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controlled and the charge pattern at the surface of the loaded carrier closely resembles

that of the unloaded carrier.

15 Background
The covalent chemical attachment of an active moiety to a carrier is a fundamental
process that lies at the heart of a diverse range of scientific disciplines. For example,
the attachment of peptides, oligosaccharides, DNA or small bioactive organic
molecules to glass slides or chips has given rise to the enormous field of diagnostic

20 screening, with example applications such as toxicological testing of new chemical
entities and genetic profiling. Attachment of the same type of molecules to polymeric
surfaces has applications in diverse fields such as affinity purification of small
molecules / proteins and smart wound dressings that elicit a physiological response to
enhance the wound healing process. Alternatively, attachment of such molecules to

25 immunostimulatory proteins has application in the field of synthetic vaccine

development.

Within each of these fields, successful application is dependent upon the stringent

control of a number of key chemical and physiochemical parameters being achieved.



A key objective is to obtain quantitative and qualitative control of the
covalent attachnment chem stry since this should provide a final construct
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physi ochem cal characteristics. Each 2application has many subtle

vari ations of these key requirenents to consider, given the 5 range of
chem cal diversity and intrinsic characteristics present in active npieties
such as peptides, oligosaccharides, DNA or snall bioactive organic
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resi dues or functi onal ities critical to epitope recognition (Briand. J.P.,
Mul l er, S. and Van Regennortal, MH V. J Imunol. Mthods 78, 59-69,
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| mmunochem stry 6, 53, 1969 Korn, A H, Feal rheI ler, S.H and Filachione,

EM J. Bi OHJ %&% 5&5 1972; Rel chI i H in: Methods in Enzynol ogy,
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construct (4). An ideal vaccine construct would contain a high surface coverage of

conjugated epitope on the carrier protein, whilst retaining high aqueous solubility.
Additionally, the linkage created between the carrier protein and epitope ideally would
20 be immunogenically inert and not involve residues or functionalities critical to epitope
recognition (Briand. J.P., Muller, S. and Van Regenmortal, M.H.V. J. Immunol.
Methods 78, 59-69, 1985). Presently, the most commonly used methods of
conjugation in the preparation of experimental vaccines involve chemically non-
specific reactions with glutaraldehyde (Avrameas, S. and Ternynck, T.
25 Immunochemistry 6, 53, 1969; Korn, A.H., Feairheller, S.H. and Filachione, E.M. J.
Mol. Biol. 65, 525, 1972; Reichlin, M. in: Methods in Enzymology, vol. 70, eds. Van
Vunakis, H. and Langone, J.J. [Academic Press, New York] pp. 159-165, 1980),
carbodiimides (Goodfriend, T.L., Levine, L. and Fasman, G.D. Science 144, 1344,
1964; Bauminger, S. and Wilchek, M. in: Methods in Enzymology, vol. 70, eds. Van
30 Vunakis, H. and Langone, J.J. [Academic Press, New York] pp. 151-159, 1980), bis-



3 diazotized benzidine (BDB) (CGordan, J., Rose, B. and Sehon, A . H J. Exp.
Med. 108, 37, 1958) or utilise nmaleimde derivatives that rely on the
presence wD oaogtseol noiety (Liu, F.-T., Zi nnecker, M, Haeaakm3/ot305and
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specific and acutely controlled methods of conjugation to ensure the chemical integrity
of the loaded epitope. Here, existing conjugation methods suffer from a number of

15 experimental difficulties (Scheme 1):

(a) Qualitative and quantitative assessment of loaded epitope from the construct,
the sometimes chemically sensitive epitope having proceeded through a number of
chemical processes, is problematic (Briand. J.P., Muller, S. and Van Regenmortal,

20 M.H.V. J. Immunol. Methods 78, 59-69, 1985).

(b)  Generally, as the surface loading of carrier proteins with the conjugated
epitope increases, low and unpredictable solubility of the construct is observed
(Qamar, S., Islam, M. and Tayyab, S. J. Biochem. 114, 786-792, 1993).

25
(¢)  Introduction of disulfide-bridged peptides is complicated by the presence of the
thiol functionality required when using maleimide-based conjugation and may lead to

disruption of the disulfide bond.
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unpredi ct abl e agqueous solubility (4) Schene 1. Traditional conjugation of
an antigen to a carrier protein A nunber of the above issues have begun to
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WO A- 0145745 descri bes a chemical |inker (5) that contains a carboxylic
acid and an A number of the above issues have begun to be addressed in a new generation of

constructs detailed in WO-A-0145745, which describes the invention of a process that
allows the controlled linkage of a peptidic epitope to a carrier protein. The process
5 provides a construct (7) from which the qualitative and quantitative assessment of

epitope loading can be determined by simple chemical means as illustrated in Schemes

2 & 3.
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Epitopa )
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(5) (6) (1) Linkage chemistry is controlled

(2) Epitope~—= Linker chemistry is stable in biological
media, but easily chemically reversible

I:> epitope quality and quantity is readily defined

N /

Linker-Carrier Protein intermediate and final constructs, particulalry those with high
surface coverage of loaded epitope are of low and unpredictable aqueous solubility

Scheme 2. WO-A-0145745 controlled conjugation of an epitope to a carrier protein

WO-A-0145745 describes a chemical linker (5) that contains a carboxylic acid and an
10 aldehyde functionality. The carboxylic acid provides a point of attachment to the
carrier protein by the formation of a secondary amide bond between the linker and the
carrier protein accessible surface lysine residues — a process that yields an intermediate

Linker-Carrier Protein (6). The aldehyde functionality provides a point of attachment



10 al dehyde functionality. The carboxylic acid provides a point of
attachnment to the <carrier protein by the formation of a secondary am de
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)H\ )CJ)\ Carrier 6
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(0]
Chemically labile bond for easy quality control‘_/ \,
and quantification of loaded epitope Biologically stable CONSTRUCT

Scheme 3. WO-A-0145745 controlled and reversible conjugation of an epitope to a carrier protein

The hydrazide, being a weak base, forms a stable acyl-hydrazone bond with the
aldehyde functionality in (6) at mildly acidic pH. At this pH, basic side chain
10 nucleophiles on the epitope are protonated and excluded from the conjugation reaction
(Jencks, W.P. J. Am. Chem. Soc. 81, 475-481, 1959; Reeves, R.L. in: The Chemistry of
the Carbonyl Group, ed. Patai, S. (Interscience, London) pp. 600-614, 1966).
Hydrazone formation has previously been employed in conjugation reactions via C-
terminal hydrazides and N-terminal aldehydes that are traditionally generated by
15 sodium metaperiodate mediated oxidation of an N-terminal serine residue within the
specific proteins and peptides (King, T.P., Zhao, S.W. and Lam, T. Biochemistry 25,
5774-9, 1986; Rose, K., Vilaseca, L.A., Werlen, R., Meunier, A., Fisch, I., Jones,
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construct quality control to be achieved, through chemcal release and
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provi ded an I?r]’?? saal vle adv& 01}?r rev .ous q tond ver t he whol e
question of cOUTEFULTEEH ia?e} %% al?/n Fr%r‘grl? avieP %% I"der ati on for

the raising of antibodies and VaCCI nati on has not been addressed. Wdely
used carrier proteins such as bovine serum al bumn (BSA), oval bumn _and 15
keyhol e 1Di npe Qré\eﬂbw&ﬁl has( mopdedage impressiveyadysnem eyons preyis methods.

di stribution har er) p

these and oth ngx?egt ei&%s “g'%gér u(g%ts{l&?he b@gﬂﬁ% anggiélttsgt %lnbug?%{f bﬁ)% ar ge
Wi t hin the preimeideratiod fbethe saising anaraibedizk hnd hasegation had fa beavaldeessed.c poi nt
(pl) and often results in conjugates with poor aqueous solubility at a

rel evant pH As detailed in Schene 3, each linker unit reacts with an
accessi bl e 20waih{ aReq ldﬁ{e?%{ét‘é‘iﬁb Qe b0 bhORE AP GRIANYEN) gvitiflin Adwis
renovi ng a posl e char romthe carrier protelin surfac

sur f ace 16over kgéholentinpat hsem(myam'n (KLH) have a finely balanced surface distribution of

charge. Conjugation of a linker/epitope preparation to these and other proteins disrupts
the balance and distribution of charge within the protein and leads to an overall change
in its isoelectric point (pI) and often results in conjugates with poor aqueous solubility
at a relevant pH. As detailed in Scheme 3, each linker unit reacts with an accessible
20 surface lysine residue to form a secondary amide bond, thus removing a positive
charge from the carrier protein surface. As the surface coverage increases, a
concomitant increase in unbalanced surface negative charge occurs, along with
increasing steric hindrance within the construct (Ansari, A.A., Kidwai, S.A. and
Salahuddin, A. J. Biol. Chem. 250, 1625-32, 1975). Conformational change is brought
25 about as the levels of acylation increase, as shown in a previous study of the
succinylation of BSA, in which a change of Stokes radius from 3.7 to 6.3nm was
observed upon 87% succinylation (Tayyab, S. and Qasim, M.A. Biochim. Biophys.
Acta 913, 359-367, 1987). This may eventually lead to a destabilisation of the carrier
protein tertiary structure and precipitation of the construct. Furthermore, because of

30 the increase in net negative charge, the PI of the modified protein is reduced. Thus, as



concom tant increase in unbal anced surface negative charge occurs, along
with increasing steric hindrance within the construct (Ansari, A A,
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surf ace l8over &Py be due to the build-up of unbal anced surface charge
upon | oadi ng of epitope-linker. Mdification of groups contributing
negative charge may result in a net increase in the isoelectric 15 point,
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This decrease in the isoelectric point of the protein. As the relationship between solubility
and pH is a function of the isoelectric point of the protein, the ability to replace either
positive or negative charge lost through chemical modification, provides an efficient
way of controlling/improving the aqueous solubility of highly modified proteins. This
20 necessitates the design and construction of a charge-balanced linker (8). Restoration
of charge balance within the construct is conceptually simple and may be brought
about, in our case, through the inclusion of an amine to replace that substituted during
the conjugation (a negative charge may be replaced through the inclusion of functional
groups containing a proton that readily dissociates e.g. hydroxyl or carboxylic acid
25 moieties). However, this solution is not trivial, since the chemistry involved in the
initial linker-carrier protein formation involves amide bond formation and as such, any
amine functionality within the linker would need to be protected prior to and

unmasked following the acylation of the carrier protein with the linker. A more

pragmatic approach to charge-restoration would be through the introduction of a
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vaccine candidates and allowing a more precise comparison of different immunogens.
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H 0 -
O)\| Linker | +ve Charge l)j\OH +
(8) *NHj
l Activation of carboxylic acid
o e
o Linker | +weCharge | N Protein
(9)
Scheme 4. High loading and soluble positive charge-balanced linker- carrier protein conjugates
A second highly desirable attribute in the preparation of constructs is the real-time
analytical monitoring and control of the conjugation process. In WO-A-0145745
monitoring was only achieved by the use of a chemically destructive release of the
20 intact epitope from the construct. Clearly, it would be advantageous to monitor the

rate and extent of construct formation without the necessity of breaking down the
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Protein H (9) Schene 4. Hi gh | oading and sol ubl e positive charge-bal anced
| i nker - capro3®878ps ot ei N conj ugates A second hi ghly desiralpiCa/Grosroiivat e in
t he preparation of constructs is the pPeal-tinme analytical nonitoring and
control of the conjugation process. In WO A-0145745 nonitoring was only
achi eved by the use of a chemcally destructive release of the 20 intact
epitope fromthe construct. Cearly, it would be advantageous to nonitor
the rate ancoaxiwnsinoé sudhnaomitoringfrovides the pasdibititt off doatmBingdké tonjedation

br eaki ng down the WO 03/ 087824 PCT/ GB03/ 01505 9 construct since such

moni t ori ng pri¥9¢¥¥es the possibility of controlling the conjugation

process. Wiile the increased solubility of the constructs is mainly
important in solution phase 5 applications, the ability to nonitor the
rate and ext eWhilefheainceasddi sohutiikityi ofgbe comstrubistit mafidy impoitaht am dolytiom phass

phase uses. The..design and. preparation of a r.obus ositi.ve.char | anced
i nker _(g) i sAPRlicatignsy the iaﬁﬁﬁ%?‘gg}?ﬁﬁaﬁ rptgApd SRR o 2 TRk %W‘%%Pgﬁ?t nked
properties negdsdip hf solkRioaPhadedReed: (a) Ideally, the positive charge in
(8) should be in close proximty to the carrier surface charge (for

exanpl e the protein surface lysine charge) that is renoved upon coupling,
a0 D1 00 1R O GURRAERL 52Ty B SRR, ARy lapid ¢
to addition t@ubiendddrdeihdingOfsie xaiifihewhieh il ifdétihkéd) propedich chepd a6 dred
smoothly with mnimal interference fromthe positive charge.

10 considered:-

(a) Ideally, the positive charge in (8) should be in close proximity to the carrier
surface charge (for example the protein surface lysine charge) that is removed upon
coupling, and provide a centre of comparable pKa.

(b)  The preparation of (8) should be smooth and reproducible.

15 (c) Carboxylic acid activation of (8) prior to addition to the carrier (for example
carrier protein) should proceed smoothly with minimal interference from the positive
charge.

(d)  Formation of the secondary amide bond between (8) and the carrier (for
example carrier protein) should proceed smoothly with minimal interference from the

20 positive charge.

(e) Formation of the acyl hydrazone bond between the active moiety-hydrazide
(for example epitope-hydrazide) and positive charge balanced linker-carrier protein (9)
should proceed smoothly with minimal interference from the positive charge.

® The reversible acid lability of the acyl hydrazone bond between the active

25 moiety-hydrazide (for example epitope-hydrazide) and (9) requires the linker element
of (8) to be an electron-rich aromatic moiety.

(8)  The reversible acid lability of the acyl hydrazone bond between the active
moiety-hydrazide (for example epitope-hydrazide) and (9) should not be adversely
altered by the presence of the positive charge.
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(d) Formation of the secondary am de bond between (8) and the carrier (for
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(9) (12)
Scheme 5. Mechanism of hydrolysis of epitope hydrazone-linker construct (9)

A mechanism for the acid catalysed hydrolysis of (10) proceeds through the addition
15 of water to the carbon-nitrogen double bond giving (11). This would be followed by
elimination of the epitope acyl hydrazide (hence readily available for analysis) and
formation of an intermediate carbocation (12), then loss of a proton to give construct
(9). The ease of this hydrolytic process will in part depend upon the resonance

stabilisation of carbocation (12).



(10) R(11) R R = Linker---positive charge bal ance---carrier protein H+
(cat) O OHH + Epitope /INH2 -at- H+ +~OHY R R (9) (12) Schene 5.
Mechani srwofoslogseol ysi s of epitope hydrazone-I|inker const PGEIGEI)N1AS
mechani sm for the acid catal ysed hydrdl ysis of (10) proceeds through the
addition 15 of water to the carbon-nitrogen double bond giving (11). This
woul d be followed by elimnation of the epitope acyl hydrazide (hence
readily available for analysis) and formation of an internediate
carbocation (12), then loss of a proton to give construct (9). The ease of

this hydrolytic process will in part depend upon the resonance

stabilisation of carbocation (12). W 03rQ8/824 PCT/ 3/91505 1 P'OH H

OHHOH + R = gromatic H CH KR I (12 + Scheme 6] Resonance

stabilisation zzcg,ar Begatdcon (12) Resonancg stabilisatifn of carbogation

(12) is nost readily ashieve ough a - s . i+
(12)

+
Scheme 6. Resonance stabilisation of carbocation (12)

Resonance stabilisation of carbocation (12) is most readily achieved through an
aromatic ring, preferably an electron-rich aromatic ring and more preferably a ring
5 that contains n-electron-donating substituents situated ortho and para (see Scheme 6).
Many examples exist in the literature describing the relationship between acid lability
and substitution stereoelectronics for aromatic systems (e.g. see Johnson, T., Quibell,
M. and Sheppard, R. C. J. Pept. Sci. 1, 11-25, 1995). Ortho and para alkoxy-type
substituents are required on linker (8) so that the epitope-linker hydrazone bond is
10 labile to 1N HCI or trifluoroacetic acid (TFA) i.e. relatively mild conditions that do
not adversely affect peptidic epitopes and will allow easy hydrolysis and

representative analysis of epitope from construct (9).

The structure shown above, in which the aldehyde functionality (9) is bonded to an
15 electron rich aromatic ring has the additional advantage that it makes it possible to
monitor the formation of the comstruct by comparing the absorbance and/or
fluorescence spectra of the unassociated carrier with those of the species (9) and (10)
at appropriate pH conditions. It is particularly useful if the aromatic ring is substituted
with a group which ionises as a result of a change in pH. The ability to monitor the
20 progress of the construct-forming reaction also makes it possible to control various
aspects of the process, for example the degree of loading of the carrier with one or

more active moieties.



aromatic ring, preferably an electron-rich aromatic ring and nore
preferably a ring 5 that contains 't-el ectron-donating substituents

si tuat ed wotlhosmed para (see Schenme 6). Many exanpl es exi PCTIGBIBIOES0S
literature describing the relationshii2 between acid lability and
substitution stereoel ectronics for aromatic systens (e.g. see Johnson, T.,
Qui bell, M and Sheppard, R C J. Pept. Sci. 1, 11-25, 1995). Otho and
para al koxy-type substituents are required on |inker (8) so that the

epi t ope- | i nkeFhubyatcaiinpdy, bhafirst ssptet dfahe Ingrentoon Proides apositive ¢thacgeobaletded
acid (TFA) i.e. relatjvely mld conditjaons that do not adversely affect
peptidic epi tiB¥sesacsprling fo geaerabiproy dﬁ}ﬂ ®fysis and representative

anal ysis of epitope fromconstruct (9). The structure shown above, in which
t he al dehyde functionality (9) is bonded to an 15 electron rich aromatic
ring has the additdggnal advantageckBat it makes it po%sPble to nonitor the
formation of the clonstruct by congaring the absgrbancg and/or fluorescence
spectra of tR&u oci at ed ®Baxri ’ t hose of e “es (9) and (10)
at appropriate i i's jparticyglarly usgful if\he aromatic
ring is substit dSwth a gro kch 4 oni ses as f a change in
pH. The ability tof nonitor ther#0 progress of the ®bnstruct-formng
reaction al so mak 3it'apossi ble to control Warious aspects of the process,
for exanple the degree of |oading of the carrier with one or nore active
noi eties. WO 03/087824 PCT/ GB03/01505 12 Thus, accordingly, the first
aspect ob the invention provides a positive charge-bal anced |inker
according to general forrmulae (la to le): CR1O CR1O CRIO R2X R2X R2X z

-Ra -Ra\ Ra RY lagR3Y Ib IC YR3 CRO

General formulae (1)
zZ

/
—=
YR, \ Y
Id /J Re le
RsY ‘
wherein:

X=0orS;
Y is O, S or CH,, CHR, CRR, where R is C;_7 alkyl;
ZisOorS;
10 R; is H or C;_7 alkyl;
R, is H or C;7 alkyl;
R4 is H or C;; alkyl at any vacant position on the aromatic ring;
R3 is Ci7 alkyl-Li-Rs-Lo- R¢-COOH, Cs.qg cycloalkyl-L;-Rs-Lo- R¢-COOH or Ar-Co.7
alkyl-L;-Rs-L,- R¢-COOH;
15
each of L; and L, is absent or a suitable linker such as an amide CONH; or an
ether -O-, or a thioether -S- or a sulphone -SO5-;
Rs is C1.7 alkyl, Ca.jo cycloalkyl or Ar-Cy.; alkyl each of which is substituted

with either NRgRo, where the nitrogen atom is capable of being protonated in



5 CR1O CR1O A--- Ceneral formulae (1) Ry ZZ YR3Id R4 1le / R3Y
wherein: X=CorS; Yis 0, Sor CH, CHR CRR where Ris Cl1_7 alkyl;

Zi sQorS; woOoRbgiss4 H or Cl-7 alkyl; R2 is Hor Cl1_7 al kyl PCRAGBS/006r CLl_7
al kyl at any vacant position on the awomatic ring; R3is Cl 7 B
al kyl -L1-R5-L2- R6-COOH, C3_10 cycloal kyl -L1-R5-L2- R6-COOH or Ar-C0_7

al kyl - Li - R5-L2- R6-COOH, 15 each of L1 and L2 is absent or a suitable

| i nker such as an amde CONH, or an ether -0-, or a thioether -S or a
sul phone - SC2-; RSsolwtioBlo Fivad NYHRRG3 010 quatedneni iyrbgar atdm- MR sRoRloksgtichdbah of
which is substituted w.th either NRSBR9, where the nitrogen atomis capable
of being protonat & 9Nt} HRPFEERIAESCT/ GBO3/ 01505 13 sol ution to give
N+HR8R9; or a quaternary nitrogen atom N+RBROR10, such that R5 contains a
positive charge; each of R3, RO and RIO is independently Cl -7 al kyl, C3_10
cycl oal kyl or 5 Ar-CO échldf\Rs, Rorandlyo isnodependently ©f.7 %yl,@-mﬁ)@ﬂ@b}’l or

together _forman alicyglic o rylalicyclic ri t i
03?10 Cyél oal kyl or Ar }/&DCW&{IW;I(}; any tw% or more origRg 9 :fn@ Rﬁqoée%heg f’n?maalnkyI ’

alicyclic or arylalicyclic ring system,
Rg is C1.7 alkyl, Cs.10 cycloalkyl or Ar-Cy.; alkyl;
10 or a salt, hydrate, solvate, complex or prodrug thereof.

Compounds of formula (I) can be reacted with a carrier to give a derivatised carrier in
which the surface charge pattern is substantially the same as that of the original
carrier. The carrier may be a protein. Because the charge pattern is substantially
15 unchanged, it is possible to achieve high degrees of loading of active moieties onto a

protein carrier without substantially compromising the solubility of the protein.

In addition, if the carrier is a polymeric surface or a glass slide, the linker derivatised
carrier containing the charge-balance may exhibit beneficial solvation properties and /

20 or a chaotropic effect that will enhance presentation of the loaded active moiety.

In addition to their increased solubility, the constructs formed using the charge
balanced linkers of the present invention have the advantage that they can be used to
load an active moiety onto a carrier in a controlled and chemoselective manner. The
25 degree of loading can be selected to be optimal for the intended use of the construct

and can be determined quantitatively for analysis purposes.

A further advantage is that the formation of constructs from the charge balanced

linkers of the present invention may be monitored through the absorbance and



10 or a salt, hydrate, solvate, conplex or prodrug thereof. Conpounds of
formula (1) can be reacted with a carrier to give a derivatised carrier in
whi ch t hewoushsmses charge pattern is substantially the sanmecasGRobatsosf the
original <carrier. The carrier may bel4da protein. Because the charge pattern
is substantially 15 unchanged, it is possible to achieve high degrees of

| oadi ng of active noieties onto a protein carrier wthout substantially
conprom sing the solubility of the protein. In addition, if the carrier is
a pol ymeric sfiudreseender spectthlagiffedtricde betweenl thekenloaddadi vaties elinkec aterivetised
cont ai ning the Qharge- bal ance may_exhi bit beneficial solvation properties
and | 20 or @WRHAH F]Ef’pii%@bé(fi@éelﬂe@%a’ta“%ﬁdlqon@ﬁ%%nce presentation of the

| oaded active noiety. In addition to their increased solubility, the
constructs forned using the charge balanced |inkers of the present

i nventi on havia thiereaeht aptdfientiohathe téray‘hetroatem Udefthes oxygend @)aulphut (S)end

noi ety onto a carri in a controlled and chenosel ecti ve manner. The 25
degree of | oa¥FAEFC@N: be selected to be optimal for the intended use of the
construct and can be determ ned quantitatively for analysis purposes. A
further advantage is that the formation of constructs fromthe charge

bal anced | i nkalegeo! d¢fires fluesen(F)i echlemns (€), apd bivmine@n.or ed t hr ough t he
absor bance and WO 03/087824 PCT/ GB03/01505 14 fl uorescence spectral

di fferences between the unloaded carrier, linker derivatised carrier and
the full hydrqzg ehd ¥iHiied eldra® NShbMttte iddludd\RatlE S SRRt Seehdhed atipkutic t he
term " heteroatonm defines oxygen (0), sulphur (S) and 5 nitrogen (Fﬂ)h,
" Hal ogen0 def $atusatefl |on ampaturated) cartednl dieinsecoptdining anel tdh pReN r?éerBra(}JQmS such as

"Cl_7-al kyl' as.applied herein is an i.ncl ud b ts.al

branched al i pf& g eﬂlyg’ LRI lé%PrS?rTﬁUH-tsbg ur fﬁ?@éﬂ ¢ g'rb gé}?f I%%Qlﬁ h%%%%hﬁ%ﬁy}fg
one to seven EeftfGhdang ¥EmslyGsonags tHeedotyAdditomally, amy 0 oplklyl mag optioly, be
n-butyl, isobutyl, t-butyl, pentyl, isopentyl, hexyl, heptyl anpd an

si npl e i somer substistedost anydRRING By ANEytwoapy thege halges, Ptomy(aéﬁéﬁ%ﬂﬂbveﬁém
substituted a 0j: " t WTTo
above) for eé%a%pﬁ?f%%t%‘(}%?\%ﬂg &PF u%@gt%@%ﬁfulglﬁéb@tg ?égﬁ'ﬁ% mi’ll—‘%? ﬁgﬁtfr%re,
Cl_7- al K§l mayr et digteromems (as defined above) for example to give ethers, thioethers,

sulphones, sulphonamides, substituted amines, amidines, guanidines, carboxylic acids,
carboxamides. If a heteroatom is located at a chain terminus then it is appropriately
substituted with one or two hydrogen atoms. A heteroatom or halogen is only present

when C;7-alkyl contains a minimum of two carbon atoms.

20
‘Cs.jo-cycloalkyl’ as applied herein is meant to include any variation of ‘Cys-alkyl’,
which additionally contains a 3 to 6 membered carbocyclic ring such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl. The carbocyclic ring may optionally be
substituted with one or more halogens (as defined above) or heteroatoms (as defined
25 above) for example to give a tetrahydrofuran, pyrrolidine, piperidine, piperazine or

morpholine substituent.

‘Ar-Co.-alkyl’ as applied herein is meant to include any variation of C;.7-alkyl which
additionally contains an aromatic ring moiety ‘Ar’. The aromatic ring moiety Ar can

30 be a stable 5 or 6-membered monocyclic or a stable 9 or 10 membered bicyclic ring



15 or nore heteroatons (as defined above) for exanple to give ethers,

t hi oet hers, sul phones, sul phonam des, substituted am nes, am dines,

guani di newp os@s1sexyl i ¢ aci ds, carboxam des. |If a het er oatreméB3looivat ed at
a chain termnus then it is appropriatsely substituted with one or two
hydrogen atons. A heteroatom or hal ogen is onIy present when Cl_7-al kyl
contains a mninumof two carbon atons. 20 C3 | o- cycl oal kyl' as applied
herein is meant to include any variation of “ClL_7-al kyl" whi ch

addi tional | y whithds nasaturatet.Ol'lee arematc ddgmmétgo@mhaybe adrguemadlly sabstituted by

opti onal 1y, beuSSqBaNP Ut Cer kv R G Gri6S HEFBUERoAT e aBe - kP SEOVER o
optionally be*s or
het er oat ons (fg%ngﬁﬁ, H@Qoﬁﬁtlé‘ﬁﬂgﬁ‘)mé {prarexanmpl e to give a tetrahydrofuran

pyrrolldlne pi pe |ne p! perazi ne”or norpholine substituent.
"Ar-C0_7-alkyl" as applied herein is neant to |nclude any vari ation of

Cl_7-al kyl whj addltloall cont t

aronmat i cgrl ngjrﬁr?)P‘@F‘ip Apveggpn t Bldﬁga @fa ?‘ggt%g?ﬁ%iv@% lggés%ﬁ&%gs Oth a
stable 9 or 1f.ngmhssRds RIfouf! infehtidid N@l@gﬁag§7% pREIA GRS RO ARIGES ‘Hh' ch
is unsaturated. The aromatic ring noiety Ar be additionally substituted
by any vari aispmersoff s@tecchehiopl cenvmenn(t}ﬂ]:d@hlﬁ Qrtdelsgmb@tsudumntgegen (E) Or
Ar-C0_7-al kyl uent ar

The present 1 AREIGHZ) At s SR dnRt o sy piPE o Bimthes” ana
prodrugs of d}gp&mpqmﬁor@ﬁng btter iSHt68k | tAih #vIgioki S6tAHnboM  orlehfopeRER Ie

invention includes all isoners of stereochenical cenires and ‘al |, dou
bond i sdfers isapensl eariae hrdrog®) osygenAng aitragen cwgh as k@n&; &handyN. or antl
hydrazones. The invention al so enconpasses conpounds i ncorporating other
i sotopes than the nost common ones, for exanple 10 isotopes of carbon,

hydrogen, oxygetheandtert bf d@ieseutmvantiondhe @t “datbveandiehsSNr “faotitc@ontiotext
of the pr esent jinventi on, t he term "active noi et "oor aCt| ve. noieti es"

refers to an Effidpen ePiioPRo? dRE@ePe0T pdigsad 1T tilﬁ@f?ﬁﬁ%fsé}‘{?n‘il%éh? AERVe t he
active noiet hﬁ)?etl‘% | i, 1k HEESHTAHY:! AR A8 YREEE Mol MIRY AREMT B &lakP'¥h them

to react in
15 chemlcally selective manner with the linker of general formula (I). Suitable

derivatives for a chemically selective reaction include hydrazide analogues. Where
the active moiety is a peptide, derivatisation towards a hydrazide may be achieved by
reaction of a lysine side chain or N-terminal nitrogen or C-terminal carboxylic acid
with a reagent to provide a hydrazide. If the active moiety does not include a suitable

20 substituent for reaction to prepare a suitable derivative such as a hydrazide, it may be
modified to introduce such a group, through for example an amine group. For
example, sugars and oligosaccharides may be converted at the reducing end saccharide
to the glycosylamine, via the Kochetkov reaction (Vetter, D. and Gallop, M. A.
Bioconj. Chem. 6, 316-318, 1995). The glycosylamine may be converted into a

25 hydrazide by trans-hydrazinolysis (see Prasad, A. V. N. and Richards, J. C.
W09702277). As a further example, oligonucleotides can be prepared that contain a
modified base that contains a specific hydrazide functionality (see Strobel, H. et al,
Nucl. Acids Res. 30(9), 1869-1878, 2002) or oligonucleotides can be prepared that
contain a 2, 3 or 5-prime hydrazide moiety.

30



15 chemcally selective manner with the |inker of general formula (I).
Suitable derivatives for a chemcally selective reaction include hydrazide
anal ogueswoOWwhm87824 t he active noiety is a peptide, derivatiPSatGR/o1dar ds a
hydrazi de may be achieved by reactior of a |ysine side chain or N-term nal
nitrogen or C-termnal carboxylic acid wth a reagent to provide a
hydrazide. If the active noiety does not include a suitable 20 substituent
for reaction to prepare a suitable derivative such as a hydrazide, it may
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For exanple, sugars and oligosaccharides may be converted at the reducing
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mol ecul 0or a variant or anal ogue of such a nolecule. Exanples of epitopes
whi ch can be ys £ Lot i . ' 2 N8 - es thereof,
B-cell and T- %{efam\éﬂf)olp? o%%%%%klg%%%% %&gﬁg?@r%%nﬁ%a%{ls %i%fr ﬁﬁ?/@éﬁ? g’om a
surface oligosaccharide from a pathogeni c organi smsuch as a bacteria 10 A
"m notope"” is a_synthetic nolecule thd?t mmcs the activity of e.

R n epito
A "ligand" isAaligerdily arpeietydhat gnhing 19 srecertehistelichd EpRanse: éa\%g@g e. A

ligand may e, peptide, protein, sugar, lipid, nucleic acid, alkaloid, vitamin or a small organic

15 molecule. For example, it may be an enzyme for use in an ELISA or in some other
assay or a peptide growth factor or chemo-attractant protein suitable for use in a
wound dressing. Other examples include proteins such as heparin. Alternatively, the
ligand may be a labelling molecule such as a chromophore (biochemical, biophysical
or chemical), fluorophore (biochemical, biophysical or chemical), luminophore

20 (biochemical, biophysical or chemical), phosphorescence, radiochemical, quantum
dot, electron spin tag, magnetic particle, nuclear magnetic resonance tag, x-ray tag,
microwave tag, electrochemical, electrophysical (e.g. increased resistance), surface

plasmon resonance, calorimetry, etc.

25 The “carrier” may be a proteinaceous molecule containing a plurality of active sites
which react with a suitably derivatised epitope through a conjugation reaction.
Examples of suitable carrier proteins include bovine serum albumin (BSA), ovalbumin
and keyhole limpet haemocyanin (KLH), heat shock proteins (HSP), thyroglobulin,
immunoglobulin molecules, tetanus toxoid, purified protein derivative (PPD),

30 aprotinin, hen egg-white lysozyme (HEWL), carbonic anhydrase, ovalbumin, apo-



be a peptide, protein, sugar, lipid, nucleic acid, alkaloid, vitamn or a
smal |l organic 15 nol ecule. For exanple, it may be an enzynme for use in an
ELI SA or wWp o820t her assay or a peptide growh factor oPCEIGBWARISr act ant
protein suitable for use in a wound dressing. Qher exanpl es include
proteins such as heparin. Aternatively, the Iligand may be a |abelling

nol ecul e such as a chronophore (biochem cal, biophysical or chemcal),

fl uorophore (biochem cal, biophysical or chemcal), |um nophore 20

(bi ocheni cal trdakfepiny shelaltransfeedivg Mphaphoryise sBho-gslaetnsidsses anlyasid) ebaaterial
guantum dot, electron spin tag, nagnetic particle, nuclear i

t
resonance t agrotging apdtodlecr profied ov@l knavgyio ose elilled, imthert. éﬂ%@&@fﬁy@? cal
(e.g. i ner ea.sc%gieli e1§1)'a/x§tl?éﬂ'%ﬁ2)sens HBlfnagagr%e pél@’\%llme) grlﬁt%(?i@@d"' (iﬁacr&ﬁé)l%dl?% ts{l?’h astc.

25 The "carrier”™ may’ be a protelna ds no e containing a plurality of
active sites polyshedharides t(sephiatosa, agardbsehlcglldiesd)vedliubesd isgaids, opelymkrio ughina
conjugation reaction. Exanples of fui tabl e carri.er .gr otgi s.i.ncl Lide bovi ne
ser um al buni edssRYlymsis | Beiyiing copalyrrsihane serspetanyad 48 yagﬁ’ikﬁd% KUR§UVReat
shock prot ei | L I 2 8 I t

toxoi d, puri P\lﬁ rélé%gﬁ%"tl%% @%g% g%? ia\&/ljgge(rl PJI)DD , 3%&?@5?)51{‘%@’5%,@%3%3@2%9@%??%’%

| ysozynme ( HEVK),., BaibGhim, 38M\2afi7a233, 1699 imdritienuaied BAGe(i3/s06ly 82 Halmonella
PCT/ GB03/ 01505 ]17 ransferrin, holo-t ransf.errgn, .Vphosghoryl ase B,

(3- gal act osi dB&¥%? S%%%E?‘?ﬁl,asﬁé‘&eésr o5 fhe PEpsSPIFRR OLAAVEPMETISSt ot ei ns wel | known
to those skilled in the art. Alternatively, the carrier may be chosen from
| arge, slowly netabolised macronol ecul es such as pol ysacchari des,

(sephar #8e, dgaobid spppeEtdduippieitions) the keaygedagiad mayaipplyetoi an iastlwhle Pokmnas

pol ymers, including copol yner nd sonme.vitanins and al kal oi ds. | nactive
virus particl¥§ 3%;96?511{]@6@%@5}9@35@%%}65@?{ %?’Ssﬁﬁg%ﬁcti s B Virus, see Mirray, K
and Shiau, A-L., Biol. Chem 380, 277-283, 1999) and attenuated bacteria
such as Sal nonella may al so be used as carriers for the presentation _of

bl

active noi et ik, catuin raspests ®fsthppiovensipnaphe éamsorligand’hand erggiriegapagde nay

| t i o | bl l b j [4 25 [14 t?‘ . 29
PPy oFida dRRRARp SRt/ REr 1o G liniBadte 1iERID AERME RifRb LfaRE il
and "cansi er "tonexrie’.

“Conjugate” refers to a molecule which is capable of linking an epitope to a carrier

protein in a chemically non specific manner.

20 “Linker” refers to a molecule which is capable of undergoing a specific chemical
reaction with both a carrier and an active moiety such as an epitope so as to link the
two together in a chemoselective (a selective reaction at a single functional group

within a compound that contains multiple functional groups) manner.

25 “Construct” refers to a carrier linked to a plurality of active moieties via linkers or

conjugates.

A “charge balanced linker” is a linker which is charged such that when it reacts with a

carrier, the overall surface charge pattern of the carrier remains essentially unchanged.



i nt erchangeabl e in order to accommodate |inking "ligand” to "ligand" and/or
"carrier" 15 to "carrier". "Conjugate" refers to a nolecule which is
capabl e oWolosqogiseg an epitope to a carrier protein in a @cEFrgRIalolIsnon
specific manner. 20 "Linker" refers t® a nolecule which is capabl e of
undergoing a specific chemcal reaction with both a carrier and an active
noi ety such as an epitope so as to link the two together in a

chenosel ective (a selective reaction at a single functional group wthin a
conpound t hat Actpds#iveschanget bglhmecefl Umkei”onad clgprgel pslancminiger cafyih€onpositied "
refers to a carrier linked to a plurality of active noieties via linkers or
conj ugat es. A“¥B&rge bal anced linker" is a linker which is charged such
that when it reacts with a carrier, the overall surface charge pattern of
the carrier remains essentially unchanged. WD 03/087824 PCT/ GB03/ 01505 18
A "positive clathgeompbumdised generkleformuls (B, it irprgferdod ittt dedependdotly oc éogettieng a
positive_. charge. In the conpounds of general fornmula (I), it is preferred
that, independently or together: 5 X is oxygen; Y is oxygen; Rl is

hydr ogen, net kyik Oggf, @thyl, wth hydrogen being particularly suitable; R2 is
hydrogen or Cl-4 a% with nore preferred conpounds having R2 as hydrogen,
10 nmethyl or &tispkygesarticul arly hydrogen or nethyl and the nost preferred

bei hyd I I i d H. L2, 0. j .. 15 Wthi
Che def i mit i oft b Srh el Eobel S mac phfe PR RTHE TN be an
appropriate @,S§ Bjd&0géd 6NTY halkgl Gittrh6reprofrnsd eBmbb@idsitavigas, JSCﬁydro%en,

adversely interfere wth the aromatic ring electronics and hence ability
to resondhce &eHbil| osethyhr pytigelpdy fydpggen or methyl and the most preferred being

hydrogen,;
L; is an amide CONH; and
L, is an amide CONH.

15 Within the definition of Rs, the positive nitrogen atom in Rs needs to be an appropriate
distance from the aromatic ring such that it does not adversely interfere with the
aromatic ring electronics and hence ability to resonance stabilise carbocation (12).
Additionally, in order to facilitate synthesis from readily available starting reagents
and incorporation of Rs, preferred R; substituents in general formula (IT) are chosen

20 from simple (i.e. unsubstituted) straight chain alkyl groups or simple cycloalkyl
groups or simple aromatics containing a carboxylic acid. Particularly suitable
cycloalkyl groups in Rj are those which include a cyclopentyl or cyclohexyl moiety,
while examples of aromatic groups include phenyl, alkyl phenyl (for example benzyl)
or phenyl alkyl. Specific examples of suitable R3 groups are:

-(CHz)n-L1—R5—L2—R6—COOH -(CHz)mO\
Ly-Rs-L-Rg-COOH

wherein n = 2-6;

25

Ly-Rs-Lo-Rg-COOH



Additionally, in order to facilitate synthesis fromreadily avail able
starting reagents and incorporation of R5, preferred R3 substituents in
general fwormiosrsed 1) are chosen 20 fromsinple (i.e. unsulPESTIGRIBOLNS
straight chain al kyl groups or sinplel%cycl oal kyl groups or sinple
aromatics containing a carboxylic acid. Particularly suitable cycloal kyl
groups in R3 are those which include a cyclopentyl or cycl ohexyl noiety,

whi | e exanpl es of aromatic groups include phenyl, alkyl phenyl (for exanple
benzyl) or phenyl al kyimn=%3ecific exanples of suitable R3 groups are: 25
-(CH2)n Li R5 L2 R6 COON -(CH2) m L, -R5-L2-R6-COON \ L~-R5 L2 R6- COON
wherein n = 2-6; WD 03/087824 PCT/ @03/01505 19 m= 1-3. A preferred

definition of eFeﬁq%\ﬂi 8&hiRoP 88 - ¥ovilich raogsaﬁ%_ AR IR atbRS@AO L &EmBRs as
cl osely as poss e the properties of the protein surface |ysine residue

that it is 5cldedy guepbssiblarithd propadtist afothel prptein sudackelysing feauiukithait & ishe

i ti {f R i t.hi. Ri det ai | i |, f la.fl
from Fengi |y Someash anidtio Adordlydnpdel & Roféts B BEPRe oo e vithir
substituents NoRRHRWIM AL g@ﬂe%ﬂa?t fOkdla HF) floRerdadily Rl flable SEng ﬁ&@S,i S

part of the L2 noiety) are chosen fromsinple am no acid residues that
contain a si di¢-is peaferrgl bhabthetsbstduents NEIRsQ6: (Winarethe ¥H is@an ofchplefresield in

the definition 5CO i s.an .am no, aci d.resi due that, through .Linker
8y el oot e BESR 8 8 18P R Bl iR R fiBle b PR e v R,
a high | oadi pshtand skl dtalLprbnblabéanthafgenbalignced |inker-carrier protein
(9) results, which otherwise through the addition of a protected am ne

functi o_rlQI ity in RS would provide 15 an internediate construct (9)
Gescri bed | o 81 UBEI the BFERRRR 4f NIRRO T ah Gl 400 LRI, BN o
may be repr eshfiteeq8))\iretiy fnebipotaes the charge-balance to the carrier protein. Thus, a high
loading and soluble positive charge-balanced linker-carrier protein (9) results, which
otherwise through the addition of a protected amine functionality in Rs would provide
15 an intermediate construct (9) containing a latent amine functionality and suffer from

the previously described low solubility problems.
Suitable amino acid residues for NHRsCO may be represented by the formula:
20 -NH-CH[(CH,),N RgRgR 19]CO-

wherein p is 1 to 5 (preferably 1 to 4 and more preferably 1 to 3) and R, Rg and Ryg

are as defined above.

25 For ease of synthesis and in order to avoid steric hindrance, the more suitable Rg, Ro

and Ryy groups include C;.4 alkyl, with methyl being particularly preferred.

Within the definition of R3, the substituent R is defined as a spacer and is required to
enable the smooth activation of linker (8) prior to formation of the positive charge-

30 balanced linker-carrier protein (9). It is well known in the art of peptide chemistry that



20 - NH CH[ (CH2) pN+RBROR10] CO wherein p is 1 to 5 (preferably 1 to 4 and
nore preferably 1 to 3) and R38, RO and R10 are as defined above. 25 For
ease of swotohmsiss4 and in order to avoid steric hindrance, PCH&GBMOE0SUI t abl e
R8, RO and R10 groups include Cl-4 aikyl, with methyl being particularly
preferred. Wthin the definition of R3, the substituent R6 is defined as a
spacer and is required to enable the snooth activation of |inker (8) prior
to formation of the positive charge- 30 bal anced |inker-carrier protein
(9). It is weh¢ aktizationiof atdoa-wethand pégtdddeniah ewidseanyleadtit raddnBAIGBTHRS

PCT/ GB03/ 01505 20 the activation of a_non-urethane protected amno agcjd
can |l ead to reshiralgentp (o8 sesd3eneorny by m@eﬁ?‘i"ga’(léz é?t' ZéI;éPBJ?TBf' 'E}W)cfﬁ', f*«l L.
and Kuroda, KAl J ept: L3k infid I
known in thelﬁa9r7f lil%§l)iojéjlostlé)i igtés%v g%hg\%vr ??%hﬁ;a%t ?f egé%?l vat %%%ﬁlgf&retalﬁ{ew%%ﬁw

si de- chai n prthé¢ @oh eilleaghainop@edictesl ashino hacais evlgcle ey prefbried rfofRB s mexpuuies epecial

special 5 conditjons and often_result in_unwanted si .reactions.  Taking
these consi deicaditions and pfien gesdt Ay unypted erpaqiqgn§.s"ld§%% i?l}eé‘a CORSIARIREARS at o

t he above pot.enti i fifl mes o E OV i 1 :
carboxylic acl:F1 é(%hlélﬂl’ {ohfr?as .H%{r/ IR%Islts %lrggg?éjrlgg%l@%i%%g g&n%?l\r/\%gﬁ%lttleﬁ agﬁ NH
group deri vedrbyidman leesilyZctivited yarbovdylichaeid fifctiomelynal COOH to form an ami no
acid residue of the fornula: -NH (CH2)q As-(CH2)rCOOH, where q and r are
each 0 to 3, provided that both q and r are not both 0; 15 sisOorl;and A
is a 5-10 menpey sdrstalthf RIRBMNSs! witlPhn WIECYGlp Aoy @NMBéth Ghdé LNoRity anBte
menbered carbocyclic or alicyclic ring. It is nore preferred that r and s
are 0 ahd q iterminel CQOH tfofip ah aviihg @cait(ﬂ:’eesgl)nntoﬁé@ifgnmlai i nker (8), routes
commencing fromreadily available starting reagents are preferred. Thus
conpounds of general fornulae (la) are preferred, particularly linkers

desi gned aroumqqchz)%_-;dsi.(@j}gg@m()ﬂgbsti tut ed benzal dehyde as

where ¢ and r are each 0 to 3, provided that both q and r are not both 0;
15 sisOorl;and
A is a 5-10 membered stable monocyclic or bicyclic aromatic ring or a 3-6 membered

carbocyclic or alicyclic ring.

It is more preferred that r and s are 0 and q is 1 or 2.

20
To facilitate synthesis of linker (8), routes commencing from readily available starting
reagents are preferred. Thus compounds of general formulae (la) are preferred,
particularly linkers designed around a 2,4-dialkoxy substituted benzaldehyde as
defined in general formula (II):

25

CHO

R,O
General formula (11},

OR;



defined in general formula (11): 25 CHO R20 Ceneral formula (11), OR3 WO
03/ 087824 PCT/ GB03/01505 21 which is a conpound of general forrmula (la) in
which X awo 03081824 0, RL is Hand R2 and R3 are as defi ne@CalBoa/o185nor e
preferred enbodi nent of the conpound 8f general fornmula (11) is detailed by
5 general formula (I1l): CHO HO R8 RO O ( General formula (111) P ROO
RE N'-COOH o HO wherein: ois an integer from2-6; p is an integer
froml to 5 (preferably from1 to 4 or even 1 to 3); and 10 R6, R8, RO and
R10 are as deWwhithds altompourddof gememirfodiukede) of wigeme& aid Yarer(), R, (4 Hiand Rohe
conbi nati on NH- R5CO %WQ%%? NH forns part of the L1 noiety and CO forns
part of the LR BEysdfinedaBP¥&ented by an amino acid residue which
contains a side chain with a quaternary nitrogen atom The

A more preferred embodiment of the compound of general formula (IT) is detailed by

5 general formula (I1I):

CHO
HO.
TB
NE—R,
o ( . 9 General formula (Ilf)
p Rup
o)
Re
\(\ﬁ)k'\’ “cooH
Y H
O
wherein:

o is an integer from 2-6;
p is an integer from 1 to 5 (preferably from 1 to 4 or even 1 to 3); and
10 Rs, Rs, Ro and Ryg are as defined above.

In the embodiment of general formula (III), the combination NH-RsCO (where NH
forms part of the L; moiety and CO forms part of the L, moiety) is represented by an
amino acid residue which contains a side chain with a quaternary nitrogen atom. The
15 NH-R5CO group can therefore replace the charge of a side chain lysine on a catrier

protein which reacts with the carboxylic acid group attached to Re.

A still more preferred embodiment of the compound of general formula (III) is

detailed in general formula (IV):
CHO

HO
Me

—Me General formula (IV)

[|\,+\
ON/“\ N\)k
N OH
36 H
0



15 NH R5CO group can therefore replace the charge of a side chain |ysine on
a carrier protein which reacts with the carboxylic acid group attached to
R6 A stilworong7sps ef erred enbodi ment of the conpound of gec@rGBo3foiorul a
(I'11) is detailed in general formula2(IV): CHO HO Me M General fornula
(rv) O\ 2- Ro OONXx N~\OH 3-6 HO W 03/087824 PCT/ GB03/ 01505 22
wherein RIO = Me or R1I0O = "-", where the nitrogen may quaterni se by
protonation. Conpounds of general fornula (1) in which L1 and L2 are CONH
can be synt hesha&eid Rej=t Maronkyso-Utwhere the nitrogeh enayajuagtrpbealseproCmaponnds  of
general formula (1) in which L1 5 and L2 are CONH can be synthesised on the
solid phase by: (i) reacting a conpound of general fornmula V. H2N R6- COOH
(V) 10 wherei @o&ﬁ%@fs%% g@ﬁéﬂaﬁﬁﬁmmr %pﬁn@m%h 1, oy, 3ré CONRREn %%&ﬁh@sﬁe‘ﬂe

conpound of general fornula ound at its Ctermnus to a solid
support; 15 wéither & sndutpmmrcbndhe grdnieplmbe f Compbends vE eeneral/fiXhuds (I0GORh{cHI 1),

\[I)Vpg'[ Zlc'? i ﬁsogquHS 51|I0L2 are Cgﬁ\flﬂl %gr? bé (s)r l‘cf'eespsg& on t}{eosro lpﬁas(ell)y;: and Wis a

1) reacting a compound of general formula V:

H,N-Rs-COOH V)

10 wherein Rg is as defined for general formula (I); and

wherein the compound of general formula (V) is bound at its C-terminus to a solid

support;
15 with a compound of general formula (VI):
W-NH-R5-COOH VD
wherein:
20 Rs is as defined for general formula (I); and

W is a protecting group.

(i)  removal of the protecting group W and reaction with a compound of general

formula (VII):
CR,O CR,0 CR1O
R,X R:X RX 2
_R4 "—""R4
A / N R Y/ Z NR4
11
Vila RarY Viib Vilc
YRy

25



(ii1) renoval of the protecting group Wand reaction wth a conmpound of
general formula (MII): CRS OCRS OCRL ORXRXRX z -R4A -RMA/, M RL
~Y Vil a WRobyo¥skb VIIc YRL 1 25 WO 03/087824 PCT/ GB03/ 0P80K:B03816R1O CR10
General fornulae (VIl) R4 Z z YRI1 M3d ,%R Vile / a RL1Y wherein X

Y, Z, R, R and R4 are as defined for general formula (I); and 5 R11 is
ClL 7 alkyl-COOH, C3_10 cycloal kyl-COOH or Ar-CO_7 al kyl-COOH, and (iii)
renoval of the producERgrom the solid gupport. Suitable solid supports for
use in the nethod inch'e any resins spitable for the 10 synthesis of

peptide carboxylic fnds such as 2-c rotrityl geshilomiReyal from
chlorotrityl resip_can“pe achieved Qy tleating the product with an acid,
for exanple triflu cetic acid i pol ar organi c sol vent such as

di chl oronet hane. The protecting gr s a urethane protecting group e.g.

a group such as Fnoc Bﬁzevu Vi

wherein

X, Y, Z, Ry, Ry and Ry are as defined for general formula (I); and
5 Ry is C17 alkyl-COOH, Cs.y9 cycloalkyl-COOH or Ar-Cy.; alkyl-COOH; and
(iii)) removal of the product from the solid support.

Suitable solid supports for use in the method include any resins suitable for the
10 synthesis of peptide carboxylic acids such as 2-chlorotrityl resin. Removal from
chlorotrityl resin can be achieved by treating the product with an acid, for example

trifluoroacetic acid in a polar organic solvent such as dichloromethane.

The protecting group W is a urethane protecting group e.g. a group such as Fmoc (see
15 Atherton, E and Sheppard, R. C. in ‘Solid Phase Peptide Synthesis: A Practical
Approach’, IRL Press, 1989. for a thorough description of solid phase synthesis via the
9-fluorenylmethoxycarbonyl (Fmoc) protection strategy) which can be removed when

required by treatment with piperidine in dimethylformamide.

20 Alternatively, compounds of general formula (I) can be prepared from compounds of
general formulae (V), (VI) and (VII) by traditional solution phase peptide chemistry
methods well known to those skilled in the art.

Compounds of general formulae (V), (VI) and (VII) are readily available and are well
25 known to those of skill in the art.



15 Atherton, E and Sheppard, R C. in "Solid Phase Peptide Synthesis: A
Practical Approach', IRL Press, 1989. for a thorough description of solid
phase syrnwbesiog7sed a t he 9-fl uorenyl net hoxycarbonyl (Froc)PCprGroam1ioon
strategy) which can be renoved when Hequired by treatnent w th piperidine
in dinethylformam de. 20 Alternatively, conpounds of general formula (1)
can be prepared from conpounds of general formulae (V), (VI) and (VIl) by
traditional solution phase peptide chem stry nmethods well known to those
skilled in the art. Cbnpounds of general fornulae (V), (VI) and (VIl) are

readily avail abl e and, are 5 known to.th ] in th WO
b 08524 POIRCESEB S Do téaériﬂr Iy an P@#eseéﬁ‘\ﬁ@flﬁﬁ’@ i5radt apte; CONH,
am de CONH angdihZil, Hufo ﬁ{él@@dmmabmgr SBREihb YicidYBadeftst H%wreeaedﬂon amlde L
availability ‘of anino acid redgents. However, non am de LI and

containing | |amldehﬁcmmmnaigsbnlmr@madealsmprocytdenﬂﬁswlhempsal@tlvquamalntx/ cctdmlra@lld and

5 charge bal ance P erties thro r exa nd epera

For mil a65 (vidagee” bR Brones g iishaor £ e cEbatit SLETH BIE Ko
24 1o ~~~26 I\(VHIQLZJO—I \i\ / L~ v N3-6 HO (Mlla, Ll1= ether'O)
(MII1d, L2 = ether '0') (MIlb, L1= thioether'S) (Vllle, L2 =

thi oether'S")

CHO CHO

Me
N"——Me

NE—Me
24 R1° o ( 2 _4\R10 Q
\(\ﬁ/\ O\(\/)/lk L2\/u\
N OH
36 H

(VIla, L, = ether '0")
(VIIIb, L = thioether 'S")
(VIIIc, L, = sulphone 'SO,")

(VIIId, L, = ether '0")

(V1lle, L, = thioether 'S")

(VIIIf, Ly = sulphone 'SO,")
CHO

HO.

| (Vlllg, L, = ether'O} L, = ether '0")
NE——Me (VIIIh, L, = ether'O; L, = thioether 'S")

( AN 0 (VIIL, L,=ether'0'; L, = sulphone 'SO,")
24 R (VIIj, L,=thioether'S; L,=ether'O’)
O Ly \/U\ (VIIIk, L;=thioether'S'; L, =thioether'S")
\(\j/\L OH (VIIl L, = sulphone 'SO,'; L, = sulphone 'SO,")
2-6

1
General formula (V1li)

General synthesis of ethers, thioethers and sulphones in solution and on the solid phase
10 are well known to those skilled in the art (e.g. see (a) Degerbeck, F. ef al, J. Chem.
Soc, Perkin Trans. 1, 11-14, 1993. for conversion of amino acids into a-hydroxyacids;
(b) Souers, A. J. et al, Synthesis, 4, 583-585, 1999. for conversion of aminoacids into
a-bromoacids; (c) Grabowska, U. et al, J. Comb. Chem., 2(5), 475-490, 2000, for solid

phase syntheses). For example, treatment of an a-hydroxyacid with sodium hydride



(M1llc, L1= sul phone'SQ2) (VIIIf, L2 = sul phone'SCz ) CHOHO Me | (VIllg,
L1= ether'O; L2 = ether'O) NM (VIIIh, L1= ether'0 ; L2 = thioether'S)
O (M Ili,wbhbs/ogtsher' O ; L2 = sul phone' S02 ) 12-4 R1 L 2 @UIridBo3/oLsbs
thioether'S, L2 = 02 ~ (M1Ik, LI =125hioether'S ; LZ = thioet thioether
er'S) LI OH(VIII1 L1= sul phone' SOZ ; L2 = sul phone'S02 ) \ 1 26 General
formula (VIIl) General synthesis of ethers, thioethers and sul phones in
solution and on the solid phase 10 are well known to those skilled in the
art (e.g. seear(dgn deyjdrahde krovidesah ettler. Alterthterely, tiBattnenPef &n o-bfomnscid Hith
11-14, 1993. for_conversion of amno acids into a-hydraoxyacids;, (b) .
Souers, A J. aeplkyl thigy proyadsssa thioethers Idostherp gy b reaéaﬁ\fgﬂfgﬁe@ntoopmwde

am noacids in - br Las c M. . al,

25y a75: a00 BY COROELfitny (Ches BERY Bikdnicd refptidhs mar SPISY BRRAS
an a- hydr oxyaaimponintl of gelienah foynarlacl VYD AR/eRBMBIR4AyRIEESCROBIr0d 506mp@mdastd an
al kyl hal.ide provjd n, ef her, . ernatively, treatnent of an a-bronpoacid

with an’al kyﬁ)@ﬁhﬁ{ﬁb&?id& e‘%lmc%ﬁ%@@te%’ler. Thi oet hers may be readily
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Scheme 6. Preparation of L; = thioether ‘S’ linker.

10 Treatment of amino acid (IX) with sodium nitrite / H,SO4 / potassium bromide
provides the a-bromoacid (X) (Souers, A. J. et al, Synthesis, 4, 583-585, 1999) with
retention of configuration. Coupling of carboxyl activated a-bromoacid (X) to the
free amino of a carboxyl protected glycine (XI) provides building block (XII). Typical
carboxyl protecting groups well known to those skilled in the art may be used such as

15 tert-butyl ester or for solid phase syntheses groups such as the 2-chlorotrityl ester.
Nucleophilic displacement of bromide (XII) with thiol (XIII) with base catalysis
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L, = thioether'S ) Schene 6. Preparation of L1= thioether °S |linker. 10
Treatnment of amino acid (I X) with sodiumnitrite / H2SO4 / potassium

brom de provides the a-brompacid (X) (Souers, A J. et al, Synthesis, 4,
583-585, 1999) with retention of configuration. Coupling of carboxyl
activat ed a- bpowealsi with hvargon foé cohﬁgaaﬁm derobdvah of a;hd:)(cmﬂobxﬁrmbtﬂctiem (e.g.

gl ycine (Xl) 9vi de bUI| I r box pr.ote
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tent-butyl esi@ichQhay BE it th P HARRr BHALLAS %§m96@fﬂﬁ%f§&?é?al%nﬁﬁ1§ (IV)
2-chlorotrityl ester. Nucleophilic displacenent of bromde (XIl) w

thiol (XI11) wistdisdyssed inaletailyabowe, compounds of general formula (I) are of use for 11nk1ng

5 active moieties such as epitopes to carriers, for example proteins.

Therefore, in a further aspect of the invention, there is provided a compound of

general formula (XIV):
CR,0 CR,0
X \
/ F /
RypY
YRq2
XIV:
a XIVb XIVe
CR,0 CR,0
= — General formulae (X1V)
R—— 2 y4
\\( ~
-
Xlvd Y, XlVe
Ry
Ry2Y
10 wherein

X,Y, Z, Ry, Ry and Ry are as defined for general formula (I); and

R1 2 is C 1-7 alkyl-Ll -R5 -Lz-RsCONHQ, C3_1 0 CYC].O alkyl-L 1 -R5 -L2-R6CONHQ or Ar-
C0-7 alkyl-L1 -R5 -Lz-RGCONH-Q;

15 wherein L, Ly, Rs and Rg are as defined in general formula (I);

Q is a residue which is part of a carrier and which either contains groups from which

the “NH” moiety in Ry, is derived or has been derivatised so as to include such groups;



WO 03/ 087824 PCT/ GB03/ 01505 26 proceeds with inversion of configuration.
Renoval of the carboxyl protection (e.g. 95%q trifluoroacetic acid where
"PG = t ewD-0BW878R4 est er) provides linker (VIIIb) which megTheBoawijossed in
a simlar manner to compounds of gene?7al formula (1V). As discussed in
detail above, compounds of general forrmula (1) are of use for linking 5
active noieties such as epitopes to carriers, for exanple proteins.
Therefore, in a further aspect of the invention, there is provided a
conpound of general fornmula (XIV): CRLOCRL OCRL O RRX RRX R2X Z Ra |

-Ra | R RI2Y R12Y  YR12 XIVa XIVb Xl Vc .CRL O General fqrmylae (XIV)
Ra Z Z YRL2 \ d XIWRFTRIX{ e camier gy Cof@lmngﬁRgQ e
as defined for gertf;![,é'...f;zﬂf UL & rididoul 3T gBledal forfrtla (1)3ktkitledl, - RS- L2- RECONHQ
C3_10 cycl oal kyl - LI'"'R5-12- R6CONHQ or Ar- CO 7 al kyl'-LI - R5-L2- ReCONH- Q15
wherein L1, L2, R5wherdinRéheaimeges aefis rbd total gmmabel of & rediducs| yvailables fox
\rme;slcﬂue 'chis P a%hx%];ntaofc inker gno?erg:gle olacs?)eg‘l E:rc]:g{rieﬁ%v tezrielz i witl B %?ffgrcrar%m

for each specific carrier.

The carrier may be a proteinaceous molecule and in this case Q and the NH moiety in
R, may be derived from a lysine side chain.
10
Suitable carrier proteins include bovine serum albumin, keyhole limpet haemocyanin
(KLH), ovalbumin, heat shock proteins (HSP), thyroglobulin, immunoglobulin
molecules, tetanus toxoid, purified protein derivative (PPD), aprotinin, hen egg-white
lysozyme (HEWL), carbonic anhydrase, ovalbumin, apo-transferrin, holo-transferrin,
15 phosphorylase B, B-galactosidase, myosin, bacterial proteins, inactive virus particles
(e.g. the core antigen of Hepatitis B Virus, see Murray, K. and Shiau, A-L., Biol.
Chem, 380, 277-283, 1999) and other proteins well known to those skilled in the art.

Non-protein carriers include large, slowly metabolised macromolecules such as
20 polysaccharides (sepharose, agarose, cellulose), cellulose beads, polymeric amino
acids, copolymers, inactive virus particles and attenuated bacteria such as Salmonella

may also be used as carriers for the presentation of active moieties.

The invention further comprises a process for the preparation of a compound of
25 general formula (XIV) as defined above, the process comprising reacting a compound

of general formula (1) as defined above with a carrier, such as a protein.

The reaction can be achieved by reacting a solution or suspension of the carrier in an

aqueous solvent with a compound of formula (I) or a derivative thereof, for example



the "NH' noiety in R12 is derived or has been derivatised so as to include
such groups; WD 03/087824 PCT/ GB03/01505 27 wherein the carrier may

cont ai n nwibto3fBm20 resi dues that al ready have 0,1, 2,...neCTiGH0a/013968] ecul es
of general formula (I) attached; wherin the integer nn is the total nunber
of Qresidues available for 5 attachnent of a |inker nolecule to a
specific carrier, where nn will be different for each specific carrier.
The carrier nmay be a proteinaceous nolecule and in this case Q and the NH
moi ety in RilBe sacitimidkeestaregynimemica drymsyrmmsirtbel athyilrde, birlGmidelok en acidr i er
proteins incluyde, bovi serum al hum n, keyhol e |inpet haenpcyanin LH),
oval bumi n, hea¥° d?fkcq‘g‘? %iargentq%gqphp rSisFodu? ,aqt%fggé?(‘BBWPitﬂ(tﬁOS@
mol ecul es, t el QNS Rx At On aRbTvehd Seh BE @R/ 14eThMat hivtelBBiaure 8P1SHI 1Y 0,
hen egg-white [|ysozyne (HEW.), carbonic anhydrase, oval bum n,

apo-t r ansf er r30iC, bot preferabiy fag room, tethpegptvos p Ade yrzntion BpayPbe abrdictedi atas pll
myosi n, bacteri atl &éf? eins, inactive virus particles (e.g. the core

anti gen of HeP&t'Ft “Virus, see Murray, K. and Shiau, A-L., Biol. Chem
380, 277-283, 1999) and other proteins well known to those skilled in the

art. Non-protein carriers include |arge, slowy netabolised macronol ecul es
such as 20 poCympewiiarfgeserglsipnuladsdV) agmintended de linkage &) a dewyatigpdaetive

beads, polyneric. am no acids, copolyners, ipactiye vjru rt] S

att enuat ed baPEH guélh & s e@é‘fpﬁoﬁre i gganﬁaﬁl/nd;?%%é%ree’ ulé et %%@%5 adrsﬁ %Cgr %@ﬂl %r
the present atin@entfhn, fetd ¥ pravBd&ld @mpoline off Byedlifornfla(XWRr conprises a
process for the preparation of a conmpound of 25 general formula (XIV) as
def i ned 18bove, the process conprising reacting a conpound of general
formula (1) as defined above with a carrier, such as a pgotein. The
reaction can be ﬁ%?@%d@}hg eact i Hgég/mhy@-hgn or suspent\ oeNYfCeRe
carrier in an aqueg#s solvent wth a%onpound of fornula () or a
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7 RipY
XVa XVe
R X Ry :
— — General formulae (XV)
Ry z p4
\ \
YRy, \ 4
Xvd / Y4 Rs XVe
R1 2Y

wherein X, Y, Z, Ry, R, and R4 are as defined for general formula (I);
Rz is as defined in general formula (XIV); l

15 Ri3 is (CH2)(CONH-E, CONH-E or G;

tis an integer from 1 to 5;



the succinim

de ester, symmetrical or unsymetrical anhydride, mal ei m de,

or an acid fluoride or chloride, a pentafluorophenol ester, or other
active eswerosksmsan to those skilled in the art, in a sol PeEMGRAOISIAS

di met hyl sulfoxide at a tenperature o from15 to
room t enper at ure.

Conmpounds of

general fornmula (XIV) are intended for linkage to a

derivatised active npoiety such as an epitope or a ligand and therefore,
a further aspect OF i¢ &&ived dommtu actjivetrhelery wisiclp eithdr denltams @n apinmgroop ogkaser al

formula (XV):
RRX 22 R R4

R12Y D673 SISO o AR N R oIBR8

General fornul ae (%%{%Ye%‘géetg'z YR12 Xvd R4 W R12Y wherein X, Y, Z, Ri,

and R4 are as defi

eneral fornula (1); R12 is as defined in

general formula (XIV); 15 R13is (CH2)tCONHHE, CONHE or G t is an

I nteger from

1to §5;. WO 03/087824 PCT/ G803/ 015 29. E.is derived from an
active noiety whi c% lapg ﬁ%t?veéﬁ?ffﬂé'idtf?é“% ‘%ﬁicﬂgoﬁ%ﬁﬁrawe thygugh'a carbon atom
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When the active moiety from which E is derived is a peptide, the amino group may be

derived from a side-chain lysine or N-terminal amine.

The compound of formula XV may comprise groups E and/or G derived from two or
more active moieties. This can be particularly useful in applications such as raising
antibodies to an epitope or mimotope, e.g. where both a T-cell and B-cell epitope may
be attached to each carrier protein, or an adjuvant can also be linked to a carrier, or in

analytical methods where a probe and a marker can both be linked to the carrier.

The compounds of general formula (XV) are simple to prepare from compounds of
general formula (XIV) and thus, in a further aspect of the invention, there is provided
a process for the preparation of a compound of general formula (XV) as defined
above, the process comprising reacting a compound of general formula (XIV) as

defined above with a compound of general formula (XVIa), (XVIb) or (XVIc):

E-NH-CO-(CH,)CONHNH, (XVIa)
E-NH-CO-NHNH, (XVIb)
G-CO-NHNH, (XVIc)

where E, G and t are as defined above.

The reaction may be carried out in an aqueous or a hydrophilic organic solvent at a

temperature of from 15 to 50°C but preferably at room temperature.

50C, but preferably at
The reaction may be conducted at a pH 5 greater than 7.

in

R2



been derivatised to do so; and NHE is derived fromthe am no group of the
active noiety; 5 Gis an active noiety bound to the carbonyl hydrazi de

t hrough awoaslogrs2et om When the active noiety from whi ch BCTsGRIB0INEd is a
peptide, the am no group may be deridfed froma side-chain |ysine or
N-term nal am ne. 10 The conpound of fornula XV nmay conprise groups E
and/or G derived fromtw or nore active noieties. This can be
particularly useful in applications such as raising antibodies to an

epi t ope or m Gomppmndsef genestilefoemtlat(X Vda)Tcandiel prepatedBiraml dn aefive opeetyrsych dse

attached to each carri egﬁrﬁcr)o ei.n, or .an adi uvant can al so be Iinkeag to a

carrier, or i® CHRREPYC cHygteagiion @ sslesiyhieacing & asalie fonetona) giiPhe

|l i nked to the rd PRQUAAER; I s qar, il e
to prepare f rg?nﬁ{godng%mu%%gldgg at f:]ogner al qfﬁ]l ?grr;fjlﬁ}1 gﬁ(%?? \g)r&%ﬁgwttﬁﬁér?(yi)&nd%a&? %r({ﬂﬁer

aspect of thean epitoye hsinet feeidee ios qur Diviedeishal ampreogrup With a bempowmdaefathieon
of a conpound_.of ge |, formula (XV) as defined above, the process
conpri si Ag re?&‘["i“ﬁ’d@liﬂamound of general fornula (XIV) as 20 defined
above with a conpound of general fornmula (XvVlia), (XVIb) or (XVic):

E-NH CO (CH2)t CONHNH2 (XVla) E-NH CO NHNH2 (XVIb) G CO NHNH2 (XVic) 25

where E, G and t are asHOSICHESH)EONENEHe reacti dXVR®) be carried out in

an aqueous or a hydrophilic organic solvent at a tenperature of from15 to
50C but preferably at roomtenperature. 30 WD 03/087824 PCT/ GB03/01505 30

Conmpounds of gaRes al isf a§ nadiaed X¥oad ANTbR PrEpacess fdrowp ancRalsi Bec n@ret y
such as an epitope by chenosel ective reaction (a selective reaction at a
si ngl e fl@nct i brakyegrhomyl) ariFaiicd 9-dluesmybostoxsisatborviM ai ns nul ti pl e
functional groups) between a side chain of
The carboxylic acid of compound (XVIla) is activated such as the succinimide ester,
symmetrical or unsymmetrical anhydride, maleimide, or an acid fluoride or chloride, a
pentafluorophenol ester, or other active ester known to those skilled in the art and
15 reacted with a side chain of an epitope lysine residue or an N-terminal amine group.
Chemoselective reaction of a side chain of an epitope lysine residue or an N-terminal
amine group with a compound of formula (XVIla) is achieved by reaction of an
otherwise fully protected epitope (see Atherton, E and Sheppard, R. C. in ‘Solid Phase
Peptide Synthesis: A Practical Approach’, IRL Press, 1989. for a thorough description
20 of side-chain protection strategy) containing a single free side-chain lysine residue or
N-terminal amine group. An otherwise fully protected epitope containing a single free
side-chain lysine residue or N-terminal amine group may be prepared by standard
solid phase peptide synthesis techniques, or by standard solution phase peptide
synthesis techniques known to those skilled in the art.
25
Alternatively, compounds of general formula (XVIa) may be prepared from an active
moiety, such as a glycosylamine for example by chemoselective nucleophilic

substitution of the amine by the dihydrazide compound (XVIIIa):

30 H,NNHCO(CH,)CONHNH, (XVIIla)



an epitope lysine residue or an N-term nal amne group with a conmpound of
the 5 formula (XVila): HOOC- (CH2)t CONHNH-J (XVila) Wiere t is as defined
above andwo B®8®2p¢r ot ecti ng group such as Boc (tert- 10 bwCaxgRiaobmayl) or
Froc (9-fl uorenyl met hoxycar bonyl). Th¥ carboxylic acid of conmpound (XVIIa)
is activated such as the succinimde ester, symetrical or unsymetrica
anhydri de, maleimde, or an acid fluoride or chloride, a pentafl uorophenol
ester, or other active ester known to those skilled in the art and 15
reacted with a side chain of an epitope |ysine residue or an N-term nal

am ne group. _Chenosel ectiv eact i f a side chain of an _epitope lysine
resi due or anCRMPEYISSP Igeneéﬁif{%’gn@%g& i TRy GE@WSEHH%PWFWJ\?&D&&‘ S‘("\%’Q) is
achi eved by r i i I i il

A her ton, b o B A B i A feoplic
Practi cal Appsubsittation bRheRminsby thegarbofiglrdiby drimd ocphpaied ¢XiVitlbbn 20 of
side-chai.n protection strategy) containing a single free side-chain |ysine
residue or N-termnal am ne group. An otherwise fully protected epitope
containing a single free sigeNKeRiONHNKS,Ne resi ¢xa/ap) N-term nal anine

group may be prepared by standard solid phase peptide synthesis
techni ques, or by standard sol uti on phase peptide synthesis technigues

known to thosg skilled dn th rt. |t ernativel Qnpounds. o ner. al
Formil a_ (o sqomyund ol Pl S Grvish BB niretsd SO T S By

gl ycosyl am nembgy nfosasiRIkaohy if s ebweats wR intedeaphiof iaCcartionyiiydtadidedntoof

t he am ne by the di hydrazi de conpound (XVIlla): 30 H2ZNNHCO( CH2) t CONHNH2
(XVI | 1 a)lOWD 031 ogasig4mplerpleB03/ 01505 31 Conpounds of general fornul a
(XVIb) may be prepared in an equival ent manner from an active noiety, such
as a glycosylam ne for exanple by chenosel ective nucl eophilic substitution

of the am ne hycéhpowads drytmuli (Xdiaag) (EVT)mpd XY I{aX\dndl (JVIIR), the group -
(CHy)~ is preferred, but may be replaced by C,.; alkyl, Cs.1o cycloalkyl or Ar-Co
alkyl group.
15
The technology described herein with particular exemplification in the controlled
conjugation of active moieties to carriers, has many applications, both in solution and
on a solid phase support. In particular, compounds of general formula (XV) are of use
in medical applications and therefore the invention further provides a compound of
20 general formula (XV) for use in medicine. The use in medicine may be either for a
therapeutic or a diagnostic purpose. Compounds of general formula (XV) in which the
active moiety E or G is a therapeutic agent may be used in the treatment of an
appropriate medical condition. Alternatively, when E or G is an antigen, the
compound of general formula (XV) may be useful as a vaccine. The compounds of
25 general formula (XV) may also be used in various diagnostic applications, for example

in solid or solution phase assays.
Examples of such applications include but are not restricted to the following.

30



H2NNHCONHNH2 ( XVI 1 I b) Conpounds of general fornmula (XVlic) can be prepared
froman active noiety by nmany nethods known in the art towards the

i nt roductworo3o87sa4 car bonyl hydrazide into 10 an organi ¢ mpCEFaB3/01308
conmpounds of fornmula (XVa-e), (XvVlia) 8nd (XVila) and (XVilla), the group -
(CH2)t- is preferred, but may be replaced by Cl1_7 al kyl, C3_1o cycl oal kyl
or Ar-Co_7 alkyl group. 15 The technol ogy descri bed here| n with particular
exenpl i fication in the controlled conjugation of active noieties to
carriers, haékmanmmméamﬂkamms both in solution and on a solid phase
support. rticul ar onpo nds . of ral . fornmu use..in
e cal " app! | it s iRy i e ¥ SR fsfdrebot it p Feutifa .
conmpound of I r i h
rod ol ne. may Ra R e S, L e s (POnA%: bfiwhic
Conpounds of igelmde,abutf avenudtarestddiedi to, wisbiidess peoteias;t Su%rmdimdw IElCIﬂC arids a

condi 1 of. A TERE: Yurgin RalEowRte PR P afhe: AR CeBhslidy s

gener al fornqhﬁmﬁﬁﬁo may be useful as a vaccine. The conpounds of 25
general formula (XV) may al so be used in various diagnostic applications,
for exanple 1in solid or solution phase assays. Exarrpl es of such

appl i cati de .but t t
380 0n5 o4 per PELARS 1Bho SRRl of T EFLE bR Bl PSR il of
linkage of a gaefdl Grnlu@X @V} Whichfis mmammbumomum are not restrl cted to,

pepti des, proteins, sugars, lipids, nucleic acids etc.) to a |ligand
(exanplé@ of which include, but are not restricted to, peptides, proteins,

sugars, |ipi d§(31uﬂ&? ﬁh{eh%fﬂlflﬁtmé ?f! ﬂ@ﬁ%oﬁ’ lif AN bur $PRhbt PBRRL 1o the

mol ecul es etc conposition o I nvénti on.
following.

Conjugation of epitopes/mimotopes to carriers such as proteins.
15 (See EXAMPLES 1-5)

When the active moiety is an epitope or mimotope, it may be a fragment, for example

an antigenic determinant, derived from a protein or peptide molecule or a variant or
analogue of such a molecule or a carbohydrate e.g. a surface oligosaccharide derived
from a pathogenic organism such as a bacteria. Examples of epitopes and mimotopes
20 which can be used with this method include oxytocin and analogues thereof. The

carrier will, in many cases, be a protein.

The present invention enables higher epitope/mimotope concentrations to be loaded
onto the carriers with the retention of epitope/mimotope-carrier conjugate solubility,
25 thus improving the immune response. Since the conjugation is a controlled process,
more than one agent may be conjugated to the carrier, allowing carriage of single and
multiple immunologically relevant epitopes/mimotopes (e.g. B-cell and T-cell
epitopes/mimotopes). Conjugation of epitopes/mimotopes may also be combined with
co-conjugation of immunomodulating compounds (e.g. lipids, adjuvants,

30 immunostimulating DNA sequences, cytokines, etc.).



Therefore, in another aspect of the present invention there is provided a
conpound of general fornmula (XV) which is soluble in aqueous solution. 10
Sol uti on wbhasms®ppl i cati ons of this invention include, butcarGBmo1505
restricted to the follow ng. Conjugaidi on of epitopes/ m notopes to carriers
such as proteins. 15 (See EXAMPLES 1-5) Wen the active noiety is an
epitope or mnotope, it may be a fragnent, for exanple an antigenic
determ nant, derived froma protein or peptide nolecule or a variant or
anal ogue of such a nolecule or a carbohydrate e.g. a surface

ol | gosacchar | dredenbvars AHAR ApBA HPARNLS AEGRNLEM such a3 basteria. .

Exanpl es of epi topes and m not opes I'ch

i ncl ude oxyt og¢neradormaral ¥y eswhick FenfG isideeived &ofd &1 eplobt or MPndB é{ cases,
be a protein. The present invention enables hi gher epitope/ m not
concentrations to be |loaded onto the carriers W|th the retention of

epi t ope/ 51 Nt OpgokaAly, HRI cofPRLHPSH Sersfil 'ﬁmﬂdlé {X qdhéégrﬁ)lttli%ggt\élxllenﬁﬁ}e&yetfwan

i mmune response. Since the conjugation is
one agent rraye?@@lR%njf@gaul@munombdldawrlcem,poalhd ovyuag Garri agg,l(g)f 541]992{1& and

nul tiple imu ant eltopes/mrmtopes e.g. B-cel
T-cell epi to%ggﬁ%ds%}ué%%ﬁﬁﬁ&ﬁﬂll@gﬁ Jisyipkingptiaghaddo thawsrdpes may aI so be
conmbined with co-conjugation of inmunonodul ati ng conpounds (e.g. |ipids,

adj uvants, 30 inmunostimulating DNA sequences, cytokines, etc.). WO
03/ 087824 PCT+eBpaWMmyzRengrsl fqrmula‘ 65¥) m whzchfm ot I(Hsfs dsiped troff ah Bfitope or

inventigp, thgf ener formula (XV) 1n which E
or Gis deri vedﬁ ?tbg%p%ﬁ\geeq}% ¢ @ﬁm t B?i@n ?@H&Oﬂyﬁs agtisstdberppitong of
general for mﬂranﬁﬁib‘bopbﬁdiwﬁfeﬂloanéﬁﬂﬁﬁ{ MR L L Ysub '
i mmunonodul at | r@ifq'%uﬁa{'{j such as a Illgglcd adj uvggmtg/u jeig{rrr‘%vulﬁfc()gtn&%m(F Oglfl?inogf DNA
sequences or 5?{/‘% X¥hed to the carrier. Compounds of general formula
(XV) in which E or Gis derived froman epitope or

Thus, the invention also provides a compound of general formula (XV) in which E or

15 G 1s derived from an epitope or mimotope for immunising a subject in order to raise
antibodies to the epitope or mimotope and the use of a compound of general formula

(XV) in the preparation of an agent for raising antibodies against the epitope or

mimotope.

20 Immunogenic compounds of general formula (XV) are of use as vaccines and
therefore, in a further aspect of the invention there is provided a compound of general
formula (XV) in which E or G is derived from an epitope or mimotope for use as a
vaccine and also a pharmaceutical composition comprising a compound of general

formula (XV) in which E or G is derived from an epitope or mimotope together with a

25 pharmaceutically acceptable excipient.

The pharmaceutical composition may be a vaccine composition, in which case it may

also comprise a pharmaceutically acceptable adjuvant.



10 m notope, can be used in a nmethod for raising specific antibodies

agai nst the epitope or mnotope, the nethod conprising i mmunising a

subj ect wwoh3asmesrpound of general fornula (XV). Thus, tIRETIGBO3MOI506N al so
provi des a conmpound of general formul3 (XV) in which Eor 15 Gis derived
froman epitope or m notope for immunising a subject in order to raise

anti bodies to the epitope or m notope and the use of a conpound of general
formula (XV) in the preparation of an agent for raising antibodi es agai nst
t he epitope ofpeciopixitometric2fhatagtadinaipanoicthe eeqation df adinkge o gaderdldomubla (HXV)
are of use as vaccin and therefore, in a further aspect of the invention
there is provwﬂéigéﬁﬂﬂ&dm’ Sgeneral formula (XV) in which Eor Gis
derived from @emm m not ope for use as a vaccine and also a

phar maceut i cal conpositi or? conprising a conmpound of general formula (XV)
in which Eor Gis derived froman epitope or m notope together with a 25
phar maceut i calhy deleneipatidr ef protiipicemtentraiive psaontindy begatargehpaishyt inirestay
be a vaccgine co ition, hcaeltna S a :

phar macegti caf® aa %t%lﬁﬁhvggsa afiP %lﬁ‘i‘# é'f%% ‘%Cﬁ?ﬁ g?%&%d%a‘mgﬂ of
Spectrophotowgso&élﬁs @hﬁr@%ﬁégeﬁ&tc%aqf eﬂaﬁ‘ (ER0Y, | OBiSN Chehl, NUEr 7535 1GQRES al
formula (1) TML (14)) wth proteins (See MPLE 6) The determ nati on
of protein cofice Iflé9t51)3nf bﬁ’a@l Coemi, 18By 265 diradfard,i (@87 Quney Biavdieme s, 52;

d/ di t hod di d I ti
oo BB (08 LT 553 g L ol R B R o
147, 751; Lowey, (2002), andbobkag’lﬂuor@sceﬁt Probdsherd reﬁe@%h 25511103&?8(1111616@{11%
(1976) Anal . Bi ochem, 248, 7 Smth al . Anal . BI ochem
150, 76)l00r f Prebengas (:qué%msU§ﬁaugRr§?ﬁf’aHR thlsphas p@@iiz) beenicadisd ARt dTy
fl t h
Eugene, R B TRt BRRR R G SRbdus Ml MRIY ohfbnldeBRE Schaldifristicn

reacting prot epmsbiwdtdg tdyike pm&gﬁe ot By idedtatdatsql afythe praeing enithaspecific reagents.

characteristics
Indirect methods are usually destructive in nature and protein samples are not easily

her

recoverable. Direct methods on the other hand rely on the measurement of absorption
15 spectra due to the presence of specific amino acids, usually phenylalanine, tyrosine
and/or tryptophan, and/or the peptide bond. This method is relatively simple and non-
destructive allowing the proteins sample to be recovered. Due to the nature of
naturally occurring amino acids, either as monomers (amino acids) or polymers
(peptide or proteins), their absorption spectra, in the absence of any prosthetic group,
20 is limited to wavelengths below 300 nm (Teale and Weber, (1957), Biochem. J. 65,
476-482). This means that protein spectral characterisation is routinely carried out at
wavelengths below 300nm and this makes it possible to monitor the reaction of a
protein carrier with a linker of general formula (I). At or below neutral pH, linkers of
general formula (I) in which R, is H and X is O (for example the TML linker (14))
25 have minimal absorption above 300 nm; however at pH values greater than neutral
such linkers exhibit hyperchromic spectral characteristics due to ionisation of the
hydroxyl functionality to the phenoxide species. These hyperchromic shifts are
retained when the linker of general formula (I) has been reacted with proteins (for

example the reaction of the TML linker with BSA giving BSA-TML, an example of a



upon binding to the protein or by derivatisation of the proteins with
specific reagents. Indirect nethods are usually destructive in nature and
protei n saopPBO878at e not easily recoverable. Direct methods€T@BBIOE0St her
hand rely on the measurenent of absor3dtion 15 spectra due to the presence
of specific amno acids, usually phenyl al anine, tyrosine and/or

trypt ophan, and/or the peptide bond. This nethod is relatively sinple and
non- destructive allowi ng the proteins sanple to be recovered. Due to the
nature of natomimiuhy @fcgereralnpranian@XNe))ds Thés tshetrabropertynegsth¢mmiithothe

id | . tid i i b i t .jn th
Sbsence of aryemeils BRIt olgpebbteris Tbie of rim Raer SiroreR e bh iskd nm
(Teal e and VWhgkiion(} 8o¥dker BHbRRRBBE ploteR to bé tRorftDedd anthipfanfBad dirbdIBL from

protein spectral characterisation i's routinely carried out at wavel engths
bel ow 300nm athd abisbptivaksecira (pers Figvire 12o0farosnectal assessmeat tof othe oBSA-TM

ore Tl e e e 8 FRRRER g SR bl e B
exanpl e the TMmI_ll)dréH(QE) (HeA)urrdRln akked NMnbihGBs  RPS HsBsin@N tiid AkeenBOSK Pidtein

however at pH val ues greater than neutral such |inkers exhibit

hyper chromi ¢ égbitisatipn shelr at therusstdfake duerogenicapigsat Flwmaraf(seengxantlel 2osnd
functionality.to the-phenoxide s I es. . se hype i L ft

et ai ned wherTERE [ AR og g apaioq B i S MRELSRAET Akl B Mo
proteins (formesa@dibres BepdrRasitd] netddoldds ahlilis & dedt@ictivé tebhB@A. gi vi ng
BSA- TM., an exanple of a 03/ 087824 PCT/ GB03/ 01505 35 conpound of
general Pormula (XIVa)). This spectral property together with the

negl i gi bl e abgqppt - ej f
the | Pnker - r SOGRbAAN. UnoR Rl o A Ao A R B Bl B T
quantified di nedtprpteinsoderivatisedabyithrlpikiersnos pastalafofraele (B ghereinlR, FoH, X =

spectral assessnent of the BSA-TM_.5 species), .for exanpl e wavel engt h
of 376 nm ThP%Vg&Pf(%gsB§ACT eé%gr?@@r%ﬁ%e Nelelg oty é_ﬁe ?&%@aﬂ%ﬂ&ﬁ?%s sed
met hods for agsessidighidd Befer the Hnkef Qﬁ@gﬁr?p Pgﬁézih%ahl BRfrR8 RUsbnASeli Ny use

of the fluorogenic reagent Fluram (see Ex and Figure 1). The
absor bariée neflhadsdescsspeptrescapgl non- dest ructi ve whereas the Fluram nethod
requi res experinmental methodology and is a destructive technique.

In addition to the extent of final derivatisation, the rate of derivatisation of a protein,
for example BSA, with linker of general formula (I) wherein R, = H, X = oxygen, for
example TML linker (14), may be assessed in a non-destructive manner by
measurement of absorbance or fluorescence spectra. Following initiation of the
20 coupling reaction, analytical samples may be removed, rapidly processed to isolate
the linker-protein species from unreacted linker (process methods are available to
perform such isolations experimentally within minutes). The isolated linker-protein
species may then be quantified from the absorption spectral measurement
(concentrations may be calculated from a calibration graph utilising Beer-Lamberts
25 law; Atkins, (1984), Physical Chemistry, Second Ed., Oxford University Press,
Oxford, UK) or fluorescence spectral measurement. If desired, the analytical linker-

protein sample may then be returned to the bulk reaction.



10 Additionally, upon excitation at a wavel ength above 300nm (for exanple
about 375 nm, proteins derivatised with |inkers of general fornula (I)
wher ei n RRO03M0B878X% = oxygen (e.g. BSA-TM.) exhibit fl uorePcarGrI3OMISSi on
(see Figure 13). The progress of theséreaction between the |inker and the
protein can therefore be nonitored by 15 fluorescence spectroscopy In
addition to the extent of final derivatisation, the rate of derivatisation
of a protein, __fo exar’rEIe SA, with |inker of general forrmula (1) wherein
R2 = H X = oxygf&mres gy o fustharaspectnet the puentiongtherenisypouidad sereredestmctive

non- destructi : f rescenc

Cpoctr o, Pol | MeFANY fuallty llb it At RhoyBf rBOBPLARRGE P ol e 1R Rpr of

sanpl es may begenesaldomala (i whichRyds HsmdX is00] grlmétkod b(klﬁ‘%ﬂisih@@ﬂreﬁr otein
a

species fromunreacted |inker (process nethods are available to perform
such isolations experinentally within mnutes). The isolated |inker-protein

species may tRen bgeauaRll fhbdichti8Mot & abs) eEJrcg ;%Pec?ﬁ%? tf 3l WER%%?’I#I’?}%BQ\;G

(concentrations nay be cal culated froma cali on graph u
Beer - Lanber t s30Bmh and aie pbhgreated 88a)7, inRhrder wadetéid¢ing RirinytiorSef 9 eompound of

Oxford University. .Rres f.ord, ). f]yqrescence spectral neasurenent.
| f desired, t%@%ﬂg‘i’%ﬁ%gﬁ%ﬂﬂyi&qhﬁﬁ%?ﬁgé & may then be returned to
the bul k reaction. WD 03/087824 PCT/ GB03/01505 36 Therefore, in a further

aspect of the invention there is provided a non-destructive nethod of
quantifying the exmeauriagdheflupgseenod emisaioni upon eikcitationott @i selesieti waveldngtter

f | f ' ich.R2 is Hand Xis 0, th . i.Si
ci thar: g BLE o dobed BerlnBiioof SromRinis sFnalorSpbai i K
wavel engt h abEand®dpm.and at a pH greater than 7 in order to detect the

formati on of a conpound of general formula (XIV) in which R2 is Hand X is
0; or b) neasuring the fluorescence em ssion upon excitation at a sel ected

wavel ength  1Q7eR ¢ i of _a ¢o und, of., gener al
for mil a (X V) e mﬁ% gxﬁ)@ﬁ%% ?i‘édﬁ%é tnﬁéqﬁee{sgfeg%h{ P12l of PRACH Gt winl Fehided
plurality of measuring steps so that the variation in the intensity of the absorbance

15 spectrum or of the fluorescence emission over time can be calculated in order to

determine the rate of product formation.

The process is typically carried out at room temperature (about 18 to 25°C) and at a
pH of about 7 to 11 and more usually pH 7-9.5.
20

The absorption spectrum may be measured at a wavelength between 300 and 400nm,
typically about 350-400nm.

A typical suitable wavelength for excitation in order to measure the fluorescence

25 emission is 300-400nm, preferably about 375nm.

Analytical assessment of chemoselective addition of ligands to linker-proteins (X1V)

to provide protein constructs (XV).
(See EXAMPLES 7 and 8)




When the process is used for the neasurenent of the rate of reaction, it
wll include a plurality of nmeasuring steps so that the variation in the

i nt ensi t ywofo3okms2ebsor bance 15 spectrum or of the fl uorePcarGRI3OMISSI ONn
over time can be calculated in order 370 determne the rate of product
formation. The process is typically carried out at roomtenperature (about
18 to 25C) and at a pH of about 7 to 11 and nore usually pH 7-9.5. 20 The
absorption spectrum may be neasured at a wavel ength between 300 and 400nm
typical Iy abolthe3bBerQdrihe presentpncalios hiavatieambility ¢b et bhérmfselexﬁsirdlﬁwg‘fhmi n
order to neasute the uorescence 25 emission is 300-400n prefera

about 375nm Vﬂ%?t%eE%ql PIQLellss LioBh? Tamee Of sBses (6 viral Bl Tdﬁa@%naﬁ?@zﬁ‘(& to

i nker - pr ot ei Rt a@bdhd rdr@e RIF W1LLi1R VR t?é OORDE YE 265 fc%%?pro(l @Sﬁ%‘ﬁ & 7
and 8) WD 03/087824 PCT/ (GB03/01505 3 Ii nkers™ of e pr es I'nvention

have t he abi | iof gerteral fermmtla CKBf)sel ectively with a diverse set of prot eins,
froma rz:ane of sources (e.g. viral, bacterial, mamualian, etc.) wth a
broad range of nol ecular weights (-6.5 kDa to 205 kDa) providi ng conpounds

of general for}mﬂngle@ X Vooteins ARSI LES 1ol 1apéIRidelvte Ri &ﬂrgealba%cé@'%kéﬁéf

wi th the charged-bal anced |inker of general fornula (1) (for exanple the
TM. |inker (14pyeraltforroulghLy (er erampls the ’EMLtimkW (lﬁbﬁhmagledleamalod@lmrmgh as

d (15 i I d e
aprotoni n (6, &SR a%o%ﬁséﬁ V?%o%‘ﬁo@%@&%gow%n R applelar ity Fe 10
core del ta anth@geded(ald apoRni 5!&9@ ,GeA RBY. SRS &y %I@@z) kD@)/%ﬁaL!ﬁis'B Vs
kDa), bovine serum al bum n % 6 kDa apo-transfterrin

hol o-t r a¥f er cP¥¢ deltp rufigen (I7hkBphoiahonie a@i(@%%@?D&Pa) J@%}%‘h&@t(&él@@e

(116 KD2) “and oyiesi,0nc2 08 Rles 98Bl shheSATREaSE: RlioHERGAl (1iBe
phosphorylase B (97.4 kDa), B-galactosidase (116 kDa) and myosin (205 kDa).

Each of the compounds of general formula (XIV) may undergo further chemoselective

elaboration with a set of hydrazides, including, but not limited, to biotin-hydrazide,

15 Texas Red-hydrazide and oxytocin-hydrazide to provide compounds of general

formulae (XVa) in which Rz is (CHpCONHE or G. These applications are

demonstrated in Figures 14 and 15 which illustrate the gel-shift analysis of proteins

upon chemoselective reaction with activated TML linker (15) and then subsequent

derivatisation with biotin hydrazide to provide protein constructs analysed by Western

20 blot analysis for the presence of biotin.

Spectrophotometric characterisation of reaction of TML linked proteins with biotin-

hydrazide to provide biotin labelled protein constructs
(See EXAMPLES 7 and 8)

25 As detailed above, the reaction of a protein with a linker of general formula (I)
(wherein R, = H, X = oxygen) provides a linker-protein species that exhibits an
absorbance maximum at a wavelength higher than 300 nm, for example 376 nm when
assessed at pH values above neutral (where the phenoxide ion exists) (see FIGURE
12). The absorbance characteristics of this species change dramatically when assessed

30 at acidic pH values, for example pH 3.5, where little absorbance above 300 nm is



el aboration with a set of hydrazides, including, but not limted, to

bi oti n-hydrazi de, 15 Texas Red-hydrazi de and oxytoci n-hydrazi de to provide
conpoundswofo3gerses al fornul ae (Xva) in which R13 is (CH2) PCONHEB301506 These
applications are denonstrated in Figi#sres 14 and 15 which illustrate the
gel -shift analysis of proteins upon chenoselective reaction wth activated
TML |inker (15) and then subsequent derivatisation with biotin hydrazide
to provide protein constructs anal ysed by Western 20 blot analysis for the
presence of bitgtivad (SeddGURINAbpHFet BSA aloac)acR@ictismbt aprabinrledet sparicsfof TM

| i nked proteins W|th bi otin- hydrazide to I‘OVId biotin_| beIIe r ot |n
constructs (SE& WE‘@S@( ﬁ‘g gﬁ‘ exsmple peetsinr BY Ly et 2 thigr agidg qf; g i

protein wth B 1rak bgsln%y a%orf&ﬁrgy eggﬁ)}% awﬁ@egfbv%’eﬂhk'ac%vm%&gen)

provides a lin n species t s an bsor bance maxi nuni at a
wavel engt h hi lgjﬂed prbtem 8@Btrneh off gamerk dorpluda 8YEa) rfomﬂampla%é‘e?k&-hmtlpwr

2bsor banfe. cHATHETBTILTT[ SPHSVERbEREEeartngl hoaiih POy o gkl |

assessed 30 aforﬁﬁla{) PHMBbHES hyh QEnS¥ACRhE: Bidt 3s 7o él%lltbtﬂlb%xtent of
absor bance above 300 run 1s WO 03/ 087824 PCT/ GB03/ 38 observed (see

FI GURE 16, - -reaetloﬁsheme@nq)roteﬁehnkaromf geneaalpfommglan(xwﬂ)eandsﬁ@che@aaﬂe of

gener al formJIa e| n-T a h drazid

general for n%ﬁn§a(>l< Féﬁlab&)yle ?8? Frpgpgc%{#d{r%e ydFEAT FE5S &6 UEL t he
active noi et Yextbisite &f Pihet @ﬂoﬁlaﬁen&hbyl@ h&t GRMe cahjubionu k@h( )Lﬁéa)unseftﬁ&fated
exanpl e BSA-TM.-biotin or 5 aprotinin-TM.-biotin. w when assessed at pH

3.5, thd0conshydrezonedondeensbles the saterand, extawiadf errasntion pflypleinclinkstispeciss f t

general For maib R ube ROl Chne A FRRRCERRBFLY BER, Menhodioh W

c). This SpeC(Sé@FI(BfURESFItéyandV\IWI)CfTharab:Scﬁ:lSaﬂdH(mei‘aﬁaraﬂnentaxhqnsmtﬁalnmfastdfmnent
aromatic chrormf?hore upon conjugation with the unsaturate hydrazone
bond, enabl esof ladings ands Ayan taspple thhtlfh@l%"é%é? shewothe jotak Sﬁll SRBEaSEECi es

Wi th hydrazidg 40 e JiP8istQf & rohiBH YR BEA TN 855t ard HOHAE TRRS Bidt ON

spectra
15 constructs of general formula (XV). The total concentration of surface lysine residues

available for reaction with a linker of general formula (I) is approximately 4 times that
of aprotinin for BSA. This ratio is clearly reflected in the absorbance maximum of
0.25 (aprotinin) compared to 0.90 (BSA). The reaction may also be followed by
ELISA analysis (Figure 18) and Western blot analysis (Figure 19).

20
The combined ability to control both the chemoselective nature of construct formation
along with a real-time quantitative analysis of the extent of construct formation
provides clear and significant advances upon the current methods used for production
of ligand linked proteins.

25

Therefore, in yet another aspect of the invention there is provided a non-destructive
method for quantifying the extent and/or rate of reaction of a linker-protein of general
formula (XIV) wherein R, is H and X is O, with an active moiety hydrazide, the
process comprising measuring the intensity of the absorbance spectrum at a

30 wavelength above 300nm and a pH less than 7.



(see FIGURES 16 and 17). The absorbance neasurenent is a quantitative
assessnent of |oading, and, as an exanple of this, Figure 17 shows the
total abswowamgms2sreasured at 324 nm pH 3.5 for the forneCr@BodH1i0Re
BSA- TML- bi oti n and aprotinin-TM-bi ot39n 15 constructs of general fornula
(XV). The total concentration of surface |ysine residues available for
reaction with a linker of general formula (1) is approximately 4 tinmes that
of aprotinin for BSA. This ratio is clearly reflected in the absorbance
maxi mrum of 0.25 (aprotinin) conpared to 0.90 (BSA). The reaction may al so
be foll owed b ELI SA anal . ysis (Figure 18) and stern bl gt gpal ysi

(Figure 19). Yorerfze BORES Bt fheymeasueepieet of e 31tk of rzctitme doudl Betdse

nature of Corﬁhgaw of MIBIA st?gét QN hapidhd v AiBA! intthEBntHARL bt Bl H8orBARleYSI S

of the extent” of construct for ion provides clear and Significant
advances uponspebigumuoveentimeetahobis calseliteddon prdeduot daserminé thé gatadofl proded
proteins, 25 %}herefore, in yet another aspect of the invention there is
provi ded®a nof?"884e%-uctive nethod for quantifying the extent and/or rate
of reaction of a linker-protein of general formula (XIV) wherein R2 is H
and Xis 0, wth an active noi ety hydrazide, the process conprising
measuri ng t heThapresistiy tyficallyecaatied pitaatceompempenatra(abgut 39 tod§«€l)eamgt 44 a

above 300nm a H.l.ess than 7. MO 03/08%824. PCT/ 3/ 01505 39 Wien the
process is us °?8$°qtﬁ§°§eé’§(lff’é‘%1typ&%‘tst?éldrpé?df raﬁ;ﬁgb'i on, it wll
include a plurality of measuring steps so that the variation in the
intensity of the absorbance spectrum over tinme can be calculated_ in _order
to deterfi ne Ahepical evagelepgtbauicvhicls the hserbagge srerdrugt srayske measured éw PPy
carried out a&olﬁgn1tenperature (about 18 to 25C) and at a pH of about 2
to 6, nore usualTy pH 3-5 and preferably pH 3-4. 10 A typical wavel ength at
whi ch the absorbance spectrum nmay be neasured is 300- 400nm

Using this process, it is possible to prepare a calibration graph or table and to calculate
the maximum possible absorbance intensity for different carriers. The maximum
15 absorbance intensity for a carrier is related to the number of available Q residues on

that carrier.

Since the formation of the ligand derivatised linker-protein construct can be monitored
in real-time by assessing the absorbance signal at above 300nm (e.g. 324 nm in the
20 case of a protein-TML-biotin construct), the controlled addition of multiple different
active moiety hydrazides may be achieved by sequential addition of single active
moiety hydrazides for set reaction times. For example, ligand hydrazide 1 may be
added to a compound of general formula (XIV) e.g. BSA-TML until the absorbance
measurement at 324 nm, pH 3.5 has reached 50% of the maximum value, then the
25 reaction medium changed to ligand hydrazide 2. Continuation of reaction until the
absorbance measurement at 324 nm, pH 3.5 has reached 100% of the maximum value
provides a ligand-linker-protein construct of general formula (XV) that contains a
50% loading of each of ligand hydrazides 1 and 2. For example, a single carrier
protein could be derivatised with both a B-cell and T-cell antigen to provide a

30 construct with improved immunogenic and antigenic responses.



Using this process, it is possible to prepare a calibration graph or table
and to calculate the nmaxi mnum possi bl e absorbance intensity for different
carriers.woheg/osmzd rum 15 absorbance intensity for a carriPer/GB3oedoat ed to
t he nunber of available Q residues oMo that carrier. Since the formation of
the ligand derivatised |inker-protein construct can be nonitored in

real -time by assessing the absorbance signal at above 300nm (e.g. 324 nmin
the 20 case of a protein-TM.-biotin construct), the controll ed addition of
multiple differ ent active noiety hydr azi des may be achi eved by sequenti al
addition of s . e act.jve ety hydrazi des for. set actl For
exanpl e, |.gahu Hiht Heossileyo Beerang fieaRayng of grssH malﬁlazgwér“gﬁ?%%srﬁn a
(XIV) e.g. BSgqddq pil pdm&beofali)@ OLRARGIE rIRASHNGHRA with 324N Iﬁbﬁe%, Qrhas
reached 50% of the Xi mum val ue, then the 25 reacti on nmedi um changed to

| i gand hydr azamnﬁwetsorwhmmaas seleatéd prpottions ofintsi dvaflitde residums KA heeled with
measurenment at 324 nm g—( has r%ached 100% of the nmaxi mum val ue

provi des a né}’é%a“FIP’fﬂéB rﬁPB%C&VﬁntO OEtr uct of general fornula (XV) that
contains a 50% 1| oadi ng of each of ligand hydrazides 1 and 2. For exanpl e,
a single carrier protein could be derivatised with both a B-cell and
T-cell anti geiﬂhtls; ipr eviudibern asi3Ot @dnideringentiong Hhérapis opredidednau mooress domrle

Poss bl e to pPeBion oty RIBRREAN asrel o r b &° AP e ey ¢ 'S

sel ected pr oporti OR, & Hiah8 Jaiad;] abl e resi dues | oaded with an active noiety
or, alternatively, which has selected proportions of its avail able
resi duesl0Q | oaded ergarries hagguipl W@uéi’r@t erent active noieties. Thus, in a

further aspect of 0,
preparation of a c%r}rrg%éuér%&[edg&centt%% orrru a Xé?%%qs ge a?iﬁ nglb%ﬁm%cme
which: R2 is H andm¥iétg; dhid, dftidoallycarrier has nultiple residues Q a first
sel ect ed percent ag%g(p)f the Q.residues is derjvatised vvl(tih a first agltl ve

moi ety; and, optio l}ep selected percentages of the Q residues are derivatised with further
active moieties;
15 the process comprising:

a. reacting a compound of general formula (XIV) in which R, is H and X is O

with a first compound of general formula (XVI) at a pH less than 7;

20 b. monitoring the progress of the reaction by measuring the intensity of the
absorbance spectrum at a wavelength of above 300nm and stopping the reaction when
the intensity of the absorbance spectrum reaches the first selected percentage of the

known maximum intensity; and optionally

25 c. reacting the product of steps (a) and (b) with one or more further compounds of
general formula (XVI), monitoring the progress of the reaction by measuring the
intensity of the absorbance spectrum at a wavelength of above 300nm and stopping the
reaction when the intensity of the absorbance spectrum reaches further selected
percentages of the known maximum intensity.

30



further selected percentages of the Qresidues are derivatised with further
active noieties; 15 the process conprising: a. reacting a conpound of
general fwormiosrsel V) in which R is Hand Xis 0 wth aPCirrgRosoosspound of
general formula (XVlI) at a pHless thdn 7; 20 b. nonitoring the progress of
the reaction by nmeasuring the intensity of the absorbance spectrumat a
wavel engt h of above 300nm and stopping the reaction when the intensity of
t he absorbance spectrumreaches the first selected percentage of the known
maxi mum i nt enas twith thedbrogiss dmaduaptiBng ther exaatt ion gate lod rpactiductf aofinksr-ppseifia)
and (b) with one or nore further conpoupds of eneral fornul a ).,

moni toring t h@lﬂbﬁ&ﬁ@&de&m% P@C@éé%%gﬁﬁﬂbﬁarﬁﬁgé’g? ?tﬁﬁo@ﬁ‘émp‘?rﬁ‘?"é%éag‘}/‘#]@ftot he
absor bance s [ he
reaction mheﬁﬁfﬁz%g%?%l |psmgﬁﬁ?%%@hg%gggﬁﬁgg%gggg??gggggggﬁggg%ﬁ%ther

sel ected percentages of the known maxi mumintensity. 30 WO 03/087824

PCT/ GB03/.0150 41 with th r.acess for, quantifying the extent., or te
of reactPon og Bypich, B glﬁPgtleq%ﬁ’angﬁ‘%W APRIRANSS isa%gn%{%ﬁgaygbeoglgggn?ds 1§ 300-
typically carjiggpg, out at roomtenperature (about 18 to 25C) and at a pH of

about 2 to 6, nore usually pH 3-5 and preferably pH 3-4. 5 A typi cal
wavel ength at which the absorbance spectrum may be neasured is 300- 400nm

An alternativ t hod of achieving .a conpound.of dgeneral for .

foaded w ih  aneremany mefiRde oSy Re d NORRERA Bt s E Bt ) BRI Mt o
an i soki neti cgiffieXdnt b6tiwf mofBeR il de¥RtdMproportioy 44 fiei e Sf (an Rokidetid Hixtuee sthat
is biased in nolar terns to conpensate for the differing rates of reaction

for di f flér ent adtiyd magietekyjdrazides; (5 e.po sHkreethebischiptad| intaolar frams b cappensate
o A A DA gl ) e t
e ot ot | &8 T iR ) SOTLKAY for dicbilft ERERS). JRGPbIRNIC R, kbl T

| oadi ng of t hthecwiteteproparnbeEnhe tbokinetid atixtuss igthe hetesf hemttion e alifferent

above.
active muoieties with the compound of general formula (XIV) and the maximum

loading of the carrier have been calculated using the methods described above.

15
Simple replacement of the experimentally exemplified active moieties and proteins of
the invention show that the same basic principals can be used to monitor the reaction
of any active moiety hydrazide with any protein through the use of a linker of general
formula (I) (wherein R, = H, X = oxygen).

20

Characterisation of the cleavage reaction of protein-linker-active moiety constructs.

(See EXAMPLE 9)

Figure 8 details the qualitative and quantitative cleavage of an example compound of
25 general formula (XV) to provide a compound of general formula (XIV) and the
liberated active moiety hydrazide (in the example shown, the liberation of oxytocin
epitope (13)). The cleavage reaction, and hence analytical assessment of the loaded
active moiety, may also be monitored by a reverse of the absorbance characteristics
described above which were used to monitor the loading reaction. Therefore, the real

30 time monitoring of release of a active moiety hydrazide from a compound of general



15 Sinple replacenment of the experinentally exenplified active noieties and
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at pH less than 7.

15 When the process is used to calculate the rate of release of the active moiety hydrazide
from the construct, a plurality of measurements will be required in order to calculate

the reduction over time in the absorbance spectrum intensity.

Again, this process is typically carried out at room temperature (about 18 to 25°C) and

20 at a pH of less than 3 and more usually less than pH 2.

A typical wavelength at which the absorbance spectrum may be measured is 300-
400nm.

25 Solution phase biochemical/biophysical/biomedical applications.

EXAMPLES 7, 8 and 9 have detailed that essentially any hydrazide functionalised

active moiety, be it an epitope, mimotope or a ligand such as a small molecule drug,
new chemical entity (NCE) or diagnostic marker, can be chemoselectively linked in a

controlled manner to a whole host of proteins and furthermore cleaved in a quantified
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usual ly less than pH 2. A typical wavel ength at which the absorbance
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15 Therefore, in a further aspect of the invention, there is provided a compound of

general formula (XV) in which E or G is a labelling moiety.

Specific examples of labelling moieties include biotin, and chromophores such as
Texas Red®.
20
The principles of example diagnostic applications are detailed in Figures 18 and 19.
Here, the formation of the BSA-TML-biotin and aprotinin-TML-biotin constructs of
general formula (XV) has been characterised by an ELISA (Figure 18) and Western
blot for biotin analysis (Figure 19). For the ELISA assays, the protein-TML-biotin
25 samples (a time-course experiment monitoring formation of the construct) were
absorbed onto an Immulon 2HB microtitre plate and probed with a labelled antibody
to biotin. Figure 18 clearly shows the timecourse of construct formation and closely
complements the data detailed for the identical reaction monitored alternatively by
absorbance measurements shown in Figures 16 and 17. A Western blot for biotin

30 analysis (Figure 19) (a time-course éxperiment monitoring formation of the construct)



Texas Red(r). 20 The principles of exanple diagnostic applications are
detailed in Figures 18 and 19. Here, the formation of the BSA-TM.-biotin
and apr otwpioa/Fmk4 bi otin constructs of general fornula (R&/dBS/HObw®en
characterised by an ELI SA (Figure 18)44and Western blot for biotin analysis
(Figure 19). For the ELISA assays, the protein-TM.-biotin 25 sanples (a

ti me-course experinment nonitoring formati on of the construct) were

absorbed onto an Inmmulon 2HB mcrotitre plate and probed with a | abell ed
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Figures 16 angh i ish MENR Bobhdh FieDiedty andfganal ysi s (Figure 19) (a

ti me-course experi ment toring formation of the construct) WO 03/087824
PCT/ GB03/ 01505 44 clearly shows the tinmecourse of construct formation and

closely conplenents the. data detailed for the identi.cal ryeactjon nonitored
al t er nat %vel yngP’QB]sHFB%Wg@1%$§Wr @P@ﬁ?’%".n QHH%ELP eg_%é'ﬁs Pgénshngmnicwles
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known pat hogedhemasslectiety sdupied the canirsmeteinethroughl the sl adlinkst of ganarpler
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pat hogeni ¢ i1 (@SS oenQhl thvBllaP GntARtibER! t Benerate a qualitative response, which, if

15 present is an indication that the patient has the pathogenic illness.

Solid Phase Applications

The chemical linkage of a solid phase (i.e. non-solution phase) examples of which
include, but are not restricted to, synthetic materials (such as hydrocarbon-based
20 plastics, polymers, glass, gels, resins, etc.), natural polymers such as proteins, sugars
(e.g. cotton), lipids (liposomes), etc. to a ligand (examples of which include, but are
not restricted to, peptides, proteins, sugars, lipids, nucleic acids, alkaloids, vitamins,

etc.) using the composition of this invention.

25 Therefore, in a further aspect of the invention there is provided a compound of general

formula (XV) where the carrier is a solid surface that is insoluble in aqueous solution.

Solid phase applications of the present invention include, but are not restricted to those
set out below.
30



The chem cal |inkage of a solid phase (i.e. non-solution phase) exanpl es of
which include, but are not restricted to, synthetic materials (such as
hydr ocar bwp-obasmes 20 pl astics, polyners, glass, gels, rePCRGBIBHOLIf,

natural polynmers such as proteins, swars (e.g. cotton), |ipids
(l'i posones), etc. to a |ligand (exanples of which include, but are not
restricted to, peptides, proteins, sugars, |lipids, nucleic acids,

al kal oids, vitamns, etc.) using the conposition of this invention. 25
Therefore, in S@lldmh@%&xloqhﬁmm/bmhywllamlmtlom there is provided a
conpound of g é‘ﬂmi a (XV) where the carrier is a solid surface that
is insoluble ?ﬁ elz’iqueou]g“]:is‘rg(:))uti on. Solid phase applications of the present
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carrier to a s E e to.e abI nol ecul ar interactions to be noni t or ed.
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quartz crystal mcrobal ances, atom c force m croscopes, etc
coval ent | i nkapeliafionsesueh i enzyoneskinkied 1mmlmasmfbcnt\as3alys GEISIS Az, Isovﬁa@epies"rﬁdn on

of 15 mcroarra |ncIu t no mte tides, protein
nucl ei ¢ aci ds)reszsg @3@9 ﬁg@g#]émfﬁp c?shea gﬁﬁ%ﬁ?lc@ﬁﬁcpﬂe%l @éséegﬁ“’e
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15 microarrays (including but not limited to peptides, proteins and nucleic acids) (e.g. see

Figure 23 for the attachment and release of biotin hydrazide to a glass plate).

In addition to the quantitative and qualitative applications detailed above, this
controlled release reaction has other applications where a capture and release
mechanism is useful. For instance, a compound of general formula (XV) such as a

20 protein-linker-ligand may be immobilised onto a 96-well plate (e.g. see Figure 24 for
the attachment and ELISA analysis of biotin hydrazide to a 96-well plate).

Separation/purification.
(see EXAMPLE 11)
25 Purification is a basic technique utilised in the life sciences (Scopes, R.K., (1993),

Protein Purification: Principles and Practice, 3 Ed., Springer-Verlag New York,
Incorporated; Williams, B.L. and Wilson, K., (1983), 4 Biologist’s guide to Principles
and techniques of Practical Biochemistry, 2™ Ed., Edward Arnold (Publishers) Ltd.,

London). Many different methods are used for purification of a wide range of



In addition to the quantitative and qualitative applications detailed
above, this <controlled rel ease reaction has other applications where a
capture awo meBmase nechanismis useful. For instance, aPCarGRIAOUS06f
general fornmula (XV) such as a 20 protéei n-1inker-1igand may be i nmmobilised
onto a 96-well plate (e.g. see Figure 24 for the attachnent and ELI SA
anal ysis of biotin hydrazide to a 96-well plate). Separation/purification.
(see EXAMPLE 11) 25 Purification is a basic technique utilised in the life
sci ences ( Scapeélscul&R, Kvhici 2@9%@parateBrfodraimixBuires fri a@det nproBuéenmirfledsmatedals
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a solid phase resins) and a sol uti onuphase. Chromat o raph%3 may be 5
cat egori sed i fitretiorghyduphobichelirometwfivusing, affioity;die (Pexpen Rule, ({1 H23)sBrateinon

phases enpl oyed amplLes include, Jbut.aremot i@ t.ed t i onzexc e,
reverse- phase;%“’géia%fzi Ih’ﬁ‘f’f’%ﬁ, “ﬁ@d!’gﬁ%& - cﬁ?lbn??’(}?%e&\g‘?rﬁ‘& 1 EI)I%?I)%
etc. (Scopes, mBorboratddt WiBlamdBOL Sind Wik, TK.,C(EIDB?OA Biblogst Blehfile 36 @rifeptdsi ce,
3rd Ed., Springer-Verlag New York, Incorporated, WIllianms, B.L. and

W son, 1R, (a8beyhnigudiofi Rrgrtieal Piephiettésitp ZH?E% Egwarl Amokd Pyblisheisllids of
Practical Bi th%n'nﬁtry, 2nd Ed., Edward Arnold (Publishers) Ltd., London).
An exanpl e of €™ ise” of a Iinker of general formula (lI) in the
purification (i.e. capture) of a protein froma mxture is detailed in
Figure 24. A sepharose bead is 15 derivati se(il W t -eligt linker (14) to give
a conpound of Ages¥erale pbithainse ekeviykernicgenesal (faapula (b ine thepirHigstipn j (he-

hydrazide to &i-p\ltﬁe)aof’ Qrﬁ’&léfﬁdﬁ‘% SeReA is’ @d®in Figure 24. A sepharose bead is
15 derivatised with TML linker (14) to give a compound of general formula (XIVa)
which is then reacted with biotin hydrazide to give a compound of general formula
(XVa) wherein the ‘carrier’ is a sepharose bead. This biotin derivatised bead is then
used to attract (capture) the protein ExtrAvidin-HRP from solution. Addition of a
substrate that develops a colour in the presence of ExtrAvidin-HRP confirms the -

20 presence of ExtrAvidin-HRP by colour staining of the sepharose bead (Figure 24).

Chemical linkage of a ligand to a solid phase enables selective separation of molecules
based on physicochemical properties. Applications include, but are not restricted to,
affinity purification, chiral separation, etc.
25

When the compounds of general formula (XV) are for use in assay or
separation/purification methods, E and G will often be derived from a ligand which is
specific for the analyte or a compound to be separated. An additional active moiety E
or G, such as a labelling molecule may also be bound to the carrier.

30



(Xva) wherein the "carrier' is a sepharose bead. This biotin derivatised
bead is then wused to attract (capture) the protein ExtrAvidin-HRP from

sol uti on.w@addiogisen of a substrate that devel ops a col our PCA/GBV8/OpIv&sence
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03/ 087824 PCTtaaRp3md16 086 sepdratdhand the emtieots atdolid sppwi. des a net hod of
separating a conpound froma m xture, the nethod conprising contacting the
m xture with a conmpound of general formula (XV) as described above in

whi ch E or G irfe dnld@idAdamb siBvidbdIdn 882861 hb®dl! donRisidle cof@ Rd nfiguke
separated and the carrier 1s a solid support. 5 The invention al so provides
an assay net hewpeaedof siontpiniog taacanalge avith 2t eomgpousd sfegamertl dbrnpdat(XVDi ay an
analyte with cQ nd of ge al f.ormul a as, desgribed above in
Mhich & or & RescaPR e Tt GaS | Bl VEKh o SPERACAREP pRORERA Padhe
carrier is a gRldafhiet WPSlid supforedi cal Devices. Chenical derivatisation of
nmedi cal devices and consumables allowi ng presentation of biologically
active d0 inert nolecules at a tissue/solid-surface interface. For exanple

controlled come%%%}bg‘%cgg pepti de grow h factors, cheno-attractant proteins
or -

Chemical derivatisation of medical devices and consumables allowing presentation of
biologically active or inert molecules at a tissue/solid-surface interface. For example
controlled conjugation of peptide growth factors, chemo-attractant proteins or
15 analogues of both, to functionalised polymers commonly used in modern coverings,
may allow development of next generation, bioactive wound dressings. In a further
example, dialysis tubing may be derivatised with the linker in order to allow heparin to
be coupled onto the surface of the polymer, decreasing the risk of contact activation of

the blood coagulation process.

20
The invention also provides a wound dressing comprising a compound of general
formula (XV) wherein the carrier is a functionalised polymer of the type commonly
used in wound dressings and E or G is a peptide growth factor, a chemo-attractant
protein, a ligand or an analogue of one of these.

25

The invention also provides a method of treating wounds comprising applying to the
wound a dressing as described above. Also provided by the invention are (1) a
compound of general formula (XV) wherein the carrier is a functionalised polymer of
the type commonly used in wound dressings and E or G is a peptide growth factor, a

30 chemo-attractant protein, a ligand or an analogue of one of these for use in the



15 anal ogues of both, to functionalised polyners comonly used in nodern
coverings, may allow devel opnent of next generation, bioactive wound

dr essi ngswolo/osrstur t her exanpl e, dialysis tubing my be @emiGRBios®d W t h
the linker in order to allow heparin 40 be coupled onto the surface of the
pol ynmer, decreasing the risk of contact activation of the bl ood

coagul ation process. 20 The invention also provides a wound dressing
conprising a conmpound of general forrmula (XV) wherein the carrier is a
functional i sedequmbytnef wolinddientd V@ tioosoof yuchus edmipound im thadpepantigs ofird E
or Gis a peptide growh factor, a chenp-attractant protein, a ligand or
an anal ogue ofresRe Br uphiwdthe trosfmpREOf WS  on al so provi des a net hod of
treati ng wounds conprising applying to the wound a dressing as described
above. Al so provided by the invention are (1) a conpound of general

formul a (XV) Wheilkeinothdnaspat of te inwntof, thet iopmlvided dighydiytubmgafomprismet anpe

commonl y used, i und dressi.ngs d E or is a.peptide growth fact.o a
30" Chorm Sat ¢ r BEDARE SOmOuRg oF BSherg At O heicib carmes s BYPRESH APl
use in the VE%Q%@Q§Z§§§QQQJQE§Q§1@35@55héﬁuﬁﬁeatnent of wounds; and (2) the

use of such a conpound”in the preparation of a dressing for use in the
treatment of wounds. In still another aspect of the invention, there is

provi ded dial ysi s tubi conprisi,ng an 5 insoluble.c un f gener al
Pormul & (xv) WREREIHTG HUCE P THmETAPE sooBRgiier ol BRRt | R, C0e ARt B si s
tubing and E efrifs is% fRRRES ShitablelbP e RIRalydifIBibdrg SndPR QY GUi8 heparkOfoP Ak Of
general fornmula (XV) wherein the carrier 1s a polyner suitable for use in

di al ysi 90t ubi thg pseparatioprofdidlgsihepingin for use in 10 the preparation of
di al ysis tubing. The invention will now be discussed in greater detail wth
reference to the drawi ngs described bel ow and the Exanples, which are not

i ntended to b&hé in¥iehiiow will molW B3 Rscuss&hngrebto dsthidivat af@tdeCotthé daiwings of
BSA agai nst the am ne specific ] . o
described below and the Examples, which are not intended to be limiting.

15 FIGURE 1 shows the stoichiometric titration of BSA against the amine specific
fluorescent reagent FLURAM 1™, By keeping one reactant constant and gradually
increasing the other, a plateau was reached, indicating a point of equivalence. Since
the number of free amines in BSA is known, an estimate of the number taking part in
the reaction was made (21-25).

20
FIGURE 2 is an sodium dodecyl sulphate-polyacrylamide electrophoresis gel showing
the molecular weight of BSA compared with that of three BSA constructs, TMLSS5,
Tfa85 and BALSS.

25 FIGURE 3 is plot of absorbance units (AU) at 650nm vs. log concentration and
illustrates the solubility of linker BSA constructs (20-22) in 10nM ammonium
bicarbonate at pH 8.



fluorescent reagent FLURAM 1TM By keepi ng one reactant constant and
gradually increasing the other, a plateau was reached, indicating a point
of equi vawerisms7s8si nce the nunber of free am nes in BSA i PCHrGRM/0178
estimate of the nunber taking part i ™9 the reaction was made (21-25). 20
FIGURE 2 is an sodi um dodecyl sul phate-pol yacryl am de el ectrophoresis gel
showi ng the nol ecul ar weight of BSA conpared with that of three BSA
constructs, TM.85, Tfa85 and BAL85. 25 FIGURE 3 is plot of absorbance
units (AU) atFIGEREMVS.a by of abserhimaat urits (A8 ati 630nst vatleg cohesntratiomiahd t y
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650nm vs. | o%fg_gcent ration and illustrates the solubility of |inker-BSA
constructs (20-22) in 0.1Msodiumformate at pH 4.5. 5 FIGURE 5 is a pl ot
of absorbance units (AU) at 650nmvs. |og concentration and illustrates

the solupilit i_nker-BSA constructs .(20-22) 5, 10 of assi u

phosphat? at ﬁéﬁ?‘@{é Bl &Pﬁﬁg qf AbgorhpRe ‘Eﬁl&a&@r %taﬁég)émh H%g(cﬂwené amé%&ﬁ%ﬂ VS.
| og concentr gjj,@mt@Nthe 3Qubility Ui RilRS-BIE wabtalid i(20-29f ih | K eV BSRassium
constructs (24 and 27) in 10 'mM potassi um phosphate at pH 7. FIGURE 7 is
an sodi um doddwoyphatadtyikhé.e- pol yacryl ami de el ectrophoresis gel showi ng the
nol ecul ar wei ght of BSA conpared with that of BSA BAL, BAL55- 15 Conj,

BSA. TM. and TM.-conj. FIGURE 8 shows the HPLC anal ysis of the

BSA- TML85- epi tTORRE @NjsUg P& df2bsodbh@ unitty@(0) 35650t tvh. ol domdémekiborand
acid and shows that hydrolysis regenerated BSA- TM.85 and the epitope (13).
20 10 illustrates the solubility of linker-BSA constructs (24 and 27) in 10 potassium

phosphate at pH 7.

FIGURE 7 is an sodium dodecyl sulphate-polyacrylamide electrophoresis gel
showing the molecular weight of BSA compared with that of BSA.BAL, BALS5-
15 Conj, BSA.TML and TML-conj.

FIGURE 8 shows the HPLC analysis of the BSA-TMLS85-epitope conjugate (24) after
hydrolysis with 1N hydrochloric acid and shows that hydrolysis regenerated BSA-
TMLS85 and the epitope (13).

20
FIGURES 9 to 11 show the results of ELISA analysis of sera from mice immunised
with BSA alone (Figure 9) or with oxytocin conjugated to BSA using either BAL
linker (Figure 10) or TML linker (Figure 11). Both constructs are recognised by
antibodies raised to BSA alone, which is to be expected since BSA is the carrier
25 protein present within both constructs and thus provides a positive control.

FIGURE 9 shows that titres of antibodies that recognise both BSA-BALS55-oxytocin

and BSA-TML-oxytocin constructs are raised in mice immunised with BSA alone.



FIGURES 9 to 11 show the results of ELISA analysis of sera frommce

i muni sed wth BSA alone (Figure 9) or with oxytocin conjugated to BSA

usi ng ei twero3Bgds24 | i nker (Figure 10) or TM |i nker (Fi gur®CIXB03Bo10R
constructs are recogni sed by antibodites raised to BSA alone, which is to
be expected since BSAis the carrier 25 protein present within both
constructs and thus provides a positive control. FIGURE 9 shows that titres
of anti bodi esF tGIiﬁ% recogni se bot h BSA- BAL55- oxytocin and BSA- TML- oxytocin
constructs ardClatEdd shows dhati Hwemol 354 rneBweifivionad R dRloTrepdocin
PCT/ GB03/ 015 F 1 that -1it: B i d
BSA- BAL55- ox%t% 3‘??% dcsgéngs&t%cl)u%fé ?g%%%i ’I% %‘}lkgrlﬁ%@éeéld %ﬁh( %%%?,ﬁ%#&%g% th
BSA- BAL55- oxybostiuet. construct. 5 FIGURE 11 shows that titres of BSA
(non-specific) and BSA- TML85- oxytocin construct (specific) antibodies are
raised in mce inmmuni sed with BSA-TM.85- oxytocin construct. FlIGURE 12

BSA- TML absorfitiimE siie Viak.d 0 Y (WeTEN: om ¢
shift vvigtih i r?gr easi nlg gllg—(I{V?Sl %aétﬁl&éés g§p ot (g H?ﬁ%@sﬁ%%Tﬁggﬁﬁﬁgﬁ
versus pH. FloGuREct Ispdeifimrasibedice @eirssedrinspaet manofiseli withe BSPRTMIEES- of
post -di al ysis _buffer 1(%0 mM sodi um formate; pH 3.5); aprotinin-TM. and
BSA- TML at pH*¥2N® 14. Silver stained SDS-NUPAGE gel of proteins
and TML-NHS (15) treated protein sanples. FIGJRE 15. TMB

exposed- Extr Avi di nHRP treated PVDF bl ot of biotinylated 20 protein

sanpl es. Fl GIREURE HypeB8ArDMiLc abberntien i spe@BA-aTMarihsoppt ivatues pexdtibitingpon

dditi f .bhiotin-hyd [ . H 3.5 25 FlGcJ Ki i f
absor bante cAIRGEBESHAEHIR FUeRIbRE: (Bt < BB &F P e b § b
addi tion of hiegdukpHhydrazi de at pH 3. 5.

FIGURE 13. Fluorescence emission spectra of diluted samples of post-dialysis buffer
(100 mM sodium formate; pH 3.5); aprotinin-TML and BSA-TML at pH 12.

15
FIGURE 14. Silver stained SDS-NuPAGE gel of proteins and TML-NHS (15) treated
protein samples.
FIGURE 15. TMB exposed-ExtrAvidinHRP treated PVDF blot of biotinylated
20 protein samples.

FIGURE 16. Hyperchromic change in BSA-TML absorption spectra upon addition of
biotin-hydrazide at pH 3.5.

25 FIGURE 17. Kinetics of absorbance change at 324 nm for BSA-TML (o) or
Aprotinin-TML (m) upon addition of biotin-hydrazide at pH 3.5.

FIGURE 18. ELISA of samples from the kinetic reaction of Aprotinin-TML or BSA-
TML upon addition of biotin-hydrazide (same samples as FIGURES 16 & 17).



FI GURE 18. ELI SA of sanples fromthe kinetic reaction of Aprotinin-TM or
BSA- TM. upon addition of biotin-hydrazide (sane sanples as FI GURES 16 &
17). WO 08008M8344 PCT/ GB03/ 01505 51 FI GURE 19. Western blpot/GHo3gu®sched
sanples fromthe kinetic reaction of S1Aprotinin-TM. or BSA- TML upon

addi tion of biotin-hydrazide (sane sanples as FlIGURES 16, 17, 18 & 22).

The equi val ent Aprotinin and BSA sanples were pre- 5 mxed prior to

| oadi ng. FI GURE 20. Spectral changes in BSA-TM.-biotin upon acidification
to IMHCI. Dotted |line represents nornalised spectra for un-treated

BSA- TML- bi ot from ctra fo n di | ut S 10_FI RE 21.
N PACE i - ETGDRRCHEC whlial BRI AudrRhed Raftbled’ £Om> P kferid Srepdeidy b1
or BSA- TM.- biAgdrbtihit{TOIL s BSALTRIL @Iﬁbnt additidh BEbiotkbydtadien (saity Sdrhpled agnd
BSA sanples were pre-mxed prior to loading. 15 FI GURE 22. Western bl ot of

sanpl es fromFIGERESNES:i V. rida&t3Dn The capivaleninAncotinin ansi BSidnsagpples were pre-

BSA- TML-Di ot i ation to 1 MHC . Equivalent Aprotinin and BSA
sanpl es ierehg)r(éejd)ﬁ?oracﬁ lgérdifuéﬁ? to | oading. FIGURE 23. TMB

devel oped- Ext r Avi di nHRP treat ed glass slide el aborated with 20 am nopr opyl

silane, TM. |inker and biotin-hydrazide., A _image of devel oped sl ide;
t hr ee- di mensit6AEREs 20 a%i@cﬁfﬁtmgﬁsyln@% BYILbiglde fpem aélldlfi‘ﬁgo% It‘i)dé’[(%gpr OX.

area shown Qyot’g@@tlﬁ%dre dnts gbﬂ{ﬁeﬁ“ eag%/f lfrftrgﬁ%v\ﬁf EEAh a@% 'gﬂ,oﬁﬁ 37?‘5 cBd

pl ate showi ng biotin hydrazide treate een
derivitised witonhspebtra fordmddibnedeimpleane or 1, 4- di am nobut ane al one. Only
the TM_ derivatised wells show bi ndi ng of ExtrAV| dinto biotinin the

wel |'s (H)r oducing a yellow colour). FIGURE 25. QX3 m croscope captured i mage

of TM.-NHS amgGPiRgt 411 mﬁdPﬁé'Edgel o?@ NB{yl%@ﬁ%@h fRhimeRNa% tigPAsed to
Ext r Avi di n- HRP and devel oped with WO 03/ 087824 PCT/ GBOS/ 1505
biotin or BSA-TML-biotin upon acidification to 1 M HCl. Equivalent Aprotinin and

BSA samples were pre-mixed prior to loading.

15 FIGURE 22. Western blot of samples from the kinetic reaction of Aprotinin-TML-
biotin or BSA-TML-biotin upon acidification to 1 M HCL. Equivalent Aprotinin and

BSA samples were pre-mixed prior to loading.

FIGURE 23. TMB developed-ExtrAvidinHRP treated glass slide elaborated with
20 aminopropyl silane, TML linker and biotin-hydrazide. A, image of developed slide;
B, three-dimensional surface intensity plot of a section of the slide (approx. area

shown by dotted box).

FIGURE 24. Row of a Reacti-Bind microtitre plate showing biotin hydrazide treated
25 wells which have either been derivitised with TML-1,4-diaminobutane or 1,4-
diaminobutane alone. Only the TML derivatised wells show binding of ExtrAvidin to

biotin in the wells (producing a yellow colour).

FIGURE 25. QX3 microscope captured image of TML-NHS and biotin-hydrazide
30 treated EAH Sepharose beads exposed to ExtrAvidin-HRP and developed with TMB



52 reagent. Control beads (i.e. not treated with TM.- NHS or

bi oti n-hydrazi de were colourless). The experinents described bel ow

( EXAMPLESWO-03)p8m2enpl i fy the utilisation of a 5 charge-ba&Carcrod/ioliosker in
the controlled conjugation of an epit®pe to bovine serum al bum n (BSA)
carrier protein. A series of in vitro solubility and in vivo inmunisation
experinents is described that clearly shows the superior characteristics of
a charge- bal anced |inker construct for the generation of an anti body
response to aragemunOgerol bealie (x emyl trdateddatvith iTME-NEScoi betindsdfaaideowste 10
1. Synthesis of exanple epitope and |linker structures 2. Solubility
studies with ®M¥1SSHker constructs 3. Solubility studies with

BSA- | i nker-epitope constructs 4. Chenmical analysis of BSA-I|inker-epitope
constructs 15 5. Imuni sation studies with BSA-I|inker-epitope constructs
Experinmental Mt bepisindits dewgbed belver EEXAMMED I ¢f) exemplifyrthrecutdisation of a

avai |l abl ¢ qual n sed cei ved. Unless othe se stated
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an "Fnoc/tBu" procedure (see Atherton, E and Sheppard, R C. in Solid

Phase Pept i deexpgriteatsiis: descrrheédhatcdear]gmim‘escﬂw supqrior mhe@gtenimgoﬁ a shargetar d

Fnoc ami no ac obt ai n m Che nat i ona Whod Dal e,
R i T et e T S A S P R oS

N- 8 trinet hyThé/@{dﬁq)hﬂ@ﬁh@l{lls\@&rwéﬂ@@ﬁﬁﬁdxsf rom Bachem UK Ltd. (St. Hel ens,
UK), along wth Fluram (fluorescam ne). PS-carbodiimde resin was obt ai ned

from ArdBnaut Technol ogies (Mittenz, Switzerland). Al solvents were
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. Solubility studies with BSA-linker constructs
. Solubility studies with BSA-linker-epitope constructs

2
3
4. Chemical analysis of BSA-linker-epitope constructs
5

15 . Immunisation studies with BSA-linker-epitope constructs

Experimental Methods

All reagents were of the highest commercially available quality and were used as
20 received. Unless otherwise stated all chemicals and biochemicals were purchased from

the Sigma Chemical Company (Poole, Dorset, UK). All solid phase synthesis was
performed using an “Fmoc/tBu” procedure, (see Atherton, E and Sheppard, R. C. in
‘Solid Phase Peptide Synthesis: A Practical Approach’, IRL Press, 1989.) Standard
Fmoc amino acids were obtained from Chem-Impex International (Wood Dale, IL,
25 USA) and Novabiochem (Nottingham, UK) with the exception of Fmoc N-e-
trimethyllysine, which was purchased from Bachem UK Ltd. (St. Helens, UK), along
with Fluram (fluorescamine). PS-carbodiimide resin was obtained from Argonaut
Technologies (Muttenz, Switzerland). All solvents were purchased from Romil

(Cambridge, UK). Solid phase syntheses were performed manually in a polypropylene



syringe fitted with a polypropylene frit to allow filtration under vacuum
Anal ytical HPLC was perfornmed on Agilent 1100 series instrunments including
a GL311A wouawerspary punpi ng system with a GL322A degassipag/GRydol®sand a
GL365B nultiple wavelength UV-VIS dei3ector. Data were coll ected and
integrated with Chenstation 5 2D software. The anal yses were perforned on a
Zorbax, 5m C8 reverse phase colum (150 x 4.6 mi.d.), at a flow rate of
1.5 mM/mn, nonitoring at 215 and 254 nm El uents used were (A 0.1%
trifl uoroacet i;}uirgeiﬁtteidnwi/thtaepolgprdpﬂa)e 8fi%o allost Gliration lvedé0Yscelime AnaBtizald
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equi li bration. Conpounds were purified by seni-preparative HPLC, using a
Phenomenex J umavécngth UéMdiSsdetgtters datomermeIR§@dendOintagrated] w)ltha@hfanStatmn

rate of usi ng, t he .e nent and el uent escri bed above.
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using Centricon centrifugal filters 50, 000 MACO) (Mlllpore MA, USA) and

purified by dhal yEluentashsed SieredAd- Dy} ertnﬂuoraawxcsa@ésgetwaégr end, D09 )

(Pierce, USA) . ul,a stl nat i ons and
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aci d S) Hhenfismaining c ipitis: icoRdigens frce dpthergd tREUIRENOF aléawrekugnn re-

instructlons t ryie t
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using the gel PhenvniegekiJtipidr G4 tavege phasermblinom (250es &0 traiiah) gur ﬂmest,e ofgel s

were scanned at 300 dpi resolution using grey |l e false coIo i C Jet
25 Prol 175c; PEAMIBY PS%éﬁ%Pwpmmﬁnémlm%fl%eE?f? 8b%yes 3 %rawlg qo

in Mcrofl UOEOA{%?&@SVWASJ défh‘fﬁlﬁ@ pA@flé?ﬁ 110y %ﬁes-r 'Il@/mlj-'esegt?(?%?%m ss UK)

using a Gemni at e reader ciecu Devi ces, W ey, UK tored
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Devi ces), car
dialysis cassettes (10,000 MWCO) (Pierce, IL, USA). Molecular weight estimations

and purity of the BSA conjugates were made by polyacrylamide gel electrophoresis in
the presence of sodium dodecyl sulfate (SDS-PAGE) using 4-20% NuPAGE gels
20 (Invitrogen, Paisley, U.K.) employing the 3-(N-morpholino) propane sulfonic acid
(MOPS) buffer system (Invitrogen) according the manufacturers instructions. Protein
visualisation was carried out using the SilverExpress stain kit (Invitrogen). In all cases
the gels were dried using the gel drying kit (Invitrogen) and for presentation purposes,
gels were scanned at 300 dpi resolution using grey scale false colour (Officelet
25 Prol175c; Hewlett Packard). Fluram fluorescence assays were carried out in
Microfluor W1 96-well microtitre plates (Dynex Thermo Lifesciences, UK) using a
Gemini plate reader (Molecular Devices, Crawley, UK) and monitored at 390 nm
(excitation) and 460 nm (emission). Turbidity measurements were made at 650 nm
using a Spectramax384 96-well plate reader (Molecular Devices), carried out in 384-

30 well PS microplates (Labsystems, Basingstoke, Hants, UK), while Bradford assays



30 well PS mcroplates (Labsystens, Basingstoke, Hants, UK), while Bradford
assays WO 03/087824 PCT/ GB03/01505 54 were neasured at 595 rimin 96-well
PS m cr opwatess8&F ei ner Bi o-One Ltd., Stonehouse, d ouce®CarGBIBNEI5UK) .

| mage capture, analysis and processing. |nages were captured using a

Hewl ett Packard C7710A scanner enploying HP Precision ScanPro 3.02
software on default 5 settings. Inages were routinely scanned at a m ni num
resolution of 600 d.p.i. using true color (32 bit). Inages were narked with
| egends enpl oyereguiéaveedoatnt95 (dvh cino 964wel ICARS .mhicrdpiaese (Ginzhers Bso-Gnd Ltd.,
processi ng wagtpcahrﬂri ed _out usin b geJ software
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sol i d phase tRxhaidg(@%l(%s eeanAtthemploping H1R RdeciGhe Spanftio 3R)2 ©ftwane oSalelailt
Phase Peptide Synthesis: A Pracﬁi al 8;35%0 ch'...|IRL Pr?s[s, stoﬁ%gﬁ? to
provi de Phe diliTEsd IBMRELARHS ORHIEE SEAPRGRLS P rosyTutiog N HORAR L titiee
stored as the Crs vitd 4. 1 e vagt | chiptSiRY P r
of the Iinkertsrlflé ?C‘(l%lS(ﬁ 53? bil%) \%%?geesff&égeﬁf}i}r%égeﬁ%egég\%ﬁ requi@e?oq%rﬁlﬁ-lﬁNﬁz
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anal ogue (13) so%?wa\%\g(ﬁ%ﬁr%g?n o.nﬁlc.:gévu .3/ 01505 55 CH CGH3  CH 3

10 EXAMPLE 1 - Synthesis of Example Epitope and Linker Structures

Synthesis of the oxytocin analogue (13) and linkers (14-19) proceeded smoothly using
standard solution chemistries and Fmoc solid phase techniques (see Atherton, E and
Sheppard, R. C. in ‘Solid Phase Peptide Synthesis: A Practical Approach’, IRL Press,
15 1989) to provide the desired compounds in good yield and purity. The linkers were
stored as the free acids (14, 16, 18) and the activated succinimide ester of the linkers

(15, 17, 19) were freshly prepared when required.

NHNH,

S S HN

Ac-Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-Gly-Lys-NH, 0

Oxytocin analogue (13)

20



OCHI | ooH~0 \ NN - R HOTrinethyllysine linker (TM.) (14) R = OH
(15) R=0Cu O O™ O OR Backbone am de linker (BAL) (16) R= O (17) R =
OSu 0 F3wpfsjoestet OOH OO H \ ONNV RHOTrifluorocatGBoBysione
linker (Tfa) (18) R=0OH (19) R=0S% 5 A Synthesis of Oxytocin Anal ogue
(13) Oxytocin anal ogue (13) with the sequence (one letter code) Acetyl -

CYl QNCPLGK( COCH2CH2CONHNH2) - NH2, was synt hesi sed manual | y usi ng WO

03/ 087824 PCT/ GB03/ 01505 56 Fnoc/tBu protection strategy on TGR resin
(0.25 g, 0.05 mml, substitution: 0.2 .,
|}CH3
N~CH,

(I) OH
K@\ o H 0
N
H

O

Trimethyllysine linker (TML) (14) R = OH
(15) R=0Su

0 OH
k@ o
O/\/\/LKR
Backbone amide linker (BAL) (16) R = OH
(17) R=0Su

0]

PN

FsC” “NH

N
O| OH
K@\ o) 0
H
/\/\)J\ N\)J\
(0] N R
H
(e}

Trifluoroacetyllysine linker (Tfa) (18) R = OH
(19) R =08Su

A. Synthesis of Oxytocin Analogue (13)

Oxytocin analogue (13) with the sequence (one letter code) Acetyl-
CYIQNCPLGK(COCH,CH,CONHNH,)-NH,, was synthesised manually using



mol /g). Coupling of the Fnoc am no acids was acconplished with an

HBTUW HOBt nethod utilising dinethylfornmam de as the solvent, using 3

equi val enwe 00/082d no acid and coupling reagents w th respPETtGRI/01508

| oadi ng of the resin. The Fnoc group as 5 renoved by a 15 mn treatnent
w th 20% pi peridine in dinmethylformam de. The G term nal |ysine residue
was i ntroduced with Dde side chain protection, to allow orthogonal
deprotection at a later stage in the synthesis. After Fnoc deprotection of

the final redinpsdBut protaqtior rsiiriegy amad Ghlc sasin 49-88 210 Oy mareels isebsditubica: iHe (48

L, 0.5 mol)_and did ro | am. iy
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chai n r enoveenathddut2%ify diesthyiformbmidd a¥ahd ydll et i ef@valddts oF aminoligd f r ee

am ne of the lysine side chain was extended by reaction with succinic
anhydri de (5@AWOURlmE: Ragdnfs With resnesbior bpypading phiherissipgBhe Fmog greumifgs) in

di et hyl 4 or 1 f 2 i . X i
sol uti onsf i nnglgﬂlng%?yﬁ 8r1n%§e%@%%%%§%@t%? ?Yr? 1@%@%@1%%(1%8%{%%?
Final 15 cl eastagealofysinkerepidpe ivie fitodutddewithsDde viade plih oprotedtion, th Sovb%

trifluoroacetic acid/ 2.5%triisopropylsilane_ / 2.5% water 2. 5%
et hanedi t hi ol° agorwgﬂ@plio@rlﬁl} at grlaterstag theméthe&ig %EmP%ﬁ‘%PF@&PCBS?n of

filtration a ' : i | Rt :
The crude pro u?:i? glv\i[/aégid%?’g%ll%pi tat eg&gﬁ% \%\ge&sﬁgtggvx\}st c%}lgg%ﬁ/ale (?grr{l?»gﬁ?w
et her (3 x 5@nmbl),andedicopropgletitylangindi(43 ily d25 mrb@Yoif diméthplf@tmanmiide ifére2 and
| yophi |l jsed. ,20 Th eptjde was rezdi ssal ved i n .amoni um bj te (0.1
M pH 810 o ol e ReGRom 66 e dnaine siai<Del THOPHY HyhCubBHOErs R de
(1.5 eq) for #pethyISrmanlids f&CAChtRNTHAESRRIdRHe B&in’e@id%%haﬁﬁvﬁs@gtéﬁdw

Ellman's reagent and finally quenched with 10% (ad) acetic acid (in

excess). The hyirraatioa wigls sucpimphinbyddde (hOcng, Orbmamel)dnd fidsopmpylatihdaming (43

i - t - HPLC. Yield: . 24ng. . 0,019 | . .25 37% ESI-NS ;
19615 (oal ooty Qb in digfereotiitiaC P o hdEh apg fiin Hydiaghnd pARIELE: o
Synt hesi s of {9SsdifasdaxyirRitoeasRaRking BBIE/IdBt ihrsktess)y iy driwuys. Final

phenoxyzgent anoyl am no)pentyl)trinethyl ai nnonium (14). The_ conpound was

SKlnt hestsed redgsvage 9f the pepfidersem tisurepinovaserformed withdgy Yo friffuorgrgetic acid /
ityl i 0 0. , _ i i :
Coubsti tut ) ort ¥ BishioBRtpsd e FEsRRARHoNab B9 Kt For 75 mins.

The resin was removed by filtration and the filtrate was concentrated by sparging with

nitrogen. The crude product was precipitated and washed with cold methyl tert-butyl
ether (3 x 50 mL), before being re-dissolved in 50% (aq.) acetonitrile and lyophilised.
20 The peptide was re-dissolved in ammonium bicarbonate (0.1 M, pH 8) to a
concentration of 100pM and oxidised using hydrogen peroxide (1.5 eq) for 45 mins.
The reaction was monitored by LC-ESI-MS and with Ellman’s reagent and finally
quenched with 10% (aq) acetic acid (in excess). The mixture was lyophilised once
more and then purified by semi-preparative RP-HPLC. Yield: 24mg, 0.019 mmol,
25 37%. BSI-MS m/z: 1291.3 (calc. for M + H' 1291.5). HPLC retention time: 3.44 mins.

B. Synthesis  of  {5S-(Carboxymethylcarbamoyl)-5-[5-(4-formyl-3-hydroxy-

phenoxy)pentanoyl aminoJpentyl}trimethylammonium (14).

The compound was synthesised manually using Fmoc/tBu protection strategy on 2-

30 chlorotrityl resin (0.19 g, 0.19 mmol), pre-loaded with glycine (substitution: 1.0



57 mmol /g). Fnoc-Lys(M) 3-C0H was doubl e coupl ed using an HBTU HOBt net hod
wi th di net hyl formaini de as the solvent and 3 equival ents of am no acid and
coupl i ng woaagemses with respect to the | oading of the resiPCT/GHBI8/0F¥SC gr oup
was renmoved by a 15 min treatnment wii’h 20% pi peridine in

di met hyl f ormam de. Coupling of 5-(4 5 fornyl-3-hydroxyphenoxy) pentanoic
acid (BAL) (16) was acconplished with a

benzotri azol e- 1-yl -oxy-tris-(di net hyl am no) phosphoni unhexaf | uoro phosphate
(BOP)  ( BOP/ HaBwgl/gre Fhnod-Iuts(VMepiOlj wasrdotble fooupiedi wingasn tHRTEMOBN nainet 3
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d filtratign and {he pooled filtrat S ncentrat ed. spar gi n
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acetonitrile and |lyophilised. Finally, 15 the conpound was pUI’II?Ied by
seni - pr epar at (E@P&ﬁ)ﬁpmth@d]gﬁm@ dimesleyl fosmempdsosettie selivent] apd Fhéduiredentoat e
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5S-[(2,5-Di Oxﬁipkéﬁﬂihbi tiéatmdnty Wax YREnBANW FEhON hep b myineddat]l Bre( Ah@foxyl -
20 3- hydr oxyphenoxy) pent anoyl am nol pent yl ﬁt ri met hyl ammonj um (15%%1'31 Conpound
(14) (350, powtien ©) Bddhs Filak slspvagg of ihefipkarHjdm draviesingwas periprined grith

added to a st| i - il .de: .3%5 )

di chl or onet halfq'\ée‘;e?a?(sl% %k%e@%%txﬁﬁ&%‘%gg aél{a: lﬂgié%%%grrn n%ieﬁéh Se c][%n)élst ﬂée
addi tion of hshyduoxemseradi by filttation @8d nis p&oled ﬁ%]tfambv)as dbﬁ(?ﬁ‘tr&ftedi biysparging
di met hyl formam de (1 nlL). 25 The reaction was then stirred at room
tenperature aft rﬁ%&Pg%’r ﬁéle isjudamredygh ovas Precapfated ashwashed gvifhs sold mpethyldestn

was renoved b i i . 5 ; L : nd
Uaed wi thout - Puip} pbR beRfle bl rSNEg BTN B o BEH SRRkt SRRV
nz: 563153 ( c#iecconimnniViwashpurBied. ) sentiprcparaiverRE-6IRLC, e pute Foactivnsspoddéd D.
5-(4-Tormyl- 3_arr11c¥ y%Sﬁj’fi@Qf Qr?c)é%gr% % ?/ﬂe?d 2(1:1’1 (?f% Iw‘iilitg '3’@1'{3 S}u]a'l?i) 35 mg, 0.075 mmol, 39%.

ESI-MS m/z: 466.2 (calc. for M + H' 466.26). HPLC retention time: 3.75 mins.

C. {55-[(2,5-Dioxopyrrolidin-1-yloxycarbonylmethyl)carbamoyl]-5-[ 5-(4-formyl-

20 3-hydroxyphenoxy)pentanoylamino]pentyl } trimethylammonium (15).

Compound (14) (35 mg, 0.075 mmol) was dissolved in dimethylformamide (2 mL)
and added to a stirred solution of PS-carbodiimide (288 mg, 0.375 mmol) in
dichloromethane (10 mL). The mixture was stirred for 20 mins before the addition of
N-hydroxysuccinimide (9 mg, 0.075 mmol) dissolved in dimethylformamide (1 mL).
25 The reaction was then stirred at room temperature and monitored by HPLC until
completion (5 hours). The resin was removed by filtration, the solvent removed in
vacuo and the compound used without further purification. Yield: 38 mg, 0.068 mmuol,

90%. ESI-MS m/z: 563.3 (calc. for M + H" 563.3). HPLC retention time: 4.16 mins.

30 D. 5-(4-formyl-3-hydroxyphenoxy)pentanoic acid (BAL) (16).




WD 03/ 087824 PCT/ GB03/ 01505 58 2, 4-Di hydr oxybenzal dehyde (10 g, 0.072 nol)
and spray-dried potassiumfluoride (8.4 g, 0.144 nol) were stirred

vi gor ouslwoawB/o8B8& f or 20 mins in anhydrous acetonitrile @ECIGBWNIS05

Met hyl - 5- bronoval erate (42.3 g, 0.21658nml) was added in one portion and
the m xture brought to a gentle reflux for 5 hours. The reaction was
allowed to cool to 5 roomtenperature and the solvent renoved in vacuo. The
residue was partitioned between water (100 nlL) and ethyl acetate (50 nL).
The aqueous vig4-Dibghiexybeniadchyrte () gy Q.07 &mhl) land spiagtdeied posasS@mriioridad8.#he
conbi ned organi . back:washed wi.th water i ed over anhydrqus magnesi.um
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re-crystal | i sg8o kIQMVeiRers-krdthovhikraad (it @Des () Whe addERSn 48 BEMM'an@St er
obt ai ned was di ssol'ved i'n tetrahydrofuran g120 mL)” and stirred "“vigorously
at room t enpdhamixtere troughtite agshile refluxvias 5 hdars dThe tehétiom Wgsdillosieddo cBoltog,

0.088 nolL) dissolved in wat rg&gml% and tdhe m xtu sti.rred for 4.hours.
The sol vent WaY [PERGENYS; %v YR TPREVEL L PEHG: O SRS RS AR g
with water (Htwbeh watePsIBOmIMafi@ eyl RedtBleNO Mgy rhbWgMéoBtNRr wisheX twikenl)

acidified to pH 2 with conc. 15 hydrochloric acid and extracted wth ethyl

acetate (4 x morenwith eitnd aselietsi Fed 30 mI) andctbe ombined enghuigd havletwashgs witbus

i I . fi ted .t to gi whi t
Cor T pr oduct gk Brigh ok bERAL AR FUARGLA SR G oRpGtel B MIAE
br.s), 9.69 (T resylting rediloil Wik rederystaibiséd filéh, etifer 10 tlh.and GeptdmS(20, mLR TheHz) ,
6.40 (1H. d, J=2.2 Hz), 4.02 (2H t., J=5.9 Hz). 2.44 (2H, t, J=7.0 Hz),
1.84 20104H mW§thylysstepgabgained peps essaived  padetiiahydigfran £ dR0NmL) Hand 3girgg) |

HPLC retenti | qe: 4.1 -4 k- 3- t~anoi c

aci d 2, 5- di o%ﬁ%ﬁr"?o ot Rt By Rfacude: @&ﬁéﬁl%%ﬁaﬁé‘%{ BENERROERRAIAS ©

(4.2 g, 5.5 nnmdd mobslisubied madedter fo@int land drahixane siid&d for )4 hosts. Thedolfeit 5

mns to swell the resjn. Conpound (16 1.0.9, 4,2 nnol s added

di ssol ved in WRCHABPYhEt HasHe e&cg tmfeéhémt Y residus m@%r%ﬁswam@oflama

m) lt )he;“ ggol ygg@fﬁﬁ% St Bt ittty P EihbE (Y Ars0MBY Gleldidl #SpH G fh Toné: O
15 hydrochloric acid and extracted with ethyl acetate (4 x 30 mL). The combined ethyl

acetate was dried over anhydrous magnesium sulphate, filtered and evaporated to
dryness to give a white solid product. Yield: 9.86 g, 0.041 mol, 57%. 'H NMR
(CDCls) 8: 11.26 (2H, br.s), 9.69 (1H, s), 7.41 (1H, d, J=8.6 Hz), 6.51 (1H, dd, J=8.6,
2.2 Hz), 6.40 (1H, d, J=2.2 Hz), 4.02 (2H, t, J=5.9 Hz), 2.44 (2H, t, J=7.0 Hz), 1.84
20 (4H, m). mp: 88-91°C. ESI-MS m/z: 239.1 (calc. for M + H' 239.08). HPLC retention

time: 5.34 mins.

E. 5-(4-formyl-3-hydroxyphenoxy)pentanoic acid 2,5-dioxopyrrolin-1-yl ester
(BAL-OSu) (17).

25 PS-carbodiimide resin (4.2 g, 5.5 mmol) was suspended in dichloromethane (45 mL)

stirred for 5 mins to swell the resin. Compound (16) (1.0 g, 4.2 mmol) was added,
dissolved in dichloromethane (10 mL) and the resin mixture stirred for a further 20
mins before the addition of N-hydroxysuccinimide (0.46 g, 4.0 mmol) dissolved in

dimethylformamide (4 mL). The reaction was then stitred at room temperature and



di met hyl formam de (4 nL). The reaction was then stirred at roomtenperature
and WD 03/087824 PCT/ GB03/ 01505 59 nonitored by HPLC until conpletion (18
hours). TWe mse8isa4 was renoved by filtration, the sol vent PC&EGRM1508 vacuo
and the final product re-crystalliseddromisopropanol. Yield: 1.3 g, 3.8
innmol, 92% ESI-M5 mfz: 336.1 (calc. for M+ H+ 336.1). HPLC retention
tinme: 6.18 mns. 5 F

[ 2S-[ 5- (4-fornyl - 3- hydr oxyphenoxy) pent anoyl am no] - 6- (2, 2, 2-trifl uoroacetyl
am no) hexanoymhatiitored bg EIRLC atilccomplejon((18 hourkh & heangin wad revasvedyhyt filasiiosd
manual |y by solid phase synthetic nethods, using Fnoc/tBu protection
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hydr oxybenzotri azol e (HBTU HOBt) nethod utilising dinmethylformm de as the
sol vent, Yusi ng 3 equival ents of am no acid and coupling reagents with
respect to the | 0adiRga0brhies-he@bRyphbiSx /TG ay RidindRs (2,8 MMaHolYcddyll S
mn treatment with 20% 15 prperidine 1n dl nethyl f or mam de. Coupling of

5- (4- f onnyl - 3athipd)hexspiyéanirg jacetpeavidfal(18si d (BAL) (16) was achi eved as

above using activation. A final, 20% .piperidine trea nt s,incl uded
fo T emove any B CpPrgIaas stntruccs. ORaRy P Sk Bhrsn SR aneiApds RiRg
cl eavage of tﬁﬁoé/tﬁ\f?ﬂotédﬁ@ﬂbﬁrﬁt@gi 68 D BhWRStriBR kP (B V0.8 Pm&I§\RE-2daded with
treatnents of 5% trifluoroacetic acid in dichloronethane, each for 5 mns.

The 20 A8sin ghisine érvbstitatioy 1.0 mopel{s) ohounkias ol Emeedlystl f)-OfF wavasgamplished

concentrated by, s i ith nifrage Th [ I t i..Dht at ed
and washed wit hc%?%&%ﬁﬁ%%%??-’ f’nglyﬂ3’gftﬁ%?I,ﬁet§g$6r e&gfg?%(ﬁg\ﬁg%l’ %sgg%tp}&%d in
50% (aq) acet pyirbtyblefzAszoly QRIBTU/SEIBt) Fnshbd yutilisidpe danehplnehantde pgr ttei ed

by sem -preparative RP-HPLC, the pure fractions pgoled and |yophilised
once nore to §alesny wsingn teguiyalenis, of\graing acidoandgcoupling seaggpip witibrgspecptp ths) - g
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15 piperidine in dimethylformamide. Coupling of 5-(4-formyl-3-hydroxyphenoxy)
pentanoic acid (BAL) (16) was achieved as above using BOP activation. A final 20%

piperidine treatment was included to remove any ester formed at the 2-hydroxyl
position of the BAL. Final cleavage of the linker from the resin was performed with
several treatments of 5% trifluoroacetic acid in dichloromethane, each for 5 mins. The
20 resin was removed by filtration and the pooled filtrate was concentrated by sparging
with nitrogen. The crude product was precipitated and washed with cold methyl tert-
butyl ether, before being re-dissolved in 50% (aq) acetonitrile and lyophilised. Finally,
the compound was purified by semi-preparative RP-HPLC, the pure fractions pooled
and lyophilised once more to yield a white solid. Yield: 49 mg, 0.095 mmol, 32%.
25 ESI-MS m/z: 520.2 (calc. for M + H' 520.1). HPLC retention time: 5.12 mins.

G. [28-[5-(4-formyl-3-hydroxyphenoxy)pentanoylamino]-6-(2,2,2-trifluoroacetyl

amino)hexanoylamino]acetic acid 2,5-dioxopyrrolin-1-yl ester (Tfa-OSu) (19).

Compound (18) (49 mg, 0.095 mmol) was dissolved in dimethylformamide (2 mL)
30 and added to a stirred solution of PS-carbodiimide (375 mg, 0.475 mmol) in



am no) hexanoyl am nol acetic acid 2,5-di oxopyrrolin-1-yl ester (Tfa-QOSu)

(19). Conmpound (18) (49 ng, 0.095 mml) was dissolved in dinethylformam de
(2 nm.) 30wendosmded to a stirred solution of PS-carbodii mpde/G®35H139§, 0. 475
mol ) in WO 03/087824 PCT/ GB03/ 01505 6060 di chl oronet hane (10 nmL). The

m xture was stirred for 20 mns before the addition of

N- hydr oxysuccini mde (11 ng, 0.095 mmol) dissolved in dinethylformamde (1
m.). The reaction was then stirred at roomtenperature and nonitored by
HPLC until cdicib@nidaneS10ir)s The Thigturesin stivas] foe20\vais bgfdre Hieralditom, oft he

sol vent renoved in 5 vacuo, and the conpoun se i.t hout . f.urt her,
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hydr ogen _phosphat e ffer (85,L)., Fl ur s di.ssol ved.in acetaopigyile. (1
ng/nL) afd 5 Y4<HP _aPﬂE the S pbhudin Rt PB‘&’_@??%\%W ield; 5§éaga§‘ﬂ¢;§%%d
to react forgfy,masnirelnr 61722 (dUOTGIAONGE6 1L RFHPY NRFen@bh &infte§.64 kBins.

Stoi chionetric Evaluation of BSA Acylation. BSA was dissolved in 0.1 M
sodi um acetate (pH 7.25) to produce a 10 ng/m, solution, of which 10 L
was transferrg i | plJ cat i ni.o I cpnt ai-ni 60 L di-basic

sodi um hydr ogjggwg%féoﬁﬁf@rsqdfﬁ% b%ﬁ'@&ff boggglgﬂs of the sanples was
20 transferr efyafh Ax8ayt e plate with double dilution into di-basic sodium

hydr ogen phosphate buffer. Fluram was di ssolved in acetonitrile (20 g/ nlL)
and 5 L100. 1 est sasplemmrotandard ¢1Ri l)swasaddedh tavars assavi pkte wel gentaiping di-basiced

and allowed to reagt for 5 14N r fil C i -
obt ai ned. 25 ﬁdé%ﬁ’é'tdlr%en&’fhogg“ﬁ?i?ﬁ & Gy g%@ﬁ%ﬁ%@% ihEinile 0 5
nmol ) was di sg@lmEfahd5 QLlofMhisadiitioh aeetadtiel {(oleath welilHnTxedsgndaitldwed delsct o

BAL-OSu (17) (2.5 ng, 7.46 nol), Tfa-OSu (19) (4.6 ng, 7.46 nol) or
or 5 mins before a fluorescence reading was obtained.

15
Stoichiometric Evaluation of BSA Acylation.
BSA was dissolved in 0.1 M sodium acetate (pH 7.25) to produce a 10 mg/mL
solution, of which 10 uL was transferred (in triplicate) into wells containing 160 pL
di-basic sodium hydrogen phosphate buffer (0.1 M, pH 8.2). 85 pL of the samples was
20 transferred across the plate with double dilution into di-basic sodium hydrogen

phosphate buffer. Fluram was dissolved in acetonitrile (20 pg/mL) and 5 pL (0.1 ug,
359 pmol) of this solution was added to each well, mixed and allowed to react for 5

mins before a fluorescence reading was obtained.

25 Preparation of BSA-Linker Constructs (20,21,22).
BSA (2 mg, 29 nmol) was dissolved in 0.1 M sodium acetate (1 mL, pH 7.25) and
added to BAL-OSu (17) (2.5 mg, 7.46 pmol), Tfa-OSu (19) (4.6 mg, 7.46 pmol) or
TML-OSu (15) (4.2 mg, 7.46 pmol) each dissolved in dimethyl sulfoxide (0.5 mL).
The reactions were stirred at room temperature and the disappearance of free amine

30 monitored with Fluram. Once complete (approx. 2-3 hours), the reaction mixtures



TML-OSu (15) (4.2 ng, 7.46 nol) each dissolved in dinethyl sulfoxide (0.5
m.). The reactions were stirred at roomtenperature and the di sappearance
of free awpDra/08B240nitored with Fluram Once conpl ete (ap@mCaxGB03AOB0ROUrS) ,
the reaction m xtures WO 03/087824 PGH/ GB03/ 01505 61 were dialysed (3 x 2
L) agai nst 10 mM amoni um bi carbonate (pH 8) and the products anal ysed by
gel el ectrophoresis. Bradford Assay. 5 A standard BSA solution (0.5 ng/nl)

was prepared and a_range of volunmes (0 - 15 L) . added to well ont ai ni ng
wat er to gi v&eEe fishged V8| xirke Lorageinst éﬂ.qu AT 1°arm%@ﬁ5§)pﬁn fhe he

test sanple I il i cate) containing water (95 L).
Br adf ord reaé%ﬁ%l&?%ﬁ%y%e@)%%él'teéuﬂé%htg%ﬁggd to both standard and test wells
and the solutions mxed with a nulti-channel pipette. The plate was then
left at room10 tenperature for 5 mns before UV neasurenents were taken.
Protei n concBRARI418Y- were determined by conmparison with the standard
curve gener ape . : trigts
(20, 21755 2t ra B3 soRidtpld L i NPTNAS FRGRIR &1 ERfigg of (hgiesto L1
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preparation derived from(21) was adjuste ng/ mL. 40 gL of each
sol uti on wasselntierst erikedl withtao mudti-ckannich pipeittp!l Tbat plpteotvas the-lok| at room

mcrotitre plate and 20 QgL . of C anpl e was, 20 transfer r .
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were al | owedwlefe E&EEnih& BEEdthpHsbh With\(BE stdiliafd agvogémiged rBIN.t Yy
measurenents were taken. Solubility Measurenments of BSA-Linker Constructs
(20,21,22) at pH4.5. 25 1 nL volunes of the BSA-|inker constructs

20, 21, 22) i [ ' (o] huf r to
<(31ppr oxXi rra% el )$ OQWW?‘#QSQ@%EP%%F%J @éﬁlggﬁ%&g@’%’ggi étfb ug'al filtration.
These filterg mere thbBsLdpkayeamdsinicts @021)22)exchangduny Bicabsndte buffer was

15 concentrated to approximately a fifth of its original volume by centrifugal filtration

and the protein concentration assessed by a Bradford assay. The concentration of the
BSA-linker constructs (20) and (22) was adjusted to 5 mg/mL while the preparation
derived from (21) was adjusted to 4 mg/mL. 40 uL of each solution was transferred
into wells (in triplicate) of a 384-well microtitre plate and 20 pL of each sample was
20 transferred across the plate with double dilution into ammonium bicarbonate buffer.
The samples were allowed to come to equilibrium over 30 mins before turbidity

measurements were taken.

Solubility Measurements of BSA-Linker Constructs (20,21,22) at pH 4.5.

25 1 mL volumes of the BSA-linker constructs (20,21,22) in ammonium bicarbonate
buffer were concentrated to approximately a fifth of their original volume by
centrifugal filtration. These filters were then employed in solvent exchange process to
replace the original ammonium bicarbonate buffer with a sodium formate buffer (0.1
M, pH 4.5). This was achieved through cycles of dilution and concentration with the

30 new buffer (approx. 5-6 cycles) until the theoretical ammonium bicarbonate content



repl ace the original ammoni um bi carbonate buffer with a sodiumfornmate
buffer (0.1 M pH 4.5). This was achi eved through cycles of dilution and
concent r awooa/osiseh t he 30 new buffer (approx. 5-6 cycl es) PamtGBO3 WIS

t heoretical anmmoni um bi carbonate cont@nt WO 03/ 087824 PCT/ GB03/01505 62
was bel ow 1% The protein content of the concentrated preparations (now in
formate buffer) was then assessed by a Bradford assay. 40 L of each
solution was transferred into wells (in triplicate) of a 384-well
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keepi ng one twibalityancasommsintaweramakenr adual |y i ncreasing the other, a

pl ateau was reached indicating a point of equivalence (Figure 1). Since
the nunber of free amnes in BSA is known an 15 estimate of the nunber

t aki ng part iRestldeaddePRbiRPaWas made (approx. 21-25). Three BSA-Ii nker
constructs containing TI\7L85_r&§O), Tfa85 (21) and BAL85 (22) were initially
prepared, vi dobbilpyi o BhiA-hinket iGonstearts i(2032)% Ip16rded 7o ai@ps tho approximate

it el % - % di f. i ! estimted b
Pl i am 35 moftPBé At ARAR IR i GRS o el SR e Shtie el ot 6o,

gel el ect r ophesiebistor confupatitagla koeh@REEE thlhfTnTIRe tecti REWLE anVhigbt
conpared with the native BSA (Fi &ure 2). The BSA- TML85 (20) construct

proved a hi giPSeile diyaressenr sageny (Herem) candi BS4A Q@@dperﬁ&n&é-u&uke%’mgﬂ@gbi ]'Ey
i d . : i f h B T
Fnkers wer e TP 8l 8 BRI, SORRIEL Qa4 kel WAl o a1 °

showed r easomahit pf ggaistalenteufFigurs ¥). Sindrthel AdmBeo Miéd dminedlin BS BSAkd§w8an (21)
15 estimate of the number taking part in the reaction was made (approx. 21-25).

Three BSA-linker constructs containing TML8S (20), Tfa85 (21) and BALSS (22)
were initially prepared, via coupling with activated linkers (15, 17, 19), to
approximately 85% - 90% loading of accessible surface amines (estimated by Fluram
20 monitoring). Characterisation of the BSA modified constructs by gel electrophoresis

confirmed the expected increase in molecular weight compared with the native BSA
(Figure 2).

The BSA-TMLS85 (20) construct proved a highly modified protein that retained good

25 aqueous solubility over a wide pH range, whereas BSA constructs derived from the
BAL and Tfa linkers were less soluble. At pH 8, BSA-TMLS5 (20) and BSA-BALS5
(22) showed reasonably good solubility at around 2-3 mg/mL, while BSA-Tfa85 (21)
precipitated around 0.5 mg/mL (Figure 3).



precipitated around 0.5 nmg/nL (Figure 3). WD 03/087824 PCT/ GB03/ 01505 63
At nore acidic conditions (pH 4.5) BSA-BAL85 (22) and BSA-Tfa85 (21)

exhi bi t edwolosmsmed ubi | ity and precipitated at concentrati @C3/GHIOME0250
g/nil,, whereas BSA- TML85 (20) possesssed solubility well above 3.5 ng/nL
(Figure 4). This is a particularly inportant finding since, as detailed
earlier, the conjugation reaction 5 between construct and epitope is
chenosel ective at acidic pH, (ideally perfonned at pH 4 - 4.5). Thus poor
sol ubility of ABGAré acider conditiing lQpHIsA DtBOAIBALS P 22) and BI85 (2tpextibiet al

S Ul o5 it ISASTRIISY A RSB A8t PR ES bR o200 (M0l “BRISAE (AT
Const ruct (23% (£ﬁ§ dg&gessg@ gam?,hﬁ \A%udab%%elygdmlgnnp (35 G;Mrgqgl yRiaGetat e

(1 nL, pH7. 25 and to BAL- (17 (0. 25 nm, di ssol ved
in di methyl sparfioxade mmoﬁanﬂﬂﬁ)ldm'ghanceaa:st ddmlwhseaﬂter,r tI@d ccmjugamom reaction
tenperatuyre a t he d| e af free ne, m a

unt 1| apir ox. DeBsEE CPRREL i GRtapedn CAERPYEHYE Shptie PiEidy dedoth et
reaction mxt PH& V‘@%)dTﬁﬁsyﬁ&ﬁ‘ s()ﬁlbi‘ht? o?B@Gﬁhﬁ&tco%QtrﬁH}:ﬂ ML Wi? iskixe_rRBNat e
(pH 8) and the products anal yse el ectrophoresis. Hydrazone

Conj ugat i on ofletEpientapén ﬂl@@nna&OBSﬂhlg%lwleﬂdﬁ(dcﬁﬁmcumvgatéio 23) Providing

Conj ugates (24,27) 20 2 nL of BSA-linker constructs (20) and (23) in

anmoni um bi car bonat e buffer were dialysed (3 x 4 L) against sodiumformate
buffer (0.1 MgxAVALIDS a%@umy@tﬁdlsﬁdmh BSOACEAltdrabitope Obns@PBiEoX. 1 no/ ni.
Oxyt oci n anal ogue (13) : was dissolved in dinethyl

sul foxi d® (1. Brap '[ 9f B - l-nker construct solutions (2 nL),
the final con X in ehy. 459 T

sol utions werié)’%srl}[ ZQEHHQML“%FéiﬁS%efrVg 1111?2 1f%1rg€c§ﬁlﬁéd§g%{ea 1dm fg?{yi'g?j) %@x 2
L) agai nst l@ddeil tB@AL{ﬂTSIF (1) . (ODsemg o0\ 4@ phes) didsblvednid didéhylhailfoxide (0.5

characterised b el ectrophoresis. Solubility Measurements of BSA
Conj ugat es (281 57 he reaction was stired at room temperatire and the disappearance of free

amine monitored with Fluram until approx. 55% acylation had been achieved (approx.

15 2 hours). The reaction mixture was dialysed (3 x 2 L) against 10 mM ammonium

bicarbonate (pH 8) and the products analysed by gel electrophoresis.

Hydrazone Conjugation of Epitope (13) to BSA-Linker Constructs (20,23) Providing
Conjugates (24,27)

20 2 mL of BSA-linker constructs (20) and (23) in ammonium bicarbonate buffer were

dialysed (3 x 4 L) against sodium formate buffer (0.1 M, pH 4) producing a final
concentration of approx. 1 mg/mL. Oxytocin analogue (13) (2.6 mg, 2.1 pmol) was
dissolved in dimethyl sulfoxide (1.6 mL) and added to the BSA-linker construct
solutions (2 mL), the final content of dimethyl sulfoxide being approximately 45%.
25 The solutions were stirred at room temperature for 18 hours and dialysed (3 x 2 L)
against 10 mM PBS (pH 7.4). The conjugates (24) and (27) were characterised by gel

electrophoresis.

Solubility Measurements of BSA Conjugates (24,27).




WO 03/ 087824 PCT/ GB03/01505 64 1 nL volunes of the BSA conjugates (24, 27)
in 10 mM phosphate buffer, at the chosen pH were concentrated to

appr oxi mewelog/osrsed fth of their original volume by centri fragaiBoBiokiosati on
and the protein content of the concenidrated preparations was then neasured
by a Bradford assay. 40 L of each solution was transferred into wells (in 5
triplicate) of a 384-well mcrotitre plate and 20 L of each sanple was
transferred across the plate with double dilution into the phosphate
buffer. The slamil esluneseof thk|BSWedohmgatesd24, @7)ei:[ui10irbM phosphae Widteni aisthe

before turbidity nmeasurenments we t aken, nd D scuss
Preparati on #Ra58oPHpiers WWntB@,ﬂglt‘? ﬁR%rPX’é‘Eﬂt? %% Tg‘ it S8, Vﬁiﬂm e
neur ohy pophé%&mf%mm idRld ﬁé grotélﬁ c@ntéhtsé{* tilé (é@né‘eﬁﬁ%& BtPpadipRwReHeh de

(cyclo-[CYI and was c en as a nodel epitope with which to carry
out conj ugatmessugdcyi arBuaifomdt a aseaty goudi ef cac‘h;/s;mlmmn yas tl’ﬁlESf@’tﬂdj intpaweldn (in

reactlon bet ween 15 BSA-lin copnstructs 2) .an pe ((13).were
perforne in EHF%?&?]} %ﬁ 336 ’F’;“HPWE‘?H @"i‘f*éﬁ)ﬁ é’fr?%%f Wan)sg?rrgd
Loadi ng react pns s SRl 8bsh1aidilefion %Brtﬁé'ﬂmgﬁiaye ﬂ)@ffélo%é s ?le@%&e:%
equi val ents of the oxyt oci n anal ogue hydrazide (13) wth respect to the
nunber of noladbvef tal ceky tie equitibasnbiver 36r misnpefgest tughidity meapeemgnts werey
conj ugat es BSA- TML85- epi t opel 3 (24) and BSA- BAL85-epitopel 3 (26) were 20

adequately préddred since the poor solubility of the BSA-Tfa85 (21)
construct hanpered any synthetic efforts to produce the conjugate

BSA- Tf a85- epi t opel 3 (25) Upon dialysis into phosphate buffer (pH 7.4),
however 10t he Bzmﬁag@@mmmw from BSA- BAL85 ep| t opel 3 (26),

precipitated i . i eymyl N contrast, the
conj ugat e BSA=TM pHtope oluble with only
a slight precTi &@ﬁl@h?ﬁﬁjhylslﬁl ThbﬁnSI&l l@kyi@am lig wrd&@ﬂﬁda) cmmmed manapeptide

i mruni sation studies, a sol ubl e conjugate base round ker%ﬂ&ﬁ,?éu
required and(cyeleHCYT @M]Bb@aeandB‘S% émégsa%ﬁum IeBlt?PHSV twi t h
a reduced su t 9 weeh:
Sol ubi i ty St%Jél?lfétlt)lq Al BhnRini RABA RKITR 4 ¥icaothé %ﬁﬁ‘dgﬁloﬁ%a%é%e{

15 BSA-linker constructs (20-22) and epitope (13) were performed in an aqueous

buffer/dimethyl sulfoxide medium at pH4 - 4.5. Loading reactions were complete after
approximately 18 hours, using 2-3 equivalents of the oxytocin analogue hydrazide (13)
with respect to the number of moles of aldehyde accessible for conjugation. Initially,
only conjugates BSA-TML85-epitopel3 (24) and BSA-BALS5-epitopel3 (26) were
20 adequately prepared since the poor solubility of the BSA-Tfa85 (21) construct
hampered any synthetic efforts to produce the conjugate BSA-Tfa85-epitopel3 (25).
Upon dialysis into phosphate buffer (pH 7.4), however, the conjugate obtained from
BSA-BALS85-¢epitopel3 (26), precipitated and aggregated becoming very poorly
soluble. In contrast, the conjugate BSA-TML85-epitopel3 (24) remained relatively
25 soluble with only a slight precipitate seen in the solution. In order to proceed with
immunisation studies, a soluble conjugate based around BAL linker (17) was required
and such a conjugate, BSA-BALS55-epitopel3 (27), was obtained with a reduced
surface loading of approximately 55%, through BSA-BALSS (23). Solubility studies
showed that the BSA-TMLS85-epitopel3 (24) and BSA-BALSS5-epitope (27)



showed that the BSA- TM.85-epitopel 3 (24) and BSA- BAL55-epitope (27) WO

03/ 087824 PCT/ GB03/ 01505 65 conjugates had good solubility at pH 6 and pH
7.4 of arwondo®is34 -1 ng/ nmL (Figures 5 and 6). Cel el ectr ®oNaERISI0$505
confirmed the increase in nolecul ar wéi ght conpared with the 5 native BSA
(Figure 7). EXAMPLE 4 - Chem cal Analysis of BSA-linker-epitope Constructs
Hydrol ysis of BSA- TM.- Oxytoci n Conjugate (24). Equal volunes of conjugate
and 1IN hydrochloric acid were m xed and assayed by LC- 10 MS every 15 m ns.
Resul ts and Bosgstes hal ghodrsolupility abpHESAITVL 83-cpraumdd). 3—d ong/md atfeguresty .
Rever si bi |i tyngf the linkage between carrier protein and epitope is

f undanment al | Odcial to quality control of the 15 conjugate production
process. Unless the chem cal integrity of the | oaded epitope can be
confirmed post-conjugation, the validity of any results obtained with the
conjugate mfGdl diectiopbaresis canfitmeshtirei innreayke ind mieYeduk ydightofompmaeedhyithdRene
bond wi t hin BSA- TM.85-epi t gpel 3 conjugate (24) 20 regenerated BSA- TML85
(20) and’ epi t’@ﬁ&e%%@l&ﬁ%%‘)eami on progressed snmoothly over Ihr, with
clear identification of epitope (13) by LCESI-Ms (Figure 8). Analysis for
a free thiol within this hydrolysis product with Ellnan's reagent proved
negati ve, cdﬁXAMwPhg4th6h¢micelg!{n¢1ysis)®fBﬁé-lmkgnemtqw Gonsiaueks t hi n epi t ope

(13). 25 EXANPL P ni-sat jon, St udi es were i munised with 50 g of
BSA al one or 'ﬁk"gﬂg’&%ﬁ%@@ﬁpﬁf&é’ﬁ tﬁf%u%&&%&si ng either BAL |inker or
TML |i nker, iquﬁpmhﬁlbgoﬁ(ﬂﬂﬁ%téarﬂdjwhﬁmbdﬂﬁieaétﬂ@&rmﬁﬁad dodessdyed by &4-0n
days 14 and 28 with 50 g of the appropriate conpound in inconplete

Freund' 0 adj uM&mvelyelfS5on®ss i nal bl eeds were harvested on day 42. The ELI SA

anal ysis 30 was carried out in Nunc-inmuno plates and coated with free
oxytocin peptide. Casein WO 03/087824 PCT/ GB03/ 01505

Results and Discussion

Hydrolysis of BSA-TML85-epitopel3 conjugate (24). Reversibility of the linkage

between carrier protein and epitope is fundamentally crucial to quality control of the
15 conjugate production process. Unless the chemical integrity of the loaded epitope can
be confirmed post-conjugation, the validity of any results obtained with the conjugate

must be treated with caution.

Acid hydrolysis of the hydrazone bond within BSA-TML85-epitopel3 conjugate (24)
20 regenerated BSA-TML85 (20) and epitope (13). The reaction progressed smoothly
over 1hr, with clear identification of epitope (13) by LC-ESI-MS (Figure 8). Analysis
for a free thiol within this hydrolysis product with Ellman’s reagent proved negative,

confirming the integrity of the disulfide bond within epitope (13).

25 EXAMPLE 5 — Immunisation Studies
Mice were immunised with 50 pg of BSA alone or with oxytocin conjugated to BSA

using either BAL linker or TML linker, in complete Freund’s adjuvant. The mice were
then boosted on days 14 and 28 with 50 pg of the appropriate compound in incomplete
Freund’s adjuvant before final bleeds were harvested on day 42. The ELISA analysis

30 was carried out in Nunc-immuno plates and coated with free oxytocin peptide. Casein



66 was used as a bl ocking solution to prevent non-specific interaction of
anti body with the mcrotitre plate. The plates were devel oped using an

al kal i ne wbospsmease |i nked anti-nouse |1gG secondary ant iPo@EAyBOZI01305

di sodi um p-ni trophenyl phosphate and @he absorbance of each well was read
at 405 nm 5 The results are shown in Figures 9-11. Figure 9 shows that
both constructs are recognised by antibodies raised to BSA alone, which is
to be expected since BSAis the carrier protein present within both
constructs, awma tsdediss rarldwcldneg selutios itd ipveyestomin-shecifitOn@orspian iof @ntibddyt Wish
antibodytitr S ralsed t he BSA-BAL55-.0xyt ocCi nst.ruc d.t

BSA- TM_85- ox%ﬁ%&?}lﬁo@@ﬁ ﬂlerlé‘@%l"%efﬁ deysloped ‘H?Il’fgf &t glﬂfé S phps %aéasr‘?gilﬂﬁf’g of
the antibodi &g nhgskecied: séé’sﬁdar& Snfib QY WithediédMu| Sakophddyl ;phss R BALSS-
oxytocin construct (Figure 10)" show a greater proportion of BSA

(non- speci f i cosorhmdelnddadswelt vdsivead at Hdhnmhose anti bodi es specific for the
whol e copstruct itself. In 15 contrast, mce inmunised with the

BSA- TML85- oxyt ocin construct (Figure 11) show the converse; the proportion

of specific amd hagieard hovaf it Fighies ol e BaRSty Ydwd $hat Holaicehistiud@narehe
non-specific BSA titres. These results show that the TM.85 construct has

greater epi t oeogisefl dyentibodientisedria B alpneawbich4g trebeisxpestedbinee PStinian
th BAL55 t t 4
L TSN W e

characterisation of TML |inker (14) reactl on W|th prot eins 25 (a) Chem cal
coupl i n%of various proteins with TM. |inker. (14)_ providing conpounds of

gener al 19 or mFempatison ofithe satibadyditigsgaised agaipstdh¢ BSReBALgppiocifepanstruct
h df RO
Pt S aas20) RG0E BYATREAERLABY, CRIRAEYGveRR i incPRBRince il Btk 4"

anhydr ase ( cathe#aniB3did3 ,prodiakedunResylVApnc aticet iMBMBed 87RR 4theCTH ABDSLHE505
o7 oxytocin construct (Figure 10) show a greater proportion of BSA (non-specific)
antibodies produced than those antibodies specific for the whole construct itself. In
15 contrast, mice immunised with the BSA-TML85-oxytocin construct (Figure 11) show
the converse; the proportion of specific antibodies raised to the whole construct is

greater than the non-specific BSA titres.
These results show that the TML85 construct has greater epitope surface coverage and
20 greater aqueous solubility than the BAL55 construct. This is supported by the results

of Examples 1 to 4 described above.

EXAMPLE 6. Preparation and Spectrophotometric characterisation of TML linker

(14) reaction with proteins

25 (a) Chemical coupling of various proteins with TML linker (14) providing compounds
of general formula (XIV)

Unless otherwise stated all the proteins were purchased from the Sigma Chemical
Company, Poole, Dorset. Aprotonin (APRO; cat # A4520), Hen egg-white lysozyme
(HEWL; cat # L6876), carbonic anhydrase (cat # C2273), ovalbumin (OVA; cat #



A7642), bovine serum al bum n (BSA, cat # A7638), apo-transferrin (cat #
T4382); holo-transferrin (cat #T4132); phosphorylase B (phosB; cat #
P4649), IWogalosmseosi dase (13-gal; cat # &B511) and nyosi RCTMEDI3/0cE #
MB889) were nmade up to 1 ng/m in 50 67mMM pot assi um phosphate, pH 9.3. The
anount of reactive amne for each protein 5 sanple was determ ned using the
Fl uram assay (as descri bed above), enploying Fnoc-Lys-OH (Novabi ochen) as
the calibration control. These data were used as the basis for determning
the reactive Ard40y tsiviriecsiramedbyminofB e ctut g A7638), afvrahsferkior(cgt14)T4383);

coupl ed onto each of the pr i 1 Xi i 1

TIVEP NHS (15) how-m%f%ﬂt(ﬁaqi%%ggﬂ’gésp?oﬁg%%é]@%rhlog‘?isﬁﬂ% %@2&%’%@‘%%52%30
roteins dissql j ' : - fedliif) 508
ged 438 1 18 T R T P e L e (15 -
to carbonic anklpotasstumaghosginty pBB9I13. 1Therumpint MHSa(tie) amins fov £hunTaicilas
added 42 1 10 mM TM.- NHS (15): t.o BSA dded 65 ) 1 TM.c 15)
to Apo-t?ansfsém%%s %ﬁ%@%gdSBmggl erﬁmﬁ-aﬂeglé @i%e,scrfq’oe% O(I\)‘{-%)c’ L\ge;l%%l?élr}l?l) n
15 was added 1§Q A-L%Q-O@/tﬁ%bm%ﬁerﬁﬂ@ the LRIIRROSDERHN]. aTReR doBSwaddsed 45the 10
MM TM.-NHS (15): To 13-gal was added 71 | 10 nM TM.-NHS (15) and to myosin

was added 10fsis fandetdviining KhiSepdd)e anihestgighimetryfer each PEQiBi®t ed at room

tenmperature fQqr. 60 .m fol | owed.by, overni-ght | ' ' j '
80 The TvE- NEML T Byt RPREa Afisr g B Boub R lnd Tyl ahiosiinre
equi val ent  2{) ¥ unes-N1s (13) iheMSw ee@sIong. ofne mpgnil isolutioh of@ath of thehe
TML-NHS (15)-protein reaction mxtures was dial ysed, in benzoyl ated

di al ysi 40t ubi preteirspdistotvedon 50, mM patasewm-RyesphatsthAS: B grotiniy was pidedo)
as one batch in [ . of 0 i LRI (1B¥:
7.25. The fi r@%@?ﬁ%@@é%cgéﬁﬁé oﬁ%&golr@ylégq(ér#%? ﬂg%ch foﬁ I gwed
by a further eveirtigdunidisesiss addetias The0 sevipl e -NESe(125 toubsbuuntwas
di al ysed as a batch agai nst 1800 m of 10 sodi um f o te: . r 60
min. The sanpidsedvier bl t@sMe¥E-NHS glsbr@dBny‘ﬁ W2 ﬁdﬁmﬁq er@%m&‘g WO
03/ 087824 PCT, / Q15 ( ' oMy | SfriHers ot fioto-Brad ks
core delta an{]iggg&:3 %@%S(g%gnc}g%stgaig;g@% 1 THL > ToTHOT T

15 was added 80 pl 10 mM TML-NHS (15); to phosphorylase B was added 15 ul 10 mM

TML-NHS (15); to B-gal was added 71 pl 10 mM TML-NHS (15) and to myosin was

added 100 pl 10 mM TML-NHS (15). The samples were incubated at room

temperature for 60 min. followed by overnight incubation in the fridge (~ 8°C).

The TML-NHS (15)-protein reaction mixtures were subdivided into three equivalent
20 volumes for further processing. One portion of each of the TML-NHS (15)-protein

reaction mixtures was dialysed, in benzoylated dialysis tubing (SpectraPor 1.2 kDa

cut-off membrane; Sigma cat # D2272), as one batch against three changes of 1800 ml

10 mM sodium acetate; pH 7.25. The first two procedures were carried out for 60

min. each followed by a further overnight dialysis cycle. The samples were
25 subsequently dialysed as a batch against 1800 ml of 10 mM sodium formate; pH 4.0

for 60 min. The samples were recovered and stored in the fridge until required.



with TML linker (14) and reaction with Biotin Hydrazi de Reconbi nant HBV
core delta Ag, strain ayw, was purchased from Advanced | munoChem cal

Inc., LorgoBams1s24 CA, USA. To 751 of a Inmg/m sol ution of PCI/HBYOMSAAG Was
added 7.5 1 0.5 M sodi um phosphate; p# 9.3. The sanple was m xed and from
this pool, an aliquot (55 1) was renoved and 5.5 | 10 nM TM.- NHS (15)
added to it, the sanple m xed by pipetting and i ncubated at room
tenperature for 2 h. After this incubation period, a further 27.5 | was
renoved and 2(b)lClnialMouplimg of depatitasdl edrusccorddelsnanpigen (HBY sarepdadtanhsg)

m xed and 1. 37, f 10 10 bi otin-hydrazid s.added to the sanple. This
sanpl e was inWﬁbgﬁ\%}%e%gg%nirgﬁﬁpﬁlﬂ?glof%ﬁ{%a %. and then overnight at
-8C. The various protein sanples were analysed as described below. (c)

Cel - Anal ysi s pbcolMink@P IR dcdE akied N8e, %@aiﬁh%ywﬁﬁ qhakS ?Qrc_ﬁMedNﬁ@nf 1RdvaRE&t €i n
sanpl es were recovered and anal ysed by SDS- PAGE enployi ng the NuPAGE
system (I nvi t ioganyChesnicgl Bicd-Lkit®h Beahs Cds TBIRACES 7§l ofiat hm@yES solutrinngt

buffer. Proteins were visualised wt i | ver Expr ess st ai i The

pr ot ocol S wer BBOAOFARE Bidp aQé%?-éi Pﬂdyf?i’ltsﬂgm%ﬁbﬁsaﬁi‘tﬁr&#g $<n2rlh? §ePPlsnwas
brotel ns Tof TR FREME AT A gt (876D AR L el S3AN 0 a3 T
pot aﬁ fi un}[ ph]?fNMng@? pd&l 3o andthehmmlﬁanqniﬂfldbﬁ:_pi‘gﬁdng ldﬁdkﬁnu?nbcé_(anl BIOM
wei ght cut-off, i de r; Perhio ai nst . ot assi um
phosphat e; theg?PﬁrEftBﬁeafIB%S% riftegd PM?@WR@U?Q&E%&BM@?I@?&YF& Wdgas
recover ed andphigsyrbirhiciad @30 bo 4 STMEMTINHS IS ol i1 VBRI YRy

added. The sanple was stirre roomtenperature for 20 mn. after WO
03/ 087824 PCThlB0RstIEEPEazi6O wekiadtedatd thetsample2 0Thig |sample- WiSincuBited aicegmand

the sanple stirred. A further 2 | TM.-NHS_( 15), was. added .after, 20 m n.
and the sanpl &erg{efrartprgfo? é(ﬁ ngn.faaﬁ?lheglroQHu%t&t ~8 é’ ’}‘he various profein samples were

analysed as described below.

(c) Gel-Analysis of TML-labelled proteins.

15 The dialysed TML-NHS (15)-protein samples were recovered and analysed by SDS-
PAGE employing the NuPAGE system (Invitrogen) using a 4-12% bis-tris NuPAGE
gel with MES running buffer. Proteins were visualised with SilverExpress stain kit.
The protocols were carried out according to the manufacturers instructions (Figure
14).

20
(d) Production of BSA- and Aprotinin- TML conjugated proteins for UV

Measurements

BSA (20 mg) was dissolved in 2 ml 50 mM potassium phosphate; pH 9.3 and the
sample dialysed (10 kDa molecular weight cut-off, Slidealyser; Perbio) against 5 L 50
25 mM potassium phosphate; pH 9.3 for 60 min. at room temperature. The protein
sample was recovered and while stirring 200 pl 10 mM TML-NHS (15) in 100%

DMSO was added. The sample was stirred at room temperature for 20 min. after



The TML-NHS (15) treated sanple was recovered and di al ysed as before
against 5 L 100 nMsodiumformate; pH 3.5 for 60 mn. after which it was
di al ysi s wofiBes7ssas 5 changed for fresh 100 mM sodi um f or PETEGBPMIBSS and
the sanpl e dial ysed overnight at rooi tenperature. The protein-TM sanpl e
was recovered (-3 m) and centrifuged at 13,000 r.p.m for 10 mn. and the
supernatant collected. This was treat ed as the BSA-TM. sanple. Aprotinin
(2 ng) was dissolved in 2 m 50 ot assi um phosphate; pH 9.0 and the 10

sanpl e di al ys&digh x fathepPeul EMlm}éf il Skaddedand figpranpleastored. s&@mﬁ»er 234 pl

overnight ag a te

t enper at ure. ?ME ﬁ’%iliﬁ%a@ﬁ%ﬁ?ﬁ el thnec vaé’l%ht% (Sarf&g ﬁfr)edjiﬂrda °L 301ty i ng
100 | 10 nM TNhe MH&(NHS (i3) tréhEH@l%aEMﬁQwﬂ@ﬁec@d&@&j and GRIys88MRS BefPSagulinst 5gd at
roomtenperature for 120 min. after which the sa%e was di al ysed as

bef ore agai nst!09 Wc?‘?éﬁﬁ%@l@iat% nH 3ofoii01mins @dier mibfbr itnseas; dlﬁwlsbsffﬁbw%o

T and centr P RIRREY 0BV SRR RLAIE LY. R GBS lBRRY Gihient
col | ect ed. Thiasroomsteinpeaihed. dhe pmlﬁqi?MLIsﬁlmp}eWs 18éoVieled \;\'Séfﬁiﬁl) and centrifuged

Characterisation absor hance spectra of TM |inker conj ugat ed
proteins Ali gt &)Q 161 1051 Opp e ¢ %aum%wrﬁo}ieqt ewas trgeted agithe,
190 | 50 MM 2Q ARPhASSI phosphate buffer ranging frompH 6.0 to pH 11.0.
The buffers were nmade up to the required pH by mixing appropriate portions

of 50 nmM di - péipastaiinii ntg)dvasghssobzhdmphahleﬂhnﬁd@ﬁtas%mqﬂﬁsﬁlawmpﬁlQDMHQben
h hat V\h di d dt dj ust the pH. _The
bsorpt i spevipls diaach JilRBE: RlesHar Gteigth CBotf Speriabos: Piasra)ppupraieht
(G einer) usiBgiastSPECS0 @M@%&@smﬁ Hdéﬁf?a‘ﬂé r%a}?@d&{%%ﬁweﬁ{ el b C Cfhe a;SP’ofe‘Mre%

U K) (see Figure 12) aracterisation of fluoresce ce spectr
| i nker (14) céﬁ}lpigavaédem\@r@ . &/ﬂ)@dmwmrﬁﬂgﬂ%@@/lmrﬁDBTl\ﬂﬁNHS (5ptrs

(10 1) of post buf f nmvl.sodi um f A- TNL
and Aproti nin- Q%f%m%ﬁéwaf ﬂfigedi \Aﬂﬁ%saf%e |Wa§§8“ﬁ§nagﬁfe°é%§?p %‘?sﬁ?ﬁjtzg g% f er
rangi ng from pferd@h®h thb8ahplOrASEHAREE] AThefdtO RS Givb &hWedes oF 3 1.e®oedm n
15 sodium formate; pH 3.5 for 60 min. and 120 min. respectively. The protein-TML
sample was recovered (~3 ml) and centrifuged at 13,000 r.p.m. for 5 min. and the

supernatant collected. This was treated as the Aprotinin-TML sample.
(¢) Characterisation of absorbance spectra of TML linker (14) conjugated proteins

Aliquots (10 pl) of BSA-TML and Aprotinin-TML were diluted with 190 ul 50 mM
20 potassium phosphate buffer ranging from pH 6.0 to pH 11.0. The buffers were made
up to the required pH by mixing appropriate portions of 50 mM di-potassium
hydrogen phosphate and 50 mM potassium di-hydrogen phosphate. Where require,
sodium hydroxide was used to adjust the pH. The absorption spectra were collected in
UVStar 96-well microtiter plates (Greiner) using a Spectramax384 instrument

25 (Molecular Devices, Crawley, U.K.) (see Figure 12).

() Characterisation of fluorescence spectra of TML linker (14) conjugated proteins



M crofluor W96-well mcrotiter plates (Therno Dynex) using a Gem ni
instrument 5 (Mol ecular Devices, Ctawley, UK. ) (see Figure 13). EXAMPLE
7. ChenoswbDasisnses addition of |igands to |inker-proteins PRIGBWBO1sSOVI de
protein constructs (XV). (a) Reaction’of Biotin hydrazide with protein-TM
compounds of general forrmula 10 (XIV) providing conpounds of general
formula (XV). To the 10 nmM sodi um f or mat e; pH 4.0 dialysed portions of each

of the protein-TM tlon '.x ures _(ex le. 6(a)) was_added var ng
amount s of 10 uﬁﬁscd(?H ?’Rﬁ(ﬂ‘?(l@ sogivym kpmate; gHEVEOR K@s

gl aprotinin- M A | de;
to 112 1 HEVE T 1?2‘2%??’%%%%&%@&22@% PN WSBW%%

bi ot i n- hydr aziraging dron® pHca2. Boanheatﬁ]luywsmee Térhlssmﬂas;iet:mm was aslitettdlm |
10 mM bi ot n-ml.dr [ d%\;é1 to P . vgl b n- action mxture was added
15 | 10 mM bi %ﬁﬂ% el pjergiter Pﬁéé‘iﬁ CHP% eShUSig 2t Geainharstameatl 15

| 10 mM b ot (lMlalé@ﬁﬁZD@%ceé @rZ&le_l, m@fgeé)mgh?é%g -TML reaction mxture was
added 15 1 10 nM bi oti n- hydr azi de gl B-gal -TM. 20 reaction mxture

was added 15 | 10 mM bi oti n- hydrazi de and to 66 | nmyosin-TM. reaction

m xture was alidAMPLEY. Allemddelictivd addityair ofligheds Thignieppriteias (NS to iphelat ed
at roomterrperatture f&r 60 & n. and then stored in the fridge (- 8C for
seven days. F8EE in experinments, to 140 | apo-transferrin-TM
and 140 pl ho{s-Reeribs ASSiefin gHdc MR fbr g@mSﬁMﬂvwﬁ}smgg WP RRGP Rhia PH

9.0 buffer, was added 140 0”2 Msodiu or mat e; sanples were
m xed arl@ 100(X1mrwﬂmg(ﬂ0mp0uh@&hf@ncrel ﬁ»ddeh(f(b/)bot h sanpl es. The
reactions were incubated at roomtenperature for 2 h and then overnight at

-8C. WD 03/08 1505 . 71 ubatl on,. all e react
m xtures wer e@é@o@gﬂl\?ggiﬁn cfﬂ’aEF gﬁ%é%ﬁal T4 BeEAons AEgeehy 0 %ﬁxgmggqegl JtWﬂt ng
(Spect raPor 1réckda ntxturef fex rmmhfpw G(a‘})sbv@%d@@i vﬁyn@%ﬂ&)ms bP ISR bRl NSt
4000 m 20 nmV Sé)dl um acet at e; 120 mn. room
azide (Aldrich cat 14403 in DMSO). To 133 pl aprotinin-TML reaction
mixture was added 26.6 pl 10 mM biotin-hydrazide; to 112 pl HEWL-TML reaction

15 mixture was added 22 pl 10 mM biotin-hydrazide; to 79 ul carbonic anhydrase-TML

reaction was added 15 pl 10 mM biotin-hydrazide; to 80 ul ovalbumin-TML reaction
mixture was added 15 pl 10 mM biotin-hydrazide; to 88 pl BSA-TML reaction
mixture was added 15 ul 10 mM biotin-hydrazide; to 71 pl phosphorylase B-TML
reaction mixture was added 15 pl 10 mM biotin-hydrazide; to 90 pl B-gal-TML
20 reaction mixture was added 15 pl 10 mM biotin-hydrazide and to 66 ul myosin-TML
reaction mixture was added 15 pl 10 mM biotin-hydrazide. The samples were
incubated at room temperature for 60 min. and then stored in the fridge (~ 8°C) for

seven days.

For the transferrin experiments, to 140 pl apo-transferrin-TML and 140 pl holo-
25 transferrin-TML, both in 50 mM potassium phosphate; pH 9.0 buffer, was added 140
pl 0.2 M sodium formate; pH 4.0. The samples were mixed and 100 pl 10 mM biotin-
hydrazide added to both samples. The reactions were incubated at room temperature

for 2 h and then overnight at ~8°C.



tenperature. The sanples were recovered and stored in the fridge until
further 5 analysis. (b) Gel Shift and Western bl ot anal ysis of

pr ot ei n- TWD-0Bjogtsen constructs (XV) The dial ysed prot ei n- TRCThiRIBions0sanpl es
(ex Exanple 7(a)) were recovered and 7lanal ysed by SDS- PAGE enpl oyi ng the
NuPACE system (I nvitrogen) using a 4-12% 10 bis-tris NuPAGE gel with MES
running buffer. Proteins were transferred onto a PVDF nenbrane using the
Novex bl ot transfer system (lnvitrogen). The protocols were carried out
accordi ng to Afte imeobdtant wiletle reastior aiikinnes. wteerdevDifedremidr eack dielysdsl, doked
by gentle agitatiqgn of the nmepbrane in 50 hosphate buffergd salin
cont ai ni ng 1%@%@’2%38011@@5@ ‘@gg&é’e%ﬁl}oﬁ %5@% 0“1?%&68?1‘?1 faﬂF’nglgI% il &g})
BSA for 15 mygy)7bheoE&nQVaahid: ARMBMPAPmVESo hER et PRE .4 £FBS0 nl. A964he
agitation, in 100”m “PBST Tor 5 mn. per cycle. The recovered nenbrane was
t hen i ncubat eemperatiffe.n] TRBSTmplent wemi regover&DNd ditdred iinrtheffridge until further
Ext r Avi d'én(r)-P roxi dase (Sigma E2886) for 30 mn. The nenbrane was
recovered, VBER&¥ three times in PBST and allowed to partially drip-dry.
Regi ons of peroxidase 20 activity were visualised by addition of a

3,3 ,5,5 -tetranet hyl benzi di ne (1TNB) liquid substrate (Sigma cat # T0565)
onto the st at(byGekih Westerarbletpmalypis o&pwtandddlibeotin eonstrippsn@t¥he was
recovered, washed in water and air dried prior to analysis and storage

(see Figures .14 and 15). exas_Re i TN, acti

pr ot ei ns. Theﬁm 2}@3?55 %19 %?%&%H%@@asrﬁﬁpggs k%;%&%lﬁg I Z(fag( go)e © ?%I%)ycgﬁe&dand
recover ed andadaBsdd byl SIE-PAGE BmpRyhigetheatuPasie dydeth (RVBR> goaY using al43 126K
Texas Red(r)-hydrazide lélVbI ecul ar_Probes). The sanp] es were nj xed and

i ncubat 48 at MEdRs DERPEFRtast avito MES wanng butien 4 Preteinssnare dransisred pnto 2
Subsequent |y, j S

reduci ng buf f%?D?h%slgl%&\%@g&ag%:ﬁb% @ggﬁgé%fén%%%ﬁg&gg 5 gsl*hv?/e e cBls
anal ysed by ®B%-cBAfdd mitrptoyding td the nidnBPACGHray Ssenrt{dmsyi t rogen) using a
4-12% bis-tris NuPAGE gel with MES running buffer. Protocols were carried

out accordi ngT}tleO PVDF membrane was blocked by gentle agitation of the membrane in 50 ml

phosphate buffered saline containing 1% Tween 20 (PBST; Sigma cat # P3563)

15 containing 1% (w/v) BSA for 15 min. The recovered membrane was washed three
times, by gentle agitation, in 100 ml PBST for 5 min. per cycle. The recovered
membrane was then incubated in 50 ml PBST containing 1:5000 dilution of
ExtrAvidin®-Peroxidase (Sigma E2886) for 30 min. The membrane was recovered,
washed three times in PBST and allowed to partially drip-dry. Regions of peroxidase

20 activity were visualised by addition of a 3,3’,5,5’-tetramethylbenzidine (TMB) liquid
substrate (Sigma cat # T0565) onto the static membrane. After appropriate exposure,
the membrane was recovered, washed in water and air dried prior to analysis and

storage (see Figures 14 and 15).

25 (c) Texas Red® labelling of TML activated proteins.
The dialysed protein-TML samples (ex Example 6(a)) )were recovered and to 10 pl of
each sample was added 2 pl DMSO and 1 pl 10 mM Texas Red®-hydrazide

(Molecular Probes). The samples were mixed and incubated at room temperature for 3



5 manufacturers instructions. Protein bands were visualised by eye. (d)
ELI SA anal ysis of biotin derivatised conpounds of general formula (XV)
Enzyne- | iwked/osseunosor bent assay (ELI SA) of BSA- TML and &pmaiBodionsod ML
sanpl es reacted with biotin-hydrazi de’2was carried out as follows. Aliquots
(1) of 10 each quenched sanple were diluted into 500 gl 10 nM phosphat e
buffer saline (PBS, Sigma) and 100 gl of this dispensed into a 96-wel |

| mul on 2HB microtitre plate (Therno Life Sciences, Basingstoke, U K)).
The pl ate wash.coSérsequeatly, Riicubatfednple 1@dGg buff&0(Novex) aitel.2whil cdanife-was

washed three cycl.es,o | of PBSc ntainin Tween 20 (PBST; Si per
cycle. The pl G S Gy Wefﬁ,adrﬁia & S sr)%wl@%ﬁe $5plkS SsG0ART R S of

Ext r Avi di n- HP@DS%@E%ﬁpngln%”ﬁﬁe NE{P'R@}E @y&é}ﬁh Mitrbgen) NEsikd Bt @-12‘9@%1&%” ed
and incubated at 37C for 3 pl ate was recovered and washed as

before, dri edNb?Aﬁﬂf:agelnylthnMEBOﬁmlmr@DEllﬁf@agBrCttOC(o& yieey) caiige cbut aceadingwiol | .
The col gur was | owed. t o evel and Ih ction stopped by

2ddi t onSof  TaanaciGres oy Susiphey P e HiEE pisisbO BEeke eat o 492 nim
(Spectramax 384) to quantify 20 the colour reaction (see Figure 18).

EXAMPLE 8. Spectroghotorretrl c assessnent of chenosel ective addition of
| i gands to | {®EEISAroalysiaef bixtivderivatised vondpoynds 0é generad demrule (V) XV) . (a)

Spect rophotongtric aracterisation of t ct oti.n-h
T o5 Bl iR ShERRFRGE Qi a0 bh 3B g et giE
aprotinin- TNLséh%ﬂeﬁﬂﬂ@t@d aﬂttﬁafétmaiyafamev@émﬂaf odtOasidlIbivet lAhdwsd;r @zniydsr

(dissolved in nv sodi um f or mat e; and the reaction m xed. The

sanpl e Vs di sachemendhie yampke wmdiﬂ@wdbeﬁw@ou&é@ i} phespbye buter whng{PBHe
absor ption Sp§%&£ A3 B ”8%& é‘d% &*E‘é tl(j)sae% fififutcd figﬁ fxl%}otﬁfe %1?% B

second portion conco aW| ng an I quo

at the WO 03/ OrhéBrd 1RPETS G 234 Gaz&ﬁfgstoka, IéJK:J) ofthe alue dzaﬁ aowéd and inoabadedat
guenched into_4X LDS buffer (NuPAGE | oadin buf f er; r The.
quenched sanpP&¥ 108198 ity 2Eer VRC afswaﬁoﬁyslwgtthlpe 2 eﬁ? }I‘Pffg[’%%é

protein sanpl ¢3..ue56 (PBITYSEhab YerIR1d Afile HINRAFnaVSE &@bﬂ%d and 100 ul 1

15 in 5000 dilution of ExtrAvidin-HRP conjugate (Sigma) added to each well. The plate

was covered and incubated at 37°C for 30 min. The plate was recovered and washed
as before, dried by shaking and 100 pl OPD reagent (Sigma) added to each well. The
colour was allowed to develop by eye and the reaction stopped by addition of 100 pl
0.1 M sulphuric acid. The plates were read at 492 nm (Spectramax 384) to quantify

20 the colour reaction (see Figure 18).

EXAMPLE 8. Spectrophotometric assessment of chemoselective addition of ligands

to linker-proteins (XIV) to provide protein constructs (XV).

(a) Spectrophotometric characterisation of the reaction of biotin-hydrazide with TML-
25 conjugated proteins

To an aliquot (100 pl) of BSA-TML and aprotinin-TML was added an equivalent

volume of 10 mM biotin-hydrazide (dissolved in 100 mM sodium formate; pH 3.5)

and the reaction mixed. The sample was divided, with one portion being used for
30 collection of the absorption spectra as a function of time (see Figures 16 and 17) as the

second portion was concomitantly sampled by withdrawing and aliquot (10 pl) at the



Western bl ot as described above. To facilitate direct conparisons between
proteins 5 sanples upon gel electrophoresis and staining, the BSA-TM.

sanpl es awo 0a874 ni n- TM. sanpl es were m xed appropri at elPETFB03/01306

| oadi ng onto the gels. EXAMPLE 9. Chamacterisation of the cleavage reaction
of protein-TM.--ligand constructs. 10 To an aliquot (200 |) of

BSA- TML- bi oti n was added 200 1200 mMformc acid; pH 2.1 and the reaction
m xed. The sanple was further acidified by the addition of 201 12.1 M
HCl, the sanphe Jfi caell dund cdlilactidr indvtehclmedeinmor dDShbufier (NLﬂHMf}Erloading
collection of the abSOIé[étl on spectra as.a functl on of ti

S
20) as the sevdisd [pwitos Flcsraamples yyets Arqze v%rgtgﬁgp’é rﬁ@ 15‘?93
aliquot (20 | Parh i tafd 4X
os bt for (MR PEAgHR] Pﬁ%& Vi ﬁféﬁ%h@%ﬁ%‘%&@%‘?ﬁ%ﬁ%ﬁ& L et
frozen (m nuswa@éh hiot ad dewqbled glsbveThEo dasdliteteatirech camparsonsivpivesn \neoteins
anal ysed_ by SDS- PAGE (Nu terr) nd V\ést descri bed, .above
(Fi gures® 21 &ABP )UPOQ@CEQA Ofef@)an ﬁ&%ﬂs@?% ng]géinlel%F’ﬁﬁ é‘Png}P’r“aces
using TM. li nh\ﬁ Sgﬂ‘é es m‘iféﬂ n‘é{e'i @b 1dhd Iﬁ@t %eld.) G ass slides
(Fi sher Sci ent| nze Supe X26 mm | SO-Nor m8037) 25 were
cl eaned and am ne functl onal i sed by der| vatisation with am no-propyl sil ane
(Acros, cat #EXBVBEDRE®) Chsradessationed ther dedvagstegctidvibaBeatein- TR -agand (1999) ,
J. Am Chemcop§tfucts. 121, 7967-7968). The am ne-functionalised slides were
stored ah OO af AR @1[%?1% V\goe 3{ﬁ) MBS A-THib@slwasSeddea) 208!l deo eaviifrintit aéitlj S
with TML linker (14 /087824 PCT/ GB03/ 01505 74 Am ne-functional i sed
slides were é. hbmi dteetﬁawonhnmml_ The kampleyvas frtheragidifiedipy thendditos of 28)uli n
100% DMSO ont ur.f ace I I
( Rheodyne) . ef E@t@ﬂ SRS 2 dr%“dg%\‘/’gdreg’d‘wg%ggﬁﬁéﬁ gt “ts‘gdaﬁ’(ii cBillection

]E elr’r}:)er ature fagr th@@biﬂrﬁhonﬂp%oﬁd hele Funtiog of inseGue Riduyesvi) e dhaisicogd phution
ol | owi ng

was concomitantly sampled by withdrawing and aliquot (20 pl) at the end of each data

15 collection and quenched into 4X LDS buffer (NuPAGE loading buffer; Invitrogen).
The quenched samples were frozen (minus 20°C) until required. The quenched
protein samples were analysed by SDS-PAGE (NuPAGE system) and Western blot as
described above (Figures 21 and 22).

20
EXAMPLE (10). Derivatisation of Solid Phase Surfaces using TML linker (15) and
reaction with Biotin hydrazide
(i) Glass slides (Fisher Scientific; Menzel Superfrost 76x26 mm, ISO-Norm 8037)
25 were cleaned and amine functionalised by derivatisation with amino-propylsilane

(Acros, cat # 15181000) as described previously (MacBeath, et al., (1999), J. Am.
Chem. Soc., 121, 7967-7968). The amine-functionalised slides were stored at room

temperature until required.

30 (a) Slide derivitisation with TML linker (14)



5 cycle: -10 nL DVSO, -10 nL water, -10 nL nethanol, -10 nL DVSO and -10 nL
10 nmM pot assi um phosphate; pH 7.4. The TM. |inker el aborated slides were

st ored atworososistenperature until required. (b) Derivitis&CraBoafo185ass- TM.
i nker with biotin hydrazide 10 A TM74 i nker el aborated slide was covered
with 100 M biotin hydrazide dissolved in 0.2 Msodiumformate; pH 4
containing 50% (v/v) DMSO. The slide was covered and incubated for 30 mn.
at roomtenperature. The slide was recovered, washed thoroughly with water
(-20 m.) fol lxwed- fhnctmfahgudoéhd(es Afkrerielabareded Imm ThHI ¢iakerdby spottifig nil0 ofM

net hanol tw ce for cle. The sli recover e}g %’gln%ﬁ‘l of 1 M
15 HO was p@\ﬁlchHﬁt@S) fie 1HP‘E§diSM%(P Qo thg g a°_P5uSh%a pnty nge
tenperature. f’[hlﬂ o %H@Sh%ewsé}g%eﬁa%ﬁ&es We['e %'v@;@daﬁiﬁi ifGBhfedat RGna SO

mL Fal con tube con 50 nmL containing 1:5000 dilution of
Ext r Avi di n- HREinperanmga"m%(( Siignedhe Jhles wenbsubraguapytwashed using the fallowing
roller-bed for

washed thr ee el 10 MLBMACPRETF S (7 gareinl a0 FHPUSEAR 0 55
recovered and StadshidBh&, hata lflr’ﬁf' B TN 166ker SRBSrR06H RBE&] Werd stBkedPft TMB
ase E gstrﬁi\? (pS| g

l'i quid peroxi was dropped onto the slide and the

col our was abmeemmmmumemﬁﬂagpmmdeye (see Figure 23). (ii) Derivatisation
of 96-well plates 25 (a) Derivitisation of Reacti-Bind mcrotitre plates
with TML linker (14). Wells of a naleic anhydride activated pol ystyrene

96-wel | mcr 8@)?<D%ﬁvi?ﬂs§’ﬁ(ﬁ1 dfReaet v Bimdr Rhiditbestin IRk Sci ences UK Ltd.

Tat tenhal |, were am ne functionalised by coupling 1,4-di am nobut ane
as a 1ngo/ nLAéﬁMLuthnm élabosated litleurasceavirsA atith 100cigvttaetin hyylresids dmestyediny ) |

for 2 hours Fol | 0 0 n 3 5%
sodi um car bo?\(ilggz ?‘Mﬂml\flﬂgn%ﬁ‘ ’n@ig‘ T%m%s c V/Q/ Wﬁ@% gg%%wgg%@%d
PCT/ GB03/ 0150acubatedffort B8 M@w @&ntdven ftempéra@m@,l i 'Sleel sied |veasusdcogerad, Swiadhed
solution of the activated linker in sodji um acet at e;

H 7.2
cont ai ni ng 50He1oughly witswates (~20 Tﬁbhf@lo&’tedrbb’éﬁ?thﬁl’@}rﬁ‘@roéﬂh} @fthe$?%§<at?4 Bn of
the am ne f ungg 1?60 h&fifhole R 98 il %?‘I:fc‘iie V"’l‘ﬁé‘sli%ie%a@%covered adropof 1 M

15 HC1 was placed onto the middle of the slide for 15 min. at room temperature. The
slide washed with water, air-dried and inserted into a 50 mL Falcon tube containing 50
mL PBST containing 1:5000 dilution of ExtrAvidin-HRP conjugate (Sigma). The
tube was gently rolled on a roller-bed for 15 min. at room temperature. The slide was
recovered and washed three times in 40 mL PBST for 5 min. per cycle. The slide was
20 recovered and washed in water and then air-dried. Approximately 1 mL of TMB
liquid peroxidase substrate (Sigma) was dropped onto the slide and the colour was

allowed to develop by eye (see Figure 23).

(ii) Derivatisation of 96-well plates
25 (a) Derivitisation of Reacti-Bind microtitre plates with TML linker (14).
Wells of a maleic anhydride activated polystyrene 96-well microtitre plate (Reacti-
Bind Plates, Perbio Sciences UK Ltd., Tattenhall, U.K.) were amine functionalised by
coupling 1,4-diaminobutane as a 1lmg / mL solution in 5% sodium carbonate,
containing 60% DMSO (v/v), for 2 hours at 37 °C. Following copious washing with
30 DMSO, water and 5% sodium carbonate, TML-NHS linker (15) was coupled to some



solution of only 0.1 M sodiumacetate; pH 7.25 containing 50% (v/v) DVBSO to
5 provide controls. The wells were then once again washed wi th copi ous
anounts oo iBB®24 0. 1 M sodi um acetate; pH 7.25 and wat er Pam@GEBOI®d at
roomtenperature until required. (b)75Derivitisation of TM. |i nker
functionalised Reacti-Bind mcrotitre plates with 10 biotin hydrazi de.
Biotin hydrazide was coupled to the TM. |inker functionalised Reacti-Bind
plates as a 1 mMsolution in 0.2 Msodiumformate; pH 3.5 containing 50%
DVSO (v/v). Tdfehe cow pakmmfgﬁmhonalmﬂ wa]is adispa &docsolwiopmfthadctineted dinkertin

previously tre th TML After o) erature

each wel | was mm@g%%ltaﬁe ®IH? 5% nilgg%}oty)m}eﬁMéB %ﬁgoﬂztg_) zfﬁ\doom
phosphate b Uf&ﬁgéﬂuﬁ@ A 'ﬂ)?oﬁb‘?f'&r@bf‘t’h@ AndiNeRACEChAIERET I WereXrodRd with a bRRAKL
PBST was then added to each well and the plate incubated at 37 C for 30

m nut es i n orsutionooblonlyk0dny! sediwmcacstitei plds7.2 cohfeinigg P8% MY)eDM%@tﬂfier
washing _.with P 2 of EXtrAvi HRPcon L8

(Si gma) (1: 10088" 8|°§)HFP‘8n%gﬁ "ﬁ%éﬂef\%\é e%%@da%?ﬁhwﬁﬁéedm% Sopiots AoRAsf o

C for a furthgyms¥ on M&&ﬁum%@etiﬁ'@epm'Z!SSanwaieﬁ@@lsEbrwwdm\/tblhberﬁﬁﬁ' ufitd X
200 L) before addition of 100 L of o- phenyl enedi am ne (OPD) peroxi dase

substrate (Simgaeired. The colorimetric reaction was left to devel op by eye
and finally quenched by the addition of 0.1 M sul phuric acid (100 L)
(Figure 23). 25 EXAMPLE 11- Capture of ExtrAvidin-HRP from sol ution using

TM.-resin EA"(b?ephBéﬁﬁlﬁsﬁon@ TMLMirker filidtismilised RasotinBindARBt@itecilates with
Arrersham U K was washed, in a scintered plastic columm, w th copious
anount s 18f vvablé'ffmhﬁ‘lhlaé‘\ﬂ;éd by water: nethanol (50:50), methanol and finally

di met hyl f or W&%@% ht dat. Jde Wik éotﬁﬁlfg : ncﬁ.ﬂ\/lg_,ggﬂ(@r nasuafded ROLilpitd pattes e %Ma NHS

(15) in DWF I on was at room tenperature m n.
and then the tesVinohained OtV sBifam EMARY @H?BS@OB@M@GG%OIDEM (7/8). 'Fr‘hean

ool (0.5 T el Lhe oIt GESLL el b s G0de0 Bl ouL hvgtach dertd S
mn. and thenyarer After 2 hours at room temperature, each well was washed with DMSO (1 x 200
15 uL), water (1 x 200 pL) and phosphate buffered saline containing tween 20 (PBST) (3
x 200 pL). 100 pL PBST was then added to each well and the plate incubated at 37 °C
for 30 minutes in order to block any unreacted sites in the wells. After further washing
with PBST (3 x 200uL / well) 100 pL of ExtrAvidin-HRP conjugate (Sigma)(1:10000
dilution in PBST) was added and the wells incubated at 37 °C for a further 30 minutes.
20 The wells were again washed with PBST (3 x 200 pL) before addition of 100 pL of o-
phenylenediamine (OPD) peroxidase substrate (Sigma). The colorimetric reaction was
left to develop by eye and finally quenched by the addition of 0.1 M sulphuric acid
(100 pL) (Figure 23).

25 EXAMPLE 11— Capture of ExtrAvidin-HRP from solution using TML-resin
EAH Sepharose CL-4B (2 ml; 7-12 pmol/ml amine; APBiotech, Amersham, U.K.)

was washed, in a scintered plastic column, with copious amounts of water followed by
water:methanol (50:50), methanol and finally dimethylformamide (DMF). To the
washed resin was added 900 ul 10 mM TML-NHS (15) in DMF. The reaction was

30 incubated at room temperature for 60 min. and then the resin washed with DMF.



the resin washed with PBST (-40 m ). The PBST washed resin was incubated
wth a 50 mM solution of a 1 in 5000 dilution of 5 ExtrAvidin-HRP (Sigm)
for 30 mwoOoawsmsaom tenperature. The resin was recovered pPaemdBEAS®d, as
before, with PBST. The resin was all oled to run dry under gravity and a
smal |l sanple w thdrawn using a glass pipette and dispensed into a 3 assti.c
Slide 10 (Hycor Bionedical, Garden Gove, CA U S A ) mcroscope slide. An
aliquot of TMB HRP substrate (Signa) was introduced into the slide chanber
and t he col ot dhiligaacto. oml)adfltheVEMLt Deaded ebinpyasddedigiotnihydrazide (b opnelnt

(Figure 24). 0PN GLR PEFIChDS SXBBEC F7iRaR AR (e figotid ekl ©)

char ge- bal an ke, @%ﬁrptﬁmgﬁggng neral formulae (la to le): CR1O CRLO
CR10 Rz2X R2§i(ﬁélrj\’r26§(ﬁ12 R4eR4 ylx ~ R4 RZY la R3Y Ib Ic YR3 5 CR1O CR10 A---

| General forThg BRST WashéUreginZvagRacubdtetl with 4 30 ml Roluti®Bof a Wired M0rdilukiemsi S;
5 ExtrAvidin-HRP (Sigma) for 30 min. at room temperature. The resin was recovered
and washed, as before, with PBST. The resin was allowed to run dry under gravity
and a small sample withdrawn using a glass pipette and dispensed into a Glasstic Slide
10 (Hycor Biomedical, Garden Grove, CA, U.S.A.) microscope slide. An aliquot of
TMB HRP substrate (Sigma) was introduced into the slide chamber and the colour
10 reaction allowed to develop. During colour development images were captured using

a microscope (QX3 CCD camera microscope; Intel) (Figure 24).



Yis 0, Sor CH2, CHR CRR where Ris O _7alkyl; 10 ZisOorS; Rl is H or
ClL 7 alkyl; R2is Hor d _7alkyl; R4 is Hor Cl_7alkyl at any vacant
positi on wo oigrsats omatic ring; R3 is ClL_7 al kyl-LIl-R5-L2- PREACIEIDNNS0E3 10
cycl oal kyl - LI - R5-L2- R6-COOH or Ar-CO77 15 al kyl -L1-R5-L2- R6-COOH, WO
03/ 087824 PCT/ GB03/01505 78 each of L1 and L2 is absent or a suitable

| i nker such as an am de CONH, or an ether -0-, or a thioether -S- or a

sul phone -S2-; R5 is Cl-7 alkyl, C3-10 cycloal kyl or Ar-Co-7 al kyl each of
which is substituted wth either NRSRY, M the nitrogen atomis capable
of being protonated in 5 solution to gl ve or a quaternary
nitrogen atom N+RBROR1O, such that R5 contains a posi tive charge; each of

S?i(yl , gPdaEL/lot :MS) ‘Abgg Yee&lﬁ’f i Zg%g%ﬁor%é?ﬁg = lga’fﬂléﬁe 818) Qﬁsi cycl ic

or arylalicyclic ring system R6 is Cl-7 al kyl, C3-10 cycloal kyl or Ar-CO 7
alkyl; or a salt, hydrate, solvate, conplex or prodrug thereof. 15 2. A
corrpound as clai maq:Fg@ claim1 wherei#goi ndependently or in

conbination: X is ygen Y is oxygeph; 20 Rl is hydraggen, or ethyl;
R2 is hydrogerx._or -4 al kyl; BRIXJs ( CONH) ; A, _am de
( CONH) . >
R T Ra 7
R4
RsY
la Ra¥ Ib lc
YR
5
CRO CR{0

— General formulae (1)
Ry Z
\( L
YR3 \ /4
Id \// R, le
RsY

wherein:

X=0orS;

Y is O, S or CH,, CHR, CRR, where R is C;.7 alkyl;
10 ZisOorS;

Rjis H or Cy.; alkyl;

R, is H or C;7 alkyl,;

Ry is H or C; alkyl at any vacant position on the aromatic ring;

Rj3 is Cy.7 alkyl-L{-Rs-Ly- Re-COOH, Cs.j cycloalkyl-L;-Rs-Lo- Rg-COOH or Ar-Co
15 alkyl-Li-Rs-La- Rg-COOH;



25 3. A conmpound as clained in claim2, wherein RL is hydrogen. 4. A
conpound as clainmed in claim2 or claim3, wherein R2 is hydrogen or

met hyl . 3@0%3/08v8eonpound as cl aimed in any one of clainms PCOGE3IM®sei n R3
comprises /1 -(CH2)n-L,-R5-L2-R6-CO8N -(CHZ) m alLj - R, - L2- R6- COOH \

Lj - R5- L2- R6- COON WO 03/ 087824 PCT/ GB03/ 01505 79 wherein n = 2-6; m= 1-3.
5 6. A conpound as clained in any one of clains 1 to 5, wherein NHR5CO
(where the NHis part of the L1 noiety and the COis part of the L2

nmoi ety) conpri ses each sf hphed hpisebsatiod arsesatde tinkdraticlt endraamsle S QGNHe-ozlaai n
prot onat abl e am ne funéti onaljty. 7. Aco our;ég)as clainmed in claim6
wher ei n NHR5CO i s §RBrPsehEdiiopther ms of #EUPBPHiISE2 - NH CH[ ( CH2) pN+RSRIR 0]

CO wherein p is 1 %soisf%@ﬂ&ikﬁ@cﬁ%f&&lﬂl%r%ﬁc@?alﬁﬁﬁ B GFIRAULIs subStithtedA
larm 7 l1to4 9. A

conpound as clainmed in claim7, wherein pis ) conpound as
claimed in any onewith eithei NBsRy, tidhe thiaviteogenRBom RY caprdlerdicbeing propanatedeneach

i ndependently C1_4 al kyl. 20 conmpound as clained i ne_o |.ai ms
1to 8 wﬁer ein R6 S(?i‘fﬁ??ﬁﬁ@sgl\’/ﬁ ]t%ﬂHRg‘?’ Rﬁ?&?%‘a‘ﬁa%?lh%%l %P@%?ﬂ@@?’ ﬂ‘]b%léﬁ%; and
t he term nal C@%Rgcgn@giﬁgﬁgoﬁgﬁmarg%gi d residue of the formula: 25

-NH (CH2) g As (CH2) T COCH; ere g and r are each 0 to 3, provided that both

g and r are not both 0; s is 0 or 1; and
each of Rs, Ro and Ry is independently C;.; alkyl, Cs.9 cycloalkyl or
Ar-Cy alkyl, or any two or more of Rg, Ry and Ry together form an

10 alicyclic or arylalicyclic ring system,;
Rg is Cy.7 alkyl, Cs.10 cycloalkyl or Ar-Cy.; alkyl;

or a salt, hydrate, solvate, complex or prodrug thereof.
15
2. A compound as claimed in claim 1 wherein, independently or in any
combination:
X is oxygen;
Y is oxygen;
20 R; is hydrogen, methyl or ethyl;
R, is hydrogen or C.4 alkyl;
L; is an amide (CONH); and

L, is an amide (CONH).

25 3. A compound as claimed in claim 2, wherein R; is hydrogen.
4. A compound as claimed in claim 2 or claim 3, wherein R, is hydrogen or
methyl.

30 5. A compound as claimed in any one of claims 1 to 3 wherein R; comprises

-(CHa)n-L4-Rs-Lp-Rg-COOH -(CHg)mO\ \@\
L4-R5-L-Re-COOH L4-Rs-L-Rg-COOH



Ais a 5-10 nmenbered stabl e nonocyclic or bicyclic aromatic ring or a 3-6
menbered 30 carbocyclic or alicyclic ring. WO 03/087824 PCT/ GB03/01505 80
11. A corpouwnasme4 cl ained in claim 10 wherein r and s ar e POT&GRD3M130S 1 or

2. 12. A conpound as clained in any oe of clainms 1 to 11, which is a
conpound of 5 general forrmula (la) as defined in claim1l. 13. A conpound
as clainmed in claim12, which is a conpound of general formula (Il1): CHO
R20 General formula (I1), OR3 10 which is a conpound of general fornula
(la) in which Xand Y are O, R is Hand R2 and R3 are as defined in claim
1. 14. A conpound as clained in claim213, which is a conpound of general

formula (Il MWhergo HO RE-P ( RO O General formula (I11) P Ro ORG6 N

~COCH o H O 15 m=13.

5 6. A compound as claimed in any one of claims 1 to 5, wherein NHRsCO (where
the NH is part of the L; moiety and the CO is part of the L, moiety) comprises a

simple amino acid residue that contains a side-chain protonatable amine functionality.

7. A compound as claimed in claim 6 wherein NHRsCO is represented by the

10 formula:
-NH-CH[(CH,),N"RsRoR ;5] CO-

wherein p is 1 to 5 and Rg, Ry and Ry are as defined above.

15
8. A compound as claimed in claim 7, wherein p is 1 to 4.
0. A compound as claimed in any one of claims 1 to 8 wherein Rg, Ro and Ryo
groups are each independently C;.4 alkyl.

20

10. A compound as claimed in any one of claims 1 to 8 wherein Rg combines with
an NH group derived from the L, moiety and the terminal COOH to form an amino

acid residue of the formula:

25  -NH-(CH,)q-As~(CH,).COOH;

where q and r are each 0 to 3, provided that both g and r are not both 0;
sisOor 1; and
A is a 5-10 membered stable monocyclic or bicyclic aromatic ring or a 3-6 membered

30 carbocyclic or alicyclic ring.



wherein: o is an integer from2-6; WO 03/087824 PCT/ @03/01505 81 p is an
integer froml to 55 and R6, R3, RO and R10 are as defined in claim11. 15.
A conpournwoas/ogisai med in claim 14, wherein p is an integelPCTrGBmAO1i6 4. 5
16. A compound as clainmed in claim1%80 which is a conpound of general
formula (IV): CHO HO M N Me General fornmula (I1V) O\ O24 RRo NN 3-6
H wherein R1I0 = H or nethyl. 10 17. A process for the preparation of a
conpound of general fornula (1) in which L1 and L2 are CONH, the process
conprising: (i) reacting a conmpound of general formula V: 15 H2N R6- COOH

(V) wherein R6 is as defined faor general fornula (1) in _claim1l; gnd 20
wherein the cdmpo GOWPOQMrCé?lmFgﬂ pin | ﬁ‘f’%"“‘b’béﬁfi}s ?f?qat"g@ﬁgf% nus to a
solid support; with a conpound of general forrmula (VI): WO 03/087824

PCT/ GB03/ 01505 _
12. A compound as claimed in any one of claims 1 to 11, which is a compound of

5 general formula (Ta) as defined in claim 1.

13. A compound as claimed in claim 12, which is a compound of general formula
(ID):
CHO

R,0
General formula (1i),

OR;

10 which is a compound of general formula (Ia) in which X and Y are O, R; is H and R,

and R; are as defined in claim 1.

14. A compound as claimed in claim 13, which is a compound of general formula

(I1):
CHO
HO.
Ta
0 ( N+\TR9 General formula (Ill)
p Ruo
O
Rs
NLN “NcooH
o H
(0]
15
wherein:

0 is an integer from 2-6;



82 WNH R5-COOH (VI) wherein: 5 R5 is as defined for general fornmula (1)
inclaiml;, and Wis a protecting group. (ii) renoval of the protecting
group W awo msmsmsed on with a conpound of general fornula @PUIIGBI3GRD® CR1O
CRIO RXRXRXZ RARAI /\ 4 RS8~Y VilaR,YVIbWVIc YRL1 10 CR1
OCR O Ceneral formulae (M) R4 ZZ YR~ Vild/~% W R4 Rl 1Y wherein
X, Y, Z, RI, R2 and R4 are as defined for general formula (1) in claiml,
and 15 R11 is Cl1_7 al kyl-COOH, C3_1o cycl oal kyl - COOH or Ar-Co_7

al kyl - COOH;, and (pus}nnﬁqymﬁbnnfﬂiﬁem@roduct fromthe solid support. WO

03/ 087824 PCT/ GB03/ 01505 18. A ess.as claimed in claim17 wherein,
in the conpound off g?rgépgiéqﬁmaédgfgne% in claim 1.

15. A compound as claimed in claim 14, wherein p is an integer from 1 to 4.

5
16. A compound as claimed in claim 15, which is a compound of general formula
Iv):
CHO
HO
Me
-——Me General formula (1V)
2-4 R 0
N/“\ N\/“\
wherein Rio = H or methyl.
10
17. A process for the preparation of a compound of general formula (I) in which L,
and L, are CONH, the process comprising:
® reacting a compound of general formula V:
15
H,N-R¢-COOH V)
wherein Rg is as defined for general formula (I) in claim 1; and
20 wherein the compound of general formula (V) is bound at its C-terminus to a solid

support;

with a compound of general formula (VI):



(VI), Wis a urethane protecting group. 19. A conpound of general formula
(XI'V): CR1O CR1O CR1IO R2X RRX RRX Z R4 R4 R R12Y R12Y YR12 Xl Va Xl Vb
XIVc CRIWoOORLEISAM -- /| General fornulae (XIV) R4 Z Z YRLPCUW/GBOXOVAS/ ~ R
XIVe 4 R12Y 5 wherein X, Y, Z, R1,82R2 and R4 are as defined for general
formula (1); and 10 R12 is Cl1_7 al kyl -LI -R5-L2-R6CONHQ C3_10

cycl oal kyl - LI - R5-L2- R6CONHQ or Ar- CO 7al kyl -L1-R5-L2- R6CONH- Q wherein L1,
L2, R5 and R6 are as defined in general forrmula (lI); Qis a residue which
is part of a carrier and which either contains groups fromwhich 15 the
"NH'" noiety in R12 is i S been ivatised so as to include such
groups; WO 03/087824 P%M%é%fé@égg 84 V\/ﬂg§]él n the carrier may contain
multiple Qresidues that already have 0,1,2,... nn |linker nol ecul es of

general formula (I) attached; wherein the integer nn is the total nunber of
Q resi dues avai | abvkeréior

5 Rs is as defined for general formula (I) in claim 1; and
W is a protecting group.
(ii))  removal of the protecting group W and reaction with a compound of general
formula (VII):
CR,0 CR,0 CRiO
R,X RoX ReX 2
T R | T R = A
= / N R Y/ R4
11
Vila RirY Viib Viic
YRy
10
CR,0 CR{O
= — General formulae (VII)
R— Z z
\ \
YR11 \ /
Viid - Vile
Ry
Ri1Y
wherein
X,Y,Z, Ri, Ry and Ry are as defined for general formula (I) in claim 1; and
15 Ry is Cy.7 alkyl-COOH, Cs.19 cycloalkyl-COOH or Ar-Cy_ alkyl-COOH; and

(ili)  removal of the product from the solid support.



5 attachnent of a linker nolecule to a specific carrier, where nn wll be
different for each specific carrier. 20. A conpound as clained in claim19
wher ei n QvD3psask4 of a protei naceous nol ecul e, a pol ysac®carGrig/o1zel | ul ose
beads, a polyneric am no acid, a poly$ser, which 10 may be a copol yner, an
inactive virus particle or attenuated bacteria. 21. A process for the
preparation of a conpound as clainmed in claim19 or claim 20, the process
conprising reacting a conmpound of general fornmula (1) as defined above
with a carri elr8 15 pihcedd asaﬂqimadldh dhing é 7 evhateifi,dn the enfpdvid ofi4EE ] Fa3nukd
\NNHCOR13R1 /NNHCOR13 RI~C CRXRXR2XZ RaRal " R RL2Y
XVa R12Y Xvb ke W %@eﬁfvwwm%@ﬂmpmmmo R13 General formulae (XV) Ra
Z Z 12 YR XVd XVe R4 R12Y WO 03/087824 PCT/ GB03/ 01505 85 wherein X, Y,

Z, R, R and R4 are as defined for general fornula (1); Rl2 is as defined
in general fdomul & ¢conpdursisofdensraiefdrmnladXaVin 19;

CR{O CR,0
\@7
RqoY
YR
XlVa XIVb Ve
CR40 CR40
/k = General formulae (XIV)
R4——' Z V4
\\( —
Xlvd /\// Ry XlVe

wherein
X,Y, Z, Ry, Ry and Ry are as defined for general formula (I); and
10 R12 is C1-7 alkyl-Ll-Rs-Lz-R6CONHQ, C3_10 cycloalkyl-L1-R5-L2—R6CONHQ or Ar-

Co; alkyl-L;-Rs-L,-R¢CONH-Q;

wherein L1, L,, Rs and R are as defined in general formula (I);

Q is a residue which is part of a carrier and which either contains groups from which

15 the “NH” moiety in Ry, is derived or has been derivatised so as to include such groups;



R13 is (CH2)tCONHE, CONHE or G t is an integer from1l to 55 5 Eis
derived froman active noiety which either contains an am no group or has
been deriwetissem24 0 do so; and NHE is derived fromthe amPea/GBodOpsost the
active moiety; Gis an active noiety $ound to the carbonyl hydrazi de through
a carbon atom 10 23. A conpound as clainmed in claim22 which conprises E or
G groups derived fromtwo or nore active noieties. 24. A process for the
preparation of a conmpound of general fornula (XV) as defined in claim?22,
the process conpr isderein rthacdarrie anayoopusind nmoftinjen@r sdsidues rthita alrgBly( Xevg as

defined above with a conmpound of general fornula. (XVI XVIb) or (XVic):
E- NH- CO- ( CH2) t CONPR- - (79 Lipker @QNgﬁlwﬁm%l ?‘?@Wﬂﬁ eﬂli‘gg"?? NHNH2 ( XV ¢)
where E, Gand t are as defined in claim?22. 25. A conpound as clained in

claim22 or claim23 which is soluble in aqueous 25 solution. 26. A
conpound as cl ai nedhetrain ctheiinte@ér wheiseithe Eotek n@mbsr dér Qvregiduesh mvaitabdpifoppe

or m not ope. WO 03/087824 J GB03/.0150 86 . A.compound as cl ai in
cl ai m 26 wherei n #fge BE% lfﬂéefdn?lF%Lgﬁg%? SPYeGC CAREnpIE 4 ‘glilttl’eg(glrf#}ée%
determi nant, deriy§ob,bh OpRcHida8i&i n or peptide nolecule or a variant
thereof. 5 28. A conpound as clainmed in claim26 or claim27 wherein the

epitope is a Bcell or T cell epitope. 29. A conpound as clained in any

one of clai 25 to 28 which includes anot her [ e &bk rom

an i mmunonoddlat i rYy °86’RB‘6IEfﬁBS é’[]?@ﬂe(gén é:? l’inp?%,vvhe?&ﬁ s TR PROEREEDY
molecule, a polysaccharide, cellulose beads, a polymeric amino acid, a polymer, which

10 may be a copolymer, an inactive virus particle or attenuated bacteria.

21. A process for the preparation of a compound as claimed in claim 19 or claim
20, the process comprising reacting a compound of general formula (I) as defined
above with a carrier.

15
22. A compound of general formula (XV):

R HCO-R
R . Ry ' AN 13
o _NNHCO-Ryg e _ANNHCORys )
R,X RoX
x X
— R4 I R4
/ - Y/ /
XVa 12 XVb XVe
YR12
R g Ry .
1\0 _NNHCORys N _ANNHCO-Rys
— —— General formulae (XV)
Ry Z Z
\ \
(o
Xvd /\// R XVe



10 adjuvant, an imunostinulating DNA sequence or cytokine attached to the
carrier protein. 30. A method for raising specific antibodies against the
epi t ope owormsiosisepe, the method conprising immnising a PONjGEM/OWEISH a
conpound as clained in any one of 135clainms 26 to 29. 31. A conpound as
claimed in any one of clainms 26 to 29 for inmmunising a subject in order to
rai se anti bodies to an epitope or mnotope. 20 32. The use of a conpound as
claimed in any one of clainms 26 to 29 in the preparation of an agent for
rai sing anti lwdsies XayaZngi, lhj‘ﬁlﬂﬂiarpes defineid fot geperal B8mular @onpound as

(p:)lhglr gggelj?l 2n 12 %ne OI@P?4 ’g‘lrgré?:‘% ﬁg(xfégﬁfﬁ%é lem(?ra%%’ﬁ\gd i n22n340n2 of

claims 26 to pd9il@gg}bONIVE oNmIs@ceutical |y acceptable excipient. 35.
A pharmaceut i caf conposition as clained in claim34 which is a vaccine

conposi tion and whiicin integeh&omclotopy;i ses a pharmaceutically acceptable

adj uvant, 30 WD 03/08782 CT/ GB03/ 0 150 7 n- destr t| v od
of quantifying th ’é)glegﬁ?dgﬂﬁl/aélra‘”g?gl%? Wg’é&ﬁltgﬁr%@? s e (%‘1{@
linker of general egf Autifatiskd t@¥odRf hh@ WHP i€ aivedlfrém mlslaﬁfhd?grdup ¢f thed X
is 0, the nethod conprising either: 5 a) neasuring the intensity of the
absor bance spect r ueiieg maieligivel engt h above 300nm and at a pH greater than 7
in order to detect.the farmati nof nf V) in
which R2 i s 1 and G059 SRS e RPN R A0 BERloh Bt bl )
excitation at a selected wavelength 10 in order to detect the formati on of
a conmpound of general fornula (X as defined . in claim19 _in which,

H and Xi@ 0. 27. A\ wempgeat peelaimed Heelngy 22 SYiel sPPHSFS hgot HeSraRRe g d/or
rate of reacty in of general formula (XIV) as defined
in claim19 enrlé‘% %E’olkl’s r@%‘%w is 0, wth an active noiety

hydr azi de, the process conprising neasuring the intensity

24. A process for the preparation of a compound of general formula (XV) as
defined in claim 22, the process comprising reacting a compound of general formula

15 (XIV) as defined above with a compound of general formula (XVIa), (XVIb) or

(XVIc):
E-NH-CO-(CH,){CONHNH, (XVIa)
E-NH-CO-NHNH, (XVIb)
20 G-CO-NHNH; (XVIc)

where E, G and t are as defined in claim 22.

25. A compound as claimed in claim 22 or claim 23 which is soluble in aqueous

25 solution.

26. A compound as claimed in claim 25 wherein E or G is derived from an epitope

or mimotope.



of the absorbance spectrum at a wavel ength above 300nm and a pH | ess than
7. 38. A process for the preparation of a conpound of general formula (XV)
as 20 deworeaasissd claim 22 in which: R2 is Hand X is 0; tea/Gesoi®s has
multiple residues @ a first selectedépercentage of the Q residues is
derivatised wth a first active noiety; and, optionally 25 further

sel ected percentages of the Qresidues are derivatised with further active
noi eties; the process conprising: W 03/087824 PCT/ GB03/01505 88 a.
reacting a carpourd cofapgemt asclaimedrin alatﬁ(lM) thredethen@dtopﬂ mlaaﬁagnmlt,l f@r
which R2 is HanersO h afirs rgpfpundof ener al %

defined in clegpmplesan é’%“% $leungtiy era,v 1E')roir R5PEd %ﬁree%

the reaction ¥i g¢ng the intensity of the absorbance spectrum at a
wavel engt h of ove OOnm and stopping the reaction when the intensity of
t he absor bance spectrum reaches the first selected per centage of the known

and (b) i th Bne. o SRR A REC) SREBIRAL b g narroin Shn et R e

nonitoring tt}ﬁr[p(geqlgg%ﬁeof the reaction by nmeasuring the intensity of the
absor bance spectrum at” a wavel ength of above 300nm and stopping the
reaction Wnen the intensity of the absorbance spectrumreaches further

e TR R AND A TR o g Gl

quantifying t an ‘ac

hydrazi de froeralae GAGREURElebled 9RBRI ah ﬁlﬁﬁmdnaodumgasmﬂpdunaeduahn a@laallmtdZZ in
which R2is Hand Xis 0, the nethod conprising the rreasurerrent of the

absor bah@e syskwant mnTErRestiaT Hinga DB e ARUENEHLOF £YISlNR AtarRedale hR jaEL

than 7. protein.

30. A method for raising specific antibodies against the epitope or mimotope, the
method comprising immunising a subject with a compound as claimed in any one of

15 claims 26 to 29.

31. A compound as claimed in any one of claims 26 to 29 for immunising a subject

in order to raise antibodies to an epitope or mimotope.

20 32. The use of a compound as claimed in any one of claims 26 to 29 in the

preparation of an agent for raising antibodies against an epitope or mimotope.
33. A compound as claimed in any one of claims 26 to 29 for use as a vaccine.

25 34, A pharmaceutical composition comprising compound as claimed in any one of

claims 26 to 29 together with a pharmaceutically acceptable excipient.

35. A pharmaceutical composition as claimed in claim 34 which is a vaccine
composition and which further comprises a pharmaceutically acceptable adjuvant.

30



20 40. A conpound as clained in claim22 or claim?25 wherein Eor Gis a

| abelling noiety. 41. A conpound as clainmed in claim22 or claim23 which
i s insol wbDae3sjosrsagueous 25 solution. 42. A conpound as clrairaRb3ionsos ai m 41
wherein E or Gis a ligand which is &pecific for an analyte or a conpound
to be separated. WO 03/087824 PCT/ GB03/01505 89 43. A conpound as clai ned
in claim42 which contains additional E or G groups derived fromlabelling
mol ecul es. 44. A nethod of separating a conpound froma m xture, the method
conprising 56contansi-destiubgvannethod @f wiartifging dnperderd aofl/ogeate phteatidomed &

Speti f1 cal |y Prdcirete lipkes s seberpbtoraelsdPipscls ndin ABREA S UFeh & BT and

support 45. ‘ﬁsﬁa\énﬁﬁﬁéﬁ)&ﬁ;ﬁm.é{mH contacting a m xture suspected of
cont ai ni ng aéﬁslﬁ analyte wt agcorrpound of general fornula (XV) as

descri bed above in which E or G is a ligand which binds specifically to

the anal yte apd the carrier is a.solid s rt. 46.. A wound i

conpri sithg a ¢ onp&ReEE Et}eapliﬁspdlty r?flcrgﬁiaﬁg(%ﬁa%esfpéftﬁm{lﬁ% 4 gg%l?@h?ag)oge
functi onal i sedopgl 4aBS afH hetd R 7 PRORI: Yo Useet the foaistidn dfeseini@endiod 15
E or Gis a peptide growh factor, a chenp-attractant protein, a ligand or

an anal ogue geheralformflat(XEY pin wirich R, dopodAdis4y o&l ai ned in clai m 41 wherein
the carrier is a functionalised polyner of the type comonly used in wound
dressings and E or Gis a peptide 20 growth factor, a chenp-attractant

protein, a |igand iQéasatin@ il M@Hescoicensisdbdn pasexditation uise s¢lactedhevavelemgthrent
of wounds. 48. The use of conpound as clained in claj m411i1 wher ei aeihﬁﬁa

carrierl@s ainfuderto defastitbefprmetignef a gpmpemnd; gfigenerabiopmpia ((d¥y 23

dressings and,E or, .G ideygrowt h factor, a chenp-attractant
protein, a l icéaé]ﬁl % %lﬁc}gﬁéfsgéggg?flg?he of

37. A non-destructive method for quantifying the extent and/or rate of reaction of a

linker-protein of general formula (XIV) as defined in claim 19 wherein R is H and X

15 is O, with an active moiety hydrazide, the process comprising measuring the intensity

of the absorbance spectrum at a wavelength above 300nm and a pH less than 7.

38. A process for the preparation of a compound of general formula (XV) as
20 defined in claim 22 in which:
R, is H and X is O;
the carrier has multiple residues Q;
a first selected percentage of the Q residues is derivatised with a first active
moiety; and, optionally
25 further selected percentages of the Q residues are derivatised with further
active moieties;

the process comprising:



these in the preparation of a dressing for use in the treatnment of wounds.
49. Dialysis tubing conprising a compound as clained in claim4l wherein
the carrwerosjos7sa4 pol ymer suitable for use in dialysis tulcmgrmgifsor Gis
heparin. 30 WO 03/087824 PCT/ GB03/01385 90 50. A conpound as clainmed in
claim4l wherein the carrier is a polymer suitable for use in dialysis

Eugl ng and E or Gis heparin for use in the preparation of dialysis
ubi ng.

a. reacting a compound of general formula (XIV) as defined in claim 19 in which
R, is H and X is O with a first compound of general formula (XVI) as defined in claim

24 at a pH less than 7;

5 b. monitoring the progress of the reaction by measuring the intensity of the
absorbance spectrum at a wavelength of above 300nm and stopping the reaction when
the intensity of the absorbance spectrum reaches the first selected percentage of the

known maximum intensity; and optionally

10 c. reacting the product of steps (2) and (b) with one or more further compounds of
general formula (XVI), monitoring the progress of the reaction by measuring the
intensity of the absorbance spectrum at a wavelength of above 300nm and stopping the
reaction when the intensity of the absorbance spectrum reaches further selected
percentages of the known maximum intensity.

15
39. A method for quantifying the extent and/or rate of release of an active moiety
hydrazide from a compound of general formula (XV) as defined in claim 22 in which
R, is H and X is O, the method comprising the measurement of the absorbance
spectrum maximum at a wavelength above 300nm and at pH less than 7.

20
40. A compound as claimed in claim 22 or claim 25 wherein E or G is a labelling

moiety.

41. A compound as claimed in claim 22 or claim 23 which is insoluble in aqueous

25 solution.

42. A compound as claimed in claim 41 wherein E or G is a ligand which is

specific for an analyte or a compound to be separated.
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43. A compound as claimed in claim 42 which contains additional E or G groups

derived from labelling molecules.

44. A method of separating a compound from a mixture, the method comprising
contacting the mixture with a compound of general formula (XV) as defined in claim
22 in which E or G is a ligand which binds specifically to the compound to be

separated and the carrier is a solid support

45.  An assay method comprising contacting a mixture suspected of containing an
analyte with a compound of general formula (XV) as described above in which E or G

is a ligand which binds specifically to the analyte and the carrier is a solid support.

46. A wound dressing comprising a compound as claimed in claim 41 wherein the
carrier is a functionalised polymer of the type commonly used in wound dressings and
E or G is a peptide growth factor, a chemo-attractant protein, a ligand or an analogue

of one of these.

47. A compound as claimed in claim 41 wherein the carrier is a functionalised
polymer of the type commonly used in wound dressings and E or G is a peptide
growth factor, a chemo-attractant protein, a ligand or an analogue of one of these for

use in the treatment of wounds.

48. The use of compound as claimed in claim 41 wherein the carrier is a
functionalised polymer of the type commonly used in wound dressings andEorGisa
peptide growth factor, a chemo-attractant protein, a ligand or an analogue of one of

these in the preparation of a dressing for use in the treatment of wounds.

49.  Dialysis tubing comprising a compound as claimed in claim 41 wherein the

carrier is a polymer suitable for use in dialysis tubing and E or G is heparin.
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50. A compound as claimed in claim 41 wherein the carrier is a polymer suitable
for use in dialysis tubing and E or G is heparin for use in the preparation of dialysis

tubing.



