Arg (SEQ ID
NO:14); Gin Gly Asp Arg Asp Glu Thr Leu Pro Met Ile Leu Arg Ala Met Lys Met
Glu Val Tyr  10 Asn Pro Gly Gly His Glu Lys (SEQ ID NO: 15); Ser Lys Cys
Ser Tyr Ser His Asp Leu Lys Ile Phe Glu Ala Gin Lys Met Leu Val. His Ser
Tyr Leu Arg Val Met Tyr Asn Tyr (SEQ ID NO:16); 15 Met Ala Ser Ser Asp Asp
Gly Leu Leu Thr Ile Phe Asp Ala Thr Lys Met Met Phe Ile.  Arg Thr (SEQ ID
NO:17); Ser Tyr Met Asp Arg Thr Asp Val Pro Thr Ile Leu Glu Ala Met Lys Met
Glu Leu His  Thr Thr Pro Trp Ala Cys Arg (SEQ ID NO: 18); 20 Ser Phe Pro
Pro Ser Leu Pro Asp Lys Asn Ile Phe Glu Ala Met Lys Met Tyr Val Ile Thr
(SEQ ID NO:19); Ser Val Val Pro Glu Pro Gly Trp Asp Gly Pro Phe Glu Ser Met
Lys Met Val Tyr His Ser  25 Gly Ala Gin Ser Gly Gin (SEQ ID NO:20); Val Arg
His Leu Pro Pro Pro Leu Pro Ala Leu Phe Asp Ala Met Lys Met Glu Phe Val  



Thr Ser Val Gin Phe (SEQ ID NO21); 30 Asp Met Thr Met Pro Thr Gly Met Thr
Lys Ile Phe Glu Ala Met Lys Met Glu Val Ser  Thr (SEQ ID NO:22); 3 October
2005 WO 02/081683 PCT/GB02/01623 Ala Thr. Ala Gly Pro Leu His Glu Pro Asp
Ile Phe Leu Ala Met Lys Met Glu Val Val  Asp Val Thr Asn Lys Ala Gly Gin
(SEQ ID'NO:23); Ser Met Trp Glu Thr Leu Asn Ala Gin Lys Thr Val Leu Leu
(SEQ ID NO:24); 5 Ser His Pro Ser Gin Leu Met Thr Asn Asp Ile Phe Glu Gly
Met Lys Met Leu Tyr His  (SEQ ID NO:25); Thr Ser Glu Leu Ser Lys Leu Asp
Ala Thr Ile Phe Ala Ala Met Lys Met Gin Trp Trp  Asn Pro Gly (SEQ ID
NO:27); 10 Val Met Glu Thr Gly Leu Asp Leu Arg Pro Ile Leu Thr Gly Met Lys
Met Asp Trp Ile  Pro Lys (SEQ ID NO:28); Leu His His Ile Leu Asp Ala Gin
Lys Met Val Trp Asn His Arg (SEQ ID NO:30);  15 Pro Gin Gly Ile Phe Glu Ala
Gin Lys Met Leu Trp Arg Ser (SEQ ID NO31); Leu Ala Gly Thr Phe Glu Ala Leu
Lys Met Ala Trp His Glu His (SEQ ID NO:32);  20 L-eu Asn Ala Ile Phe Glu
Ala Met Lys Met Glu Tyr Ser Gly (SEQ ID NO:33); Leu Gly Gly Ile Phe Gin Ala
Met Lys Met Glu Leu Arg Asp (SEQ ID NO:34); Lea Leu Arg Thr Phe Glu Ala Met
Lys Met Asp Trp Arg Asn Gly (SEQ ID NO:35);  25 Leu Ser Thr Ile Met Glu Gly
Met Lys Met Tyr Ile Gin Arg Ser (SEQ ID NO:36); Leu Ser Asp He Phe Glu Ala
Met Lys Met Val Tyr Arg Pro Cys (SEQ ID NO:37); 30 Leu Glu Ser Met Leu Glu
Ala Met Lys Met Gin Trp Asn Pro Gin (SEQ ID NO:38); Leu Ser Asp Ile Phe Asp
Ala Met Lys Met Val Tyr Arg Pro Gin (SEQ ID NO:39); 3 October 2005 WO
02/081683 I0 PCT/GB02/01623 



Leu Ala Pro Phe Phe Glu Ser Met Lys Met Val Trp Arg Glu His (SEQ ID NO:40);
Leu Lys Gly Ile Phe Glu Ala Met Lys Met Glu Tyr Thr Ala Met (SEQ ID NO:41);
5 Leu Glu Gly Ile Phe Glu Ala Met Lys Met Glu Tyr Ser Asn Ser (SEQ ID
NO:42);  Leu Leu Gin Thr Phe Asp Ala Met Lys Met Glu Trp Leu Pro Lys (SEQ
ID NO:43); Val Phe Asp Ile Leu Gin Ala Gin Lys Val Val Thr Leu Arg Phe (SEQ
ID NO:44);  10 Leu Val Ser Met Phe Asp Gly Met Lys Met Glu Trp Lys Thr Leu
(SEQ ID NO:45);  Leu Glu Pro Ile Phe Glu Ala Met Lys Met Asp Trp Arg Leu
Glu (SEQ ID NO:46); 15 Leu Lys Glu Ile Phe Glu Gly Met Lys Met Glu Phe Val
Lys Pro (SEQ ID NO:47);  Leu Gly Gly Ile Glu Ala Gln Lys Met Leu Leu Tyr
Arg Giy Asn (SEQ ID NO:48);  Arg Pro Val Leu Glu Asn Ile Phe Glu Ala Met
Lys Met Glu Val Trp Lys Pro (SEQ ID  20 NO:50); Arg Ser Pro Ile Ala Glu Ile
Phe Glu Ala Met Lys Met 'Giu Tyr Arg Glu Thr (SEQ ID  NO:5 1); 25 Gln Asp
Ser He Met Pro Ile Phe Glu Ala Met Lys Met Ser Trp His Val Asn (SEQ ID
NO:52); Asp Gly Val Leu Phe Pro Ile Phe Glu Ala Met Lys Met Ile Arg Leu Glu
Thr (SEQ ID  NO:53); 30 Val Ser Arg Thr Met Thr Asn Phe Gin Ala Met Lys Met
Ile Tyr His Asp Leu (SEQ ID  NO:54); 3 October 2005 WO 02/081683 II
PCT/GB02101623 Asp Val Leu Leu Pro Thr Val Phe Glu Ala Met Lys Met Tyr lie
Thr Lys (SEQ-ID  NO:55); Pro Asa Asp Leu Glu Arg Ile Phe Asp Ala Met Lys
Ile Val Thr Val His Ser (SEQ ID  NO:56);  Thr Arg Ala Leu Leu Glu He Phe
Asp Ala Gln Lys Met Leu Tyr Gln His Leu (SEQ ID  NO:57); 10 Arg Asp Val His
Val Gly He Phe Glu Ala Met Lys Met Tyr Thr Val Glu Thr (SEQ ID  



NO:58); Gly AspLys Leu Thr Glu Ile Phe Glu Ala Met Lys Ile Gln Trp Thr Ser
-Gly (SEQ ID  NO:59); 15 Leu Glu Gly Leu Arg Ala Val Phe Glu Ser Met Lys
Met Glu Leu.Ala Asp Glu (SEQ ID  NO:60); Val Ala Asp Ser His Asp Thr Phe
Ala Ala Met Lys Met Val Trp Leu Asp Thr (SEQ ID  20 NO:61); Gly Leu Pro Leu
Gin Asp He Leu Glu Ser Met Lys Ile Val Met Thr Ser Gly (SEQ ID  NO:62); 25
Arg Val Pro Leu Glu Ala lie Phe Glu Gly Ala Lys Met He Trp Val Pro Asn Asn
(SEQ  ID NO:63); Pro Met lie Ser His Lys Asn Phe Glu Ala Met Lys Met Lys
Phe Val Pro Glu (SEQ ID  NO:64); 30 Lys Leu Gly Leu Pro Ala Met Phe Glu Ala
Met Lys Met Glu Trp His Pro Ser (SEQ ID  NO:65); 3 October 2005 WO
02/081683 PCT/GB02/01623 12 Gin ProSer Leu Leu Ser lie Phe Glu Ala Met Lys
Met Gin Ala Ser Leu Met (SEQ ID  NO:66); Leu Leu Glu Len Arg Ser Asn Phe
Glu Ala Met Lys Met Glu Trp Gin lie Ser (SEQ ID  5 NO:67); Asp Gin Glu Leu
Asn Gin Ile Phe Glu Ala Met Lys Met Tyr Pro Leu Val His Val Thr  Lys (SEQ
ID NO:68); 10 Ser Asn Leu Val Ser Leu Leu His Ser Gin Lys Ile Leu Trp Thr
Asp Pro Gin Ser Phe Gly  (SEQ ID NO:70); Leu Phe Leu His Asp Phe Leu Asn
Ala Gin Lys Val Glu Leu Tyr Pro Val Thr Ser Ser  Gly (SEQ ID NO:71); 15 Ser
Asp Ile Asn Ala Leu Leu Ser Thr Gin Lys Ile Tyr Trp Ala His (SEQ ID NO:72);



Met Ala Ser Ser Leu Arg Gin Ile Leu Asp Ser Gin Lys Met Glu Trp Arg Ser Asn
Ala  Gly Gly Ser (SEQ ID NO:73); 20 Met Ala His Ser Leu Val Pro lie Phe Asp
Ala Gin Lys Ile Glu Trp Arg Asp Pro Phe Gly  Gly Ser (SEQ ID NO:75); Met
Gly Pro Asp Leu Val Asn Be PheGlu Ala Gin Lys Ile Glu Trp His Pro Leu Thr
Gly  25 Gly Ser (SEQ ID NO:76); Met Ala Phe Ser Leu Arg Ser Ile Leu Glu Ala
Gin Lys Met Glu Leu Arg Asn Thr Pro  Gly Gly Ser (SEQ ID NO:77); 30 Met Ala
Gly Gly Leu Asn Asp lie Phe Glu Ala Gin Lys lie Glu Trp His Glu Asp Thr
Gly Gly Ser (SEQ ID NO:78); 3 October 2005 WO 021081683 PCT/GB02/01623  13
Met Ser Ser Tyr Leu Ala Pro He Phe Glu Ala Gln Lys Ile Gin Tip His Ser Ala
Tyr Gly  Gly Ser (SEQ ID NO:79); Met Ala Lys Ala Leu Gln Lys He Leu Glu Ala
Gin Lys Met Glu Trp Arg Ser His Pro  5 Gly Gly Ser (SEQ ID NO:80); Met Ala
Phe Gin Leu Cys Lys Ile Phe Tyr Ala Gin Lys Met Glu Trp His Gly Val Gly
Gly Gly Ser (SEQ ID NO:81); 10 Met Ala Gly Ser Leu Ser Thr Ile Phe Asp Ala
Gin Lys He Glu Trp His Val Gly Lys Gly  Gly Ser (SEQ ID NO:82); Met Ala Gln
Gin, Leu Pro Asp He Phe Asp Ala Gin Lys Ile Glu Trp Arg He Ala Gly Gly=
Gly Ser (SEQ ID NO:83); 15 Met Ala Gin Arg Leu Phe His Ile Leu Asp Ala Gln
Lys Ile Glu Trp His Gly Pro Lys Gly  Gly Ser (SEQ ID NO:84); Met Ala Gly
Cys Leu Gly Pro Ile Phe Glu Ala Gin Lys Met Glu Trp Arg His Phe Val  20 '
Gly Gly Ser (SEQ ID NO:85); Met Ala Trp Ser Leu Lys Pro He Phe Asp Ala Gin
Lys Ile Glu Trp His Ser Pro Gly Gly  Gly Ser (SEQ ID NO:86); 



25 Met Ala Leu Gly Leu Thr Arg He Leu Asp Ala Gln Lys Ile Glu Trp His Arg
Asp Ser  Gly Gly Ser (SEQ ID NO:87); Met Ala Gly Ser Leu Arg Gin Ile Leu
Asp Ala Gin Lys Ile Glu Trp Arg Arg Pro Leu  Gly Gly Ser (SEQ ID NO:88),
and; 30 Met Ala Asp Arg Leu Ala Tyr Ile Leu Glu Ala Gin Lys Met Glu Trp His
Pro His Lys  Gly Gly Ser (SEQ ID NO:89). 3 October 2005 WO 02/081683 14
PCT/GB02/01623 These peptides, or fragments thereof which include SEQ ID NO
1 are suitable examples  of peptides for use in producing fusion proteins
in step (i). In particular; the peptides used in the method of the
invention to form the fusion protein  have from 13 to 20 amino acids, and
preferably about 15 amino acids. 10 A particularly preferred peptide for
use in the fusion protein of the invention is a 15  amino acid peptide
fragment of SEQ ID NO 78 shown above. Specifically, a preferred  peptide is
of amino acid sequence SEQ ID NO 2:  Gly Leu Asn Asp Ile Phe Glu Ala Gin
Lys Ile Glu Trp His Glu (SEQ ID NO 2). This peptide is known as AviTag"01
and DNA vectors encoding .this sequence are  available from Avidity. Inc.,
sold under the trade names pAN-4, pAN-5 and pAN-6 15 (which are suitable
for producing fusion proteins in which the peptide of SEQ ID NO 2  is
attached at the N terminus of the protein) and pAC-4, pAC-5 and pAC-6
(which are  suitable for producing fusion proteins in which the peptide of
SEQ ID NO 2 is attached  at the C terminus of the protein)- The sequence of
these vectors are shown hereinafter as  SEQ ID NO 3, SEQ ID NO 4, SEQ ID NO
5, SEQ ID NO 6, SEQ ID NO 7 and.SEQ ID 20 NO 8 in Figures 7-12
respectively- These vectors further include the ampicillin  resistance gene
bla to assist in cloning. However the AviTag sequence can also be
transferred into other vector systems. Biotinylation can be effected in
various ways, either in vivo or in vitro, for example by  



25 by co-expressing biotin ligase in the expression host, by adding biotin
ligase to the cell lysate or by adding the biotin ligase to the purified
protein. In a particularly preferred  embodiment, the method utilises the
ability to enzymatically biotinylate a lysine residue  in the fusion
peptide in vivo prior to protein isolation from the cell lysate, by co-
expressing biotin ligase in the expression host. Usually when in vitro
techniques are 30 used, the expressed protein must first be isolated from
the cell lysate and then  chemically biotinylated in vitro by means well
known in the art. This results in loss of material and random
biotinylation. Proteins with multiple biotinylated sites have an
unpredictable orientation and degree of binding onto the capture surface.
The advantage 3 October 2005 WO 02/081683 15 PCT/GB02101623 of the method
of the invention is that all expressed proteins will be uniformly attached
via the same residue on the same linker to the array Thus, suitably, the
recombinant cell used in step (i) of the invention is engineered such  5
that it also expresses a biotinylating enzyme and also contains biotin,
such that step (ii) is effected in vivo in said cell as illustrated
diagrammatically hereinafter in Figure 1.  DNA (1), which is suitably a
cloned gene encoding an antigen or an antibody binding  protein is
sub-cloned into a vector (2) (such as pAN-4, pAN-5, pAN-6 or pAC.-4, pAC-5
or pAC-6) which includes a sequence (3) encoding a peptide of SEQ ID NO. 1.
The 10 subcloned gene is then expressed in an expression system such as E.
coli, which has  been transformed with the vector as a fusion protein (4)
comprising the antigen or  antibody binding protein (5) fused to a peptide
(6) of SEQ ID NO. 1. When expressed in-vivo in the presence of
constitutively expressed biotin ligase, the lysine residue on the  fusion
peptide (6) is enzymatically biotinylated. 15 If the cell does not produce
biotin, then it may be added to the culture medium in order  to produce the
desired result. This reduces the number of steps involved in the process. A
particularly suitable host cell for use in the method of the invention are
the AVB 100,  20 AVB 101 and AVB99 E_ coli strains available from Avidity
Inc., Denver, Colorada, USA. These strains all have the birA gene stably
integrated into the chromosome so that  



they express biotin ligase. In the case of AVB 100, overexpression of-of
BirA protein  may be achieved by induction with L-arabinose. The AVB 101 E.
coli B strain contains  the pACYC 184 ColE I compatible plasmid that
over-expresses biotin ligase, the elevated 25 levels of Biotin Ligase in
the cells result in complete biotinylation of fusion proteins in  vivo. An
alternative host cell is strain AVB99 (Avidity Inc) which is an Ecoli
strain  (XLI-Blue) containing a pACYCI 84 plasmid with an IPTG-inducible
birA gene to overexpress biotin ligase (pBirAcm). 30 Fusion proteins
produced in step (i) may also be isolated and biotinylated in vitro in the
usual way. The structure of the peptide of SEQ ID NO I is such that
biotinylation will  occur reliably at lysine adjacent X6 within SEQ ID NO
1. 3 October 2005 WO 02/081683 16 PCT/GB02101623 In a preferred embodiment
of the invention, the peptide comprising the amino acid of  SEQ ID NO I is
also used as a means of isolating the fusion protein in step (iii) of the
method. The technology for protein expression using recombinant DNA
technology is  well known in the art. However, each protein that is
expressed has a different amino 5 acid sequence and many sequences are
either difficult to express in the host of choice or  their sequence is
hydrophobic, and therefore insoluble, or is toxic to the host. Even in  the
simplest bacterial expression systems, inclusion bodies are often formed
that are  difficult to disrupt while leaving the target protein in its
native active, state. 10 It is now common practise to fuse the target
protein with another protein/ peptide  sequence (tag) to aid the
purification process subsequent`to expression. Examples of  such fusion
expression systems are now widely used and have been commercialised by
several suppliers. Such fusion peptide sequences are attached. to the amino
or carboxyl  terminal end of a protein sequence and are recognised by
specific antibodies or affinity  15 resins. The expressed proteins must be
solubilised from the cellular debris sometimes requiring  harsh conditions
including unphysiological pH values or use of chaotropic reagents and
therefore the affinity purification process must be robust enough to
function under such  20 conditions. 



By using this sequence as a. means of isolating or purifying the expressed
fusion protein,  the need for additional purification tags is eliminated.
Thus this sequence has a dual  purpose. 25 In some cases. it may be
desirable to use a further peptide sequence tag as a means of  isolating or
purifying the expressed fusion protein. The sequence is preferably between
I and 30 amino acids in length. 30 The peptide sequence tag sequence (20)
may be located at the N-terminal or C-terminal  region of the antigen or
antibody binding protein as shown in Figure 13. It is, however,  preferably
located at the opposite end of the antigen or antibody binding protein to
which SEQ ID NO I is fused. Where the additional peptide sequence tag is
located on. 3 October 2005 WO 02/081683 17 PCT/GB02/01623 the same terminal
region as SEQ ID NO 1, it is preferably fused to the free end of SEQ  ID NO
1. Many peptide sequence tags are known in the art. Examples of suitable
peptide 5 sequence tags for the purposes of the present invention are
described in US 4 569 794A,  and EPO 282 042B, the contents of which are
herein incorporated by reference. Preferably, the peptide sequence tag
comprises at least one histidine amino acid. Even  more preferably the
peptide sequence tag has the formula His-X in which X is selected 10 from
the group consisting of -Gly-, -His-, -Tyr-, -Gly-, -Trp-, -Val-, -Leu-,
-Ser-, -Lys-,  -Phe-, -Met-, -Ala-, -Glu-, -Iles, -Thr-, -Asp-, -Asn-, -Gln
-, -Arg-, -Cys- and -Pro-. Alternatively the peptide sequence tag has the
formula Y-His wherein Y is selected from- -Gly-, -Ala-, -His- and -Tyr-. 15
Particularly suitable peptide sequence tags are described in EP 0 282 042B,
and a  preferred example is a hexa His tag. In one embodiment of the method
of the invention, step (iii) is effected using a further  20 antibody or a
binding fragment thereof, which is specific for the peptide of amino acid
sequence including SEQ ID NO 1. The said further antibody may be raised
using  



conventional techniques to the peptide (7) which includes an amino acid. of
SEQ ID NO  1 _ This method is illustrated diagrammatically in Figure 2 25
The said further antibody is an anti-fusion antibody (8), which may be
immobilised on a  column, magnetic bead (9) or pipette tip, for example
using a secondary antibody which  is suitably an anti-species antibody (10)
or other methods described in the literature,  such as using an antibody
binding protein such as Protein A, Protein G or Protein L,  bound to the
bead (9). This approach is highly suited to automation and to the isolation
30 of large numbers, but small quantities, of novel fusion proteins in
parallel- After  separation from the cell lysate residue, the bound fusion
protein (4) can subsequently be  eluted by increasing the pH from 7.0 to
9.0. 3 October 2005 WO 02/081683 18 PCT/GB02/01623 In an alternative
embodiment, the fusion protein is isolated using a separation material
which has some affinity for biotin but which releases the biotin fairly
readily. Suitably  the separation material is a modified version of avidin
or streptavidin, which has lower  affinity for biotin than native avidin or
streptavidin. A particular example of such a  material is a modified
version of avidin marketed as CaptAvidinTm by by Molecular  Probes (Eugene,
Oregon, USA). In this embodiment, the fusion protein is isolated from the
cellular debris, detergents and  salts etc from the culture medium, by
lowering the pH of the cell lysis mixture to pH 6.0 10 followed by affinity
purification with CaptAvidin '' attached to (a) magnetic beads or  (b)
pipette tips using conventional methods. Bound fusion protein may then be
eluted  from the magnetic beads or mini columns by subsequently increasing
the pH from 6.0 to  9-5 15 Prior to the step (iv), it is preferable to
confirm the identity of the expressed fusion  protein. In one particular
technique, a very low volume (10l) of the isolated fusion  protein is
removed from the microtitre plate. The sample is digested by trypsin.(using
methods well known in the art)_ The resultant peptide extract is desalted
and  concentrated using a ZipTip (Millipore, MA, USA) or equivalent, before
analysis via 20 mass spectrometry. 'Since the sequence of the fusion
protein is known, identification by  



MALDI spectrometry to identify the peptides is usually sufficient to
confirm the identity  of the fusion protein. This technique is widely used
in protein research and is  summarised by T. Rabilloud (Editor) Proteome
Research: 2D gel electrophoresis and identification methods. Furthermore,
this technique can be automated and there are a  25 number of commercially
available systems from companies including Amersham Pharmacia Biotech, Bio
Rad, AbiMed and Genomic Solutions (W0074852A1) that will  perform this
function. Similarly, prior to step (iv), it is preferable that the
concentration of each expressed  30 protein should be normalised where
possible to eliminate variation between elements. Large variations in
protein density cause difficulties in interpreting the data derived from
such arrays (see Ekins, Clinical Chemistry (1998) 44:9 2015-2030, US Patent
No  5807755 and US Patent No. 5432099 for a detailed discussion on the
quantitative 3 October 2005 WO 02/081683 19 PCT/GB02/01623 aspects of
protein immunoassays and protein arrays and definitions of assay
sensitivity).  Protein normalisation can be achieved by either determining
the total protein concentration and or by including internal controls in
the protocols. 5 In a particularly preferred embodiment of the method of
the invention, the fusion tag is  used as an internal control and is
detected by an antibody- with a high affinity for the  peptide of amino
acid sequence which includes SEQ ID NO 1 within the fusion protein.
Alternatively, the fusion protein can be expressed with a further peptide
sequence tag  and this can be used as an internal control. Such a tag may
be the said further peptide 10 sequence tag such as a hexa His tag as
discussed above, which is expressed as part of the  biotinylated fusion
protein. The tagged version of this fusion protein may be detected  through
the use of an appropriate antibody such as an anti His tag antibody. This
can be done by performing a classic immunoassay sandwich simultaneously
with,  15 or during, a subsequent analysis of a biological sample using the
array. Using the antibody to the biotinylated fusion peptide, it is
possible to determine the content of the fusion protein per 1 and as a
ratio of total protein present. The  methodology may be performed using a
sheep polyclonal primary antibody and 



20 secondary antibody sandwich in which the secondary antibody is
conjugated with  fluorescent dye (e.g. goat anti-mouse antibody conjugated
to Alexa 488, Molecular  Probes, Eugene; USA). The fluorescent dye used is
spectrally distinct from any used with the secondary antibody for the
biological sample. Both processes have been  optimised for automation. 25
The avidin or steptavidin coated non-porous support used in step (iv) of
the method of  the invention is suitably a glass or plastics material. Such
supports are well suited to the  production of small concentrated arrays-
This is important, since biological samples are  generally very limited in
volume, and thus very valuable. A minimal surface area 30 containing the
targets is required for protein arrays, while still enabling the ability to
achieve the required sensitivity of the assay. is desirable. In_ addition,
high density of  either antigen or antibody in the array produces better
signal to noise ratios when used in an assay. 3 October 2005 WO 02/081683
PCT/GB02/01623 20 Furthermore, as compared to supports with porous surfaces
including membranes, non- porous supports are more physically robust, are
well suited to automation and have a  lower background when imaged on
fluorescent scanners. 5 These may be coated with avidity or streptavidin
using conventional methods. For  example, the immobilisation of
streptavidin to non-porous surfaces such as polystyrene  multi-well plates
is well known in the art- In its most basic form, a solution of
streptavidin is left in contact with the surface for some hours. Un-bound
protein is then  removed by washing and the residual active moieties on the
plastic surface blocked with 10 BSA or an equivalent. Although this
approach may be passive, it is effective. The non- covalent binding of
streptavidin to polystyrene or nitrocellulose surfaces appears to be
highly stable and resistant to elevated temperatures and high
concentrations of  chaotropic reagents, as described in W098/37236. 15
Avidin can be chemically attached to glass using the N-hydroxysuccinamide
active ester.  of avidin as described by Manning, et al. Biochemistry 16:
I364-1370 (1977) and can be  



attached to nylon via carbodiimide based coupling methods as described by
Jasiewicz, et  at. Exp. Cell Res. 100: 213-217 (1976). 20 In another
method, high molecular weight compounds such as biotin-N-hydroxy
succinimide ester, N-biotinyl-6-aminocaproyl-NV hydroxysulfosuccinimide
ester,  sulfosuccinimidyl-2-(biotinamido)ethyl-l,3-dithiopropionate were
biotinylated and used to coat a suitable surface. Avidin or streptavidin
was then coated in a second layer and  was retained through binding the
biotin linker attached to the high molecular weight  25 compound as
described in EP0620438. Attachment of streptavidin via a layer of biotin on
the support surface was further developed in W098/59243, which describes
how biotin can be attached to a surface by  chemical means or by light
activation at 365nm. The benefit that this provides is that 30 regions of
the surface can be masked- The elegance of these approaches is that biotin
can be covalently bound to glass surfaces and will, in turn, non-covalently
bind  streptavidin only in those areas of the support that have been
treated- This enables  patterns of streptavidin "acceptor" protein on the
support to be manufactured if required. 3 October 2005 WO 02/08:1683 21
PCT/GB02/01623 In a preferred embodiment of the invention however, the
entire surface of the non  porous support is coated with avidin or
streptavidin, and then areas which are not  required for binding are
blocked, for example by addition of bovine serum albumin  (BSA). In this
way, any non-specific interaction of fusion protein with the support is
reduced. Proteins that have been applied directly onto glass or plastic
surfaces become non- covalently bound through interactions with charged
groups on the solid surface the active moieties of the solid surface
(typically silanol groups in glass or charged surface  10 residues on
polystyrene)- Such non-specific adsorption of antigens or antibodies onto
the surfaces of glass and plastic significantly reduces their antigenicity
and antigen binding  capacity respectively. The avidin or streptavidin
layer therefore fulfils a dual role of  firstly attaching the biotinylated
fusion protein (non-biotinylated proteins that. co-purify  do not bind
enabling a further purification step) and secondly, the dense layer of 



15 streptavidin shields the biotinylated fusion protein from undesirable
non-specific  interactions with the support surface. When the fusion
protein is applied to the avidin or streptavidin coating on the support in
step (iv), very tight but non-covalent bonding occurs. Preferably, the
non-porous 20 support is coated with streptavidin. Biotin attachment to
streptavidin is multivalent,  providing a binding of very high capacity
when compared to that of the antigen bound  directly to the support
surface. Once the proteins have been applied to form the array,  the
bonding is strong enough to withstand extensive and stringent washing
without  appreciable loss of fusion protein- This is illustrated in Figure
3. Biotinylated fusion 25 protein (4) is attached to the surface of the
array support (12) via tight, non-covalent  interaction with streptavidin
(14). In the preferred example, streptavidin (14) is  covalently bound ;to
the support material. Sites on the array support. material. to. which no
streptavidin molecules are ,bound, are blocked by BSA or other surface
modifiers (13)_  Fusion proteins bind the steptavidin (14) via the biotin
label (7) on the fusion peptide 30 (6). . Furthermore, the avidin or
streptavidin layer, whether attached directly to the surface of  the
support or via a biotinylated linker, is highly stable, is capable of being
stored dry 3 October 2005 WO 02/081683 22 PCT/GB02/01623 and can be-heated
and or treated with aggressive reagents without apparent loss of  function
(unlike most antigens and antibodies)- Further. "acceptor" layers can be
constructed on top of the foundation of the streptavidin layer if required.
These may  comprise other antibody binding proteins known in the art. The
array will have the advantage of using the concentrating effect of the
streptavidin,  which has multivalent sites for biotin attachment. This
enables four times the biotin  interaction with both antigen arrays and
antibody arrays. This allows higher densities of  either antigen or
antibody in each. element of the array which in turn means that more 10
elements can be assembled per mm2 while achieving the same signal (see US
Patent Nos 5807755 and US Patent No. 5432099 for a discussion of the
quantitative aspects) and  less surface area of the solid support is
utilised.. The advantage is that less biological  



sample is thus required. 15 Where the array is to consist of antigens
arrayed on a microscope format, it suitably  contains a large number of
these, for example from 3 -- 10,000 different fusion proteins These may be
generated or obtained from various sources, depending upon the intended
nature and target for the analysis to be conducted using the array.
Preferably, however,  each protein will be expressed in' the form of two
fusion proteins, one with the peptide 20 including SEQ ID NO 1 attached to
the C-terminal, and one with the peptide including  SEQ ID NO 1 attached to
the N-terminal. In this way, the relative antigenicities of each  version
of the fusion protein to a complementary antibody can be assessed. The uses
of antibody binding proteins such as Proteins A, G and L have been
extensively  25 reported. The binding of such proteins to antibodies is
sufficiently tight to enable use in separation and detection techniques.
These proteins are known to bind to the conserved  regions of various
classes of antibody. When the method of the invention is used to  produce
antibody arrays, antibody attachment is achieved by capture of the antibody
via  use of a layer of antibody binding proteins fused to a peptide which
comprises SEQ ID 30 NO 1. This layer preferably comprises of a mixture of
biotinylated tagged Proteins A, G  and L, and more preferably, some of
which are fused at the C-terminal end, and some of  which are labelled at
the N-terminal end. By creating a mixture of antibody-binding  proteins, a
universal acceptor is created enabling the attachment of virtually any 3
October 2005 WO 02/081683 PCT/GB02/01623 23 antibody, polyclonal,
monoclonal, full-chain fragments, single chain antibodies and  phage with
antibody activity into which a Protein A, G or L site is present or has
been  engineered. Any antibody can be incorporated into the array without
the need to pre- process or modify the antibody. 5 When such antibody
binding proteins are applied to an avidin or streptavidin coated  surface
in step (iv) a very high density of bound protein (biotinylated tagged
protein  binding to multivalent streptavidin) results. This method has the
advantage that only one amino acid residue is biotinylated, and this is
part of the fusion peptide, leaving the  10 antibody binding sites on the
lectins available. These antibody binding proteins  



effectively create a second layer on the solid surface. This layer
comprising of bound  fusion tagged Proteins A, G and L, acts as a universal
acceptor surface for any antibody  (Figure 6) without the need for direct
biotinylation of the antibody. This saves time,  antibody and eliminates
the possible degradation of the antibody's binding to its 15 corresponding
antigen. In a preferred embodiment, a molar excess of antibodies is
pre-mixed with biotinylated  peptide antibody-binding protein (e.g.
Proteins A, G or L) fusion and incubated for up to  15 minutes. This
antibody-antibody binding protein mixture is then applied directly to 20
the streptavidin covered array support. Alternatively, the biotinylated
antibody binding  protein fusion may first be applied to the streptavidin
covered array support. Individual  antibodies are then applied to the
surface of the coated support to form an array. The array produced by
either method comprises very discrete spots with minimal  25 observable
diffusion, leading to a good array for assay purposes. The array obtained
using the method of the invention is suitably used in methods for
detecting binding between antigens and antibodies. 30 Thus in a second
aspect, the invention provides a method of detecting binding between  an
antibody and an antigen, said method comprising the steps of (vi) applying
to the  array obtained using a method of the first aspect a-sample which
contains or is suspected 3 October 2005 WO 021081683 24 PCTIGB02/01623 of
containing an antibody in the case of an array of step (v)(a), or an
antigen in the case  of the array of step (v)(b); and (vii) detecting bound
antibody or antigen on the support. Steps (vi) and (vii) of the method of
the invention are suitably carried out in a 5 conventional manner, using
well known immunlogical techniques such as ELISAs,  including sandwich
ELISAs using labelled and in particular fluorescently labelled  antibodies.
This is illustrated in the case of an antigen array in Figure 4. Antigens
(4)  bound to the array substrate (12) via streptavidin (14) are detected
with a suitable  primary antibody (15). The signal is amplified using a
suitable secondary antibody (16) 10 conjugated to a label (17). The label
in the preferred embodiment is a fluorescent dye,  such as Alexa 488, but
may be any number of other types of label that are known in the  



art. Suitably the protein array continues to be monitored for quality and
in particular the  15 density of the protein during use of protein analysis
devices. This is achieved in accordance with a preferred embodiment of the
invention by using the peptide which  comprises SEQ ID NO 1 or the further
peptide sequence tag such as the hexa His Tag  mentioned above, or any
other suitable tag which performs this function as an internal  standard,
in a manner similar to that described above for pre-array protein
normalisation 20 Once the antigens from numerous protein preparations have
been arrayed onto the  support surface, the array can then. be used to
assess antibody quality (see WO  99/39210) or can be used to determine
antibody titre in serum samples (Joos et al  Electrophoresis 2000, 21,
2641-2650).. In these instances, the relative amounts of - protein between
the different elements in an array can be determined by adding an 25
internal standard to the primary sample. The internal standard that is
preferred is a sheep  polyclonal antibody raised against the fusion
peptide. This is spiked into. the primary  antibody solution (either
antibody or serum) and is detected by an anti-sheep secondary  antibody
conjugated with a suitable fluorescent dye that is spectrally distinct from
the  labelled secondary antibody to the primary sample. A two-colour image
is generated 30 using a commercially available-slide imager and the signal
for each element is  normalised to the signal resulting from the fusion
protein. Combined with pre-array protein content normalisation, arrays of
considerable consistency can be generated. 3 October 2005 WO 02/081683
PCT/GB02101623 Preferably at least some and most preferably all of the
steps of the process described  above are operated automatically to
increase throughput and reduce labour time.and  costs 5 Creating antigen
arrays with many novel proteins means proteins must be attached with  the
minimum number of steps if the process is to be viable. The use of a
peptide which  is readily and specifically biotinylated and which can act
not only as a binding protein  for assay purposes,. but also as a
purification means and an internal control for monitoring quality, provides
just such a method. 10 



The method of the invention allows diverse collections of proteins to be
attached with  universal procedures, a minimum number of steps and maximum
predictability of.  orientation. The method is suitable. for operation on a
large-scale, for example in high- throughput screening. 15 In a third
aspect the invention provides a protein array on a non-porous support,
obtained  using the method of the first aspect of the invention. Some
elements used in the above-described methods are novel and therefore form
20 further aspects of the invention. In particular, in a fourth aspect, the
invention provides a  fusion protein comprising an antibody binding protein
fused at the N- or C- terminus to a  peptide of 13 to 50 amino acids which
comprises SEQ ID NO 1, such as a. peptide. of  SEQ ID NO 2. In particular,
the antibody binding protein is Protein A. G or L and  preferably a mixture
thereof. The fusion protein may. additionally comprise a further 25 peptide
sequence tag such as the hexa His tag or another suitable sequence tag,
which  are known to those skilled in the art as discussed above. Such
sequence tag may be  located at the N or the C- terminus of the antigen or
antibody binding protein. It is,  however, preferably located at the
opposite end of the antigen or antibody binding protein to which the amino
acid sequence of SEQ ID NO 1 is fused. Where it is located  30 at the same
terminal. region as SEQ ID NO 1, the sequence tag is fused to the free end
of  SEQ ID NO L. 3 October 2005 WO 02/081683 26 PCT/G602/01623 A fifth
aspect of the invention comprises a nucleic acid sequence which encodes the
fusion protein of the fourth aspects. In particular in this case, the
sequence which  encodes the peptide is suitably of SEQ ID NO 9. 5
GGCCTGAACGACATCTTCGAGGCTCAGAAAATCGA.ATGGCACGAA  (SEQ ID NO 9) A sixth
aspect of the invention comprises a method of forming an array of proteins
selected from antigens or antibodies; said method comprising the steps of
l0 



(i) expressing in a recombinant cell, a fusion protein which comprises
either (a) . an  antigen or (b) an antibody binding protein, fused to a
peptide having up to 50 amino  acids or a fragment thereof having at least
13 amino acids, which peptide. comprises the  sequence selected from 15 Leu
Glu Glu Val Asp Ser Thu Ser Ser Ala Ile Phe Asp Ala Met Lys Met Val Trp Ile
Ser  Pro Thr Glu Phe Arg (SEQ ID NO: 14); Gin Gly Asp Arg Asp Glu Thr Leu
Pro Met Ile.Leu Arg,Ala Met Lys,Met Glu Val Tyr  20 Asn Pro Gly Gly His Glu
Lys (SEQ JD NO:15); Ser Lys Cys Ser Tyr Ser His Asp Leu Lys Ile Phe Glu Ala
Gln Lys Met Leu Val His Ser  Tyr Leu Arg Val Met Tyr Asn 'Tyr (SEQ ID NO`
16); 25 Met Ala Ser Ser Asp Asp Gly Leu Leu Thr Ile Phe Asp'Ala Tlir Lys
Met Met Phe Ile  Arg Thr (SEQ ID NO: 17); % Ser Tyr Met Asp Arg The Asp Val
Pro Thr he Leu Gliu Ala Met Lys Met Glu'Leu His  Thr Thr Pro Tip Ala Cys
Arg (SEQ ID NO;18); 30 Ser Phe Pro Pro Ser Leu Pro Asp Lys Asn Ile Phe Glu
Ala Met Lys Met :Tyr Val. he Thr  (SEQ ID NO: 19); 3 October 2005, 26a Ser
Val Val Pro Glu Pro Gly Trp Asp Gly Pro Phe Glu Ser Met Lys Met Val Tyr His
Ser  Gly Ala Gin Ser Gly Gin (SEQ ID NO:20); Val Args Leu Pro Pro Pro Leu
Pro Ala Leu The Asp Ala Met Lys Met Glu Phe Val  Thr Ser Val Gin Phe (SEQ
ID NO:21); Asp Met Thr Met Pro Thr Gly Met Thr Lys Ile Phe Glu Ala Met Lys
Met Glu Val Ser  Thr (SEQ ID NO:22); Ala Thr Ala Gly Pro Leu His Glu Pro
Asp He The Leu Ala Met Lys Met Glu Val Val  Asp Val Thr Asn Lys Ala Gly Gin
.(SEQ ID NO:23); Ser Met Trp Glu Thr Leu Asn Ala Gin Lys Thr Val Leu Leu
(SEQ ID NO:24); Ser His Pro Ser Gin Leu Met Thr Asn Asp Ile Phe Glu Gly Met
Lys Met Leu Tyr His  (SEQ ID NO:25); Thr Ser Glu Len Ser Lys Leu Asp Ala
Thr Ile Phe Ala Ala Met Lys Met Gin Trp TO  



Asn Pro Gly (SEQ ID NO:27); Val Met Glu Thr Gly Leu Asp Leu Arg Pro Ile Leu
Thr Gly Met Lys Met Asp Trp Ile  Pro Lys (SEQ ID NO:28); Pro Gin Gly Ile
Phe Glu Ala Gln Lys Met Leu Tip Arg Ser (SEQ ID NO:3 1); Leu Ala Gly Thr
Phe Glu Ala Leu Lys Met Ala Trp His Glu His (SEQ ED NQ:32);  Leu Leu Arg
Thr Phe Gin Ala Met Lys Met Asp Trp Arg Asn Giy (SEQ lD NO:35);  Leu Ser
Thr Ile Met Gin Gly Met Lys Met Tyr Ile Gln Arg Ser (SEQ ID NO:36); 3
October 2005 26b  Leu Glu Ser Met Leu Glu Ala Met Lys Met Gin Trp Asn Pro
Gin (SEQ: ID NO:38);  Leu Ala Pro Phe Phe Glu Ser Met Lys Met Val Trp Arg
Glu His (SEQ II) NO:40);  Leu Leu Gin Thr Phe Asp Ala Met Lys Met Glu Trp
Leu Pro Lys (SEQ ID NO:43);  Val Phe Asp Ile Leu Glu Ala Gin Lys Val Val
Thr Leu Arg Phe (SEQ ID NO:44);  Leu Val Ser Met Phe Asp Gly Met Lys Met
Gin Tip Lys Thr Leu (SEQ ID NO:45);  Leu Glu Pro Ile Phe Gin Ala Met Lys
Met Asp Trp Arg Leu Glu (SEQ ID NO:46);  Leu Gly Gly Ile Glu Ala Gin Lys
Met Leu Leu Tyr Arg Gly Asn (SEQ ID NO:48);  Arg Ser Pro Pe Ala Gin lie Phe
Glu Ala Met Lys Met Glu Tyr Arg Glu Thr (SEQ ID  NO:5 T); Gln Asp Ser Ile
Met Pro Be Phe Glu Ala Met Lys Met Ser Trp his Val Asn (SEQ ID  NO:52); Asp
Gly Val Leu Phe Pro He Phe Glu Ala Met Lys Met Be Arg Leu Glu Thr (SEQ III)
NO:53); Val Ser Arg Thr Met Thr Asn Phe Glu Ala Met Lys Met Ile Tyr His Asp
Lea (SEQ ID  NO:54); Asp Val Leu Leu Pro Thr Val Phe Glu Ala Met Lys Met
Tyr Ile Thr Lys (SEQ ID  NO:55); Pro Asn Asp Leu Glu Mg Ile Phe Asp Ala Met
Lys Ile Val Thr Val His Ser (SEQ ID  NO:56); 3 October 2005 26c Arg Asp Val
His Val Giy Be Phe Glu Ala Met Lys Met Tyr Thr Val Glu Thr (SEQ ID  NO:58);



Gly AspLys Leu Thr GIu lie Phe Glu Ala Met Lys Ile Gin Trp Thr Ser Gly (SEQ
ID  NO:59); Leu Glu Gly Leu Arg Ala Val Phe Glu Ser Met Lys Met Glu Leu Ala
Asp Glu (SEQ ID  NO:60); Val Ala Asp Ser His Asp Thr Phe Ala Ala Met Lys
Met Val Trp Leu Asp Thr (SEQ ID  NO:61), Gly Leu Pro Leu Gin Asp Ile Leu
Glu Ser Met Lys Be Val Met Thr Ser Gly (SEQ ID  NO:62); Arg Val Pro Leu Glu
Ala Ile Phe Glu Gly Ala Lys Met Ile Tip Val Pro Asn Asn (SEQ  ID NO:63);
Pro Met Be Ser Ills Lys Asn Phe Glu Ala Met lys Met Lys Phe Val Pro Glu
(SEQ ID  N0:64); Lys Leu Gly Leu Pro Ala Met Phe Glu Ala Met Lys Met Gin
Trp Hies Pro Ser (SEQ ID  NO:65); Gin Pro Ser Leu Leu Ser Ile Phe Glu Ala
Met Lys Met Gin Ala Ser Leu Met (SEQ ID  NO:66); Leu Leu Glu Leu Arg Ser
Asn Phe Glu Ala Met Lys Met Glu Trp Gin Tie Ser (SEQ ID  N0:67); 3 October
2005 26d Asp Glu Glu Leu Asn Gln lie Phe Glu Ala Met Lys Met Tyr Pro Leu
Val His Val Tbr  Lys (SEQ ID NO:68); Ser Asn Leu Val Ser Leu Leu His Ser
Gin Lys Ile Leu Trp Thr Asp Pro GIn Ser Phe Gly  (SEQ ID NO:70); Leu Phe
Leu His Asp Phe Leu Asn Ala GIn Lys Val Glu Leu Try Pro Val Thr Ser Ser
Gly (SEQ ID NO:71); Ser Asp lie Asn Ala Leu Leu Ser Thr Gin Lys Ile Tyr Trp
Ala His (SEQ ID NO:72); Met Ala Phe Gin Leu Cys Lys lie Phe Try Ala Gin Lys
Met Clu Trp Ns Gly Val Gly  Gly Gly Ser (SEQ ID NO:81), and; Met Ala. Asp
Arg Leu Ala Tyr Ile Leu Glu Ala Gln Lys Met Glu Trp His Pro His Lys  Gly
Gly Ser (SEQ ID NO:89), where said peptide is capable of being biotinylated
by a biotin ligase;  



(ii) biotinylating said peptide of the fusion protein; (iii) isolating the
biotinylated fusion protein; (iv) applying the biotinylated fusion protein
to an avidin or streptavidin coated non porous support; (v) forming an
array of at least three different proteins on the support by either (a)
where the fusion protein comprises an antigen, carrying out steps (i) to
(iv) the  desired number of times to form an antigen array; or (b) where
the fusion protein comprises an antibody binding protein, applying to said
protein, either prior to or after step (iv), a plurality of different
antibodies or binding  fragments thereof 3 October 2005 26e Description of
the Figures Figure I illustrates diagrammatically the expression of a
protein which is either an  antigen or an antibody binding protein such as
Protein A, G or L, in a form in which it  can be used in the method of the
invention - Figure 2 illustrates diagrammatically the isolation of fusion
protein from cellular debris  using an anti-tag antibody in accordance with
an embodiment of the invention. Figure 3 illustrates diagrammatically the
attachment of expressed fusion protein to a  support surface coated with
streptavidin in accordance with an embodiment of the invention. Figure 4
illustrates diagrammatically the detection of bound antigen with classic
ELISA  sandwich with the secondary conjugated to a fluorescent marker such
as Alexa 488 in  accordance with an embodiment of the invention. Figure 5
shows the results of a series of experiments in which a fusion protein
comprising of GST fused to the fusion peptide was arrayed onto a
streptavidin-coated  microscope slide at several concentrations, the lowest
in the above example being  equivelent to-SOOpg I spot. Panel (a) shows the
image produced by a commercially  available scanner using an excitation
wavelength of 485nm and an emission wavelength  of 520nm. In this example,
the secondary antibody was conjugated to Alexa 488 as described in the
text- Panel (b). shows an inverted image of (a) for ease of viewing.
Pannel (c) shows an enlarged area of the array support with fusion protein
at 500 pg 1  



spot. The signal: noise ratio for these spots indicates that detection
limits.(signal:noise  ratios of3:1) would give a detection limit in the
order of 10-50 pg protein per feature. 3 October 2005 WO 02/081683
PCT/GB02/01623 27 Figure 6 (a) illustrates diagrammatically how solutions
of Protein A, G and L (18)  expressed as both C- and N- terminal fusion
proteins were incubated with the  streptavidin-coated slide (12). (a)
Solutions of Proteins A, G and L (18) expressed as  both C- and N-terminal
fusion proteins were incubated with the streptavidin-coated slide 5 (12).
Antibodies (19) can be attached to the slide in highly discrete spots by
arraying  with a solid pin device or similar. The antibodies bind to the
divalent protein binding  proteins (Proteins A, G or L) at high densities.
This was exemplified by binding a goat  anti-mouse Ab conjugated to Alexa
488 and the image was acquired by scanning the  slide with an emission
wavelength of 485 rim and an excitation wavelength of 520 nm  10 (inset
panel (b)) Figure 7 shows the structure of the pAN-4 DNA vector obtainable
from Avidity Inc. in  which the S-D box (ASGGA) is shown in bold type, the
start methionine codon is.shown  in italics and underlined, the sequence
encoding the peptide of SEQ ID NO 2 is. 15 underlined, the ampicillin
resistance bla is shown in bold type and the lacl'4 is shown  bold and
underlined; Figure 8 shows the str ucture of the pAN-5 DNA vector
obtainable from Avidity Inc.  with annotations similar to those used in
Figure 7; 20 Figure 9 shows the structure of the pAN-6 DNA vector
obtainable from Avidity Inc.  with annotations similar to those used in
Figure 7;  Figure 10 shows the structure of the pAC-4 DNA vector obtainable
from Avidity Inc.  25 with annotations similar to those used in Figure 7;
Figure 11 shows the structure of the pAC-5 DNA vector obtainable from
Avidity Inc.  with annotations similar to those used in Figure 7; 30 Figure
12 shows the structure of the pAC-6 DNA vector obtainable from Avidity Inc.
with annotations similar to those used in Figure 7. 3 October 2005 



WO 02/081683 28 PCT/GB02/01623 Figure 13 illustrates diagrammatically the
expression of a protein, which is either an  antigen, or an antibody
binding protein such as Protein A, G or L, in a form in which it,  can be
used in the method of the invention wherein the two alternative positions
of the  second peptide sequence tag are shown. 5 Detailed description of
the Invention  Step 1: Cloning All genes expressed were cloned from cDNA
preparations directly into each of the pAN  and pAC series of vectors
(Avidity Inc, USA). These were used to express N-terminal  10 and
C-terminal fusion proteins respectively. The fusion peptide sequence used
was SEQ ID NO 2 shown above. The insert sequences were confirmed by DNA
sequencing  performed on 377 (PE Corporation Inc) and MagaBase (Amersham
Pharamcia Biotech)  instruments using the manufacturer's methodologies. 15
Step 2: Expression All fusion proteins were expressed under the control of
the tightly repressed Trc  promoter and is IPTG-inducible. All proteins
were expressed in strain AVB 100  (Avidity Inc, Colorado, USA), an E. coil
K12 strain [MCI061 araDl39 delta(ara- leu) 7696 delta(lac)174
galUgalKhsdR2(rK-mK+) mcrBl rpsL(Str~] with a birA gene  20 stably
integrated into the chromosome. Over expression of the BirA protein was
accomplished by induction with L-arabinose.  The stably integrated birA
gene does not require antibiotics to be maintained, and use of  AVB 100
with IPTG-inducible vectors such as pAC and pAN, vectors (Avidity Inc, 25
USA) allowed independent control over the expressed gene of interest and
the BirA  levels. Strain AVB99 (Avidity Inc) was also used and is an E.
coil strain (XL 1-Blue) containing  a pACYC184 plasmid with an
IPTG-inducible birA gene to overexpress biotin ligase 30 (pBirAcm). 3
October 2005 WO 02/081683 



29 PCTIGB02/01623 Strain AVB 101 (Avidity Inc) was also used and is an E_
coli B strain (hsdR, lonl 1,  sulAl), containing a pACYC184 plasmid with an
IPTG-inducible birA gene to  overexpress biotin ligase (pBirAcm). 5
Expression of both biotin ligase and the fusion protein was induced with
IPTG (1 mM).  Biotin was added at the time of induction to a concentration
of 50 M. Step 3: Purification Biotinylated fusion proteins were isolated by
two separate methods. These methods can  10 - either be used as alternates
or were eombined as a two-stage process where ultra pure  preparations were
required. a) Purification using anti-fusion peptide antibodies A partially
purified mouse monoclonal antibody to the C-terminus fusion peptide was 15
available and polyclonal antibodies to the C- and N- terminal fusion
proteins were raised  in rabbit. i) In one of the methodologies, the anti
C-terminal mouse monoclonal was  attached directly to magnetic beads using
2.4 micron magnetic beads with a tosylated 20 activated surface (Dynal
Biotech ASA, Norway) as follows: Coating procedure. Dynabeads M-280
Tosylactivated were resuspended by pipetting  and vortexing for
approximately I min and.were immediately pipetted into the reaction  tube.
Supernatant was removed from the beads using a magnet (Dynal MPC) to
separate 25 the beads from solution. The supernatant was removed, leaving
beads undisturbed. The  beads were resuspended in an ample volume of 0.1 M
Na-phosphate buffer pH 7.4 and  mixed gently for 2 min. After using the
magnet again and pipetting off the supernatant,  the washed beads were
resuspended in the same volume of 0.1 M Na-phosphate buffer pH 7.4 to the
required concentration. 30 The appropriate antibody was dialysed into 0.1 M
Na-phosphate buffer pH 7.4. The  amount of antibody was approximately 3 pg
antibody per 107 Dynabeads (approximately  20 pg/mg) and the beads were
resuspended by vortexing for I min. The mixture was 3 October 2005 WO
02/081683 



PCTIGB02/01623 30 incubated for 16-24 h at 37C with slow tilt rotation.
After incubation, the magnet was  used to separate the magnetic beads for I
- 4 minutes and the supernatant was removed.  The coated beads were washed
four times (twice in xl PBS pH 7.4 [phosphate buffered  saline] with 0.1%
[w/v] BSA for 5 minutes at 4C) once with 0.2 M Tris-HC1 pH 8.5  with 0.1%
(w/v) BSA for 24 hours at 20C or for 4 hours at 37C (Tris blocks free
tosyl- groups) and finally once in xl PBS, pH 7.4 with 0.1% [w/v] BSA for
5-minutes at 4C.  The Dynabeads M-280 Tosylactivated are thereby coated
with the antibody. The cells expressing the fusion protein of interest were
lysed for 15 minutes in ice-cold  10 x1 PBS, pH 7.4 with 1%NP-40 and
protease inhibitors, after which the lysate was centrifuged at 2,000 x g
for 3 minutes. The lysate was pre-cleared by incubation of the  ice-cold
lysate (in 1.5 nil Eppendorf tubes) for 2 hours with Dynabeads pre-coated
with  the appropriate antibody (0.5mg Dynabeads pr. lysate from 1 x 106
cells). The  Dynabeads were washed 3 times in 1.5 ml ice-cold PBS/1% NP-40
by using a Dynal 15 Magnetic Particle Concentrator to collect the beads at
the wall after each washing step.  The fusion protein-antibody magnetic
bead complex was disrupted by adjusting the pH  to above 9.0: Supernatant
was separated from the magnetic beads with the Magnetic  Particle
Concentrator and assayed for total protein concentration, concentration of
fusion  peptide and the protein was identified by mass spectrometry using a
PerSeptive Voyager  20 . MADLI (see below). . ii) In the second
methodology, the antibody was attached indirectly to Dynal  magnetic beads
via Protein A and Protein G previously immobilised onto the surface of  the
bead by the manufacturer. 25 A mixture of Dynabeads-Protein G and
Dynabeads-Protein A were resupended by  vortexing for 1-2 minutes. The
supernatant was removed from the beads using a  magnetic workstation as
described above. 0.5 ml 0.1 M Na-phosphate buffer pH 7.0 containing 0.01%
Tween 20 and 0.1 % (w/v) BSA were added and the wash procedure  30 repeated
three times. The antibody was added to the washed Dynabeads and incubated
with gentle mixing for  10 - 40 minutes. The supernatant was removed using
the magnetic workstation. The 



3 October 2005 WO 02/081683 31 PCT/GB02/01623 beads were twice resuspended
in 0.5 ml 0.1 M Na-phosphate buffer pH 7.0 containing  0.01% Tween 20 and
0.1% (w/v) BSA for protein stability. Supernatant was removed  and the
beads added to the lysate mixture as prepared above. Binding of the fusion
protein was performed at 2-8C for 10 minutes to 1 hour. Approximately 25 g
target 5 protein per l of the initial Dynabeads Protein G volume was used
to assure an excess of  protein. Incubation was performed while tilting and
rotating the tube with incubation  times as low as 10 minutes. Supernatant
containing detergents and cell lysate was  removed from the
fusion-protein-Ig Dynabeads-Protein G complex using the magnetic
workstation and washed 3 times using xl PBS, pH 7.4 with 0.01% Tween 20. 10
Bound fusion protein was best eluted from the fusion-protein-Ig
Dynabeads-Protein G/A complexes by adjusting the pH to above 9.0 and
removing the supernatant containing the  now purified fusion protein.
Supernatant was separated from the magnetic beads with  the Magnetic
Particle Concentrator and assayed for total protein concentration,
concentration of fusion peptide and the protein was identified by mass
spectrometry 15 using a PerSeptive Voyager MADLI (see below). iii) In
another example, Proteins A, G and L mixtures were immobilised on to
suitably prepared pipette tips. The antibody was incubated with the pipette
tips in  50mM Tris-HCl buffer, pH 8.0 containing 0.01% Tween 20 and 0.1%
(w/v) BSA for 60 20, minutes at room temperature. The coated pipette tips
were then rinsed with 3 pipette  volumes of 50mM Tris-HCl buffer, pH 8.0
containing 0.01% Tween 20 and 0.1% (w/v)  BSA. 2001 cell lysate was
aspirated from the bottom of the tip either by hand or with a  robotic
workstation several times to ensure the extraction of the biotinylated
fusion  protein. The cell lysate was discarded. The pipette tips were
rinsed with three volumes 25 of 10mM Tris-HCI buffer, pH 8.0 containing
0.01% Tween 20 and 0.1% (w/v) BSA.  Bound fusion protein was eluted in half
a pipette volume of 50mM sodium bicarbonate- HCI buffer, pH 10.0 containing
0.01% Tween 20 by gently aspirating this aliquot up  through the bottom of
the pipette tip. The resulting solution containing the fusion  protein was
assayed as described below. 



30 iv) In another preferred methodology an alternative version of the
biotinylated  fusion protein was constructed with the addition of a hexa
His tag. The hexa His fusion  peptide is often used as a standard
purification procedure and is well known to those 3 October 2005 WO
02/081683 PCT/GB02/01623 32 skilled in the art. Typically, cells were lysed
in 5m1 buffer per gram wet weight of cells.  The lysis buffer comprised: xl
NBB (20mM Tris CL, 100mM NaCI, 5mM lmidazol, pH  8.0) with 1 in 100 volume
of 10mg/ml lysozyme, I in 100 volume protease inhibitor  cocktail
(Calbiochem protease inhibitopr cocktail set 3), 10mM beta mercaptoethanol,
supplemented with a xl detergent cocktail supplied by Novagen (Madison,
USA). The  cells were lysed for 15 minutes at 30-37C. Cellular proteins
were denatured by adding Urea to a final concentration of 6M and 2M
thiourea. The solution was clarified by passing through a 0.22 micron
filter, and then 10 applied directly onto nickel agarose matrix TA supplied
bY Q s e~ Germany).  ~ ig Proteins were incubated with the nickel agarose
beads for 15 minutes and the non binding protein removed by centrifugation.
The beads were washed three times in 10  volumes of the lysis buffer
supplemented with 6M Urea and 2M Urea. After the final  wash, 50% of the
wash buffer was removed and then diluted with a 20mM Tris HCI, 15 1 OOmM
NaCl, pH 8.0 buffer containing 10mM beta mercaptoethanol. This step was
repeated three times. Finally the beads were washed with 10 volumes of
buffer, the  composition of which was ?OmM Tris HCI, 1 OOmM NaCl, pH 8.0
buffer (without  urea/thiourea). 20 The proteins were eluted several
aliquots of buffer (20mM Tris HCI, 100mM NaCl, pH  8.0 buffer),
supplemented with various concentrations of irnidazole. The typical
concentration range of imidazole used to eluted the bound protein was
between 20mM to  500mM. The fractions containing the eluted protein were
pooled. 25 b) Purification using CaptAvidinTm (Molecular Probes Inc Oregon
USAI In another experiment, the biotinylated fusion protein was isolated
using a novel form of  streptavidin marketed as CaptAvidinTm (Molecular
Probes, Oregon, USA) immobilised  to a suitable surface. In this modified
form of streptavidin, the tyrosine residue in the  



biotin binding sites is nitrated, thereby reducing the very strong
non-covalent bond with 30 a Ka of 10 "M-' to a Ka of 109M';. The
association between biotin and CaptAvidinTm.  can therefore be disrupted by
raising the pH to between 9-10 as described. below: 3 October 2005 WO
02/081683 33 PCT/GB02/01623 i) In one preferred embodiment, CaptAvidinTM
protein was attached to tosylated  magnetic beads (Dynal Biotech ASA,
Norway) and was washed and prepared as described above. The CaptAvidin-um
coated beads were washed three times in 50mM  citrate phoasphate buffer, pH
4.0 containing 0.01% Tween 20 and 0.1% (w/v) BSA and 5 the supernatant was
discarded. The cell lysate mixture was prepared as described above  and the
pH adjusted to 5.0. CaptAvidinTM coated beads were added at a ratio of 0.5
mg  Dynabeads per lysate from I x 106 cells. The solution was incubated
with gentle  agitation for 10-60 minutes. The supernatant was removed from
the magnetic beads  using a magnetic workstation (Dyanl Biotech ASA,
Norway) and washed with three 10 aliquots of 10mM Tris-HCL buffer, pH 8.0
containing 0.01% Tween 20, discarding the  supernatant. The biotinylated
fusion protein is detached from the CaptAvidinTm coated magnetic  beads by
adding an aliquot of 50mM sodium bicarbonate-HC1 buffer, pH 10.0 15
containing 0.01% Tween 20 and gently agitating the slurry for 15 minutes at
room  temperature. The magnetic beads were removed using the magnetic
workstation and the  supernatant containing the biotinylated fusion protein
was retained. ii) In another example, the magnetic beads were replaced by
creating mini 20 columns of CaptAvidinTM conjugated to agarose beads
(Molecular Probes Inc, Oregon,  USA) mixed with an equal volume of
Sepharose(r) CL-4B agarose (Amersham  Pharmacia Biotech Ltd, UK) to
increase the bed volume with mini columns made by  pouring the slurry into
pipette tips in 50mM citrate phosphate buffer, pH 4.0 containing  0.0 1%
Tween 20. Biotinylated fusion protein was separated from cell lysate
mixture by 25 affinity chromatography. Unbound material is eluted from the
column with 10 column  volumes of 10mM Tris-HC1 buffer, pH 8.0 containing
0.01 % Tween 20. Biotinylated  fusion protein was eluted from the column in
two column volumes of 50mM sodium  



bicarbonate-HCI buffer, pH 10.0 containing 0.01% Tween 20. 30 iii) In yet
another experiment, the CaptAvidinTM agarose beads were  immobilised into a
pipette tip and fusion protein binding and elution was performed as
described above 3 October 2005 WO 02/081683 34 PCT/GB02/01623 Step 4:
Protein Identification Expressed and purified fusion proteins were
identified by peptide finger printing. Using  methods as reviewed in
Proteome Research (Edited by Rabilloud), the fusion protein  was digested
with trypsin, the resulting peptide solution was desalted and concentrated
5 using a ZipTipT ' (Millipore, MA, USA) reverse phase column, diluted into
matrix  solution and applied to a target plated from a PerSeptive VoyagerTM
mass spectrometer  and analysed by MADLI. The resulting spectra of peptide
masses were compared with  the anticipated peptide finger print for the
protein using the ExPASy search algorithms  (GeneBio AG, Switzerland) via
their website www.ex as r.com . 10 Step 5: Protein assay (normalisation) A
3-5 Iti aliquot of the purified fusion, protein was removed from the stock
solution and  assayed for total protein content using the BCA method in
preference to Bradford assay  due to the presence_ of detergents in the
protein samples. The concentration of 15 biotinyiated fusion protein was
determined by immunoassay as follows; A 3-5 l aliquot  of the purified
fusion protein was removed from the stock solution and incubated in a
black, streptavidin-coated microtitre plate (Beckton Dickenson, USA). The
well was  washed three times with 50mM Tris-HCL buffer, pH 8.0 containing
0.01% Tween 20.  The well was blocked using 1% (w/v) BSA in the same buffer
for 30 minutes and then 20 rinsed three times with 50mM Tris-HCL buffer, pH
8.0 containing 0.01% Tween 20.  The immobilised biotinylated fusion protein
was incubated with either an anti N- terminal or anti C-terminal polyclonal
antibody raised in rabbit diluted into 50mM Tris- HCL buffer, pH 8.0
containing 0.01% Tween 20 and 0.1% (w/v) BSA. The wellwas  rinsed three
times with buffer and then probed with a anti-rabbit, mouse monoclonal 



25. conjugated to Alexa 488 (Molecular Probes Inc, Oregon, USA) and the
signal measured  with a PerkinElmer Flight fluorescence plate reader. A
standard curve with known  amounts of Glutathione S-transferase expressed
using the expression system described in  US5723584, US5874239 and
US5932433 was used for calibration in the range of 0.1- 500 pg of fusion
protein per well. 30 3 October 2005 WO 02/081683 PCT/GB02/01623 35 Step 6:
Manufacture of protein g1jays a) Creation of Streptavidin coated microscope
slides Microscope slides coated with streptavidin were first imaged on a
variety of  commercially available slide readers using an excitation
wavelength of 480nm and and  5 emission wavelength of 520nm to assess the
evenness of the coating. arra s  b) Manufacture of antigen The streptavidin
coated slides were rehydrated with xl phosphate buffered saline at pH  7.3.
Purified biotinylated fusion proteins at a concentration of approximately 1
g / tl  10 were spotted onto the surface of the slide using a solid pin
with a tip diameter of 100 150 microns (Biorobotics, Cambridge, UK) by hand
and with a robotic system. The  slide was incubated at room temperature in
a humidity-controlled environment for 30  minutes. The slide was then
typically washed with x t PBS, pH 7.3 containing 0.01%  (v/v) Tween and
then blocked by incubating the slide with 1% (w/v) BSA for 10 15 minutes.
The slide was rinsed with xl PBS, pH 7.3 containing 0.01% (wlv) Tween 20
and then incubated with the primary antibody of choice diluted 1:400 in xl
PBS, pH 7.3  containing 0.01% (w/v) Tween 20 and 0.1% (wlv) BSA, or a
complex-biological mixture  of proteins containing immunoglobulins, e.g.
diluted serum samples. The slide was then  rinsed in xl PBS, pH 7.3
containing 0.01% (w/v) Tween and 0:.1% (w/v) BSA and 20 incubated with an
appropriate secondary (for example mouse anti-human IgG  monoclonal
conjugated to Alexa 488 (Molecular Probes Inc) for the detection of
immunoglobulins in serum, for example). The slides were then imaged at
excitation/emission wavelengths of 480/520nm, for the Alexa 488 conjugate,
although  



one skilled in the art can appreciate that many such secondary Abs with a
variety of 25 labels (colorimetric, alternative fluorescent, radiolabelled
or chemiluminescent) could be  used in its place. An example of the results
obtained is illustrated in Figure 5  hereinafter. c Manufacture of antibody
arrays 30 Creation of a universal antibody acceptor layer Proteins A, G and
L from Streptococcus aureus were cloned into the expression vectors  pAN-4,
pAN-5 or pAN-6, pAC-4, pAC-5 and pAC-6) and were expressed and purified  as
described above, resulting in both C- and N-terminal fusion proteins which
were 3 October 2005 WO 02/081683 PCT/GB02/01623 36 biotinylated in vivo,
again as described above. Streptavidin coated microscope slides  were
coated with a mixture of fusion proteins (both C- and N- terminal fusions)
of  Proteins A, G and L in xl PBS, pH 7.3 at a concentration of 1mg / ml.
The slides were  incubated at room temperature for a minimum of 30 minutes
in a humidity-controlled  environment. The slides were washed with xl PBS,
pH 7.3 containing 2mM Sodium  Azide and were stored in sealed containers in
a moist atmosphere (to prevent drying) at  4C until required. Printing
antibody arrays 10 The universal antibody acceptor layer was used to attach
a variety of different classes of  antibodies and those phage molecules
engineered to include a Protein A, G or L binding  site. Antibody
preparations are diluted in lx PBS, pH 7.3 containing 0.01% Tween to a
concentration of 0.2 - 10 mg /ml. The antibody solutions were applied to
the universal  antibody acceptor layer with solid pins with a tip diameter
of between 100-150 microns 15 (Biorobotics, Cambridge, UK) by hand or with
a robotic system- The slides were then  blocked with 1% BSA in xl PBS, pH
7.3 containing 0.01% Tween. Slides were rinsed  with the x l PBS, pH 7.3
containing 0.01% Tween and 2mM Sodium Azide and were  stored in sealed
containers in a moist atmosphere (to prevent drying) at 4C until  required.
20 Scanning as described above for antigen arrays produced the sort of
results which are  



illustrated in Figure 6. Step 7: Labelling complex mixtures of proteins
with fluorescent dyes 25 Typically, protein samples were prepared by
solubilising them in a variety of buffers and  detergents, depending on the
biological sample. Many samples required aggressive  solubilisation
procedures requiring the use of non-ionic detergents and 8M urea, similar
to those used in the preparation of proteins for the first dimension of 2D
electrophoresis  gels. For example, the solublization methodology involved
homogenization of the 30 sample into solution containing 4% CHAPS, 50mM
PBS, pH 7.6 with either 7 M urea  and 2 M thiourea or 8 M urea. Buffers
containing primary amino groups such as TRIS  and glycine inhibit the
conjugation reaction and were therefore avoided. The presence  of low
concentrations (<2%) of biocides such as azide or thimerosal did not affect
3 October 2005 WO'02/081683 PCT/GB02/01623 37 protein labelling. The
solubilised protein was centrifuged at I0,000g to remove cellular  debris
and non-solubilised material and the mixture was immediately labeled.
Complex mixtures of proteins from biological samples were labelled with a
fluorescent  tag prior to incubation with the antibody array as prepared
above. Clearly, those skilled  in the art will recognise that other forms
of labels can be applied to the technique such as  radiolabelling,
chemiluminescent and visual dyes. Further, other fluorecent dyes can  also
be applied to the process. 10 One preferred embodiment is the use of Cy3
and Cy5 mono reactive dyes (Amersham  Pharmacia Biotech Ltd, UK). Dye
labelling of complex protein mixtures was  unpredictable and had to be
optimised for each type of biological sample- Specifically,  the binding of
dye molecules to proteins via residues with amine groups often reduced  the
antigenicity of certain proteins such that they were no longer recognised
by a 15 . functional antibody. The manufacturer's recommended procedure is
designed to label l mg protein to a final  molar dye/protein (DIP) ratio
between 4 and 12. This assumes an average protein  molecular weight of
155,000 daltons. In the present invention, an average dye / protein 20
ratio above 2-3 was found to interfere with the antibody-antigen reaction
for many of the  



proteins studied. It was determined that the DIP ratios could be simply
controlled by  using different concentrations of protein and different
buffer pH values. Altering the protein concentration and reaction pH
changed the labelling efficiency of  25 the reaction significantly. Optimal
labelling occured at pH 9 and by reducing the pH to  7.6 reduced the dye /
protein ratio to between 1-3. Higher protein concentrations increased
labeling and so the control of protein concentration was also found to be
critical. Solutions of up to 10 g/gl of a single protein species gave dye /
protein ratios  of 10-14, so more appropriate concentrations were found to
be 0.1 - 1.0 g/1_ A 30 typical method was as follows: complex protein
mixtures prepared as described above,  were diluted to several
concentrations in x 1 PBS buffer, pH 7.6 containing 0.2% CHAPS  to achieve
an average protein species concentration of 1.0 pg/gl (total- protein 3
October 2005 WO 0 210 8 16 8 3 38 PCT/GB02/01623 concentration was in the
range of 50-100g/l).The protein solution was incubated at  room temperature
for 30 minutes with constant gentle agitation. Labeled protein must  be
separated from the excess, unconjugated dye prior to incubation with the
antibody  arrays. The manufacturer recommends separation from unbound
protein by gel 5 permeation, however, due to the presence of membrane-bound
proteins with poor  solubility this step was replaced by simply adding an
excess of glycine to the solution to  halt the reaction. The labeled
protein solution was incubated for a further 15 minutes to  ensure the
removal of residual free dye. Labeled proteins were stored at 2-8C without
further manipulation. Free dye was also removed using the method of Unlu et
al (1997) 10 in which free dye was removed by overnight incubation with
SM-2 beads (Bio-Rad, CA, USA). The.fmal dye/protein (DIP) ratio was
estimated as follows: a portion of the labeled  protein solution was
diluted so that the maximum absorbance was 0.5 to 1.5AU. Molar 15
concentrations of dye and protein were calculated. The extinction
coefficient will vary for different proteins but is a reasonable average to
use for complex mixtures. The ratio of the average number of dye molecules
coupled to each protein molecule was  calculated as follows: 



20 Cy5 / Protein ratios were calculated using molar extinction coefficients
of 250,000 M'  'cm71 at 650nm for Cy5, and 170,000 M-'cm-' at 280nm for the
protein mixture. The  calculation was corrected for the absorbance of the
Cy5 dye at 280nm (approximately 5% of the absorbance at 650nm) as per the
manufacturer's product data sheets. [Cy5  dye]=(A650)/250000,
[protein]=[A280- (0.05 x A650 )] / 170000, (D/P) final 25 =[dye]/[protein],
(D/P) final =[0.68 x (A650)] I [A 280- (0.05 x A650 )]. Cy3 / Protein
ratios were calculated using molar extinction coefficients of 150,000 M
'cm= at 552nm for the Cy3 dye and 170000 M"'crn' at 280nm for the protein
are used in  this example. The calculation was corrected for the absorbance
of the dye at 280nm 30 (approximately 8% of the absorbance at 552nm.). [Cy3
dye]=(A 552 )/150000,  [antibody]=[A 280- (0.08 x A552 )] / 170000, (DIP)
final =[dye]/[antibody], (DIP) final  [l.13 x (A552 )] / [A280- (0.08 x
A552 )]. 3 October 2005 WO 02/081683 39 PCT/GB02/01623 Ste 8: Determination
of protein ex ression usin antibod arra s Cy3-labelled and Cy5-labelled
proteins were mixed in equimolar amounts based on the- Dye / protein ratios
determined above. 1 OOp.l of the mixture was incubated with a  antibody
array that had previously been rinsed with several slide volumes of xl PBS,
pH 5 7.6 containing 0.01% Tween. The labelled protein mixture was incubated
at 30C for  one hour in an automated slide processor subject to UK Patent
Application GB  0028647.6 (unpublished). The slide was then rinsed with 10
slide volumes of xl PBS,  pH 7.6 containing 0.01% Tween. The slides were
dried by centrifugation and imaged  immediately on a commercially available
slide imager using the manufacturer's 10 operating procedures. The Cy3 and
Cy5 labelled protein ratios were analysed and  normalised to a number of
marker proteins such as actin and GAPDH_ While this approach is suitable
for similarly prepared tissues or other biological samples, care must  be
taken on the applicability of this normalisation strategy between different
tissue types  and other biological samples, since the total cell content of
all proteins vary considerably  15 from tissue to tissue. The potential of
protein arrays has been discussed for many years and clearly is a much  



needed tool. The problems with expressing, purifying, assaying and in
particular,  attaching proteins to solid, non-porous surfaces have all
proved difficult problems to 20 solve. Through the novel exploitation of
the vector technology described in patents  US5723584, US5874239 and
US5932433, the present invention provides a method for  the preparation of
both antigen and antibody arrays that allow researchers to now,apply  these
techniques with greater success. 25 All references mentioned in the above
specification are herein incorporated by reference.  Other modifications of
the present invention will be apparent to those skilled in the art  without
departing from the scope and spirit of the invention. Although the
invention has  been described in connection with the specific preferred
embodiments, it should be  understood that the invention as claimed should
not be unduly limited to such specific 30 embodiments. Indeed, various
modifications of the described modes for carrying out the  invention, which
are obvious to those skilled in the art, are intended to be within the
scope of the following claims. sV-V0_4VV15 3 October 2005 40 . CLAIMS
GBO201 1. A method of forming an array of proteins selected from antigens
or antibodies;  said method comprising the steps of 5 (i) expressing in a
recombinant cell, a fusion protein which comprises either (a) an  antigen
or (b) an antibody binding protein, fused to a peptide having up to 50
amino  acids, which peptide comprises an amino acid sequence of SEQ ID NO 1
LXiX71X3x4X5X5KX7X8xgX10 (SEQ ID NO 1) 10 where Xi is a naturally occurring
amino acid, X2 is any naturally occurring amino acid  other than leucine,
valine, isoleucine, tryptophan, phenylalanine or tyrosine, X3 is
phenylalanine or leucine, X4 is glutamic acid or aspartic acid, X5 is
alanine, glycine,  serine or threonine, X6 is glutamine or methionine, X7
is isoleucine, methionine or 15 valise, Xg is gh tarnic acid, leucine,
valine, tyrosine or isoleucine, Xg is tryptophan,  tyrosine, valine,
phenylalanine, leucine and isoleucine and Xio is any naturally occurring  



amino acid other than aspartic acid or glutamic acid; where said peptide is
capable of  being biotinylated by a biotin ligase at the lysine residue
adjacent to X6; (ii) biotinylating said peptide of the fusion protein at
the lysine residue adjacent X6;  20 (iii) isolating the biotinylated fusion
protein; (iv) applying the biotinylated fusion protein to an avidin or
streptavidin coated non- porous support; (v) forming an array of at least
three different. proteins on the support by either (a) where the fusion
protein comprises an antigen, carrying out steps(1) to (iv) the  25 desired
number of times to form an antigen array; or (b) where the fusion protein
comprises an antibody binding protein, applying to said  protein, either
prior to or after step (iv),-.a plurality of dif erent antibodies or
binding  fragments thereof . 30 2. A method according to claim I wherein
the peptide of SEQ ID NO.1 is selected  from Leu His His Be Lea Asp Ala On
Lys Met Val Trp Asn His Arg (SEQ ID NO:30); AMENDED SHEET -30-06-2003 -
GB02016:  3 October 2005 41 Leu Asn Ala Ile Phe Glu Ala Met Lys Met glu Tyr
Ser Gly (SEQ ID NO:33); Leu Gly Gly Ile Phe Glu Ala Met Lys Met Glu Leu Arg
Asp (SEQ ID NO:34); 5 Leu Ser Asp He Phe Glu Ala Met Lys Met Val Tyr Arg
Piro Cys (SEQ ID NO:37);  Leu Ser Asp Ile Phe Asp Ala Met Lys Met Val Tyr
Arg Pro Gln (SEQ ID NO:39); Leu Lys Gly Ile Phe Glu Ala Met Lys Met Glu Tyr
Thr Ala Met (SEQ Ti) NO:41);  10 Leu Glu Gly Be Phe Glu Ala Met Lys Met Glu
Tyr Ser Asn Ser (SEQ II) NO:42); Leu Lys Glu Ile Phe Glu Gly Met Lys Met
Glu Phe Val Lys Pro (SEQ ID NO:47); 15 Arg Pro Val Leu Glu Asn Ile Phe GIu
Ala Met Lys Met Glu Val Tip Lys Pro (SEQ ID  NO:50); Thr Arg Ala Leu Leu
Glu Be Phe Asp Ala Gin Lys Met Leu Tyr Gin His Leu (SEQ.ID  NO:57); 20 



Met Ala Ser Ser Leu Arg Gin Be Leu Asp Ser Gin Lys Met Glu Trp Arg Ser Mn
Ala  Gly Giy Ser (SEQ ID NO:73); Met Ala His Ser Leu Val Pro Be Phe Asp Ala
GIn Lys Ile Glu Trp Art Asp Pro Phe Gly  25 GIy Ser (SEQ 1D NO:75); Met Gly
Pro Asp Leu Val Asn Ile Phe Glu Ala Gin Lys Ile Glu Trp Iis Pro Leu Thr Gly
GIy Ser (SEQ ID NO:76); 30 Met Ala Phe Ser Leu Arg Ser Ile Leu Gin Ala Gin
Lys Met Glu Leu Arg Mn Thr Pro  Gly Gly Ser (SEQ ID.NO:77); AMENDED SHEET
30-06-2003 L. 3 October 2005 42  Met Ala Gly Gly Leu Asn Asp Ile Phe Glu
Ala Gin Lys Ile Glu Trp His Glu Asp Thr  Gly Gly Ser (SEQ ID NO:78); Met
Ser Ser Tyr Lea Ala Pro Be Phe Glu Ala Gln Lys Ile Glu Trp His Ser Ala Tyr
Gly  5 Gly Ser (SEQ ID NO:79); Met Ala Lys Ala Leu On Lys Ile Leu Glu Ala
Gin Lys Met Glu Trp Arg Ser His Pro  Gly Gly Ser (SEQ ID NO:80); 10 Met Ala
Gly Ser Leu Ser Thr Ile Phe Asp Ala Gin Lys Ile Glu Trp Ills Val Gly Lys
GIy  Gly Ser (SEQ ID NO:82); 15 Met Ala Gin On Leu Pro Asp Ile Phe Asp Ala
Gin Lys Be Gin Trp Arg Ile Ala Gly GIy  Gly Ser (SEQ ID NQ:83); Met Ala Gin
Arg Leu Phe His Ile Leu Asp Ala Gin Lys Be Glu Trp His Gly Pro Lys-Gly  Gly
Ser (SEQ. ID N0:84);, Met Ala Gly Cys Leu Gly Pro Be Phe Glu Ala Gln Lys
Met Glu Trp Arg His Phe Val  20 Gly Gly Ser (SEQ ID NO:85); Met Ala Trp Ser
Leu Lys Pro Ile Phe Asp Ala On Lys Ile Glu Trp His Ser Pro Gly Gly  Gly Ser
(SEQ ID NO:86); 25 Met Ala Leu Gly Leu Thr Arg he Leu Asp Ala GIn Lys Be
Gin Trp His Arg Asp Ser  Gly Gly Ser (SEQ ID NO-87); and . 



30 Met Ala gly Ser Leu Arg Gin lie Leu Asp Ala Gln Lys Ile Glu Tip Arg Arg
Pro Leu Gly  Gly Ser (SEQ ID NO:88). 3. A method of forming an array of
proteins selected from antigens or antibodies;  said method comprising the
steps of AMENDED SHEET '30-06-2003 3 October 2005 sequence selected from 43
(i) expressing in a recombinant cell, a fusion protein which comprises
either-(a) . an  antigen or (b) an antibody binding protein, fused to a
peptide having up to 50 amino  acids or a fragment thereof having'at least
13 amino acids, which peptidecomprises the Leu Glu Glu Val Asp Ser Thr Ser
Ser Ala Ile Phe Asp Ala Met Lys Met Val Trp Ile Ser.  Pro Thr Glu Phe Arg
(SEQ ID NO: 14); Gln Gly Asp Arg Asp Glu Thr Leu Pro Met Ile.Leu Arg.Ala
Met Lys.Met Glu Val Tyr  10 Asn Pro Gly Gly His Glu Lys (SEQ iD NO: 15),
Ser Lys Cys Ser Tyr Ser His Asp Leu Lys Ile Phe Glu Ala Gln Lys Met Leu Val
His Ser  Tyr Leu Arg Val Met Tyr Asn Tyr (SEQ ID NO: 16); 15 Met Ala Ser
Ser Asp Asp Gly Leu Leu Thr He Phe Asp 'Ala Tlir Lys Met Met Phe Be  Arg
Thr (SEQ ID NQ:17); Ser Tyr Met Asp Arg Thr Asp Val Pro Thr Ile Leu Glu Ala
Met Lys Met Glu'Leu His  Thr Thr Pro Trp Ala Cys Arg (SEQ ID NO:-18); 20
Ser Phe Pro Pro Ser Leu Pro Asp Lys Asn Ile Phe Glu Ala Met Lys Met :Tyr
Val he Thr  (SEQ ID NO: 19); Ser Val Val Pro Glu Pro Gly Trp Asp Gly Pro
Phe Glu Ser Met Lys Met Val Tyr His Ser  25 Gly Ala Gln- Ser Gly Gln (SEQ
ID NO:20); Val Mg His Leu Pro Pro Pro Leu Pro Ala Leu Phe Asp Ala Met Lys
Met Glu Phe Val  Thr Ser Val On The (SEQ ID NO:21); .  30 Asp Met Thr Met
Pro Thr Gly Met ThrLys Be Phe Glu Ala Met Lys Met Giu Val Ser  Thr (SEQ ID
NO:22); 



AMENDED'SHEET `30-06-2003 G B020164"  3 October 2005 44  Ala Thr Ala Gly
Pro Leu His Glu Pro Asp He Phe Lou Ala Met Lys Met Glu Val Val  Asp Val Thr
Asn Lys Ala Gly Gin (SEQ ID NO:23); Ser Met Trp Glu Thr Leu Asn Ala Gin Lys
Thr Val Leu Leu (SEQ I[) NO:24); 5 Ser His Pro Ser Gin Leu Met Thr Asn Asp
Ile Phe Glu Gly Met Lys Met Leu Tyr His  (SEQ ID NO:25); Thr Ser Glu Leu
Ser Lys Leu Asp Ala Thr Ile Phe Ala Ala Met Lys Met Gin Trp Trp  10 Asn Pro
Gly (SEQ ID NO:27); Val Met Glu Thr Gly Leu Asp Leu Arg Pro Ile Leu Thr Gly
Met Lys Met Asp Trp Ile Pro Lys (SEQ ID NO:28); 15 Pro Gin Gly Ile Phe Glu
Ala Gin Lys Met Leu Trp Arg Ser (SEQ ID NO:31); Leu Ala.Gly Thr Phe Glu Ala
Leu Lys Met Ala Trp His Glu His (SEQ ID NO:32); Leu Leu Arg Thr Phe Gtu Ala
Met Lys Met Asp Trp Arg Asn Gly (SEQ ID NO:35);  20 Leu Ser Thr Be Met Glu
Gly Met Lys Met Tyr Ile Gin Arg Ser (SEQ ID NO:36); Leu Glu Ser Met Leu Glu
Ala Met Lys Met Gin Trp Asn Pro Gin (SEQ.ID NO:38); 30 25 Leu Ala Pro Phe
Phe Glu Ser Met Lys Met Val Trp Arg Glu His (SEQ ID NO-40); Leu Leu Gin Thr
Phe Asp Ala Met Lys Met Glu Trp Leu Pro Lys (SEQ ID NO:43); Val Phe Asp Ile
Leu Glu Ala Gin Lys Val Val Thr Leu Arg Phe (SEQ ID NO:44);  Leu Val Ser
Met Phe Asp Gly Met Lys Met Glu Tip Lys Thr Leu (SEQ ID NO:45);  Leu Glu
Pro Ile Phe Glu Ala Met Lys Met Asp Trp Arg Leu Glu (SEQ ID NO:46); .
AMENDED SHEET "30-06-2003 GB0201 6'  3 October 2005 45 Leu Gly Gly Ile Glu
Ala On Lys Met Leu Leu Tyr Arg Gly Asn (SEQ ID NO:48); Arg Ser Pro Ile Ala
Glu Ile Phe Glu Ala Met Lys Met Glu Tyr Arg Glu.Thr (SEQ ID  



NO:51); 5 Gin Asp Ser Be Met Pro Be Phe On Ala Met Lys Met Ser Tip His Val
Asn (SEQ ID  NO:52); Asp Gly Val Leu The Pro Be Phe Glu Ala Met Lys Met Ile
Arg Leu Glu Thr (SEQ ID  10 NO:53); Val Ser Arg Thr Met Thr Asn Phe Glu Ala
Met Lys Met Ile Tyr His Asp Leu (SEQ ID  NO:54); 15 Asp Val Leu Leu Pro Thr
Val Phe Glu Ala Met Lys Met Tyr Ile Thr Lys (SEQ II)  NO:55); Pro Asn Asp
Leu Glu Arg Ile Phe Asp Ala Met Lys Be Val Thr Val His Ser (SEQ ID  NO:56);
20 Arg Asp Val His Val Gly Ile Phe Glu Ala Met Lys Met Tyr Thy Val Glu Thr
(SEQ ID  NO:58); Gly AspLys Leu Thr Glu Ile Phe Glu Ala Met Lys Ile Gin Trp
Thr Ser Gly (SEQ ID  25 NO:59); Leu Glu Gly Leu Arg Ala Val Phe Glu Ser Met
Lys Met Glu Leu Ala Asp Glu (SEQ ID  NO:60); 30 Val Ala Asp Ser His Asp Thr
Phe Ala Ala Met Lys Met Val Trp Leu Asp Thr (SEQ ID  NO:61); AMENDED SHEET
-30-0672003 3 October 2005 G B02016,' 46  Gly Leu Pro Len Gln Asp Ile Leu
Glu Ser Met Lys Be Val Met Thr Ser Gly (SEQ ID  NO:62); Arg Val Pro Leu Glu
Ala lie Phe Glu Gly Ala Lys Met Ile Trp Val Pro Asn Asn (SEQ  5 ID NO:63);
Pro Met lie Ser Ills Lys Asn The Glu Ala Met Iys Met Lys Phe Val Pro Glu
(SEQ ID  NO:64); 



10 Lys Leu Gly Leu Pro Ala Met Phe Glu Ala Met Lys Met Glu Tip His Pro Ser
(SEQ II)  NO:65); On Pro Ser Leu Leu Ser Ile Phe Glu Ala Met Lys Met Gin
Ala Ser Leu Met (SEQ ID  N0:66); 15 Leu Leu Glu Leu Arg Ser Asn Phe Glu Ala
Met Lys Met Glu Trp Gin Be Ser (SEQ ID  NO:67); Asp Glu Glu Leu Asn Gln Ile
Phe Gin Ala Met Lys Met Tyr Pro Leu Val His Val Thr  20 Lys (SEQ ID NO:68);
Ser Asn Leu Val Ser Leu Leu His Ser Gin Lys Be Leu Trp Thr Asp Pro On Ser
Phe Gly  (SEQ ID NO:70); .25 Lou Phe Leu His Asp Phe Leu Asn Ala Gln Lys
Val Glu Leu Try Pro Val Thy Ser Ser  Gly (SEQ ID NO:71); Ser Asp lie Asn
Ala Leu Leu Ser Thr Gln Lys Ile Tyr Trp Ala His (SEQ ID NO:72); 30 Met Ala
The GIn Leu Cys Lys Ile Phe Try Ala On Lys Met Clu Trp His Gly Val Gly  Giy
Gly Ser (SEQ ID NO:81), and; AMENDED SHEET -30-06-2003. GB02016  3 October
2005 47  Met Ala Asp Arg Leu Ala Tyr Ile Leu Glu Ala Gin Lys Met Glu Trp
His Pro His Lys  Gly Gly Ser (SEQ ID NO:89), where said peptide is capable
of being biotinylated by a biotin ligase ;  (ii) biotinylating said peptide
of the fusion protein; 5 (iii) isolating the biotinylated fusion protein;
(iv) applying the biotinylated fusion protein to an avidin or streptavidin
coated non- porous support; (v) forming an array of at least three
different proteins on the support by either (a) where the fusion protein
comprises an antigen, carrying out steps (i) to (iv) the  10 desired number
of times to form an antigen array; or (b) where the fusion protein
comprises an antibody binding protein, applying to said  protein, either
prior to or after step (iv), a plurality of different antibodies or binding



fragments thereof. 15 4. A method according to any one of claims 1 to 3
wherein the fusion protein  further comprises a second peptide sequence
capable of acting as an affinity :or detection  tag sequence to the fusion
protein wherein the sequence comprises between I and 30  amino acids. 20 5.
A method according to claim 4 wherein the second peptide sequence is fused
to- the end of the amino acid sequence of SEQ ID NO 1 or the peptide of
claim 3. 6, A method according to claim 4 wherein the second peptide
sequence is fused to  the opposite end of the antigen or antibody binding
protein to which the amino acid 25 sequence of SEQ ID NO I or the peptide
of claim 3 is fused 7. A method according to any one of claims 4 to 6
wherein at least one amino acid.  of the peptide sequence tag is histidine.
30 8. A method according to claim 7 wherein the peptide sequence tag has
the formula  His-X in which X is selected from -Gly-, -His-, -Tyr-, -Gly-,
Trp , -Val-, -Leu-, -Ser-,  -Lys-, -Phe-,Met-, -Ala-, -Glu-, -Ile-, -Thr-,
-Asp-, -Asn-, -,Gin-, -Arg-, -Cys- and -Pro- AMENDED SHEET 3U-Ub-2UU;3 3
October 2005 48  9. A method according to claim 7 wherein the peptide
sequence tag has the formula  Y -Hs. 10. A method according to claim 9
wherein Y is selected from -Gly-, -Ala-, :His-,  5 and -Tyr, . 11. A method
according to any one ofthe preceding claims wherein the recombinant  cell
expresses biotin ligase and step (ii) is effected in the presence of biotin
such that  biotinylation occurs in vivo in said cell 10 12. A method
according to claim 1 I wherein recombinant cell expresses biotin.  13. -A
method according to any one-of the preceding claims wherein step (iii) is
effected using a further antibody or a binding fragment thereof which is
specific for the 15 peptide of SEQ ]D N4 1 or the .peptide of claim 3. 



14. '.A method according to. anyone of claim 4 to 10 wherein step (iii)- is
effected  using a further antibody or a binding fragment thereof,, which
is. specific for the said  second peptide sequence. 20 15. A-method
according to claim 13 or claim 14 wherein said further antibody or  binding
fragment thereof is immobilised on a column, magnetic bead or loaded into a
.  pipette tip. 25 15. A method according to claim 15 wherein bound fusion
protein is subsequently  eluted by increasing the pH conditions.  IT A
method according to claim any one of claims I to 12 wherein in step (iii)
the  fusion protein is isolated using a separation material which
releasably binds biotin. 30 18. A method according to claim 17 wherein the
separation material is a modified  version of avidin or streptavidin, which
has lower affinity for biotin than native avidin or  streptavidin. AMENDED
SHEET 30-06-2003 20 3 October 2005 GB02016 49  19. A method according to
claim 17 or claim 18 wherein the separation material is  attached to
magnetic beads or pipette tips. 20. A method according to any one of claims
17 to '18 wherein the fusion protein is  5 eluted from the separation
material by changing the pH conditions. 21. A method according to any one
of the preceding claims wherein some areas of  the coated support used in
step (iv) are blocked to prevent binding of the fusion protein  thereto. 10
22, A method according to any one of the preceding claims wherein the
peptide is a  peptide of 15 amino acids in length. 23. A method according
to claim 22 wherein the peptide is of SEQ ID NO 2 



15 Gly Leu Asn Asp lie Phe Glu Ala Gin Lys Ile Glu Trp His Glu (SEQ ID NG
2). 24. A method according to any one of the preceding claims wherein the
fusion  protein comprises an antigen. 25. A method according to claim 24
wherein an antigen library is used to create the  array. 26. A method
according to any one of claims I to 23 wherein the fusion protein  25
comprises an antibody binding protein. 27. A method according to claim 26
wherein the antibody binding protein is one or  more of Protein A, Protein
G and Protein L. 30 28. A method according to claim 23 wherein the antibody
binding protein comprises  a mixture of Protein A, Protein G and Protein L.
AMENDED SHEET :3U-Ui~-2UU:3 3 October 2005 GB02016 50  29. "A method
according to any one of claims 26 to 28 wherein the antibody binding
protein may be fused to the said peptide at the N -terminus thereof or it
may be fused to  said peptide at the C -terminus thereof 5 30. A method
according to any one of the preceding claims wherein prior to step  (iv),
the identity of the expressed fusion protein is confirmed. 31. A method
according to claim 30 wherein the identity is confirmed using mass
spectrometry. 10 32. A method according to any one of the preceding claims
wherein protein  normalisation is carried out by detecting the peptide of
SEQ ID NO 1 or the peptide of  claim 3 in the fusion protein which acts as
an internal control. -  15 33. A method according to any one of the
preceding claims wherein protein  normalisation is carried out by detecting
the peptide sequence tag of any one of claims 4  to, 10 in the fusion
protein which acts as an internal control. 34. A method according to claim
32 or claim 33 wherein.the peptide is detected. by  



20 an antibody with a high affinity for the said peptide. 35. A method
according to any one of claims 32 to 34 wherein the protein  normalisation
is effected by performing an immunoassay simultaneously with  subsequent
analysis of a biological sample using the array. 25 36. A method according
to any one of the preceding claims wherein the avidin or  streptavi in
coated non-porous support used in step (iv) is a glass or plastics
material. 37. A method according to any one of the preceding claims wherein
a further  30 acceptor layer is provided on top of the foundation of the
streptavidin layer on the  support. AMENDED SHEET u-ue-~uuij 3 October 2005
51  38. A method according to any one of the preceding claims wherein the
array  comprises from 3 - 10,000 different fusion proteins. GB0201 E 39. A
method according to claim 38 wherein each protein is present in a form in
5 which the peptide including SEQ ID NO 1 or the peptide of claim 3 is
fused to the C terminus, and also in a form in which the peptide including
SEQ ID NO I or the peptide  of claim 3 is fused to the N-terminus. 40.A
protein array obtained by a method according to any one of the preceding
10claims. 41.A method of detecting binding between an antibody and an
antigen, said method comprising the steps of (vi) applying to the array
according to claim 40 a sample which contains or is suspected  15 of
containing an antibody in the case of an array of step (v)(a), or an
antigen in the case  of the array of step (v) (b); and (vii) detecting
bound antibody or antigen on the support. 42. A method according to claim
41 wherein step (vii) is carried out by ELISA  20 methods 43. A method
according to claim 41 and claim 42 wherein the fusion protein array  



continues to be monitored for quality and /or the density of the protein
during step (vi)  and/or step (vii). 25 44. A method according to claim 43
wherein the monitoring is effected by detecting  the peptide which
comprises SEQ ID NO I or the peptide of claim 3. 45. A method according to
claim 43 wherein array comprises fusion proteins which  30 further comprise
a second peptide sequence, and monitoring is effected by detecting the
presence of the second peptide sequence, wherein the second peptide
sequence comprises between I and 30 amino acids. AMENDED SHEET G B02016,'
30-06-2003 3 October 2005 10 52  46. A method according to any one of
claims 1 to 39 or claims 41 to 45 wherein at  least some of the steps are
operated automatically. 47. A method according to claim 46 wherein all the
steps of the method are operated  5 automatically. 48. A fusion protein
comprising an antibody binding protein fused at the N- or C- terminus to a
peptide of 13 to 50 amino acids, which comprises SEQ ID NO 1 or the
peptide of claim 3 49. A fusion protein according to claim 48 wherein the
peptide of SEQ ID NO I or  the peptide of claim 3 is a peptide of SEQ ID NO
2. 50. A fusion protein according to claim 48 or claim 49 further
comprising a second  15 _ peptide sequence which acts as a tag sequence to
the fusion protein wherein the sequence comprises between I and-20 amino
acids. 51. A fusion protein according to any one of claims 48 to 50 wherein
the antibody  binding protein is Protein A, G or L or a mixture thereof 20
52_ A nucleic acid sequence, which encodes the fusion protein according to
any one  of claims 48 to 51. 



53. A nucleic acid according to claim 52 wherein the sequence which encodes
the  25 peptide is of SEQ ID NO 9:
GGCCTGAACGACATCTTCGAGGCTCAGAAAATCGAATGGCACGAA.  (SEQ ID NO 9). 30 AMENDED
SHEET 3 October 2005 WO 02/081683 SEQUENCE LISTING <110> NextGen Sciences
Ltd Auton, Kevin A  <120> Protein Analysis  <130> LRK/P/130/WOD <140>
<141> <150> GB 0108521.6 <151> 2001-04-05 <150> GB 0131025.9 <151>
2001-12-28  <160> 89 <170> Patentln Ver. 2.1.  <210> 1 <211> 13 <212> PRT
<213> Artificial Sequence <220>  <221> SITE  <222> (2) <223> Xaa is a
naturally occurring amino acid <220>  <221> SITE  <222> (3) 



<223>-Xaa is any naturally occurring amino acid other  than Leu, Val, Ile,
Trp, Phe or Tyr PCT/GB02/01623 3 October 2005 WO 02/081683 PCT/GB02101623
<220>  <221> SITE  <222> (5) <223> Xaa is Phe or Lea <220>  <221> SITE
<222> (6) <223> Xaa is Gin or Asn <220>  <221> SITE  <222> (7) <223> Xaa is
Ala, Gly, Ser or Thr <220>  <221> SITE  <222> (8)  <223> Xaa is Giy or Met
<220>  <221> SITE  <222> (10) <223> Xaa is Ile, Met or Val <220>  <221>
SITE  <222> (11) <223> Xaa is Gln, Leu, Val, Tyr or Ile <220>  <221> SITE 



<222> (12) <223> Xaa is Trp, Tyr, Val, Phe, Leu or 11 e 3 October 2005 WO
02/081683 <220>  <221> SITE  <222> (13) <223> Xaa is any naturally
occurring amino acid other  than Asn or Gln <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein <400> 1
Leu Xaa Xaa Ile Xaa Xaa Xaa Xaa Lys Xaa Xaa Xaa Xaa  1 5 10 <210> 2  <211>
15  <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein <400> 2
Gly Leu Asn Asp Ile Phe Glu Ala Gin Lys Ile Glu Trp His Glu  1. 5 10 15
<210> 3  <211> 4203  <212> DNA <213> Artificial Sequence <220>
PCT/GB02101623 <223> Description of Artificial Sequence: Vector pAN-4 



3 October 2005 WO 02/081683 PCT/GB02/01623 4 <400> 3 gtttgacagc ttatcatcga
ctgcacggtg caccaatgct tctggcgtca ggcagccatc 60  ggaagctgtg gtatggctgt
gcaggtcgta aatcactgca taattcgtgt cgctcaaggc 120  gcactcccgt tctggataat
gttttttgcg ccgacatcat aacggttctg gcaaatattc 180  tgaaatgagc tgttgacaat
taatcatccg gctcgtataatgtgtggaat tgtgagcgga 240  taacaatttc acacaggaaa
cagaccatgt ccggcctgaa cgacatcttc gaggctcaga 300  aaatcgaatg gcacgaaggc
gcgccgagct cgaggatccc gggtaccaag cttggctgtt 360  ttggcggatg agagaagatt
ttcagcctga tacagattaa atcagaacgc agaagcggtc 420  tgataaaaca gaatttgcct
ggcggcagta gcgcggtggt cccacctgac cccatgccga 480  actcagaagt gaaacgccgt
agcgccgatg gtagtgtggg gtctccccat gcgagagtaq 540  ggaactgcca ggcatcaaat
aaaacgaaag gctcagtcga aagactgggc ctttcgtttt 600  atctgttgtt tgtcggtgaa
cgctctcctg',agtaggacaa atccgccggg agcggatttg 660  aacgttgcga agcaacggcc
cggagggtgg cgggcaggac gcccgccata aactgccagg 720  catcaaatta agcagaaggc
catcctgacg gatggccttt ttgcgtttct acaaactctt 780  tttgtttatt tttctaaata
cattcaaata tgtatccgct catgagacaa taaccctgat 840  aaatgcttca ataatattga
aaaaggaaga gtatgagtat tcaacatttc cgtgtcgccc 900  ttattccctt ttttgcggca
ttttgccttc ctgtttttgc tcacccagaa acgctggtga 960  aagtaaaaga tgctgaagat
cagttgggtg cacgagtggg ttacatcgaa ctggatctca 1020  acagcggtaa gatccttgag
agttttcgcc ccgaagaacg ttttccaatg atgagcactt 1080  ttaaagttct gctatgtggc
gcggtattat cccgtgttga cgccgggcaa gagcaactcg 1140  gtcgccgcat -acactattct
caga-'gact tggttgagta ctcaccagtc acagaaaagc 1200  atcttacgga
tggcatgaca.gtaagagaat tatgcagtgc tgccataacc atgagtgata 1260  acactgcggc
caacttactt ctgacaacga tcggaggacc gaaggagcta accgcttttt 1320 tgcacaacat
gggggatcat gtaactcgcc ttgatcgttg ggaaccggag ctgaatgaag 1380  ccataccaaa
cgacgagcgt gacaccacga tgcctacagc aatggcaaca acgttgcgca 1440  aactattaac
tggcgaacta cttactctag cttcccggca acaattaata gactggatgg 2500  aggcggataa
agttgcagga ccacttctgc gctcggccct tccggctggc tggtttattg 1560  ctgataaatc
tggagccggt gagcgtgggt ctcgcggtat cattgcagca ctggggccag 1620  



atggtaagcc ctcccgtatc gtagttatct acacgacggg gagtcaggca actatggatg 1680
aacgaaatag acagatcgct gagataggtg cctcactgat taagcattgg taactgtcag 1740
accaagttta ctcatatata ctttagattcg atttaaaact tcatttttaa tttaaaagga 1800
tctaggtgaa gatccttttt gataatctca tgaccaaaat cccttaacgt gagttttcgt 1860
tccactgagc gtcagacccc gtagaaaaga tcaaaggatc ttcttgagat cctttttttc.1920
tgcgcgtaat ctgctgcttg caaacaaaaa aaccaccgct accagcggtg gtttgtttgc 1980
cggatcaaga gctaccaact ctttttccga aggtaactgg cttcagcaga gcgcagatac 2040
caaatactgt ccttctagtg tagccgtagt taggccacca cttcaagaac tctgtagcac 2100
cgcctacata cctcgctctg ctaatcctgt taccagtggc tgctgccagt ggcgataagt 2160
cgtgtcttac cgggctggac tcaagacgat agttaccgga taaggcgcag cggtcgggct 2220 3
October 2005 WO 02/081683 PCTIGB02/01623 gaacgggggg ttcgtgcaca cagcccagct
tggagcgaac gacctacacc gaactgagat 2280  acctacagcg tgagctatga gaaagcgcca
cgcttcccga agggagaaag gcggacaggt 2340  atccggtaag cggcagggtc ggaacaggag
agcgcacgag ggagcttcca gggggaaacg 2400.  cctggtatct ttatagtcct gtcgggtttc
gccacctctg acttgagcgt cgatttttgt 2460  gatgctcgtc aggggggcgg agcctatgga
aaaacgccag caacgcggcc tttttacggt 2520  tcctggcctt ttgctggcct tttgctcaca
tgttctttcc tgcgttatcc cctgattctg 2580  tggataaccg tattaccgcc tttgagtgag
ctgataccgc tcgccgcagc cgaacgaccg 2640  agcgcagcga gtcagtgagc gaggaagcgg
aagacagcct gatgcggtat tttctcctta 2700  cgcatctgtg cggtatttca caccgcatat
ggtgcactct cagtacaatc tgctctgatg 2760  ccgcatagtt aagccagtat acactccgct
atcgctacgt gactgggtca tggctgcgcc 2820  ccgacacccg ccaacacccg ctgacgcgcc
ctgacgggct tgtctgctcc cggcatccgc 2880  ttacagacaa gctgtgaccg
tctccgggag'ctgcatgtgt cagaggtttt caccgtcatc 2940  accgaaacgc gcgaggcagc
agatcaattc gcgcgcgaag gcgaagcggc atgcatttac 3000  gttgaaacca tcgaatggtg
caaaaccttt cgcggtatgg catgatagcg cccggaagag 3060.  agtcaattca gggtggtgaa
tgtgaaacca gtaacgttat acgatgtcgc agagtatgcc 3120  ggtgtctctt atcagaccgt
ttcccgcgtg gtgaaccagg ccagccacgt ttctgcgaaa 3180  acgcgggaaa aagtggaagc
ggcgatggcg gagctga&tt acattcccaa ccgcgtggca 3240  caacaactgg cgggcaaaca
gtcgttgctg attggcgttg ccacctccag tctggccctg 3300  cacgcgccgt cgcaaattgt
cgcggcgatt aaatctcgcg ccgatcaact gggtgccagc 3360  



gtggtggtgt cgatggtaga acgaagcggc gtcgaagcct gtaaagcggc ggtgcacaat 3420
cttctcgcgc aacgcgtcag tgggctgatc attaactatc cgctggatga ccaggatgcc 3480
attgctgtgg aagctgcctg.cactaatgtt ccggcgttat ttcttgatgt ctctgaccag 3540
acacccatca acagtattat tttctcccat gaagacggta cgcgactggg cgtggagcat 3600
ctggtcgcat tgggtcacca gcaaatcgcg ctgttagcgg gcccattaag ttctgtctcg 3660
gcgcgtctgc gtctggctgg ctggcataaa tatctcactc gcaatcaaat tcagccgata 3720
gcggaacggg aaggcgactg gagtgccatg tccggttttc aacaaaccat gcaaatgctg 3780
aatgagggca tcgttcccac tgcgatgctg gttgccaacg atcagatggc gctgggcgca 3840
atgcgcgcca ttaccgagtc cgggctgcgc gttggtgcgg atatctcggt agtgggatac 3900
gacgataccg aagacagctc atgttatatc ccgccgttaa ccaccatcaa acagtatttt.3960
cgcctgctgg ggcaaaccag cgtggaccgc ttgctgcaac tctctcaggg ccaggcggtg 4020
aagggcaatc agctgttgcc cgtctcactg gtgaaaagaa aaaccaccct ggcgcccaat 4080
acgcaaaccg cctctccccg cgcgttggcc gattcattaa tgcagctggc acgacaggtt 4140
tcccgactgg aaagcgggca gtgagcgcaa cgcaattaat gtgagttagc g.cgaattgat.4200
ctg 4203, 3 October 2005 WO 02/081683 6 <210> 4  <211> 4204  <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Vector pAN-5 <400> 4 PCT/GB02101623 gtttgacagc ttatcatcga ctgcacggtg
caccaatgct tctggcgtca ggcagccatc 60  ggaagctgtg gtatggctgt gcaggtcgta
aatcactgca taattcgtgt cgctcaaggc 120 gcactcccgt tctggataat
gttttttgcg'.ccgacatcat aacggttctg gcaaatattc 180  tgaaatgagc tgttgacaat
taatcatccg gctcgtataa tgtgtggaat tgtgagcgga 240  taacaatttc acacaggaaa
cagaccatgt ccggcctgaa cgacatcttc gaggctcaga 300  aaatcgaatg gcacgaaggc
gcgccggagc tcgaggatcc cgggtaccaa gcttggctgt 360  



tttggcggat gagagaagat tttcagcctg atacagatta_aatcagaacg cagaagcggt 420
ctgataaaac agaatttgcc tggcggcagt agcgcggtgg tcccacctga ccccatgccg 480
aactcagaag tgaaacgccg tagcgccgat ggtagtgtgg ggtctcccca tgcgagagta 540
gggaactgcc aggcatcaaa taaaacgaaa ggctcagtcg aaagactggg cctttcgttt 600
tatctgttgt ttgtcggtga acgctctcct gagtaggaca aatccgccgg gagcggattt 660
gaacgttgcg aagcaacggc ccggaggnt-g gcgggcagga cgcccgccat aaactgccag 720
gcatcaaatt aagcagaagg ccatcctgac gtatggcctt tttgcgtttc tacaaactct 780
ttttgtttatttttctaaat acattcaaat atgtatccgc tcatgagaca ataaccctga 840
taaatgcttc aataatattg aaaaaggaag agtatgagta ttcaacattt ccgtgtcgcc 900
cttattccct tttttgcggc attttgcctt cctgtttttg ctcacccaga aacgctggtg 960
aaagtaaaag,atgctgaaga tcagttgggt gcacgagtgg gttacatcga actggatctc 1020
aacagcggta agatccttga gagttttcgc cccgaagaac gttttccaat gatgagcact.108.0
tttaaagttc tgctatgtgg cgcggtatta tcccgtgttg acgccgggca agagcaactc 1140
ggtcgccgca tacactattc tcagaatgac ttggttgagt actcaccagt cacagaaaag 1200
catcttacgg atggcatgac agtaagagaa ttatgcagtg ctgccataac catgagtgat 1260
aacactgcgg ccaacttact tctgaca.acg atcggaggac cgaaggagct aaccgctttt 1320
ttgcacaaca tgggggatca tgtaactcgc cttgatcgtt gggaaccgga gctgaatgaa 1380
gccataccaa acgacgagcg tgacaccacg atgcctacag caatggcaac aacgttgcgc 1440
aaactattaa ctggcgaact acttactcta gcttcccggc aacaattaat agactggatg 1500
gaggcggata aagttgcagg accacttctg cgctcggccc ttccggctgg ctggtttatt 1560
gctgataaat ctggagccgg tgagcgtggg tctcgcggta tcattgcagc actggggcca 1620
gatggtaagc cctcccgtat cgtagttatc tacacgacgg ggagtcaggc aactatggat 1680
gaacgaaata gacagatcgc tgagataggt gcctcactga ttaagcattg gtaactgtca.1740. 3
October 2005 WO 0 2108 1 683 7 PCT/GB02/01623 gaccaagttt actcatatat
actttagatt gatttaaaac ttcattttta atttaaaagg 1800  atctaggtga agatcctttt
tgataatctc atgaccaaaa tcccttaacg tgagttttcg 1860  ttccactgag cgtcagaccc
cgtagaaaag atcaaaggat cttcttgaga tccttttttt 1920  ctgcgcgtaa tctgctgctt
gcaaacaaaa aaaccaccgc taccagcggt ggtttgtttg 1980  ccggatcaag agctaccaac
tctttttccg aaggtaactg gcttcagcag agcgcagata 2040  



ccaaaaactg tccttctagt gtagccgtag ttaggccacc acttcaagaa ctctgtagca 2100
ccgcctacat acctcgctct gctaatcctg ttaccagtgg ctgctgccag tggcgataag 2160
tcgtgtctta ccgggttgga ctcaagacga tagttaccgg ataaggcgca gcggtcgggc 2220
tgaacggggg gttcgtgcac acagcccagc ttggagcgaa cgacctacac cgaactgaga 2280
tacctacagc gtgagctatg agaaagcgcc atgcttcccg aagggagaaa ggcggacagg 2340
tatccggtaa gcggcagggt cggaacagga gagcgcacga gggagcttcc agggggaaac 2400
gcctggtatc tttatagtcc tgtcgggttt',cgccacctct gacttgagcg tcgatttttg 2460
tgatgctcgt caggggggcg gagcctatgg aaaaacgcca gcaacgcggc ctttttacgg 2520
ttcctggcct tttgctggcc ttttgctcac atgttctttc ctgcgttatc ccctgattct 2580
gtggataacc gtattaccgc ctttgagtga gctgataccg ctcgccgcag cccaacgacc 2640
gagcgcagcg agtcagtgag cgaggaagcg gaagagcgcc tgatgcggta ttttctcctt 27001
acgcatctgt gcggtatttc acaccgcata tggtgcactc tcagtacaat ctgctctgat 2760
gccgcatagt taagccagta tacactccgc tatcgctacg tgactgggtc atggctgcgc 2820
cccgacaccc gccaacaccc gctgacgcgc cctgacgggc ttgtctgctc ccggcatccg 2880
cttacagaca agctgtgacc gtctccggga gctgcatgtg tcagaggttt tcaccgtcat 2940
caccgaaacg cgcgaggcag cagatcaatt cgcgcgcgaa ggcgaagcgg catgcattta 3000 -
cgttgacacc atcgaatggt.gcaaaacctt tcgcggtatg gcatgatagc gcccggaaga 3060
gagtcaattc agggtggtga atgtgaaacc agtaacgtta tacgatgtcgcagagtatgc 3120
cggtgtctct tatcagaccg tttcccgcgt ggtgaaccag gccagccacg tttctgcgaa 31.80
aacgcgggaa aaagtggaag cggcgatggc ggagctgaat tacattccca accgcgtggc 3240
acaacaactg gcgggcaaac agtcgttgct gattggcgtt gccacctcca gtctggccct .3300
gcacgcgccg tcgcaaattg tcgcggcgat taaatctcgc gccgatcaac tgggtgccagP3360
cgtggtggtg tcgatggtag aacgaagcgg cgtcgaagcc tgtaaagcgg cggtgcacaa 3420
tcttctcgcg caacgcgtca gtgggctgat cattaactat ccgctggatg accaggatgc 3480
cattgctgtg gaagctgcct gcactaatgt tccggcgtta tttcttgatg tctctgacca 3540.
gacacccatc aacagtatta ttttctccca tgaagacggt acgcgtctgg gcgtggagca 360.0
tctggtcgca ttgggtcacc agcaaat.cgc gctgttagcg ggcccattaa gttcggtcac 3660'
ggcgcgtctg cgtctggctg gctggcataa atatctcact cgcaatcaaa ttcagccgat.3720
agcggaacgg gaaggcgact ggagtgccat gtccggtttt caacaaacca tgcaaatgct 3780
gaatgagggc atcgttccca ctgcgatgct ggttgccaac gatcagatgg cgctgggcgc 3840
aatgcgcgcc attaccgagt ccgggctgcg cgttggtgcg gatatctcgg tagtgggata 3900
cgacgatacc gaagacagct catgttatat cccgccgtta accaccatca aacaggattt 3960  



tcgcctgctg gggcaaacca gcgtggaccg cttgctgcaa ctctctcagg.gccaggcggt-4020 3
October 2005 WO 02/081683 PCT/GB02/01623 gaagggcaat cagctgttgc ccgtctcact
ggtgaaaaga aaaaccaccc tggcgcccaa 4080  tacgcaaacc gcctctccCG gcgcgttggc
cgattcatta atgcagctgg cacgacaggt 4140  ttcccgactg gaaagcgggc agtgagcgga
acgcaattaa tgtgagttag cgcgaattga 4200  tctg 4204 <210> 5  <211> 4205  <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Vector pAN-6. <400> 5 gtttgacagc ttatcatcga ctgcacggtg caccaatgct
tctggcgtca ggcagccatc 60  ggaagctgtg gtatggctgt gcaggtcgta aatcaotgca
taattcgtgt cgctcaaggc 120  gcactcccgt tctggataat gttttttgcg ccgacatcat
aacggttctg gcaaatattc 180  tgaaatgagc tgttgacaat taatcatccg gctcgtataa
tgtgtggaat tgtgagcgga 240  taacaatttc acacaggaaa cagaccatgt ccggcctgaa
cgacatcttc gaggctcaga 300  aaatcgaatg gcacgaaggc gcgccgggag c'*.,-:gaggatc
ccgggtacca agcttggctg 360  ttttggcgga tgagagaaga ttttcagcct gatacagatt
aaatcagaac gcagaagcgg 420  tctgataaaa cagaatttgc ctggcggcag tagcgcggtg
gtcccacctg accccatgcc 480  gaactcagaa gtgaaacgcc gtagcgccga tggtagtgtg
gggtctcccc atgcgagagt 540  agggaactgc caggcatcaa ataaaacgaa aggctcagtc
gaaagactgg gcCtttcgtt 600  ttatctgttg tttgtcggtg.aacgctctcc tgagtaggac
aaatccgccg ggagcggatt-6.60  tgaacgttgc gaagcaacgg cccggagggt ggcgggcagg
acgcccgcca taaactgcca 720  ggcatcaaat taagcagaag gccatcctga.cggatggcct
ttttgcgttt ctacaaactc 780  tttttgttta tttttctaaa tacattcaaa tatgtatccg
ctcatgagac aataaccctg 840  ataaatgctt caataatatt gaaaaaggaa gagtatgagt
attcaacatt tccgtgtcgc 900  ccttattccc ttttttggcg cattttgcct tcctgttttt
gctcacccag aaacgctggt 960  gaaagtaaaa gatgctgaag atcagttggg tgcacgagtg
ggttacatcg aactggatct 1020  



caacagcggt aagatccttg agagttttcg ccccgaagaa cgttttccaa tgatgagcac.1080
ttttaaagtt ctgctatgtg gcgcggtatt atcccgtgtt gacgccgggc aagagcaact 1140
cggtcgccgc atacactatt ctcagaatga cttggttgag tactcaccag tcacagaaaa 1200
gcatcttacg gatggcatga cagtaagaga attatgcagt gctgccataa ccatgagtga 1260
taatcctgcg gccaacttac ttctgacaac gatcggagga ccgaaggagc taaccgcttt 1320
tttgcacaac atgggggatc.atgtaactcg ccttgatcgt tgggaaccgg agctgaatga 1380 3
October 2005 WO 02/081683 PCT/GB02101623 agccatacca aacgacgagc gtgacaccac
gatgcctaca gcaatggcaa caacgttgcg 1440  caaactatta actggcgaac tacttactct
agcttcccgg caacaattaa tagactggat 1500  ggaggcggat aaagttgcag gaccacttct
gcgttcggcc cttccggctg gctggtttat 1560  tgctgataaa tctggagccg gtgagcgtgg
gtctcgcggt atcattgcag cactggggcc 1620  agatggtaag ccctcccgta tcgtagttat
ctacacgacg gggagtcagg caactatgca 1680  tgaacgaaat agacagatcg ctgagatagg
tgcctcactg attaagcatt ggtaactgtc 1740  agaccaagtt tactcatata tactttagat
tgatttaaaa cttcattttt aatttaaaag 1800  gatctaggtg aagatccttt ttgataatct
catgaccaaa atcccttaac gtgagttttc 1860  gttccactga gcgtcagacc ccgtagaaaa
gatcaaagga tcttcttgag atcctttttt 1920  tctgcgcgta atctgctgct tgcaaacaaa
aaaaccaccg ctaccagcgg tggtttgttt 1980  gccggatcaa gagctaccaa ctctttttcc
gaaggtaact ggcttcagca gagcgcagat 2040  accaaatact gtccttctag
tgtagccgta',gttaggccac cacttcaaga actctgtagc 2100  accgcctaca tacctcgctc
tgctaatcct gttaccagtg gctgctgcca gtggcgataa 2160  gtcgtgtctt accgggttgg
actcaagacg atagttaccg gataaggcgc agcggtcggg 2220  ctgaacgggg ggttcgtgca
cacagcccag cttggagcga acgacctaca ccgaactgag 2280  atacctacag cgtgagctat
gagaaagcgc cacgcttccc gaagggagaa aggcggacag 2340  gtatccggta agcggcaggg
tcggaacagg agagcgcacg agggagcttc cagggggaaa 2400  cgcctggtat ctttatagtc
ctgtcgggtt tcgccacctc tgacttgagc gtcgattttt 2460  gtgatgctcg tcaggggggc
ggagcctatg gaaaaacgcc agcaacgcgg cctttttacg 2520  gttcctggcc ttttgctggc
cttttgctca catgttcttt cctgcgttat cccctgattc 2580  tgtggataac cgtattaccg
cctttgagtg agctgatacc gctcgccgca gccgaacgac 26AP  cgagcgcagc
gagtcagtga.gcgaggaagc ggaagagcgc ctgatgcggt attttctcct 2700  tacgcatctg
tgcggtattt cacaccgcat atggtgcact ctcagtacaatctgctctga 2760  



tgccgcatag ttaagccagt atacactccg ctatcgctac gtgactgggt catggctgcg 2820
ccccgacacc cgccaacacc cgctgacgcg ccctgacggg cttgtctgct cccggcatcc 2880
.gcttacagac aagctgtgac cgtctccggg agctgcatgt gtcagaggtt ttcac.cgtca 2940
-tcaccgaaac gcgcgaggca gcagatcaat tcgcgcgcga aggcgaagcg gcatgcattt -3000
acgttgacac catcgaatgg tgcaaaacct ttcgcggtat ggcatgatag cgcccggaag 3060
agagtcaatt cagggtggtg aatgtgaaac cagtaacgtt atacgatgtc gcagatcatg 3120
ccggtgtctc ttatcagacc gtttcccgcg tggtgaacca ggccagccac gtttctgcga 3180
aaacgcggga aaaagtggaa gcggcgatgg cggagctgaa ttacattccc aaccgcgtgg 3240
cacaacaact ggcgggcaaa cagtcgttgc tgattggcgt tgccacctcc agtctggccc.3300
tgcacgcgcc gtcgcaaatt gtcgcggcga.ttaaatctcg:cgccgatcaa.ctgggtgcca.3360
gcgtggtggt gtcgatggta gaacgaagcg gcgtcgaagc ctgtaaagcg gcggtgcaca 3420
atcttctcgc gcaacgcgtc agtgggctga tcatt.aacta tccgctggat gaccaggatg 3480
ccattgctgtggaagctgcc tgcactaatg ttccggcgtt atttcttgat gtctctgacc.3540
agacacccat.caacagtatt attttctccc atgaagacgg tacgcgactg ggcgtggagc 3600
atctggtcgc attgggtcac cagcaaatcg cgctgttagc gggcccatta agttctgtct 3660 3
October 2005 WO 02/081683 10 PCT/GB02/01623 cggcgcgtct gcgtctggct
ggctggcata aatatctcac tcgcaatcaa attcagccga 3720  tagcggaacg ggaaggcgac
tggagtgcca tgtccggttt tcaacaaacc atgcaaatgc 3780  tgaatgaggg catcgttccc
actgcgatgc tggttgccaa cgatcagatg gcgctgggcg 3840  caatgcgcgc cattaccgag
tccgggctgc gcgttggtgc ggatatctcg gtagtgggat 3900  acgacgatac cgaagacagc
tcatgttata tcccgccgtt aaccaccatc aaacaggatt 3960  ttcgcctgct ggggcaaacc
agcgtggacc gcttgctgca actctctcag ggccaggcgg 4020  tgaagggcaa tcagctgttg
cccgtctcac tggtgaaaag aaaaaccacc ctggcgccca 4080  atacgcaaac cgcctctccc
cgcgcgttgg ccgattcatt aatgcagctg gcacgacagg 4140  tttcccgact ggaaagcggg
cagtgagcgc aacgcaatta atgtgagtta.gcgcgaattg 4200  atctg 4205 <210> 6  <211>
4216  <212> DNA <213> Artificial sequence 



<220>  .<223> Description of Artificial Sequence: Vector pAC-4 <400> 6
gtttgacagc ttatcatcga ctgcacggtg caccaatgct tctggcgtca ggcagccatc 60
ggaagctgtg gtatggctgt gcaggtcgta aatcactgca taattcgtgt cgctcaaggc 120
gcactcccgt tctggataat gttttttgcg ccgacatcat aacggttctg gcaaatattc 180
tgaaatgagc tgttgacaat taatcatccg gctcgtataa tgtgtggaat tgtgagcgga 240
taacaatttc,acacaggaaa cagaccatgg agctcgagga tcccgggcaa gcttgcttgg-300
tggcggtctg aacgacatct tcgaggctca gaaaatcgaa tggcacgaat aattaattaa 360
gagtttggct gttttggcgg atgagagaag attttcagcc tgatacagat taaatcagaa 420
cgcagaagcg gtctgataaa acagaatttg cctggcggca gtagcgcggt ggtcccacct 480-
gaccccatgc cgaactcaga agtgaaacgc cgtagcgccg atggtagtgt ggggtctccc 540
catgcgagag tagggaactg ccaggcatca aataaaacga aaggctcagt cgaaagactg 600
ggcctttcgt tttatctgtt gtttgtcggt gaacgctctc ctgagtagga caaatccgcc 660
gggagcggat ttgaacgttg cgaagcaacg gcccggaggg tggcgggcag gacgcccgcc 720
ataaactgcc aggcatcaaa ttaagcagaa ggccatcctg acggatggcc tttttgcgtt 780
tctacaaact ctttttgttt atttttctaa atacattcaa atatgtatcc gctcatgaga 840
caataaccct gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat 900
ttccgtgtcg-cccttattcc cttttttgcg gcattttgcc ttcctgtttt tgctcaccca 960
gaaacgctgg tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttacatc 1020 3
October 2005 WO 02/081683 PCT/GB02/01623 11 gaactggatc tcaacagcgg
taagatcctt gagagttttc gccccgaaga acgttttcca 1080  atgatgagca cttttaaagt
tctgctatgt ggcgcggtat tatcccgtgt tgacgccggg 1140  caagagcaac tcggtcgccg
catacactat tctcagaatg acttggttga gtactcacca 1200  gtcacagaaa agcatcttac
ggatggcatg acagtaagag aattatgcag tgctgccata 1260  accatgagtg ataacactgc
ggccaactta cttctgacaa cgatcggagg accgaaggag 1320  ctaaccgctt ttttgcacaa
catgggggat catgtaactc gccttgatcg ttgggaaccg 1380  gagctgaatg aagccatacc
aaacgacgag cgtgacacca cgatgcctac agcaatggca 1440  acaacgttgc gcaaactatt
aactggcgaa ctacttactc tagcttcccg gcaacaatta 1500  



atagactgga tggaggcgga taaagttgca ggaccacttc tgcgctcggc ccttccggct 1560
ggctggttta ttgctgataa atctggagcc ggtgagcgtg ggtctcgcgg tatcattgca 1620
gcactggggc cagatggtaa gccctcccgt atcgtagtta tctacacgac ggggagtcag 1680
gcaactatgg atgaacgaaa tagacagatcgctgagatag gtgcctcact gattaagcat 1740
tggtaactgt cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt 1800
taatttaaaa ggatctaggt gaagatcctt tttgataatc tcatgaccaa aatcccttaa 1860
cgtgagtttt cgttccactg agcgtcagac cccgtagaaa agatcaaagg atcttcttga 1920
gatccttttt ttctgcgcgt aatctgctgc ttgcaaacaa aaaaaccacc gctaccagcg 1980
gtggtttgtt tgccggatca agagctacca actctttttc cgaaggtaac tggcttcagc 2040
agagcgcaga taccaaatac tgtccttcta gtgtagccgt agttaggcca ccacttcaag 2100
aactctgtag caccgcctac atacctcgct ctgctaatcc tgttaccagt ggctgctgcc 2160
agtggcgata agtcgtgtct taccgggttg gactcaagac gatagttacc ggataaggcg 2220
cagcggtcgg gctgaacggg gggttcgtgc acacagccca gcttggagcg aacgacctac 2280
accgaactga gatacctaca gcgtgagcta tgagaaagcg ccacgcttcc cgaagggaga 2340
aaggcggaca ggtatccggt aagcggcagg gtcggaacag gagagcgcac gagggagctt 2400
ccagggggaa acgcctggta tctttatagt cctgtcgggt ttcgccacct ctgacttgag 2460
cgtcgatttt tgtgatgctc gtcagggggg cggagcctat ggaaaaacgc cagcaacgcg,2520
gcctttttac ggttcctggc cttttgctgg ccttttgctc acatgttctt tcctgcgtta.2580
tcccctgatt ctgtggataa ccgtattacc gcctttgagt gagctgatac cgctcgccgc 2640
agccgaacga ccgagcgcag cgagtcagtg.agcgaggaag.cggaagagcg cctgatgcgg 2700
tattttctcc ttacgcatct gtgcggtatt tcacaccgca tatggtgcac tctcagtaca 2760
atctgctctg.atgccgcata gttaagccag tatacactcc gctatcgcta cgtgactggg 2820
tcatggctgc gccccgacac ccgccaacac ccgctgacgc gccttgacgg gcttgtctgc 2880
tcccggcatc cgcttacaga caagctgtga ccgtctccgg gagctgcatg tgtcagaggt 2940
tttcaccgtc atcaccgaaa cgcgcgaggc agcagatcaa ttcgcgcgcg aaggcgaagc.3000
ggcatgcatt tacgttgaca ccatcgaatg gtgcaaaacc.tttcgcggta tggcatgata 3060
gcgcccggaa gagagtcaat tcagggtggt gaatgtgaaa ccagtaacgt tatacgatgt 3120
cgcagagtat gccggtgtct cttatcagac.cgtttcccgc gtggtgaacc aggccagcca 3180
cgtttctgcg aaaacgcggg aaaaagtgga agcggcgatg.gcggagctga attacattcc.3240
caaccgcgtg gcacaaca.ac:tggcgggcaa acagtcgttg ctgattggcg ttgccacctc..3300 3
October 2005  WO 02/081683 PCTIGB02101623  



12 cagtctggcc ctgcacgcgc cgtcgcaaat tgtcgcggcg attaaatctc gcgccgatca 3360
actgggtgcc agcgtggtgg,tgtcgatggt agaacgaagc ggcgtcgaag cctgtaaagc 3420
ggcggtgcac aatcttctcg cgcaacgcgt cagtgggctg atcattaact atccgctgga 3480
tgaccaggat gccattgctg tggaagctgc ctgcactaat gttccggcgt tatttcttga 3540
tgtctctgac cagacaccca tcaacagtat tattttctcc catgaagacg gtacgcgact 3600
gggcgtggag cattgggtcg cattgggtca ccagcaaatc gcgctgttag cgggcccatt 3660
aagttctgtc tcggcgcgtc tgcgtctggc tggctggcat aaatatctca ctcgcaatca 3720
aattcagccg atagcggaac gggaaggcga ctggagtgcc atgtccggtt ttcaacaaac 3780
catgcaaatg ctgaatgagg gcatcgttcc cactgcgatg ctggttgcca acgatcagat 3840
ggcgctgggc gcaatgcgcg ccattaccga gtccgggctg cgcgttggtg cggatatctc 3900
ggtagtggga tacgacgata ccgaagacag ctcatgttat atcccgccgt taaccaccat 3960
caaacaggat tttcgcctgc tggggcaaac`,cagcgtggac cgcttgctgc aactctctca 4020
gggccaggcg gtgaagggca-atcagctgtt gcccgtctca ctggtgaaaa gaaaaaccac 4080
cctggcgccc aatacgcaaa ccgcctctcc ccgcgcgttg gccgattcat taatgcagct 4140
ggcacgacag gtttcccgac tggaaagcgg gcagtgagcg caacgcaatt aatgtgagtt 4200
agcgcgaatt gatctg 4216 <210> 7  <211> 4217  <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Vector pAC-5
<400>.7,  gtttgacagc ttatcatcga ctgcacggtg caccaatgct tctggcgtca ggcagccatc
60  ggaagctgtg gtatggctgt gcaggtcgta aatcactgca taattcgtgt cgctcaaggc
120...  gcactcccgt tctggataat gttttttgcg ccgacatcat aacggttctg gcaaatattc.
180  tgaaatgagc tgttgacaat taatcatccg gctcgtataa tgtgtggaat tgtgagcgga 240
taacaatttc acacaggaaa cagaccatgg agctcgagga tcccgggcaa gcttgcttgg 300
gtggcggtct gaacgacatc ttcgaggctc agaaaatcga atggcacgaa taattaatta,360
agagcttggc tgttttggcg gatgagagaa gattttcagc ctgatacaga ttaaatcaga 420
acgcagaagc ggtctgataa aacagaattt gcctggcggc agtagcgcgg tggtcccacc 480  



tgaccccatg ccgaactcag aagtgaaacg ccgtagcgcc gatggtagtg tggggtctcc 540
ccatgcgaga gtagggaact gccaggcatc aaataaaacg aaaggctcag tcgaaagact.600
gggcctttcg ttttatctgt.tgtttgtcgg-tgaacgctct cctgagtagg acaaatccgc 6.60 i 3
October 2005 WO 02/081683 13 PCT/GB02101623 cgggagcgga tttgaacgtt
gcgaagcaac ggcccggagg gtggcgggca ggacgcccgc 720  cataaactgc caggcatcaa
attaagcaga aggccatcct gacggatggc ctttttgcgt 780  ttctacaaac tctttttgtt
tatttttcta aatacattca aatatgtatc cgctcatgag 840  acaataaccc tgataaatgc
ttcaataata ttgaaaaagg aagagtatga gtattcaaca 900  tttccgtgtc gcccttattc
ccttttttgc ggcattttgc cttcctgttt ttgctcaccc 960  agaaacgctg gtgaaagtaa
aagatgctga agatcagttg ggtgcacgag tgggttacat 1020  cgaactggat ctcaacagcg
gtaagatcct tgagagtttt cgccccgaag aacgttttcc 1080  aatgatgagc acttttaaag
ttctgctatg tggcgcggta ttatcccgtg ttgacgccgg 1140  gcaagagcaa ctcggtcgcc
gcatacacta ttctcagaat gacttggttg agtactcacc 1200  agtcacagaa aagcatctta
cggatggcat gacagtaaga gaattatgca gtgctgccat 1260  aaccatgagt gataacactg
cggccaactt acttctgaca acgatcggag gaccgaagga 1320  gctaaccgct tttttgcaca
acatggggga,tcatgtaact cgccttgatc gttgggaacc 1380  ggagctgaat gaagccatac
caaacgacga gcgtgacacc acgatgccta cagcaatggc 1440  aacaacgttg cgcaaactat
taactggcga actacttact ctagcttccc ggcaacaatt 1500  aatagactgg atggaggcgg
ataaagttgc aggaccactt ctgcgctcgg cccttccggc 1560  tggctggttt attgctgata
aatctggagc cggtgagcgt gggtctcgtg gtatcattgc 1620  agcactgggg ccagatggta
agccctcccg tatcgtagtt atctacacga cggggagtca 1680  ggcaactatg gatgaacgaa
atagacagat cgctgagata ggtgcctcac tgattaagca 1740  ttggtaactg tcagaccaag
tttactcata tatactttag attgatttaa aacttcattt 1800  ttaatttaaa aggatctagg
tgaagatcct ttttgataat ctcatgacca aaatccctta 1860  acgtgagttt tcgttccact
gagcgtcaga ccccgtagaa aagatcaaag gatcttcttg 1920  agatcctttt
tttctgcgcg.taatctgctg cttgcaaaca aaaaaaccac cgctaccagc 1980  ggtggtttgt
ttgccggatc aagagctacc aactcttttt ccgaaggtaa ctggcttcag 2040  cagagcgcag
ataccaaata ctgtccttct agtgtagccg tagttaggcc accacttcaa 2100  



gaactctgta gcaccgccta catacctcgc tctgctaatc ctgttaccag tggctgctgc 2160
cagtggcgat aagtcgtgtc ttaccgggtt ggactcaaga cgatagttac cggataaggc.2220
gcagcggtcg ggctgaacgg ggggttcgtg cacacagccc agcttggagc gaacgaccta 2280
caccgaactg agatacctac agcgtgagct atgagaaagc gccacgcttc ccgaagggag 2340
aaaggcggac aggtatccgg taagcggcag ggtcggaaca ggagagcgca cgagggagct 2400
tccaggggga aacgcctggt atctttatag tcctgtcggg tttcgccacc tctgacttga 2460
gcgtcgattt ttgtgatgct cgtcaggggg gcggagccta tggaaaaacg ccagcaacgc 2520
ggccttttta cggttcctgg ccttttgctg gccttttgct cacatgttct ttcctgcgtt'2580
atcccctgat tctgtggata accgtattac cgcctttgag tgagctgata ccgctcgccg.2640
cagccgaacg accgagcgca gcgagtcagt gagcgaggaa gcggaagagc gcctgatgcg 2700
gtattttctc cttacgcatc tgtgcggtat ttcacaccgc atatggtgca ctctcagtac 2760
aatctgctct gatgccgcat agttaagcca gtatacactc cgctatcgct acgtgactgg 2820
gtcatggctg cgccccgaca cccgccaaca cccgctgacg cgccctgacg ggcttgtctg 2880
ctcccggcat ccgcttacag acaagctgtg accgtctccg ggagctgcat gtgtcagagg.2940., 3
October 2005 WO 0 210 8 1 683 14 PCT/GB02/01623 ttttcaccgt catcaccgaa
acgcgcgagg cagcagatca attcgcgcgc gaaggcgaag 3000  cggcatgcat ttacgttgac
accatcgaat ggtgcaaaac ctttcgcggt atggcatgat 3060  agcgcccgga agagagtcaa
ttcagggtgg tgaatgtgaa accagtaacg ttatacgatg 3120  tcgcagagta tgccggtgtc
tcttatcaga ccgtttcccg cgtggtgaac caggccagcc 3180  acgtttctgc gaaaacgcgg
gaaaaagtgg aagcggcgat ggcggagctg aattacattc 3240  ccaaccgcgt ggcacaacaa
ctggcgggca aacagtcgtt gctgattggc gttgccacct 3300  ccagtctggc cctgcacgcg
ccgtcgcaaa ttgtcgcggc gattaaatct cgcgccgatc 3360  aactgggtgc cagcgtggtg
gtgtcgatgg tagaacgaag cggcgtcgaa gcctgtaaag 3420  cggcgttgca caatcttctc
gcgcaacgcg tcagtgggct gatcattaac tatccgctgg 3480  atgaccagga tgccattgct
gtggaagctg cctgcactaa tgttccggcg ttatttcttg 3540  atgtctctga ccagacaccc
atcaacagta ttattttctc ccatgaagac ggtacgcgac 3600  tgggcgtgga gcatctggtc
gcattggg-Ec accagcaaat cgcgctgtta gcgggcccat 3660  taagttctgt ctcggcgcgt
ctgcgtctgg ctggctggca taaatatctc actcgcaatc 3720  aaattcagcc gatagcggaa
cgggaaggcg actggagtgc catgtccggt tttcaacaaa 3780  



ccatgcaaat gctgaatgag ggcatcgttc ccactgcgat gctgattgcc aacgatcaga 3840
tggcgctggg cgcaatgcgc gccattaccg agtccgggct gcgcgttggt gcggatatct 3900
cggta.gtggg atacgacgat accgaagaca gctcatgtta tatcccgccg ttaaccacca 3960
tcaaacagga ttttcgcctg ctggggcaaa ccagcctgga ccgcttgctg caactctctc 4020
agggccaggc ggtgaagggc aatcagctgt tgcccgtctc actggtgaaa agaaaaacca 4080
ccctggcgcc caatacgcaa accgcctctc cccgcgcgtt ggccgattca ttaatgcagc 4140
tggcacgaca ggtttcccga ctggaaagcg ggcagtgagc c.^acgcaat taatgtgagt 4200
tagcgcgaat tgatctg 4217 <210> 8  <211> 4218  <212> DNA <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Vector pAC-6 <400>
8 gtttgacagc ttatcatcga ctgcacggtg caccaatgct tctggcgtca ggcagccatc 60
ggaagctgtg gtatggctgt gcaggtcgta aatcactgca taatttgtgt cgct.caaggc 120
gcactcccgt tctggataat gttttttgcg ccgacatcat aacggttctg gcaaatattc 180
tgaaatgagc tgttgacaat taatcatccg,gctcgtataa tgtgtggaat tgtgagcgga 240
taacaatttc acacaggaaa cagaccatgg agctcgagga tcccgggcaa gcttccggcg 300 3
October 2005 WO 02/081683 PCT/GB02101623 15 ggtggcggtc tgaacgacat
cttcgaggct cagaaaatcg aatggcacga ataattaatt 360  aagagcttgg ctgttttggc
ggatgagaga agattttcag cctgatacag attaaatcag 420  aacgcagaag cggtctgata
aaacagaatt tgcctggcgg cagtagcgcg gtggtcccac 480  ctgaccccat gccgaactca
gaagtgaaac gccgtagcgc cgatggtagt gtggggtctc 540  cccatgcgag agtagggaac
tgccaggcat caaataaaac gaaaggctca gtcgaaagac 600  tgggcctttc gttttatctg
ttgtttgtcg gtgaacgctc tcctgagtag gacaaatccg 660  ccgggagcgg atttgaacgt
tgcgaagcaa cggcccggag ggtggcgggc aggacgcccg 720  ccataaactg ccaggcatca
aattaagcag aaggccatcc tgacggatgg cctttttgcg 780  



tttctacaaa ctctttttgt ttatttttct aaatacattc aaatatgtat ccgctcatga 840
gacaataacc ctgataaatg cttcaataat attgaaaaag gaagagtatg agtattcaac 900
atttccgtgt cgcccttatt cccttttttg cggcattttg ccttcctgtt tttgctcacc 960
cagaaacgct ggtgaaagta aaacjatgctg,aagatcagtt gggtgcacga gtgggttaca 1020
tcgaactgga tctcaacagc ggtaagatcc ttgagagttt tcgccccgaa gaacgttttc 1080
caatgatgag cacttttaaa gttctgctat gtggcgcggt attatcccgt gttgacgccg 1140
.ggcaagagca actcggtcgc cgcatacact attctcagaa tgacttggtt gagtactcac 1200
cagtcacaga aaagcatctt acggatggca tgacagtaag agaattatgc agtgctgcca 1260;;:
taaccatgag tgataacact gcggccaact tacttctgac aacgatcgga ggaccgaagg 1320_::.
agctaaccgc ttttttgcac aacatggggg atcatgtaac tcgccttgat cgttgggaac 1380
cggagctgaa tgaagccata ccaaacgacg agcgtgacac cacgatgcct acagcaatgg 1440:,
caacaacgtt gcgcaaacta ttaactggcg aactacttac tctagcttcc cggcaacaat 1500
taatagactg gatggaggcg gataaagttg caggaccact tctgcgctcg gccctttcgg 1560..
ctggctggtt tattgctgat.aaatctggag ceggtgagcg tgggtctcgc ggtatcattg 1620
cagcactggg gccagatggt aagccctccc gtatcgtagt tatctacacg acggggagtc 1680
aggcaactat ggatgaacga aatagacaga tcgctgagat aggtgcctca ctgattaagc 1740
atttgtaact gtcagaccaa gtttactcat atatacttta gattgattta aaacttcatt 1800
tttaatttaa aaggatctag gttaagatcc tttttgataa tctcatgacc aaaatccctt.1860
aacgtgagtt ttcgttccac tgagcgtcag accccgtaga aaagatcaaa ggatcttctt 1920
gagatccttt ttttctgcgc gtaatctgct gcttgcaaac .aaaaaaacca ccgctaccag.1980
cggtggtttg tttgccggat caagagctac caactctttt tccgaaggta actggcttca 2040
gcagagcgca gataccaaat actgtccttc tagtgtagcc gtagttaggc caccacttca 2100
agaactctgt agcaccgcct acatacctcg ctctgctaat cctgttacca gtggctgctg 2160
ccagtggcga taagtcgtgt cttaccgggt tggactcaag acgatagtta ccggataagg 2220
cgcagcggtc gggctgaacg gggggttcgt gcacacagcc cagcttggag cgaacgacct,2280
acaccgaact gagataccta cagcgtgagc tatgagaaag cgccacgctt cccgaaggga 2340
gtaaggcgga caggtatccg gtaagcggca gggtcggaac aggagagcgc acgagggagc 2400
ttccaggggg aaacgcctgg tatctttata gtcctgtcgg gtttcgccac ctctgacttg 2460
agcgtcgatt tttgtgatgc tcgtcagggg ggcggagcct atggaaaaac gccagcaacg 2520
cggccttttt acggttcctg gccttttgct ggccttttgc tcacatgttc tttcctgcgt.2580 3
October 2005 WO 02/081683 



16 PCT/GB02/01623 tatcccctga ttctgtggat aaccgtatta ccgcctttga gtgagctgat
accgctcgcc 2640  goagccgaac gaccgagcgc agcgagtcag tgagcgagga agcggaagag
cgcctgatgc 2700  ggtattttct ccttacgcat ctgtgcggta tttcacaccg catatggtgc
actctcagta 2760  caatctgctc tgatgccgca tagttaagcc agtatacact ccgctatcgc
tacgtgactg 2820  ggtcatggct gcgccccgac acccgccaac acccgctgac gcgccctgac
gggcttctct 2880  gctcccggca tccgcttaca gacaagctgt gaccgtctcc gggagctgca
tgtgtcagag 2940  gttttcaccg tcatcaccga aacgcgcgag gcagcagatc aattcgcgcg
cgaaggcgga 3000  gcggcatgca tttacgttga caccatcgaa tggtgcaaaa ccttttccgg
tatggcatga 3060  tagcgcccgg aagagagtca attcagggtg gtgaatgtga aaccagtaac
gttatacgat 3120  gtcgcagagt atgccggtgt ctcttatcag accgtttccc gcgtggtgaa
ccgggccagc 3180  cacgtttctg cgaaaacgcg ggaaaaagtg gaagcggcga tggcggagct
gaattacatt 3240  cccaaccgcg tggcacaaca actggcggg~, aaacagtcgt tgctgattgg
cgttgccacc 3300  tccagtctgg ccctgcacgc gccgtcgcaa attgtcgcgg cgattaaatc
tcgcgccgat 3360  caactgggtg ccagcgtggt ggtgtcgatg gtagaacgaa gcggcatcga
agcctgtaaa 3420  gcggcggtgc acaatcttct cgcgcaacgc gtcagtgggc tgatcattaa
ctatccgctg 3480  gatgaccagg atgccattgc tgtggaagct gcctgcacta atgttccggc
gttatttctt 3540  gatg-tctctg accagacacc catcaacagt attattttct cccatgaaga
cggtacgcga 3600  ctgggcgtgg agcatctggt cgcattgggt caccagcaaa tcgcgctgtt
agcgggccca 3660  ttaagttctg tctcggcgcg tctgcgtctg gctggctggc ataaatatct
cactcgcaat 3720  caaattcagc cgatagcgga acgggaaggc gactggagtg ccatgtccgg
ttttcaacaa 3780  accatgcaaa tgctgaatga gggcatcgtt cccactgcga tgcto^:Ytgc
caacgatcag 3840  atggcgctgg gcgccatgcg cgccattacc gagtccgggc tgcgcgttgg
tgcggatatc 3900  tcggtagtgg gatacgacga taccgaagac agctcatgtt atatcccgcc
gttaaccacc 3960  atcaaacagg attttcgcct gctggggcaa accagcgtgg accgcttgct
gcaactctct 4020  cagggccagg cggtgaaggg caatcagctg ttgcccgtct cactggtgaa
aagaaaaacc 4080  accctggcgc ccaatacgca aaccgcctct ccccgcgcgt tggccgattc
attaatgcag-4140  ctggcacgac aggtttcccg actggaaagc gggcagtgag cgcaacgcaa
ttaatgtgag 4200  ttagcgcgaa ttgatctg 4218 <210> 9  <211> 45  



<212> DNA <213> Artificial Sequence <220>  <223>-Description of Artificial
Sequence: Nucleic acid sequence which encodes a fusion protein 3 October
2005  WO 02/081683 PCT/GB02101623  17 <400> 9 ggcctgaacg acatcttcga
ggctcagaaa atcgaatggc acgaa - 45 <210>10 <400>10 000 <210>11 <400>11 000
<210>12 <400>12 000 <210>13 <400>13 000 <210>14 <211>26 <212> PRT <213>
Artificial Sequence <220>  <223> Description of Artificial Sequence:
Peptide for use in producing fusion protein 3 October 2005 WO 02/081683 18 



PCT/GS02101623 <400> 14 Leu Glu Glu Val Asp Ser Thr Ser Ser Ala Ile Phe Asp
Ala Met Lys  1 5 10 15 Met Val Trp Ile Ser Pro Thr Glu Phe Arg 20 25 <210>
15  <211> 27  <212> PRT <213> Artificial Sequence <220>  <223> Description
of Artificial Sequence: Peptide for use in producing fusion protein <400>
15 Gln Gly Asp Arg Asp Glu Thr Leu Pro Met Ile Leu Arg Ala Met Lys  1 5 10
15 Met Glu Val Tyr Asn Pro Gly Gly His Glu Lys 20 25 <210> 16  <211> 29
<212> PRT <213> Artificial Sequence <220>  <223> Description of Artificial
Sequence: Peptide for use in producing fusion protein <400> 16 Ser Lys. Cys
Ser Tyr Ser His Asp Leu Lys Ile Phe Glu Ala Gln Lys  1 5 10 15 3 October
2005 WO 02/081683 18 PCT/GS02101623  



<400> 14 Leu Glu Glu Val Asp Ser Thr Ser Ser Ala Ile Phe Asp Ala Met Lys  1
5 10 15 Met Val Trp Ile Ser Pro Thr Glu Phe Arg 20 25 <210> 15  <211> 27
<212> PRT <213> Artificial Sequence <220>  <223> Description of Artificial
Sequence: Peptide for use in producing fusion protein <400> 15 Gln Gly Asp
Arg Asp Glu Thr Leu Pro Met Ile Leu Arg Ala Met Lys  1 5 10 15 Met Glu Val
Tyr Asn Pro Gly Gly His Glu Lys 20 25 <210> 16  <211> 29  <212> PRT <213>
Artificial Sequence <220>  <223> Description of Artificial Sequence:
Peptide for use in producing fusion protein <400> 16 Ser Lys. Cys Ser Tyr
Ser His Asp Leu Lys Ile Phe Glu Ala Gln Lys  1 5 10 15 3 October 2005 WO
02/081683 20 <210> 19  <211> 21  



<212> PRT <213> Artificial Sequence <220>  <223> Description of'Artificial
Sequence: Peptide for use in producing fusion protein PCT/GB02/01623 <400>
19 Ser Phe Pro Pro Ser Leu Pro Asp Lys Asn Ile Phe Glu Ala Met Lys  1 5 10
15 Met Tyr Val Ile Thr 20 <210> 20  <211> 27  <212> PRT <213> Artificial
Sequence <220>  <223> Description of Artificial Sequence: Peptide for use
in producing fusion protein <400> 20 Ser Val Val Pro Glu Pro Gly Trp Asp
Gly Pro Phe Glu Ser Met Lys  1 5 10 15 Met Val Tyr His Ser Gly Ala Glri Ser
Gly Gln  20 25 <210> 21  <211> 25  <212>' PRT <213> Artificial Sequence 3
October 2005 WO 02/081683 21 <220>  <223> Description of Artificial
Sequence: Peptide for 



use in producing fusion protein PCT/GB02/01623 <400> 21 Val Arg His Leu Pro
Pro Pro Leu Pro Ala Leu Phe Asp Ala Met Lys  3 5 10 15 Met Glu Phe Val Thr
Ser Val Gln Phe 20 25 <210> 22  <211> 21  <212> PRT <213> Artificial
Sequence <220>  <223> Description of Artificial Sequence: Peptide for use
in producing fusion protein <400> 22 Asp Net Thr Met Pro Thr Gly Met Thr
Lys Ile Phe Glu Ala Met Lys  1 5 10 15 Met Glu Val Sex Thr 20 <210> 23
<211> 28  <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein 3 October
2005 WO 02/081683 22 PCT/GB02/01623 <400> 23 Ala Thr Ala Gly Pro Leu His
Glu Pro Asp Ile Phe Leu Ala Net Lys  



1 5 10 15 . Met Glu Val Val Asp Val Thr Asn Lys Ala Gly Gln 20 25 <210> 24
<211> 14  <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein <400> 24
Ser Met Trp Glu Thr Leu Asn Ala Gln Lys Thr Val Leu Leu 1 5 <210> 25  <211>
20  <212> PRT <213> Artificial Sequence 10 <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein <400> 25
Ser His Pro  1 Ser Gln Leu Met Thr Asn Asp Ile Phe Glu Gly Met Lys 5 10 15
Met Leu Tyr His  20 3 October 2005 WO 021081683 23 



<210> 26 <400> 26 000 <210> 27  <211> 23  <212> PRT <213> Artificial
Sequence <220>  <223> Description of Artificial Sequence: Peptide for use
in producing fusion protein PCT/GB02/01623 <400> 27 Thr Ser Glu Leu Seer
Lys Leu Asp Ala Thr Ile Phe Ala Ala Met Lys  1 5 10 15 Met Gln Trp Trp Asn
Pro Gly 2^, . <210> 28  <211> 22  <212> PRT <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Peptide for use in producing
fusion protein <400> 28 Val Met Glu Thr Gly Leu Asp Leu Arg Pro Ile Leu Thr
Gly Met Lys  1 5 10 15 Met.Asp Trp Ile Pro Lys  20 3 October 2005  WO
02/081683 PCT/GB02/01623 24 <210> 29 



<400> 29 000 <210> 30  <211> 15  <212> PRT <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Peptide for use in producing
fusion protein <400> 30 Leu His His Ile Leu Asp Ala Gln Lys Met Val Trp Asn
His Arg  1 5 10 15 <210> 31  <211> 14  <212> PRT <213> Artificial Sequence
<220>  <223> Description of Artificial Sequence: Peptide for use in
producing fusion protein <400> 31 Pro Gln Gly Ile The Glu Ala Gin Lys Met
Leu Trp Arg Ser  1 5 10 <210> 32  <211> 15  <212>' PRT <213> Artificial
Sequence 3 October 2005 WO 02/081683 25 <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein 



<400> 32 Leu Ala Gly Thr Phe Glu Ala Leu Lys Met Ala Trp His Glu His  1 5
10 15 <210> 33  <211> 14  <212> PRT <213> Artificial Sequence <220>  <223>
Description of Artificial Sequence: Peptide for use in producing fusion
protein <400> 33 Leu Asn Ala Ile Phe Glu Ala Met Lys Met Glu Tyr Ser Gly 1
a; 10 <210> 34  <211> 14  <212> PRT <213> Artificial Sequence <220>  <223>
Description of Artificial Sequence: Peptide for use in producing fusion
protein <400> 34 Leu Gly Gly Ile Phe Glu Ala Met Lys Met Glu Leu Arg Asp
PCT/GB02/01623 10 3 October 2005 WO 02/081683 26 <210> 35  <211> 15  <212>
PRT <213> Artificial Sequence 



<220>  <223> Description of Artificial Sequence: Peptide for use in
producing fusion protein <400> 35 Leu Leu Arg Thr Phe Glu Ala Met Lys Met
Asp Trp Arg Asn Gly  1 5 10 15 <210> 36  <211> 15  <212> PRT <213>
Artificial Sequence <220>  <223> Description of Artificial Sequence:
Peptide for use in producing fusion protein <400> 36 Leu Ser Thr Ile Met
Glu Gly Met Lys Met Tyr Ile Gln Arg Ser 1 5 10 15 <210> 37  <211> 15  <212>
PRT <213> Artificial Sequence <220>  <223> Description of Artificial
Sequence: Peptide for use in producing fusion protein PCT/GB02/01623 3
October 2005 WO 02/081683 27 <400> 37 Leu Ser Asp Ile Phe Glu Ala Met Lys
Met Val Tyr Arg Pro Cys  1 5 10 15 <210> 38 



<211> 15 - <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein
PCT/GB02/01623 <400> 38 Leu Glu Ser Met Leu Glu Ala Met Lys Met Gln Trp Asn
Pro Gln  1 5 10 15 <210> 39  <211> 15  <212> PRT <213> Artificial Sequence
<220>  <223> Description of Artificial Sequence: Peptide for use in
producing fusion protein <400> 39 Leu Ser Asp Ile Phe Asp Ala Met Lys Met
Val Tyr Arg Pro.Gln  1 5 10 15 <210> 40  <211> 15  <212> PRT <213>
Artificial Sequence 3 October 2005  WO 02/081683 .PCT/GB02/01623  28 <220>
<223> Description of Artificial Sequence: Peptide for use in producing
fusion protein <400> 40 Leu Ala Pro Phe Phe Glu Ser Met Lys Met Val Trp Arg
Glu His  



1 5 10 15 <210> 41  <211> 15  <212> PRT <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Peptide for use in producing
fusion protein <400> 41 Leu Lys Gly Ile Phe Glu Ala Met Lys Met Glu Tyr Thr
Ala Net  1 5 10 15 <210> 42  <211> 15  <212> PRT <213> Artificial Sequence
<220>  <223> Description of Artificial Sequence: Peptide for use in
producing fusion protein <400> 42 Leu Glu Gly Ile Phe Glu Ala Net Lys Net
Glu Tyr Ser Asn Ser 1 5 10 15 3 October 2005  WO 02/081683 PCT/GB02/01623
29 <210> 43  <211> 15  <212> PRT <213> Artificial Sequence <220>  <223>
Description of Artificial Sequence: Peptide for use in producing fusion
protein <400> 43 



.Leu Leu Gin Thr Phe Asp Ala Met Lys Met Glu Trp Leu Pro Lys  1 5 10 15
<210> 44  <211> 15  <212> PRT <213> Artificial Sequence <220>  <223>
Description of Artificial Sequence: Peptide for use in producing fusion
protein <400> 44 Val Phe Asp Ile Leu Glu Ala Gin Lys Val Val Thr Leu Arg
Phe  1 5 10 15 <210> 45  <211> 15  <212> PRT <213> Artificial Sequence
<220>  <223> Description of Artificial Sequence: Peptide for use in
producing fusion protein 3 October 2005 WO 0 2108 1 683 30 <400> 45 Leu Val
Ser Met Phe Asp Gly Met Lys Met Glu Trp Lys Thr Leu  1 5 10 15 <210> 46
<211> 15  <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial sequence: Peptide for use in producing fusion protein 



<400> 46 Leu Glu Pro Ile Phe Glu Ala Met Lys Met Asp Trp Arg Leu Glu  1 5
10 15 <210> 47  <211> 15  <212> PRT <213> Artificial Sequence <220>  <223>
Description of Artificial Sequence: Peptide for use in producing fusion
protein <40.0> 47 Leu Lys Glu Ile Phe Glu Gly Met Lys Met Glu Phe Val Lys
Pro 1 5 10 15 <210> 48  <211> 15  <212> PRT <213> Artificial Sequence
PCT/GB02101623 3 October 2005 WO 02/081683 31 <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein <400> 48
Leu Gly Gly Ile Glu Ala Gln Lys Met Leu Leu Tyr Arg Gly Asn  1 5 - 10 15
<210> 49 <400> 49 000 <210> 50  <211> 18  



<212> PRT <213> Artificial sequence <220>  <223> Description of Artificial
Sequence: Peptide for use in producing fusion protein PCT/GB02/01623 <400>
50 Arg Pro Val Leu.Glu Asn Ile Phe Glu Ala Met Lys Net Glu Val-Trp  1 5 10
15 Lys Pro 3 October 2005  WO 02/081683 PCT/GB02101623  32 <210> 51  <211>
18  <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein <400> 51
Arg Ser Pro Ile Ala Glu Ile Phe Glu Ala Met Lys Met Glu Tyr Arg  1 5 10 15
Glu Thr <210> 52  <211> 18  <212> PRT <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Peptide for use in producing
fusion protein <400> 52 



Gin Asp Ser Ile Met Pro Ile Phe Glu Ala Met Lys Met Ser Trp His  1 5 10 15
Val Asn <210> 53  <211> 18  <212> PRT <213> Artificial Sequence 3 October
2005 WO 02/081683 33 <220>  <223> Description of Artificial Sequence:
Peptide for use in producing fusion protein PCT/GB02/01623 <400> 53 Asp Gly
Val Leu Phe Pro Ile Phe Glu Ala Met Lys Met Ile Arg Leu  1 5 10 15 Glu Thr
<210> 54  <211> is  <212> PRT <213> Artificial sequence <220>  <223>
Description of Artificial Sequence: Peptide for use in producing fusion
protein <400> 54 Val Ser Arg Thr Met Thr Asn Phe Glu Ala Met Lys Met Ile
Tyr His  1 5 10 15 Asp Leu <210> 55  <211> 17  <212> PICT 



<213> Artificial Sequence <220>  <223> Description of Artificial Sequence:
Peptide for use in producing fusion protein 3 October 2005 WO 02/081683 34
PCT/GB02/01623 <400> 55 Asp Val Leu Leu Pro Thr Val Phe Glu Ala Met Lys Met
Tyr Ile Thr  1 5 10 15 Lys <210> 56  <211> 18  <212> PRT <213> Artificial
Sequence <220>  <223> Description of Artificial Sequence: Peptide for use
in producing fusion protein <400> 56 Pro Asn Asp Leu Glu Arg Ile Phe Asp
Ala Met Lys Ile Val Thr Val  1 5 10 15 His Ser <210> 57  <211> 18  <212>
PRT <213> Artificial Sequence <220>  <223> Description of
Artificial,Sequence: Peptide for use in producing fusion protein <400> 57
Thr Arg Ala Leu Leu Glu Ile Phe Asp Ala Gln Lys Met Leu Tyr Gln  



1 5 10 .15 His Leu 3 October 2005  WO 02/081683 PCT/GB02/01623  35 <210> 58
<211> 18  <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein <400> 58
Arg Asp Val His Val Gly Ile Phe Glu Ala Met Lys Met Tyr Thr Val  1 5 10 15
Glu Thr <210> 59  <211> 18  <212> PRT <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Peptide for .use in producing
fusion protein <400> 59 Gly Asp Lys Leu Thr Glu Ile Phe Glu Ala Met Lys Ile
Gln Trp Thr  1 5 10 15 Ser Gly <210> 60  <211> 18  <212> PRT <213>
Artificial Sequence 3 October 2005 



WO 02/081683 . 36 <220>  <223> Description of Artificial Sequence: Peptide
for use in producing fusion protein PCT/GB02/01623 <400> 60 Leu Glu Gly Leu
Arg Ala Val Phe Glu Ser Met Lys Met Glu Leu Ala  1 5 10 15 Asp Glu <210> 61
<211> 1$  <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein. <400> 61
Val Ala Asp Ser His Asp Thr Phe Ala Ala Met Lys Met Val Trp Leu  1 5 10 15
Asp Thr <210> 62  <211> 18  <212> PRT <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Peptide for use in producing
fusion protein 3 October 2005 WO 02/081683 37 PCT/GB02/01623 



<400> 62 Gly Leu Pro Leu Gin Asp lie Leu Glu Ser Met Lys Ile Val Met Thr -
1 5 10 15 Ser Gly <210> 63  <211> 19  <212> PRT <213> Artificial Sequence
<220>  <223> Description of Artificial Sequence: Peptide for use in
producing fusion protein <400> 63 Arg Val Pro Leu Glu Ala Ile Phe Glu Gly
Ala Lys Met Ile.Trp Val  1 5 10 15 Pro Asn Asn <210> 64  <211> 18  <212>
PRT <213> Artificial Sequence <220>  <223> Description of Artificial
Sequence: Peptide for use in producing fusion protein <400> 64 Pro Met Ile
Ser His Lys Asn Phe Glu Ala Met Lys Met Lys Phe Val  1 5 10 15 Pro Glu 3
October 2005  WO 02/081683 PCT/GB02/01623  38 <210> 65  <211> 18  <212> PRT



<213> Artificial Sequence <220>  <223> Description of Artificial Sequence:
Peptide for use in producing fusion protein <400> 65 Lys Leu Gly Leu Pro
Ala Met Phe Glu Ala Met Lys Met Glu Trp His  1 5 10 15 .Pro Ser <210> 66
<211> 18  <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein <400> 66
Gln Pro Ser Leu Leu Set Ile Phe Glu Ala Met Lys Met Gln Ala Ser  1 5 10 15
Leu Met <210> 67  <211> 18  <212> PRT <213> Artificial Sequence 3 October
2005  WO 02/081683 PCTIGB02/01623  39 <220>  <223> Description of
Artificial Sequence: Peptide for  use in producing fusion protein .<400> 67
Leu Leu Glu Leu Arg Ser Asn Phe Glu Ala Met Lys Met Glu Trp Gln 1 



Ile Ser 5 10 15 <210> 68  <211> 21  <212> PRT <213> Artificial Sequence
<220>  <223> Description of Artificial Sequence: Peptide for use in
producing fusion protein <400> 68 Asp Glu Glu Leu Asn Gin Ile Phe Glu Ala
Met Lys Met Tyr Pro Leu  1 5 10 15 ; Val His Val Thr Lys 20 <210> 69 <400>
69 000 3 October 2005 WO 0 210 8 1 6 83 <210> 70  <211> 21  <212> PRT <213>
Artificial Sequence 40 <220>  <223> Description of Artificial Sequence:
Peptide for use in producing fusion protein PCT/GB02/01623 <400> 70 Ser Asn
Leu Val Ser Leu Leu His Ser Gln Lys Ile Leu Trp Thr Asp  3 5 10 15 Pro Gln
Ser Phe Gly 



20 <210> 71  <211> 21  <212> PRT <213> Artificial Sequence <220>  <223>
Description of Artificial Sequence: Peptide for use in producing fusion
protein <400> 71 Leu Phe Leu His Asp Phe Leu Asn Ala Gln Lys Val Glu Leu
Tyr Pro 1 5 10 15 Val Thr Ser Ser Gly 20 <210> 72  <211> 16  <212> PRT
<213> Artificial Sequence 3 October 2005 WO 02/081683 41 <220>  <223>
Description of Artificial Sequence: Peptide for use in producing fusion
protein PCT/GB02/01623 <400> 72 Ser Asp Ile Asn Ala Leu Leu Ser Thr Gln Lys
Ile Tyr Trp Ala His  1 5 10 15 <210> 73  <211> 23  <212> PRT <213>
Artificial sequence 



<220>  <223> Description of Artificial Sequence: Peptide for use in
producing fusion protein <400> 73 Met Ala Ser Ser Lau Arg GIn Ile Leu Asp
Ser Gln Lys Met Glu Trp  1 5 10 15 Arg Ser Asn Ala Gly Gly Ser  .20 <210>
74 <400> 74 000 3 October 2005 WO 02/081683 42 <210> 75  <211> 23  <212>
PRT <213> Artificial Sequence <220>  <223> Description of Artificial
Sequence: Peptide for use in producing fusion protein PCT/GB02/01623 <400>
75 Met Ala His Ser Leu Val Pro Ile Phe Asp Ala Gln Lys Ile Glu Trp  1 5 10
15 Arg Asp Pro Phe Gly Gly Ser 20 <210> 76  <211> 23  <212> PRT <213>
Artificial Sequence <220>  



<223> Description of Artificial Sequence: Peptide for use in producing
fusion protein <400> 76 Met Gly Pro Asp Leu Val Asn Ile Phe Glu Ala Gln Lys
Ile Glu Trp  1 5 10 15 His Pro Leu Thr Gly Gly Ser  20 <210> 77  <211> 23
<212> PRT <213> Artificial Sequence 3 October 2005 WO 02/081683 43 <220>
<223> Description of Artificial Sequence: Peptide for use in producing
fusion protein PCT/GB02/01623 <400> 77 Met Ala Phe Ser Leu Arg Ser Ile Leu
Glu Ala Gln Lys Met Glu Leu  1 5 - 10 15 Arg Asn Thr Pro Gly Gly Ser 20
<210> 78  <211> 23  <212> PRT <213> Artificial Sequence <220>  <223>
Description of Artificial Sequence: Peptide for use in producing fusion
protein <400> 78 Met Ala Gly Gly Leu Asn Asp Ile Phe Glu Ala Gin Lys Ile
Glu Trp  



1' 5 10 15 His Glu Asp Thr Gly Gly Ser  20 <210> 79  <211> 23  <212> PRT
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Peptide for use in producing fusion protein 3 October 2005 WO 02/081683 44
PCT/GB02/01623 <400> 79 met Ser Ser Tyr Leu Ala Pro Ile Phe Glu Ala Gin Lys
Ile Glu Trp  1 5 10 15 His Ser Ala Tyr Gly Gly Ser 20 <210> 80  <211> 23
<212> PRT <213> Artificial Sequence <220>  <223> Description of Artificial
Sequence: Peptide for use in producing fusion protein <400> 80 Met Ala Lys
Ala Leu Gln Lys Ile Leu Glu Ala Gin Lys Met Glu Trp  1 5 10 15 Arg Ser His
Pro Gly Gly Ser  20 <210> 81  



<211> 23  <212> PRT <213> Artificial Sequence <220> 1  <223> Description of
Artificial. Sequence: Peptide for use in producing fusion protein <400> 81
Met Ala Phe.Gln Leu Cys Lys Ile Phe Tyr Ala Gln Lys Met Glu Trp  1 5 10 15
3 October 2005  WO 02/081683 PCTIGB02/01623  4.5 His Gly Val Gly Gly Gly
Ser 20 <210> 82  <211> 23  <212> PRT <213> Artificial Sequence <220>  <223>
Description of Artificial Sequence: Peptide for use in producing fusion
protein <400> 82 Met Ala Gly Ser Leu Ser Thr Ile Phe Asp Ala Gln Lys Ile
Glu Trp  1 5 10 15 His Val Gly Lys Gly Gly Ser 20 <210> 83  <211> 23  <212>
PRT <213> Artificial Sequence <220>  <223> Description of Artificial
Sequence: Peptide for 



use in producing fusion protein <400> 83 Met Ala Gln Gln Leu Pro Asp Ile
Phe Asp Ala Gin Lys Ile Glu Trp  1 5 10 .15 Arg Ile Ala Gly Gly Gly Ser  20
3 October 2005 WO 0 210 8 1 6 83 PCT/GB02/01623 46 <210> 84  <211> 23
<212> PRT <213> Artificial Sequence <220>  <223> Description of Artificial
Sequence: Peptide for use in producing fusion protein <400> 84 Met Ala Gln
Arg Leu Phe His Ile Leu Asp Ala Gln Lys Ile Glu Trp  1 5 10 15 His Gly Pro
Lys Gly Gly Ser  20 <210> 85  <211> 23  <212> PRT <213> Artificial Sequence
<220>  <223> Description of Artificial Sequence: Peptide for' use in
producing fusion protein <400> 85 Met Ala Gly Cys Leu Gly Pro Ile Phe Glu
Ala Gln Lys Met Glu Trp  1 5 10 15 Arg His Phe Val Gly Gly Ser 



20 <210> 86  <211> 23  <212> PRT <213> Artificial Sequence 3 October 2005
WO 02/081683 47 <220>  <223> Description of Artificial Sequence: Peptide
for use in producing fusion protein PCTIGB02/01623 <400> 86 Met Ala Trp Ser
Lau Lys Pro Ile Phe Asp Ala Gin Lys Ile Glu Trp  1 5 10 15 His Ser Pro Gly
Gly Gly Ser 20 <210> 87  <211> 23  <212> PRT <213> Artificial Sequence
<220>  <223> Description of Artificial Sequence: Peptide for use in
producing fusion protein <400> 87 Met Ala Lau Gly Lau Thr Arg Ile Lau Asp
Ala Gln Lys Ile Glu Trp  1 5 10 - 15 His Arg Asp Ser Gly Gly Ser  20 <210>
88  <211> 23  <212> PRT 



<213> Artificial Sequence <220>  <223> Description of Artificial Sequence:
Peptide for - use in producing fusion protein 3 October 2005  WO 02/081683
PCT/GB02/01623  48 <400> 88 Met Ala Gly Ser Leu Arg Gln Ile Len Asp Ala Gln
Lys Ile Glu Trp  1 5 10 15 Arg Arg Pro Leu Gly Gly Ser 20 <210> 89  <211>
23  <212> PRT <213> Artificial Sequence <220>  <223> Description of
Artificial Sequence: Peptide for use in producing fusion protein <400> 89
.Met Ala Asp Arg Leu Ala Tyr Ile Leu Glu Ala Gln Lys Met Glu Trp  1 5 10 15
His Pro His Lys Gly Gly Ser 20 








